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On the Great Plains of North America, aboutykseven million years ago, the horses
have arrived. The Earth is experiencing a cooliagagal, and the forests are receding,
making way for oceans of grass. Thggs

little horse-creatures are no longer
confined to the tight enclosures of
woodland, and they have padded o 1
onto the prairies. |
Mesohippuss a turning point in
the lineage that will one day form
the modern equines. Its ancestors
were pig-like animals with four toes

shy, short-faced forest creatures the
scavenged for fruit under dark tree :
Mesohippusas three toes and a

longer, equine face, and its body is
taller, balanced on long springy legs
Mesohippugould bound and even

run on its delicate ankles. Its teeth '
Hippocampus

Late Miocene

are more homogenous than its

predecessors, perhaps reflecting a

. m__:.
dietary change to leaves and browse.

. . Fig. 1. Ancestors of the modern meritee.
It is a successful little greyhound-
sized creature, poised between the forest horstbe docene and the grassland runners
of the Miocene, and it begins the first great etiohary diversification of the equines.

Mesohippuspreads across the Great Plains, through Canadhemvestern United
States. The fossil record places small populatidmdesohippuscattered around the rim

of the Gulf of Mexico, about thirty-five million yeaegyo. There, broad-leafed plants



flourish, providing an excellent diet fiMesohippusThese offshoot populations remain
small, though, with almost all fossils of the fagnfibund in the Great Plains.

The late Oligocene is a time of great changed ,itais coming to an end. Global
cooling and seasonality, combined with falling kmeels, are drastically changing the
ecosystem. As Florida emerges above sea levaleiioup a rich new ecosystem for
Stagnohippusthe swamp hors&tagnohippuss about the size of a Great Dane, with a
long, equine face, a short back, and short led® Miesohippusit has three toes on its
front feet and four behind. Unlikdesohippusthis new creature has long, splayed toes.
(In fact, Stagnohippusvas once regarded as the ancestdd@egohippusbecause it is less
adapted to grassland life and bears a superfiesgimblance to more primitive horses.
However, geology reminds us that terrestrial libeild not exist on Florida until the end
of the Oligocene epoch, and at that pdimesohippusad been well-established in the
Plains for millions of years.) As counter-intuitigs it may seengtagnohippu$as
turned away from the grassland lifestyle that #st of its genus is conquering so rapidly.
With its weight distributed evenly on its threeas@d toes, it can navigate the soft,
marshy sediments of Florida, foraging on the rixplesion of plant life that colonizes
this new land from the se&tagnohippusas webbing between its hoofed toes, like
modern camels and
hippopotamuses; as odd as
“webbed hooves” sounds, they
are not an uncommon adaptation
in hoofed mammals that need to
move through soft soils. It is a
sturdy, compact little animal, and
it makes a good living in the new
swamps of Florida; it is a
powerful swimmer, capable of
crossing large bodies of brackish

water that separate the atolls of

the developing land. Fig. 2. Phylogeny of the modern meritee.

Unfortunately, the slow, chunky little creatureaiprime target for alligators during these



crossings. The fossil crocodilians of ancient Felarare often found with bundles of
Stagnohippu$ones in their digestive tracts.

But great changes are still underway. As theddine era dawns, twenty-four million
years ago, grasses are rapidly replacing softafieteplants as the dominant browse of
the day. Ancient Florida grows more terrestriabea levels continue to drop, and the
brackish crossings give way to dry land (“Fossill€iing”). The grass moves in, and
with it come the new grass-chewing horses — andhdinge-chewing predators of the
time. Parahippusis the first of the new horses, with long gracédgls, a long equine jaw
filled with high-crowned teeth that resist damaigerf grinding coarse grasses
(“Parahippus”).

Stagnohippustill has ‘primitive’ teeth derived froriMesohippussuited for eating
fruits and leafy plants. Its incisors are small pedlike, rather than flat like a modern
horse’s, and it can nip off tiny leaves and sheatk dainty accuracy. The “wolf teeth”
in the middle of its jaw help it grip the slippegswamp plants it wades out to feed on, and
its molars are small, sharp, and pointed. They dquickly wear down to nothing if the
animal tried to survive on a diet of abrasive grd$e short, powerful legs of
Stagnohippusillow it short bursts of speed in land and watet,it is helpless in the face
of the fast terrestrial predators ttr#rahippushas evolved to run from. Just as leafy
plants cannot compete with fast-growing gr&tagnohippusannot compete with its
new cousin, nor can it flee from its attendant pteds; a new evolutionary strategy is
called for. There are still plenty of soft, leafiapts thatStagnohippusan chew... if it
can begin to forage for aquatic plants. And whatebevay to escape from fast terrestrial
predators than to slip into water?

CueVaduhippusthe “shallows horse” of the middle Miocene. Withlong, splayed,
webbed toesyaduhippuss the first amphibious equine, spending mostlife partially
submerged in water. Like modern hippos, it is ablevalk on land, with its weight
distributed across its splayed toes. The webbiogeases the surface area of its feet,
allowing it more stability on yielding terrain - @t can push more water when it paddles,
making it a more powerful swimmer th&tagnohippusBecause most of its body weight is
concentrated in its robust chest, the three-toaat firmbs are pressed into the seabed,

while their four-toed hind limbs are more inclinedfloat. This naturally results in the



curious underwater locomotion Whduhippusrather than paddling all of its limbs, as
terrestrial mammals do when doggy-paddling, it &iekth its floating hind limbs and
walks along the sea bed with its forelimbs. Wheaediches water too deep to wade in,
Vaduhippusontinues this motion, kicking with its hind limbad scooping water
backwards with its forelimbs. It might look sillgut it is successful. Herds waduhippus
become a common sight in the shallow swamps amstalaagions of Florida, foraging
lazily on aquatic plants near the surface, withydheir heads and upper backs above
water.

And yet there is the problem of tasty plantsvaters a little too deep to reach.
Vaduhippuss a shallow diver at best, and cannot remain detaly submerged for very
long. It also has a relic of its primitive forestrse ancestry — its short neck. Unlike
modern horses, who can drop their heads down tgraas at their fee¥aduhippuss
not adapted to eating things lower than its chidss makes it difficult for it to reach
down to eat aquatic vegetation suspended in therveatumn.

Predatory pressure and habitat loss continter¢e these amphibious equines to adapt
quickly. As central Florida becomes the provinceeofestrial browsers and predators,
theVaduhippugopulation is forced to the outer coasts of tha@mmila. Separated by
this geographical barrier, the population fragmewith species in each area adapting
independently. The population on the western ca&stuhippus mannarinyuss
characterized by longer limbs and neck, and feeds® coastal vegetation in the
warmer, shallower waters of the Gulf of Mexico. Tdastern populationaduhippus
clavus inhabits the unprotected waters of the easteastcd has longer toes with
extensive webbing, and is a more powerful swimrbe population at the southern tip
of central Florida contains intermediate charast&s of both subspecies, and is able to
interbreed with both; thu§¥/aduhippusspp. is a ring species. At least, until the ldss o
foaling grounds eliminates the intermediate speerd the two sub-populations
continue to diversify separately.

By the late Miocene, the coasts of Florida beltmthe descendants ¥f mannarinus
andV. clavus the bizarreHipponatrixandHippocampus

Hipponatrix, the “water-snake horse”, is most closely relatedaduhippus

mannarinuswith a slender, elongated neck that is longer ttsabody. It colonizes the



sheltered western coast of Floritippocampusmeanwhile, is the descendant of
Vaduhippus clavuand the ancestor of the modern meritee, and ihezds the eastern
coast of Florida. Equally strange-looking, with dpisplayed, webbed digits,
Hippocampuss a robust and powerful swimmer. It is a capaker, with closable
nostrils, small ears, and minimal body hair. ltschiimbs are reduced through the thigh
and ankle, ending in elongated hoofed toes, andphwevide a powerful thrust in water.
The front limbs also have reduced joints and breahbed digits. In fact, the digits are
so long and slender that they cannot support thghtvef Hippocampu®n land; unable
to walk on its toes, it walks on its wrists and &se(Meanwhile, its terrestrial cousins of
the Miocene epoch are sprinting through grasslandse very tips of their single toes!)

Both forms are successful at exploiting th&has.Hipponatrix browses in shallow
Caribbean sea-grass meadows, wHilgpoocampuglives for forage in deeper waters.
Unfortunately forHipponatrix it becomes too successful. It competes with eativ
manatees for sea-grass, and, as its populationsgthis resource dwindles further; there
is simply not enough vegetation to support two ssecf large, herbivorous marine
mammals. Unexpectedlifipponatrixis the species that loses the ensuing battle for
survival. Manatees are slow-moving, long-lived tweas with remarkably slow
metabolisms, only 15-20% of what is expected fomaits of their size (Reynolds, 2004).
They can survive longer on less food, which givesrt an evolutionary advantage in
lean times. Outdone by this simple competitidipponatrixdisappears by the end of the
Miocene period.

The same selective pressures that helped neanatevail favors fat storage in
Hippocampusand individuals born with a genetic gift for paakon blubber are
predisposed to survive in stressful times. Blulddeo gives the added advantage of being
an excellent insulator. One of the primary concefreny marine mammal is
thermoregulation; up until now, in the warm Floadiwaters, losing body heat was not
as much of a concern. BHippocampuss going places.

Most marine mammals experience a simplificabbdentition throughout their
evolutionary history, andlippcampuss no exception. It has the peglike incisors, rkdi
wolf teeth, and pointed molars 8fagnohippuswith a few defining exceptions.

Hyracotherium the ancestor d¥lesohippuspossessed a doglike canine tooth in its upper



jaw. In Mesohippusthis unused and ungainly tooth remained behiedrtbisors as a
small, peglike tooth (Martin, 2004). This tooth weseful toStagnohippuss part of its
arsenal for gripping, hauling, and nipping soft ahdpery swamp plants; in fact, it is
enlarged in the skull dfaduhippusthough it is pointed forward with the rest of the
incisors rather than backward like a canine toBththe time ofHippocampusthis long
forward-pointing upper canine is useful for anotteason; nipping at fish.

This excellent diver is powerful but not pauliarly fast, and it is never adaptively
useful for it to chase fish. However, as the glatzadling and drying trends of the
Miocene continue, an animal that can supplemeffiditstores with meaty proteins is
better prepared to survive. In particular, an ahiimat does not need to compete with
manatees for its sole food source is more likelsueceed.

Hippocampusioes not digest meat efficiently, but the additvdfish to its diet gives it
access to more fats and proteins. The digestice dfddippocampuss very long, as
befits an herbivore, and the digestion of plantubate is actually undertaken by
beneficial bacteria in the animal’s gut. Many ititesl bacteria are able to activate or
repress genes that allow them to break down diffeseurces of carbon; it may be that
Hippocampu's ‘digestion’ of meat is little more than its dejeve bacteria adapting to
break down another source of sugars.

As the cooling continues, a trend can be obskirvelippocampugpopulations; they
are getting fatter and fatter. The increased ingularanted by their layers of blubber
allowsHippocampudo travel into colder waters, and they begin tpleit the manatee-
free niches available north of Florida. In a velngi$ period of geological time,
Hippocampudas established populations ranging from Flordslarth Carolina. These
colder waters provide another useful advantage; doenot have as many sharks.

The modern sharks of the Miocene are a probléentippocampusgries to raise
young. Solitary sharks will not attack an addippocampusbut they will often take a
foal paddling at its mother’s side; and, as thegsebecomes more aquatic, sharks can
be devastating. An animal that does not succegsfile offspring is not a successful
animal, and an unsuccessful animal is an extinet BiHippocampusan protect its

reproductive investment by living in colder watdtgen that is where it will go.



By the late Pliocene, two million years ag® #arth is sliding into the Ice Age. The
oceans grow chilly, and favor the survival of wielsulated animals with low surface
area. Limbs shorten, ears get smaller, and thebblubacks on. Countercurrent heat
exchange — a system of running a flow of chilleddlIparallel to an opposite flow heated
fluid, so that the chilled flow warms up — is dey@td to keep the blood warm in the
creature’s extremities. By the end of the Ice #ligePelagicaballugamily is the fittest of
theHippocampuslescendants.

Pelagicaballusthe “ocean-going horse”, is a truly marine mamm#éth a small head,
powerful neck, and tapered hindquarters, it is gsirgly streamlined. It can walk on the
wrists of its flippers, but it is a strong swimmes. broad shoulders provide muscle
power for its broad, tapered foreflippers, whosekihfat-padded webbing cannot entirely
hide the three hoofed toes they are made from hirieeflippers are drastically
shortened, but they are muscular, powerful and sdraemaneuverable, allowing
Pelagicaballugo kick up, down and backwards. While not as #éastvimmer as a seal,
Pelagicaballugs capable of chasing and catching fish, thouginéaters to browse on
seagrass, kelp, and other aquatic plants.

Pelagicaballugives and travels in herds, with a social struetamarkably similar to
the modern horses that are its closest living ikedat

Migratory behavior is one of the defining adpeaf this new creature. In the winter, it
browses vegetation in its ancestral land of Flqrmd in the summer it travels as far
north as the Gulf of Maine to birth its young oy thnd. Safe from predators, the young
foals learn to swim in cold, shark-free watersopoeftraveling on the winter migration
with their herds. In modern times, there is onlg @pecies of marine equine, and it is
named for its nomadic behavidtelagicaballus deviughe wandering horse of the sea.

The modern meritee has arrived.
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