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Abstract The study of land bridge based on con-
tinental drift” and long-distance dispersal are gaining
increasing attention in biogeography. We review
several major dispersal theories including the Mal-
pigiacea route, patterns of chameleon dispersal and
the floating island model. The Malpigiaceae route
indicates that the Malpigiaceae family originated in
northern South America and that members of several
clades migrated into North America and subsequently
moved via north Atlantic land connections into the
Old World starting in the Eocene. This route may also
explain many other pantropic disjunction patterns,
including some Chinese plants disjunctions, involving
South America. Not all biogeographical distribution
patterns can be explained by vicariance theory, so
more research, including chameleon distribution, has
recently focused on long-distance dispersal. The lat-
est analyses suggest that chameleons have dis-
persed over long-distances from Madagascar on
several occasions. The floating island model would
explain flora and fauna similarities between South
America and Africa. Studying long-distance dispersal
mechanisms is important for understanding distribu-
tion patterns and even the spread of pandemics.
More research on the specific implications of long-
distance dispersal for biogeography is necessary.

Keywords: bioogeography, continental drift, Land bridge, Malpigi-
acea route, Long-distance dispersal.

The theory of sea-floor spreading and continental
drift is one of the most important achievements in the
last century with large ramification for biogeographyX.
Similarly, cladistics, which was started in the 1960s,
has been widely employed in systematics researchZ.
The integration of the continental drift theory with
cladistics gives rise to vicariance biogeography, which
is popular in biogeographical research today. Distribu-
tions of monophyletic groups of taxa are explained by
the reconstruction of area cladograms in vicariance
biogeography; this has advanced biogeographical re-
search in the 20th century®=2L. While biogeographical
research was deeply affected by these approaches, the
use of the land bridge hypothesis to determine the ori-
gin of taxa was generally dismissed®. Reven and Ax-
elrod™ published their famous paper “Angiosperm
biogeography and past continent movement” in which
the distribution patterns of angiosperms were explained
mainly by continental drift. Biogeographical studies
were greatly influenced by this paper; after its publica-
tion the continental biogeographic disjunctions of
plants and animals were mainly explained by vicariance
biogeography®.,

Nucleotide sequencing of taxa has become an im-
portant tool to trace phylogeny. It is possible to esti-
mate the time of diversification of angiosperm clades
using a molecular clock. Furthermore, estimates of the
time of angiosperm origins are becoming more precise
as greater numbers of important angiosperm fossils are
found 2%=22 New data show that the diversification
times of many plants are much later than previously
thought; major diversification of angiosperms seem to
have occurred in the Late Cretaceous and Early Paleo-
cene®24 At this time, Pangaea had broken up and
southern America and Africa were widely divided; the
continents were close to their current positions, with the
exception of India, which was still moving north-
wards'®2!, Based on this new information, continental
disjunctions, such as the distribution patterns of Mal-
pighiaceae, Chameleonidae subf. Chamaeleoninae,
Burseraceae, Styraceae, cannot be explained by vicari-
ance and continental drift22-28 | and bridges must
have played an important role in their current distribu-

1) Land bridge theory based on continental drift assumes that there are islands or island chains exsited between certain contients which forms as
bridges for flora and fauna exchange. These islands or island chains are generally called “Land bridge”. Followed with continent drift, position change
of land and ocean, and variation of sea level, the position of these islands or island chains varies. Some of them even disappeared and lost its function as
Land bridge. This is different from the other Land bridge theory which assumes that the position of the cotinents and Land bridges are fixed; it appeas

and disappears with the variation of sea level.
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tion patterns. Furthermore, there is no relationship be-
tween continental drift and the disjunction patterns of
some later plant diversifications, such as the primarily
woody Boraginales?? and Kelloggia (Rubiaceae)®2.
New theories and method are needed to study these
kinds of distribution patterns.

Recent research shows that long-distance dispersal
(LDD), such as seed and fruit dispersal by animals,
wind and oceans, plays an important role in creating
distribution patterns and rich biodiversity>—4. The
existence of these typically rare events of LDD was
recognized long ago by Darwin®%., LDD was consid-
ered unquantifiable, unpredictable, unimportant and
random, especially between the 1960s and 1980528,
However, LDD has recently attracted more attention,
and papers on LDD increased rapidly in the last
decade®!. Research into the mechanisms, events and
media of LDD are more precise, and stronger LDD
events were detailed and proven. Indeed, land bridge
and LDD are becoming new hot spots in biogeography.
These new trends in biogeography are reviewed in the
current paper and we hope this can contribute implica-
tions for the biogeography.

1 Land-bridge based on continental drift—The
Malpighiaceous route and Chameleon distribution
1.1 Malpighiaceous route

Pantropical disjunctions are the patterns in which

taxa are distributed in tropical America, Africa and Asia.

Euphorbiaceae, Burseraceae, Malpighicaceae, Lau-
raceae, Araceae and Piperaceae have this disjunct dis-
tribution, and in all about 120-angiosperm families dis-
play this pattern. Different explanations for these dis-
junctions were proposed. Wu et al.22% explained these
disjunctions based on the Pangaea hypothesis. Raven
and Axelrod™ indicated the disjunctions of Lauraceae
and Annonaceae resulted directly from migration be-
tween the continents when these regions were relatively
close. Zhou¥ proposed that Chloranthaceae originated
from Southern Laurasia in the very early Cretaceous; at
that time, Laurasia was still a complete continent and
Gondwana had just started to breakup. Plants of Chlor-
anthaceae could have easily dispersed to other conti-
nents from their origin via the plate movement. Vogel™
thought Malpighiaceae was widely distributed in
Gondwana and moved to different continents with the
breakup of Gondwana; the so-called Gondwanian abo-
rigine hypothesis. However, Anderson®® proposed an

www.scichina.com  www.springerlink.com

REVIEW

American colonist hypothesis to explain the same dis-
tribution pattern, suggesting that Malpighiaceae origi-
nated from northern South America, and crossed the
Atlantic eastward to Africa to form the current distribu-
tion pattern. Recently, Davis et al.Z! reinvestigated
Malpighiaceae and proposed a Malpighiaceae route to
explain the distribution pattern of Malpighiaceae. This
route has significant implications for pantropical dis-
tribution patterns.

Davis et al2! analyzed the phylogeny of Mal-
pighiaceae using the ndhF sequences from PHYC. Their
results are robust and congruent with previous parsi-
mony analyses based on four chloroplast genes 42,
These results indicate that the Malpighiaceae can be
divided into two major clades. One is subfamily Byr-
sonimoideae, which is distributed in the New World
tropical areas, and the other includes six lingeages that
are disjunctively distributed in both the New and Old
World tropical areas. Within this clade, the Old World
groups have winged-fruits. Reliable winged-fruit fossils
of Tetraperys were found from the Oligocene (33 Myr)
in Hungary and Slovenia. The Oligocene was consid-
ered the divergence time of Tetraperys and its sister
groups. Based on this divergence time and the length of
the clade, it can be postulated through molecular clock
theory that the Malpighiaceae originated 63.5+5.8 Myr
ago. Furthermore, it seems that the divergence time of
the six lineages distributed in New and Old World
should be around the Early Eocene (55.1+6.0 Myr) and
the Middle Miocene (12.9+0.85 Myr), when the Afri-
can and American Continents separated (the latest time
for this separation is about 105 Myr ago@).

With the evidence from phylogeny, molecular theory
and fossils, Davis et al.Z suggested that in the Early
Paleocene (64 Myr), Malpighiaceae originated from
northern South America, and members of several clades
dispersed into North America and moved via North At-
lantic land connections into Laurasia in the Eocene.
Therefrom, the family spread to tropical Asia through
Laurasia, during which some of the species dispersed to
Africa via Europe and then to Madagascar (Fig. 1). We
call this migration route the Malpighiaceous route, as it
explains phylogentical relationships of groups of the
Malpighiaceae, the occurrence of Malpighiaceous fos-
sils in Europe, and the disjunct patterns of the Mal-
pighiaceae. There are two fundamental geology ques-
tions related to the Malpighiaceae route. First, was dis-
persal possible between South and North American
during Early Tertiary? Second, did the paleoclimate
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Fig. 1. The bidirectional Malpighiaceae route222, ... Dispersal route

of Malpighiaceae and Burseraceae; —, dispersal route of Lauraceae; ¥,
hypothetic original points of Malpighiaceae; M, fossil points of Mal-
pighiaceae in Europe and Africa; <, fossil points of Burseraceae; v,
hypothetic original points of Burseraceae; @, hypothetic original points
of Lauraceae.

suitable to the dispersal of Malpighiaceae exist in
Laurasia? For the first question, studies on mammals of
the Tertiary in Cuba and Puerto Rico suggested that
South and North America could have been linked
through land patches and volcanic islands3#4. For the
second question, it was also proved that during the Eo-
cene the Atlantic land bridge played an important role
in flora and fauna exchanges between North America
and Euro-Asian continents™®, The existence of a “bo-
reotropical” flora in Laurasia during the Eocene also
provides evidence that the paleo-climate was suitable
for the dispersal of Malpighiaceae!™2.,

As far as the other two explanations for the Mal-
pighiaceous disjuctions are concerned, the timing of
Malpighiaceae origin computed by the molecular clock
does not fit with the “Gondwanian aborigine” theory®!:
it should predate the separation of Africa and South
America. Although the “American colonist hypothe-
sis”™ agrees with the Malpighiaceae route on the
place of origin, the route and method of dispersal are
different. The “American colonist hypothesis” requires
six long distance dispersals between South America and
Africa. This hypothesis predicts that the ages of Mal-
pighiaceae and of divergences between New and Old
World lineages are younger than the last known con-
nection between South America and Africa. It also
cannot explain the occurrence of Malpighiaceae fossils
in the north hemisphere and Africa during Eocene and
Oligocene. The Malpighiaceae route not only explains
the Malpighiaceae distribution patterns, but, most im-
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portantly, it provides a new way of explaining the dis-
junct pantropic distribution patterns. Moreover, the
Malpighiaceae route also explains similar disjunct pan-
tropic distributions of the Burseraceae®”, Melastomeae
of Melastomataceae™®® and Lauraceae®™. The only dif-
ference among them is the place of origin. Burseraceae
originated from southern North America, dispersed east
to tropical Asia, south to South America, and entered
Africa through Europe. Lauraceae originated from
tropical Asia, spread west in Lauraisa and entered Af-
rica through Europe, and South America from North
America (Fig. 1).

1.2 Chameleon distribution

The distribution patterns and mechanisms of forma-
tion of many animal and plant groups that are disjunc-
tively distributed in Africa and Madagascar are closely
related with land bridge-based oceanic dispersal theory.
The distribution of chameleons is a good example.
Chameleonidae subf. Chamaeleoninae occur mainly in
Madagascar and on the African continent, but they are
also distributed in south Europe, the Middle East, India,
Sri Lanka, and on islands such as the Seychelles and
the Comoros. Based on morphology, chameleons can
be divided into two major groups: (1) larger and pre-
dominantly arboreal chameleons, which are widely dis-
tributed; (2) the geographically restricted, smaller and
mainly ground-dwelling dwarf chameleons. The dwarf
chameleons can be further divided into two genera. One
genus occurs on the African continent, and the other in
Madagascar'®. Debates over the evolution history of
chameleons mainly focus on whether the ground
dwelling dwarf chameleons primitive, or descendent
from arboreal ancestors, and whether chameleons
originated in Madagascar, or on the African continent.

Three theories are proposed to explain chameleon
distribution patterns; Gondwanan origin®®#%!, partial
Gondwanan origin®?, and post-Gondwanan origin'®.,
Cladistic analyses based on morphological characteris-
tics suggest that chameleons originated in Gondwana,
and the breakup of Gondwanan resulted in the chame-
leon distribution patterns. This forms the Gondwanan
vicariance hypothesis™®%. In order to test this hy-
pothesis, Raxwarthy et al.”%®! studied up to 52 species,
especially species from islands of Seychelles, the Co-
moros and Reunion, including all representative groups
of Chameleonidae subf. Chamaeleoninae. Their work
shows that Chameleonidae subf. Chamaeleoninae is
monophyletic, based on an integrated analysis of three
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gene fractions, i.e. mtDNA, NADH subunit 4 and ad-
jacent transfers RNA, morphological characteristics
and behaviors. The two basal clades (clades 1 and 2) on
the molecular tree belong to genus Brookesia, which is
dwarf and endemic to Madagascar. Amongst the rest,
the so-called ‘typical’ chameleons, the two basal groups
(Rhampholeon and Bradypodion) are endemic in Africa.
Moreover, Calumma tigris distributed in Seychelles
and Ca. fallax distributed in Madagascar are sister
groups; Chamaeleo zeykanicus distributed in India and
Ch. Calytratus distributed in Africa. Moreover, Furcifer
cephalolepis, distributed Comoros, and F. campani,
distributed in Madagascar, are sister groups (Fig. 2)!..

The chameleon fossil record is very poor, none ear-
lier than the Miocene (23.7—5.3 Myr), when Gond-
wana had already broken up. Had chameleons origi-
nated from ancient Gondwana, and thence been distrib-
uted to Madagascar, India and the Seychelles, the time
of the origin must be earlier than 165 Myr when
Madagascar and India separated from Africa. Moreover,
based on the molecular clock, the divergence time of
chameleon is after the breakup of Gondwana. At the
same time, no evidence supports the Gondwanan origin
because the primitive group is not Rhampholeon and
Bradypodion, which are distributed in Africa, but
Brookesia, which is endemic to Madagascar.

Based on all the evidence, Raxworthy et al.2% sug-
gested that chameleons originated from Madagascar
after the breakup of Gondwana, followed by multiple
“out-of-Madagascar” dispersal events to Africa, the
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Seychelles and the Comoros archipelago; the post
-Gondwanan theory. The distribution of chameleon on
Comoros also supports the post-Gondwanan hypothesis
because Comoros is a historically isolated volcanic is-
land 300 km from Madagascar formed around 0.13—
5.4 Myr. It is only possible that chameleons arrived
here through an LDD across the sea. It is also proved
though molecular trees that a cross-ocean LDD existed
since Furcifer cephalolepi and F. polleni in Comoros
are sister groups of F. campani in Madagascar. More-
over, the distribution of F. pardilis both in Madagascar
and Reunion Island also proved the existence of natural
transocean LDD, since the earliest records of human
activities in Reunion only dated back to the 17th cen-
tury. In addition, post-Gondwanian origin patterns also
exist with cichlids, ants and turtles’®. Recent study by
Vences®Y on amphibians and other terrestrial verte-
brates in Africa and Madagascar reveal that fauna ex-
changes between these areas in the Cenozoic were via
dispersal across the ocean. A land bridge across the
Mozambique Channel between the mid-Eocene and the
Early Miocene®2 was proposed to explain the dis-
junctive dispersal of these groups in Africa and Mada-
gascar; however, more evidence is required to prove the
existence of this land bridge.

2 Long distance dispersal and its possible mecha-
nism

In order to explain cross-ocean dispersal, Darwin
and Wallace proposed LDDE223, Up unto the mid 20th
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Fig. 2.

Maximum parsimonious tree of subf. Chamaeleoninae based on molecular and morphological charateristics. Taxon distribution: M, Madagas-

car; AF, Africa, Arabian Peninsula and Near-Middle East; SE, Seychelles; I, India, Pakistan and Sri Lanka; (C), Comoros; (R), Reunion. The species in
rectangle with solid line are the dwarf chameleons (i.e. Brookesia spp.) The species in rectangle with broken line are “typical” chameleons. The species

in rectangle with letter are sister groups®.
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century, LDD was considered unquantifiable because of
the lack of accountable evidence and explanations of
the mechanisms. The disjunct distributions between
continents was mainly based on vicariance theory22>4,
However, this theory cannot explain all disjunctions.
Therefore, new attention has been directed towards
LDD, particularly given the increased understanding of
its mechanisms and its role in invasive in ecology and
genetic diversity2-3424=52 Typjcal examples are the
pantropical disjunct distributions of primitive woody
groups such as the Ehretiaceae, Cordiaceae and Helio-
tropiaceae. Continental drift and vicariance biogeogra-
phy was initially considered responsible for this distri-
bution pattern’®®. However, Gottschling et al.*!
showed that continental drift theory was incompatible
with the divergence time of these groups according to
the molecular clock and fossil evidence: other explana-
tions are necessary. They suggested the distributions are
most probably due to LDD, in which birds and small
mammals would be the dispersal vectors. However,
direct evidence of animal dispersal is still missing. An-
other example is the genus Kelloggia. It only contains
two species, K. galioides and K. chinensis, distributed
in west America and the Hengduan Mountains in China
respectively. Nie et al.2% found that Kelloggia is mo-
nophyletic. Based on the molecular clock, the diver-
gence time was 5.24+2.32 Myr (the beginning of Plio-
cene) when the pattern of modern continents had
formed and the Atlantic land bridge had disappeared.
The most reasonable explanation for the intercontinen-
tal disjunction in Kelloggia, is via animal vectors as the
fruits of Kelloggia possess hooked bristles that are eas-
ily to be carried by birds and other animals.

Typical examples of LDD come from the work of
Houle and Renner. Renner®? collected molecular biol-
ogy data from 111 genera in 53 families, confirmed
their monophyletic nature, and analyzed the possibility
of LDD and dispersal media. This study identified 11
cross Atlantic dispersal types, amongst which, four are
related to wind, six with sea current, and one remains
unknown. Houle234! proposed the floating island
model when trying to explain the disjunctive distribu-
tion of Paltyrrhine Monkeys, Caviomorph rodents and
and Mabuya spp.

The first cave dwelling rodent fossils date to 32—34
Myr and the earliest Paltyrrhine to 26 Myr. These all
have closely related groups in Africa, but no fossils
were found in North America, Australia or Antarctica,
which testifies to their cross Atlantic distribution2%4,

1034

The floating island model is the best explanation of
these animals’ disjunctive continental distribution. In
river deltas, large patches of land are commonly
washed down and become floating islands. The biggest
floating island recorded is around 60x23 m?, with trees
as high as 15 m. This mode could have facilitated trans
Atlantic dispersal in the past, because the historic sea
current was similar to present, but the width of the At-
lantic was much narrower. The shortest distance be-
tween South America and Africa increased from 1000
km in 50 Myr to 1900 km in 30 Myr. In addition, ocean
drilling and sonar studies®? reveal that Rio Grande in
the south Atlantic and Walvis Ridge in Africa were
above sea level at least during Oligocene. The elevation
of Rio Grande was equal to Rio de Janeiro in Brazil,
and Walvis Ridge to the Cape of Good Hope. Favorable
factors such as sea current and wind direction, make the
actual sailing distance even shorter®%3! Under the in-
fluence of sea currents and trade winds, it would take
7—11 d to cross the Atlantic in the Eocene, and 10—15
d in the Oligocene. The survival duration of the animals
mentioned above are around 13 days, thus it is possible
for them to transit the Atlantic on floating islands!®334!,
Floating islands also provide the possible LDD mecha-
nism for plants. Trees can act as sails on floating is-
lands and provide habitat for animals. Small seeds,
such as Melastomataceae can be preserved in the soil
and dispersed®%.

The floating islands model, however, does not pro-
vide a complete answer. For example, molecular bio-
logical evidence suggests that the Bromeliaceae dis-
persed from South America to Africa and formed a dis-
junctive distribution pattern around 8 Myr™®. while
Melastomataceae and Rapateaceae dispersed in a simi-
lar pattern in 11 Myr® and 6 Myr®<7 respectively.
No evidence shows whether floating islands facilitated
these dispersal events. The most possible method of
dispersal is by wind, but clear evidence of wind disper-
sal is hard to collect since there are large variations in
wind power and velocity over timel%,

There is no standard mechanism to explain all LDD
patterns. In fact, studies show that LDD is the conse-
quence of random events2%. For example, the Canadian
species Asarum canadense multiplies mainly through
asexual reproduction. Its seed dispersal is limited and
dependent upon ant vectors. The maximum distance
that an ant can carry is 35 m; hence theoretically, the
maximum dispersal distance of Asarum canadense in
the 16000 years since the ice age is 10—11 km. The

Chinese Science Bulletin  Vol. 51 No.9 May 2006



actual dispersal distance, however, is hundreds kilome-
ters. Likewise, for understorey herbs in North America,
the calculated dispersal distance is no more than 100
km; yet the actual dispersal distance is 450—2000 km.
Present dispersal mechanisms cannot explain these
theoretical and actual differences. They can only be
explained by random events, such as cyclones, hurri-
canes or other phenomena®*3. Moreover, although
propagules may be transported by various mechanisms,
LDD is not necessarily successful. A good example of
this is Surtsey. Formed in 1967, Surtsey is an island of
2.7 km® 33 km off the coast of Iceland. Observation of
dispersed seeds to this island found that few of the
seeds are dispersed in fecal matter and 70% are trans-
ported by sea currents (among which only 25% were
viable after water transportation)2.

3 Discussion

The factual acceptance of continental drift and the
timing of the breakup and collision the continents is a
geological basis for us to understand plant and animal
distribution, no matter whether we are considering vi-
cariance or dispersal biogeography. There is no doubt
that vicariance biogeography plays important roles in
the specialization, biodiversity conservation, biological
coevolution and development of flora. Although vi-
cariance has successfully explained the distribution

pattern of many groups, it cannot solve all the problems.

The distribution pattern of younger groups cannot be
explained by vicariance biogeography. Land bridge and
LDD are not new scientific theory, but added with rich
new morphological and molecular evidences; they have
been given new significance when considered in con-
cert with continental drift®*4 Sound scientific hy-
potheses can be developed when specific theories are
applied to explain specific dispersal patterns based on
particular divergence times for groups of ancient origin
or higher levels (such as order, family and so forth).
The disjunctions of Annonaceae and llliciaceae, for
example, can be explained by continent drift and vi-
cariance biogeography. However, vicariance and conti-
nental drift cannot explain the biogeography of many
late origin groups (e.g. Malpighiaceae and Burseraceae)
or the disjunctions at genus or species levels®.

The Malpighiaceaous route provides a new way of
explaining Asian-South American-Africa disjunctions.
Acanthochlamydaceae is monotypic family distributed

REVIEW

in dry-warm valleys of the Hengduan Mountains of
China, but Velloziaceae in South America and Africa is
a closely related group~", Since no agreement on the
phylogeny was reached, there was no accountable ex-
planation for this distribution pattern. However, after
the phylogeny was confirmed by molecular evidence,
the Malpighiaceaous route becomes the best hypothesis
to explain its distribution pattern and phylogeny.

There are 3116 genera of seed plants in China,
among which 316 genera are pantropically distributed,
and 29 genera have a tropical Asia-tropical South
America disjunctive distribution™. There are various
possible causes for these distribution patterns, but the
Malpighiaceaous route is an important clue. Lardiza-
balaceae is a monophyltic family™ with a disjunct dis-
tribution across the Pacific, from the Himalayas to Ja-
pan, Myanmar and Indochina and temperate South
America (west of the Andes). Fossils of Sargentodox-
aceae, related to Lardizabalaceae, are also found in
Europe and North America™".. As the distribution
pattern of Lardizabalaceae is similar to that of Mal-
pighiaceae, the Malpighiaceaous route also can be ap-
plied. Research by Wang® suggested that Lardizabal-
aceae originated in the Late Jurassic (computed by mo-
lecular clock). Hence he explains its distribution pattern
based on continental drift and vicariance biogeography:
it originated in southern Laurasia, its descendants dis-
persed to Gondwana before the Pangea breakup; after
Pangea broke up, Lardizabalaceae migrated to different
continents. However, the molecular clock should be
recalculated because it does not match with the known
origins and divergence of angiosperms:®2, Reinvesti-
gating the divergence time of groups and referring to
the Malpighiaceaous route could provide new ways of
explaining the distribution pattern of Lardizabalaceae.
In addition the Malpighiaceaous route could also help
explain some of the south and north temperate disjunc-
tive distribution patterns. There are around 30 species
of Caltha disjunctively distributed in southern and
northern temperate zones™. The basal group of this
genus is distributed in North America while its secon-
dary clades are distributed in both South and North
America. This reveals that this genus originated in
North America, entered South America and then dis-
persed to the South Temperate Zone. The dispersal in
the North Temperate Zone (i.e. into Euro-Asia) was via
land bridge across what is now the Atlantic. This dis-

1) Wang Feng, 2002, The phylogeny and biogeography of Lardizabalaceae, PhD theses: Kunming Institute of Botany, CAS.
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persal matches with the Malpighiaceaous routel™
which is bidirectional and can explain the dispersal of
groups that originated in modern continents, as well as
disjunctively distributed groups that originated in
ancient continents’2l, Styracaceae originated in the
Euro- Asian continent and forms a disjunct distribution
across modern and ancient continents with this route!2.
This route is also proven to be an important conduit for
global exchange of angiosperms in  the
Tertiary!23284841.77-801: tharefore, more attention should
be paid to this route in future biogeographic studies in
China.

Although research on LDD mechanisms is moving
rapidly, ~we are still accumulating inform-
ation[2-333435381 It has peen likened to a network of
yellow brick roads under construction that lead to new
and unknown worlds®Y, LDD is a new trend in
research field of biogeography. It is an opportunity as
well as a challenge to carry the research on LDD,
revealing its important role in biogeography,
biodiversity conservation, invasive species and the
dispersal of pandemic diseases.
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