How Dogs 'Came_“to Run

During the past 40 m|II|on years,
three great lineages arose in thé
dog family. Two are now extinct,
but diversity thnves_f Lhe array
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The downfall of the dinosaurs 66 million
~ years ago gave mammals an incredible open-
ing, and they ran for it, rapidly becoming the
dominant land vertebrates. Among those to
emerge were the earliest carnivorans (members of the
order Carnivora), whose living representatives include
the cats and closely allied families, such as hyenas and
mongooses, as well as dogs and closely allied families,
such as bears, weasels, and seals. As their name implies,
most carnivorans eat meat, and even those that arent
carnivorous suchasthe giantpanda can be recognized
by the last upper premolar and rst lower molar on each
side of the mouth. Those teeth are specially adapted for
shearing, and are known as carnassials. Only in some
species, such as seals and sea lions, have the carnassials
evolved into simpler forms.

Back when mammals got their big break during the
Paleocene epoch, which lasted ten million years condi-
tions around the globe were warm and humid. And the
epoch that followed, the Eocene, was marked by a warming
trend so great that even the polar regions were quite hos-
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pitable to life. Surging into prominence, owering plants
diversi ed and created lush forests all over the Earth. In
North America, where tree canopies sheltered a growing
number of primates and other forest-dwelling mammals,
the earliest carnivorans arose. From there they spread to
Eurasia, over land bridges that then existed to Europe or
near the present-day Bering Strait. Mostly the size of small
foxes, or smaller, the carnivorans were adapted to life in
and around trees, probably preying on invertebrates and
small vertebrates. They lived in the shadow of the gen-
erally much larger hyaenodonts, a group of mammalian
predators that had come on the scene earlier but which
later became extinct.

When did the carnivorans split into their catlike and
doglike divisions? No one knows exactly; it may have
been 50 million years ago or even earlier. By 40 million
years ago, however, the rst clearly identi able member
of the dog family itself, the Canidae, had arisen in what
is now southwestern Texas. Named Prohesperocyon wilsoni,
the fossil species bears a combination of features that to-
gether mark it as a canid. Fittingly enough, these include
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features of the teeth  including the loss of the upper third
molars, part of a general trend toward a more shearing
bite along with a characteristically enlarged bony bulla,
the rounded covering over the middle ear. Based on what
we know about its descendants, Prohesperocyon likely had
slightly more elongated limbs than its predecessors, along
with toes that were parallel and closely touching, rather
than splayed, as in bears.

The dog family thrived on such limb adaptations, which
helped support a cursorial, or running, lifestyle in response
to a changing environment. And none too soon, for the
subsequent epoch, the Oligocene, between 34 million and
23 million years ago, started a long trend of climatic dete-
rioration. Ice sheets appeared on the Antarctic continent
for the rst time, while in mid-latitude North America,
conditions became progressively dryer and seasonal varia-
tions more pronounced. The lush, moist forests of the late
Eocene gave way to dry woodlands and then to wooded
grasslands, with large areas of open grassland developing
by 30 million years ago. Mammalian herbivores began
to evolve teeth adapted to eating grass (so-called high-
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crowned teeth, which continue to erupt as the chewing
surfaces are worn down). For both predators and prey, the
ability to run and survive in an open, exposed landscape
became crucial. To a large extent, the history of the dog
family is a story of how a group of cursorial predators
evolved, through speed and intelligence, to catch chang-
ing prey in a changing landscape.

The canids are one of three modern families
=== of carnivorans notable for including top preda-
tors, species capable of hunting down prey
several times their own size. The other two
are the cat family (the felids) and the hyena family (the
hyaenids). On land, at least, there appears to be a body-
size threshold of around forty- ve pounds beyond which
a mammalian predator must begin to tackle larger prey
in order to get enough energy. Chris Carbone, a senior
research fellow in biodiversity and macroecology, and
colleagues at the Institute of Zoology, the research divi-
sion of the Zoological Society of London, have suggested
that small predators can sustain themselves on invertebrates
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Maned wolf
(Chrysocyon brachyurus)
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Soon after its beginnings 40 million years ago, the dog family (Canidae) diverged into three main
subfamilies, each of which dominated in turn. The gure illustrates major branching points, with
the width of each lineage representing its species diversity through time. All three subfamilies
coexisted for a long time. Two (the Hesperocyoninae and the Borophaginae) became extinct in
turn, but the Caninae, with thirty-six species, is going strong. (Portraits of the selected species

shown above are not drawn to the same scale.)

and small vertebrates because of their low absolute energy
requirements.

In 1871, pioneer vertebrate paleontologist Edward
Drinker Cope formulated the principle that in animals,
small body sizes tend to evolve into large body sizes.
With the help of our colleagues Blaire Van Valkenburgh,
a functional morphologist at the University of Califor-
nia at Los Angeles, and John Damuth, a biostatistician
at the University of California, Santa Barbara, we have
examined the canid fossil record with that idea in mind.
We have concluded that, indeed, larger and larger species
have repeatedly evolved in many lineages. Consequently,
many species have independently passed the threshold
where they needed to take down large prey. Features of
their jaws and teeth show that the larger canid species
have also tended to become hypercarnivorous, that is,
more purely meat-eating.

The cat family and the hyena family similarly evolved
hypercarnivorous top predators. (One might think the
bear family, the ursids, should be added to this list, but
only the polar bear is hypercarnivorous, and it is a rather
atypical member of the family. Most bears are omnivores.)
Itsonlyaslight oversimpli cation to say that felids almost
invariably approach their prey in stealth and try to pounce
on itinsurprise attacks. Modern canids, by contrast, have
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a decidedly different tactic, one suited to their ancestors
lifestyle on the open plains. In that setting, surprise attack
is seldom achieved; it is less important to subdue the prey
in the shortest possible time than to outrun and exhaust
the quarry. Lacking retractable claws, a powerful weapon
for most felids, canids rely more on social hunting when
confronting large prey  using
sheer numbers and coordi-
nated hunting strategies rather
than sophisticated weaponry
to overwhelm them.
Hyaenids are more closely
related to cats, yet they more
strongly resemble canids, both

A young adult Eucyon davisi,
about the size of a living coyote,
approaches one of its parents in
a submissive attitude. The large
social groupings in several species |
of the subfamily Caninae may
have arisen when such young-
sters remained in their parents
territory and helped raise pups.
The genus Eucyon lived in North
America from about 9 million to 5
million years ago.
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behaviorally and anatomically. They kill their prey by
consuming them alive, rather than by delivering a kill-
ing bite on the neck as felids do. They too are persistent
pursuers rather than stalkers that ambush prey, and they
tend to be highly social hunters. The similarities are a
good example of convergent evolution, an understand-
able outcome when one realizes that for much of their
evolutionary history, the two groups were not direct
competitors but were facing similarly open environments.
Canids were at rstcon ned to North America, whereas
hyaenids arose in Eurasia.

When did canids become so diverse? From
Hesperocyon, a descendant of Prohesperocyon,
the family experienced its initial radiation in
the early Oligocene, about 34 million years
ago, splitting into three major subfamilies: the Hespero-
cyoninae and the Borophaginae (both extinct lineages
known only from fossils), and the Caninae, whose de-
scendants survive today. But it isat rst only among the
hesperocyonines that we see some really dominant dogs,
capable of hunting prey larger than themselves. They were
the size of small wolves and equipped with teeth special-
ized for ripping into raw meat, comparable to those of
modern African hunting dogs. The early borophagines,
on the other hand, were all smaller and tended toward
less predatory lifestyles. And biding its time was the
Caninae subfamily, comprising only a few inconspicuous
species (we Il avoid calling them canines, aterm that is
usually used in a narrower sense).

Altogether, by about 30 million to 28 million years
ago, twenty- ve species of canids roamed western North
America, a peak of diversity within a continent unequaled
before or since by any single family of carnivoran. The dog
family was making its mark. Meanwhile, the hyaenodonts
and other archaic predators had begun to decline, and they
were eventually overtaken by
the successful carnivorans.

North American herbivores,
the potential prey for canids,
steadily diversi ed during the

rst half of the following ep-
och, the Miocene, which lasted
from 23 million to 5 million
years ago. That was thanks not
only to evolution but also to
immigration of Eurasian native
species via land bridges. The
herbivores reached an all-time
peak of diversity around 15
million years ago, and per-
haps not coincidentally, canids
experienced a second peak of
diversity (some twenty species)
at the same time. But now

mostly the borophagines were the ones to ourish. The
hesperocyonines were on the verge of extinction, while
the Caninae continued to keep a low pro le.

Among the factors driving canid evolution was the
increasing speed of the grazing herbivores, which in turn
was a response to being preyed upon in open habitats. The
well-known illustration of this process is how members

An adult Hesperocyon gregarious, a canid species that could have
been ancestral to all three major canid subfamilies, watches over
her two pups in front of their den. The scene is set in western North
America between 40 million and 34 million years ago, when early
canids, like most other members of the order Carnivora, were still
evolving in a forested environment.
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