The Geography of Evolution

here did humans originate, and by what paths did they
spread throughout the world? Why are kangaroos found only
in Australia, whereas rats are found worldwide? Why are there
s0 many more species of trees, insects, and birds in tropical than in tem-
perate zone forests?

These questions illustrate the
problems that biogeography,
the study of the geographic dis-
tributions of organisms, at-
tempts to solve. ZOOGEOGRAPHY
and PHYTOGEOGRAPHY are subdi-
visions of biogeography, con-
cerning the distributions of ani-
mals and plants, respectively.
The evolutionary study of or-
canisms’ distributions is inti-
mately related to geology, pale-
ontology, systematics, and
ecology. For example, geological
study of the history of the distri-
butions of land masses and climates often
sheds light on the causes of organisms’
distributions. Conversely, organisms’ distri-
butions have sometimes provided evidence for geological
events. In fact, the geographic distributions of organisms
were used by some scientists as evidence for continental drift

long before geologists agreed that it really happens.

Oid World and New World
monkeys. African and Asian
monkeys such as Colobus
(left) belong to the taxon
Catarrhini. Monkevs from
the New World (South and
Central America), such as the
howler monkey Alouatta pal-
linta (below), belong to the
entirely distinct taxon Platyr-
rhini, (Colobis @ Charles
MceRae /Visuals Unlimited;
Alowatta © Rov P. Fontaine /
Photo Researchers, Inc.)
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Figure 6.1 Convergenl grovwth
forni in desert plants. These
plants, all leafless succulents with
photosynthetic stems, belong to
three distanty related families.
(A0 A North American cactus
(family Cactaceae). This species,
Lopthacerens schioftii, is native to
Baja California. (B1 A carrion
Howeer of the genus Stapelia

{ Apocynaceae). These fly-pollinat-
el succulents can be found from
=outhern Africa to east India.

[C) A species of Engliorbin
(Euphorbiaceae) in the Namib
Diesert of Africa. (A-C © Photo
Res=earchers, Inc. A by Richard
Parker; B, by Geoff Bryant; C by
Fletcher and Baylis.)

[n some instances, the geographic distribution of a taxon may best be explained by his-
torical circumslances; in other instances, ecological factors operating at the present time may
provide the best explanation. Hence the field of biogeography may be roughly subdivided
into historical biogeography and ecological biogeography. Historical and ecological ex-
planations of geographic distributions are complementary, and both are important (Brown
and Lomolino 1998; Myers and Giller 1988; Ricklefs and Schluter 1993).

Biogeographic Evidence for Evolution

Darwin and Wallace were both very interested in biogeography. Wallace devoted much
ol his later career to the subject and described major patterns of zoogecgraphy that are
still valid today. The distributions of organisms provided Darwin with inspiration and
with evidence that evolution had occurred. To us, today, the reasons for certain facis of
biogeography seem so obvious that they hardly bear mentioning. If someone asks u= why
there are no elephants in the Hawaiian Islands, we will naturally answer that elephants
couldn’t get there. This answer assumes that elephants originated somewhere else:
namely, on a continent. But in a pre-evolutionary world view, the view of special divine
creation that Darwin and Wallace were combating, such an answer would not hold: the
Creator could have placed each species anvwhere, or in many places at the same time. In
fact, it would have been reasonable to expect the Creator to place a species wherever its
habitat, such as rain forest, occurred.

Darwin devoted two chapters of The Grigin of Species to showing that many biogeo-
graphic facts that make little sense under the hypothesis of special creation make = great
deal of sense if a species (1) has a definite site or region of origin, (2} achieves a broader
distributon by dispersal, and (3) becomes modified and gives rise to descendant species
in the various regions to which it migrates. (In Darwin’s day, there was little inkling that
continents might have maoved. Today, the movement of land masses also explains certain
patterns of distribution.} Darwin emphasized the following points:

First, said Darwin, “neither Hhe similarity nor the dissimilarity of the inhabitants of various
regions can be wholly accounted for by climatal and other plysical conditions.” Similar climates
and habitats, such as deserts and rain forests, occur in both the Old and the New World,
yel the organisms inhabiting them arve unrelated. For example, the cacti (family Cactaceae)
are restricted Lo the New World, but the cactuslike plants in Old World deserts are mem-
bers of other families (Figure 6.1). All the monkeys in the New World belong to one great
group (Platyrrhini), and all Old World monkeys to another (Catarrhini}—even if, like the
howler and colobus monkeys shown at the opening of this chapter, they have similar habi-
lats and diets.

Darwin’s second point is that “barriers of any kind, or obstacles ta free migration. are related
in 1 close and important manner ko the differences betwoeen the productions [organisins] of various
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revions.” Darwin noted, for instance, that marine species on the eastern and western coasts
of qonlh America are very different.

Darwin's “third great fact” is that iihisbitaits of the same continent or Hie same sea are re-
fated .-'f','u.l-u;;fa the species theniselves differ from p.i'.m to place. He cited as an example the
aquatic rodents of South America {the coypu and capybara), which are structurally sim-
ilar o, and velated to, South American rodents of the mountains and grasslands, not to
the aquatic rodents (beaver, muskrat) of the Northern Hemisphere.

“We see in these facts,” said Darwin, “some deep organic bond, throughout space and
tune, over the same areas of land and water, independently of physical conditions. ... The
bond is simply inheritance [i.e., common ancestry], that cause which alone, as far as we
positively know, preduces organisms quite like each other.”

For Darwin, it was important to show that a species had not been created in different

places, but had a single region of origin. He drew particularly compelling evidence from
the Iﬂ]‘.lbltc"ll'\fb of islands. First, distant oceanic istands generally have precisely those kinds
Forgarisnes that Tave o capacity for long-distance dispersal and lack those thnt do not. For ex-
iple, the only nalm mammals on many islands are bats. Second, niany conlinental species

:-".- lants and animals have flowrished on oceartic Istands to wehich Inimans have transported e,
Thus, said Darwin, “he who admits the doctrine of the creation of each separate species,
will have to admit that a sufficient number of the best adapted plants and animals were
not created for oceanic istands.” Third, most of the species on islands are clearly related to

species o Bhe negrest mainland, implying that that was their soucce. This is the case, as Dar-
win said, for almost all the birds and plants of the Galdpagos Islands. Fourth, the pro-
povtion of endemic specivs on an island is particulurly gl when fhe opportunity for dispersal fo

the island is low. Fifth, island species often bear marks of their continental mnmry. For exam-
ple, Darwin noted, hooks an seeds are an adaptation for dispersal by mammals, yet on
oceanic islands that lack mammals, many endemic piants nevertheless have hooked seeds.

Itis a testimeny to Darwin’s know lcdgc and insight that all these points hold true to-
day, after nearly a century and a half of research. Our greater knowledge of the fossil
record and of geological events such as continental movement and sea level changes has
Wdded to our understanding, but has not negated any of Darwin’s major points.

Major Patterns of Distribution

The zeographic distribution of almost every species is limiled to some extent, and many
higher taxa are likewise restricted (endemic) to a particular geographic region. For ex-
nple, the salamander genus Plethodoir is limited to North America, and Pletlodoin cad-
ioensis occupies only the Caddo Mountains of western Arkansas. Some higher taxa, such
the pigeon family {Columbidae), are aimost cosmopolitan (found worldwide), whereas
uthers are narrowly endemic (e.g., the kiwi family, Aptervgidae, which is restricted to New
Zealand; see Figure 6.13),

Wallace and other early biogeographers recognized that many higher taxa have
roughly similar distributions, and that the taxonomic composition of the biota is more
uniform within certain regions than between them. Based on these observations, Wallace
designated several biogeographic realms for terrestrial and freshwater organisms that
are stll widely recognized today (Figure 6.2). These are the Palearctic (temperate and trop-

I Eurasia and northern Africa), the Nearctic (North America), the Neetropical (South and
Central America), the Etliiopion (sub-Saharan Afvica), the Orientel (India and Southeast
Asia), and the Austrelion (Australia, New Guinea, New Zealand, and nearby islands).
These realms are more the result of Earth’s history than of current climate or land mass
distribution. For example, Wal LACE'S LINE separates islands that, despite their close prox-
imity as |d .J]]'ﬂll.al climate, differ greatly in their fauna. These islands are on lwo lithos-
pheric plates that approached u-ch other only recently, and they are assigned to two dif-
feren| o;;x-u-ra aphic realms: the Oriental and the Australian.

Each biogeographic realm is inhabited by many higher taxa that are much more di-
verse in that realm than elsewhere, or are even restricted to that realm. For example, the
endentic taxa of the Neotropical realm (South America) include the Xenarthra (anteaters

M9
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Figure 6.2 Biogeographic realms.
The biogeographic realms recog-
nized by A. R. Wallace are the
Palearctic, Ethiopian, Oriental,
Australian, Nearctic, and
Neotropical. Some authors consider
parts of southern South America,
Adfrica, and New Zealand to be
another realm, the Antarciic.

Figure 6.3 Examples of taxa
endemic to the Neotropical biogeo-
graphic realm. (A) An armadillo

M r Xenarthral. (B) An anteater
[erder Xenarthra). (C) An antshrike
(Formicariidae}, represenhing a
huge evolubonary radiation of sub-
os=cine birds in the Meotropics.

(123 An armored catfish (Callich-
thyidae), one of many families of
freshwater catfishes restricted to
South America. (A, B after Emmons
1900; C after Haverschmidt 1968;

D after Moyle and Cech 1983)
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and allies), platyrrhine primates (such as spider monkeys and marmosets), hwmnming-
birds, a large assemblage of suboscine birds such as flycatchers and antbirds, many fam-
ilies of catfishes, and plant families such as the pineapple family (Bromeliaceae} (Figure
6.3; see also the chapter-opening figure). Within each realm, individual species may have
more restricted distributions; regions that differ markedly in habitat, or which are sepa-
rated by mountain ranges or other barriers, will have rather different sets of species. Thus
a biogeographic realm can often be divided into faunal and floral PROVINCES, or regions of
endemism (Figure 6.4).

The borders between biogeographic realms {or provinces) cannot be sharply drawn be-
cause some taxa infiltrate neighboring realms to varying degrees. In the Nearctic realm
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the recently extinet moas of New Zealand (see Figure 6.13). Many other taxa are also
shared between two or more southern continents, such as Jungfishes, marsupials, cichlic
lishes (see Figure 6.12), and southern beeches (Nothofagui=) (Goldblatt 1993). Another com-
rmon disjunct pattern is illustrated by alligators (Alligator), skunk cabbages (Syniplocarpus),
and tulip trees (Lirfodendroin), which are among the many genera that are found both in
eastern Morth America and in temperate eastern Asia, but not in behween (Wen 1999). We
will investigate the reasons for some of these patterns later in this chapter.

Historical Factors Affecting Geographic Distributions

he geographic distribution of a taxon is affected by both ¢ untempman and historical
fa ioy... lhe limits to the distribution of a species may be set by geological barriers that
have not been crossed, or by ecological conditions to which the species is not adapted. In
this section, we will focus on the historical processes that have led to the current distri-
bution of a taxon: extinction, dispersal, and vicariance.

The distribution ol a species may have been reduced by the extinction of some popu-
lations, and that of a higher taxon by the extinction of some constituent species. For ex-
ample, the horse family, Equidae, originated and became diverse in North America, but
it later became extinct there; only the African zebras and the Asian wild asses and horses
have survived. (Horses were reintroduced into North America by European celonists.)
Likewise, extinction is the cause of the disjunction between related taxa in eastern Asia
and eastern North America. During the early Tertiary, many plants and animals spread
throughout the northern regions of North America and Eurasia. Their spread was facili-
tated bv a warm, moist climate and by land connections from North America to both Eu-

and Siberia. Many of these taxa became extinct in western North America in the late
e lh ary due to mountain uplift and a cooler, drier climate, and were extinguished in Eu-
rope by Pleistocene glaciations (Wen 1999; Sanmartin et al. 2001).

Species expand their ranges by dispersal (i.e, movement of individuals). Some authors
distinguish two kinds of dispersal: RANGI EXPANHIUN, or movement across expanses of
more or less continuous favorable habitat, and juMP DISFERSAL, or movement across a bar-
ser (Myers and Giller 1988). Some species of pl.mts and animals can expand their range

very rapidly. Within the last 200 years, many species of plants accidentally brought from
Furope by humans have expanded across most of North America from New York and
New England, and some birds, such as the starling (Sturius vilgaris) and the house spar-
row (FPrsser domesticus), have done the same within a century ( igure 6.5). Other species
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Figure 6.5 The history of range
expansion of the ELuopean starli ng
(Sturitns vulgaris) following its introduc-
tion into New York City in 1896. (Alter
Browwn and Gibson 1983.)

Within a century, the
starling's range included
most of North America.
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have crossed major barriers on their own. The cattle egret (Bubulcus ibis) was found only
in tropical and subtropical parts of the Old World until about 75 years ago, when it ar-
rived in South America, apparently unassisted by humans (Figure 6.6). It has since spread
throughecut the warmer parts of the New World.

If a major barrier to dispersal breaks down, many species may expand their ranges more
or less together, resulting in correlated patterns of dispersal (Lieberman 2003). For example,
many plants and animals moved between Seuth and North America when the Isthmus of
Panama was formed in the Pliocene (see Chapter 5), and between Europe and North Amer-
ica over a trans-Allanlic land bridge in the early Tertiary (Sanmartin et al. 2001).

Vicariance refers to the separation of populations of a widespread
species by barriers arising from changes in geology, climate, or habitat.
The separated populatiens diverge, ancl they often become different
subspecies, species, or higher taxa. For example, in many fish, shrimp,
and other marine animal groups, the closest relative of a species on the
Pacific side of the [sthmus of Panama is a species on the Caribbean side
of the isthmus. This pattern is attributed to the divergence of popula-
tfions of a broadly distributed ancestral species that was sundered by
the rise of the isthmus in the Pliocene (Lessios 1998). Vicariance some-
times accounts for the presence of related taxa in disjunct areas.

Dispersal and vicariance are both important processes, and neither
can be assumed, a priori, to be the sole explanation of a taxon’s distri-
bution. In many cases, dispersal, vicariance, and extinction all have
played a role. We have seen, for example, that during the Pleistocene
glaciations, species shifted their ranges by dispersal into new regions

Figure 6.6 A cattle egret (Bubulcus ilis) “ccompamin}j a row in
Alabama. This heron reeds on insects shirred up by gxam ng ungulates in
both the Oid World and the New World. (Photo € A Moms/\hsu.alb
Unlimited.)
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{see Figure 5.29). Some northern, cold-adapted species became distributed far to the south.
When the climate became warmer, southern populations became extinct, except for pop-
uLdmm of some such species that survived on cold mountain tops (Figure 6.7). In this case,
the vicariant disjunction of populations, due to the formation of inhospitable intervening
habitat, went hand in hand with extinction.

Testing Hypotheses in Historical Biogeography

Biogeographers have used a variety of guidelines for inferring the histories of distribu-
tions. Some of these guidelines are well founded. For example, the distribution of a taxon
cannot be explained by an event that cccurred before the taxon originated: a genus that

ginated in the Miocene cannot have achieved its distribution by continental movements
.!m. vecurred in the Cretaceous. Some other guidelines are more “debatable. Some authors
in the past assumed that a taxen originated in the region where it is presently most di-
verse. Bul this need not be so, as the horse family shows: although now native only to
Alrica and Asia, horses are descended from North American ancestors.

e major hypotheses accounting for a taxon’s distribution are dispersal and vicari-
ance. Tor example, one might ask whether the ratite birds dispersed from one continent
to anolher, or whether they descended from ancestors on a single land mass that split into
the several southemn continents. Phylogenetic analysis plays a leading role in evaluating
these hvpotheses, but other sources of evidence can be useful as well. For example, an
ared is often suspected of having been colonized by dispersal if it has a highly “uubal-
anced” biota—that s, if it lacks a great many taxa that it would be expected to have if it
had been joined to other areas. This assumption has been applied especially to oceanic is-
lands that lack forms such as amphibians and nonflying mammals. The fossil record can
also provide important evidence (Lieberman 2003)-—for in'smncc, it mav show that a taxon
proliferated in one area before appearing in another—and geological data mav describe
the appearance or disappearance of bamc . For example, fossil armadillos (see Figure
6.3A) are limited to South America throughout the Tertiary and are found in North Amer-
ican deposits only from the Pliocene ']I'Id Pleistocene, after the [sthmus of Panama was
formed. This pattern implies that they dispersed into North America from South Amer-
ica. Paleontological data must be interpreted cautiously, however, because a taxon may
be much older, and have inhabited a region longer, than a sparse fossil record shows.

Phylogenetic methods are the foundation of most modern sludies of histarical bio-
geography, Several such methods have been developed, especially by Daniel Brooks {1990,

Figure 6.7 The disjunct distribu-
tion of a saxifrage (Saxifraga cormia)
in northern and mountainous
regions of the Morthern Hemi-
sphme Relict populations persist at
high elevations, following the
species’ retreat from the southern
region that it occupied dur mF gla-
cial periods. (After Brown and
ibson T983; phuLo Cl‘llltl'bV of Lyt
Michaelsen and the Norwegian
Botanical Association.)
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Figure 6.8 Phylogeneiic relation-
~i.'pu as indicators of bingeographic
istory. (A) Dispersal from area A
fo area B, followed by divergence,
likely to yield a paraphyletic pat-
1 of distribution of related
“ies, (B) A vicariant history of
successive separation of faunas is
ikely to yield a phylogeny of taxa
that parallels the separation of the
areas. (C) Complications in an oth-
erwise vicariant hislory can arise
for several reasons, including
extinction there, in area C) and spe-
ciation within an area (in area A).

Roderick Page (1994}, and Frediik Ronquist (1997}, to analyze geographic patlerns. There
are important differences among these methods, but they all use a parsimony approach to
reconstruct the geographic distributions of ancestors from data on the distributions of liv-
ing taxa. (Inferring ancestral distributions from a phylogeny resembles, to some extent, in-
ferring ancestral character states; see Figure 3.3.) Ronquist’s method, ISPERSAL-VICARIANCE
anALysis (DIVA), most fully accounts for the importance of dispersal and is therefore most
biologically realistic. This method assumes that vicariance is the “null hypothesis” ac-
counting for changes in distribution, in accord with the well-supported principle that new
species are generally formed during geographic isolation (see Chapter 16). Whenever ei-
ther dispersal or extinction must be invoked in order to explain a distribution, a “cost” is
exacted. The historical hypothesis that accounts for the species” distributions with the low-
est “cost” is considered the mest parsimonious, or optimal, hypothesis.

Under the vicariance hypothesis, we expect monophyletic groups to occupy different
areas, and we expect the sequence of geographic disjunctions implied by the phylogeny
to match the sequence in which the areas themselves became separated (Figure 6.8). For
example, in a clade distribuited throughout Africa, Australia, and South America, species
in Australia and South America should be more closely related to each other than to
African species, because Africa was the first of these land masses to become separated
from the rest of Gondwanaland. In contrast, if species in area B are nested within a clade
that otherwise is distributed in area A, dispersal from A to B may be likely (Figure 6.5A).
Some biogeographers hold that vicariance should separate populations of many taxa si-
multaneously, so that the taxa should manifest common phyvlogenetic patterns of distri-
bution. Dispersal can also engender commen patterns among different taxa, especially
when barriers to dispersal break dow: (Lieberman 2003).
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Examples of historical biogeographic analyses

ORGANISMS IN THE HAWAIAN 1SLANDS.  The Hawaiian lslands, in the middle of the Pacific
Ocean, have been formed as a lithospheric plate has moved northwestward, like a con-
veyor belt, over a “hot spot,” which has caused the sequential formation of volcanic cones.
This process has been going on for tens of millions of years, and a string of submerged
volcanoes that once projected above the ocean surface lies to the northwest of the present
islands. OFf the current islands, Kauai, at the northwestern end of the archipelago, is about
5.1 Myr old; the southeasternmost island, the “Big Island” of Hawaii, is the voungest, and
5 less than 500,000 years old (Figure 6.9A,B).

Given the geological history of the archipelago, the simplest phylogeny expected of a
group of Hawaiian species would be a “comb,” in which the most basal lineages occupy
Kauai and the youngest lineages occupy Hawaii. This pattern would eccur if species suc-
cessively dispersed to new islands as they were formed, did not disperse from younger
to older islands, and did not sutfer extinction. Kerry Shaw (1945) found just this pattern
when she performed a molecular phylogenetic analysis of a large genus of crickets (Lau-
pala) (Figure 6.9C). Except for two species thal colonized Maui trom Hawaii, colonization
has proceeded from older to younger islands, and each isiand has been colonized only
once, Within each island, the rate of speciation has been quite high.

ANIMALS IN MADAGASCAR.  Last of Africa lies the large island of Madagascar, whose highly
endemic (and endangered) biota includes many groups, such as lemurs {see Figure 6.10B),
that occur nowhere clse. Together with Tndia, Madagascar was the first land mass to split
from Gondwanaland, having broken away from eastern Africa about 160-120 Mya (Fig-
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Figure 6.9 The Hawaiian Islands
and the phylogenv of some
Hawaiian erickets. (A) The
Hawaiian archipelago at present,
The Big lsland, Hawaii, lies just to
the northwest of the “hot spot,”
shown by the broken circle, where
islands have been successively
tormed. (B) The archipelago 5 mil-
lion years age, when Kauai was
emerging over the hot spot. (C) A
pl.'.’louuny of ericket specics
{(Latipaln) in the Hawaiian Islands,
in which each species” name is
replaced by an abbreviation of the
name of the izland on which it
occurs. Successively younger
groups are found on younger
islands, although two species have
colonized Maui from the vounger
isfand of Hawaii. {A, B atter H. L.
Carson and D. A. Clague 1995; C
after Shaw 1993}
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f Madagascar and India were the
first land masses to break away
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Figure 6.10 (A) A view of
Gondwanaland in the early
Cretaceous (120 Mya), centered on
the present South Pole, indicating
the approximate times at which
onnections among the southern
land masses were severed. The cur-
rent configurations of the conti-
nents are shown by the black lines;
°n areas beyond these lines were
also exposed land during the early
C.‘.ragums (B) A branching; dia-

o 5 P]TI.LtU'}'le'\\ﬂ” «d an "area

[ * that attempts to depict

the lu:lorv of the breakup of
Gondwanaland. “Greater India”
was a large land mass that includes
the present subcontinent of India
and Sri Lanka. This branching tree
does nol show how different con-
fenous areas of some land masses
[e.g., South America) separated at
cifferent times, as the map does. (A
arter Cracraft 2001.)

ure 6,10). India became separated (rom Madagascar 88-63 Mya, and collided with south-
ern Asia about 50 Mya. For many years, biogeographers postulated that many of the en-
demmuc Madagascan taxa originated by vicariant separation from their relatives or other
southern land masses. However, recent molecular phylogenetic studies indicate that dis-
persal has played the major role.

Raxworthy et al. (2002) analyzed the phylogeny of chameleons—slow-moving lizards
that catch insects with their extraordinary projectile tongues {Figure 6.11A). Chameleons
are distributed mostly in Africa, Madagascar, India, and islands in the Indian Ocean.
Whereas the vicariance hypothesis would imply that Madagascan and Indian chameleons
together should form the sister group of African forms, the phylegeny strongly supports
the hypothesis that chameleons ariginated in Madagascar after the breakup of Gond-
wanaland and dispersed over water te Alrica, [ndia, and the islands (Figure 6.11B). Simi-
lar analyses of the lemurs (Primates) and the Madagascan mongoose-like carnivores indi-
cated dispersal inn the other direction: the ancestors of both groups colenized Madagascar
trom Africa, long after these land masses became separated {Yoder et al. 2003).

GONDWANAN DISTRIBUTIONS.  Many other intriguing biogeographic problems are posed
by taxa that have members on different land masses in the Southern Hemisphere. The
simplest hypothesis is, of course, pure vicariance: the breakup of Gondwanaland isclated
descendants of a common ancestor. However, phylogenetic analyses show that the story
is not that simple, and the histories of some groups are still very coniroversial. Three ex-
amples will make the point.

Cichlids are freshwater fishes found in tropical America, Africa, Madagascar, and In-
dia. In molecular phylogenetic analyses by several investigators (e.g., Vences et al. 20011;
Sparks 2004), two sister clades have been found, one consisting af Indian and Madagas-
can species and the other of two monophyletic groups, one in Africa and one in South
America. This is exactly the branching pattern pred_icted by the vicariance hypothesis,
since it exactly parallels the separation of these four regicns (Figure 6.12). I'However, in a
careful study of rates of DNA sequence evolution, Vences et al. (2001) concluded that the
splits between clades of cichlids are much more recent than the splits belween land

masses; for example, the divergence between the Indian/Madagascan and Alrican / Neo-
tropical clades is no more than 36 million years old, whereas Madagascar and India sep-

arated from Africa at least 120 million years ago. Moreover, cichlids are a highly derived
group within a huge clade of spiny- ~finned f1klw5 that are not known before the late Cre-
taceaus, long after the Condwanan breakup. It seems likely that the cichlids achieved their
distribution by dispersal, rather than by being rafted on fragments of Gondwanaland.




THE GEOGRAPHY OF EVOLUTION

(h

MM A A M M MM M SE M

MM M MO

The ratite birds provide some support for Gondwanan vicariance—but enly to a point
(Haddrath and Baker 2001). These flightless birds, most of which are very large, stem from
an ancient ancestor: along with tinamous, they are the sister group of all other living birds.
They include not only the extant ostrich, rheas, cassowaries, emu, and kiwis, but also the
moas of New Zealand, which were extinguished by indigenous people but have left bones
from which DNA can be extracted. Becausc of their “Gondwanan distribution” and the
great age of the clade, the ratites are a prime suspect for vicariance due to the breakup of
Gondwanaland. Indeed, a phylogenetic study using complete sequences of the mito-
chondrial genome provided evidence that the moas diverged first, at about 79 Mya, which
is consistent with the early (82 Mva) separation of New Zealand from Gondwanaland
(Fizure 6.13). The later divergence between the South American and Australian ratites, at
about 09 Mya, is consistent with the later separation (at 35-65 Mva) of Auslralia from
South America and Antarctica. But the divergence of the African ostiich (65 Mya) and the
New Zealand kiwis (62 Mya) is much later than the separation of their homelands from
the rest of Gondwanaland (Africa at 100 Mya and New Zealand at 82 Mya), and they ap-
pear to have employed some mede of dispersal.
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Red lines show
transitions from
Madagascar,
the ancestral
distribution to
other land
Masses,

=T

Figure 6.11 {A) A Madagascan
panther chamelean, Chiriielin
pardalis, catches insects with its pro-
jectile tongue. (B) A phylogeny of
some species of chameleons, show-
ing their distribution in Africa (A),
India (I). Madagascar (M), and the
Seychelles [slands (SE) in the
Indian Ocean. Because ihe phyloge-
netic distribution over these areas
differs from the sequence by which
the arcas became separated (see
Figure 6.10B), the distribution of
chamelecns is best explained by
dispersal from Madagascar, rather
than vicariance caused by the
breakup of Gondwanaland. (A

@ Stephen Dalton/Photo Research-
ers, Inc.; B after Raxworthy et al.
2002.)

Figure 6.12 A phylozeny (blue
tree) of the family Cichlidae,
mapped onto its geographic distri-
bution. The boxes indicaie the
divergence times between clades,
estimated frorm DNA sequence dil-
ferences; these clade divergence
dates are vounger than the dates of
separation of the land masses (dou-
ble-headed arrows). (After Vences
et al. 2001.)
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Figure 6.13 A comparison of a molecu-
lar phylogeny of the ratites {left) with the
history of separation of the arcas they
occupy (right). Lines connect birds to
their homelands; estimated dates at each
branch are in millions of years. Except for
the kiwi and ostrich, the branching
sequence and dates are consistent with
separalion by the breakup of Gondwana-
fand. The kiwi and finamon are much
aaller than the other species, and are
not drawn to the same scale. (After Van
Tyne and Berger 1939; Haddath and
Baker 2001.)
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Joel Cracraft (2001) has demonstrated that some of the most basal branches in the phy-
logeny of birds are consistent with Gondwanan origin and vicariance. DNA sequence di-
vergence strongly suggests that most of the orders of birds are old enough to have been
affected by the breakup of Gondwanaland, even though fossils of only a few orders have
been found before the late Cretaceous. The phvlogeny ol several orders indicates that they
originated in Gondwanaland. For example, the basal lineages of both the chickenlike birds
{Galliformes) and the duck order (Anseriformes) are divided between South America and
Australia (Figwre 6.14A), and almost all of the basal lincages of the huge order of perch-
ing birds (Passeriformes) ave likewise distributed among fragments of Gendwanaland
{(Figure 6.14B).

The compaosition of regional bictas

The taxonomic compesition of the bicta of any region is a consequence of diverse events,
some ancient and some more recent. Certain taxa are allochthonous, meaning that they
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Figure 6.14 Phvlogeny of major lineages in three orders of birds, showing their association
with land masses, which ave pictured as they were situated in the early Crelaceous, in a view
centered on the present South Pole. The present continental boundaries are outlined in black;
ng arcas shown in green were exposed during the Cretaceous. (A) The orders Galliformes
seriformes topether form ene of the oldest clades of hirds. In cach order, the basal line-
apes are divided belween South America (curassows, screamers) and Australia {mound-
builders, magpie-goose). In each order, a more derived lineage (Phasianidac; Anatidae) has a
cosmopolitan {worldwide) distribution. (B) The order Passeriformes (perching or songbirds)
has three major clades: suboscines, New Zealand wrens, and oscines. Al three of these clades
have basal lineages in the southern continents and appear te have originated in Gondwanaland.
The relationships among the many families of the cosmopoeliten Passerida are tee poorly known
to determine whether they also originated in a Gondwanan region. {After Cracraft 20001}

originated elsewhere. Others are autochthonous, meanng that they evolved within the
regrion. For example, the biota of South America has (1) some autochthonous taxa that ave
remmnants of the Gondwanan biota and are shared with other southern continents (e.q.,
lungfishes, rheas); (2} groups thal diversified from allochthonous progenitors during the
lertiary, after South America became isolated by continental dritt {e.g., New World mon-
kevs, guinea pigs and related rodents); (3) some allochthonous specics that entered from
North America during the Pleistocene (e.g., the mountain lion, Panihiera cosicolor, which
als0 occurs in North America); and (4) a few species that have colomized South America
within historical time (e.g., the cattle egret, Bubulcis ibis, which apparently arrived from
Africa in the 1930s; see Figure 6.6).

Phylogeography

Phylogeography is the description and analysis of the processes that govern the geo-
graphic distribution of ineages of genes, especially within species and among closely re-
lated species (Avise 2000). These processes include the dispersal of the organisms that

carry the genes, so phylogeography provides insight inlo the past movements of species
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and the history by which they have attained their present distvibutions. It relies strongly
on phylogenetic analysis of variant genes within species; that is, on inferring gene ge
nealogies (see Chapter 2).

We know, for example, that many northern species occurred far to the south of their
present distributions during Pleistocene glacial pericds, and that they moved northward
after the glaciers receded (see Chapter 5). Fossils, especially fossil pollen, provide some
evidence of where these events took place, but the record is incomplete, Moreover, we
know that different species occupied different glacial refuges and had different paths of
movement. Many species have left no fossil traces of their paths, but phvlogeographic
analysis can help to reconstruct them (Taberlet ef al. 1998; Hewitt 2000).

Fossil pollen shows that refuges for deciduous vegetation in Eumpe during the most re-
cent glacial period were located in Iberia (Spain and Portugal), Ifaly, and the Balkans (Fig-
ure 6. ]:)A) and that the vegetation expanded most rapidly from the Balkans as the glacier
retreated. The grasshopper Chorthippus parailelus, sampled from throughout F urape, has

unique haplotypes in Iberia and in Ital_\‘,
whereas the haplotypes found in central and

(B) France northern Europe are related to those in the

e 7 ~/ Balkans (Figure 6.15B). Thus we can con-

Populations from Loz clude that this herbiverous insect expanded
2SI . . i

northern and central G Brjmmb \ ' its range chiefly from the Balkans, but did

Europe have haplotypes —— IL.;"Qcéc - b cross th PJ : fr Thess e

similar to those from Gratitter im NoE cross tne ylen.ees rom Fna' ngr : &

the Balkan region. Poland — Alps from [talv (Figure 6.15C). A similar

k — Greece = analysis of hedgehogs (Erinacens enroprens

Turkey - and E. concelor) indicated, in contrast, that

Hungary - these insectivorous mammals colonized

northern Europe from all three refugial areas.

Phylogeography has also been applied to
our own distribution. We saw in Chapter 4
that Homo crectus was broadly distributed
throughoul Africa and Asia by about a mil-
lion years ago and had evolved into “ar-
chaic Hamio sapiens” by about 300,000 vears
ago. How these ancient populations are re-
lated to the different human populations of
today has been a controversial question
(Relethford 2001; Klein and Takahata 2002;
Templeton 2002).

Based on the morpholegy of fossil speci-
mens, advocates of the MULTIREGIONAL Fy-
rorHess hold that archaic sapiens populations
in Africa, Europe, and Asia all evolved into
modern sapiens, with gene flow spreading
modern traits among the various populations
(Figure 6.16A). Accarding to this hyvpothesis,
there should exist genetic differences among

=
I The grasshopper

spread through

Figure 6.15 The recolonizalion of Europe from glacial retuges by the
grasshopper Chortlitppus parallelus, inferred from patterns of genetic
variation. (A) Europe during the last glacial maximum (abaut 12,000
years ago). (B) Genetic relationships among contemporary grasshopper
populations. The length of a line segment refiecis both the number of
mutational dilferences between haplotypes and the difference in pro-
portions of those haplotypes among populations me the a ireas indicat-
ed. (C}) Arrows show the mlurred spread of Chorihippis parallelus after
the glacier melted back. (A after Taberlet et al, 1995; b alter Cooper et
al. 1903; C after Hewitt 2000.)
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tAs Multiregional hypothesis {B1 Heplacement ("out-of-Africa”) hypothesis
Alrica Asia Europe Africa Asia Euroipe
Huiio sapivns Haomo sapicns
{modern} {muodern )

H. sapiens
{archaic)

H. sapiens
{archaic)

Hoino erectus Homao erecius

rDasI'.L-‘:! lines represent Iateral
gene flow, by which derived
characteristics spread throughout
\ the Homo sapiens lineage.

modern Africans, Europeans, and Asians that irace back o the genetic differences that de-
veloped among populations of erectius and archaic sapicns nearly a million years ago. In con-
trast, the REPLACEMENT HYPOTHESIS, or OUT-OF-AFRICA HYPOTHESIS, holds that after archaic supi-
ens spread from Africa to Asia and Europe, modern sapiens evolved from archaic sapiens
in Africa, spread throughout the world in a second expansion, and replaced the pepulations
of archaic sapieis without interbreeding with them to any substantial extent (Figure 6.16B).
That is, the modern sapiens that evolved from archaic sapiens in Africa was reproductively
isolated from Eurasian populations of archaic sapiens—it was a distinct biological species.
According to this hypothesis, most of the world’s populations of archaic sapiens became ex-
linct due to competition, and most genes in conternporary populations are descended from
those carried by the population that spread from Africa.

Although this question is still subject to some debate {Templeton 2002), many genetic
studies support the replacement hypothesis (Nei 1995; [orde et al. 1298; Underhill et al.
20013, The first such studies employed sequence diversity in mitochondrial DNA
(mtDNA) (Cann et al. 1987; Vigilant et al. 1991). A more extensive study of mtDNA used
the complete mitochondrial sequence of 53 humans of diverse geographic origin, using a
chimpanzee as an outgroup {Ingman et al. 2000). The phylegenetic analysis showed sev-
eral basal clades of African haplotypes and a derived clade that includes not only several
African haplotypes, but also all the non-African populations from throughout the world
(Figure 6.17). Moreover, the non-African haplotypes vary less in nucleotide sequence than
those found in Africa. These observations strongly support the replacement hypothesis.
If, as in the multiregional hypothesis, some contemporary Asian populations were de-
scended from indigenous populations of archaic Homo sapiens (and from indigenous H.
erectins), and thus had a separate ancestry extending back a million years, we would ex-
pect some ob their genes to have accumudated far more mutational differences than are
observed. Indeed, mtDNA sequences from Neanderthal fossils are markedly divergent
from medern human sequences (Ovchinnikov et al. 2000). It therefore appears likely that
maodern humans evolved from archaic Homo sipiens in Africa, and then colonized the rest
of the world only about 200,000 to 30,000 years ago (see Chapter 10), replacing archaic
sapiens without interbreeding (Klein 2003). This is a conclusion of the greatest importance,
for it means that such genetic differences as exist among geographic populations of hu-
mans arose very recently, and that the human species is genetically much the same
throughout the world.

Cenetic similarities and differences among human populations have also been used to
trace later movements. For example, sequence variation in a cluster of genes on the Y chro-
mosome, which is carried only by men, has been studied on a worldwide basis (Under-
hill et al. 2001). Populations ditfer in both their proportions of different haplotypes and in

131

Figure 6.16 Two hypotheses on the
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Figure 6.17 A gene lree based on complete
sequences of mitochondrial genomes from human
pupn[::tm;h throughoul the world, Haplotypes from
individuals in Africa {green backg round) are phvloge-
netically basal, as expu_h_u:l given ' the African origin of
the human species, and show high sequence diversity
(represented by the lengths of the branches). Haplo-
types taken from individuals in the rest of the world
ivellow background) form a single clade of very simi-
lar h: iplotypes (denoted by short branches), as expect-
ed if these populations had been recently derived
from a small ancestral population. Some populations
(e.g., Australian) are represented by more than one
individual. Numerals represent bootstrap values (see
Box B in Chapter 2.) (After Ingman et al. 2000.)

how greatly those haplotypes differ in sequence
from one another. The interpretation of such data

can be difficult, partly because movements of peo-
ple among populations over the course of time can
obscure lhu genetic patterns that may have devel-
oped from the original course of colonization.
Nonetheless, two groups of Y chromosome haplo-
types that are basally located in the gene geneal-
ogy (groups L and [ in Figure 6.18A) are restricted
to Alrica, supporting the replacement hypothesis.
Non-African populations are characterized by
haplotypes in the rest of the gene tree, consisting
of several groups that are each more prevalent in
some regions than in others. For example, group V
is found in aboriginal Australians, whose ancestors
arrived in Australia about 50,000 years ago, at
about the same time that other humans were
spreading throughout Eurasia (Figure 6.18B).
Other groups of haplotypes differentiated in var-
ious parts of Europe and Asia, induding Siberia,
and were spread from one region to another by
subsequent population movements. Group X hap-
lotypes, descended from haplotypes found in
Siberian populations, have a high frequency in Na-
tive American populations in both South and
Morth America. Starting perhaps 15,000 to 12,000
vears ago, several populations in northeastern Asia
may have dispersed into North America at differ-
ent times (Santos et al. 1999). The history sug-
gested by Y chromosomes (which is considerably

maore complex than this brief description) supports inferences that had been previously
drawn from other kinds of genetic data. The genetic relationships among populations par-
allel their linguistic relationships to some extent, suggesting that both genes and languages
have a common history of divergence in isolation (Cavalli-Sforza ef al. 1994).

Ecological Approaches to Biogeography

Whereas systematists often look first to evolutionary history in order to understand the
reasons for a taxon’s distribulion, ecologists tend to look o factors operating now or in
the very recent past. Whether a historical or an ccological perspective is most suitable may
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Figure 6.18 'The movement of
human populations from about
50,000 to 10,000 years ago. (A) A
gene tree for Y chromosomes has 10
major “groups.” The principal
groups indigenous to each world
region are indicated by plus signs.
(B} Some of the routes postulated
for human population dispersal at
several imes in the past, based on
genetic data such as that from Y
chromosomes. (After Underhill et
al. 2001.)
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depend on the particular questions posed and the spatial scale of the distributions under
study. For example, phylogenetic history is likely to explain why cacti are native only to
the Americas, but to explain why the saguaro cactus (Carnegien giganten) is restricted to
certain parts of the Sonoran Desert, we would have to look toward ecological factors, such
as the species” tolerance for rainfall and temperature, or perhaps the effects of competi-
tors, herbivores, or pathogens. We mdight then assume that the species’ range is at equi-
librium (i.e., that it is not changing). Alternatively, we might entertain a NONEQUILIBRIUM
FepoTHESS, such as the proposition that the species is still expanding from a glacial refuge.
Although a species’ range limit may have reached a short-term equilibrium determined
by its present physiological tolerance, it might not have achicved an evolutionary equi-
librivm ifits tolerance is still evolving.

—= <0 Kya { i'
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Figure 6,19 (A) The theory of island biogeography. The rates of immi

gration of new species and of extinction of resident species are plotted
High against the number of species on an island at a given time. | ifferences in
rates of imumnigration and extinction, which may depend on distance from
a source of colonists and on island size, respectively, result in diiferent
equilibria, (B) The number of species of amphibians and repiiles on Wist
Indian islands, plotted against island area on a log-log plot. Larger islands
consistently support greater numbers of species. (Aﬁv: MacAs Ihm anl
Wilson 1967.)
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The theory of island biogeography

One of the major topics in ecological biogeography is variation in the

| diversity of species among regions or habitats. For example, what de-

] termines the number of species on an island? Islands typicallyv have

f fewer species than patches of the same size on continents. The tradi-
P tional nonequilibrium hypothesis was that most of the continental
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| .
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¥ species have not reached the islands yet (but presumably will, in the
fullness of Hme).

Robert MacArthur and Edward O. Wilson (1967) proposed an equi-
librium hypothesis instead (Figure 6.19A). The number of species on
an island is increased by new colonizations, but decreased by extine-
tions. As long as the rate of new colonizations exceeds the rate of ex-
tinction, the numbez of species grows, but when the rates b Come
equal, the number no longer changes; it is at equilibrium, MacArthur
and Wilson suggested that smaller islands have greater extinction rates
because smaller populations are more likely to suffer extinction. This
theory of island biogeography appears to explain the correlation be-
tween island area and the number of indigenous species (Figure 6.1913).
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Structure and diversity in ecological communities

Ecologists have debated whether or not the numbers of species in

many communities are at an equilibrium. The chief factor presumed
to produce consistent community structure is interactions—especially competition—
among species. Competition should tend to prevent the coexistence of species that are too
similar in their use of resources. The result may be a consistent number of sympatric
species that parttion resources in consistent wavs, Closely related species, with very sim-
ilar requirements, may have mutually exclusive distributions. For example, three species
of nectar-feeding honeyeaters occur in the mountains of New Guinea, but each mountain
range has only two species, and those two have mutually exclusive altitudinal distribu-
tions. Which species is missing from a mountain range appears to be a matter of chance
(Figure 6.20).

Community convergence

Many examples of convergent evelution of individual taxa are known. For example,
desert plants have independently evolved similar morphological features in many parts
of the world (see Figure 6.1), and several groups of birds have independently evolved fea-
fures suitable for feeding on nectar, such as a long, slender bill {see Figure 3.8). The ques-
tion arises, are these individual instances part of a larger patlern of convergence of whole
cormununities? If bwo regions present a similar array of habitats and resources, will species
evolve to utilize and partition them in the same way? If so, it would suggest that com-
munities have achieved an evolutionary equilibrium.

A striking example of community-level convergence has been described in the anoles
{Anolis) of the Wesl Indies (Williams 1972; Losos 1990, 1992; Losos et al. 1998). Anoles are
a species-rich group of insectivorous, mostly arboreal Neohropical lizards (Figure 6.21). Dif-
ferent species ave known to compete [or food, and this competition has influenced the
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structure of anole communities. Each of the small islands in the Lesser Antilles has either
a single (solitary) species or two species. Solitary species are generally moderate in size,
whereas larger islands have a small and a large species that can coexist because they take
insect prey of different sizes and also differ in their microhabitats. The small species of the
various islands are a moenophyletic group, and so are the large species. Thus it appears that
each island has a pair of species assembled from the small-sized and the large-sized clades.

The large islands of the Greater Antilles (Cuba, Hispaniola, Jamaica, Puerto Rico) har-
bor sreater numbers of species. These anoles occupy certain microhabitats, such as tree
crowl, twig, and trunk, that are filled by different species on each island. The eccupants
ol different microhabitats, called EcOmORPHS, have consistent, adaptive morphologies (see
Figure 6.21). These ecomerphs have evaolved repeatedly, for the species on each of the

Al ()

Figure 6.20 A “checkerbeard” distribution in
which species replace each other haphazardly.
Among the various mountain ranges in New
Guinea, three species of honeveaters
{Melidectes), denoted by letters O, R, and B, are
distributed in pairs, Each pair has mutually
exclusive altitudinal ranges, as shown by the
stacked letlers. The three species do not all
coexist in any mountain range. (After Diamond

Figure 6.21 Convergent mor-
phologies, or “ecomorphs,” of
Airolis lizards in the West Indies.
(A) Anoils linealopus from Jamaica.
(B) A, stratumi from Hispaniola.
Both species have independently
evolved the stout head and bady,
long hind legs, and short tail asso-
ciated with living on lower tree
hrunks and on the ground

(C) Anolis valencivnn from Jamaica.
(D) A. insolitus from Hispaniola.
Both are twig-living anoles that
have convergently evolved a more
slender head and body, shorter
legs, and long tail. (Photographs by
K. DeQueiroz and K. Glor, courtesy
of J. Losos.)
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islands form a monophyletic group that has radiated into species that ecologicallv and
morphologically parallel those on the other islands.

Such extreme evelution of parallel community structure and diversity suggests that an
equilibrinm has been reached, as if a certain number of “niches,” or ways of dividing re-
souwrces, are available, and they all have been filled. Nat all communities appear to be sat-
urated with species, and such a consistent structure as the ancles present may be unusual.
Neverthetess, cases of this kind suggest that basic prindples of interactions among species
may provide both evolution and ecolegy with some predictability.

Effects of History on Contemporary Diversity Patterns

What explains geographic variation in numbers of species? Although competition and
other contemporary ecological processes clearly plav a role, long-term evolutionary events
have also affected patterns of contemporary diversity (Ricklefs and Schluter 1993}, The
species diversity of trees in the north temperate zone provides a striking example iLatham
and Ricklefs 1993). Moist temperate forests are found primarily in Europe, eastern North
America, and eastern Asia. The ratio of the number of tree species in these areas is 1:2:6;
Asia has by far the greatest number of species. These differences in species diversity are
paralleled by the diversity at higher taxonomic levels. In Asia, a greater proportion of taxa
belong to primarily tropical groups than in Europe or America. These ditferences are not
correlated with contemporary patterns of climate.

For about the first 40 million years of the Cenczoic, the Earth was warmer than it is to-
day. Forests were spread across northern America and Eurasia, and many genera were
distributed more broadly than they are today. The temperate flora of North America was
separated from the tropical American flora by a broad seaway, and the temperate flora of
Europe was disjunct from the African flora, but the northern Asian flora graded into the
tropical flora, as it does today, from Siberia to the Malay Peninsula (Figure 6.22}. Thus, in
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Figure 6.22 The distribution of warm temperate, cool temperate, and wet tropical biomes
(vegetations tvpes) at the end of the Cretaceous. A corridor of wet tropical vegetation extended
farther south in castern Asia than in Europe or eastern North America, which were separated
rom the major tropical areas. (After Latham and Ricldefs 1993.)
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Asia, there was greater opportunity for tropical lineages to spread into and adapt to more
temperate climates. robably for this reason, eastern Asia in the Tertiary had more gen-
era of trees than either Europe or eastern North America.

Ir the late Tertiary and the Quaternary, global cooling culminated in the Pleistocene

olaciations, which extended farther south in Europe and eastern North America than in
Asia. These glaciations devastated the flora of North America and especially of Europe,
where its southward movement was blocked by the Alps, the Mediterranean Sea, and
deserts. The continuous corridor to the Asian tropics, however, provided l'efuge for the

Asg

ian flora. A far greater proportion of genera became extinct in kurope and North

Armerica than in Asia. Thus contemporary differences in diversity among these regions
appear to have been caused by two factors: a long Cenozoic history of differences in op-
portunities for dispersal, adaptation, and diversification and a recent history of differ-
ential extinction.

Summary

. The R0

2

6.

raphic disiributions of organisms provided Darwin and Wallace with some of their
strongest evidence for the reality of evolution.

&

. Bicgeography, the study of organisms’ geopgraphic distribubions, has both historical and eco-
Biog phy. the study of organisms’ geographic distribut has boih hist [ and

logical components. Certain distributions are the consequence of long-term evolutionary
history; others are the result of contemporary ecological factors.

. The historical processes that affect the distribution of a higher taxon include extinction, dis-

persal, and vicariance (fragmentation of a continuous distribution by the emergence of a
barrier). These processes may be affected or accompanied by environmental change, adap-
tation, and speciation.

. Histories of dispersal or vicariance can often be inferred from phyvlogenetic data. When a

pattern of phylogenetic relationships among species in different areas is repeated for many
taxa, a commen history of vicariance is likely.

. Disjunct distributions are attributable in seme instances to vicariance and in others to dis-

persal.

Cenelic patterns within species, especially phyvlogenetic relationships among genes that

characterize different geographic populations, can provide informalion on historical
hanges in a species” distribution.

. The local distribution of species is affected by ecological factors, including both abiotic

aspects of the environment and biotic features such as competitors and predators.

5. The diversity of species in a local regian may or may nol be at an equilibrium. Interspecific

9.

witeractions, especially competition, may limit species diversity and may result in different
communities with a similar structure. In some cases, sets of species have independently
cvaelved ta partition resources in similar ways.

wecjes diversity of a higher taxon in a particular region is oiten a result both of current
slogrical factors and of long-term evolutionary factors.

Terms and Concepts

allochthonous dispersal

autochthonous ecological biogeography

biogeoaraphic realm endemic

biogeography (phytogeography. historical biogeography
zoogeography) phylogeography

disjunct distribution

vicariance

1327
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Suggestions for Further Reading

). [ Brown and M. V. Lomolino, Biogeography (Second Ed., Sinauer Associates, Sunderland, MA,,
1998) is a comprehensive textbook of biogeography. A shorter textboolk is C. B. Cox and 11 D.
Moore’s Bingeacriphy: An ecological and evolulionary epproach (Blackwell Scientific Publications,
Oxtord, 1993).

R. E. Ricklefs and D. Schluter ave the editors of Specivs diversity in ecological communitivs: Historical
and geographical perspectines (University of Chicago Press, Chicago, 1993), a multi-authored col-
lection of papers that includes both ecological and historical approaches to understanding
species divers

Phylogeography is lreated in depth by J. C. Avise in Phiflogeography (Harvard Unjversity Press, Cam-
bridge, Mass., 2000}, and human phylogeography is included in ], Klein and N. Takahata, Wire

Problems and Discussion Topics

1. Until recently, the plant family Dipterocarpaceae was thought to be restricted to tropical
Asia, where many species are ecologically dominant trees. Recently, a new species of tree in
this family was discovered in the rain forest of Colombia, in northern South America. What
hypotheses can account for its presence in South America, and how could vou test those
hypotheses?

2. As described in the text, the deepest split in cichlid phylogeny appears to be less than 60
million years old (see Figure 6.12). The most basal lineage of cichlids is restricted to
Madagascar and [ndia, where there are few other cichlids. [f this “primitive” group’s distri-
bution is not due to ancient separation by the breakup of Gondwanaland, why should it be
restricled to those areas? Why is this lineage not also found in Africa or South America?
Whal evidence might bear on your hypotheses?

3. In their analysis of ratite biogeography, Haddrath and Baker argued that the distribuiion of
the ostrich and Kiwis is not attributable to rafting on fragments of Gondwanaland.
Formulate a set of alternative hypotheses that could account for the distributions of these
birds, specify what kind of evidence might support or refute each hypothesis, and then
compare vour analysis with these authors’.

4. Some biogeographers, subscribing to the “cladistic vicariance” school of thoughl
(Humphries and Parenti 1986}, held that vicariance should always be the preferred hypoth-
esis, and dispersal should be invoked only when necessary, because the vicariance hypothe-
sis cait be falsified (if it is false), whereas dispersal can account for any patters and therefore
is not falsifiable. What are the pros and cons of this position? (See Endler 1983.)

o

. In some cases, it can be shown that species are physiologically incapable of surviving tein-
peratures that prevail beyond the borders of their range. Do such ohservations prove that
cold regions have low spuecies diversity because of their harsh physical conditions?
6. The species diversity of plants, birds, mammals, and many other taxa declines from tropical
regions toward the poles. What hypotheses account for this latitudinal gradient? What evi-

dence is there for and against these hypotheses? (See Willig et al. 2003,





