| o
B

BIODIVERSITY

EDITOR'S INTRODUCTION Clonservetionists |rr.'i' retiere look ot IR warld :g,l".'l'rumr]'.-.‘, fiist lr,'r'rfrﬂlru .-'.-.qu the

fnost estile ainong ts—rthose who fave ;H_{.!'?-E"rl"i{ the r."f'r'p.l:.l.'f pr_'.qrr!;y .:._l,r_rur f‘fr’]!r_az_ﬁ‘r{r.‘l eilieation—see e jmrrn:l.':[:v:
that inhelit the fand. Like the protagonist in the recent film The Sixth Sense, Connie Barfow can see the
elead; not the ghosts of people, hewever, bl giant ground sfoths, mastodons, gomphotheres, and ather
wow extingt megafinuna, In this article, anid the wenderfid new book from which it is excered, The
Ghasts of Evolution, she considers the fascinating relationsh ip hetween lange tropiee! fruie and
the megaherbivores with which they cocvolved, and mourns the loss of an ancient pect hefween

certain plunts and the animals who helped disperse their seeds. =Th
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meery slores are exeellent places 1o encounter ghaosts.
They lurk in the (il section, feasting on ecologieal

anachronizms, Paul Mantin thinks he's spotted ghosts

i aming the bins of apples and pears. Marlin is a palesecologist
B al the |.'1|i1.'|~r.-i|:.f of Arzona, and he likes o dwell in the
Pleistocene. He has been honing his oceult skills for a quarter
century, I'm a neaphiyte, so 1 head steaight for the trapical fraits,
where ghosts are casier 1o conjure.

For thirleen thousand years, since the extinetion of the
massive at the end of the Pleistocens, papaya has been hannl-
ed by spectacular ghosts (Janzen and Marlin 1982), Most

impressive are e gomphotheres and ground slaths, wilh
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eachromiames (0 2000 by Coaie Barlow; all righits reservedd |, and s peed in Mexico, Corica papisy had evalved its fruil form 1o altract

with kvl permission of Disde Bk, greal herbivores, Bl soon aller humans ardved in the New



World, that strategy for reproduction came 1o an end. The
holocaust of megafaunal extinction deprived papaya of its
best seed dispersers,

The avocado bin attracts ghosts of glyplodonts and tox-
odons as well as gompholheres and ground sloths. Because
almost all fifly species of genus Persea are native 1o the trop-
ics and subtropics of the Americas, one can surmize that the
avieado genus developed it single-seeded form in the
Western Hemisphere. Not all Persea species evolved with
megalauna in mind, however. The kind that thrives along the
Culf Coast of the United States bears fruit not much bigger
than blueberries,

Like papaya. the species of avecado found in grocery
stores (smooth and rough-skinned varielies of Persea ameri-
cana) has been haunled for thirleen thousand years. Many liv-
i!lg frlJE,iHHT‘."N l:ulnrli'-':]rﬁ.. E‘lll:] eVen I:‘E.I.'I!!i'l.'ui'l_‘.!-i arg a1,lmi_'1_ed (i}
the: oily pulp, but enly an animal with a massive gullet will
swallow the huge seed along with the Nesh. The cultivated
varieties of Persea americana have far thicker pulps sur-
I1U1JI!II“:IIE the seed than does the ancestral stock, but the seed
itself is virually unchanged in girth (Cook 1982). From a
functional and l’.‘!'l-'ﬂlllliﬂllul'j' perspeclive, avocado intends ils
fruits to be swallowed whole. That's how the species disperses
its seed. The oily flesh is simply the lure. A parent tree could
wish for no more desirable fate for its offspring than to have its
seeds plopped into the world within sleaming heaps of dung,

Whether growing in commencial orchards of southern
California or forest fragments of the neotropics, domestic and
wild avocado trees still expect giant mammals to stop by for
the harvest. Wave upon wave of Cenozoic megafauna faithful-
ly harvested avocado fruits, season upon season, for tens of
millions of years. The identities of the dispersers shified every
few million years, but from an avocado’s perspective, a big
mouth is a big mouth and a friendly gul is a friendly gut. The
passage of a tifling thideen thousand yvears is oo soon Lo
exhaus! the patience of genus Persea. The genes that shape
fruits ideal for megalauna retain a powerful memory of an
extraordinary mutualistic relationship. Embellished by our
own scienlific understanding, that memory would look some-
thing like this.

THE SCENE 1S A TROPICAL FOREST IN CENTRAL AMERICA
fifleen thousand years ago, and a giant has just amived.
Perhaps attracted by the scent of ripe pulp, a three-ton moth-
er and her bear-size toddler approach a tree that shed its fruit
crop a lew days before. The visitors are ground sloths, whose

closest living relatives are South American tree sloths,

«growsnd slath illust=ation from Cenozolc Gravigrade Edenlates of Wiestarn Mol America by Chester Ssock, 1925



anteaters, and armadillos. Kremotherium looks like nothing
alive today, Think of a bear crossed with a prairie dog or marmol
and endowed with the bulk of an elephant. The adult sloth
hegins to aniff the carpet of fruils for the ripest specimens. Her
agile offspring climbs a nearby tree for safety and also because,
al this age, climhing is not only possible but irresistible. In a few
years, the young sloth’s tree climbing days will be over. By then,
an enormong bulk and powerful elawed forelimbs will suffice to
ward off all but the most determined [m:c]iﬂnr.\:.

The mother linds a (it that smells acceptable and teats it
for sofiness between frontally wothless jaws. The whole fruit is
then mashed between tongue and palate. The slippery seed
slides easily down the animal’s gullet, along with the nutritious
pulp. Laxatives in the pulp ensure that the zeed will complete
ils dark journey before digestive juices do it harm.

Other zeeds follow. Before she is satiated, the sloth and her
young depart. The adult sloth will balance the oily meal with
lealy hrowse, thus keeping micmbes happy in the vast fermen-
tation vat of her gut. Tomormow the Iuil' will return 1o the same
tree, dispersing seeds enmute, Or perhaps Eremotherium will
chooze a papaya tree instead. To feed on papaya, the great sloth
will sit up on her haunches, lH[lIE her :iIlJrilj.' Lail for a thind [ml'nl
of balance, She will choose the ripest pendulous fruit—all of
which are borme on the trunk of the small tree. Her reach may
exceed four or even five meters.

The sloths limbs still bear signs of arboreal ancestry, In
shuffling from plant to plant, Eremorherium walks on the sides
al her paws. The awkward gail may owe o phylogenetic iner-
lia—an inaJ-iJil}. o evolve away from an established form.
Perhaps, tao, it owes 1o the survival advantage of in-turned paws.
An enhanced ability to elimb when young should more than off-
set an inability 1o mun later on. Or perhaps the anatomical quirk
iz necessary for the sloth 1o walk at all. Eremotherinm’s fronl fect
hear exceplionally long claws, as do the front feet of a relative
that will survive the end-Pleistocene extinetion: South
America’s giant antealer. The anteater walks on its knuckles,
claws behind and curled skywanl.

Meanwhile, in another part of the forest, one that is espe-
cially rich in avocado trees, a small herd of gomphotheres
{genus Cupieronius) approaches on an ancient trail. The herd
has traveled tens of miles in the past three days, munching
greenery along the way. The mainarch remembers the route, She
remembers this avecado-rich valley and others throughont a vast
region, as well as good places and times to find papaya, chen-
moya, sapote, Cassia grandis, and many other treats. She
leamed these sites while follow ng the lead of her mother, the

{4|I'I111:I' mal T ill't!.ll.
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of genus Persea.

The gomphotheres arrive at the avocado grove when the
fruits are near their prime, A hall dozen elephantine trunks
probe the carpet of green-brown fruits. This is the fist avoeado
ul[J::Jj{:lu‘{r for the youngesl memlser of the clan, The pu]p lastes
as pood as it smells, but the seed is o big to be swallowed.
Much pulp is lost as the young proboseidesn works the seed oul
and over the edge of his mouth. Then he picks up another fruit,
ﬂl!':l il]lﬂ‘llli‘]'. ]’"I‘rl.ll":l-'. |“" I ECsS o ""I'IIHI'I i El.ip]}ﬁ'l'}r Eﬂﬂd
between cusped molars, The mash is hastily rejected. The biter
Illx:im- e I.Illf' Ill':l.lﬂl:.‘i- “'EI:.' (Ij- l"ll.‘!"l"jll'l!.'; |I'|I!1 lli.‘_‘-pﬂn—;#n—} I:]O ok
become seed predators, Seeds are to be swallowed, not chewed.

Giving up, the young gomphothere nudges a cousin into play
while the adults continue to eat. The avocados are soon gone, and
l]l“ r:|1.-l||'i}|r1:]| ]l":'l.l]ﬁ- t’l“ hl‘r|| o a |-r:r|':-=| I'I“Hi'irlng "ul.'I'H!'I'i' I‘]IT]'I.\.':E-I‘!, i.\_‘-'\.
abundant. In a day or two, the gomphotheres will begin 1o deposit
in fertile mounds the avocado seeds, along with many amaller
SO[ |:"'\- I!II- r:u||1!:|' frllil'iriH :‘-j]lf_:(:'il_':‘i illp.r:i_"ﬁll'_'{! .:31'1,11.|rlr] ’hf_': sgme II-.I]'H':'.
Many of the seeds thal survived the inlestinal voyage will fall
prey to seed-eating rodents or parrots, especially after dung bee-
I.il‘:i |I;J.'|l'l:.‘- "iJl."l.'l:(]. I.]l.l:' hf.‘ilEJ i!llﬂ []'HHH]'!‘.“L‘%, ]'ll]l.:illg Ll.'l'l"l!_'\-' 1|:||‘. ]'i.l::'h
maleix to feed l|||:ir_'.|.:|1||g. |]:~.ri:|d|u-'-unr~ secd will become a tree,

Ten vears pass. A young avocado tree hears fruil for the fivst
time. The gomphotheres discover it easily and add its loeation Lo
clan memory, By no coincidence, the tree is near an ancient,

well-worn path.



I‘I[FTT"-F..N THOUSAND YEARS PASS, PERSEA AMERICANA STILL
grows in Central American forests not yel tumed inte pasture,
But the extent and densily of the species does not mateh its for-
mer glory. A menagerie of small pulp thieves and seed predators
raid the fallen fruits. Those who plunder the pulp leave bebind
seeds destined to compete with the parent. Seed preduators may
wail for the molecular transformations of geonination to subdue
the toxins, or they may gnaw into seeds to extract just the
embryos. Now that the migrators are gone, the sheer mass of fruil
overwhelms the appelites of locally based thieves and predators.
Molds attack the pulp of many overripe fruits. Fungal hyphae
wark their way into the seeds,

If a tree is very lucky, a jaguar may happen by, The avoca-
dos wily flesh is attractive 1o this otherwise sirict camivore
(Cook 1982). Because jaguar teeth are designed for tearing
Nesh—not prinding seeds—and because its gullet is adapted for
swallowing great chunks of meat, a jaguar iz a helpful seed dis-
perser for avocado. But large camivores were never abundant
and are less =o today. The avocado lineage may have been saved
from extinction by the rare jaguar who takes advantage of an
casy meal, and perhaps by agouti rodents that gather and bury
avocade seeds just as squirrels gather and bury acoms
{Hallwachs 1980). The occasional pulp thiel who scampers off
with a fruit in its mouth, in order to strip off the pulp in a safer
lncation, has surely helped the lineage as well. Nevertheless, the
fruit of avoeado was not S]Inpl:l:] |1:.-' millions of Years of gelection
for these undermbundant, ill-fitted, or fickle dispersal agents,

Nor was it shaped by the lood preferences of bipedal apes,
who invaded avoeado termilory just before the gomphotheres and
ground sloths disappeared. Those apes ave wow duing a better
job dispersing one species of the genus than any animal has
done hefore. The dominant habital for avecado today is in vil-
lages and orchards—and its range now wraps around the world.

Fortuitously, avocado was superbly built to attract the new
mutualiztz, Neverheless, il was not built to the specifications of
apes. Rather, the fruit of the avocado (like that of mango, grape-
fruit, and pomegranate in the Eastern Hemisphere) was the
j!]ﬂrll kingdom’s ingenious response o the pageant of beasts
grown big throughout the Cenozoic and throughout the world.
The bensts did not become giants in order to consume avoeados,
Their gigantism owes 1o millions of years of adaplive change to
deter predators, to store energy for lean times, and Lo overpower
rivals in mating jousts. In contrasl, the avocado lineage did
indeed evolve big-seeded, big fruits with the big beasts in mind.
The bigger the seed, the better provisioned the embryo. Big-
seeded plants have an advantage over small-sceded plants in
mature forests, where sunlight penetrates to the ground only in

patches and for maybe an hour or two each day, Big-seeded
fruitz of the topical forests can grow for a vear entirely on the
energy sequestered in the seed. Perhaps during that pivotal year
a tree will topple, allowing a shalt of light to penetrate. Or per-
haps the seedling itsell will veacl a heighl where photosynthe-
gis can begin in eamest.

Avocado’s stralegy for propagation made a great deal of
sense throughout the long lile of this lineage—until the present
moment, Even after thifeen thousand vears, avoeado iz elueless
that the great mammals are gone. For the avocado, gom-
photheres and ground sloths ave still real possibilities, Pulp
thieves like uz reap the benelits. Homo sapiens will continue Lo
mold the traits of the [ew species of genus Persea i En'el’em.
Ultimately, however, wilidl breeds will devolve less grandiose
fruits, or else follow their animal paruers into extinetion.

An avocado silling in a bin at the grocery store is thus
biology in a time warp. So too is papaya and cherimoya, sapote
and countless other fleshy fruits of the neotropics. In lemper-
ale t':'.!;ium: ol North America, fruits that remember mastodons
and mammoths include the long, spiraling pod of honey locust
and the great green ball of the osage orange. These reproduc-
liver strategiea are all 2uiled for o by-gone world. The [riils are
ecological anachronisms. Their missing partners are the ghosts
of evolution,

These Pleistocene anachmonismsa are vivid reminders of a
Lime nob II:JI!!."' HE when the New World |Ju;gﬂ|'uuna rivaled that
of thee Olel. The avocado is the American version of the elephant-
and rhino-alluring mango of Azian forests. Many American
anachronizms have already suflered range contractions and
beevamme patelve or tare in the wilih, As vapirs and monkeys inthe
Weat and elephants and rhines in the East dwindle, more and
more [ruits will be pushed over the brink, joining the ranks of

the ill-suited and sadly berefl, €

Connie Barlow, @ science writer and conservation activise,
is a founding member of the Epic of Evolution Society. Her
boaks tnelude From Gaia to Selfish Genes; Evolution
Extended; and Green S]l.a{:ir, Green Time: The Way of
Seience. She divides her time between New York City and
the Gila country of New Mexvico,
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