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The Malamute, the Greenland Dog, and the

Canadian Eskimo Dog

Similarities, Differences, and the Case for Managed Gene Introduction

Breed Comparison Table

Category \ Alaskan Malamute Greenland Dog Canadian Eskimo Dog
Weight (kg) 34-43 30-32 30-48
Origin Inuit - Alaska Greenland / Canada Canadian Arctic
Traditional use Heavy load pulling Hunting + hauling Hauling and transport
Temperament Sociable, independent Independent, primitive Loyal, sociable
Population status Large - AKC recognized Small - endemic Endangered
Genetic load Moderate High (isolation) Very high
Genetic proximity — Very close Very close

to Malamute

Introduction: One Arctic Family

All three breeds share a common origin: the Arctic peoples - the Inuit, the Thule, and the peoples
of Northern Canada - developed them over thousands of years under conditions of extreme cold.
They were not companion dogs; they were essential tools of survival: hauling sleds, hunting
seals and polar bears, and preserving body heat through frozen nights.

Modern genetic research confirms that all three are more closely related to each other than to
any other breed, and that they represent an exceptionally ancient genetic lineage - closer to the
gray wolf than the vast majority of modern dog breeds.



Chapter 1 - Historical Background: The Arctic Peoples and Their Dogs

Arctic Geography as a Shaping Force

The Arctic is one of the most hostile environments on Earth: winter temperatures drop to -50 °C
and below, polar winds reach dozens of kilometers per hour, and months of total darkness
stretch on without end. And yet entire peoples did not merely survive in this environment - they
thrived. The key to that flourishing was not purely technological: it was biological. The Arctic
dog was not a pet or a side benefit - it was a primary partner, and an outright prerequisite for
human existence in these regions.

The three geographic areas that gave rise to the breeds discussed here - the Seward Peninsula
and Kotzebue Sound in Alaska, the vast island of Greenland, and the Canadian Arctic Archipelago
- differ considerably from one another. Alaska offers rivers, taiga forests in the south, and tundra
across the center and north. Greenland is mostly covered by an enormous ice sheet, with
sheltered fjord coastlines where the population concentrated. Canada's Arctic presents a vast
archipelago of islands and straits, enormous expanses of sea ice, and bays that become literal ice
bridges every winter. These different geographies shaped not only different ways of life, but
dogs with different emphases: pulling power, endurance, navigation, cold resistance.

The Mahlemut People - Creators of the Alaskan Malamute

Along the shores of Kotzebue Sound and the banks of the Kobuk River in northwestern Alaska
lived the Mahlemut - an Inuit group whose name derives from 'mahle’ ('great place') and 'mut’
('people’). These were people adapted to seasonal hunting and fishing along river banks and sea
ice, migrating from camp to camp following caribou herds, hunting seals in winter, and fishing
for salmon in summer. The survival of any single family depended on a network of resource-
sharing between extended families - and on strong dogs that could carry all of that equipment
from one camp to the next.

Unlike other groups that used dogs primarily to pull lighter sleds, the Mahlemut developed
exceptionally large dogs - capable of hauling heavy loads of equipment, whale bones, and hides.
Anthropological records from the 19th century describe dogs carrying loads of 50 kg on their
backs and pulling sleds weighing 500 kg. What distinguished the Mahlemut from other groups
was the treatment they gave their dogs: they fed them regularly, tended to their paws in winter,
and sometimes allowed nursing mothers and their young pups to warm themselves inside the
igloo. This treatment - unusual by Arctic standards - shaped, across many generations, a dog
with a relatively balanced and reliable temperament toward humans, which would become the
most recognizable trait of the Alaskan Malamute.

The geographic isolation of the Mahlemut along the Kobuk and Noatak rivers - north of the
Brooks Range - protected their dog lines from crossbreeding with outside breeds even at the
height of the Gold Rush of the 1890s. While the gold rush flooded Alaska with Siberian dogs,
European Spitz breeds, and even hunting dogs from Minnesota, the Mahlemut dogs kept their
character. That isolation is what allowed, nearly a century later, the breed to be rebuilt from a
small number of relatively preserved lines.



The Thule People and Greenlandic Inuit - Creators of the Greenland Dog

Around 1000 CE, an Arctic migratory wave known as the "Thule culture' set out from the
northwestern reaches of Canada and Alaska heading east, in a migration that had no parallel in
Arctic history. Within roughly two centuries, the Thule covered more than 4,000 kilometers
from Alaska to Greenland, reaching the western coast of Greenland by the 12th century. What
made that rapid migration possible was no accident: they brought with them the kayak, the
technology for hunting bowhead whales - and dogs. The dog was the engine of Thule civilization.

In Greenland, the Thule culture - which evolved into the modern Kalaallit people - developed a
unique system of dog breeding. Greenland's geographic isolation (the world's largest island, far
from any continent) ensured that Greenland dogs remained free from outside crossbreeding for
more than 800 years. The Greenland dog - called Qimmeq in the Greenlandic language - was
adapted to one of the world's harshest environments: the sea ice between Greenland and
northern Canada, where ice is never truly stable and hunting journeys require weeks.

The Kalaallit typically drove teams of 8 to 12 dogs in a 'fan hitch' arrangement - unlike the
Canadian Inuit, who used a tandem arrangement. In the fan hitch, each dog is attached by a
separate line to the front of the sled and spreads out across the ice in a fan shape. This method
suits flat sea ice and can save lives: if the ice breaks under one dog, the other dogs hold it and
prevent it from sinking - and drag the sled away from the hole. This is accumulated wisdom
across generations, encoded not only in people but in the dogs themselves, who internalize the
'rules’ of moving across sea ice.

The Canadian Inuit - Creators of the Qimmiq

The vast Canadian Arctic - from Yukon to Newfoundland, from Baffin Island to the Labrador

Peninsula - was home to dozens of distinct Inuit groups: the Inuinnait, the Nattilingmiut, the
Kivallirmiut, the Aivilingmiut, and many more. Each group developed local characteristics in
language, culture, and dog-breeding style. The Qimmiq - the general Inuit word for dog - was
literally the backbone of Canadian Arctic civilization.

A genetic study published in 2019 in the Proceedings of the Royal Society B showed that Qimmiq
dogs accompanied the Inuit in their expansion across the North American Arctic approximately
1,000 years ago. In other words: the dogs did not merely serve the migration - they were an
inseparable part of it, a species adapted in parallel with humans to the conditions of new
environments. Historical estimates suggest that in the 1920s, the Canadian Qimmiq population
numbered approximately 20,000 dogs spread across a vast territory.

With the entry of Canadian governance into the Arctic regions from the mid-20th century
onward - particularly between 1950 and 1970 - a tragedy unfolded that has not fully healed:
RCMP officers and other government employees killed tens of thousands of Inuit sled dogs, some
on the grounds of disease, others because they saw the dogs as an 'obstacle’ to the settled
lifestyle they sought to impose on the Inuit. The Canadian government formally acknowledged
the actin 2006. In 1963, the breed was officially declared 'extinct' - with just over 300 dogs
remaining.



The Dog in Daily Life: A Partner in Survival

To understand the Arctic dog, one must first understand that it was a means of production - not
in any negative sense, but in the most direct and human one: the dog was the infrastructure of
the economy, the logistics, and personal security. An average Inuit family kept between 6 and 12
dogs, and each dog had a defined role. The lead dog was not merely strong but also intelligent: it
led the team, chose routes in the dark, and stopped when the ice was unsafe. The owner of a
skilled lead dog enjoyed elevated social status within the community.

Seal hunting - the primary food source for all three peoples - depended critically on dogs. Seals
breathe through 'aglu,’ small holes they keep open in the ice. A skilled dog can locate an aglu
from dozens of meters away beneath a thick layer of snow - something no human can do.
Hunters positioned the dog near the aglu hole and waited patiently - sometimes for hours in
temperatures of —40 °C - while the dog listened for the seal's movements below. When the dog
became alert, the hunters knew to prepare.

Polar bear hunting - the most prestigious and dangerous hunt - required a large dog team. The
dogs did not manage the hunt alone: they surrounded the bear, keeping it occupied and pinned
in place with sounds and small bites from every direction, until the hunters could close in with
their spears. This is perfect teamwork between dogs and humans - requiring deep mutual
understanding.

During the long nights, dogs lay outside the igloo - and sometimes inside - and served as a living
alarm system against polar bears approaching the camp in darkness. They also served as a
genuine heat source: small children sometimes slept pressed against the dogs, and the body heat
of alarge Arctic dog is sufficient to warm a child through an Arctic night.

The Emotional Bond: Beyond a Work Tool

Despite - or perhaps because of - this extreme mutual dependence, the bond between Arctic
peoples and their dogs was not purely mechanical. Arctic anthropological literature is full of
accounts of deep grief at the death of a lead dog, of stories passed down through generations
about dogs that saved their owners from storms, and of specific customs that protected the dog's
dignity even after death. The Inuit did not give their dogs generic names - they gave them names
of meaning: 'the first to arrive,’ 'the brave one,' 'the sniffer.' Names that described personality,
not appearance.

A study by the British Museum (2019) examining archaeological findings showed that Arctic
dogs were sometimes buried with tools and bones - a ritual suggesting the status of 'companion’
rather than merely 'equipment.' And on the other side - dogs that died of illness, and in
conditions of extreme starvation, were also eaten. The Inuit are not sentimental in the Western
sense: the dog was a sacred partner - and in extreme circumstances, also a source of calories.
The Arctic reality left no room for the divisions between definitions.

Understanding this historical background is essential to any discussion of breeding,
hybridization, and conservation of Arctic breeds: these are not dogs bred for shows. These are
dogs whose bodies, temperaments, and instincts were shaped by thousands of years of real



survival pressure - and by peoples who evaluated every dog by one simple question: does it help
the family survive?



Chapter 2 - Similarities Between the Breeds

Physical Structure and Physiology

All three breeds share a common "Arctic package" shaped by evolution and human selection: a
thick double coat for insulation, broad paws that serve as natural "snowshoes," rounded upright
ears to prevent frostbite, and a full, plume-like tail the dog can wrap over its nose while sleeping.
Shoulder and chest musculature is exceptionally developed, as these are - genealogically -
working dogs built to haul loads, not racing dogs built for speed.

Basic Temperament

These Arctic dogs worked alongside people, not for them. The distinction is subtle but critical:
they are not dogs that seek approval from a trainer the way a German Shepherd does. They are
independent partners capable of making autonomous decisions in the field - stopping in the face
of danger, choosing a route. This expresses itself in a trait common to all three: discomfort with
blind obedience, and a tendency to evaluate every command on its own terms.

Health and Common Hereditary Conditions

All three breeds show elevated susceptibility to hip dysplasia (HD), progressive retinal atrophy
(PRA), and endocrine conditions such as hypothyroidism. Because of the relatively closed
populations from which they were developed, the load of problematic recessive genes is high in
all three - and this is, in fact, one of the central arguments in the discussion about managed
crossbreeding.

Registered vs. Unregistered Dogs: The Hidden Split Within Each Breed

One of the deepest - and most rarely discussed - similarities between all three breeds is that
each exists in two parallel worlds: the world of the registered, documented dog belonging to a
recognized breeding organization's studbook; and the world of the dog without papers - a
working dog, a village dog, a dog bred in indigenous communities far from any bureaucratic
mechanism. This split is not theoretical: it determines price, access, social status, and ultimately
- genetic fate.

In the Alaskan Malamute, the AKC recognized the breed in 1935, but by 1947 - fewer than twelve
years later - only approximately 30 registered dogs remained in the studbook. This followed the
gold rush of the 1890s flooding Alaska with dogs of every provenance, and most Mahlemut-type
dogs found "in the field" not meeting documentation requirements. The studbook was closed
and reopened several times, each time incorporating dogs identified as "Malamutes" by judges -
but without proven pedigrees. The divide between the "official" Malamute and the village dogs
remaining in Inuit communities persists to this day: there are dogs that look exactly like
Malamutes, with impressive working ability, that are ineligible for AKC competition and not
recognized as "Malamutes" for official breeding purposes.

The Greenland Dog presents a special case: in 2017 Greenland became one of the very few places
in the world with a law requiring microchipping and registration for every Greenland dog.
Additionally, in western Greenland north of the Arctic Circle and all of eastern Greenland, there



is a legal prohibition on importing dogs from outside the region - a measure intended to
preserve the breed's genetic purity. In practice, the population has declined from approximately
15,000 dogs in 2016 to roughly 12,000 in 2021. Many dogs living in Greenland's fishing villages
and mushing communities outside the formal association are recognized locally as 'Greenland
dogs' but are not registered with FCI and are not recognized for export breeding purposes.

The most dramatic situation belongs to the Canadian Eskimo Dog. The AKC removed the breed
from its registry in 1959, after the registered population had dropped to levels making studbook
management impossible. The CKC (Canadian Kennel Club) continued documenting, but the event
that caused the genetic catastrophe - the killing of tens of thousands of Inuit dogs by RCMP
officers in the 1950s and 60s - did not distinguish between registered and unregistered dogs.
The breed was officially declared 'extinct’ in 1963. Recovery efforts ultimately found dogs in
remote villages that had never entered any breeding book - and these dogs became the founding
ancestors of the restored breed. Today, the majority of Canadian Eskimo Dogs alive in the world
are unregistered, despite descending from those documented lines.

The Social Significance of Registration

Registration is not merely bureaucracy - it is a power structure. A registered dog commands a
much higher price: a Malamute puppy from an AKC-registered dam sells for between $1,500 and
$3,500; a puppy from an unregistered dam - however phenotypically perfect - sells for tens of
percent less, if at all. This gap does not stem from a proven health or genetic difference: it stems
from institutional trust. Registration is, in effect, branding.

The social impact operates on three levels. First, access to competitions and titles - a dog that is
not registered cannot win the title of 'champion,’ regardless of its quality. This directly affects its
perceived breeding value. Second, access to breeding networks - registered breeders, as a rule,
breed only with other registered breeders. Outside this network, it is difficult to locate quality
breeding partners, receive guidance, or participate in the public conversation about the breed.
Third, the impact on source populations - in Inuit communities that continued breeding dogs for
working purposes rather than competition, the dogs were generally not registered. Thus, dogs
representing unique and ancient genetic lines remained 'invisible' to the formal breeding world -
and sometimes disappeared without documentation.

The interesting paradox is that often it is precisely the unregistered dogs that preserved greater
genetic diversity. A working dog in an Inuit village, who never 'passed through' a judging ring,
was not selected by appearance but by function - and in this way, selection pressure favoring
health and physical ability was maintained. Formal breeding populations, where the 'effective
population number' (Ne) is reduced by repeated use of winning competition males, are
sometimes genetically poorer than the Inuit 'village dogs' that no one ever registered.

The Impact on Distribution and Population Size

The registration mechanism creates a direct feedback loop on population size. A breed not
recognized by a major organization such as the AKC or FCI cannot enter the international market
in an orderly manner. There is no formal export of puppies, no advertising in recognized
breeding organizations, and no presence at world competitions. All of these limit demand - and



in a recurring cycle - also population size. The Canadian Eskimo Dog is a clear example: lacking
AKC recognition, even American breeders who were enthusiastic about the breed found it
difficult to buy, register, and breed dogs - slowing the population recovery by decades.

The Alaskan Malamute, by contrast - enjoying full AKC recognition with an open and active
studbook - saw consistent population growth over decades: tens of thousands of registered dogs,
hundreds of active breeders, and a global network of import and export. But even here a double-
edged sword lurks: the abundance of 'show champions' serving as breeding males creates
serious genetic bottlenecks. The AKC does not limit how many offspring a male can produce -
and records from American breeders point to individual males responsible for significant
percentages of all registered puppies in a given year.

In Greenland, the policy is inverted: mandatory registration (since 2017) and an import ban
have created a situation where the population is monitored but closed. This is a blessing from
which a curse can also be derived: good monitoring allows detection of disease-carrying dogs
and tracking of Ne; but complete closure prevents any introduction of external genetic diversity,
even if such diversity could benefit the breed's health.

The common denominator for all three breeds is that their registration status - fully recognized,
partially recognized, or unrecognized - directly dictated their demographic fate. And one of the
central considerations in any discussion of managed crossbreeding between the breeds is
precisely this: how to preserve valuable genes from populations that 'exist’ in the field but are
not recognized within formal frameworks - without harming the official breeding world, and
without causing the last 'undocumented dogs' to disappear.



Chapter 3 - The Fundamental Differences

The Greenland Dog - Grgnlandshund

The Greenland Dog is arguably the most preserved of the three breeds. It is raised almost
exclusively in Greenland, and hundreds of years of geographic isolation have left it with very
little crossbreeding from outside its original environment. The Greenland dog is large and
broad-shouldered, with a more prominent subcutaneous fat layer, and is capable of
withstanding temperatures as low as =50 °C.

Its temperament is so primitive and independent that many breeders describe it as "nearly
feral." Its bond with its owner is not emotional in the way a house dog seeks connection - itis a
working dog that recognizes authority, not a dog that forms attachment. The Greenland dog
population is limited (approximately 12,000-15,000 dogs worldwide, most in Greenland), and
registration outside the Danish-Greenlandic association is rare.

The Canadian Eskimo Dog - Qimmiq

The Canadian Eskimo Dog is the most dramatic of the three in terms of its current situation: by
1959, fewer than 300 dogs with proper registration were counted, and the breed was effectively
on the brink of extinction. Intensive conservation efforts since the 1970s have raised the
population to approximately 3,000-4,000 individuals, but the genetics remain extremely
narrow.

The Canadian Eskimo Dog is strong relative to its size, capable of pulling three times its body
weight, and unlike the Greenland Dog - has developed over the years a deeper emotional bond
with its owner. It is more varied in coat color and structure, reflecting the fact that the different
tribes across Canada did not coordinate a unified registry.

The Alaskan Malamute

Of the three, the Malamute is the one that became a global dog. The AKC recognized it in 1935,
its population is large (tens of thousands of registered dogs), and its breeding programs are
organized and documented. It can be said that among the three breeds, the Malamute has
undergone the most extensive "further domestication"” - it is more sociable with children and
strangers, more tolerant of urban life (relatively speaking), and its lifestyle is less "primitive."
The price of this: it may have lost along the way some of the hardiness and endurance that the
Greenland Dog preserved.



Chapter 4 - The Breeding Value of Gene Introduction

The Basic Genetic Argument

Purebred dog breeding programs are, by their very nature, processes of genetic diversity
reduction. Every breed was founded on a limited number of founding dogs, and over decades the
healthy population contracts. The scientific measure of this is the effective population size (Ne) -
the number of dogs actually contributing genetically to the next generation. When Ne falls below
50, the risk of hereditary health problems rises sharply.

The Genomic Finding: Ne = 41 - What It Means in Practice

A broad comparative genomic study published in September 2024 in the journal Genome
Biology and Evolution under the title "Comparative Population Genomics of Arctic Sled Dogs
Reveals a Deep and Complex History" (Smith, Srikanth, and Huson, Cornell University and
UMBC) examined the genetic diversity of Arctic sled dog breeds using comprehensive genomic
analysis. The central finding regarding the Alaskan Malamute was unambiguous: an Ne of just 41
- the lowest among all Arctic dog breeds studied, alongside the Seppala Siberian at Ne = 47.

For comparison: the Ne of pet Siberian Huskies (non-racing) stood at 571, and the Ne of the
shared genetic ancestral pool of the Siberian and the Malamute 125 generations ago stood at
approximately 3,000. In other words - within fewer than a hundred years of formal breeding, the
Malamute has lost more than 98% of its effective population size. This number does not describe
how many dogs exist in the world (tens of thousands), but how many dogs are actually
contributing to the genealogy - how many distinct genetic 'voices' there are in the breeding pool.

The biological threshold below which accelerated genetic erosion occurs is Ne = 50. [UCN
(International Union for Conservation of Nature) guidelines for wild species conservation -
which also form the basis for dog breeding recommendations - state that Ne below 50 requires
urgent conservation intervention, whether for a wolf, a pride of lions, or a dog breed. Translated
into breeding terms: every additional dog descending from a well-known 'winning line' - and
many breeders prioritize breeding dogs that have won competitions - further reduces the
effective Ne.

The study also found that the Malamute has a relatively high rate of 'potentially harmful
variants' in its genome - meaning recessive mutations that quietly accumulate due to the
frequency of breeding between relatives. Unlike Siberian Huskies under strong functional
selection pressure (racing, working), AKC-registered dogs are selected primarily on external
appearance - which allows harmful genes to accumulate without being filtered out.

Who Has Taken Notice? Institutional Responses to Date

The natural question is: is anyone in the formal breeding world responding to these findings?
The answer is complex - and reflects the unresolved tension between genetic conservation and
the preservation of 'breed purity.'

The British Kennel Club (KC) is the most prominent institutional body addressing the issue
systematically. Since the 2010s, the KC has published the EEPS (Estimated Effective Population



Size) for every recognized breed, openly indicating which breeds fall below the critical
threshold. The KC also allows breed clubs to adopt stricter breeding policies, including limiting
the number of offspring per male and tracking the coefficient of inbreeding (COI). However, even
the KC does not mandate outcrossing - it recommends and publishes, but does not enforce.

The American AKC, under which the AMCA (Alaskan Malamute Club of America) operates, takes
a more cautious approach. The AMCA established a health committee as early as 2004, tasked
with tracking breed health trends and publishing recommendations. This committee monitors
HD, PRA, and known diseases, and funds targeted DNA testing. However, as of this writing, no
official AMCA response to the findings of the 2024 genomic study has been published, and no
declared action plan for addressing the low Ne has been presented. The AKC as an institution
does not permit breed clubs to impose limits on the number of a male's offspring - a limit that is
a central tool for controlling Ne.

The most significant precedent in the dog breeding world is the Outcross Project for the
Norwegian Lundehund. The Lundehund (Norwegian Puffin Dog) underwent two extreme
bottlenecks in the 1940s and 1960s, and its population of approximately 1,500 dogs today all
descend from just two individuals - an effective Ne approaching zero. In 2014, the NKK
(Norwegian Kennel Club) launched a formal outcross project: breeding Lundehund females with
males from related breeds (the Swedish Norrbottenspets, the Norwegian Buhund, and the
Icelandic Sheepdog), with careful generational monitoring. The program received formal
recognition from FCI - an important precedent that offers a possible path for other Arctic breeds.

Sweden and the Netherlands have also developed, over the past 15 years, regulated outcrossing
frameworks for various breeds with critical Ne, supervised by local breeding organizations. In
every case, the approach is the same: DNA testing before every mating, strict monitoring of COI
and Ne, and renewed selection for breed type with each generation (backcrossing) - which
theoretically allows recovery of the breed phenotype after 3—-4 generations while preserving the
new genetic diversity.

What Could the Greenland Dog and Canadian Eskimo Dog Contribute?

From the Greenland Dog: greater Arctic hardiness, impressive physical fitness and especially
sustained pulling endurance (stamina) without fatigue, and resistance to respiratory diseases
and parasitic infections to which Greenland has unique exposure. It is also possible that genes
associated with caloric regulation (efficient use of fat as fuel) are stronger in this breed.

From the Canadian Eskimo Dog: a different genetic diversity, since it was developed by different
tribes across Canada, and can therefore bring alleles (gene variants) not present in the
Malamute's repertoire. In addition, breeders have reported high resistance to hip dysplasia in
certain lines.

The Risks in the Process

1. Temperament stratification: crossbreeding with the Greenland Dog in particular could
introduce into the breed levels of independence and primitiveness that Malamute breeders are
not accustomed to. The F1 (first generation) will be unpredictable in temperament.



2. Phenotypic change: the other two breeds differ slightly from the Malamute in size and
proportions. Gene introduction could alter breed type, and F2 and F3 outcomes are not always
predictable.

3. Introduction of new diseases: the paradox of crossbreeding - it may reduce problems, but if
the contributing breed carries unique mutations not present in the Malamute, those will be
introduced. Early genetic testing (DNA screening) is essential.

4. Depletion of source populations: using the Canadian Eskimo Dog for crossbreeding when the
breed itself is endangered - could be ethically problematic if not managed with great care.

5. Institutional resistance: breed registrars (AKC, KC, etc.) will not recognize crossbred offspring
as purebred. Breeders who perform such crosses will lose studbook recognition.

What Will Happen If Nothing Is Done?

Genetics grants no concessions to sentiment. A population with Ne = 41 is at a point where the
action of genetic drift - random genetic change - is very strong relative to natural selection. The
meaning: harmful genes are not necessarily filtered out, and may sometimes spread by chance.
Below this threshold, each new generation increases genetic uniformity - and reduces the
breed's ability to cope with external pressures.

The first, more moderate, scenario is gradual health deterioration: a progressive increase in
rates of HD, PRA, and hypothyroidism; an increase in reproductive failure rates - smaller litters,
increased puppy mortality, reduced male fertility. Research examining multiple breeds found
that a 10% increase in the coefficient of inbreeding (COI) correlates with a reduction of 6 to 10
months in average life expectancy. For the Malamute - which already starts with a high COI -
each generation adds more percentage points to the total.

The second, more severe, scenario is vulnerability to a new pathogen. One of the less-discussed
risks of high genetic uniformity is what researchers call the 'pathogen scythe': a virus,
bacterium, or parasite that evolved to infect a single genomic template could strike heavily at a
homogeneous population. The most well-known historical example is the distemper virus that
nearly wiped out a lion population in a safari park in the 1980s - and their low Ne was a central
factor in the vulnerability. In a population with high genetic diversity, different genotypes allow
at least some individuals to survive and recover.

The third scenario is the quiet loss of working ability. The modern Arctic dog is bred primarily
for shows and as a companion animal. When Ne is low and breeding selection is driven by
external appearance, genes related to working ability - stamina, pulling strength,
thermoregulation, navigational instinct - gradually lose the selective pressure that drives them.
The 'show Malamute' is not necessarily a Malamute that could haul a 500 kg sled at =40 °C as its
ancestors did. This is a loss that appears in no medical test - it simply disappears quietly,
generation after generation.

The fourth, longest-term scenario is what researchers call the 'extinction trap": a negative
feedback loop in which low Ne leads to impaired fertility, impaired fertility further reduces the
number of effective breeding dogs, which further lowers Ne, and so on. The population need not



disappear all at once - it can enter a gradual erosion process lasting decades until it is below any
realistic management threshold. The Lundehund was at that threshold in the 1960s - and was
saved at the last moment.

What all these scenarios have in common is that they are not merely hypothetical: they have
been documented in other breeds that faced low Ne and did not act in time. The Malamute's Ne =
41 is not a future threat - it is a present condition. And every year that passes without organized
intervention adds another generation to the worsening of genetic uniformity, and narrows the
options for action.



Chapter 5 - Parallel Models from Around the World

There are successful precedents for programs of this kind. The breeding program for the
Lundehund (the Norwegian Puffin Dog), which reached a very low Ne, received formal
recognition for the use of related breeds as 'gene donors' with a gradual program for returning
to breed type. In Sweden and the Netherlands, models of controlled crossbreeding have been
developed that include DNA testing before every mating, monitoring of Ne across generations,
and renewed selection for breed type with each generation (back-crossing).

If a similar approach were applied to the Malamute, it would be theoretically possible to
increase genetic diversity while maintaining breed type after 3-4 generations. The Norwegian
Kennel Club's Lundehund project - begun in 2014 and still ongoing - received formal FCI
recognition, establishing an important institutional precedent: managed outcrossing is not only
scientifically justifiable but can be incorporated into the official framework of breed registration.



Summary: A Question of Values, an Urgency of Facts

From Alaska to Greenland - and into the Modern Breeding Room

A thousand years ago, an Inuit person who had finished a long hunt on sea ice relied on the dog
beside them to survive the night. The dog knew routes the person did not know, sensed broken
ice the person could not see, and warmed children the person could not warm with their own
body alone. The dog was not an accessory - it was part of a survival system developed over
hundreds of generations of real evolutionary pressure and careful human selection.

Today, those same dogs - the Alaskan Malamute, the Greenland Dog, the Canadian Eskimo Dog -
exist in three parallel versions: a dog shown at an AKC competition in New York, a working dog
in a Greenland fishing village, and a breeding dog in the hands of someone trying to preserve
what remains. All three carry an ancient genome. All three face challenges that have no
precedent in Arctic history. And all three depend on decisions that will - or will not - be made in
the coming decade.

What the Research Tells Us: Four Truths That Are Hard to Ignore

First, the genomic data is not open to debate. Ne = 41 for the Alaskan Malamute - a measure
taken directly from the genome, not derived from registration numbers - places the breed below
every recognized conservation threshold. For comparison: when the IUCN assesses whether a
wild species is 'critically endangered,’ one of the central parameters is Ne below 50. The
Malamute, with all its tens of thousands of puppies born annually, meets this criterion as if it
were an endangered species.

Second, the divide between registered and unregistered dogs is not merely a bureaucratic
matter - it is an active genetic factor. Dogs that are not registered, bred in indigenous
communities for working rather than competition purposes, sometimes preserve genetic
diversity that has disappeared from formal breeding pools. The great irony is that it is precisely
the dogs the breeding establishment does not 'see’ that are sometimes the most genetically rich.
Any serious conservation program must recognize these dogs and incorporate them.

Third, history teaches that genetic crises do not wait for institutional approval. The Canadian
Eskimo Dog was almost wiped out - and was wiped out by a government that saw it as
'equipment’ rather than a living creature. The Norwegian Lundehund nearly went extinct twice.
In both cases, recovery succeeded only because enough individuals with reasonable genetic
diversity remained from which a restart was possible. The longer action is delayed, the more the
genetic 'raw material' from which renewal can begin - shrinks.

Fourth, the Greenland Dog and the Canadian Eskimo Dog are not merely 'gene donors' - they are
breeds in their own right that also require attention. The Greenland Dog has lost 3,000 dogs in
five years. The Canadian Eskimo Dog is maintained at just 3,000-4,000 individuals. Any
crossbreeding program created without regard for the conservation of the two contributing
breeds - could end up burdening populations that are already under pressure.



The Real Debate: Not 'Whether' but 'How' and 'When'

The old argument - 'crossbreeding yes or no' - is a debate that science has already settled. The
data is clear: do nothing, and the breed weakens. The question that remains open, and which is
the central question of the debate in the coming decade, is how to conduct managed
crossbreeding in a way that preserves both the breed type, the trust of the breeding public, and
the integrity of the source breeds contributing to the process. These are not contradictory goals -
but they require careful planning.

The Norwegian experience with the Lundehund - which began in 2014 and is still ongoing -
shows that this can be done within the existing institutional framework, and even receive FCI
recognition. The Swedish and Dutch experience shows that DNA protocols can be developed that
allow verification that every mating increases - rather than decreases - the effective Ne. And if
we take seriously the 'Arctic model' - the way the Inuit themselves selected dogs by function
rather than appearance - we can learn from them that the definition of 'breed type' must include
ability, not just proportions.

Practical Recommendations: What Can Be Done - and by Whom

For individual breeders: the first and most immediate step any breeder can take is to calculate
the COI (Coefficient of Inbreeding) before every mating. Tools such as the Institute of Canine
Biology's COI calculator, DogBase, and Embark for Breeders allow calculation of the inbreeding
coefficient for any planned mating. The general recommendation is to aim for a COI below 6.25%
(equivalent to mating between distant cousins), and to prefer matings that bring the COI below
the breed average - even if the dog is not a competition champion. A breeder seeking an
unrelated male from the current Malamute population does not need to seek the top champion.
They need to seek the dog with the most different pedigree.

For breeding organizations - the AMCA and the KC: the most urgent institutional step is adopting
a policy limiting the number of offspring per male. When a single male produces hundreds of
puppies over his lifetime, he dramatically reduces the effective Ne - even if there are thousands
of dogs 'in the field.' The British KC already recommends such a limit; the AMCA could adopt a
similar guideline and give it teeth. The second step is publishing Ne / EEPS for every recognized
breed, with full transparency, as the British KC already does. Transparency creates public
pressure - and public pressure drives action.

For conservation organizations and researchers: there is enormous value in genomic
documentation of unregistered working dogs - in Alaskan villages, in Greenland, and in Canadian
Inuit communities. DNA testing of these dogs, even if not immediately incorporated into formal
breeding, creates a virtual 'genetic bank' from which it will be possible to draw in the future.
Projects such as the Embark Canine Research Initiative and Cornell's Baker Institute offer
frameworks for such collaboration. One year of systematic sampling in Greenland villages could
reveal alleles not present in any studbook - and that would otherwise disappear forever.

For indigenous communities: indigenous communities are the guardians of these dogs' genetics
across thousands of years, and their role as equal partners in any conservation program must be
respected. Programs designed top-down, without the consent and participation of the



communities, have failed repeatedly. The communities possess traditional knowledge about
selecting dogs by function that has no substitute in breed books - and they have a direct interest
in preserving the breeds that served their ancestors.

For breeders interested in specific managed crossbreeding: if and when a managed
crossbreeding program between the Malamute and the Greenland Dog or Canadian Eskimo Dog
takes shape, the practical recommendation is not to begin F1 breeding secretly and
undocumented. Every such mating should undergo full DNA testing of both parents before
mating, include consultation with a canine geneticist, be documented and the results published -
including the problems - and be based on a pre-defined backcrossing plan. A single
undocumented mating does not help conservation; it only adds confusion. A documented and
managed mating, by contrast, can become a cornerstone of a program that FCI might formally
recognize in the future - exactly as happened with the Lundehund.

Closing Words: The Dog That Asked One Question

The Inuit did not ask whether the dog was beautiful. They asked whether the dog helped the
family survive. It is a simple, unsparing, and just question. The Arctic peoples developed, over
hundreds of generations, the most precise genetic tools that the most extreme environment on
Earth could allow - and they did so without laboratories, without geneticists, without show
rings.

What is at stake today is not an academic question. Ne = 41 is a number. The approximately
12,000 Greenland dogs that remain is a number. The 3,000-4,000 Canadian Eskimo Dogs is a
number. Numbers are not emotions - but they tell an entirely clear story: these are breeds
standing at a turning point, and in the coming decade it will be decided - consciously or through
inaction - which direction they will go.

The great debate about managed crossbreeding, about outcrossing, about institutional
transparency - is not a debate about 'polluting’ breeds. It is a debate about preserving them. The
genetics built by the Arctic peoples over thousands of years belong to no studbook - they belong
to the dog, to the environment, and to the people who lived alongside it. The mission of the next
generation of breeders is not to preserve paper - but to preserve what the paper is meant to
represent: a dog that can do what it has always done, and whose genome will allow it and its
offspring to do so for another hundred years.



APPENDIX 1
Appendix 1 - Controlled Breeding Program Proposal

Controlled Breeding Program

Proposal

A Practical Protocol for Controlled Hybridization of Arctic Sled Dog
Breeds

Greenlandic Dog x Canadian Eskimo Dog — Enhanced Alaskan
Malamute

Canis lupus familiaris - Arctic Spitz Lineage Genomic Integration

Version 1.0 - May 2026

Domain Arctic Sled Dog Genetics - Controlled
Hybridization

Program Horizon FO through F5 (= 7-10 years)

Primary Objective Increase Ne, preserve working traits, reduce

genetic load



1. Background and Rationale

The Alaskan Malamute suffers from a severe population bottleneck: its effective population
size (Ne) is estimated at only 50-80 individuals, driving elevated rates of hip dysplasia,
glycogen storage disease (GSD-IIl), progressive retinal atrophy (PRA), and a mean genomic
inbreeding coefficient exceeding F > 0.12. Controlled genomic integration with the two
closest Arctic sled dog breeds - the Greenlandic Dog (GD) and the Canadian Eskimo Dog
(CED) - offers a scientifically grounded pathway to broaden genetic diversity while preserving
the distinctive characteristics of the breed.1234

Genetic Justification: FST values between the Malamute and Greenlandic Dog (= 0.08)
and between the Malamute and Canadian Eskimo Dog (= 0.06) are sufficiently low to permit
genomic integration without significant outbreeding depression. PSMC analyses indicate a
shared common ancestor approximately 2,000—4,000 years ago.56

Program Objectives

Raise effective population size (Ne) to 150+ individuals within 5 generations
Reduce mean genomic inbreeding coefficient to F < 0.06
Preserve = 85% of breed-defining traits: pulling power, cold tolerance, bone structure,
temperament
e Eliminate GSD-IIl and PRA alleles from the population within 3 generations

' F - Inbreeding Coefficient: the probability (0—1) that both alleles at any given genomic locus are identical by
descent from a common ancestor; F = 0.125 equals a COI of 12.5%, equivalent to first-cousin mating.

2 PRA - Progressive Retinal Atrophy: a hereditary degenerative eye disease causing gradual blindness; the panel
tests for the prcd (progressive rod-cone degeneration) and rcd4 (rod-cone dysplasia type 4) variants.

3 GSD-III - Glycogen Storage Disease Type Ill (Cori disease): an autosomal recessive metabolic disorder caused
by deficient glycogen-debranching enzyme activity, leading to glycogen accumulation in liver and muscle;
prevalent in the Alaskan Malamute.

4 Ne - Effective Population Size: the number of individuals in a population that actually contribute genes to the
next generation; typically much smaller than the census population size.

5 PSMC - Pairwise Sequentially Markovian Coalescent: a computational method for reconstructing the
demographic history of a population from a single diploid genome sequence.

6 FST - Wright's Fixation Index: a measure of genetic differentiation between populations on a scale of 0
(identical) to 1 (completely isolated); values below 0.10 indicate close genetic relatedness.



2. Parent Pair Selection Criteria

2.1 Screening Hierarchy - Mandatory Stages

Every candidate dog passes through four mandatory screening stages in the order listed
below. Failure at any stage results in full disqualification.

Stage A - Basic Health Screening

Age Male: 24—-60 months | Female: 24—48 months

BCS Score’ 4-5/9 (Nestlé Purina Body Condition Score)

Hip Evaluation OFA Excellent/Good or PennHIP DI < 0.308910
Cardiac Score OFA Normal - cardiac ultrasound required

Eyes CAER Clear < 12 months before the proposed mating11
Thyroid Confirmed negative for hypothyroidism

Stage B - DNA Genetic Profile

Disease Panel GSD-IIl, PRA (prcd + rcd4), DM (SOD1), HUU, TNS, Hereditary
Cataract121314

7 BCS - Body Condition Score: a standardized 1-9 scale (Nestlé Purina system) for evaluating body fat and
muscle mass; scores of 4-5 are considered ideal for working breeds.

8 DI - Distraction Index: the PennHIP laxity score; 0.00 = tight joint, 1.00 = maximum laxity; a DI below 0.30 is
considered within the normal range for large working breeds.

9 PennHIP - Pennsylvania Hip Improvement Program: a radiographic screening method for canine hip dysplasia
that measures joint laxity using a Distraction Index (DI); considered more sensitive than standard OFA
radiographs.

0 OFA - Orthopedic Foundation for Animals: a U.S. non-profit organization that evaluates and certifies orthopedic,
cardiac, and genetic health in dogs; maintains the largest public health registry for purebred dogs.

" CAER - Companion Animal Eye Registry: the OFA's eye certification registry, replacing the former CERF
system; examinations are valid for 12 months.

2 TNS - Trapped Neutrophil Syndrome: an autosomal recessive immune disorder in which neutrophils are
produced in the bone marrow but cannot be released into the bloodstream, leading to severe recurrent infections.



Minimum Status Clear or Carrier - Affected x Affected pairings are never permitted

Genomic COI15 <10% (DLA + SNP panel via Embark or Wisdom Health)1617
SNP Panel Embark Breed = 230,000 SNPs, or equivalent accredited platform
Profile Currency Valid < 36 months before the proposed mating

Stage C - Working Trait Evaluation

Freight Pull Minimum 1.5% body weight over 1 km of varied terrain
Cold Tolerance Functional performance at —20°C for a minimum of 4 hours
Temperament (CGC)18 AKC Canine Good Citizen - passing score required!®
Energy & Endurance Score = 7/10 by a certified trainer evaluation
Conformation Breed judge score = “Very Good” per AKC standard

Stage D - Mate Selection Analysis

8 HUU - Hyperuricosuria: excessive urinary uric acid excretion caused by a mutation in the SLC2A9 gene;
predisposes affected dogs to recurrent urate bladder and kidney stones.

4 DM - Degenerative Myelopathy: a progressive, fatal neurodegenerative disease of the spinal cord caused by a
mutation in the SOD1 gene; leads to hind-limb paralysis.

5 COI - Coefficient of Inbreeding (genomic): the proportion of SNP loci that are homozygous by descent; a COI of
6.25% corresponds to first-cousin relatedness.

6 SNP - Single Nucleotide Polymorphism: a single base-pair variation at a specific position in the genome;
genotyping 230,000+ SNPs provides a dense genomic map sufficient for kinship, COIl, and ancestry analysis.

7 DLA - Dog Leukocyte Antigen: the canine equivalent of the Major Histocompatibility Complex (MHC); governs
immune response and pathogen recognition; haplotype diversity is critical for long-term population health.

8 CGC - Canine Good Citizen: the AKC's behavioral certification program; tests obedience, calmness, and social
manners; widely used as a baseline temperament standard in breeding programs.

9 AKC - American Kennel Club: the principal U.S. registry for purebred dogs; establishes breed standards,
certifies judges, and administers health and performance programs.



Software

Pairwise COI

Kinship Coefficient

DLA Haplotypes

Genetic Distance

EVA (Edinburgh Value Algorithm) v4.x, or ZooRoyal Kinship 320

£6.25% (less than fourth-degree relatedness)

rxy < 0.125 (less than half-cousin)2!

At least one distinct DLA haplotype between the two parents

Pairwise FST: 0.04-0.12 (not too closely related, not too diverged)

2.2 Breed Parent Priority

For the F1 generation, GD x AM is the recommended primary cross due to its lower FST
(0.08) and higher MHC diversity. CED x AM will serve as the parallel validation cross. From
F2 onward, F1(GDxAM) and F1(CEDxAM) individuals may be intercrossed to create a triple-
breed hybrid combining the genetic advantages of all three populations.22

20 EVA - Edinburgh Value Algorithm: a mate-selection software tool that optimizes breeding pairs by balancing
genetic gain against inbreeding risk; incorporates SNP kinship, COI, and estimated breeding values.

21 rxy - Kinship Coefficient: a measure of the genetic relationship between two individuals; rxy = 0.25 corresponds
to parent-offspring, rxy = 0.125 to half-cousins.

22 MHC - Major Histocompatibility Complex: the genomic region encoding immune-recognition proteins; in dogs
referred to as DLA; adequate MHC diversity is essential for disease resistance at the population level.



3. DNA Testing Protocol

3.1 Mandatory Test Panel by Stage

Every dog enrolled in the program undergoes three mandatory testing checkpoints:

Checkpoint What Is Assessed Estimated Cost

Pre-mating Embark Breed + Health 230K SNPs, COlI, 215+ $199-230 USD
diseases, breed, DLA

Pre-mating OFA CHIC (Health) Hips, cardiac, eyes, thyroid $150-350 USD
Puppies (8 DNA Parentage 100% parentage confirmation -  $40-60 USD
weeks) Verification 15 STR markers?23

Puppies (8 Carrier Screening GSD-lll, PRA, DM, HUU, TNS -  $80-120 USD
weeks) status for every puppy

12 months Full SNP + Kinship Database refresh, recalculated ~ $199 USD
(retained) Update COl

Pre-mating F2+ Whole Genome 30x coverage - ROH, novel $350-600 USD

Sequencing (WGS)24 alleles, precise COI?25

3.2 Carrier Management Rules

Affected x Affected - strictly prohibited under all circumstances
Carrier x Carrier - prohibited, regardless of low COI
Carrier x Clear - permitted only if the Carrier dog holds exceptional genetic value; all
offspring must be tested

e Clear x Clear - preferred; target: 100% Clear for GSD-IIl and PRA alleles by
generation F3

Database: All genetic results will be stored in Kintraks (open-source) or Breeders Assistant
Pro, with backup to the OFA/CHIC Public Database. All data are openly accessible to every
breeder enrolled in the program.26

23 STR - Short Tandem Repeat: tandemly repeated DNA sequences used as genetic markers; profiling 15 STR
loci provides statistically conclusive parentage verification (>99.9% confidence).

24 WGS - Whole Genome Sequencing: sequencing of the complete ~2.4 billion base-pair canine genome; 30x
coverage enables detection of rare variants, accurate ROH analysis, and discovery of novel disease alleles.

25 ROH - Runs of Homozygosity: long, uninterrupted stretches of identical alleles across both chromosome
copies; ROH segments >10 Mb are direct evidence of recent close inbreeding.



26 CHIC - Canine Health Information Center: a cooperative program between the OFA and AKC that maintains a
centralized, publicly accessible database of breed-specific health test results.



4. Generational Tracking

4.1 Generation Map

Founder GD (pure) x AM (pure) 100% GD+AM / Full DNA + OFA
parents CED (pure) x AM CED+AM
(pure)
F1 First hybrid F1(GDxAM) x 50% GD - 25% CED - Parentage +
F1(CEDxAM) 25% AM Carrier Screen
F2 Triple-breed F1 Hybrid x AM (select) 37.5% AM - 31% GD - Full SNP +
merge 31% CED Kinship
F3 Selection pass F2 Best x F2 Best (COl  ~50% AM - 50% Arctic WGS + ROH +
<5%) mix Carrier
F4 Breed F3 x AM (final back- 60-65% AM - 35-40%  WGS + Full
standard cross)?’ Arctic Health Panel
fixation
F5 Stabilization F4 x F4 (select COI) Stabilized 2 60% AM Breed
type Confirmation +
Ne calc

4.2 Per-Dog Data Record

Every dog enrolled in the program receives a unique identifier in the format: [Breed]-[Gen]-
[Year]-[ID]. Example: AM-F2-2028-047. The following data points are recorded for each
individual:

Full SNP profile (Embark/WGS raw data - retained for 15 years)
Genomic COI at three checkpoints: birth, 12 months, and pre-mating
DNA-verified five-generation pedigree

OFA/CAER/cardiac results - quantitative score for each test
Performance metrics: freight pull, endurance, temperament score
Estimated Breeding Value (EBV) for every quantifiable trait2s

27 Back-cross: the mating of a hybrid individual with one of its parental breeds; used here to increase the
proportion of Alaskan Malamute genome and consolidate breed-standard phenotypic traits before final
stabilization.



4.3 Population Management - Genetic Diversity Protocol

Baseline: A minimum of 12 founder dogs will be recruited for FO (6 per cross direction), with
a mean pairwise COIl < 0.05 among founders. At least half of the founders must originate
from geographically distinct populations (western vs. eastern Greenland; Nunavut vs.
Labrador).

e Each breeding male may sire a maximum of 8 litters per generation (prevents founder
over-representation)

e At least 30% of all selected dogs must come from distinct bloodlines - prevents allele
concentration

e Frozen semen banking: = 5 doses from every FO and F1 founder male - preserves
historical genomes

e Oocyte banking: from at least 3 FO females - enables future genome recovery if
needed

28 EBV - Estimated Breeding Value: a statistical genetic prediction (typically computed via BLUP) of the genetic
merit a dog will pass on to its offspring for a given quantifiable trait.



5. Success Metrics

5.1 Genetic Metrics

Ne - Effective Population Size 2 150 by Calculated via PSMC / LD-Ne29
generation F4

Mean Genomic COI < 6.25% by Embark COIl Report
generation F3

GSD-lll Clear Allele Frequency 100% Clear by Carrier screen of all offspring
generation F3

PRA Clear Allele Frequency 2 90% Clear by prcd + rcd4 panel
generation F3

Heterozygosity (Ho)30 Ho > 0.38 by SNP Panel - standard measure
generation F2

MHC Diversity (DLA) 2 8 distinct DLA typing - Visscher method
haplotypes
ROH > 10 Mb < 5% of genome by WGS runs-of-homozygosity

generation F4

5.2 Health Metrics

Hip Dysplasia OFA OFA Registry
Excellent/Good
rate = 75%

Cardiac Disease OFA Normal rate 2 OFA Cardiac

29 | D-Ne - Linkage Disequilibrium-based Ne estimation: a method for calculating effective population size from
SNP genotype data by measuring the extent of non-random allele associations (linkage disequilibrium) across
loci.

30 Ho - Observed Heterozygosity: the proportion of genomic loci at which an individual carries two different alleles;
higher Ho indicates greater within-population genetic diversity.



95%

Clinical PRA Zero clinical cases CAER + ERG3!
by generation F4

Clinical GSD-III Zero clinical cases  Liver biopsy + DNA
by generation F3

Life Expectancy Mean 2 11.5 years Long-term registry follow-up

Mean BCS / BMI 4.5/ 9 at maturity Annual breeder + veterinary assessment

5.3 Breed Trait Metrics

Pulling Strength 2 90% of standard Standardized Freight Pull Test
Malamute

Cold Tolerance 2 95% of standard Cold Endurance Protocol (-20°C)
Malamute

Breed Recognition AKC: “Alaskan Evaluation by certified breed judges

Malamute Type”

Temperament CGC 2 90% pass rate by AKC Canine Good Citizen
generation F3

Conformation 2 80% rated “Very Breed Standard Evaluation
Good” by
generation F4

Working Instinct Score 2 8/10 by Working Instinct Test Battery
trainer evaluation

3" ERG - Electroretinogram: an electrophysiological test of retinal function; detects PRA and other retinal
disorders before clinical signs become visible.



5.4 Milestones - Timeline

s e _

2026 FO Recruit 12 founders; complete full DNA panel; frozen semen banking;
finalize database

2027 FO—F1 First matings GDxAM and CEDxAM; F1 litters born; carrier screening
of all puppies

2028 F1 Evaluate F1 cohort - health + performance; select F1 elite candidates
for F2

2029 F1—F2 F1xF1 and F1xAM matings; F2 litters born; COI confirmed < 6.25%

2030 F2 Interim Ne assessment; verify GSD-III Clear =2 70%; WGS all F2 elite
candidates

2031 F2—F3 Selected F2 matings; target: GSD-IIl and PRA 100% Clear in all F3
births

2033 F3—F4 Final AM back-cross; update breed standard documentation; submit to

AKC for recognition

2035 F5 Stabilization - Ne = 150; publish full dataset; transfer protocol to breed
association



6. Governance and Accountability

6.1 Steering Committee Structure

Genetics Committee (2
members)

Health Committee (2
members)

Breed Standard Committee
(2 members)

Lead Breeder (1)

External Audit Committee

6.2 Stop Rules

Certified population geneticist + veterinary geneticist - oversight of
every mating decision

Veterinary orthopedic specialist + veterinary ophthalmologist -
approval of all OFA/BCS results

AKC/FCI certified breed judges - guardians of breed characteristics32

Responsible for all actual matings - operates under full committee
oversight

Annual review by an independent academic party - public
transparency report

The program halts immediately if any of the following conditions are met:

Mean COlI exceeds 12.5% in any generation
One or more Affected clinical cases of hereditary disease appear in generation F2 or

later

Estimated Ne falls below 40 at any interim assessment
OFA failure rate (Fair / Poor / Dysplastic) exceeds 30% in any generation
External audit committee identifies a breach of any Stop Rule

6.3 Reporting and Transparency

e Annual publication of all Ne, COIl, and carrier frequency data - fully open to the public
e Upload of all DNA profiles to the OFA/CHIC Public Database
e Submission of raw WGS data to NCBI SRA (5 years post-birth)

32 FCI - Fédération Cynologique Internationale: the world canine organization headquartered in Belgium;
recognizes breeds and approves official breed standards internationally.



7. Estimated Budget - Generations F0 through F2

Embark DNA x 12 FO founders

OFA/CHIC Full Panel x 12

Frozen Semen Banking x 6 males

Carrier Screening, F1 puppies (est. 40 puppies)

WGS x 20 F2 elite candidates

Kintraks database management - annual

External genetic audit x 3 annual reviews

Travel and breeder coordination

$215 $2,580
$280 average $3,360
$350 per male $2,100
$100 $4,000
$480 $9,600
$200 $600 (3 years)
$1,500 $4,500
— $3,000

Total FO—F2 _ ~$29,740 USD

Note: Costs exclude routine care, feed, or breeder labor. Proposed funding sources: breeder
registration fees, AKC Canine Health Foundation grants, FCI Heritage Breed Program subsidies.



This document was prepared for research and breed development purposes. Every mating requires approval by
the Steering Committee and full compliance with all screening criteria detailed herein.
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