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Abstract

The modern idea of purebred dogs has come under increasing critical scrutiny over recent
decades. In light of this critical focus and other developments in society, some new trends in how
companion dogs are bred and acquired have emerged. This means a diminishing influence from
traditional kennel clubs with more dogs being sold without a pedigree, stricter legal restrictions
on dog breeding, growing popularity of deliberate crosses of established breeds (i.e. so-called
designer breeds) and growing hype around the benefits of mixed-breed dogs. We give an
overview of these trends and discuss to what extent they will serve to promote dogs that are
innately healthy, have good welfare and function well in their various roles in today’s world. We
argue that newly invented designer breeds and mixed breeds also have worrying health and
behavioural problems, and that the predictability of purebred dogs with respect to body size,
basic behaviours, known need for grooming, disorder profiles and other attributesmay well offer
some benefits for a satisfying human-dog relationship seen from both sides. The optimal future
seems to lie in the middle ground, where the future organised dog world (i.e. kennel and breed
clubs or their successor organisations) will need to re-open the breed registries, remove wording
from breed standards that currently promotes extreme conformation, support selection against
disease-predisposing genotypes and phenotypes and refocus dog showing and breeding to
promote health and appropriate behaviour.

Introduction

Themodern idea of purebred dogs has come under increasing critical scrutiny over recent decades,
first by academics, and later in the public and the media. What is here referred to as purebred dog
breeds are, as described later, the effects of man-made selection to create groups of dogs of similar
appearance with a defined pedigree (a known recorded lineage), and their pedigreed or non-
pedigreed descendants. Amain concern has been that many dogs from high-profile breeds, despite
many good intentions, end up suffering from a high burden of inherited disorders due to limited
founder populations and inbreeding as well as disabilities resulting from deliberate selection for
extreme conformation traits that negatively affect both their welfare and longevity (ICECDogs
2024). In light of this critical focus, some new trends in how companion dogs are bred and acquired
have emerged in many countries across the globe. This means a diminishing influence from
traditional kennel clubs with more purebred dogs sold without pedigrees, stricter legal restrictions
on dog breeding (LAGECDogs 2024a), growing popularity of deliberate crosses of established
breeds (i.e. so-called designer breeds) and growing hype around potential health benefits inmixed-
breed dogs (O’Neill et al. 2023). In this Horizon paper, we aim to (a) give an overview of these
trends, and (b) discuss to what extent they will serve to promote future dogs that are healthy, have
good welfare and also function well in their various expected roles in today’s world.

The rise and fall of the modern pedigree dog

From the wolf to early breed-like types of dogs

The domestic dog originates from a close relative of today’s grey wolf through a domestication
process that occurred between 40,000 and 15,000 years ago somewhere on the Eurasian continent
and perhaps in more than one location (Frantz et al. 2016; Leeb 2023). Currently, there are two
predominant “origin stories” describing this process (Serpell 2021).

The dominant story for many years has been the commensal scavenger hypothesis, proposing
that wolves essentially domesticated themselves by staying close to Paleolithic human settlements
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in search of food scraps (Coppinger & Coppinger 2001). However,
this hypothesis has recently been challenged by several arguments.
One is that late Pleistocene humans were unlikely to have generated
enough waste food to sustain a population of scavenging wolves
(Jung & Pörtl 2018). Another counter-argument is that, for safety
reasons, Pleistocene humans would have been unlikely to tolerate
unsocialised wolves in such proximity to their settlements (Serpell
2021).

The alternative theory is known as the pet-keeping or cross-
species adoption hypothesis. This theory derives legitimacy from
observations of pet-keeping among contemporary societies of
hunter-gatherers. According to this theory, habitual nurturing
behaviour motivates humans to capture, adopt and rear infant
mammals, such as wolf pups. During the Pleistocene epoch, most
of these early pets would probably have reverted to living inde-
pendently when they reached maturity, but a minority – those
possessing socially desirable traits, such as tameability, trainability,
and sociability –might have received favoured treatment and hence
beenmore likely to remain under human control and survive to give
rise to domestic descendants with similar characteristics (Serpell
2021).

Either way, selective pressures from the need to survive in a
human environment have strongly shaped the modern dog’s gen-
ome and studies have identified genetic changes associatedwith dog
domestication such as tameness, coat colour (Ostrander & Wayne
2005), and adaptation to a diet influenced by human food sources
(Axelsson et al. 2013; Arendt et al. 2016).

Archaeological findings demonstrate that the relationship
between humans and their dogs from these early days of domesti-
cation already extended beyond just the practical utility of dogs.
Burials of dogs alongside humans 14,000 years ago in Germany
(Janssens et al. 2018) and 12,000 years ago in Israel (Davis & Valla
1978) suggest that strong emotional connections existed between
humans and dogs that are also documented in numerous other
prehistorical findings and by modern ethnographic evidence
(Morey 2006; Serpell 2017; pp 300–315). The Susa ceramics from
4,000 BC Iran seem to represent some of the oldest documentation
of a recognisable breed type, with images of dogs that greatly
resemble modern sighthounds, such as salukis and Afghan hounds
(Hole & Wyllie 2007). Aligned with this, genetic studies have
reported an ancient origin of sighthound breeds and other breed
types (Parker et al. 2004; Dutrow et al. 2022).

Development of modern dog breeding

While phenotypically diverse types of dogs – so-called blood lines –
have existed for thousands of years, the modern notion of a ‘dog
breed’ is amuchmore recent invention. This happened in Britain in
theVictorian era in the second half of the 19th century. It was a time
of great power and wealth for Britain, with expansion of the empire
across the globe. The era was also characterised by industrial
development, as well as rapid developments in science (Worboys
et al. 2018).

The first documented dog show was held in Newcastle-upon-
Tyne in 1859, the same year that Charles Darwin published The
Origin of Species. The so-called dog fancy grew out of the earlier
poultry and pigeon fancies, and the hobby breeding of prize-
winning livestock that emerged in England during the late 18th
and early 19th centuries (Ritvo 1987; pp 97–99). Consequently,
breeding of dogs became closely related to dog-showing competi-
tions and was linked to social status. As stated by the historian,
Harriet Ritvo: “The institutions that defined the dog fancy projected

an obsessively detailed vision of a stratified order which sorted
animals and, by implication, people into snug and appropriate
niches” (Ritvo 1987; p 93).

The foundation of the pedigree history of a breed was the stud
book and later the breed registry. All members of a certain breed
should either belong to a group of founder animals or should be
offspring of these. In the beginning, the breed registry was open to
allow entry of new founder animals with desirable phenotypes, but
this practice ceased little-by-little. For each breed, an ideal con-
formation called a breed standard was described toward which
breeders directed their selection efforts and based on which the
judges at shows awarded their prizes (Skipper 2022a). Selection was
required to maintain or improve the desired appearance, with
‘improve’ being taken to mean conforming more closely to these
breed standards.

As already mentioned, some dog breeds formally recognised in
the 1800s were preceded by breed-like types (or varieties or classes)
of dogs. Earlier publications like Johannes Caius’s De Canibus
Britannicis in Latin from 1570 and translated to English in 1576
described 17 varieties of dogs categorised by function and including
names like ‘setters’ and ‘spaniels’ (Caius 1576). Despite bearing
names prefiguring those of nineteenth-century breeds, these var-
ieties were not necessarily similar in appearance to themodern dogs
called setters or spaniels. It was not until the eighteenth century that
the term ‘breed’ defined as “a subspecies with definable physical
characteristics that would reliably reproduce itself if its members
were crossed with each other” was invented, beginning with fox-
hounds (Ritvo 1987; p 93).

During the early years of the dog fancy, impartial and objective
evaluation by show judges was an ideal that was hard to achieve in
practice. Competition for prizes – some of which were pecuniary –
was intense, and genuine fraud consequently took place behind the
scenes of the dog shows. Coats of dogs were dyed to cover faults,
ears and tails were surgically ‘corrected’, and false information was
published in catalogues (Skipper 2020). To counteract the dimin-
ishing reputation of dog shows and dog breeding, after much
political wrangling, a group describing themselves as “true
sportsmen” formed the English Kennel Club – or just the Kennel
Club (about to be renamed as the Royal Kennel Club) – in 1873. The
main initial task of this new organisation was to combat fraud by
establishing the identity and descent of pedigree dogs. At the same
time, a system was developed that limited participation in dog
shows, and thereby competition, to a carefully screened segment
of the canine population (Ritvo 1987; p 102). From then – and
continuing today – all pedigree dogs were required to have a
recorded parentage documented in a breed registry. However,
many breed registers were still open to non-pedigree individuals
all the way into the 1950s and the overall registry of the Kennel Club
was not officially closed until 1 January 1971 (Skipper 2022b).

Many other European countries followed this model. The
French Societé Centrale Canine was established in 1882, and in
Scandinavia, Sweden and Finland established national kennel clubs
in 1889, Denmark in 1897 and Norway in 1898. The international
umbrella organisation for dog breeding, the Fédération Cynologi-
que Internationale (FCI), was founded in 1911 and includes kennel
clubs from most of the world except the UK and US (Sandøe et al.
2015; p 15). The American Kennel Club was founded in 1884 by a
group of American members of elite families who pledged “to do
everything to advance the study, breeding, exhibiting, running and
maintenance of purity of thoroughbred dogs” (Lemonick 2001).

The first studbook of the English Kennel Club identified 40 dif-
ferent dog breeds. This number has grown substantially over the
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years and in 2023, the year of the 150th anniversary, more than 200
breeds were recognised (The Kennel Club 2024). Worldwide,
around 400 different breeds are described by kennel clubs with
over 800 breeds described by owners in the wider general public
(O’Neill et al. 2023). Some of these breeds, as mentioned, resemble
and derive from types of dogs that previously existed as geographic
varieties (or landraces) used for hunting, herding, guarding and
other functions. Others result from creative efforts of passionate
and entrepreneurial individuals. The English golden retriever, for
instance, was created by hybridising a yellow wavy-coated retriever
over several generations with a spaniel, a setter, a Labrador
retriever, and a bloodhound. Many modern breeds are, therefore,
essentially early examples of what we currently call designer cross-
breeding and represent the product of deliberate breeding involving
a range of different breeds or types of dogs (Sampson & Binns
2006).

The adoption of structured pedigree dog breeding in combin-
ation with adoption of the English model of a national kennel
club overseeing the process led to relatively uniform structures
for dog fancier activities across Europe, North America, Austra-
lasia, and other parts of the world. Within individual countries,
dog populations were divided into pedigree dogs and ‘the rest’.
The founders of the kennel clubs articulated this division as a
beneficial and necessary step towards promoting their contem-
porary concept of the healthier pure subset of the overall popu-
lations at a time where mainstream beliefs around dog health
centred around upholding an aristocracy of ‘pure’ bloodlines and
avoiding adulteration from inferior non-pedigree blood lines
(Worboys et al. 2018). However, even then, some far-sighted
individuals already predicted later problems related to inbreed-
ing (Walsh 1879; p 265).

Documentation and growing awareness of negative effects on
health-related welfare of many breeds

More recent concerns regarding health disorders in purebred dogs
have emerged gradually since the 1960s and are based on three
dominant issues: (a) the unintended consequences of inbreeding;
(b) selection for extreme conformation traits such as short muzzles
(brachycephaly) and; (c) inadequate selection against disease-
predisposing gene variants and phenotypes.

Inbreeding
The build-up of heritable diseases is a predictable result of increased
homozygosity and progressive loss of genetic variation over time in
closed breeding populations, no matter the species, due to selection
and genetic drift. In dogs, however, some additional factors seem to
have fueled the process. Many breeds were established with a
limited number of founders so when the studbooks were closed –

an event which occurred at variable times in different breeds and
countries – the genetic variation was already small. Also, only a
small proportion of each generation of dog breeds generally con-
tributes to the next generation. Extensive use of popular sires (often
dogs that have achieved extraordinary results at dog shows, utility
tests or other kinds of dog sports) increases the frequency of the
genetic variants they carry – including deleterious mutations – in
the population. The widely promoted practice of deliberate
inbreeding and line breeding – at least in the past – increased the
risk of homozygosity for these variants in subsequent generations
leading to the current situation with high levels of inherited dis-
orders (Oliehoek et al. 2009; Leroy &Baumung 2011;Marsden et al.
2016; Broeckx 2020; Ikolo et al. 2023).

Some examples of these canine inherited disorders, include the
eye disease ‘progressive rod-cone degeneration’ recorded in several
breeds (Zangerl et al. 2006), disc herniation in dachshunds (Jensen
& Christensen 2000) and the cardiac disease myxomatous mitral
valve disease in cavalier King Charles spaniels (O’Brien et al. 2021).
It should be noted that selection against disease-predisposing vari-
ants can result in homozygosity but of a desirable kind.

Breeding for extreme phenotypes
Extreme conformation in dogs describes a physical appearance that
has been so significantly altered by selective breeding away from the
ancestral natural canine appearance that affected dogs commonly
suffer from poor health and welfare, with negative impacts on their
quality and quantity of life (ICECDogs 2024). For example, the
short muzzled (brachycephalic) breeds, such as French bulldog,
English bulldog, and pug commonly have breathing difficulties, and
dental, and eye problems (Packer et al. 2015; O’Neill et al. 2020;
Packer&O’Neill 2022), the short, rounded skull of the cavalier King
Charles spaniel and the Chihuahua can cause syringomyelia, a
neurological disease, due to compression of the brain tissue
(Chandler et al. 2008; Kiviranta et al. 2017), and excessive skin
relative to the skeleton in several breeds increases the risk of skin-
fold dermatitis (O’Neill et al. 2022a).

Within FCI, the breed standards, by which the show judges are
required to evaluate dogs, are written and managed by the country
of origin for each breed (FCI 2023). This also holds true for the
British breeds even though the Kennel Club is not amember of FCI.
In the US, the process is more decentralised, and the breed stand-
ards are written andmaintained by the individual breed clubs (AKC
2024). The wording of some breed standards has unfortunately
supported progressive exaggeration of certain breed characteristics
over time. For example, the American Kennel Club breed standard
for the English bulldog states that: “The face, measured from the
front of the cheekbone to the tip of the nose, should be extremely
short”, and later: “The nose should be large, broad and black, its tip
set back deeply between the eyes. The distance from the bottom of the
stop, between the eyes, to the tip of the nose should be as short as
possible and not exceed the length from the tip of the nose to the edge
of underlip” (AKC 2016). The equivalent standards from The
Kennel Club and the FCI are slightly less extreme stating that the
face of a bulldog should be “relatively short, muzzle broad, blunt,
and inclined slightly upwards, although not excessively so. Viewed
from side, head appears very high and moderately short from back to
point of nose” (FCI 2011; KC 2023). Furthermore, these breed-
defining phenotypes have tended to become exaggerated in some
breeds over time – seldom because the wording of the breed
standards has changed but more often because their interpretation
by breeders and judges tends to drift.

Consequently, over the years, the muzzles of many dogs of
brachycephalic breeds have become shorter, the ears ofmany basset
hounds have become longer and the downward lumbar slope of the
back of a German shepherd dog described in the standard as
“slightly downwards” has over time become steeper in many dogs.
The motivations behind these progressive exaggerations are intri-
guing but could be examples of what are termed supernormal
stimuli in ethology (Tinbergen 1951). Here, exaggerated versions
of a stimulus elicit a stronger response than the stimulus for which a
specific behaviour evolved (Ghirlanda & Enquist 2003). In other
words, when judging a group of quite uniform dogs, the one that
stands out due to its more exaggerated features gets the most
attention – and therefore wins the prize, thereby promoting even
greater moves towards exaggeration in the future. This may also
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have affected across-breed comparisons which contribute to the
final competitions for ‘Best in Show’ titles in dog shows (Markarian
2023). Regardless of cause, comparisons of historically old and new
images of the same breed suggest that the exterior characteristics of
many breeds have, and continue to, become more extreme over
time (Sandøe et al. 2015; Serpell 2019).

Inadequate selection against disease-predisposing gene variants
and phenotypes
All domestic animals have changed over time because of selection
for different purposes. Today, livestock breeding is concentrated on
relatively few, large international and commercial companies which
operate within well-defined selection parameters related to yield,
growth or other economically important traits. Dog breeding on the
contrary is a decentral and often hobby-based activity, where
breeding decisions are influenced by more individuals with far less
objective selection criteria. Health-based breeding, or direct selec-
tion against disease-predisposing gene variants and phenotypes in
specific breeds, has been prioritised to some extent (FCI 2020) but
prize-winning at dog shows and other competitions as well as
individual breeder’s preferences for type, and colour are also in
play. The most common health-screening programmes include
radiographic evaluations for hip and elbow dysplasia (FCI 2006;
IEWG 2024), clinical eye examinations to detect inherited diseases
like PRA (Progressive Retinal Atrophy) or cataract (ECVO 2024)
and heart scans to screen for diseases like MMVD (Myxomatous
Mitral Valve Disease) (Birkegård et al. 2016), DCM (Dilated Car-
diomyopathy) or SAS (Sub-Aortal Stenosis) (ESVC 2024). An
increasing number of DNA tests for inherited diseases have become
available for dog breeders in recent years (IPFD 2024) and esti-
mated breeding values, which have been a highly effective tool in
livestock breeding, have also been introduced to a limited extent
(Lewis et al. 2010). Some kennel clubs and breed clubs have breed-
specific health criteria which must be met for puppies to be regis-
tered and assigned a pedigree, but the level of regulation and
administrative practice for screening results varies greatly between
countries and frombreed-to-breed. In addition, this regulation only
applies to the dogs within each breed which have a pedigree.

Growing public awareness of welfare problems linked to dog
breeding
The BBC1 television documentary, Pedigree Dogs Exposed, aired in
August 2008, is widely considered as the tipping point for public
awareness and concern about many deleterious effects of organised
dog breeding on dog health and welfare (Nicholas 2011; Lawler
2012). Similar concerns had been expressed and documented earl-
ier but had failed to gain widespread public traction. One of the
earliest investigations into physical defects in purebred dogs was
carried out at the request of the Kennel Club in 1963 by the British
Small Animal Veterinary Association (BSAVA) (Hodgman 1963).
Many subsequent studies from a wide range of academic
researchers (Peyer & Steiger 1998; McGreevy & Nicholas 1999;
McGreevy 2007; Asher et al. 2009) addressed similar concerns.
While veterinarians initially focused internationally on issues such
as hip dysplasia in popular breeds of the day (e.g. German shepherd
dogs and Labrador retrievers), concerns about brachycephaly were
not prominent from the start, partly because at that time many of
the seriously affected dog breeds were much less popular than they
are today (Packer & O’Neill 2022; pp 127–151).

In parallel with growing concerns about health issues related to
purebred dog breeding, the documentation of population-based
evidence on key breed-related health and welfare issues also

underwent rapid development based on improved access to reliable
and sufficient clinical data (O0Neill et al. 2014; Gough et al. 2018).
The development of systematic programmes of research that apply
Big Data approaches with a specific focus on breed-related dis-
orders now provide animal welfare scientists with sufficient evi-
dence to support both calls for active change and the design of
policy reforms. For example, the VetCompassTM Research Pro-
gramme at the Royal Veterinary College, with its stated focus on
welfare issues of dogs since its inception in 2010, has generated over
100 publications on a wide range of topics related to canine breed
health and welfare between 2012 and 2024 (VetCompass 2024).
Unfortunately, to date, neither scientific evidence nor public aware-
ness from media have proven overly effective in changing the
dominant behaviours of many breed organisations or the public
towards prioritising health over looks for popular breeds.

Slow and insufficient actions from kennel clubs
During the past 25 years, the national kennel clubs, and the inter-
national collaborations they belong to, have undertaken a number
of initiatives, typically in the form of internal debates nationally and
internationally and seminars for show judges, in efforts to respond
to the major problems linked to the concept and practice of
breeding pedigree dogs (Hedhammar & Indrebø 2011). Despite
these well-intentioned initiatives, very little real-world change in
the health, conformation, or welfare issues of problematic dog
breeds appears to have been achieved.

As stated previously, many of today’s problems of pedigree dogs
can be traced back to how these dog breeds were established,
selected, and maintained through breeding in partially or fully
closed populations or in the pursuit of exaggerated conformation
traits. The way selective breeding is currently practiced for pedigree
dog breeding generally results in progressively diminishing genetic
diversity over time which impacts negatively on the health and
welfare of the dogs (Leroy & Baumung 2011; Kraus et al. 2023). In
efforts to redress this loss of diversity, some breed clubs have
established outcrossing projects to attempt to rescue breeds with
low genetic diversity and/or high incidence of genetic disease, such
as the Norwegian lundehund (Melis et al. 2022; Powell 2011), and
the Irish red and white setter (Irish Red and White Setter Club
2024). In 2023, the Swedish Kennel Klub approved a crossbreeding
project for cavalier King Charles spaniel (SKC 2023) and the
Finnish Kennel Club has done the same for both cavalier King
Charles spaniel and French bulldogs (FKC 2023). As professor in
veterinary neurology, Clare Rusbridge, stated in The Guardian in
June 2024: “Dog breeds must be “rebooted” through careful cross-
breeding to save them from ingrained health problems” (Davis
2024).

These outcrossing projects are usually time-limited and include
a well-defined and limited number of dogs. To our knowledge,
maintaining an open breed registry within the framework of a
national kennel club is rare, but nevertheless exists. The Danish
Swedish farmdog was reconstructed in the 1980s and received FCI-
recognition in 2019. All the way through the reconstruction pro-
cess, the breed register was kept open, and still remains open by the
Scandinavian kennel clubs. This means that owners of dogs show-
ing phenotypic resemblance with the Danish Swedish farmdog can
have their dog evaluated by an authorised judge and – if approved –
the dog is enrolled in the breed register with a blank pedigree
(DSGK 2024). The Finnish kennel club has an open breed registry
for a number of other breeds, including the Jack Russell terrier,
Lapponian herder, Norbottenspitz, Pyrenean sheepdogs, and Finn-
ish lapdog. Apart from the phenotypic evaluation, entry into the
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breed also requires a DNA profile and testing for breed-specific
hereditary diseases (FKC 2024). As away to obtain better health, the
Danish kennel club decided to open the breed registry for the
English bulldog, French bulldog and pug by 1 May 2024. Entry
into the registry requires a phenotypic evaluation and a maximum
grade for BOAS (Brachycephalic Obstructive Airway Syndrome) of
0 or 1 (DKC 2024a).

Some of the former utility breeds, such as the German shepherd
dog, border collie and Labrador retriever, have become popular as
show and family dogs. This has resulted in show lines where
selection is based almost entirely on meeting the current prefer-
ences of dog show judges, and in lines of family dogs produced on a
commercial basis to physically represent the common public per-
ception of the breeds. In both cases, there has been a switch away
from selecting for the original functional behavioural traits, such as
hunting or herding ability, that once characterised these breeds.
Consequently, separate ‘breeds within the breed’ have emerged
consisting of utility (working) lines, show lines and family dogs
that can show quite remarkable differences in phenotype as well as
basic behaviours and activity levels (Duffy et al. 2008; Fadel et al.
2016). Often, there is practically no exchange of genetic material
between the two groups resulting in stratification and reduced
effective population sizes within each (Chang et al. 2009).

The likelihood of achieving dog owner’s satisfaction increases
when the needs and expectations of the owner are compatible with
the behaviour of the dog (Curb et al. 2013). Thus, mismatches
between expectations of owners and the behaviours of dogs with
respect to within-breed lines may increase the risk of a problematic
dog-owner relationship.

The typical human behaviour of choosing breeding animals
based on show champions and sometimes even because some
influencers promote extreme variants of dogs, e.g. the ‘tea-cup’
Chihuahua (Redmalm 2014), has resulted in other serious issues.
What Harriet Ritvo wrote about the first dog shows in the late 18th

century sadly still holds true: “When judges selected the prizewinner,
they were not simply recognizing a particular outstanding animal. At
the same time, they were identifying the strain to which the prize-
winner belonged as promising breeding material, and they were
endorsing a type toward which other breeders should aspire”
(Ritvo 1987; p 101).

Even though many breed standards of the FCI and other kennel
clubs have been revised numerous times since their first versions
right up to the present day, and all FCI standards now contain the
general phrase that “any departure from the foregoing points should
be considered a fault and the seriousness with which the fault should
be regarded should be in exact proportion to its degree and its effect
upon the health and welfare of the dog”, there is still room for
improvement of the health focus in the standards and in their
application. TheNordic countries have formulated so-called “Breed
Specific Instructions” (NKU 2023) in which judges at dog shows are
informed about relevant health issues in selected breeds. However,
despite all this, prizes are still awarded to dogs that show extreme
conformation (Burke 2024). Sadly, therefore, limited progress in
practice has been made based on the well-intentioned initiatives
from the established breeding organisations.

Reactions from civil society and regulators
For decades, many Western countries concentrated their animal
welfare policies and regulatory initiatives primarily on production
and laboratory animals. Regulatory initiatives aimed at protecting
the welfare of companion animals have been scarce, and there has
been little legislation until recently specifically aimed at dogs over

and above general formulations in some, but far from all, anti-
cruelty and animal welfare statutes (Andersen et al. 2021). How-
ever, due to growing negative publicity and pressure from animal
welfare non-governmental organisations (NGOs), governments
and courts in some countries seem to have lost faith in the ability
of the dog-breeding fraternity to reform itself from the inside.
Consequently, national legislation is starting to be passed and/or
more effectively enforced in a few countries (LAGECDogs 2024a).

In The Netherlands, the keeping and breeding of pets is regu-
lated by Article 3.4 of the 2014 Dutch Animal Keepers Decree
(Overheid 2024). According to this, the breeding of companion
animals in ways that have negative effects on their welfare and
health is prohibited. Hereditary defects and conformational traits
with negative effects onwelfare and health should be avoided as well
as the passing of behavioural abnormalities to offspring. Animal
protection organisations in The Netherlands have been particularly
active in highlighting the impaired welfare of purebred dogs with
extreme phenotypes, especially the brachycephalic breeds.

The Expertise Centre on the Genetics of Companion Animals at
Utrecht University was asked by the Dutch authorities to provide
guidelines for the enforcement of the decree and decided to focus
initially on welfare issues of brachycephalic dogs. Based on know-
ledge about the health issues related to brachycephaly, a list of
criteria was defined that all dogs used for breeding should comply
with. The background and the criteria are described in a report
commissioned by the Dutch Ministry of Agriculture, Nature and
Food Quality in 2020 (van Hagen 2020).

As of May 2020, Dutch breeders are therefore required to have
physical measurements carried out on their breeding dogs by a
veterinary practitioner prior to breeding, following the criteria
outlined by the ministry. A central, though debated, criterion is
the calculation of a craniofacial ratio (CFR) which is the ratio
between the length of the muzzle and the cranial length. The CFR
should preferably be above 0.5. Based on the level of fulfilment of
the criteria, a traffic light system is used to indicate whether the
animals can be used for breeding (green), can be accepted during a
transition period (yellow), or are unacceptable (red). However, very
few individuals of some breeds can meet this yellow or green
criterion (Packer et al. 2015; Liu et al. 2017) so in practice this
amounts to a ban on breeding a number of flat-faced dog breeds.
The legal actions in The Netherlands originally focused on breeders
associated with the national kennel club, neglecting the fact that
many individuals from the breeds in question are imported from
outside the country in which the legislation had no effect. To
address this issue, the Dutch Minister of Agriculture, Nature and
Food Quality has announced that a general ban on the keeping of
pets with “harmful external characteristics”, is being considered
(FECAVA 2023).

An example of a legal action in relation to the welfare problems
in purebred dogs comes from a lawsuit in Norway from 2020 to
2023. The Norwegian Society for Protection of Animals (NSPA)
sued the Norwegian Kennel Club (NKC), the Norwegian Bulldog
Club, the Norwegian Cavalier Club, three breeders of cavalier King
Charles spaniels, and three breeders of English bulldogs for non-
compliance with the Norwegian Animal Welfare Act § 25 which
states that: “breeding shall encourage characteristics resulting in
robust animals that function well and have good health”. The
legislation goes on to specify that breeding cannot be carried out
if it: “reduces the animals’ ability to practice natural behaviour or
gives rise to general ethical reactions” (Lovdata 2009) (authors’
translation). The case was brought to the Oslo District Court, then
to the Oslo Court of Appeal and finally to the Supreme Court which
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concluded that further breeding of cavalier King Charles spaniels
with the current genetic pool is in violation of the Animal Welfare
Act. The Supreme Court also ruled that English bulldogs must be
bred under a breeding programme aimed at reducing the occur-
rence of diseases such as Brachycephalic Obstructive Airway Syn-
drome (BOAS) caused by extreme conformation (Supreme Court
of Norway 2023).

Similarly, § 11b of the German Animal Welfare Act outlaws the
breeding of animals where it is expected that, due to heredity, the
animals themselves, or their offspring, will lack body parts or
organs for appropriate use, or have body parts that are unsuitable,
or reshaped in such a way that pain, suffering, or damagemay occur
as a result. It is also forbidden to breed animals if it is expected that
the offspring will develop hereditary behaviour that may cause
suffering, e.g. aggressive behaviour (Bundesministerium der Justiz
2023). In order tomake theAnimalWelfare Act inGermany clearer
and more operational, an expert group appointed by the Federal
Ministry of Food and Agriculture has produced the document
“Expert opinion on the interpretation of § 11b of the AnimalWelfare
Act” (Bundesministerium für Ernährung und Landwirtschaft
2023). In addition, new, sharpened rules on dog shows came into
force in Germany in January 2022. It is now prohibited for dogs to
participate in shows and field trials if they have evidence of any of a
range of hereditary conditions.

In England and Wales, the basis for the legal protection of dog
health and welfare is provided by the Animal Welfare Act (AWA)
(Legislation 2006). Legal safeguarding of dog welfare in England
under the AWA was strengthened in 2018 when the government
passed the Licensing of Activities Involving Animals (LAIA)
Regulations in 2018 (Legislation 2018). The LAIA regulations
govern a variety of activities involving animals, including that
commercial dog breeders are legally required to apply for a licence
from their local authority to breed dogs and, if successful, must
abide by the provisions in the LAIA regulations. These state that
“no dogmay be kept for breeding if it can reasonably be expected, on
the basis of its genotype, phenotype or state of health, that the
breeding from it could have a detrimental effect on its health or
welfare or the health or welfare of its offspring” (Legislation 2018).
To this end, licence holders “must take all reasonable steps” to
check that the dogs kept for breeding – male and female – have
good physical and genetic health, good temperament, can see,
breathe normally, are physically fit, can exercise freely, and “must
be aware of any health risks that may be specific to the particular
type or breed of dog” (GOV.UK 2024). Any person who fails to
meet these criteria will be in breach of their licence and may face a
penalty notice imposing an on-the-spot fine of up to £5,000;
revocation of the licence; or in the case of a serious breach, court
proceedings potentially resulting in an unlimited fine and a crim-
inal record (LAGECDogs 2024b).

Decreasing popularity of pedigree dogs

It is unknown how many dogs were excluded during the first years
of the various national kennel clubs in countries where the breed
registries were closed nor the size of the total population of dogs in
those days. However, it is known that the total number of dogs in
many countries and the distribution of individual breeds have
fluctuated dramatically over time formany reasons, including times
of economic boom and recession, changes in human demography
and ‘fashion’ both at the national and international level (Herzog
2006). Current knowledge about the structure and numbers of the
wider dog populations has also improved during the last 25 years

for several reasons, including mandatory microchip marking,
licensing, and registration of dogs in several countries and the
advent of big data research programmes (O’Neill et al. 2023;
McMillan et al. 2024).

For example, in Denmark, ID-marking and registration in the
Danish Dog Registry (DDR) has been mandatory since 1993
(Retsinformation 2018). Analyses of data from the Danish Dog
Registry and the registration figures provided by the Danish Kennel
Club (DKC), show that the Danish dog population currently falls
into three categories: (a) dogs with a pedigree from the DKC
(around 35%); (b) dogs that are registered as a stated breed but
without a DKC pedigree (around 50%); and (c) dogs that are
registered as mixed breed (around 15%) (DKC 2024b).

These Danish proportional registrations of pedigree purebreds,
purebreds without a pedigree, andmixed breeds are similar to those
reported for the UK (O’Neill et al. 2023; KC 2024) and Germany
(TASSO 2023) even though the legal basis and registration proced-
ures for dogs differ between the countries. In Germany, microchip
identification of dogs is regulated locally in the 16 different regions
(‘Bundesländer’). In the UK, it became compulsory for owners to
ensure that their dog is microchipped in 2016. However, several
different microchip databases are in use that are not inter-linked,
and there is no single overall UK national dog registry. In Scandi-
navia, Sweden introduced legislation like Denmark’s in 2001, but it
is not possible to distinguish breeds to the same level of precision
(Jordbruksverket 2001). Raad van Beheer, the kennel club of The
Netherlands, has extended even beyond a requirement for micro-
chipping with mandatory genetic profiling or ‘DNA fingerprinting’
(Raad van Beheer 2024).

Data from the Danish Dog Registry reveal that the proportion of
the Danish dog population that is kennel club registered has been
falling over time. When mandatory microchipping was first
enforced in 1993, the Danish Kennel Club (DKC) registered two-
thirds of the total number of new puppies entering the register. This
proportion decreased progressively over the following years until a
cross-over point in 2002 where 51,035 new puppies were registered,
23,359 with a DKC pedigree (45.8%) and 27,676 without a
DKC pedigree (54.2%) (Danish Dog Registry 2024; DKC 2024b;
Figure 1).

In parallel with strong economic growth in the first years of the
current millennium, demand for dogs as domestic pets in Denmark
also increased. However, this demand was met mainly by suppliers
from outside the DKC (Sandøe et al. 2022). Inability or even
reluctance among the DKC breeders to scale-up dog production
to meet increasing demand offers a possible explanation for this
development. Globalisation of all markets for products and pro-
duction, including that for puppies, and increasing sales from
international online platforms that offer cheaper puppies andmore
convenient sales processes could be another. The financial crisis
and subsequent recession in 2008 resulted in a plateau and then
reduction in the annual number of dog registrations in Denmark.
From 2018, the number of registrations increased again, a devel-
opment which further accelerated during the global COVID-19
pandemic (Figure 1).

The popularity of different breeds also fluctuates over time.
Urbanisation, changes in family constellations, and influence
from movies and television series, social media, and celebrity
dog owners along withmany other factors contribute to a constant
reshaping of breed ownership levels (Ghirlanda et al. 2013, 2014).
In the past decade, many countries have experienced a shift in the
top five most common breeds, away from larger breeds such as
German shepherd dogs and Labrador retrievers, towards smaller
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breeds such as the Chihuahua and Havanese, and brachycephalic
breeds such as the pug and French bulldog (KC 2019; Haid 2023;
TASSO 2023).

There are also differences when it comes to the relative number
of dogs with a pedigree across the spectrum of breeds. In the Danish
Dog Registry, utility breeds, originally selected and used for hunt-
ing, sporting and other physical activities and competitions, tend to
include a high pedigree proportion maybe because the pedigree is a
prerequisite for participation in some activities and competitions.
The proportion of individuals with a DKC pedigree is lower in
breeds that are largely kept as companion animals (Figure 2). Thus,
the link between the DKC and the ownership of many of the
popular companion breeds has reduced dramatically. Presumably,

this situation is similar across other countries and kennel clubs and
implies that the kennel clubs are losing control of several breeds
where most of the breeding is taking place outside traditional dog-
breeding organisations.

Developments outside traditional dog breeding
organisations

Besides declining proportions of purebred dogs who have a pedi-
gree, several other developments in the last two to three decades
have also affected how people in large parts of the world perceive
and categorise ‘breed’ in dogs. So-called designer breeds and

Figure 1. Registration figures from the Danish Dog Registry from 1994–2023. The dark blue, solid line represents the registration figures from the Danish Kennel Club (DKC), the light
blue, dotted line represents the number of dogs entering the Danish Dog Registry without a pedigree including mixed breeds (non-DKC). The DKC proportion of all dogs has
decreased from 63.5% in 1994 to 31.8% in 2023.

Figure 2. The percentage of dogs from different breeds entering the Danish Dog Registry in 2023 who had a pedigree from the Danish Kennel Club. Utility breeds originally designed
for hunting and sporting show high proportional kennel club registration while many breeds that were originally popularised as companion animals show low levels of kennel club
registration.
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various other kinds of mixed breed dogs have become prominent
contributors to widespread changes in dog-breed structures.

Designer breeds

History and development of designer breeds
The emergence of the so-called ‘designer dog breeds’ (also known as
‘designer-crossbred dogs’) has provided a new twist to the concept
of ‘breed’. Designer dog breeds are deliberate crosses between two
ormore different pure breeds and have gained great popularity over
the past two decades. A study of the demography of 2.25millionUK
dogs in 2019 within the VetCompass™ Programme estimated that
designer crossbreeds made up 6.7% of the UK dog population, with
poodle heritage being very common in these dogs (O’Neill et al.
2023).

Wally Conron, who was then working at the Royal Guide Dogs
Association of Australia, is often credited with the invention of the
first of these modern designer breeds, the labradoodle, in the 1980s.
He crossed one of his best performing Labrador retrievers with a
poodle to create a guide dog to help a blind woman whose husband
was allergic to dogs. His approach appeared to be successful in
terms of a reduced allergic reaction from the husband and this led to
an assumption that still prevails widely today that the non-shedding
fur of the poodle – in purebreds as well as in F1-hybrids – could
reduce or prevent allergic reactions (Burnett et al. 2022).

This assumption of hypo-allergenicity has since been shown to
be more complex than originally thought (Nicholas et al. 2011;
Vredegoor et al. 2012) but is nevertheless often repeated in sales
advertisements for many designer breeds that include poodle par-
entage. As well as the original labradoodle, these include cockapoo
(cocker spaniel × poodle), cavapoo (cavalier King Charles spaniel ×
poodle), schnoodle (schnauzer × poodle) and maltipoo (Maltese ×
poodle). Mr Conron later expressed his regrets about triggering the
whole phenomenon of designer breeds because the new trend
encouraged unscrupulous people to set up puppy mills (Coren
2014). Unfortunately, once Pandora’s box had been opened, the
list of creative combinations kept getting longer with ‘breeds’ such
as puggle (pug × beagle), pomsky (Pomeranian × husky), chorkie
(Chihuahua × Yorkshire terrier) and many others being added.

Interviews with owners of designer dogs suggest that they expect
their dogs to have stable temperaments, be healthier than other
dogs, and have hypoallergenic and non-shedding coats. Also, these
owners have the overall perception that their designer dogs some-
how fit better into domestic life compared to other dogs (Power
2012; Powell et al. 2018).

According to a recent study comparing owner expectations and
reality associated with owning purebred dogs, mixed breeds, and
designer breeds, owners generally appear to be happy with their
choice of dog regardless of category. However, one area where the
designer dogs apparently do not meet their owner’s expectations
concerns the need for grooming. Among owners of ‘doodles’
(offspring resulting from the intentional mix of at least two pure-
breds, one of whichwas either aminiature, toy, or standard poodle),
18.2% lamented the cost and frequency of grooming required while
the corresponding figures were lower for owners of mixed breeds
(3.1%) and purebreds (5.2%) (Hladky-Krage & Hoffman 2022).
That study also reported the decision to acquire a designer breed
had been driven largely by the appearance of the breeds and by a
perception that these dogs are healthier than purebred dogs
(Hladky-Krage & Hoffman 2022). The popularity of designer
breeds can thus to some extent be interpreted as a backlash to the
perceived poor health condition of the traditional pedigree breeds.

However, the validity of this perception of improved health in
cross-bred dogs is still uncertain. The overall health and behaviour
of designer crossbreeds may be no more than a regression to the
mean of the values for these attributes in the parental breeds, as was
suggested to explain the largely equivalent disorder risks overall
between general crossbred dogs compared to purebred dogs in the
UK (O0Neill et al. 2014).

Are designer breeds healthier than purebred dogs?
The general expectation of improved health in crossbreeds com-
pared to purebred dogs has its roots in the concept of hybrid vigour
or heterosis. This is the extent to which the average performance of
first-cross (F1) individuals for a specified trait is superior to the
average performance of their parental strains/breeds for that same
trait (Nicholas 2010). Charles Darwin was the first scientist to
examine the phenomenon in a systematic manner (Darwin
1859), and the existence of a strong hybrid vigour effect is a
foundational assumption underlying many livestock breeding
schemes. However, there is only limited evidence supporting a
substantial hybrid vigour effect in dogs (Nicholas et al. 2016).

It is important to note that hybrid vigour is not a fixed overall
effect but relies on factors including the presence, absence and
frequency of disease-liability variants, the heritability of the specific
traits, and the levels of inbreeding in the breeds that are crossed
(Nicholas et al. 2016). Besides the general effects of hybrid vigour
from a genetic diversity perspective, some designer breeds were also
created in efforts to reduce the negative effects of extreme conform-
ation of one or more of the parent breeds. For example, an expected
increase in nose length on average in puggles (pug × beagle)
compared to purebred pugs might be predicted to lead to reduced
prevalence of BOAS although – to our knowledge – no systematic
studies to confirm these effects are published. However, studies
have shown that crossing two breeds with reported predisposition
to obesity could lead to even higher levels of obesity in the hybrid
dog, stressing that hybrid vigour is not a solution to all types of
problems (Pegram et al. 2021; O’Neill et al. 2022b).

As designer breeds become more established in the general dog
population, it is likely that future designer puppies will be produced
increasingly from backcrosses to one of the parental breeds or of
intercrosses between F1 and later generations of designer crossbred
parents (Arendt et al. 2024). This will turn designer breeds into de
facto new breeds where, for example, all the parents, grandparents,
great-grandparents and so forth of labradoodle pups will also have
been labradoodles. This is now the case in Switzerland where the
Swiss Kennel Club accepts labradoodles as a registered breed (Swiss
Cynological Federation 2024). Therefore, any positive effects of
heterosis are likely to wear out over time, and in terms of breeding-
related health problems the designer breeds are likely to face similar
problems to those faced by traditional breeds unless steps are taken
to avoid the issues of inbreeding, the breeding towards extreme
conformation and the lack of adequate focus on reducing disease-
predisposing gene variants that have plagued somany of the longer-
established dog breeds.

As with the alluring simplicity but faulty logic of considering all
pedigree dogs as one group, it is also dangerous to consider all
designer breeds as being a single entity, given the range of health
risks and issues that could affect their various progenitor breeds
(Gough et al. 2018). The limited research that does exist comparing
mental and physical health in designer breeds to pure breeds has
delivered mixed results. For example, a prospective study of oph-
thalmic disorders in labradoodles compared with their parental
breeds showed that the prevalence of multifocal retinal dysplasia

8 Helle Friis Proschowsky et al.



(MRD) was significantly higher in labradoodles than in Labrador
retrievers and poodles. For cataracts, no significant differences were
identified (Nicholas et al. 2016).

The standard poodle is recognised as genetically predisposed to
hypoadrenocorticism (Friedenberg et al. 2017). A UK VetCom-
passTM study reported the standard poodle with 51.38 times the
odds of hypoadrenocorticism compared to general crossbred dogs
while the Labrador retriever had 0.82 times the odds. However, the
poodle-based designer crossbreed labradoodle showed an inter-
mediate risk between the two progenitor breeds rather than a total
elimination of the combined parental predisposition, with 7.40
times the odds (Schofield et al. 2021). New diseases, which have
not been passed down from the parental breeds, have also emerged
in designer breeds. For instance, a novel mutation in the dystrophin
gene causing a disorder similar to human Duchenne muscular
dystrophy (DMD) has been identified in a line of Australian
labradoodles (Shrader et al. 2018).

A recent study from the UK compared the odds for 57 common
disorders across three designer-crossbreeds (cavapoo, cockapoo,
and labradoodle) and each of their progenitor breeds (cavalier King
Charles spaniel, cocker spaniel, Labrador retriever, and poodle).
The odds did not differ significantly between the designer-
crossbreeds and their relevant progenitor breeds in 86.6% of the
comparisons challenging the widespread beliefs of major positive
hybrid vigour effects for health in designer-crossbreeds (Bryson
et al. 2024).

A special concern for designer-crossbreeds is theirmental health
and the resultant expressed behaviours. Selective breeding over the
past century has created a range of traditional dog breeds which
differ in behaviour and personality traits. The degree of genetic
attribution to both working behaviours, including herding and
retrieving, and other everyday behaviours such as sociability, fear-
fulness, and aggression is debated, but it is widely accepted that
behaviour is to some extent heritable (Saetre et al. 2006; MacLean
et al. 2019; Dutrow et al. 2022). Still, very little is known about the
expression of behavioural traits in crossbreeds including designer-
crossbreeds compared to the behaviour of the constituent pure
breeds.

Based on quantitative genetics theory, there are good reasons to
anticipate that first-cross designer dogs would exhibit behavioural
phenotypes closely aligned with an intermediate profile between
their purebred parent breeds (Falconer &Mackay 2009 p 254). This
expectation generally held true with some notable exceptions in a
study of goldendoodles and labradoodles (Shouldice et al. 2019).
The study analysed breed differences using the online Canine
Behavioural Assessment and Research Questionnaire (C-BARQ;
Hsu & Serpell 2003). Labrador retriever and standard poodle did
not differ significantly from those of labradoodles for any behaviour
category, but miniature poodles scored significantly higher than
labradoodles for dog rivalry (aggressive or threatening responses to
other familiar dogs in the same household). The goldendoodle had
higher scores than the parent breeds for both dog-directed aggres-
sion and dog-directed fear. To our knowledge, no studies have
analysed whether specific combinations between breeds are more
likely to result in problematic behaviour than others, but this is a
question of key relevance for future research given that most
designer-crossbreds are destined for the companion animalmarket.

Though few studies have so far been published on the health of
designer breeds, it seems likely that the assumption of a substantial
general health benefit compared to their progenitor breeds is
overestimated. Paradoxically, unless the new designer dog breeds
are recognised or registered by the national kennel clubs or some

other canine organisations, their health will not be systematically
monitored, and they will remain outside of health programmes
currently used by the organised dog world. However, coming under
the umbrella of national kennel clubs could increase these health
issues over time in designer breeds as a result of inbreeding, absence
of selection against disease predisposing phenotypes and genetic
variants and exaggeration towards extreme conformation, just as
has happened in many of the traditional breeds.

Mixed-breed dogs with unknown genetic background

Health and longevity
Prior to the emergence of designer breeds, a mixed breed would
typically have been the result of casual or unintentional mating
between dogs of different breeds or even dogs that were themselves
already mixed breeds. Such mixed-breed dogs remain common in
most general dog populations. A study of over 2 million dogs under
UK veterinary care in 2019 revealed that approximately every
fourth dog (24%) was classified as non-designer-crossbred
(O’Neill et al. 2023). The equivalent figure from the Danish Dog
Registry is 15% (Danish Dog Registry 2024).

As with designer breeds, dogs that are non-designer, mixed
breed continue to have their advocates, and it is often the potential
health benefits from crossbreeding that are highlighted. Several
studies have analysed differences in general health between pure-
bred and mixed-breed dogs. In England, data from electronic
patient records were used to compare the prevalence of common
disorders between purebred and mixed-breed dogs attending
primary-care veterinary practices (O0Neill et al. 2014). Among
the twenty most-frequently recorded disorders, purebred dogs
had a significantly higher prevalence compared with crossbreds
for otitis externa, obesity, and skin lumps. Overall, the study
concluded that purebreds showed significantly higher prevalence
values for 13 of the 84 (15.5%) disorders but substantial variation
was shown across the pure breeds so that it was hard to disentangle
the effects of pure breeding per se from the effects of being one of the
many individual pure breeds. No instances were identified in which
disorder prevalence values were significantly higher in mixed
breeds than in purebred dogs overall.

A study from the University of California-Davis evaluated elec-
tronic records of referral patients from the Veterinary Medical
Teaching Hospital for selected disease categories, including cancer,
cardiac disorders, endocrine disorders, and orthopaedic disorders
(Bellumori et al. 2013). From a total of 24 disorders assessed, 13 did
not show a significant difference in risk between purebred and
mixed-breed dogs after matching the two populations for age,
sex, and bodyweight. Ten disorders were more prevalent in pure-
bred dogs compared with mixed-breed dogs, including aortic sten-
osis, dilated cardiomyopathy, hypothyroidism, elbow dysplasia and
intervertebral disc disease. Mixed-breed dogs were, on the other
hand, more prone to cranial cruciate ligament rupture (CCLR) and
trauma from car accidents than purebred dogs. Since the latter
injuries would be likely to reflect differences in levels of physical
exercise and human supervision, it is probable that their higher
prevalence in mixed-breed dogs indicates more laissez faire owner
attitudes rather than any innate predispositions of the dogs,
although breed-related predisposition to CCLR and putative gen-
etic components have been demonstrated (Baird et al. 2014).

A study of owner-reported survey data collected through the
Dog Aging Project (DAP) Health and Life Experience Survey for
27,541 companion dogs concluded that, although individual breeds
may show higher lifetime prevalence for specific conditions,

Animal Welfare 9



purebred dogs did not show higher lifetime prevalence of medical
conditions compared tomixed-breed dogs, and a higher proportion
of purebred dogs than mixed-breed dogs had no owner-reported
medical conditions (Forsyth et al. 2023).

Recent developments in DNA technology have made it possible
to look beyond just clinical health and to study specific disease
variants implicated in Mendelian disorders. A recent Finnish study
screened around one million dogs for 250 genetic variants across
150 countries and reported that 87.9% of the variants were found in
both purebred and mixed-breed dogs (Donner et al. 2023). Mixed-
breed dogs were more likely to be heterozygote carriers of common
recessive diseases, whereas purebreds were more likely to be gen-
etically affected (homozygous) but 57% of all dogs in the study
carried at least one copy of a known disease-associated variant. The
study was a follow-up from a similar survey in 2018 which con-
cluded that the allele frequencies for the most frequent disease
variants are essentially the same in purebred andmixed-breed dogs,
emphasising their common genetic background and shared
inherited disease variants (Donner et al. 2018).

Average longevity is often used as a proxy scale for overall
health, and several studies have reported on longevity for different
breeds and mixed breeds. Research on dog longevity has primarily
reported average ages at death based on data from veterinary
practice (Fleming et al. 2011; O’Neill et al. 2013), owner question-
naires (Proschowsky et al. 2003; Lewis et al. 2018), health insurance
databases (Bonnett & Egenvall 2010) or combined data sources
(McMillan et al. 2024).

In most studies, the average longevity differs significantly
between breeds. Mixed breeds usually end up at the higher end of
the spectrum but are surpassed by some purebreds such as terriers
and poodles (Proschowsky et al. 2003; Lewis et al. 2018). A recent
study applied a different approach and calculated life tables for
30,563 dogs in the UK (Teng et al. 2022). Life expectancy tables
express the remaining average life expectancy from different ages
and provide more information than just the average age at death
(i.e. average longevity) across all ages. At age 0, the life expectancy
for all dogs in the dataset was 11.23, but life expectancy tables varied
from 12.72 years in Jack Russell terriers to 4.53 years in French
bulldogs. The overall category of mixed breeds had a life expectancy
of 11.82 at age 0. A study based on combined data from breed
registries, veterinary corporations, pet insurance companies, ani-
mal welfare charities, and academic institutions found that in
comparison with the crossbred group, 47.1% of the pure breeds
presented longer median survival estimates, 25.8% presented
shorter, and 27.1% did not vary significantly from the crossbred
group (McMillan et al. 2024).

Dogs belonging to large-bodied breeds are reported to gener-
ally have shorter average lifespans than dogs from physically
smaller breeds (Galis et al. 2007; Greer et al. 2007). A negative
correlation between longevity and body size was demonstrated in
a study of 44,363 dogs representing 134 breeds. However, very
small dogs seemed to have a reduced lifespan indicating that the
correlation is non-linear and may reflect the effects of extreme
conformation at either end of the dog size scale (Galis et al. 2007).
This shortened life effect on extremely small breeds was also
demonstrated in the life expectancy table study in which breeds
such as the Chihuahua had a life expectancy at age 0 of only 7.91
(Teng et al. 2022).

Studies of lifespan and longevity, like the ones presented above,
usually evaluate mixed breeds as a single group in the breed-based
analyses. Themain reason for this can be lack of data regarding size,
bodyweight or the progenitor breeds constituting the individual

mixed-breed dogs. It is, however, excessively simplistic to consider
all mixed-breed dogs as one common group. For example, in many
parts of Northern Europe, purebred dogs commonly comprise up
to 70–80% of the overall population (O’Neill et al. 2023; TASSO
2023; DKC 2024b; KC 2024). Here, practically no truly outbred
dogs exist, andmostmixed-breed dogs are likely to have identifiable
breeds among their closest ancestors.

The finding that some pure breeds outlivedmixed breeds overall
highlights the great variation between the longevities of the longest-
and the shortest-lived pure breeds and suggests that the longevity of
any one mixed-breed dog may be highly contingent on whether the
parent breeds belonged to short- or long-lived breeds and on the
disease-related cause of shortened longevity. Or, to put it in other
words: there may be no such thing as the mixed breed but instead
there are many different mixed breeds whose health and longevity
will depend heavily on that of the (often unknown) progenitor
breeds.

Behaviour in purebred and mixed-breed dogs – is the latter less
predictable?
It is widely acknowledged that cohabitation between dogs and
humans does not always run smoothly, and some dogs develop
behaviours that owners may find problematic. Several studies using
prevalence data have identified higher levels of reported problem-
atic behaviours in mixed breeds compared to purebreds. Mixed-
breed dogs are, for instance, reported to be more nervous, more
excitable, and to exhibit excessive barkingmore frequently (Bennett
et al. 2007), to be ranked higher for different kinds of aggression
(Hsu & Sun 2010) and to be at increased risk of developing noise
phobia (Blackwell et al. 2013).

ModernDNA technology can reveal insights into which breeds
may have contributed to the genetic profile of an individual mixed
breed dog and, despite debate about the accuracy of these tests, the
Wisdom Panel homepage claims that their DNA test is able to
explain: “why your dog has to herd your whole family after dinner,
loves chasing bunnies or hates baths” (Wisdom Panel 2024). The
implicit message here is that much of the behaviour expressed by
dogs is determined by their breed affiliation. This argument is
routinely used by the organised dog world to promote acquisition
of a pedigree dog instead of a designer-crossbred or mixed breed
or even a purebred without a pedigree. However, although the
genetic basis for physical traits like body size (Sutter et al. 2007)
and fur type (Cadieu et al. 2009) is largely unchallenged, the extent
to which behaviour is determined by genetics continues to be
debated.

A much-publicised 2022 study questioned the hereditary basis
of dog behaviour by exploring correlations between breed charac-
teristics and DNA-sequencing results from more than 2,000 pure-
bred and mixed-breed dogs (Morrill et al. 2022). The authors
reported that even though most behavioural traits are heritable to
some extent, behaviour itself could not reliably differentiate
between breeds, with breed itself explaining only 9% of variation
in behaviour. So, contrary to the widespread beliefs about the
importance of choosing a dog breed based on breed-related behav-
iours that will fit your needs and everyday circumstances, this study
concluded that “dog breed is generally a poor predictor of individual
behaviour and should not be used to inform decisions relating to
selection of a pet dog”. The authors claim that the modern domestic
dog is a recent invention defined by arbitrary rules regarding
physical appearance and purity of ‘bloodlines’ rather than behav-
iour and that this modern breeding approach is widely detached
from the pre-Victorian lineages of dogs that were selected for
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functional roles such as hunting, guarding, and herding that were
largely predicated on predictable behaviours in these dogs.

A contradictory conclusion was drawn in a paper by Dutrow
et al. (2022), which identified genetic drivers of canine behaviour
using data from more than 4,000 domestic, semi-feral and wild
dogs, and phenotypic data from over 46,000 purebred dogs based
on the Canine Behavioural Assessment and Research Question-
naire (C-BARQ; Hsu & Serpell 2003). The authors concluded that
diversification of canine behavioural phenotypes predates the for-
mation of modern breeds and identified ten major canine lineages
each of which is associated with a unique repertoire of behavioural
characteristics related to their historical functional roles
(e.g. hunting, herding, scent trailing, etc) reflected in manymodern
breeds. A Finnish study examined environmental and demographic
factors associated with seven personality traits in a survey of over
11,000 dogs and concluded that “a dog’s breed is not a predictor of its
personality, but the probability of showing certain personality traits
differs between breeds.” Thus, the breed of the dog was the most
important determinant underlying personality differences (Salonen
et al. 2023).

A questionnaire study of 7,700 purebred dogs representingmore
than 200 breeds, and 7,691 mixed-breed dogs living in Germany
reported that, according to their owners, mixed breeds were less
calm, less sociable toward other dogs, and showed more problem-
atic behaviour than purebreds (Turcsán et al. 2017). Arguing that
factors like early socialisation and rearing environment may sub-
stantially impact canine behaviour, the authors re-analysed the
dataset controlling for the distribution of the demographic and
dog-housing factors and concluded that the lower sociability of
mixed-breed dogs towards other dogs seemed to be an indirect
result of the environmental differences between purebreds and
mixed breeds.

The differing inferences from these various studies may reflect
differences in themethods used tomeasure behaviour across breeds
and breed types. In addition, most studies also acknowledge sub-
stantial within-breed variation when it comes to behaviour. Further
research using robust measures of behaviour will be needed to
determine the extent to which ‘breed’ is a reliable indicator of
expected personality in purebred dogs compared with mixed
breeds.

A new future for dog breeding?

The current strong evidence on the scale of reduced health and
welfare linked to breed as a concept in dogs and specifically driven
by reduced genetic diversity, absence of health-conscious selection
against disease predisposing phenotypes and genetic variants, and
breeding towards extreme conformation means that actions to
redress these issues are urgently needed. This Horizon paper should
be taken as both a clarion call for action as well as offering some
options for meaningful change. At a time where ideals such as
‘diversity’, ‘naturalness’, and ‘respect for ethnic diversity’ are trend-
ing in the human world, it can be tempting to call for a knee-jerk
shutting down of all kennel and breed clubs and for humanity to
turn our backs on a system of organised dog breeding that has been
failing dogs in many ways for over a century.

However, such a draconian approach is unlikely to solve the
health andwelfare problems of dogs. Newly invented designer breeds
and mixed breeds are shown to have important health and behav-
ioural problems too, and the predictability of purebred dogs to some

degree with respect to body size, basic behaviours, known need for
grooming, disorder profiles and other attributes may well offer some
benefits for a mutually fulfilling human-dog relationship.

Some critics of purebred dogs demand an end to breeding and
recommend that prospective dog owners rescue dogs from shel-
ters either at home or abroad – the ‘Adopt, Don’t Shop’ mantra
(Hanson 2016; Adopt Don’t Shop 2024). However, in many
countries, rescue dogs can only satisfy a small fraction of the
wider public demand for dogs. A study in Denmark found that
around 2,000 dogs enter shelters each year while the annual
number of dogs acquired in Denmark is over 60,000 (Sandøe
et al. 2019). This figure might look different in other countries,
but the widespread keeping of dogs as pets means that in most
places dogs will have to be bred in large numbers. So, stopping
breeding is not the answer (Mäki 2023).

The way forward in terms of improving the breeding-related
welfare of companion dogs seems to lie in the middle ground,
where whatever future organised dog world exists then
(i.e. updated versions of current kennel and breed clubs that have
the health of dogs at their core or whatever organisations take
their place) would move from the continuing obsession with
prioritising the physical appearance of dogs to instead prioritising
the overall health and welfare of the dogs under its remit. This
would be in line with some current movement by some national
kennel clubs and international organisations to publicly acknow-
ledge that past processes prioritising closed breeding pools and
promoting breed standards that encouraged extreme conform-
ation no longer fit with the canine welfare understanding and
demands of modern human society (FCI 2020). Such a new world
would offer more transparent and evidence-based breeding sys-
tems that would reverse inbreeding effects and enforce a practice
of healthy breeding with direct selection against disease-
predisposing phenotypes and gene variants.

Retaining a system of organised dog breeding with formal
registers into the future, in our opinion, offers two major advan-
tages compared to uncontrolled dog breeding: traceability and
transparency. For pedigree dogs, each puppy can be traced back
to the parents and to the breeder whowas responsible for producing
the litter. Registration of breeding animals and their progeny in a
central database of an organisation such as a kennel club – or even
in international databases – enables more effective monitoring of
results from health and breeding schemes, number of litters, levels
of inbreeding etc, through several generations in a more
transparent way.

Some countries have decided to focus on legislation as their
primary tool to enforce human actions aimed at improving canine
health and welfare. The design of these legislative actions cur-
rently differs widely between the countries. Asmuch of the current
legislation that can be applied to dog health and dog breeding is
relatively new and these efforts to actively enforce legislative
approaches are relatively recent, there is as yet insufficient evi-
dence to determine the overall effectiveness of this legal approach
to trigger positive and widespread change. Hopefully, reliable
evaluation will emerge in the years to come to show some benefits
to dog welfare. A major advantage from most forms of legislative
action is that they, at least theoretically, apply to the entire
population of dogs and not simply to pedigree dogs which is the
case with breed-specific health schemes administered by the
kennel clubs. Hitherto, a specific challenge has been the increasing
importation of puppies from countries without regulation of
canine breeding and welfare, but this can be expected to change
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when new EU legislation comes into force. According to a pro-
posal from the EU Commission, imports will be subject to the
same or equivalent standards (European Council 2024).

Most production animal breeding programmes today are based
on genetic markers linked to desired traits – so-called genomic
selection (Meuwissen et al. 2016) and selective breeding has clearly
shown the potential for improvements in production and fertility
traits with low heritability such as litter size in pigs (Rodenburg et al.
2003; Knap & Su 2008). In addition, digital tools have been shown to
perform better than human observers when it comes to, for example,
reliability of the evaluation of health and welfare in cattle and pigs
(Benjamin & Yik 2020; Chapa et al. 2020; Bortoluzzi et al. 2023).
Even though these tools may seem promising and theoretically have
the power to be applied in dog breeding as well, several obstacles
must be overcome before realistic implementation becomes possible
for the breeding of companion dogs. These include, among others,
definition, and agreement on evaluation parameters – some of which
may differ from breed-to-breed – and registration of uniform, high
quality phenotypes together with obtained genotype data.

Animal welfare implications

The challenge remains to breed dogs with better physical andmental
health. In our opinion, it is now time for those currently in charge of
organised dog breeding to take responsibility for this challenge and to
put the health and welfare of the dogs ahead of human goals such as
heeding tradition, profit, winning prizes at shows and other out-
comes that often currently are at odds with the well-being of the dogs
themselves. Amongst others, such changes to longstanding practices
that are now sadly recognised to be harmful to canine health and
welfare could include re-opening the breed registries, removing, or
modifying wording from breed standards that currently promotes
extreme conformation, maintaining a high effective population size
and promoting diversity rather than uniformity within breeds or
breed-like dog types. The changes need to be drastic and if those
currently charged with responsibility for organised dog breeding feel
unable to rise to this challenge, then perhaps it is time that they
should step aside and let others who do prioritise the health and
welfare of dogs to take the reins. Health andwelfare rather than looks
should become the new goal in dog breeding. In addition, the
responsibility to adhere to breed-, breed type- or conformation-
specific phenotypic and genotypic selection criteria for good health
outcomes must be clear for every person who produces puppies
whether they are purebreds, mixed breeds or designer breeds.
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