Sonderbd. naturwiss. Ver. Hamburg 7 37-47 Hamburg 1983

Intercontinental Dispersal

By
SHERWIN CARLQUIST, Claremont, California, U.S. A.

Summary: The problem of differentiating between long-distance dispersal and
patterns remnant from tectonic plate separation is examined. As an example of
the former, the amphitropical disjunction between California and Chile can be
cited. All evidence points to the recentness of disjunction between the species
in herbaceous genera common to the two regions. Analysis of seed and fruit ty-
pes and of migratory bird patterns shows that this disjunction is entirely
plausible as an instance of long-distance dispersal. While only a few of the
migratory birds which traverse the Pacific Flyway are suitable candidates, the
numbers of individuals in those species would easily suffice for occasional
events of long-distance transport. Morphology of seeds and fruits is entirely
congruent with attachment externally to birds and, to a lesser extent, inter-
nal transport in birds. While the present-day ecolegy of the two regions is
reasonably similar, probable Pleistocene ecology provided even larger areas of
gimilar ecology in the two areas, so that as source and recipient areas, Cali-
fornia and Chile were even more likely than at present. North America is seen
as the primary source area, Chile the recipient area. The amphitropical dis-
junction is an extreme instance of long-distance dispersal between continents;
however, it demonstrates the plausibility of such dispersal, which therefore
may have a preponderant influence on current angiosperm distribution patterns.

A. Introduction

Long-distance dispersal has often been questioned, most frequent-
ly because it cannot be seen as a process visible from beginning
to end, from departure of a disseminule in one place to establish-
ment in another far away. Those who have an aversion to analysis
of biological occurrences of a disorderly nature, or who do not
like to study in fields of biology dealing with past events,
which by definition are not open to experiment, may tend not to
chance dispersal as an explanation for major biogeographic
(:Eétterns. However, for islands which have never been in any con-
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nection with continental areas, there seems no alternative to long-
distance dispersal as a mechanism for population of an area. What
we learn from island areas can be applied to areas of disjunction
among continents,

The most plausible instances of long-distance dispersal must be
examined to see what factors are involved. If an incident of dis-
persal cannot be seen from beginning to end, the process can still
be studied inferentially in terms of each step. In fact, there is
much observational evidence for each step, and we cannot afford

to disregard this, One can test seeds for viability. One can ob-
serve mode of attachment to animal vectors. One can study feeding
patterns of animal vectors, retention of ingested disseminules,
and tendency of food sources to become attached extermally to ani-
mals. Floatability of fruits and seeds in water can be tested. Ty-
pes of lofting of minute seeds and spores into air can be tested.
With the accretion of these kinds of information, we will be able
to see which patterns are best explained by long-distance disper-
sal, and what kinds of lorg-distance dispersal may exist: surely
the phenomenon is a collection of various kinds of occurrences,
not a single kind of process.

B. Amphitropical temperate herb disjuncts

The disjunction of temperate herbs between the west coast of North
America and southern South America is a very appropriate instance
tc examine. This disjunction cannot be explained by separation of
tectonic plates. North America and South America are c¢loser to-
gether today than in the past, and the Central American isthmus
closed 5.7 million years ago (EMILIANI, GAERTNER & LIDZ, 1972), In
the past, migration was obviously more difficult than at present
(RAVEN & AXELROD, 1975). However, a large group of herbs have mi-
grated between the two continents, leaving disjunctions of between
5,000 to 7,000 kilometers. These are not relictual. Many of the
species are the same in both continents. Others are so close that
one can hybridize them easily. Self-pollination is a feature of
the vast majority of these disjuncts (CHAMBERS, 1963; ORNDUFF,
1963; MABRY, HUNZIKER & DIFE0Q, 1977).

The primary scurce materials on this disjunction are the papers by
CONSTANCE, HECKARD, CHAMBERS, ORNDUFF & RAVEN, respectively, in
the June, 1963, issue of Quarterly Review of Bioleogy. The group of
herbacecus plants considered by these authors, and listed by RAVEN
(1963} minus the Bipolar Disjuncts, Eastern North American - South
American disjuncts, and the widespread North American species
found in South America were studied by COLLINS (1974), and this
restricted group is also the one considered in the present paper.
In addition to the three groups of disjuncts not considered here
named above, one could also add woody plants disjunct between the
two continents, such as Prosopis of the Fabaceae (SIMPSON, 1977)
and rLarrea of the Zygophyllaceae (MABRY, HUNZIKER & DIFEOQ, 1977).
DUNN (1371} has added a group to those considered by RAVEN, the
simple-leaved species of Lupinus, disjunct between the southeast-
ern U.S. and Brazil.
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stressed. Dispersal may be viewed as relatively easy compared with
establishment by future workers. However, for many biclogists to-

day, the event of transport is fraught with doubt, so much so that
the subject of ecological egquivalencies receives little attention.

The amphitropically disjunct temperate herbs have in no way deriv-
ed their dispersal patterns from tectonic plate movements. Such
movements have been nil within the probable length of time requir-
ed to accomplish this disjunction - a length of time which has
been insufficient for specific endemism in about half of the taxa,
and insufficient for generic endemism in all of the taxa inveolved.
The distances crossed have been enormous. While intermediate moun-
tain-tops offer hypothetical "way stations", in reality those moun-
tain-tops have ecology different from source and recipient areas
in the disjunction and could not have served as "way stations".
Other taxonomic groups, however {e. g., Gerntiana} have used those
mountain-tops as way-stations, and the distribution of the groups
does not show marked disjunctions along the Cordillera from north
to south. Given the magnitude of the gap between north and south
in the amphitropical disjuncts listed in the present paper, how-
ever, the implication for the other cases of intercontinental dis-
persal is enormous. We can easily envision that for the millions
of years after continents separated from each other, dispersal be-
tween and among them was still entirely possible. As the conti-
nents separate, dispersal becomes theoretically more difficult
among them, but this period of time {which culminates in the pre-
sent) is surely not without dispersal events resulting in success-—
ful establishment. The amphitropical disjuncts discussed here show
how pervasive in a short period of time the effects of long-dis-
tance dispersal can be.

Angiosperm groupings do not £it well, except for a few ancient fa-
milies, in their patterns of distribution the known patterns of
continental breakup. While many suggestive distribution patterns
are compared to breakup patterns, most of these are incongruent
with each other and with known chronoclegy. For example, separation
of Africa from South America, Madagascar, India, and Australia-
Antarctica postdates origin of angiosperms (THORNE, 1978), so an-
giosperm groups, if common to two or mere of those continents
ought to owe their distribution mostly to dispersal, less to sit-
ting on drifting pieces of land. The disjunct patterns discussed
by THORNE (1972) may derive from events of long-distance dispersal.
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Flotation of seeds in seawater (DF) accounts for only a single
SEecies 1 %, Calystegia soldanella. I do not necessarily hypo-
thesize drift fromMNorth Anerica to South Amrerica for this spe-
cies; prevailing currents would tend to nake that extremely un-
likely. Rather, this species is w despread on shores of the world:
Atlantic, Mediterranean, Japan in the North Pacific and Australia
and New Zealand in the South Pacific. Calystegia soldanella may
have floated to North Anerican and to South Amrerica froma we-
stern Pacific locality or localities. Although equatorial currents
do not favor exchange of drift ﬁlants bet ween the two hemi spheres,
such exchanges do occasional |y happen. Consunption of seeds of
drift species by a marine bird is even a possibility, for narine
birds are known to eat floating seeds.

Conpared with the dispersal profiles of Pacific insular floras
(CARLQU ST, 1974, p. 78), the anphitropical disjunct tenperate

her bs show nuch greater stress on mechanical or viscid adherence
to birds. These categories bul k |arge because, conpared to Pacific
i sl ands, dispersal by neans of oceanic drift or flotation in air
are not oBerative in the anphitropical disjuncts. The ecol ogy of
these herbs also tends to make for fewer attractive fruits, so that
the proportion of fruits and seeds carried internally in birds is
mni m zed, although this neans still operates to a very appre-

ci abl e degree.

E. Significance of the anphitropical disjunct herbs

If a disjunction of the magnitude these species represent can oc-
cur within arelatively short period of time (over 100 species
successfully migrating fromone hem sphere to the other 1n a time
Period of no nore than 5 mllion years, very likely considerably

ess), what may one conclude about plant dispersal in general as
a way of influencing distribution patterns?

First, continents offer remarkably large target areas, unlike
oceanic islands. Certainly ecology is highly diverse on continents
when ther are conpared to the majority of islands. These two fac-
tors would seemto favor intercontinental dispersal conpared to
continent-to-island dispersal. Wth a pair of continents, each
continent is ﬁotentially both a source and a recipient area. In
the case of the North America-South Anerica disjuncts. North Ame-
rica is very likely the source area for the tarweeds (Asteraceae
tribe Heliantheae subtribe Madiinae: Madia of the present paper),
since virtually all of the diversity, including nore primtive ex-
pressions, lies in North Anerica. However, South Anerica is the
source area for Larrea (Zygophyllaceae) according to VELLS & HUN
ZIKER (1977) and ot her authors.

Shores of continents have probabIY al ways been linked by m gra-
tions of shorebirds since the evolution of charadriform birds. The
efficacy of shorebirds as vectors for plant dispersal, although
much in need of study, appears thoroughly plausible. Dispersal is
relatively easy conpared to establishnent. The requisite in are-
cipient area for ecolo%Y nearly identical to that of a source

area in order for establishnent to occur cannot be too strongly
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