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A contrast is drawn between the concept of spéciation favoured in  the Darwin-W allace biogeographic paradigm  
(founder dispersal from a centre of origin) and in  panbiogeography (vicariance or allopatry). Ordinary ecological dis
persal is distinguished from founder dispersal. A survey of recent literature  indicates th a t ideas on many aspects of 
m arine biology are converging on a panbiogeographic view. Panbiogeographic conclusions supported in  recent work 
include the following observations: fossils give minimum ages for groups and most taxa  are considerably older than  
the ir earliest known fossil; Pacific/Atlantic divergence calibrations based on the rise of the Isthm us of Panam a a t 
3 Ma are flawed; for these two reasons most molecular clock calibrations for m arine groups are also flawed; the 
m eans of dispersal of taxa do not correlate w ith the ir actual distributions; populations of m arine species may be 
closed systems because of self-recruitment; most m arine taxa show a t least some degree of vicariant differentiation 
and vicariance is surprisingly common among w hat were previously assum ed to be uniform, widespread taxa; m an
grove and seagrass biogeography and migration patterns in m arine taxa are best explained by vicariance; the  Indian 
Ocean and the Pacific Ocean represent major biogeographic regions and diversity in  the  Indo-Australian Archipelago 
is related to Indian Ocean/Pacific Ocean vicariance; distribution in  the Pacific is not the result of founder dispersal; 
distribution in  the south-west Pacific is accounted for by accretion tectonics which bring about distribution by accu
m ulation and juxtaposition of communities; tectonic uplift and subsidence can directly affect vertical distribution of 
m arine communities; substantial parallels exist between the biogeography of terrestria l and m arine taxa; biogeo- 
graphically and geologically composite areas are tractable using panbiogeographic analysis; m etapopulation models 
are more realistic th an  the m ainland/island dispersal models used in  the equilibrium  theory of island biogeography; 
and regional biogeography is a major determ inant of local community composition. © 2005 The L innean Society of 
London, Biological Journal o f the Linnean Society, 2005, 84, 675—723.
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INTRODUCTION

W ith the  rise of in te res t in  biodiversity and its 
regional s truc tu re  over the  la s t 15 years, biogeogra
phy has been a ttrac tin g  more a tten tion  th a n  ever. 
U nfortunately, biogeographic methodology is still 
notoriously controversial. There are  two m ain  p a ra 
digms used in  studying and in te rp re tin g  distributions: 
trad itional D arw in-W allace dispersal (Darwin, 1859; 
Wallace, 1860, 1876; M atthew, 1915), in  which taxa 
evolve a t a point centre of origin and a tta in  th e ir 
range by physical m ovem ent out from there; and pan
biogeography (Croizat, 1958, 1968a, b, 1975; Craw, 
G rehan & Heads, 1999; Crisci, K atinas & Posadas, 
2003; Llórente et al., 2003), in  which taxa  develop by
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vicariance or allopatry  over a region and there  is no 
point centre of origin. Because D arw in-W allace dis
persal is so widely assum ed in  studies of the  m arine 
environm ent, th is concept and a lternatives are dis
cussed below in  some detail. W hittaker (1998) wrote 
tha t: ‘H istorical biogeography has lately  been ra th e r 
polarized into two supposedly opposing camps, the 
d ispersalist and vicariance biogeographers, each 
concerned w ith how disjunct d istributions arise .’ How
ever, the  topic of the  debate is ra th e r more general 
th a n  th is -  i t  is not ju s t  about disjunct d istributions, 
b u t about how any spéciation (and all o ther form- 
m aking and taxon-m aking) occurs, w hether disjunct 
or not.

Panbiogeographic methodology involves the com
parative study of as m any distributions of unrelated  
taxa  as possible and in tegration  of these w ith tectonic
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history. I t  contrasts w ith m ethods used in  dispersal 
biogeography in  which the focus is on the  study  group 
and its  ecology, especially its  m eans of dispersal (Wil
son, 1991). Panbiogeographic m ethods have been used 
to analyse d istributions of reef fishes and m arine m ac
roalgae in  the  Pacific (Heads, 1983; Chin, Brown & 
H eads, 1991), m arine and te rre s tria l organism s in  
south-east Asia (McManus, 1985), and m arine triclad 
p latyhelm inths world-wide (Sluys, 1989). H ajdu
(1998) analysed sponge distributions in  a paper titled  
‘Toward a panbiogeography of the  seas’, and in  a 
recent volume dedicated to Croizat, Aguilar-Aguilar 
& C ontreras-M edina (2001) gave a panbiogeographic 
analysis of the  m arine m am m als of Mexico.

FOUNDER DISPERSAL, VICARIANCE AND 
ECOLOGICAL DISPERSAL

Cen tres  o f o rig in  and th e  ‘common-sen se’ view
OF DISPERSAL 

D arw in (1859) felt th a t  each species begins by evolv
ing a t a point centre of origin from w hich i t  spreads 
out, and th a t  the  simplicity of th is  view ‘captivates the 
m ind’ (cf. Heads, 1985). M ost subsequent au thors have 
also been captivated by th is  concept.

E km an’s (1953) com prehensive and lucid book on 
m arine zoogeography is probably the single m ost 
influential work in  the  field -  a g rea t deal of contem
porary  work comprises tim id variations on ju s t  a few 
of his them es. E km an utilized D arw inian dispersal, 
arguing, for example, th a t  ‘Chance . . . plays a larger 
p a r t in  the  possibilities of d istribution  for the  fishes 
th a n  for m ost o ther shelf an im als’, and th a t  ‘The 
longer the  tim e the  g rea te r the  p a rt played by the  so- 
called chance factor, th a t  is to say, the  in teraction  of 
unknow n factors . . .’ He relied on curren ts as m eans 
of dispersal, and explained faunistic boundaries, such 
as his famous ‘E as t Pacific ba rrie r’ (‘surm ounted by 
very few species’), as ‘b a rrie rs ’ to dispersal.

Veron (1995) argued th a t  ‘D ispersion (migration), 
the  Achilles heel of vicariance, is of overwhelming 
im portance in  m ost corals’ and th a t  ‘The presence of 
wide geographic d isjunctures w ith in  the  d istribution 
ranges of species are  of g rea t biogeographic in te rest 
because they  dem onstrate the capacity . . .  of corals to 
disperse over long distances.’ Likewise, au thors have 
asserted  sim ply th a t  ‘Biogeography s ta rts  a t the  colo
nizing event’ (Planes, 2002), and th a t  island popula
tions ‘have certain ly  experienced a founder effect 
in itia lly ’ (Planes & Fauvelot, 2002). Veron (1995) con
cluded tersely  th a t  ‘D istribution p a tte rn s  [in m arine 
taxa] are the outcome of d istribution  by cu rren ts’. But 
is th is ‘common-sense’ view actually  true?

As George (1987) pointed out, i t  was discrepancies 
betw een theories of centres of origin, in  particu la r how

one derived the centre of origin, th a t  led to Croizat’s 
developm ent of the generalized tracks/vicariance 
approach. For example, au thors such as Darwin 
(1859), M atthew  (1915), D arlington (1957), Frey
(1993) and Briggs (2003a) have assum ed th a t  the  m ost 
advanced species occur a t the centre of origin and out- 
compete the prim itive ones w hich m igrate away. In 
contrast, o ther d ispersalist au thors, such as M ayr 
(1942), H ennig (1966) and the  m odern phylogeogra- 
phers (Avise, 2000), assum e th a t  the  m ost prim itive 
taxa  occur a t the centre of origin and it  is the  advanced 
ones which have m igrated  aw ay (‘Progression Rule’). 
(Nelson, 2004, noted th a t  ‘H ennig’s rule is now reborn 
-  as if  i t  were for the  first tim e -  w ith in  phylogeogra- 
phy.’) This is a fundam ental split w ithin the  dispers
alist school, b u t n e ither assum ption is used in  
vicariance cladistics (e.g. Platnick, 1981; Nelson, 
2004) or in  panbiogeography.

Briggs (2000, 2003a) claim ed th a t  the p a tte rn  in  
which the ‘apomorphic’ species occur a t m arine cen
tres of origin has been ‘consistently displayed’ in  the 
Indo-W est Pacific, b u t th is  is quite incorrect -  a point 
centre of origin has been theorized countless tim es bu t 
i t  has never been ‘displayed’ or dem onstrated  as exist
ing for any species, le t alone being characterized by 
‘apomorphic species’. For trad itional d ispersalists 
such as Briggs, deducing which species are ‘prim itive’ 
and which are  ‘advanced’ in  a genus, and so which 
evolved from which, are im portan t procedures. How
ever, panbiogeography and cladistics agree th a t  while 
characters m ight be prim itive or derived, tax a  are 
generally not. The species in  a genus are a lternative 
recom binations of characters, and the species are 
derived from a common ancestor, not one from the 
o ther (Nelson, 2004).

Despite his adherence to D arw in-W allace dispersal, 
as cited above, Veron (1995) concluded th a t  ‘The fun
dam ental s tren g th  of D arw inian evolution, the  m ost 
universally  accepted and fundam ental concept of 
N atu re  the world has ever seen, is its  all-encom pass
ing in te rn a l consistency . . . Yet the  geographic basis 
of Darw in’s evolution, his centres of origin, have been 
roundly rejected by m ost [coral] biogeographers’. D ar
win’s centres of origin theory, ‘the  first of the  m ajor 
theories of biogeography, is strongly refuted as a whole 
by p resen t knowledge of coral species . . .’ W hat are 
the alternatives to a D arw inian ‘centre’?

V icariance and dispersal  
Scheltem a (1995), a d ispersalist, argued th a t  ‘the  
capacity for dispersal is not the  sole condition w hich 
contributes to the  geographic d istribution  of benthic 
species . . . there  are  also ecological constrain ts . . .’ In 
th is view, the  centre of origin, capacity for dispersal 
and ecological constrain ts are  the  only factors govern
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ing d istribution, and evolution (for example, allopatric 
spéciation) has nothing to do w ith it. As indicated, dis- 
persalists and ecologists often see dispersal as ‘the 
m ovem ent of individuals aw ay from a s ta rtin g  loca
tion’ (Mora & Sale, 2002), b u t th is is a very narrow  
in te rp re ta tion  and again overlooks the  evolutionary 
component. D ispersal in  the  m ost general sense can be 
defined as ‘any and all change of position’ (Clem ents & 
Shelford, 1939) and in  panbiogeography, dispersal, the 
process leading to d istribution, can be brought about 
simply by evolution (i.e. vicariance) w ith no physical 
m ovem ent of individuals. In th is  concept, the  d istribu
tion p a tte rn s  emerge by developm ent on a broad front, 
in  the  sam e way th a t  the  picture in  a developing pho
tograph or the veins in  a leaf do, not by the  m ovem ent 
of individuals or propagules out from an  original p a r
en t pa ir a t  a point centre of origin. W ith respect to the 
spatia l component of evolution, in  panbiogeography a 
concept of ‘d ispersal’ as physical m ovem ent from a 
centre of origin is replaced w ith one of vicariance 
m ediated by tectonics, especially rifting, accretion, 
uplift and subsidence. This is not to say th a t  dispersal 
does not occur; b u t i t  does not occur a t  random  -  the  
distribution  p a tte rn s  are too clear. In o ther words, 
tax a  have moved together, in  an  orderly way, which 
presum ably m eans over prior, to tally  different geogra
phies. In  m any locally endemic taxa, dispersing stages 
alm ost certainly reach far outside the  established 
range of the  taxon b u t do not estab lish  there . This is 
possibly due to com petition from, for example, conge
neric v icariants. B ut w hat is the process w hich led to 
the local endem ism  in  the firs t place?

Vicariance is one of the  m ain p a tte rn s  and processes 
on which the panbiogeographic paradigm  is based and 
along w ith Croizat’s o ther concepts was for m any 
years ana them a to orthodox biology (e.g. Mayr, 1982). 
However, i t  is now one of the  m ost common term s in  
biogeography and appears regularly  even in  journals 
which long opposed C roizat’s work as a whole. While 
panbiogeography m ay not yet appear to have had 
m uch im pact on m arine biology, in  several ways the 
field is moving tow ards a panbiogeographic view and 
in  particu la r the  key concept of vicariance is now well 
known. Indeed, in  his study  of coral distribution, 
Veron (1995) argued th a t  vicariance biogeography was 
having the  sort of im pact on biogeographic concepts 
th a t  equilibrium  theory of island biogeography had 
had  20 years earlier. Bowen & G ran t (1997) suggested 
th a t  ‘vicariance has been a dom inant paradigm  in  bio
geography for two decades’. This seems a little  opti
m istic -  m ost biogeography is still heavily d ispersalist 
in  orientation. B ut there  are  m any signs of change.

The process th a t  M ayr (1942) called ‘allopatric spé
ciation’ is one particu la r case of the  general process 
th a t  Croizat called ‘v icarian t form -m aking’. This pro
cess does not necessarily involve form ation of species

or indeed any taxa, as i t  m ay resu lt only in  sub- 
taxonomic character changes. Orthodox theoretical 
accounts of ‘modes of spéciation’ usually  cite the pro
cess, giving theoretical exam ples such as a new m oun
ta in  range dividing populations as i t  rises and leading 
to the  differentiation of new species. In  these exam 
ples ea rth  and life in  general (not ju s t  one taxon) 
evolve together, and sim ilar d istributions would be 
expected in  m any taxa. Furtherm ore, there  is no point 
centre of origin; each of the  two or more segregates of 
the  ancestor differentiates over a broad region.

However, in  discussing actual exam ples of biogeo
graphic patterns, in stead  of using vicariance as a 
‘default’ explanation M ayr and his followers usually  
invoke a form of founder effect or jum p dispersal, 
in  which a taxon m igrates across, for example, an 
already existing m ountain  range, and then, for no 
apparen t reason o ther th a n  ‘chance’, stops m igrating. 
In  th is  process e a rth  and life evolve independently, 
and widely shared  d istribution p a tte rn s  would not be 
predicted. In fact, as th is concept of dispersal relies on 
‘chance’, i t  cannot logically explain p a tte rn s  of shared 
distributions am ong taxa, especially am ong those w ith 
totally  different ecology and m eans of dispersal. As 
m ost d istributions are  dem onstrably shared  by m any 
different organism s, th is process can be ruled out a 
priori as a m echanism  of dispersal. N evertheless, dis- 
persalists often invoke the  m ost unlikely m igrations, 
arguing th a t  given enough tim e anyth ing  is possible. 
Thus, for d ispersalist biogeographers, ‘W hen all else 
fails, there  is one final resort as explanation for dis
tribu tion  patterns: chance’ (Kay, 1995). However, th is 
concept of chance is very different from ‘chance’ in  the 
sense of a m athem atically  calculated probability; i t  
sim ply m eans ‘the explanation is unknow n’ and is not 
in  itse lf a scientific proposal.

In a typical exam ple of a d ispersalist approach 
(accepting vicariance in  theory b u t not in  practice), 
W hittaker (1998) wrote th a t  ‘The first step of th is 
model [allopatric spéciation] suggests a v icarian t 
event (barrier formation), w hereas, in  the oceanic 
island context, the  s ta rtin g  point will more commonly 
be dispersal across a pre-existing barrier, i.e. a found
ing population m aking chance landfall. B ut the  idea is 
the  same, gene flow is restricted  after the  founding 
e v e n t . . .’ Again, th is begs the question: why exactly 
does im m igration and gene flow stop after the  found
ing event? The only answ er is ‘chance’. Furtherm ore, 
W hittaker noted th a t  ‘It is particu larly  problem atic 
th a t  founding events (i.e. colonization) have been th e 
orized to produce a varie ty  of ra th e r  different founder 
effects . . . [italics in  original], and th a t  some authors 
have queried the  significance of founder effects’. In 
fact, the  whole field of founder effects is problem atic. 
Tokeshi (1999) argued th a t  ‘da ta  which can unequiv
ocally be re lated  to such peripatric spéciation are not
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easy to identify . . . the  founder effect based on ran 
dom genetic drift does not seem to be an  effective 
m eans of spéciation . .

Nei (2002) concluded th a t  while the theory  of spéci
ation by the founder principle has been popular for the 
p a s t 40 years, i t  is ‘speculation, and there  has been no 
em pirical study of th is hypothesis’. Recent studies of 
highly polymorphic MHC loci in  Galapagos finches 
and cichlid fishes in  African lakes have ‘led to one of 
the  m ost im portan t findings in  evolutionary biology in  
recent years: th a t  spéciation by the founder principle 
m ay not be very common after ali.’

Palum bi (1994) concluded th a t  ‘i t  is unlikely th a t 
evolutionary models th a t  rely on very sm all popula
tion sizes will explain a large fraction of spéciation 
events am ong m arine organism s w ith the  potential for 
long-distance d ispersal.’

E c o l o g ic a l  d is p e r s a l

Ecologists generally  use ‘dispersal’ to m ean the  ordi
nary, observable m ovem ent of p lan ts and anim als and 
th e ir  propagules (e.g. Clobert et ál., 2001; Bullock, 
K enw ard & Hails, 2002). This process does not involve 
differentiation. ‘D ispersal’ in  the  sense of d ispersalist 
biogeographers is a very different process, as i t  
involves differentiation and spéciation. Rosen (1988) 
gave an  im portan t review of reef coral biogeography 
and observed tha t: ‘there  is considerable confusion 
generated  by different m eanings of “dispersal” . . .  I t  is 
particu larly  the question of “long-distance dispersal” 
in  reef corals and o ther organism s . . . th a t  highlights 
confusion in  d ispersalist explanations for d istribu
tions . . . Even if  the  w idespread tran s-E aste rn  Pacific 
p a tte rn  in  m odern reef corals is curren tly  being m ain
ta ined  by long-distance dispersion . . . th is would not 
necessarily explain how this p a tte rn  arose in  the  firs t 
place . . . The mode of spéciation envisaged by advo
cates of centres of origin theories has never been m ade 
clear for reef corals . . . On the  o ther hand, i t  has long 
been known th a t  the  basic features of reef coral dis
tribu tion  correspond broadly to those of o ther reef- 
associated and tropical m arine organism s, especially 
mangroves, seagrasses and m any larger benthonic 
foram iniferan, algal, molluscan, echinoderm, decapod 
crustacean  and fish groups. A reasonable inference . . . 
is th a t  these organism s share  a sim ilar biogeographi- 
cal history.’ He concluded th a t  em pirical analysis 
‘points to the im portance of geotectonic events . . . 
new er ideas reflect a search for testab le  a lternatives to 
the  older ideas of an  Indo-W est Pacific centre of origin. 
In  particular, hypotheses about vicariance . . .  all 
m erit fu rth er testing  . . .’

The difference betw een ordinary  range expansion 
(Croizat’s ‘mobilism’) and the  highly theoretical 
founder or chance dispersal has been highlighted by

m any authors. For example, L ieberm ann (2003) 
referred to congruent, tem porally correlated range 
expansion of m any clades as ‘geo-dispersal’. This term  
was coined to d istinguish  i t  from trad itional (i.e. 
founder) dispersal, which is ‘a very different process’ 
and ‘is by its  very n a tu re  incongruent and not repli
cated in  independent clades’.

Long-distance dispersal, in  the  simple sense of 
range expansion, not in  the  sense of founder effect 
dispersal (movement and th en  cessation of move
m ent), explains sim ilarities betw een biotas of differ
en t localities, not differences. Vicariance explains 
differences. If all taxa  underw ent chance dispersal, 
all taxa, even the  slowest worms and molluscs, could 
theoretically  spread all over the earth , a t  least in  cli
m atically favourable regions, in  the  geological tim e 
available. In  fact, of course, the  biota of the e a rth  is 
highly divided geographically, w ith hard ly  any undif
ferentiated , cosmopolitan taxa. For example, a 
perusal of the world d istribution  records of the best- 
known group, the birds, shows th is  clearly. In  the 
m arine realm , m any higher taxa  (families and gen
era) of corals are w idespread through the Ind ian  and 
Pacific Oceans, as are  m any of the species. However, 
m any genera and species of corals are  restricted  in  
one way or ano ther and these are of special in te rest 
as they  indicate evolutionary connections. Veron
(2000) referred to the ‘m any thousands’ of readily rec
ognizable geographic subspecies of corals and these 
are also im portan t indicators of pu tative genetic 
differentiation.

D is p e r s a l  a n d  g e o l o g y

In sum, both founder dispersal and vicariance are 
suggested by th e ir  proponents to bring about differ
en tia tion  because of a b reak  or cessation of move
m ent of individuals and gene flow. Veron (1995) 
concluded ‘dispersion (or m igration), which increases 
d istribution  range, m ust a lte rn a te  in  tim e w ith the 
absence of dispersion, which allows vicariance to take  
place’. This idea of an  alternation  of mobilism and 
immobilism is pure panbiogeography. In founder dis
persal the b reak  is caused by ‘chance’. In  vicariance 
the b reak  is caused by geological or o ther environ
m ental change.

In  practice, un til the  rise of m olecular studies, dis
persal biogeography characteristically  ignored geology 
older th a n  a million years or so. E vents in  the  Pliocene 
and Miocene were usually  regarded as alm ost incon
ceivably ‘ancient’ -  a ra th e r  different tim e-scale from 
geology. This is because dispersal biogeography 
stresses, indeed, v irtually  relies upon, cu rren t and 
Q uaternary  ecology as the explanation for p a tte rns. 
For example, in  his classic work on the  avifauna 
of New Guinea, Diamond (1972) overlooked the  fact
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th a t  his large-scale O kapa-K arim ui transect, which 
crossed the  boundaries of m any bird  distributions, 
also crossed the m ajor tectonic boundary in  New 
G uinea (Heads, 2001a). Even w hen geology is consid
ered, i t  is only to exam ine earlie r (e.g. Gondwanic) 
landscapes and seascapes as possible avenues for 
m igration from a centre of origin.

W hile panbiogeography involves close study  of tec
tonics, palaeontology (along w ith genetics) has long 
been the  m ost d ispersalist of all the  biological disci
plines and is thoroughly perm eated w ith  the assum p
tions of th a t  paradigm . For example, Rosen (1988) 
pointed out th a t  ‘a biota first recognized from a p ar
ticu lar horizon (T l) in  a particu la r region (A) is often 
referred to as the  “A biota”. This in  itse lf seems rea
sonable, b u t when a sim ilar, b u t not necessarily  iden
tical, b iota is also recognized a t a la te r  horizon (T2) in  
ano ther region (B), i t  is sometimes also referred to as 
the “A biota” . . . The reason for th is  seems to be 
because the younger biota is believed to consist largely 
of direct descendants of the  A biota . . . The underlying 
assum ption is th a t  of dispersal, often from a supposed 
centre of origin (in th is case region A), and clearly 
introduces bias into an  apparen tly  objective faunistic 
observation.’

In fact, founder dispersal does not m ake sense as a 
process (it sometimes explains how taxa  m ight get 
somewhere, b u t not why they  would differ), nor does 
i t  m ake any sense of the p a tte rn s. M ost aspects of 
m ost d istribution p a tte rn s  are  sim ply ignored. In  the 
corals, for example, discussion has nearly  always 
focused on the  p a tte rn s  of taxonomic richness in  dif
feren t areas; individual d istributions have hard ly  
ever been m entioned le t alone analysed. Good da ta  
on distribution  are  available (Hoeksema, 1989; Wal
lace, 1999a; Veron, 2000). However, m any of the m ost 
obvious questions rem ain  totally  ignored: for exam 
ple, how and why can a coral be endemic to M ada
gascar and Indonesia, and not be in  the Red Sea or 
A ustralia? How can a coral surround W Indonesia 
and not be there , although a close relative is? W hy 
are  there  so m any endemic corals in  M adagascar, the 
Red Sea, S ri Lanka, Ja p a n  and Hawaii, b u t v irtu 
ally none in  Q ueensland, New Caledonia or Fiji? 
W hy do so m any corals reach  th e ir  easte rn  lim its in  
Fiji and Haw aii and not occur in  the south-east 
Pacific? None of these d istributions m akes any sense 
a t  all if  dispersal is simply by m ovem ent and d istri
bution  is simply correlated w ith  cu rren t environm en
ta l factors.

P r a c t ic a l  im p l ic a t io n s  o f  t h e  c o n c e p t  o f

DISPERSAL

If an  au tho r assum es founder effect dispersal, he or 
she will assum e th a t  only ‘chance’ processes are a t 
work and th a t  given enough tim e any distribution  can 
develop. Thus there  will be no point in  looking for any 
correlation w ith anyth ing  except cu rren t ecology and 
little  or no m otivation for m apping and undertak ing  
com parative analysis of distributions of tax a  w ith  dif
feren t ecology. In fact, chance dispersal has usually  
been assum ed and th is has led to biological (including 
palaeontological) m apping lagging fa r behind geologi
cal (stra tig raphie  and tectonic) m apping. There is no 
biological equivalent of the m apping project assigned 
in  m any university  first-year geology courses. A very 
high proportion of otherw ise incredibly detailed mono
graphs of taxonomic groups contain no distribution  
m aps a t all. This is particu larly  common in  studies of 
m arine groups, in  which long-distance dispersal is 
even more universally  accepted th a n  in  te rrestria l 
taxa. I t is impossible even to im agine a com parable 
regional geological study  w ithout m aps.

Thus, i f  founder dispersal is assum ed, th a t  is u su 
ally the  end of com parative biogeographic analysis. On 
the o ther hand, if  vicariance is assum ed, discussion 
and analysis can begin, as the  au tho r will w an t to 
compare the d istributions of the  tax a  under im m edi
ate consideration w ith a wide range of others and also 
w ith aspects of tectonic history.

M o l e c u l a r  b io g e o g r a p h y

This approach, also known as phylogeography, is gen
erally  ju s t  a technically advanced form of founder dis- 
persalism  and is based on the  sam e key concepts of 
centre of origin and m eans of dispersal. As Ebach & 
H um phries (2002) noted: ‘Phylogeography has re
invented  dispersal biogeography . . . Phylogeography 
is lim ited in  its  perspective, as i t  has not overcome the 
logical hurdles already addressed in  cladistic biogeo- 
graphical methodology over the la s t two decades. Prior 
knowledge, i t  seems, is ne ither assum ed nor necessary 
in  phylogeography’. Nelson (2004) agreed: ‘Palaeontol
ogy of the  p as t is revived in  m olecular system atics of 
the  present, in  the  search for ancestors and centres of 
origin.’

Croizat (1977) regarded evolutionary developm ent 
as ‘a function of (a) panbiogeography and (b) m olecular 
biology’ and in  th e ir  review of reef fish history  Bell- 
wood & W ainw right (2002) wrote th a t ‘The combina
tion of fossil evidence, m olecular system atics, and 
vicariance biogeography . . . offers an  exciting avenue 
for fu tu re  research .’ This is certain ly  tru e  and the cla- 
dogram s produced in  m any m olecular studies are of 
trem endous in terest.

Unfortunately, the  v ast m ajority of m olecular 
resu lts are  in terp re ted  using d ispersalist theory and 
dubious clock calibrations (see below). An exam ple of a 
d ispersalist mode of reasoning th a t  has been adopted 
uncritically  by phylogeography is the assum ption th a t
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a ‘basa l’ group is somehow prim itive and ancestral, 
and occupies the  centre of origin or ancestral a rea  (cf. 
‘C entres of origin’, above). For example, in  the  world
wide labrid  genus Thalassom a, B ernardi et al. (2003) 
w rote th a t  the H aw aiian  T. ballieui and the  W estern 
A ustra lian  T. septemfasciata  ‘form a sis te r clade to all 
other studied tax a’, b u t in  the  abstract, they  wrote 
th a t  these are  ‘ancestral species’. In  the eelpouts 
(.Lycodes: Zoarcidae), the  long-tailed Pacific species are 
basal and i t  is claim ed th a t  ‘th is supports ea rlie r th e 
ories of Pacific origin of the  genus/fam ily’ (M pller & 
G ravlund, 2003). Basal lineages in  Ophioblennius 
(Blenniidae) occur in  the  easte rn  Pacific/western 
A tlantic, ‘strongly indicating  th a t  the  genus evolved 
in  th is region’ (M uss et al., 2001). In fact, a ‘basa l’ 
group is ju s t  the sm aller of two sister groups. Both 
will have the sam e age and neither one is derived 
from the  other. O ther problem s w ith phylogeography 
and the  clock approach can be seen clearly in  some 
examples.

The 14 species of eared seals (O tariidae) range 
widely around the Pacific and Southern  Oceans, w ith 
largely v icarian t distributions. Callorhinus (C anada -  
Japan) em erged as the  basal clade in  W ynen et al.’s
(2001) m olecular study and w ithout any fu rth er expla
nation  these au thors proposed a classic M atthew ian 
centre of origin for the  fam ily n ear Vancouver. This is 
presum ably related  to the  basal position of Callorhi
nus, b u t as explained already, the  ‘basa l’ group is ju s t  
a sm all sis ter group, not an  ancestor, and there  is no 
reason to assum e th a t  its  range (or, in  th is  case, p a rt of 
its  range) is the centre of origin. W ynen et al. sug
gested th a t  the  m em bers of the fam ily have subse
quently  colonized the rest of the range using the ir 
‘rem arkable dispersal abilities’. However, some diffi
culties rem ain: ‘i t  is difficult to hypothesize on the 
m echanism s leading to cu rren t d istribution  of Arcto
cephalus ph ilipp ii [Juan  Fernandez] and A. townsendi 
[California], s traddling  th a t  of a less re la ted  species’ -  
A. galapagoensis of the Galapagos. This is probably a 
very ordinary  case of d istribution by parallel arcs, 
w ith the  inner arc held by A. galapagoensis and also 
Zalophus (Galapagos, Mexico). O ther problems not 
addressed by W ynen et al. and not predicted for a 
group w ith ‘rem arkable dispersal abilities’ include: 
why exactly is Otaria  restricted  to w estern  South 
America, Phocarctos to islands south of New Zealand, 
and Neophoca to south-w est A ustralia?

W aters & Roy (2004) sought to explain the  d istribu
tion of the  starfish  Patiriella exigua, which ranges 
from S t H elena to south-east A ustralia  and Lord Howe 
Island, a thoroughly stan d ard  Ind ian  Ocean d istribu
tion which they claimed is ‘unu su a l’. Because th e ir  cla- 
dogram for the  populations is more complex th a n  a 
simple A frica/A ustralia sp lit they  argued th a t  the dis
tribu tion  cannot be the resu lt of vicariance, an  argu

m ent th a t  panbiogeography has dealt w ith m any 
tim es (e.g. Craw et al., 1999, and references therein). 
For example, the  d istributions m ay be older th an  the 
geological events cited and/or the  relevant geology 
m ay be more complex th a n  a simple split. In  fact, the  
genetic clades w ith in  the  species show m assive vicar
iance -  W aters & Roy use the  term  ‘m arked phylogeo- 
graphic s tru c tu re ’ -  ‘evident across sm all geographic 
scales in  A ustralia  and South Africa’, which basically 
m eans th roughout the  species’ range. As the  authors 
adm it, th is  s truc tu re  ‘indicates th a t  gene flow among 
populations m ay be generally  insufficient to prevent 
the local evolution of monophyly’. In o ther words, dis
persal is not im portan t and vicariance is. In fact, the  
basal sp lit in  the  species is betw een the Cape Town- 
A m sterdam  Island populations and all the o thers. No 
explanation for th is  is given; W aters & Roy simply 
recite the usual argum ent th a t  ‘O rganism s th a t  pos
sess strong m igratory ability can undergo m ajor range 
expansions through the colonization of new regions’. 
However, there  is an  im portan t difference betw een 
w hat an  organism  can in  theory do in  term s of coloni
zation and w hat i t  actually  does in  practice. In fact, 
any organism , given suitable ecology, can undergo 
m assive range expansion, w hether i t  has especially 
‘strong m igratory ability’ or not. For example, there  
are weedy species of snails, worms, etc., th a t  have 
invaded very large areas. Conversely, m any species 
w ith very high ‘m igratory ability’, such as albatrosses 
and fru it bats, can in  theory, b u t do not in  practice, 
undergo rapid range expansion.

Despite all th is direct evidence of vicariance, W aters 
& Roy (2004) concluded th a t  ‘sm all’ genetic diver
gences betw een African and A ustra lian  haplotypes 
‘strongly suggest Pleistocene dispersal’. As pointed 
out by m any authors, degree of divergence is not nec
essarily  a guide to e ith er the  tim e involved in  evolu
tion or the  age of th a t  evolutionary event. W aters & 
Roy claimed th a t  th e ir  study  ‘is one of the  first to pro
vide convincing evidence’ and even ‘compelling evi
dence’ of long-distance rafting. B ut convincing or 
compelling to whom? Presum ably  the  au thors were 
convinced or they  would not have argued for it, and 
w hether the  readers are  convinced is surely up to 
them  to decide.

W aters & Roy (2004) argued th a t  ‘Phylogeography 
has transform ed biogeographic research, a field previ
ously dogged by rhetoric and spéciation, into a rigor
ous discipline centred on hypothesis testing  (Wallis 
and Trewick, 2001)’. In fact, as Ebach & H um phries
(2002), Nelson (2004) and others have indicated, there  
has been no transform ation. The phylogeographers 
have confused technical advances w ith conceptual 
advances. Phylogeography is a new discipline only in  
its  technical aspects; its  theory and practice are not 
centred on hypothesis testing  b u t on re ite ra ting  the
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preconceptions of M atthew  (1915) and the New York 
school. Its p ractitioners are unaw are of th is  because 
they  them selves are  genetics technicians, not biogeog
raphers, and have very little  knowledge of th a t  subject 
or its  history.

W aters & Roy (2004) ended th e ir  paper w ith the 
observation tha t: ‘Several recent phylogeographic 
studies have included sta tistica l tests  of dispersal 
hypotheses and have been published in  high-profile 
biology jou rn a ls’ (references cited), as though the ‘pro
file’ of the  journal should be used in  assessing w hether 
or not the conclusion m akes sense.

In  a study  of the  w idespread sea-star genus Coscin
asterias, W aters & Roy (2003a) reached sim ilar 
conclusions to those of th e ir  2004 paper. Again, hap- 
lotypes exhibited ‘strong phylogeographic s tru c tu re ’, 
and again  any h in t th a t  th is is vicariance is carefully 
avoided. They w rite (W aters & Roy 2003b) th a t  ‘The 
“southern” clade of A ustralia  is also represented in  
New Zealand, indicating  Pleistocene oceanic dis
persal’. They even m ade (2003a) the curious claim  th a t 
the presence of ‘related  haplotypes’ on Tasm ania and 
New Zealand ‘suggests th a t  long distance dispersal is 
an  im portan t biogeographical process’. The assum p
tion th a t  degree of difference is proportional to tim e 
and th a t  the  calibration is reliable is m ade throughout 
the paper. Thus, w hat are supposedly ‘shallow’ genetic 
differences m ean th a t  vicariance can be ‘clearly’ 
rejected, and again  the  au thors claim  th a t  th e ir da ta  
provide ‘strong’ evidence th a t  the d istribution  is 
a ttribu tab le  to long-distance dispersal. W aters & Roy 
(2003a) w rite, correctly, th a t  while a num ber of studies 
use the final rise of the Isthm us of P anam a as a m eans 
of calibrating molecular clocks, ‘such clock calibrations 
should be trea ted  w ith caution’. However, they them 
selves apply m olecular calibrations derived from sister 
tax a  isolated by the  Isthm us of Panam a. So much 
for th e ir  ‘strong’ evidence and ‘clear’ rejection of 
vicariance.

However, they  also adm it (2003b) th a t  ‘The fact th a t 
phylogenetic gaps in  C. m uricata  are  consistent w ith 
provincial m arine biogeographical boundaries ... sug
gests a common underlying cause for interspecific and 
intraspecific biogeography.’ They cite notolabrid and 
aplodactylid fishes w ith  biogeographical discontinui
ties th a t  are  ‘alm ost identical’ to those of C. m uricata, 
and also ‘concordant phylogeographical and biogeo
graphical provinces’ in  A ustralia  and California. Con
cordant geography is actually  found in  tax a  of 
all ranks, above and below species (Croizat, 1964) 
and the very im portan t principle th a t i t  is due to a 
‘common underlying cause’ forms the basis of 
panbiogeography.

In  a m olecular study of the world-wide family 
C alyptraeidae (Gastropoda), Collin (2003) suggested 
th a t  ‘geographic p a tte rn s  of spéciation in  m arine

inverteb ra tes are not well understood’, b u t in  fact the 
p a tte rn s  are well known, i t  is the  mode of form ation of 
the  p a tte rn s  which is not well understood. As argued 
here, th is is because au thors have relied on fundam en
tally  flawed concepts of dispersal. In  both its  proce
dures and conclusions, Collin’s work is a classic 
exam ple of M atthew ian phylogeography. For example, 
she wrote th a t  the  ‘prevailing view’ in  m arine bioge
ography is one of ‘broad d ispersal’ and in  the first 
parag raph  alone cited M ayr (1954) as a key reference 
for different topics th ree tim es. A lthough Collin 
claimed th a t  ‘Previous studies of m arine species have 
seldom included exam ination of the  biogeography of 
speciose clades th roughout th e ir  range’, she failed 
even to m ention classic work of th is  type by her Sm ith
sonian colleague Springer (1982, 1988), presum ably 
because i t  supports vicariance.

Following M atthew, she proposed a centre of origin 
of the  C alyptraeidae in  the  N orthern  H em isphere fol
lowed by 15 dispersal events to regions south of the 
equator, despite the fact th a t  in  h er study  the  basal 
clade of the fam ily comprises the  two New Zealand 
genera M aoricrypta (incl. Zegalerus-, also in  south-east 
A ustralia) and Sigapatella  and th ree  southern  Chi
nese species.

Collin suggested th a t  the geographic distributions 
of the  species she studied ‘dem onstrate num erous dis
persal events’, b u t of course these are  theorized not 
dem onstrated. She wrote: ‘C alyptraeids show pa tte rns 
of global m ovem ent (Fig. 7 [a cladogram] ), and closely 
related  species can occur half-way around the  world 
from each o ther . . . Long distance dispersal is evident 
in  Crepipatella, w here C. capensis from South Africa is 
nested  w ith in  a clade of species from Chile, and in  Tro
chita  w here T. calyptraeformis from Chile and P eru  is 
nested  w ith in  a clade of species from the  no rtheast 
Pacific.’ Leaving aside the  question of the  ra th e r small 
sam ple of species in  h er study (15-35% of the total), i t  
is sim ply not tru e  th a t  long-distance dispersal is ‘evi
dent’ in  these clades. Given the  stan d ard  distributions 
i t  is probably not even likely.

A t the s ta r t  of h er study  Collin noted th a t  m any pre
viously accepted groupings in  the  fam ily occur in  
restricted  geographic areas, b u t cannot be d istin 
guished from other groups on the  basis of shell char
acters (Collin does not m ention o ther characters) and 
have been based m erely on locality. For example, she 
cited M aoricrypta  and Sigapatella  from New Zealand, 
w ith shells indistinguishable from Crepidula  and 
Calyptraea, respectively. She wrote th a t  ‘Acceptance of 
any of the  [merely] geography-based taxonomic group
ings im plies a belief th a t  diversification occurs locally 
and th a t  long-distance dispersal across ocean basins 
does not occur often’, which is logical. However, when 
h er own study also found strong support for these two 
genera, she did not invoke local diversification and
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lim ited long-distance dispersal, b u t in stead  re iterated  
centre of origin/dispersal theories.

PANBIOGEOGRAPHIC CONCEPTS 
APPEARING IN RECENT STUDIES

D a t in g  ta x a

Dispersalists have often argued th a t  the m ajor geolog
ical changes, such as continental drift, th a t  could have 
brought about vicariance are sim ply too old to have 
had  any affect on the m odern taxa, which are  m uch 
younger. B ut are they  really?

Fossils give m in im um  ages for groups 
E stab lish ing  the  age of tax a  has trad itionally  been 
done using fossils; usually  the  fossil record has been 
tak en  a t its  face value and read literally, th a t  is, the 
age of the taxon is equated w ith  the  age of its  oldest 
fossil. For example, the oldest reported fossils of the 
w idespread tropical alga H alim eda  are  Late C reta
ceous (Kooistra, Calderón & Hillis, 1999) and so these 
au thors cited ‘the  Cretaceous age of the  genus’. The 
m ajor problems w ith th is approach are  usually  
ignored and there  is even a recent book titled  ‘The A de
quacy o f the Fossil Record’ (Donovan & Paul, 1998). 
D arlington (1957: 320) felt th a t  the fossil record 
‘allows an  alm ost magical view into the p as t’ and 
Briggs (1974b: 249) used exactly the sam e words. This 
approach is w hat Croizat (1952) called ‘the cult of the 
petrifact’, and its  adheren ts usually  assum e th a t  the 
location of the earliest known fossil of a group is also 
the  group’s centre of origin.

The fossil record is sometimes adm itted  to be 
‘im perfect’, b u t th is is pu tting  i t  very mildly. Rhodes 
(1979) wrote th a t  about 91 000 species of fossils are 
known, b u t i t  is estim ated  th a t  the  to tal num ber of 
species th a t  have lived in  the  geological p ast m ay be of 
the  order of 500 million. More th a n  h a lf the classes of 
living organism s are unrepresented  as fossils. Nebel- 
sick (1996) concluded th a t  ‘fossii biodiversities m ust 
be regarded as underestim ates even w hen dealing 
w ith organism s such as the sea-urchins which are 
well-skeletonized and have a long fossil record.’ In 
m ost areas the  land lacks not only fossils b u t also 
m any geological s tra ta  and Sm ith  (2001) observed 
th a t  ‘the  rock record available for sam pling is itse lf 
d istorted by m ajor system atic biases’. He suggested 
th a t  tak ing  fossil records of Phanerozoic diversity a t 
face value was ‘problem atic’ and argued for a more 
cautious approach.

New discoveries of fossils m uch older th a n  the p re
viously known oldest m em bers of a group are  m ade 
regularly. For example, m olecular evidence suggested 
th a t  vestim entiferan  tubew orm s (Pycnogonida) m ay 
be less th a n  100 m.y. old (Black et al., 1997). However,

new fossil evidence subsequently  indicated they  are 
over 400 M yr old (Little et al., 1997). Fossil lorisiform 
prim ates were previously known back to 20 M a bu t 
fossils dated a t 41-37 Ma were found recently 
(Seiffert, Simons & A ttia, 2003). Crown-group sala
m anders were recently found in  Middle Ju rassic  rocks, 
pre-dating the  previous record by some 100 m.y. (Ke- 
Qin Gao & Shubin, 2003). M eta theria  (m arsupials and 
th e ir  relatives) were known back to 75 Ma, b u t a fossil 
dated  a t 125 M a has been described by Luo et al.
(2003). These new ‘oldest fossils’ are  often regarded as 
of im m ense significance and reported in  prestigious 
journals, and th e ir  location taken  to represen t a new 
centre of origin.

Discussing skates (see below), L ast & Yearsley
(2002) wrote th a t  fossils ‘often only constitu te a m in
im al record of the  age of the  taxon’, b u t in  fact th is 
is v irtually  always true; as C unningham  & Collins
(1994) observed: ‘fossii calibrations give m inim um  
tim es of divergence [and] will yield overestim ates of 
ra tes to the  ex ten t th a t  cladogenesis precedes the  first 
occurrence of identifiable descendant species’. L ast & 
Yearsley (2002) concluded th a t  given the relatively 
poor fossil record of skates and the ‘complex biogeo
graphical s truc tu re  of the  ex tan t fauna the  group is 
likely to be older th a n  the  fossil evidence suggests’. 
W hat the  fossil record can do is give broad averages of 
level of organization through tim e. The nam es of the 
geological eras reflect the  fact th a t  Cainozoic (Phillips, 
1841) m em bers of a group (kainos = new) have a mod
ern  stam p and usually  look ra th e r  different from 
Mesozoic (Phillips, 1841) and Palaeozoic (Sedgwick, 
1838) m em bers. B ut a lite ra l reading of the  details of 
the fossil record is bound to be m isleading.

Purvis & H ector (2000) noted th a t  new m olecular 
phylogenies are  ‘pushing back the origins of m any 
groups to long before th e ir  earliest known fossils . . . 
M any orders of m am m als and birds are  now thought 
to have originated long before the  end-Cretaceous 
extinction . . . which was though t previously to have 
been the signal for th e ir  radiation  . . . The puzzle is 
the absence of fossils’. Panbiogeographic analyses (e.g. 
Croizat, 1958, 1964) predict these earlier dates and 
the absence of fossils cannot really  be regarded as a 
puzzle given the fragm entary  n a tu re  of the  fossil 
record.

The complete reliance of dispersal theory on a literal 
reading of the fossil record is shown clearly  in  a recent 
paper of Briggs (2003b). M uch m olecular work 
(sum m arized in  Avise, 2000) has concluded th a t 
the global distributions of groups such as aplocheiloid 
fishes, cichlid fishes, ra tite  birds and parro ts are  the 
resu lt of Mesozoic vicariance (Briggs calls i t  ‘fraction
ation’). Briggs dism issed all these resu lts, however, 
and concluded th a t  they  would be ‘more m eaningful’ if  
they  were ‘b e tte r in teg ra ted ’ w ith the  ‘body of knowl
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edge th a t  a lready exists’, i.e. the  lite ra l reading of the  
fossil record.

Pacific/ A tlantic divergence calibrations based on the 
rise o f the Isthm us o f Panam a a t 3 M a are flawed  
Occasionally au thors adm it the  well-known lim ita
tions of using fossils and instead  base ideas of age (and 
m olecular clock calibrations) on in terp re ta tions of 
tectonics and biogeography. U nfortunately  these are 
often very simplistic. For example, i t  is often assum ed 
th a t  v icarian t populations on e ither side of the Is th 
m us of P anam a began to diverge a t c. 3 Ma, because 
th a t  is the  age of the  final rise of the Isthm us. M uss 
et al. (2001) wrote th a t  ‘The Isthm us of P anam a has 
been a boon to evolutionary studies of m arine organ
ism s’, because i t  provides a ‘robust fram ew ork’ for 
evaluating  divergence tim es. The rise of the  Isthm us 
a t 3 Ma is one of the  m ost im portan t dates in  dispersal 
biogeography as i t  is supposed to m ark  the beginning 
of the  ‘G reat Am erican In terchange’ of te rres tria l fau
nas, one of the  central p illars of d ispersalist orthodoxy 
(Wallace, 1876; S tehli & Webb, 1985).

However, an  original supporter of M atthew  has 
w ritten  a telling critique of the ‘In terchange’ theory 
(Myers, 1966) and Croizat (1975) questioned the 
significance of the  Isthm us of Panam a, em phasizing 
instead  the complex earlie r geology of the Colom bia- 
C entral America region. O ther geologists and biolo
gists have also suggested m uch earlier is thm ian  links 
betw een N orth  and South America in  the  la te  Meso
zoic or early  Cenozoic th a t  m ay have led to Pacific/ 
A tlantic isolation and differentiation of m arine taxa. 
W hite (1986) suggested th is for nearshore fishes, the 
two subfam ilies of silversides (Atherinidae). Savin & 
Douglas (1985) also referred to m any openings and 
closings of the  Isthm us.

Rosen (1988) pointed out th a t  although the differen
tia tion  of the m ain  centres of endem ism  for reef corals, 
the A tlantic and Indo-Pacific, was often a ttrib u ted  to 
the Pliocene em ergence of the  isthm us, the  emergence 
actually  long post-dates faunal differentiation of reef 
corals (early Cainozoic -  based on age of fossilization).

de W eerdt (1990) commented th a t  ‘The Pliocene 
uplift of the P anam anian  Isthm us is generally  recog
nized as the vicariance event leading to sister-group 
relationships a t both sides of the  Isthm us . . . The con- 
specificity of the  B razilian and easte rn  Caribbean pop
ulations of M illepora squarrosa  [a hydrocoral] does 
not fit very well w ith th is  tim ing, since the age of the  
Amazon-Orinoco ba rrie r has been hypothesized . . .  to 
be of Miocene age, thus older th a n  the  Isthm us. Glynn 
(1972, 1982) has presented the  hypothesis th a t  ‘a 
restriction  of flow across C entral Am erica occurred 
already before the  rise of the  Isthm us . . .  I t  is sug
gested th a t  the  spéciation of the  ancestor of 
M. squarrosa and [its Indo-Pacific sister species]

M. platyphylla  into these species has tak en  place 
before the  rise of the  Isthm us . . .’

Likewise, Knowlton et al. (1993) suggested th a t  a t 
least some of the trans-P anam a species pairs of the 
snapping shrim p Alpheus  m ay have diverged before 
the  final closure of the  P anam a seaway, in  a p a tte rn  of 
staggered ra th e r  th a n  sim ultaneous isolation. Knowl
ton & Weigt (1998) estim ated  tim es of separation  of 
trans-P anam a pairs A lpheus ranging from 3 to 18 Ma 
for 15 species pairs. They assum ed th a t  the  divergence 
of the  pa ir w ith  the  least difference w as due to Isthm us 
closure, b u t th is pair, too, m ay have diverged earlier.

Based on fossil evidence of divergence a hypothesis 
of sequential vicariance was also proposed in  the 
Strom bina  group (Columbellidae) of gastropods in  the 
C aribbean and E aste rn  Pacific prior to 3.5 Ma; there  
was already substan tia l divergence a t the  subgeneric 
level a t 5.0 M a (Jackson et al., 1993). Banford et al.
(1999) suggested th a t  divergence betw een Pacific and 
A tlantic m em bers of Spanish  m ackerels (Scombero
m orus: Scombridae) took place a t  around 6.3 Ma, 
again pre-dating  the closure of the  isthm us.

For trans-isthm ian  species of the  m uricid Plicopur
pura , m olecular d a ta  give a predicted tim e of diver
gence of betw een 5.6 and 11.4 M a (C unningham  & 
Collins, 1994), ‘consistent w ith the  hypothesis th a t 
m any gem inate species [closely rela ted  species pairs] 
were divided long before the final closure of the  P an 
am a seaway’. Divergences th a t  p redate  final seaway 
closure have also been recorded for gem inate pairs of 
bivalve molluscs (Arcidae) dated a t  up to 30 Ma 
(Marko, 2002) and bryozoans (Cupuladriidae) dated a t 
up to 11 M a (Dick, H errera-C ubilla  & Jackson, 2003). 
Cunningham  & Collins (1994) concluded th a t  ‘Paleon
tological and m olecular da ta  agree th a t  the  separation 
of taxa  on e ither side of the Isthm us of P anam a was 
not a singular event, as had previously been supposed, 
b u t m ost likely took place over millions of years’. This 
reasonable conclusion has been alm ost universally  
ignored by the  m any au thors who continue to rely on 
the  final closing of the  P anam a seaway to calibrate 
th e ir  m olecular clocks. As Knowlton & Weigt (1998) 
concluded: ‘M any p ast studies m ay have overesti
m ated rates of m olecular evolution because they  sam 
pled [trans-Panam a] pairs th a t  were separated  well 
before final closure of the  Isthm us’.

M uss et al. (2001) adm itted  th a t  the  A tlantic and 
Pacific species of Ophioblennius probably diverged 
prior to the  closure of the  Isthm us of Panam a, b u t felt 
th a t  because of th is  ‘a geologically calibrated clock is 
unavailable’. This sim ply indicates the  extrem ely n a r
row approach of m any contem porary studies and the 
excessive reliance placed on th is  single feature. Of 
course there  are  m any other geological features in  the 
Pacific and A tlantic Oceans th a t  could be used in  cal
ibrations, b u t for some reason never are.
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M olecular clock calibrations are usually flawed  
As Palum bi (1997) noted in  a review of m olecular bio
geography of the  Pacific, there  are  ‘grave problem s’ 
w ith estim ating  the tim ing of species differentiation by 
molecular m ethods. As indicated above, the  m ain  prob
lem is calibration: the  clocks are usually  calibrated 
using unrealistic  correlations w ith palaeogeography or 
a lite ra l reading of the  fossil record. In  a typical recent 
example, Leys, Cooper & Schwarz (2002) claim ed tha t: 
‘U sing a relaxed m olecular clock calibrated  using fossil 
carpen ter bees, we show [sic] th a t  the m ajor splits in  
the  carpen ter bee phylogeny occurred well after the 
final b reakup of G ondw analand’. In  practice, molecu
la r  clocks are usually  calibrated simply by referring to 
other calibrations, often of d istan tly  related  taxa. Thus 
the  whole lite ra tu re  is based on ju s t  a few key papers 
using fossils in  the  trad itional way or sim plistic ideas 
on palaeogeography and resem bles a fragile house of 
cards. Despite th is, m any au thors regularly  exagger
ate  th e ir  findings. For example, in  th e ir  abstract, 
Palum bi et al. (1997) asserted  th a t  Pacific Echinome
tra  species ‘have speciated w ithin the  p ast one to th ree 
million years’, although in  the  tex t they  wrote, more 
accurately, th a t  the  species show ‘very low genetic dis
tances [elsewhere they cited “su bstan tia l genetic dif
feren tia tion”], im plying  recent species form ation’ 
(italics added in  both quotes).

Living coelacanth fishes (Latim eria ) comprise one 
species around the Comoros (off M adagascar) and 
another species n ear Sulawesi, 10 000 km  away. ‘The 
coelacanth lineage has shown surprisingly  few m or
phological changes th rough its  360 m illion year h is
tory  and Latim eria  is rem arkably  sim ilar to its 
nea rest fossil relative Macropoma, despite 80 million 
years of separation.’ (Holder et al., 1999). These 
au thors discussed the  geographic disjunction and 
wrote th a t  ‘Ideally, a wide range of system atic and eco
logical inform ation would be used’ to d istinguish 
am ong the  different possibilities. This is obviously the 
correct approach in  com parative biology b u t the 
au thors failed to follow th e ir own advice and in  p a r
ticu lar neglected to estab lish  w hether the d istribution 
was unique or a common pa tte rn . Instead  they  focused 
en tire ly  on Latim eria  and a m olecular clock approach. 
A lthough they  adm itted  th a t  ‘the  clock is difficult to 
calibrate because Latim eria  has no close living rela
tives’, they  inferred  th a t  the  two species separated  a t 
1.8-11 Ma, w ith a ‘best estim ate’ of 4.7-6.3 Ma. This 
approach left the  problem unresolved: ‘W ith no fossil 
record of the age or original geographic range of 
Latim eria  i t  is difficult to postu late historical biogeo
graphic explanations . . .  no obvious physical barrie r 
to dispersal betw een Sulaw esi and the w estern  Indian  
Ocean exists . . . [however] v ast expanses of deep 
w ater are likely a ba rrie r to dispersal of the  adults . . .’ 
They concluded th a t  fu rth e r living species m ay be

found and th a t  genetic studies of these ‘will help 
unravel the m ysteries’, b u t in  the m eantim e the  m ys
tery  stands. This study  again epitomizes the  narrow  
approach of m uch m odern com parative biology; in  fact, 
of course, the  Com oros-Sulaw esi disjunction is a s tan 
dard track  (e.g. the  prosob ranch  Cerithium  gloriosum-, 
Houbrick, 1992), p a rt of the  general M adagascar- 
Indonesia track  (e.g. the  coral M ontipora orientalis-, 
Veron, 2000; vol. 1: 114). Springer (1999a) suggested 
th a t  coelacanths were the  resu lt of vicariance events 
significantly earlie r th a n  those suggested by Holder 
et al. a t  15-50 Ma, and as these au thors adm itted, th is 
could be correct ‘if  slower ra tes of m olecular evolution 
are considered’.

Quaternary events had m in im al influence on 
distribution
D ispersalists have generally  regarded the  Pleistocene 
as the  m ain  era  in  which m odern distributions and 
taxa  formed. For example, a symposium volume (ded
icated, appropriately  enough, to D arw in and Wallace), 
concluded: ‘It seems to be the general consensus th a t 
the v ast uniform ity of life th a t  characterized the  early  
Cenozoic, in  both space and tim e, gradually  changed to 
diversity th roughout T ertiary  tim e, in  a grand  cre
scendo th a t  reached ecstatic proportions in  the  Pleis
tocene’ (Hubbs, 1958). Recent au thors agree. Lessios, 
Kessing & P earse (2001) proposed th a t  Ind ian  Ocean/ 
Pacific Ocean vicariance in  m arine taxa  (discussed 
below) was due to Pleistocene changes in  sea-level. 
They noted th a t  th is is the  ‘generally  accepted expla
nation’ and th is  is true; countless studies in  m arine 
biogeography invoke Pleistocene events to explain 
distributions.

In  contrast, panbiogeography has always opposed 
the idea th a t  Q uaternary  events such as the  Pleis
tocene lee Ages have had  m uch effect on evolution or 
the m ain p a tte rn s  of d istribution, although they  have 
caused range contraction and extinction. In  particular, 
panbiogeography opposes the idea th a t  m odern d istri
butions are the  resu lt of spread from sm all num bers of 
‘Ice Age refugia’, w hether in  alpine p lan ts (e.g. Heads, 
1994, 2003) or m ontane birds (Heads, 2001a, 2002). 
The au thors of m any recent studies (e.g. Klicka & 
Zink, 1997; S tew art & Lister, 2001; Unmack, 2001; 
W ilf et al., 2002; Church et al., 2003) are  now coming 
around to th is idea, agreeing th a t  the m ain  aspects of 
diversity and distribution  are m uch older th a n  the 
Q uaternary  and th a t  there  were very m any refugia 
during the lee Ages th a t  preserved the  basic pa tterns, 
as in  m etapopulation theory (see below). In a sim ilar 
example, the Pleistocene h istory  of the  Red Sea 
involved a hypersaline event which is often assum ed 
to have wiped out m ost if  not all the  m arine fauna. 
However, Ormond & Edw ards (1987) observed th a t 
the presence of endemic fishes there  w ithout obvious
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Ind ian  Ocean coun terpart species supports the  con
ten tion  th a t  some Red Sea fauna survived. Righton, 
Kemp & Ormond (1996) argued th a t  Red Sea endemic 
fishes m ay be considerably older th a n  a t first appears 
possible as they  m ay have survived there  th rough the 
Pleistocene in  refugia of very lim ited extent.

Similarly, W oodland (1986) suggested th a t  d istribu
tions of inshore m arine fishes in  the  Indo-A ustralian 
Archipelago m ight be due not to Plio-Pleistocene 
changes in  sea-level, b u t to the  collision of A ustralia  
w ith south-east Asia a t  25-20 Ma, and K ott (1985) 
suggested th a t  A ustra lia -S ou th  Am erican ascidians 
are Gondwanic relics. Over the  la s t 10 years or so, 
m any m olecular and other studies have likewise ind i
cated th a t  m any m arine taxa  are older or m uch older 
th a n  previously assum ed in  orthodox dispersal theory 
(e.g. W allace et al., 1991; Pandolfi, 1992; Anderson, 
2000; Bellwood & W ainwright, 2002; George & 
Schminke, 2002; L ast & Yearsley, 2002; San tin i & 
W interbottom , 2002; W illiams, Reid & Littlewood, 
2003). Even ecologists have found i t  necessary to 
expand th e ir  geological vocabulary beyond Pleistocene 
and Pliocene to include Miocene and even Oligocene. 
F u tu re  developments, especially refinem ent of dating, 
m ay m ean they have to extend th e ir  horizons even fu r
th e r  back, tow ards the  tim e of origin of the  ‘m odern’ 
groups. As noted above, i t  is a simple m a tte r of obser
vation th a t  Cainozoic tax a  look modern, w hereas 
Mesozoic ones do not. Thus, from the  fossil record, the 
la s t phase of m odernization of life w as betw een the 
Mesozoic and Cenozoic, not betw een the T ertiary  and 
Q uaternary. The m ain  p a tte rn s  of m odern distribution 
were probably being laid down a t the sam e tim e as the 
m odern forms were emerging.

A  panbiogeographic approach to dating  marine 
groups
Despite the  fact th a t  the  en tire  order Perciform es is 
generally accepted as Late Cretaceous based on the 
fossil record, Chao (1986) showed th a t  the  d istribution  
of the Sciaenidae (croakers and drum s) would best be 
explained by a Late Ju rassic  origin of the  family. He 
suggested th a t  a group ancestral to Sciaenidae was 
d istributed through the Tethys and diverged, one to 
the w est (pre-Atlantic) and one to the ea s t (pre-Indo- 
Pacific). Bellwood & W ainw right (2002) took a sim ilar 
approach. They wrote th a t  ‘A fter fossils, the  second line 
of evidence th a t  m ay provide some indication of the  age 
of reef fish is historical biogeography’. F reshw ater 
fishes are usually  assum ed to be derived from, and 
thu s to be younger than , m arine groups. Bellwood & 
W ainw right gave a well-reasoned discussion of the 
fam ily Cichlidae, found in  rivers and lakes throughout 
South America, Africa, M adagascar and southern  
India. They wrote ‘E ith er they  [cichlid ancestors] were 
associated w ith the land m asses prior to separation,

cichlid origins thus being a t least 100 Ma, or they 
m ain tained  contact th rough extensive m arine connec
tions. The oldest cichlid fossil is from Africa, 46 Ma. At 
100 M a the  origins of the cichlids would predate  the 
earliest fossil of the  fam ily and th a t  of any o ther ex tan t 
perciform fam ily by over 40 M a’. Because of th is, t r a 
ditional au thors such as Lundberg (1993) favoured a 
lite ra l reading of the  fossil record and so inferred 
trans-A tlan tic dispersal, b u t Bellwood & W ainwright 
concluded instead  th a t  ‘Cenozoic trans-A tlan tic  dis
persal seems unlikely given the  clear régionalisation 
seen in  the  m ajor cichlid clades . . .  A m uch older origin 
for the  Cichlidae and the  perciformes m ust rem ain  a 
possibility, w ith the  Cichlidae being w idespread across 
Gondwana prior to fragm entation  . . . Recent biogeo
graphic in terp re ta tions based on m olecular phylogé
nies are consistent w ith these early  origins . . . [and 
suggest tha t] several reef fish lineages (labrids, poma- 
centrids, acanthurids, and pom acanthids) were 
already established prior to Gondw ana fragm entation  
(i.e. over 125 Ma) . . .  I t  is alm ost axiomatic th a t  the 
only surprise  th a t  the fossil record holds, in  term s of 
the  age of taxa, is th a t  tax a  are  older th a n  previously 
thought. Care m ust be tak en  therefore in  ascribing 
m inim um  ages.’ Britz (1997) also disagreed w ith trans- 
A tlantic dispersal to explain fish distributions, sug
gesting instead  th a t  the  origin of African -  South 
Am erican N andidae dates back to the  Late Cretaceous, 
before the  separation  of the  two continents.

Bellwood & W ainw right (2002) in teg ra ted  o ther 
palaeontological observations w ith th is  view. They 
pointed out th a t  the  morphology of m arine fish species 
from Eocene (50 Ma) beds a t  M onte Bolea, Italy, ‘is 
alm ost indistinguishable from th a t  of living represen
tatives. These were not “prim itive” precursors of mod
ern  forms . . . the  level of preservation  is such th a t  in  
some cases pigm ent p a tte rn s  can be seen, w ith s trik 
ing sim ilarities to living forms . . . On a dive along the 
coast of the  Tethys Sea in  the  Bolea region 50 million 
years ago one would see a fish fauna little  different 
from th a t  in  the  tropics to-day . . . [this] highlights the 
stability  of the  taxonomic and morphological charac
teristics of tropical benthic m arine fish faunas 
th roughout the  Cenozoic . . . Despite this, only 15 Ma 
earlier the perciformes are represented  by only a few 
specimens of one species.’! Bellwood & W ainwright 
thus suggested th a t  ‘the  broad sim ilarities in  fam ilial 
composition of m odern [tropical] reef fish faunas m ay 
reflect an  old shared history  ra th e r  th a n  recent colo
nization, and th a t  fam ilial differences betw een reef 
regions m ay be explained by subsequent events . . . 
Gondw anan fragm entation  appears to have been a sig
nificant factor [also] in  the  biogeography of tem perate  
fish tax a ’. H ere Bellwood & W ainw right cited freshw a
te r  and m arine taxa  d istribu ted  am ong South Africa, 
South Am erica and A ustralia, for exam ple Aplodactyl-
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idae, Latridae, Congiopodidae, Cheilodactylidae, 
Labridae, Sciaenidae and Sparidae.

M olecular work by Farias et al. (1999) gave sim ilar 
results. The phylogeny for Cichlidae was consistent 
w ith ancient vicariance associated w ith  the break-up 
of Gondw analand. O ther freshw ater groups w ith 
ancient origins include the characiform  fishes (1200 
species in  16 families), which occur in  freshw ater of 
South America and Africa. O rti & M eyer (1997) iden
tified th ree  trans-A tlan tic  clades. All in tercontinental 
distances were large by rDNA standards and in te r
p reted  as consistent w ith an  origin by vicariance, 
caused by the separation  of the two continents by con
tin en ta l d rift a t  90 Ma.

‘M e a n s  o f  d is p e r s a l ’ d o  n o t  c o r r e l a t e  w it h

DISTRIBUTION 

Broad geographic d istributions in  m arine organism s 
have often been correlated w ith the presence of a more 
or less long-lived pelagic larval stage. The need for dis
persal is widely regarded as the  principal factor select
ing  for a pelagic larva in  reef fishes. M any early  
au thors did express some concerns about dispersal in  
m arine taxa; for example, Knox (1963) noted th a t  the  
absence of m any common and ubiquitous species 
of New Zealand shores from the  nearby C hatham  
Islands, despite prolonged pelagic developm ent and 
favourable currents, is ‘puzzling’. B ut un til recently, 
the  fundam ental im portance of dispersal by curren ts 
was seldom seriously questioned. However, in  his clas
sic study of vicariance in  Pacific shore fishes, Springer 
(1982) agreed w ith  van  Baigooy’s (1971) observations 
on p lan t d istribution in  the  Pacific by concluding: ‘I 
cannot find a clear correlation betw een distribution  
and dispersal.’ Even though lack of correlation 
betw een m eans of dispersal and distribution  is a ‘neg
ative resu lt’ in  the  context of the  dom inant paradigm  
of D arw in-W allace dispersal, and as such m ay b e  prej
udiced against in  publication (Browman, 1999), o ther 
studies have reached the sam e conclusion as Springer.

In species of angelfishes (Pom acanthidae), T hresher 
& B rothers (1985) found no direct correlation betw een 
geographic range size and e ither duration  of the 
pelagic larval stage or adu lt body size. ‘If  anything, the 
relationship  betw een larval duration  and species dis
tribu tion  was negative, i.e. two H aw aiian endemic 
Centropyge species had larval durations am ong the 
longest of the  species we examined, w hereas the  m ost 
widely d istribu ted  species examined, Pom acanthus 
imperator, had  one of the  shortest larval durations.’ In 
contrast, P. annularis  occurs only in  a few island 
groups, even though these two congeners are ‘v irtually  
identical’ in  size and larval duration. The authors 
carefully exam ined these ‘strik ingly  poor’ correlations, 
and concluded th a t  they are  likely to be robust for the

family. They suggested th a t  some other factor, such as 
relative specificity of recru itm ent sites, is as yet being 
overlooked ‘or th a t  historical factors are  of param ount 
im portance.’ The la tte r  idea is supported here. The 
au thors continued: ‘A predom inance of historical fac
tors would also im ply th a t  planktonic larvae are less 
effective for long-distance dispersal (i.e. betw een 
island groups) th a n  is generally considered. D istribu
tional boundaries th a t  follow geological ra th e r  th an  
hydrographic features have been reported for o ther 
reef fish families (e.g. Springer, 1982) and seem to sup
port th is  point. I t  is also consistent w ith recent da ta  
suggesting larval re ten tion  close to reefs for some reef 
fish fam ilies’ (this topic is discussed below). T hresher 
& B rothers also cited A tlantic gastropods (Scheltem a, 
1971) and P anam anian  m angroves (Rabinowitz, 1978, 
pers. comm.) as o ther groups which show poor corre
lation betw een m axim um  duration of the larval or 
propagule stage and ex ten t of distribution.

Thresher, Colin & Bell (1989) also found no correla
tion betw een bread th  of a species’ d istribution and la r 
val duration  in  the dam selfishes (Pom acentridae).

Crosetti, Nelson & Avise (1994) felt th a t  species 
w ith lim ited dispersal capability relative to the  exten
sive ranges occupied are  ‘particu larly  enigm atic’. 
They studied the grey m ullet (M ugil cephalus), dis
tribu ted  globally b u t norm ally confined to near
coastal w aters. They found pronounced population 
genetic struc tu re  w hich was ‘not necessarily antici
pated’, given the  extensive m igration of adults along 
coastlines and the lengthy planktonic larval stage. On 
the o ther hand, the  spread of grey m ullet to such 
rem ote islands as H aw aii and the  Galapagos was 
hypothesized to have resulted  e ith er from ‘nom adism ’ 
of adults or passive drift of juveniles, although direct 
dispersal pathw ays across the  Pacific are  ‘som ew hat 
difficult to envision’.

Even in  foram inifera, H ayward, Hollis & Grenfell 
(1997) observed th a t  New Zealand E lphidiidae include 
a num ber of taxa  th a t  are endemic to relatively small 
areas and ‘for some reason have not dispersed widely.’ 
W hile 43% of the  elphidiids in  the  south-w est Pacific 
are cosmopolitan, 27% are endemic to south-east Aus
tra lia  and 7% to New Zealand. Some are  restricted  to 
a single island group or local a rea  of coast. H ayw ard 
et al. also noted strik ing  absences of some species 
from, for example, the  C hatham  Islands ‘despite 
the presence of suitable brackish  environm ents’. 
They concluded: ‘W hy some elphidiids are  widely dis
persed and others are not is difficult to explain, as 
m any of the  locally endemic species occur in  equal 
abundance and in  the sam e hab ita ts  as those th a t  are 
cosmopolitan’.

M arine m am m als have a high capacity for dispersal, 
b u t mtDNA studies of the  southern  e lephant seal 
{Mirounga leonina) revealed a high degree of geo
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graphic struc tu re  ‘not correlated w ith dispersal 
ability’ (Slade, 1997).

In  th e ir  study of New Caledonian reef fish, Planes, 
Parroni & C hauvet (1998) ‘expected to find substan tia l 
gene flow betw een the  sam pling sites’, b u t in  fact 
found a ‘high degree of differentiation in  two species’ 
th a t  was ‘not consistent w ith w hat we expected ...’ In 
addition, ‘duration  of the  pelagic larval stage w as not 
correlated w ith genetic differentiation’. These findings 
‘suggest th a t  despite the  fact th a t  coral reef fishes 
have high dispersal potential and have previously 
been considered to consist of m ainly large, panm ictic 
populations, a num ber of species exhibit isolated pop
ulations w ith lim ited gene flow’.

Like m any taxa  of p lan ts and anim als world-wide, 
the reef fishes in  the  tropical easte rn  Pacific show a 
‘curious p a tte rn ’ of w ide-ranging species coexisting 
alongside congeners w ith exceptionally sm all ranges 
(Victor & Wellington, 2000). This huge varia tion  in  
range m eans the a rea  is a ‘powerful testing  ground’ for 
biogeographic hypotheses about the group. Victor & 
W ellington exam ined the relationship  betw een pelagic 
larval duration  (PLD), the ‘sim plest proxy m easure of 
d ispersal ability’, and size of species range for east 
Pacific w rasses (Labridae) and dam selfishes (Poma
centridae). They argued th a t  ‘Few theories on the 
determ inants of range in  reef fishes would discount 
the im portance of th is feature of early  life history’, 
although they  did not m ention panbiogeography 
which discounts it  completely. They wrote th a t  ‘C learly 
an  analysis of PLD should be the  prelim inary  step in  
understand ing  the  biogeography of fishes in  th is 
region’, b u t th is  is only ‘clear’ in  a D arw in-W allace 
paradigm ; in  a panbiogeographic study  the first step is 
com parison of m any distributions. They proposed th a t 
‘If dispersal ability indeed plays a role in  determ ining 
range th en  i t  would be expected th a t  some relation
ship would be found betw een range and PLD’.

However, contrary  to expectations, Victor & Welling
ton concluded th a t  for both Labridae and Pom acen
tridae  ‘the  correlation betw een m easured PLD and 
range is non-existent’. In  congeneric pairs of the  fishes 
they  studied, there  is, if  anything, an  inverse relation
ship w ith local endemics having longer larval du ra
tions th a n  w idespread species. They described this 
finding as ‘counter-intuitive’, indicating th e ir  prior 
com m itm ent to D arw in-W allace dispersalism . In  th e ir 
discussion of the  unexpected resu lts, ra th e r  th an  
regarding th e ir  work as a powerful te s t of dispersal 
biogeographic theory, which indeed it  is, as they  sta ted  
in  the introduction, Victor & W ellington seemed reluc
ta n t  to accept th e ir own findings. In  conclusion they 
simply suggested th a t  ‘There is, a t present, no coher
en t theory explaining the complex biogeographic 
p a tte rn s  exhibited by easte rn  Pacific reef fishes’, 
although, again, they did not cite any a lternatives to

dispersal theory such as panbiogeographic work. Their 
indictm ent of the  dom inant paradigm  is even more 
severe w hen they  s ta te  th a t  ‘the  more d a ta  are g a th 
ered, the  less clear the  picture becomes’. This recalls 
the  earlie r conclusion of an  influential dispersalist, 
who wrote th a t  despite bird  distributions being so well 
known, and despite his having discussed the topic 
w ith em inent ornithologists and having had  access to 
E rn s t M ayr’s card-index, he still found the  processes 
leading to bird d istribution  ‘very hard  to und erstan d ’ 
(Darlington, 1957: 236). This is surely a strong argu
m ent for a t  least considering a lternative world views 
of biogeography, b u t D arlington continued to in sis t 
th a t  bird  d istribution  is ‘clearly’ the  resu lt of dispersal 
and th a t  continental d rift ‘if  i t  occurred was evidently 
too long ago to affect b ird  d istribution  now’.

It is hard ly  surp rising  th a t  Victor & W ellington
(2000) seemed so re luctan t to support th e ir  own 
results. For over a cen tury  the  world’s m ost d istin 
guished biologists have always decreed th a t  there  is, 
or m ust be, a clear relationship  betw een dispersal abil
ity  and distribution, as i t  is ‘obvious’. Likewise, before 
the  Scientific Revolution everyone accepted th a t  the 
sun  ‘obviously’ moves around the E arth . Victor & Well
ington, try ing  to explain aw ay th e ir  results, w rite  th a t 
‘the  docum ented arrival of vagran ts from d istan t 
regions clearly indicates th a t  m any reef fish species do 
have long distance dispersal abilities.’ B ut th is is to 
confuse the different processes of range m aintenance/ 
expansion and differentiation (see above).

O ther recent studies have concluded sim ilarly to 
Victor & W ellington. For example, Glynn & A ult (2000) 
reviewed east Pacific corals and found th a t  ‘U nexpect
edly, rafting  [by larvae settling  and growing on float
ing  objects] has been observed in  the  genera of all 
restricted  species, b u t only in  two of the  four genera of 
ubiquitous species’.

Bellwood & H ughes (2001) wrote th a t  ‘our under
stand ing  of regional scale p a tte rn s  of biodiversity on 
coral reefs (and the processes underlying these p a t
terns) has changed little  since the  sem inal work of 
S tehli & Wells (1971).’ However, although m any diver
sity  p a tte rn s  have been established, ‘the  processes 
th a t  shape these p a tte rn s  rem ain  elusive’. Fam ilies of 
reef fishes and corals show highly correlated geo
graphic p a tte rn s  of species richness ‘even am ong fam 
ilies th a t  differ m arkedly in  life-history tra its  or larval 
duration’. Body size, longevity and larval type ‘have 
surprisingly  little  im pact on distribution  p a tte rn s  of 
species a t a regional level . . . The sim ilarity  in  biodi
versity  p a tte rn s  among corals and fishes indicate th a t 
the  m echanism s th a t  control the large-scale species 
composition of tropical reefs operate sim ilarly across 
num erous tax a  . . . We found no significant correlation 
betw een reef type (oceanic versus continental) and 
taxonomic composition’ (Bellwood & Hughes, 2001).
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Robertson’s (2001) work showed no difference 
betw een groups of sm all-island endemics and regional 
reef fish faunas in  term s of the  proportions of species 
th a t  produce pelagic vs. dem ersal eggs, and no 
evidence th a t  endemic species had relatively short 
larval durations. He concluded, ‘island endemics do 
not have an  unusual set of basic adu lt and larval 
characteristics . . .’

Orthodox d ispersalist phylogeography proposes 
th a t  biogeographic boundaries form and are m ain
ta ined  as barriers  to dispersal and to gene flow in  gen
eral. However, th is  flawed concept resu lts in  an  
enigm a -  why are  biogeographic ‘b a rrie rs’ crossed by 
some tax a  b u t not others? For example, Lessios et al. 
(2001) regarded the split of D iadem a an tillarum  into 
w est and eas t A tlantic lineages as ‘m ost puzzling”, 
given th a t  o ther sea-urchin genera show little  differ
en tia tion  betw een the two coasts, and D iadem a  shows 
lack of differentiation across o ther m ajor ‘b a rrie rs ’, 
b u t ‘was divided by th is relatively m inor obstacle to 
m igration’. (This approach leads to ‘m ost puzzling’ 
conclusions as i t  is predicated en tire ly  on a concept of 
gene flow: cases of little  or no population differentia
tion are in terp re ted  as due to gene flow, and popula
tion differentiation is a ttribu ted  to cu rren t ‘b a rrie rs’ 
to gene flow.)

Likewise, Lessios, Kane & Robertson (2003) found 
th a t  the E a s t Pacific ba rrie r is ‘rem arkably  unim por
ta n t’ in  the  sea-urchin Tripneustes. ‘W hy larvae of 
Pacific Tripneustes should be so m uch b e tte r a t dis
persing th a n  those of o ther Pacific sea urchins [which 
do not cross the  barrier] is not clear, particu larly  in  the 
ligh t of the  genetic subdivision of th is genus in  the 
A tlantic’.

Lessios et al. argued th a t  ‘species ranges by them 
selves cannot provide inform ation on phylogenetic 
relations (e.g. Wallis & Trewick, 2001), and w ithout 
inform ation on the order of sp litting  betw een species, 
little  can be said about spéciation’. However, if  they 
had  looked beyond th e ir  narrow  world view of molec
u la r techniques and cladogram s, and com pared a few 
species distributions, perhaps they  m ight have solved 
the  m ystery of Tripneustes. They would have found 
th a t  tax a  always conform to ‘b a rrie rs’ in  some places 
b u t m ysteriously ‘cross’ them  in  others. Thus, the 
whole concept of barrie r can be p u t into question. Dif
ferentiation has less to do w ith w hat are  supposed 
to be cu rren t b arrie rs  th a n  w ith prior d istribution 
of genetic potential and prior phases of vicariance 
which have resulted  in  some groups b u t not others 
fragm enting.

Jones, Caley & M unday (2002) also felt th a t  ‘The 
geographic range of a species should be related, a t 
least in  part, to its  dispersal capabilities’. However, 
these au tho rs’ study of six coral reef fish families 
found ‘no clear relationship’ betw een pelagic larval

duration  and range size. For example, the  only 
dam selfish lacking a dispersive larval stage, A can
thochromis polyacanthus, has a broad Indo-Pacific dis
tribu tion  g rea te r th a n  m ost confamilials w ith pelagic 
larvae. (The exceptional local varia tion  in  th is  taxon in  
easte rn  P apua New G uinea is discussed below.)

In  molluscs, Sw earer et al. (2002) cited work on 460 
endemic molluscs of E aste r Island, Hawaii, Kerm adec 
Islands and the  Galapagos (K. A. Selkoe, unpubl. data) 
showing th a t  ‘Overall, the  presum ed dispersal charac
teristics of endemic species and the  to tal local mollus- 
can fauna were ind istinguishable’.

Bernardi, F indley & Rocha-Olivares (2003) studied 
the phylogeography of 12 fish species disjunct across 
Baja California Peninsula, and found th a t  ‘dispersal 
potential (inferred by pelagic larval duration) w as a 
poor predictor of population s tructu re  betw een G ulf of 
California and Pacific populations’.

As few as one effective m igran t moving betw een 
subpopulations each generation can h inder the 
genetic divergence of populations and prevent the  fix
ation of an  allele (Planes & Fauvelot, 2002). Sw earer 
et al. (2002) wrote th a t  ‘Predictably, species whose la r
vae lack pelagic developm ent . . . often show gene fre
quency differences among populations . . . However, 
genetic studies have also revealed some surprises. For 
example, copepods inhab iting  high in te rtida l splash 
pools separated  by as little  as 10 km  exhibit strong 
population subdivision, despite having larvae capable 
of pelagic dispersal (Burton, 1998) . . . The larvae of 
the abalone are  capable of m oderate dispersal yet 
J ian g  et al. (1995) found there  are  fixed mtDNA dif
ferences betw een populations of H aliotis diversicolor 
separated  by ju s t  10s of km. R eef associated fishes and 
stomatopods w ith even longer larval periods (weeks to 
m onths) can show genetic differentiation a t sim ilarly 
sm all spatia l scales’. In  these instances the  degree of 
effective dispersal m ay be m uch more lim ited th an  
would be expected ‘based on assum ptions of passive 
t r a n s p o r t . . . Over the  long-term, larval retention  
m ay reproductively isolate populations and facilitate 
the form ation of new species . . . m ost closely related  
pairs of m arine species often have abutting, or even 
overlapping, geographical ranges . . .’

In  the  C aribbean goby Elacatinus evelynae, Taylor 
& H ellberg (2003) found th a t  ‘Despite evidence for 
extended pelagic larval duration, populations show 
strong phylogeographic s truc tu re  betw een popula
tions separated  by as little  as 23 km  . . . The simple 
assum ption th a t  extended PLD will resu lt in  broad 
dispersal is a faulty  foundation for the m anagem ent of 
fisheries resources and for understand ing  the geo
graphic context of spéciation in  the  sea.’ Palum bi & 
W arner (2003) commented on these ‘rem arkably 
strong p a tte rn s’. They noted th a t  ‘for the  b e tte r p a rt of 
a cen tury  m arine biologists have assum ed . . . th a t  the
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drifting eggs and larvae and rafting  propagules of 
m any m arine species end up fa r from th e ir homes . . 
and th a t  Taylor & H ellberg ‘help to overturn  this 
notion’. Of course, like the  wind-blown seeds of locally 
endemic alpine herbs on m ountain  ranges, some of the 
propagules m ust travel far, b u t the im portan t fact is 
th a t  they  do not establish. The ‘gobies join an  increas
ing num ber of island  species th a t  have fine-scale 
genetic struc tu re  and low dispersal’, and the ‘conven
tional wisdom of m arine biology [on larval d istribu
tion] m ay prove to be a coarse generalization’ -  i f  not 
worse.

Despite the  observations cited here, d istributions of 
tax a  are  still generally  assum ed to reflect m eans of 
dispersal. This has even carried into the biodiversity 
lite ra tu re  in  which m eans of dispersal are used to 
infer estim ates of biodiversity: tax a  w ith ‘good m eans 
of dispersal’ are assum ed to be more w idespread and 
less diverse globally, and tax a  w ith ‘poor m eans of dis
persal’ are  assum ed to be more localized and therefore 
more diverse globally (Reaka-Kudla, 1997).

P o p u l a t io n s  o f  m a r in e  ta x a  m a y  b e  c l o s e d

SYSTEMS BECAUSE OF SELF-RECRUITMENT 

W hat are the  m echanism s th a t  could enable the  devel
opm ent of vicariance and endem ism  in  m arine faunas? 
Recent work suggests th a t  m any coral reef fish popu
lations are  ‘closed’ ra th e r th a n  ‘open’ system s, because 
a large am ount o f ‘self-recruitm ent’ takes place. This is 
very in te resting  as i t  could explain how spéciation 
occurs in  these taxa. S im ilar te rre s tria l exam ples are 
the surprisingly  sessile populations of m any birds.

Jones et al. (1999) successfully tagged pelagic larval 
stages in  the m arine environm ent and confirmed for 
the first tim e th a t  pelagic larvae of reef fish re tu rn  to 
th e ir  n a ta l reef. R eturn ing  larvae m ay contribute sub
stan tia lly  to local recruitm ent. Thus local populations 
of reef fish do not operate as ‘open’ system s, and Jones 
et al. ‘challenge the  assum ption th a t  long-distance dis
persal is the norm  for reef fish populations’. Cowen 
et al. (2000) also showed th a t  larval re ten tion  occurs 
and th a t  larval exchange rates in  m arine populations 
m ay be over-estim ated. Montgomery, Tolimeri & 
H aine (2001) observed th a t  although ‘F ish  larvae have 
long been considered passive particles a t the  mercy of 
ocean cu rren ts’, in  fact active behaviour and swim
m ing to settlem ent h ab ita t occur in  reef fish larvae.

Discussing m arine taxa, W arner & Cowen (2002) 
addressed the im portan t questions: ‘W hat is the 
source of recru its for any local population, and w here 
do the  young produced in  a local population go? The 
answ ers to these questions are unknow n for m ost 
w idespread species w ith  a pelagic larval phase. Proper 
m arine m anagem ent depends on knowledge in  th is 
area  . . . Since m ost m arine anim als have a pelagic

larval stage, the paradigm  th u s  far has been to 
assum e extensive dispersal and m assive export . . .  To 
evaluate the  appropriateness of th is view we convened 
a W orking Group [papers published in  the  volume 
w ith W arner & Cowen’s article] . . . The en tire  group 
rapidly reached a consensus th a t  evidence from a vari
e ty  of fields indicated th a t  local retention  m ay be con
siderably more prevalen t th a n  previously thought, 
even in  species w ith long larval durations. If such 
reten tion  tu rn s  out to be a common feature  of local 
m arine population dynamics, th is  will require m ajor 
reassessm ent of m arine m etapopulation models, fish
ery  m anagem ent schemes, m arine reserve designs, 
and ideas about the  m echanism s of m arine spéciation 
. . . The evidence for a surprising  am ount of local 
re ten tion  th a t  we review here suggests th a t  i t  is still 
an  ou tstand ing  question w hether m arine populations 
should be m anaged as open . . .  or closed . . .’

In m arine m am m als, A rise (2000) pointed out th a t 
even large, highly mobile species often show phylogeo
graphic s truc tu re  and regional assem blages (vicari
ance) due to ‘self-imposed’ lim its on dispersal such as 
behavioural site fidelity. The question th en  becomes: 
w hat is the  origin of th is  fidelity?

M o s t  m a r in e  ta x a  s h o w  a t  l e a s t  s o m e  d e g r e e  o f

VICARIANT DIFFERENTIATION 

A lthough E km an (1953) generally favoured D arw in
ian  dispersal, he accepted vicariance in  some cases. 
For example, while he a ttrib u ted  the  close relation
ship betw een the  A tlan tic /E ast Pacific and Indo-W est 
Pacific ‘to long stand ing  com m unication betw een the 
two . . . th is is not to say th a t  m igration took place pre
ponderantly  from east to west. The relationship  is due 
ra th e r  to the  fact th a t  both these faunas are descended 
from a more or less homogeneous Tethys fauna.’ Like
wise, ‘To older zoogeographers the  g rea t sim ilarities 
betw een the M editerranean  and Jap an ese  fauna were 
a source of surprise. The discovery of the form er ex ten t 
of the  Tethys Sea has solved th is  riddle’. As the  form er 
Tethys Sea dim inished after the  Eocene and Oli
gocène, the  w estern  p a r t became more shallow, and 
the  easte rn  p a rt more brackish. Stenohaline m arine 
anim als such as corals and echinoderm s died out, bu t 
those which thrive in  brackish  water, such as certain  
gastropods, survived.

Studies of vicariance received a boost in  the  1970s 
w hen G areth  Nelson, Donn Rosen and N orm an Plat- 
nick a t  the  Am erican M useum  of N a tu ra l H istory gave 
strong support to Croizat’s ideas (e.g. C roizat et al., 
1974). This led to a critical reappraisal of m arine bio
geography by a growing num ber of au thors th rough 
the  1980s and 1990s.

McCoy & Heck (1976) and Heck & McCoy (1978) 
a ttrib u ted  distribution  in  corals, seagrasses and m an
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groves to vicariance. Veron (1995) criticized th e ir 
vicariance explanation for corals, b u t Glynn & A ult
(2000) wrote th a t  ‘dism issal of th is hypothesis seems 
unw arran ted  a t th is  tim e . . .  i t  is possible th a t  some 
eas t Pacific coral species could be descended from 
Tethys relicts as suggested by Budd (1989)’. They cited 
the  high proportion of endem ism  in  eas t Pacific corals 
(e.g. Pocillopora sp. A, Porites sp. A, both known only 
from Clipperton Island, Revillagigedo Island and 
no rth  Mexico) as lending support to a model of allo
patric  spéciation.

Knox (1980) reviewed the  biogeography of shallow- 
w ater benthic biota in  the  south-w est Pacific and con
cluded th a t  ‘m any biogeographers have been too ready 
to assum e transoceanic dispersal as an  explanation for 
contem porary distribution  p a tte rn s’. A uthors such as 
Briggs (1974a, b) ‘tend  to place too m uch weight on 
dispersal as the major, and sometimes exclusive, 
explanation . . .  I would therefore urge th a t  due con
sideration be given to a lternative  vicariance explana
tions’. Knox a ttrib u ted  the origin of m any Oligocene 
m olluscs in  New Zealand to vicariance following the 
rifting opening of the  Tasm an Sea.

In an  im portan t review of m arine biogeography in  
the  Pacific, Kay (1980) wrote th a t  ‘Several recent bio
geographers have shifted the fram e of reference from 
d ispersalist theory  to the  vicariance theory of Croizat 
(1958; Croizat et al., 1974) . . . W hat is m issing in  the 
in te rp re ta tio n  of D arw in-W allace biogeographic th e 
ory is the  sense of h istory  in  both a biological and geo
logical context.’ In  o ther words, an  adequate concept of 
tim e is lacking, as is an  adequate concept of differen
tia tion  in  space and the  significance of locality. Kay 
concluded h er paper by sta tin g  th a t  m odern theory 
and evidence ‘provide a base for am plifying classic bio
geographic theory [and giving] explanations for 
aspects of the  d istribution  p a tte rn s  th a t  are  not 
explained by D arw in and W allace’.

Springer (1982) em phasized tectonic events in  the 
determ ination of d istribution p a tte rn s  in  shore fishes. 
He studied and m apped m any taxa  of reef fishes (and 
also land  snails; Springer, 1981) restricted  to the 
Pacific p la te  and relied heavily on v icarian t events to 
explain the  endem ism  and the  strik ing  faunistic 
b reaks a t the  p late  boundaries. One Pacific shorefish, 
Siganus uspi (Siganidae) (nam ed after the  U niversity 
of the  South Pacific), ranges in  Fiji and New Cale
donia, and Woodland (1983) asked the  provocative 
question: ‘Did th is species evolve as Fiji becam e iso
la ted  from Tonga and the M elanesian Arc through sea- 
floor spreading during the  la s t 9 million years . . . ?’ In 
a classic, b u t seldom-cited, analysis H ocutt (1987) pro
posed th a t  v icarian t events were responsible for bio
geographic patterns, especially endem ism , in  the 
Ind ian  Ocean m arine biota. In a study  of the  blenniid 
fish Ecsenius, Springer (1988) discussed H ocutt’s work

and reached sim ilar conclusions on vicarian t events in  
the Ind ian  Ocean. He also noted th a t  the  species of 
Ecsenius w ith in  a group ‘usually  exhibit sharply  
delim ited distributions w ith respect to each other. For 
instance, one species of a group m ay have an 
extrem ely broad distribution  w ith islandless voids of 
hundreds of kilom eters separating  its  populations. 
Populations of the sam e species, however, m ay be sep
ara ted  from populations of another species in  the 
sam e group a t o ther islands by distances of only a few 
tens of kilom eters. Such distribution p a tte rn s  appear 
to be b e tte r explained by the tectonic h istory  of the 
pertin en t areas th a n  by dispersal.’

S pringer & W illiams (1994) extended th is reasoning 
w ith a discussion of the  eight species of Salariin i 
(Blenniidae) th a t  occur in  Hawaii. Five are endemic 
there  b u t th ree  occur th roughout the  Indo-Pacific. ‘The 
high degree of isolation of the  H aw aiian  islands would 
seem to require th a t  colonizing fishes be pelagic a t 
some stage. Once reaching the islands, the  operation 
of founder principle could resu lt in  the form ation of 
endemics. B ut why not for all of the  salariin ins?’ The 
au thors suggested th ree  possible solutions to the  puz
zle: different ra tes of evolution, different tim es of col
onization and continual colonization by the  th ree non
endemics. However, the  la s t option raises ano ther 
question: why are there  only th ree  w ide-ranging sa la
riinins p resen t in  Hawaii? Springer & W illiams 
concluded th a t  ‘The causal factors contributing to 
H aw aiian Islands’ endem ism  are  undoubtedly com
plex and rem ain  to be elucidated.’ (The biogeography 
of Hawaii is discussed fu rth e r under ‘M etapopulation 
theory’, below.)

S pringer (1999b) has continued to investigate vicar
ia n t p a tte rn s  in  the  blenniid genus Ecsenius in  the  
south-w est Pacific islands (V anuatu, Fiji, Tonga, 
Samoa) and relate  these to the  geological history of the 
region, in  particu la r the break-up of island arcs by 
sea-floor spreading. Arguing against dispersal, he sug
gested instead  (Springer, 1989) th a t  ‘the  species are 
acting like rocks . . . the  m ajor m eans of tran sp o rt and 
separation  of the species is by m ovem ent of the  reefs 
(rocks) they  in hab it’. H is explanation (in Zug et al., 
1989) for the closer relationship of the  shorefishes of 
Rotum a to those of Sam oa th a n  to those of F iji uses 
sim ilar tectonic argum ent.

Howes (1990, 1991) a ttrib u ted  the d istribution  of 
gadoid fish fam ilies such as M erlucciidae (southern 
parts  of New Zealand, Africa, South America, north  
A tlantic and north -east Pacific) and M uraenolepididae 
(circum-Antarctic) to d isruption of w idespread d istri
butions by vicariance ra th e r  th a n  to colonization via 
‘elaborate routes’ from the  north . G ran t & Leslie
(2001) recently argued th a t  vicariance cannot account 
for m ost of the  disjunct distributions in  M erluccius 
and th a t  these are  due to Pleistocene dispersal, bu t
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th is conclusion was based en tire ly  on absence of early  
fossils and on a m olecular clock calibration using the 
closure of the P anam a seaway a t  3 -4  Ma. G ran t & 
Leslie adm itted  there  were problems w ith th is  calibra
tion and extended the  tim e of divergence betw een 
A tlantic and Pacific species to ‘as early  as’ 4.5 Ma, bu t 
th is is a negligible difference.

In  invertebrates, the  d istribution of the belt-form ing 
ascidian Pyura praeputia lis  in  A ustralia  and Chile 
(Antofagasta) was in terp re ted  as a Gondw ana relic by 
K ott (1985), and de W eerdt (1989, 1991) a ttrib u ted  the 
Africa -  South Am erica and o ther A tlantic disjunc
tions in  sponges to vicariance. (De W eerdt’s study was 
discussed a t length  by H um phries & Paren ti, 1999.) In 
the New World echinoid M ellita, H arold & Telford 
(1990) concluded th a t  ‘long distance dispersal is an 
im probable explanation of disjunction’ and suggested 
instead  th a t  the  species ‘have probably originated 
through vicariance of a wide-spread ancestral biota’.

Sluys (1989) gave a detailed global analysis of the 
m arine tric lad  p latyhelm inths (infraorder Maricola). 
He used track  analysis and concluded th a t  several of 
the tracks are congruent w ith those w ell-established 
in  the  work of C roizat (1958, 1964) and others, e.g. 
Europe -  N orth  America; N orth  A tlantic -  eastern  
South A m erica/Southern Ocean; South Am erica -  
A ustralasia; Haw aii -  south-east Polynesia (M arque
sas etc.); New Zealand -  w estern  N orth  America. Sev
eral tracks are repeated even w ith in  the M aricola, and 
Sluys quoted Croizat’s dictum: ‘N atu re  forever
repeats’. He noted th a t  vicariance is a b e tte r explana
tion for a general p a tte rn  th a n  accidental jum p dis
persal and suggested th a t  the  d istribution p a tte rn s  
are the  resu lt of ‘v icarian t form -m aking’ m ediated by 
p late tectonics, e.g. the separation  of L aurasia  and 
Gondwana, the  rifting open of the  A tlantic, and the 
break-up of G ondw analand and Pacifica. The d istribu
tion of G ondw analand tax a  such as Palombiella  
stephensoni on South Africa, T ristan , Gough and New 
Zealand, and species of the  p an au stra l Synsiphonium  
im ply th a t  there  has often been ‘morphological stasis 
since the  early  Cretaceous’. Sluys observed th a t  bio
logical cladogram s and geological cladogram s of the 
break-up of P angaea and Gondwana m ay be incongru
en t not because of dispersal, b u t sim ply because the 
tax a  m ay have already undergone form -m aking prior 
to the  break-up of Pangaea. In fact, th is  is probably 
the case for the  triclads. (Sluys’ observations on old 
tax a  on young islands are discussed below, under 
‘M etapopulation theory’.)

For red algae of the  A tlantic and Pacific, G uiry & 
G arbary (1990) proposed th a t  species of G igarti
naceae, Petrocelidaceae and Phyllophoraceae arose 
through v icarian t events a t  several levels in  different 
clades. Chin et al. (1991) a ttrib u ted  Pacific d istribu
tions in  brown, red and green algae to vicariance.

In the w idespread Indo-Pacific coral genera S ym 
phyllia  and Coscinaraea, Pandolfi (1992) found th a t 
the  area  relationships of the  species show a m arked 
congruence w ith the Cenozoic geological history  of the 
region and he suggested successive isolation as an  
hypothesis explaining the evolutionary history  of 
Indo-Pacific reef corals. In particular, ‘Vicariance 
events led to the break ing  up of [broad Indo-Pacific 
distribution] first along a line a t the  junction  betw een 
the  W est/Central and E ast Ind ian  Ocean, then  
betw een the  E ast Ind ian  Ocean and the W est/Central 
Pacific Ocean a t the  Indonesian Arc’. A sim ilar p a tte rn  
is found in  the  coral fam ily Acroporidae (Wallace et al., 
1991) and the  fish fam ily Sparidae (Orrell et al., 2002), 
in  which ‘R esults of biogeographic analysis suggested 
a strong v icarian t explanation to struc tu ring  of genera 
. . . There were two areas of sparid  evolution, eastern  
Ind ian  O cean-w estern Pacific and w estern  Indian  
O cean-M editerranean/A tlantic. These species proba
bly had a Tethyan Sea common ancestor.’

Vicariance has also been accepted as responsible for 
evolution in  planktonic taxa. In  the  tru e  jellyfishes, 
H ydrom edusae (a class of Cnidaria), van  der Spoel 
(1996) wrote th a t  two faunal centres, one around A nt
arctica, the  o ther around the  Indo-M alayan Archipel
ago, had  already become separated  by Eocene tim e. 
‘Splitting’ of an  original continuous area  ‘probably 
forms the v icarian t event responsible for the  develop
m ent of [subclasses] N arcom edusae and Trachymedu- 
sea in  the  A ntarctic w aters, and of the  Anthom edusae, 
Leptom edusae and Lim nom edusae in  the  Indo- 
M alayan w aters’.

Likewise, for krill (Crustacea, order Euphausiacea), 
van  der Spoel, P ierrot-B uits & Schalk (1990) a ttr ib 
u ted  general trends in  the  d istribution  of the  genera to 
Mesozoic vicariance events involving ‘hydroplates’ of 
the  ‘hydrotectonic system ’.

van  Soest (1998) concluded sim ilarly for the salps 
and pyrosomas (U rochordata, Thaliacea): ‘the  m ajor
ity  of thaliacean  distributions arose during  the E arly 
and Middle T ertiary  break-up of L aurasia  and Gond
w ana and the la te r  rearrangem ents of the  con tinen ts.’

Knowlton (1993, cf. K lau tau  et al., 1999) found th a t 
in  m any m arine tax a  ‘wide geographic ranges have 
been uncritically accepted as the  n a tu ra l consequence 
of potentially  broad oceanic dispersal’, and a very 
large num ber of w hat were taken  to be cosmopolitan, 
undifferentiated  species are  m ade up of two or more 
sibling species w hich are m ostly regionally restricted. 
As Avise (2000) pointed out, these earlie r assum ptions 
about the  significance of dispersal have had  a 
‘crippling’ effect on studies of m arine ecology and 
evolution.

In the  nudibranchs, B runckhorst (1993) reported 
th a t  the  d istribution  of the six species of Fryeria ‘is 
in te resting  as each species appears to have a lim ited
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geographical range w ith very little  or no overlap w ith 
contiguous species’: there  is one species in  each of the 
M editerranean, the  Red Sea, the tropical Indian 
Ocean, the W estern Pacific, M icronesia and Guam. 
B runckhorst suggested th a t  the restricted  range of the 
species ‘m ay reflect a com bination of factors including 
p a tte rn s  of spéciation, ocean curren ts, and availability  
of th e ir  specific food sponges’, b u t only the first is 
accepted here.

In con trast w ith the  ideas of Pandolfi (1992) and 
Wallace et ál. (1991) cited above, Veron (1995) wrote 
th a t  d istribution ranges in  Indo-Pacific corals ‘are 
m ostly so large th a t  they  can only be produced by long 
range dispersion.’ However, Roberts et al. (2002) 
assessed m arine biodiversity hotspots for tropical reef 
organism s (reef fish, corals, snails and lobsters) and 
found th a t  7.2% of coral species were ‘range 
restric ted’; fishes, snails and lobsters showed g reater 
range restriction. The au thors indicated th a t the rel
atively low fraction of restricted-range corals ‘should 
be trea ted  w ith caution because species were iden ti
fied by morphology . . . F u tu re  studies m ay reveal 
m uch cryptic spéciation’. As noted above, Veron (1995) 
him self accepted th a t  thousands of geographic subspe
cies can be recognized in  corals.

Myers (1996) a ttrib u ted  the  high endem icity of the 
M editerranean  am phipod fauna to the continued 
existence of a Tethyan fauna (despite frequent claim s 
th a t  the  M editerranean  dried up entirely  during  the 
Miocene) ra th e r th a n  to successive waves of coloniza
tion from the A tlantic. This Tethys-relict explanation 
also explains the  d istributions of taxa  such as R hino
labia, known only from the M editerranean  and P apua 
New G uinea (M adang Lagoon).

U sing the  common concept of ‘d ispersal’ often 
resu lts in  anom alies, and dispersalists often adm it to 
finding ‘su rp rises’ in  th e ir  studies. For example, 
Palum bi (1996) studied Echinometra  sea urchins and 
found th a t  ‘The iden tity  of the species found can 
change over surprisingly  short geographic scales. For 
example, E. mathaei and E. oblonga are  found 
together on H aw aii and on Niue. In  Fiji, 1300 km  to 
the  w est of Niue, there  are also two species of E chi
nometra, b u t E. mathaei and E. oblonga do not occur. 
Instead, E. sp. nov. A  and E. sp. nov. C are common . . . 
The resu lt is a patchw ork distribution  of species’. This 
resem bles Diam ond’s (1973) description of ‘checker
board’ d istribution  in  New G uinea birds. In  fact, these 
are  usually  simple, s tandard  p a tte rn s  of vicariance 
repeated  in  m any groups (Heads, 2002), b u t no expla
nation  of these p a tte rn s  is possible using chance 
dispersal.

In ano ther study  of these Echinom etra  species, 
Palum bi et al. (1997) did not m ention vicariance bu t 
showed i t  clearly (in th e ir  fig. 6); all four tax a  are  in  
O kinaw a and th ree  are  in  New Guinea, b u t ap a rt from

th a t, as the  authors wrote, ‘Regions for the four spe
cies are very different from one another, suggesting 
poor concordance in  the processes generating  popula
tion differentiation’. This ‘poor concordance’ is, of 
course, vicariance. For the  different genotypes, there  
is no relationship  betw een geography and dispersal 
(there is ‘su bstan tia l sca tter in  the  relationship  of geo
graphic and genetic distances’), a s tan d ard  panbiogeo
graphic observation for life in  general. The authors 
concluded, accurately, th a t  surface curren ts do not 
explain the ‘p a tte rn s  of gene flow’ (more accurately, 
genetic stru c tu re  -  gene flow is inferred). However, 
th e ir  conclusions th a t  ‘These geographic p a tte rn s  
appear m uch less determ inistic th a n  in  o ther well- 
known coastal m arine system s and m ay be driven by 
chance and historical accident’, and th a t  the ‘patch
work’ p a tte rn  is ‘affected strongly by random  dispersal 
events’ involving ‘a few founder individuals’ are 
unw arran ted . For example, the  New G uinea -  Fiji con
nection in  Echinom etra  sp. nov. A and sp. nov. C and 
the F iji-T ahiti connection in  sp. nov. C are thoroughly 
conventional tracks for both m arine and te rrestria l 
taxa, although Palum bi et al. did not cite any. (In the  
cu rren t lite ra tu re , a biogeographic p a tte rn  often 
receives m uch more a tten tion  when i t  involves geno
types elucidated by recent, high-tech m ethods, th an  
w hen i t  has been shown m erely by trad itionally  s tud 
ied species and genera. Scheltem a, 1995, wrote th a t 
‘Biogeography is now a t  a tu rn in g  point w here new 
[molecular] techniques . . . will m ake i t  possible to 
address questions heretofore largely u n trac tab le’, 
b u t th is is incorrect; the  questions were only in tra 
ctable w ith in  the D arw in-W allace paradigm , the 
sam e paradigm  th a t  forms the theoretical basis of 
phylogeography.)

Deep-sea fishes of the genus Cyclothone (Gonosto
m atidae) are perhaps the m ost abundan t verteb rates 
on earth . M iya & N ishida (1997) studied mtDNA 
sequences in  one circumglobal species, C. alba, and 
found large differences and five v icarian t clades, th ree 
in  the  Pacific and one each in  the  Ind ian  and A tlantic 
Oceans. They wrote th a t  ‘i t  seems surprising’ th a t  the 
th ree  in  the Pacific have not coalesced, and concluded 
th a t  ‘num erous questions rem ain  unansw ered . . .’

The E ast Pacific Rise and the north -east Pacific 
ridge system s were, prior to 56 Ma, one continuous 
system , b u t are  curren tly  separated  by the  on-land 
expression of the system , the  San A ndreas Fault. The 
deep-sea hydrotherm al ven t faunas of the  E ast Pacific 
Rise and the north -east Pacific ridge are allied, bu t 
there  are also considerable differences betw een them . 
Tunnicliffe (1988) and Van Dover (2000) argued th a t 
geological history  supports a vicariance in te rp re ta tion  
for this. A t around 37 M a the N orth  Am erican conti
nen t overrode the  ridge, separa ting  the  two m arine 
components and th e ir  faunas, w ith the two subassem 
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blages subsequently  diverging. Tunnicliffe, M cA rthur 
& M cHugh (1998) also concluded th a t  ‘vicariance pro
cesses appear to be im portan t’ for the  form ation of 
deep-sea hydrotherm al ven t faunas in  general. This 
seems reasonable, given the  classic Pacific d istribu
tions of taxa  such as the  m ite Copidognathus pap illa 
tus (no pelagic dispersal stage), restricted  to 
hydrotherm al vents on spreading ridges off Vancouver, 
a t the  Galapagos, betw een the Galapagos and E aste r 
Island, and a t  Fiji (Lau).

As w ith m arine taxa, ‘The lack of morphological 
varia tion  in  m any freshw ater inverteb ra tes over vast 
distances has been cited as evidence for th e ir  frequent 
long-distance dispersal. This scenario im plies th a t 
vicariance will be an  insignificant de term inan t of spe
cies distributions or diversity’ (Taylor, F inston  & 
H ebert, 1998). However, in  the  freshw ater crustacean 
D aphnia laevis complex studied by these authors, 
varia tion  in  two mtDNA genes clearly indicated the 
existence of five morphologically cryptic, largely allo
patric  groups. The present-day distribution and phy
logeography of the  regional groups ‘suggest the 
occurrence of both deep and shallow vicariance 
events’. However, Taylor et al. could not quite  break  
w ith the  old ideas and they  felt th a t  weak or no genetic 
differentiation over large geographic areas w ithin 
each of the  groups ‘suggests’ recent long-distance dis
persal. Of course, lack of differentiation m ay simply 
m ean there  has been no cladogenic evolution in  th a t 
area, not th a t  there  has been long-distance dispersal. 
Jam ieson (1998) also undertook an  explicitly 
panbiogeographic analysis of freshw ater copepod 
distributions.

Benzie (1999) wrote th a t  ‘The genetic s truc tu re  of 
w idespread m arine organism s is of particu la r in te rest 
because these species are expected to show little  spa
tia l varia tion  given th e ir  high dispersal potential and 
the apparen t lack of b arriers  to dispersal in  the oceans 
(Briggs, 1974a). There is growing evidence, however, 
th a t  w idespread m arine species can be highly struc
tu red  genetically’. Likewise, Fosberg (1984) observed 
th a t  ‘contrary  to the common belief, m any of the  [wide
spread] s tran d  and even m angrove p lan ts  are not 
monotonously uniform  over th e ir  v ast ranges . . . 
[some] show strik ing  differentiation and polymor
phism ’.

In  H alim eda  (calcareous Chlorophyta), K ooistra 
et al. (1999) accounted for the  differentiation of the  
m ain  clades in  term s of v icarian t events separating  
the w est Pacific and the w est A tlantic.

G uim arâes (1999) discussed v icarian t d istributions 
in  the serran id  fish genus Rypticus, w ith  a species on 
Revillagigedo Island (on the  Pacific plate, off Baja Cal
ifornia) having a sister species on m ain land  C entral 
America, Cocos Island and Galapagos Islands (not on 
the Pacific plate). G uim arâes a ttrib u ted  th is p a tte rn

to displacem ent of the  Pacific plate, ra th e r th a n  to a 
‘dispersal’ event and ‘founder effect’.

M ayr (1954) observed th a t  the  species of the pan- 
tropical sea urch in  Eucidaris  ‘illu stra te  geographic 
spéciation alm ost d iagram atically’. Lessios et al. 
(1999) re-exam ined the genus and concluded th a t 
‘A lthough M ayr (1954) was more inclined to th in k  in  
term s of dispersal, the  allopatric species of Eucidaris, 
w ith  adjacent ranges spanning  in  th e ir  aggregate the 
en tire  tropics, have always been consistent w ith  the 
hypothesis of a circumglobal original common stock, 
which became fractionated by the closure of seaways 
and the form ation of deep oceanic stre tches . . . The 
first vicariance event in  the  history  of ex tan t E uci
daris was the isolation of the  Indo-Pacific species 
from all others . . . The final definite sp lit in  
Eucidaris  occurred in  the  easte rn  Pacific’, betw een 
E. galapagensis of Galapagos, Cocos Island and Clip- 
perton Atoll, and E. thouarsi of the Am erican m ain
land. ‘There is no obvious extrinsic b a rrie r to gene flow 
th a t  could have caused th is split . . . Even though cur
ren ts could easily convey larvae betw een [the islands 
and the m ainland] the  two species do not appear to 
have invaded each o ther’s ranges . . . Like m any other 
m arine species th a t  are  endemic to the  Galapagos . . . 
E. galapagensis m ay have speciated because larvae 
reached the islands and then , for unknow n reasons, 
were cut off from the  m ain land .’ The absence of colo
nization of Galapagos by E. thouarsi is ‘peculiar’, as 
o ther m ainland sea urchins do occur on the islands. 
Conversely, ‘although i t  is hard  to explain how larvae 
can cross the  en tire  w idth of the  A tlantic w ith in  th e ir 
com petent lifetimes, COI sequences of Eucidaris  from 
the  w est coast of Africa are very sim ilar to those of 
E. tribuloides from the  C aribbean.’

A lthough the  oldest present-day Galapagos islands 
are  about 3 m.y. old, land  verteb rates there  ‘appear to 
have been separated  from th e ir m ain land  ancestors 
for m uch longer th a n  th ree  million years . . . Thus, 
the  tim e available for peripatric spéciation of 
E. galapagensis is longer th a n  the  age of any ex tan t 
island.’ (cf. G rehan, 2001; ‘M etapopulation theory’, 
below).

In loliginid squids, Anderson (2000) found th a t  the 
two basal clades are from A ustralia/N ew  Zealand and 
C aribbean/Indonesia (i.e. Pacific). The term inal group 
involves th ree  clades: (West A tlantic and E a s t Pacific) 
((E ast A tlantic) (Indo-W est Pacific)). Anderson sup
ported Brackonieci’s (1986) conclusion th a t  cladogen- 
esis has been tigh tly  correlated w ith continental drift 
and, in  particular, vicariance events can be correlated 
w ith the w idening of the  A tlantic and the closure of 
the  Tethys Sea.

Biologists have usually  assum ed th a t  the  popula
tions of coral reef organism s in  Indonesia are con
nected by strong ocean curren ts. However, B arber
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et al.’s (2000) resu lts for the  stom atopod shrim p H ap
tosquilla  indicated in stead  m arked regional differen
tiation. D istinct populations are associated w ith old 
ocean basins, and B arber et al. stressed  the im por
tance of biogeographic history  in  explaining th is. 
A lthough strong curren ts ‘should facilitate dispersal of 
m arine larvae’, B arber et al. cited studies on fish and 
inverteb ra te  larvae in  the Caribbean and A ustralia  
(Jones et al., 1999; Sw earer et al., 1999) th a t  also 
showed ‘a surprisingly  sm all am ount of movement, 
challenging the idea of a stric t association betw een 
dispersal potential and realised m ovem ent betw een 
m arine populations’.

Vallejo (2001) developed ideas of M cM anus (1985) 
on vicariance by basin  isolation to explain p a tte rn s  in  
Philippines coral reef gastropods, m any of which show 
narrow  ranges in  the archipelago despite large areas 
of su itable h ab ita t being present.

For polychaetes, Bhaud & P etti (2001) wrote th a t  ‘In 
spite of the  probable ability  of planktonic larvae of 
Spirochaetopsis to dissem inate th roughout the  A tlan
tic Ocean, the  benthic adults of each species cover only 
a lim ited geographical a rea  . . . There is growing evi
dence th a t  m any m arine species w ith large d istribu
tion areas, the  so-called cosmopolitan species, are 
sibling species complexes th a t  are in  fact more subdi
vided th a n  originally thought . . .’ Bhaud & P etti con
cluded th a t  ‘The pu tative cosmopolitanism is probably 
the  resu lt of both inadequate  morphological exam ina
tion and the use of questionable ecological argum ents 
linked to larval dispersal. Larval dispersal is often 
used to justify  the conclusion th a t  a species has a wide 
geographic distribution .’

Colborn et al. (2001) discovered several geographic 
clades in  the  bonefishes (A lbula  spp.: Albulidae). They 
proposed th a t  ‘dispersal is more restricted  in  the  bon- 
efish th a n  the extended larval stage [references cited] 
would indicate, enhancing opportunities for allopatric 
spéciation’. A lthough they noted th a t  ‘chance, long-dis
tance dispersal has been proposed to explain micro- 
evolutionary s tructu re  in  w idespread m arine species’, 
they  concluded instead  th a t  in  A lbula  ‘v icarian t sepa
ra tion’ is the  m ain m echanism  for species formation. 
Colborn et al. regarded A lbula  species as an  ‘evolu
tionary  enigm a’, defying ‘basic tenets of organism al 
evolution’, as they  represen t an  extrem e exam ple of 
morphological stasis over geological tim e and ‘also 
defy expectations for larval dispersal’. The pelagic la r
val stage lasts  about 2 -6  m onths, ‘a t least twice the 
average for widely d istribu ted  reef fishes. Thus bone
fishes should be world-class dispersers, b u t the  genetic 
evidence argues to the  contrary  . . .’

M olecular studies of the  trum petfishes (Aulostom us 
spp.: Aulostomidae) indicated a simple, clear-cut p a t
te rn  of pantropical vicariance (Bowen et al., 2001), bu t 
the  au thors explained th is by a convoluted history  of

colonization routes, recent invasions and ‘globe-span
ning series of dispersal events’. A lthough there  is no ta
bly low population s tructu re  across the en tire  Indian  
and Pacific Oceans, implying, for these authors, gene 
flow, the  Ascension Island population is genetically dis
tinct, im plying little  if  any gene flow and thu s consti
tu tin g  a ‘dilem m a’. The split betw een the Indo-Pacific 
A. chinensis and the A tlantic A. strigosus ‘raises a sub
tle point about vicariance and dispersal models. Per
haps the  divergence [of the two] w as not due to a rare  
dispersal event th a t  introduced Indian  Ocean colonists 
into the  Atlantic, b u t was caused by the v icarian t sun
dering of a w arm -w ater connection’. This is hard ly  a 
subtle point. The au thors correctly inferred th a t  ‘the  
evolutionary consequences [of vicariance and dis
persal] are indistinguishable’ (this is hard ly  surprising  
as the  models were proposed to explain the  sam e phe
nomena), b u t incorrectly deduce th a t  because of th is 
‘dispersal and vicariance models are  not always the 
s ta rk  a lternatives they appear to be’. In  any case, they 
concluded th a t  the  A tlantic species was ‘a product of a 
recent invasion from the Indian  Ocean’.

W riting on Ophioblennius (Blenniidae), M uss et al.
(2001) concluded th a t  ‘distinctions betw een the  biogeo
graphic provinces of the  A tlantic are not a ttribu tab le  
solely to ecological idiosyncrasies of individual species, 
b u t to the  presence of v icarian t b arrie rs  th a t  apply to 
m ost A tlantic reef fishes’.

The dinoflagellates known as zooxanthellae are 
symbiotic in  Scleractinia and o ther m arine inverte
b ra tes and contribute to the corals’ n u trition  and cal
cification. Among the  m ost im portan t is the  genus 
Sym biodinium . This was originally considered to com
prise a single w idespread species, b u t has subse
quently  been found to show m arked geographic 
pattern ing , w ith  some clades restricted  to the  Sey
chelles, some to Thailand and some to Sulaw esi (Bur
nett, 2002).

In  a study of coral reef biota, San tin i & W interbot- 
tom (2002) observed th a t  ‘W ith the discovery of plate 
tectonics, the concept of centres of origin has been 
strongly criticized and is now abandoned as an  a priori 
explanation for cu rren t biotic distributions by m any 
system atists. A dherents to panbiogeography and 
vicariance biogeography believe th a t  vicariance is the 
m ost parsim onious, and the only testable, explanation 
for the m ajority  of spéciation events . . . According to 
th is view, species do not have centres of origin; they 
were formed w hen the  ancestra l geographic range 
inhabited  by an  ancestral species w as fragm ented by 
v icarian t events.’ San tin i & W interbottom  argued th a t 
‘C ontrary  to several previous claim s . . . m ost lineages 
of coral reef fauna inhab iting  the  Indo-w estern  Pacific 
region probably originated through v icarian t events 
associated w ith, and following the break-up of Gond
wana. A general p a tte rn  of biotic d istribution  th a t  is
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highly congruent w ith geological da ta  shows th a t  even 
if  long distance dispersal and sym patric spéciation 
m ay in  some cases have tak en  place, they have prob
ably not been the  predom inant m echanism  of spécia
tion in  the  clades exam ined’.

Bellwood & W ainw right (2002) commented th a t 
‘The sim ilarities betw een the  [distribution] p a tte rn s  
described in  reef fishes and corals are  strik ing  . . . The 
two groups have m arkedly different life histories, 
approaching the extrem es seen in  m arine benthic fau
nas. If  the  biogeographic p a tte rn s  seen in  fish and cor
als reflect a common m echanism , th en  the  processes 
m ay be operating a t the regional or ecosystem level 
and a t large tem poral scales. If  th is is the  case, then  
one m ay expect to see congruent p a tte rn s  in  o ther 
benthic m arine taxa .’ They cited Springer’s (1982) 
study on the  Pacific p late  fauna: ‘H ere fish and non
fish taxa  appear to be closely linked to a specific con
tin en ta l plate. The n a tu re  of the  ba rrie r is unclear. 
W hy do so m any taxa  w ith w idespread or oceanic dis
tribu tions and planktotrophic larvae not cross the 
p late m argins? I t is as if  there  is an  invisible b a rrie r in  
midocean [Springer, 1982, noted th a t  prior topography 
m ay have been destroyed a t  subduction zones] . . .  As 
w ith the pioneering work of Leon Croizat (C roizat 
et al., 1974), i t  m ay be the  sim plest of p a tte rn s  th a t 
provides the  foundations for a quantum  leap in  our 
understand ing  of the  n a tu re  of barrie rs  in  m arine 
biogeography.’

A ustra lasian  skates are  highly diverse and endemic 
(L ast & Yearsley, 2002). There are ‘strik ing’ composi
tional differences betw een the  faunas of New Zealand/ 
New Caledonia and of A ustralia . The subfam ily 
A rhynchobatinae is particu larly  speciose in  the  region 
and the  New Zealand/New Caledonian fauna is dom
inated  by undescribed supraspecific tax a  and species. 
The A ustralian  fauna, by contrast, although including 
m any arhynchobatins is dom inated in stead  by mem 
bers of subfam ily R ajinae and shows little  overlap in  
species composition w ith the  fauna of New Zealand 
and New Caledonia. The ex tan t A ustra lasian  fauna 
‘appears to be derived from elem ents of G ondw anan 
origin, dispersal from the easte rn  and w estern  Tethys 
Sea, and in trareg ional vicariance spéciation . . . The 
Tasm an Sea, which is thought to have divided A ustra
lia and New Zealand since the Late Cretaceous, has 
formed an  effective b a rrie r to the  dispersal of obligate 
benthic fishes typified by m ost rays . . . the  m ain 
ancient m echanism  of derivation is alm ost certainly 
vicariance’.

P lanes & Fauvelot (2002) wrote th a t  ‘general evi
dence of genetic homogeneity in  m arine organism s 
over large areas . . . and theoretical models of spécia
tion seem opposed to the  high diversity found in  
m arine ecosystems and raise the question about the 
conditions th a t  favour genetic divergence and spécia

tion in  groups w ith planktotrophic larval dispersal . . . 
m any m arine tax a  w ith high dispersal potential th a t 
were once though t to represen t a single species spread 
over large areas are actually  sibling species complexes 
. . .’ They studied the genetic struc tu re  of Acanthurus  
triostegus (Acanthuridae), a w idespread surgeonfish 
found th rough the Ind ian  and Pacific Oceans. The 
female produces more th a n  100 000 eggs per year and 
the  larvae are long-lived. P lanes & Fauvelot em pha
sized th a t  gene flow is a powerful cohesive force and so 
any significant divergence indicates a t least a p artia l 
b a rrie r to gene flow. They found a ‘strong geographic 
p a tte rn ’ in  A. triostegus and the ‘strong divergence 
betw een populations’ is ‘even more surprising  consid
ering the  dispersal capabilities of surgeonfish larvae’.

In the  gastropod fam ily L ittorinidae, the  five mem
bers of Austrolittorina  show a ‘G ondw anan’ d istribu
tion in  A ustralia, New Zealand and South America. 
W illiams, Reid & Littlewood (2003) concluded th a t 
‘Based on the  morphological uniform ity w ith in  this 
clade, relatively recent (Plio-Pleistocene) trans-Pacific 
d ispersal events seemed a likely explanation, as pro
posed for num erous o ther congeneric m arine taxa. 
However, m olecular estim ation of ages of divergence 
suggest an  in itia l vicariance betw een A ustralian  and 
South Am erican lineages a t  40-73 Ma, contem porary 
w ith the  la te r  stages of fragm entation of the  Gond
w anan supercontinent . . .’

Peijnenburg et al. (2004) a ttrib u ted  evolution of cha- 
etognaths in  European seas to vicariance. For reptiles, 
T urner (2004) found evidence of Cretaceous Gond
w anan vicariance in  crocodyliforms.

The dam selfish Acanthochrom is polyacantha  is 
monotypic and over m uch of its  Indo-Pacific range has 
a uniform  dark-brow n colour pa ttern . However, in  
A ustralia  and New G uinea there  are  variations (Allen, 
2003). In M ilne Bay (Papua New Guinea) there  are 
two basic pa tterns, dark  brown and dark  brown w ith a 
w hite tail. Allen (2003) wrote th a t  the  detailed d istri
bution  of the  two m ain  types is ‘fascinating’: betw een 
the  A m phlett Islands (dark  tail) and S unday  Island 
(white tail) and betw een Rossel Passage (dark  tail) 
and M arx Reef (white tail) the two varieties are sep
a ra ted  by only 20 km. Even in  a single lagoon, fish a t 
the  easte rn  end of Rossel Lagoon have w hite tails, 
those a t  the  w estern  end have dark  tails.

In cowries (Cypraeidae), M eyer (2003) found ‘persis
ten t, large-scale geographical s truc tu re  [i.e. vicari
ance] in  sister groups’. For example, Cribrarula  has 
partitioned  the  en tire  Indo-W est Pacific into local 
basins and peripheral endemics. In  another example, 
Notocypraea, endemic in  southern  A ustralia , and 
Cypraeovula, endemic in  southern  Africa, are sisters, 
which ‘suggests a G ondw analand tie’ (cf. Burgess, 
1970: 19-20). M eyer concluded t h a t ‘Some researchers 
have claim ed th a t  post-speciational range expansions
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have effectively erased the m ajority of geographical 
pa tte rn ing  by spéciation in  the  Indo-W est Pacific . . . 
Sister-group relationships revealed in  the  phylogeny 
refute th is loss of geographical signal for cowries . . . 
The persistence of geographical signal of divergence 
events is rem arkable’.

Darw in (1859) cited freshw ater fishes found in  New 
Zealand and other countries as exam ples of groups 
th a t  have evidently dispersed across open ocean by 
‘unknow n m eans’. Galaxiid fishes, some of which have 
a m arine phase in  th e ir  life cycle, are  the  classic 
example. They have been the topic of m uch debate 
betw een dispersalists (e.g. McDowall, 1964, 2002) who 
have argued for an  A ustra lian  centre of origin fol
lowed by dispersal to New Zealand and South Amer
ica, and panbiogeographers (C roizat e ta l., 1974; 
Rosen, 1978) who favour vicariance of a w idespread 
southern  ancestor. Fortunately, th is  debate m ay be 
approaching a resolution, as a study  of Galaxias mac
ulatus, one of the  world’s m ost w idespread freshw ater 
fishes, found ‘extrem ely strong in tercontinental geo
graphical s tru c tu re’, i.e. vicariance, w ith well-sup- 
ported clades for Tasm anian, New Zealand and 
C hilean haplotypes (W aters, D ijkstraa & Wallis, 
2000). W aters et al. wrote ‘This leads us to question 
the  assertion  th a t  trans-Pacific dispersal is going on 
in  th is species . . . our d a ta  indicate th a t  the  dispersal 
powers of G. m aculatus  m ay be more lim ited th a n  pre
viously suggested’ and ‘a v icarian t role in  the  diver
gence of easte rn  and w estern  Pacific G. m aculatus 
cannot be rejected’. Genetic divergences (implying 
m axim um  divergence dates of 36 Ma) ‘m ay be consis
te n t w ith a vicariance model’. For 40 years McDowall 
has argued strongly for a dispersal model of Galaxias 
biogeography, and so th is study, in  which he played ‘a 
m ajor role’, represen ts a m ajor reversal in  the  dis- 
persal/vicari an ce debate.

However, the dispersalists have not yet become fully 
fledged panbiogeographers. W aters et al. (2000) also 
argued th a t  the  topology of the  G. m aculatus  cla- 
dogram: (Tasm ania, New Zealand) Chile, conflicts 
w ith ‘the  p a tte rn  of continental fragm entation’ and so 
th is  m eans the Tasm ania/N ew  Zealand relationship is 
due to dispersal. W riting in  a more popular publica
tion less likely to be exposed to critical exam ination, 
Wallis & W aters (2003) even wrote th a t  ‘A t first sight, 
th is  [Tasm ania, New Zealand, Chile differentiation] 
m ight appear to support a G ondw anan explanation for 
th e ir  origin b u t th is  is not the  case’, contradicting 
W aters et al.’s more cautious and realistic sta tem en t 
th a t  ‘vicariance cannot be rejected’.

However, W aters et al.’s and Wallis & W aters’ abso
lu te  fa ith  in  geology is naïve: they  cite no geological 
publications, presum ably because they  th in k  ‘the  p a t
te rn ’ is all worked out and agreed on. In  fact the  cur
ren t geographic/political en tities (Tasm ania, New

Zealand, Chile) are not geological en tities b u t geolog
ical composites, and there  is no simple split sequence 
betw een them . The sequence and tim ing of accretion of 
the component te rran es and th e ir  distinct biogeo
graphic affinities are topics of cu rren t investigation 
and the  ad hoc invocation of dispersal to explain 
apparen t biological/geological incongruence in  th is 
region is unjustified. In  fact, i t  is only cladistic bioge
ography th a t  has predicted congruence betw een phy
logeny and ‘split sequences’ of early  (pre-terrane) p late 
tectonics; panbiogeographic work has criticized this 
assum ption as sim plistic (Heads, 1999).

The d ispersalist biogeography of Wallis and W aters 
resem bles th a t  of Wallace in  m ost aspects, for example 
in  basing biogeographic conclusions on theories from 
ano ther field, geology, not on th e ir  own biological data. 
Their practice of privileging certa in  curren tly  
accepted theories from a field they  have no expertise 
in  m eans they  can never m ake new predictions about 
e ither geology, as workers such as W egener or Croizat 
did, or biology.

Even the  way in  which W aters et al. (2000) pre
sented th e ir  da ta  reflects th e ir  underlying commit
m ent to dispersal. For example, in  th e ir  abstrac t they 
point out th a t  ‘a lack of genetic struc tu re  am ong New 
Zealand sam ples suggests th a t  m arine dispersal 
[occurs w ith in  New Zealand]’, and th a t  ‘m arine dis
persal is an  im portan t biogeographical m echanism  for 
th is species’. However, in  the  ab strac t they  conspicu
ously avoid even m entioning th e ir  m ain  finding, the 
‘extrem ely strong in tercontinental geographic struc
tu re ’ am ong Tasm ania, New Zealand and South Amer
ica. Furtherm ore, in  th e ir  paper lack of genetic 
struc tu re  is taken  to im ply dispersal, b u t extrem ely 
strong genetic s truc tu re  is not necessarily seen as 
im plying vicariance.

B erra  e ta l. (1996) also worked on Galaxias m acu
latus  and wrote th a t  ‘Significant genetic heterogeneity 
betw een populations would be consistent w ith  a  vicar
ia n t model, w hereas its  absence would support a  dis
persal model’ (italics added). This also reveals the 
prejudiced stance of the  authors: why would genetic 
heterogeneity  not support vicariance and its  absence 
be consistent w ith  dispersal? In  any case, w hen W aters 
et al. did subsequently  discover strong v icarian t 
genetic heterogeneity, they  backtracked on B erra 
et al.’s prediction.

Ebach & H um phries (2003) contributed a useful, 
concise critique of dispersalism . McDowall (2004) 
responded th a t  ‘Interestingly, Ebach & H um phries
(2003) do not seem to invest m uch effort in  vicariance 
theories for the  biogeography of albatrosses or oceanic 
sharks. And w hat of ferns, which seem to have m as
sive capacity for spread . . .’ In  fact, Ebach & 
H um phries did not refer to albatrosses, sharks or 
ferns a t  all, b u t th is omission is hard ly  ‘in te resting ’ as
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th e ir  article was only th ree  pages long. McDowall’s 
im plication th a t  vicariance analysis of these groups is 
not possible because any biogeographic signal is 
obscured by chance dispersal is incorrect.

The vicariance biogeography of m any ferns in  New 
Zealand (Heads, 1990: figs 5a, 5d, 12b, 24a), the  M alay 
Archipelago (Heads, 2003: 323, 345, 369, 390, 395, 
415, 422, 425 and figs 82, 84) and New G uinea (Heads, 
2001a: 900, 911, 913; Heads, 2001b: 72-73, fig. 9; 
Heads, 2002: 276) has been discussed elsewhere. I am 
not aw are of any d ispersalist in terp re ta tions for any of 
these p a tte rns. The biogeography of A ustralasian  
skates is discussed above. A lbatrosses and petrels 
roam  very widely over the  oceans using th e ir  norm al 
m eans of survival, b u t th is does not explain why they 
re tu rn  to breed a t sites w hich are  as highly localized 
and as v icarian t w ith related  taxa  as those of m any 
passerines.

The seabird order Procellariiform es comprises the 
albatrosses, Diomedeidae, and the petrels and shear
w aters, Procellariidae. H arper (1978) suggested th a t 
‘petrels were evolving 80-90 million years ago in  the 
Southern  H em isphere along the  shores of a fragm ent
ing G ondw analand’, and Olson (1978) noted th a t 
‘there  appears to have been v irtually  no significant 
morphological evolution in  the Procellariiform es since 
the middle Miocene’. The Diomedeidae contain two 
m ain  clades each w ith two genera (N unn et al., 1996), 
as follows. The species are listed here w ith  th e ir 
trad itional circum scriptions (d istributions are from 
M archant & Higgins, 1990). Subspecies are not listed; 
m any are  trea ted  by Robertson & N unn  (1998) as full 
species. Most are m utually  vicariant.

Diomedea -  the g rea t albatrosses.

D. exulans: Ind ian  Ocean: Prince Edw ard, Crozet, Ker
guelen, and H eard. New Zealand: M acquarie, Auck
land, Campbell, Antipodes. A tlantic Ocean: T ristan , 
South Georgia.

D. epomophora: New Zealand: Auckland, Campbell, 
Otago Peninsula, C hatham  Island. These two species 
are a related  pair. The d istributions are largely vicar
ian t, w ith  overlap only on Auckland and Campbell 
Islands.

D. amsterdamensis'. A m sterdam  Island. This is quite 
v icarian t w ith the o ther two species.

Diomedea s.s. is a southern  group, m ost closely 
related  to the  no rth  Pacific genus Phoebastria. This 
ranges from islands off Ja p a n  to Hawaii, the  G alapa
gos, and islands off Ecuador. The two genera are  thus 
v icariant. C roizat pointed out (1958: 2b: 929) th a t 
Diomedeidae do not avoid the tropics (cf. P. irrorata) 
and so there  has probably been extinction betw een 
New Zealand and Hawaii, on the track: Kermadecs, 
Tonga, M arquesas, Line Islands.

Phoebastria -  the  N orth  Pacific albatrosses or 
gooneys.

P. albatrus'. Izu Islands (off Honshu), Ryukyu Island 
(formerly), N orth  Bonin islands, B erm uda (formerly -  
Olson & H earty, 2003). The record from the Ryukyus 
is the  only one for the  family.

P. irrorata'. Galapagos, La P la ta  Island (off Ecuador). 
This is v icarian t w ith the  th ree  o ther Phoebastria 
spp.

P. immutabilis'. Izu Island (formerly), M arcus, Wake, 
Johnston, W est H aw aiian  Island, Revillagigedo (off 
Mexico).

P. nigripes'. Izu Island, N orth  Bonins (formerly), Iwo 
J im a  (Bonins), M arianas (Agrihan), M arcus, Wake, 
N orth  M arshalls (Taongi), Johnston, W est H aw aiian 
Island, islands off Baja California. There is consider
able overlap w ith P. im m utabilis, b u t there  are  signif
ican t additional records from the Bonins, M arianas, 
and N orth  M arshalls, which all lie south of th a t 
species.

The second group in  the  fam ily comprises Thalas
sarche, the  mollymawks, and Phebetria, the  sooty 
albatrosses.

Thalassarche melanophrys'. Ind ian  Ocean: Crozet, 
Kerguelen, H eard. New Zealand: M acquarie, Cam p
bell, Antipodes. A tlantic Ocean: South Georgia, Falk- 
lands, Patagonian Islands.

T. cauta'. Ind ian  Ocean: Crozet, Tasm ania. New 
Zealand: Snares, Auckland, Bounty, C hatham s. This 
shows perfect vicariance w ith  the  la s t species in  the 
Tasm ania-N ew  Zealand region, and overlaps globally 
only a t Crozet.

T. chrysostoma'. Ind ian  Ocean: Prince Edw ard, Crozet, 
Kerguelen. New Zealand: M acquarie, Campbell. 
A tlantic Ocean: South Georgia, Patagonia. This 
range is sim ilar to th a t  of T. melanophrys, bu t 
T. chrysostoma does not occur on the Falklands, A ntip
odes or H eard, and does occur on Prince Edw ard.

T. chlororhynchos'. Ind ian  Ocean: Prince Edw ard, 
Crozet, K erguelen, A m sterdam /St Paul. A tlantic 
Ocean: Tristan/G ough. This v icariates w ith all the 
o ther Thalassarche and Diomedea species on A m ster
dam /St Paul and Tristan/G ough, lying to the  no rth  of 
the  o ther Ind ian  and A tlantic Ocean records.

T. bulleri'. Snares, S tew art, C hatham s, Three Kings. 
This overlaps w ith T. cauta  on the  Snares and 
C hatham s, b u t is the  only m em ber of the family on 
S tew art and Three Kings, both im portan t centres of 
endem ism . The species d istribution  forms an  outer arc 
around the  New Zealand m ain land  (Heads, 1990:
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fig. 6d). M any o ther groups show sim ilar surprising  
links betw een the far north  and far south of New 
Zealand, for example, the sandy shore bivalve Paphies 
subtriangulata, in  which K aita ia  and S tew art Island 
forms are  genetically sim ilar (Sm ith, 1989).

Phoebetria fu sca : Ind ian  Ocean: Prince Edw ard, 
Crozet, K erguelen, A m sterdam /St Paul. A tlantic 
Ocean: Tristan/Gough.

P. palpebrata: Ind ian  Ocean: Prince Edw ard, Crozet, 
K erguelen, H eard. A tlantic Ocean: South Georgia. 
New Zealand: M acquarie, Auckland, Campbell,
Antipodes.

The distributions of these two species overlap only 
on Prince Edw ard, Crozet and Kerguelen, and overall 
are  quite distinct, w ith  P. fusca  lying tow ards the 
T ndian/east A tlantic side’ (w ith additional records 
on A m sterdam /St Paul and Tristan/G ough, cf. 
T. chlororhynchos), and P. palpebrata  lying tow ards 
the  ‘Pacific/west A tlantic side’ (w ith records on H eard, 
around New Zealand and on South Georgia).

Phoebetria (like Diomedea/Phoebastria) is entirely  
absen t from Patagonia and the Falklands, unlike 
Thalassarche  which has two species there . Phoebetria 
is also notably absent from New Zealand north  
of Auckland/Antipodes, unlike Thalassarche which 
reaches Snares, S tew art, C hatham s and Three Kings.

In sum, m em bers of Diomedeidae show strik ing  
vicariance a t  all ranks, from genera (e.g. Diomedea 
and Phoebastria) to m any of the  species, and nearly  all 
the  subspecies (not analysed here).

E km an (1953) regarded penguins (order Sphenisci
formes) as ‘tru e  m arine anim als’, because they  rely on 
w ater for dispersal. Thus he found i t  ‘rem arkable’ th a t 
the  genus Megadyptes is restricted  to the com para
tively sm all region of the  New Zealand subantarctic  
islands (M acquarie, Auckland, Campbell, Snares, 
S tew art). Megadyptes is possibly m ost closely related 
to E udyptes, which ranges on subantarctic  islands 
of the  Ind ian  and A tlantic Oceans, b u t in  the  New 
Zealand region overlaps w ith Megadyptes only on 
Auckland and Campbell Islands. N orth  of here, on 
South Island and S tew art Island, there  is very precise 
vicariance betw een the  two genera, w ith  M egadyptes 
in  the  eas t and Eudyptes  in  the w est (Oliver, 1974). 
E km an recognized th a t  the  diversity  of penguins is 
p a r t of a more general problem: why is the  A ntarctic 
fauna ‘so ex traordinarily  rich in  species’, and in  p ar
ticular, considerably richer th a n  the  fauna of the 
N orth  Polar Sea? E km an argued th a t  a group of ordi
nal rank, like penguins, being endemic to the  south 
‘throw s ligh t on the  role played by th is region as a cen
tre  of developm ent’. This, of course, goes directly 
against the H olarctic centres dogma of M atthew, 
w ith no rthern  derivation and ‘waves of m igration’ 
southw ards.

M a n g r o v e  a n d  s e a g r a s s  b io g e o g r a p h y  is  b e s t

EXPLAINED BY VICARIANCE

It is often not realized th a t  m angrove forests ‘are as 
complex and as variable in  m akeup and evolutionary 
processes as any forest h ab ita t.’ (Duke, 1995). As 
noted above, McCoy & Heck (1976) a ttrib u ted  sim ilar 
d istribution  p a tte rn s  in  corals, seagrasses and m an
groves, in  particular, regional p a tte rn s  of generic 
richness, to vicariance. In m angrove floras, sim ilar 
environm ents in  different p a rts  of the  world have 
revealed strik ingly  different num bers of species. 
Considering these ‘diversity  anom alies’, Ricklefs & 
L atham  (1993) agreed th a t  differences in  local species 
richness m ight arise from the  particu la r history  and 
biogeographic circum stances of each region, quite 
a p a rt from the  contem porary local environm ent. Rick
lefs & L atham  described the situa tion  in  m angrove flo
ras as ‘one of the  m ost enigm atic exam ples of diversity 
anom alies, w ith  M alesia/M elanesia m ost diverse . . .  it  
parallels sim ilar differences in  seagrasses and corals 
(McCoy & Heck, 1976)’. Ricklefs & L atham  also cited 
differences betw een the  m angrove floras of northern  
and southern  New Guinea, and th is  is another p a tte rn  
also seen in  corals.

Ricklefs & L atham  noted th a t  m any in terp re ta tions 
of the p resen t d istribution of m angroves ‘incorporate 
tectonic conditions or events th a t  p redate  the  oldest 
[mangrove] fossils . . .’, and th a t  ‘diversity anom alies 
m ay arise historically from region-specific differences 
in  origin of clades . . . and th e ir  subsequent diversifi
cation . . . Extinction does not appear to have played a 
m ajor role in  the generation  of the diversity anom aly

Duke (1995) argued th a t  the  centre-of-origin idea 
does not explain presen t-day  m angrove distributions. 
The idea is ‘based on a precept of exaggerated long
distance dispersal’ and has led to ‘often exaggerated 
claims of long-distance dispersal capabilities.’ The 
im portance of long-distance dispersal ‘has been 
greatly  over-rated’. For Duke, the  d istributions of 
m angroves are instead  a ‘direct resu lt of movem ents in  
continental fragm ents described in  the theory of con
tin en ta l d rift’. Duke em phasized the im portance of 
‘the  form ation of new in te rtid a l h ab ita t w hen conti
n en ta l landm asses b reak  a p a rt over millions of years’. 
The break-up of Gondw ana would have created ‘vast 
in tercontinental estuaries, slowly changing from riv
erine swam ps and flood plains to more m arine condi
tions. The largest exam ple was the division of Africa 
and South Am erica . . .’ Thus continental d rift is the 
basis of his model -  ‘there  appears to be no other 
explanation for the  ex tan t d istributional ranges and 
disjunctions of most, especially polyspecific, genera. 
This being the case, we m ay find th a t  some groups will 
extend back fu rth er th a n  our p resen t fossil records
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indicate . . Duke’s model of mangrove evolution also 
em phasized evolutionary stasis: ‘It is notable th a t 
tax a  are rem arkably  conservative, changing very little  
over millions of years’.

Duke e ta l.  (1998) found relatively low gene flow 
among populations of the  m angrove Avicennia, which 
led to th e ir  ‘questioning assum ptions th a t  these wide
spread m angrove species achieve high levels of long
distance d ispersal’. They recorded strong genetic 
struc tu ring  in  A. m arina  which showed the ‘decon
struction’ of A ustralia  also seen in  te rres tria l p lants 
(Heads, 2003); south-w est A ustralian  populations are 
closer to south-east A sian and South African p lan ts 
(Indian Ocean track) th a n  to south-east A ustralian  
p lants, which are closer to those of New Caledonia and 
New Zealand. Duke et al. cited determ inations of A vi
cennia  pollen from the  Eocene of south-w est A ustralia. 
They wrote th a t  levels of divergence am ong the 
A. m arina  varieties ‘suggest’ they  are  of Pleistocene 
origin, b u t as indicated in  th is paper, degree of diver
gence is not a reliable guide to age of groups, espe
cially w hen based on dubious calibrations. Duke et al. 
concluded tha t: ‘gene flow and dispersal of propagules 
is more lim ited th a n  has been assum ed for widespread 
m angrove species’.

Ellison, Farnsw orth  & M ertk t (1999) also supported 
a vicariance hypothesis for m angroves, and so there  is 
broad agreem ent am ong McCoy & Heck, Ricklefs & 
Latham , Duke et al. and Ellison et al. on a vicariance 
model.

Concerning seagrasses, C roizat (1958: vol. 2, 188- 
193) supported Setchell’s (1934) conclusion th a t  the 
d istribution  of D iplanthera  (= H alodule) and Cymo
docea (both Cymodoceaceae) showed substan tia l p a r
allels w ith those of land p lan ts and were essentially  
relictual, resu lting  from early  evolution in  and around 
Tethys. Fortes (1988) noted th a t  the  fru its of m ost sea- 
grass species are not buoyant and i t  is ‘extrem ely 
unlikely’ th a t  seagrasses could disperse over long dis
tances. ‘Paradoxically, E nhalus acoroides and Posi
donia  have buoyant fru its, b u t they have the  m ost 
restricted  worldwide d istribution’. He concluded th a t 
the d istribution  of the  species ‘favours vicariance as an  
explanation’. L arkum  & den H artog (1989) discussed 
seagrasses and agreed th a t  the  vicariance hypothesis 
has m erit ‘in  tu rn in g  a tten tion  aw ay from concepts 
based purely on p resen t biogeography’. They agreed 
th a t  an  origin of seagrasses along the shores of Tethys 
(reaching w estw ards to the  Caribbean) is reasonable. 
They also observed th a t  seagrasses have no m eans of 
long-distance dispersal and again em phasized th a t 
genera w ith buoyant fru its (they cited Thalassoden
dron  and Posidonia) have a restricted  distribution. 
They cited Heterozostera in  A ustralia  (extant) and 
Chile (fossil) as evidence for an  original Gondwanic 
distribution, and noted th a t  ‘the evidence suggests

th a t  seagrasses have rem ained largely unchanged for 
a long tim e (mostly since the  Eocene).’

M ig r a t io n  in  m a r in e  a n im a l s  is  b e s t  e x p l a in e d

BY VICARIANCE 

M any m arine anim als show major, regular m igra
tions. Some of the best known occur in  seabirds, shore- 
birds, m arine m am m als and tu rtles . Dorst (1962) 
em phasized th a t  ‘The origin of b ird  m igrations is such 
an  im portan t question th a t  i t  dom inates all o ther 
aspects of ornithology’. He discussed theories on the 
origin of m igration and wrote th a t  for ‘some authors 
. . . m igration  routes reveal geographical conditions of 
another e ra ’. Wolfson (1948) had  suggested th a t  con
tin en ta l d rift was the stim ulus for the more highly 
developed forms of m igration, which evolved as 
follows:

(a) before the  advent of continental drift m any birds 
were perform ing short flights betw een breeding 
and feeding areas;

(b) w ith the  onset of d rift these areas diverged slowly;
(c) the birds continued th e ir  use of these areas 

because of th e ir  well-developed homing instincts.

Wolfson (1948) wrote: ‘W hat tends to confuse the 
issue is the  reasoning th a t  the  ends served constitu te 
the  causes of m igration . . . M igratory behaviour . . . 
did not evolve into its  highly developed forms because 
i t  served useful ends, bu t was the  n a tu ra l consequence 
of an  in h eren t behaviour p a tte rn  responding to the 
drifting of continental m asses. The “adaptive fea tu res” 
of m igration, such as leaving an  area  w ith the 
approach of winter, are  therefore the result of n a tu ra l 
selection and not the cause of m igration . . .  If biolo
gists have an  adequate knowledge of the  properties, 
requirem ents, and behaviour of organism s and have 
confidence in  th a t  knowledge, they can m ake a sub
stan tia l contribution to our knowledge of the  e a rth ’s 
history. Thus, th a t  the birds m igrate along the  routes 
indicated . . . seems to me to constitu te prim a-facie 
evidence for the drifting of the  continents.’

A lthough green sea tu rtle s  (Chelonia m ydas) live 
m ost of th e ir  lives in  the  ocean, adu lt females m ust 
re tu rn  to land  in  order to lay  th e ir  eggs. One popula
tion of green tu rtle s  leaves feeding grounds off Brazil 
every year to n est on beaches of Ascension Island in  
the  m id-Atlantic Ocean 2000 km  away. C arr & Cole
m an (1974) suggested th a t  since the  early  Cenozoic 
certa in  tu rtle s  have inherited  a tendency to swim a 
particu la r W NW -ESE p a th  from Brazil to Ascension 
Island, sw im m ing against the  prevailing cu rren t for 
about 8 weeks. This m igration route has developed 
gradually, as the A tlantic Ocean widened. Before con
tin en ta l drift, Ascension Island, or ra th e r  its  precur
sors, lay m uch closer to Brazil. C ontinental drift
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gradually  (2 cm yr ') increased the  distance betw een 
the  tu rtle s ’ feeding beaches and the nesting  grounds 
and the tu rtles , driven by th e ir  hom ing instinct, have 
adapted  to longer and longer m igrations.

Croizat et al. (1974) discussed endemic crustaceans 
on Ascension Island w ith sim ilar connections to Brazil 
and the C aribbean. They cited Tuzo W ilson’s (unpubl.) 
suggestion tha t: Ascension is only the la te s t in  a series 
of islands whose rem ains form scattered  seam ounts 
and ridges from Ascension Island to the  Cameroons 
(the G uinea Rise) in  one direction and in  the  o ther 
direction to the no rth east corner of B razil.’ Likewise, 
B onatti & C herm ak (1981) concluded th a t  ‘Long seg
m ents of c ru st reached close to sea-level in  the mid- 
A tlantic . . .  i t  is likely th a t  in tense  vertical tectonic 
motions occurred along the Rom anche Transform  
Zone [just no rth  of Fernando N oronha -  Ghana] 
th roughout the  evolution of the  A tlantic . . . shallow or 
em ergent crust . . . m ay even have provided “land 
bridges” for faunal m igrations . . .’

Bowen, M eyland & Avise (1989) (reported by Lewin, 
1989) studied mtDNA of green tu rtle s  from the  Ascen
sion Island rookery and also from Florida and Vene
zuela rookeries. They found identifiable differences 
am ong the  th ree  rookeries. However, because these 
differences were relatively sm all Bowen et al. did not 
support C arr and Coleman’s theory, and in stead  sup
ported the  stan d ard  dispersal theory th a t  the  ‘separa
tion occurred a few 10s of 1000s of years ago a t m ost’ 
(Lewin, 1989). Avise (2000) sum m arized m olecular 
work on tu rtle s  and regarded Bowen et al.’s conclusion 
as a ‘classic resolution’ of a vicariance/dispersal con
troversy. However, the ra te  calibration for tu rtle s  has 
itse lf  been controversial. The m ajor sp lit in  green tu r 
tle phylogeny is betw een A tlantic/M editerranean and 
Indo-Pacific clades. Bowen et al. (1992) regarded th is 
as consistent w ith v icarian t separation  by the  rise of 
the  Isthm us of P anam a a t  3 Ma and they  deduced evo
lu tionary  mtDNA ra tes from th is calibration (writing, 
misleadingly, th a t  the  ra tes were ‘revealed’). As indi
cated above, th is is oversim plistic, and m any authors 
regard  the rise of th is  Isthm us as m uch too la te  to 
explain differences betw een A tlantic and Pacific 
groups. Avise et al. (1992) proposed an  eight-fold 
decrease in  evolutionary ra te  for tu rtle s  relative to the 
conventional ra te  for higher anim als, b u t i t  m ay actu 
ally be even less, perhaps m uch less. In  a group like 
tu rtle s  there  m ay well be alm ost complete morpholog
ical as well as m olecular stasis.

Young (1962) wrote th a t  ‘the  m igrations of fishes 
have a ttrac ted  m uch attention , b u t are  still im per
fectly understood’. In  the  freshw ater eels (A n gu illa , 
c. 15 species) the  adu lts live in  estuaries, lagoons, 
coastal m arshes, and freshw aters of lowlands and 
highlands. They m igrate every year to spaw n in  oce
anic w aters. After spaw ning the  adu lts die and the la r

vae drift back to estuarine  and freshw ater h ab ita ts  
which they  en te r as juveniles. A dults are very rarely  
taken  in  the  open ocean and the location of spaw ning 
grounds in  the  Sargasso Sea, off Berm uda, was only 
deduced in  1913 from the  d istribution  of different 
sized larvae in  the  A tlantic. In  1977 the  first direct evi
dence of adults occurring off the continental shelf was 
obtained w hen two were photographed on the  sea-floor 
a t about 2000 m depth  n ear the  B aham as (J. S. N el
son, 1994).

The E uropean eel (A. anguilla) and Am erican eel 
(A. rostrata) are  sis ter species and both m igrate to 
adjacent breeding grounds in  the  Sargasso Sea. 
Europe is 3000 km  away and Young (1962) described 
the m igration as ‘astounding’, adding th a t  ‘no-one has 
yet discovered the factors th a t  direct these move
m ents’. Ubisch (1924) in terp re ted  the m igrations as 
the resu lt of continental drift. Croizat (1958: 1: 735- 
745), citing B ertin  (1942), also a ttrib u ted  the  eels’ 
ontogenetic m igration to phylogenetic m igration th a t 
developed w ith the  g radual geological w idening of the 
A tlantic and regarded A. anguilla  and A. rostrata as 
the by-product of the  break ing  a p a rt of a common 
ancestor. Dietz & Holden (1973) wrote th a t  A nguilla  is 
‘Yet ano ther anim al [which] m ay be cited as proving 
continents drift’.

A nguilla  species are  w idespread in  the  Indian, 
Pacific and N orth  A tlantic Oceans, b u t are  absent 
from the  tropical and South A tlantic and the  E ast 
Pacific. Croizat (1958) discussed the p a tte rn  and com
pared i t  w ith  taxa  of Suaeda  (Chenopodiaceae) and 
Gelochelidon (Laridae). He a ttrib u ted  i t  to v icarian t 
evolution along the ‘Tethyan track ’. Two m olecular 
studies (neither citing Croizat) have given centre of 
origin/dispersal explanations for A nguilla  b u t reached 
diam etrically opposed conclusions for the d istribution  
of the  group, in  particu la r the  origin of the  two A tlan
tic species. Lin, Poh & Tzeng (2001a, b) derived the 
A tlantic m em bers by proposing a centre of origin in  
the south-w est Pacific (as m ost species occur here) 
from which the  ancestors of A tlantic eels m igrated 
east across the  Pacific and ‘trekked  across the  central 
Am erican Isthm us’. These au thors suggested th a t  the 
first divergence in  A nguilla  took place a t 20 Ma. In 
contrast, Aoyama, N ishida & Tsukam oto (2001) pro
posed dispersal from a sim ilar centre (Borneo, the 
location of the ‘basa l’ species) w estw ard to the  A tlan
tic via the  Tethys Sea. In  th is  hypothesis, the  eels’ 
ancestor entered  the  A tlantic before 20-30 Ma, and 
Aoyama et al. proposed an  origin of A nguilla  a t 50- 
60 Ma.

M igrating birds in  the  south-w est Pacific m ay follow 
former, pre-drift coastlines (Heads, 1990) and m igra t
ing m arine m am m als often s tran d  or beach repeatedly 
a t the  sam e localities (McCann, 1964, referred  to the 
‘coincidental d istributional p a tte rn ’ of strandings in
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New Zealand). These phenom ena m ay also be due to 
persistence of ancient biological m ovem ents in  the 
face of m ajor tectonic changes.

D iv e r s it y  in  t h e  In d o -A u s t r a l ia n  a r c h ip e l a g o  is

RELATED TO INDIAN OCEAN/PACIFIC OCEAN 
VICARIANCE

The triangle  formed by S um atra , the  Philippines and 
New Guinea, in  o ther words the  region betw een Asia 
and A ustralia , is widely recognized as one of the 
world’s m ajor centres of diversity and endem ism  for 
both m arine and te rres tria l biota. U nfortunately, 
there  is no widely agreed nam e for the  region. Joseph 
Conrad called i t  the  E aste rn  Archipelago; zoologists 
and m arine biologists have term ed i t  the  E ast Indies, 
S ou theast Asia, the  M alay Archipelago, the  Indo- 
M alay Archipelago, the  Indo-A ustralian Archipelago 
(IMA), the  Indonesian region, the Indonesian and Phil
ippine region (IPR), the  ‘coral triang le’, the  W est 
Pacific diversity triangle, and the  C entral Indo-Pacific 
(CI-P) hotspot, while bo tan ists usually  call i t  M alesia 
(i.e. M alaysia and Indonesia).

However, although i t  is agreed th a t  the  IAA is a 
centre of diversity  for corals and reef tax a  in  general 
and also te rres tria l groups (see below), i t  is often 
debated w hether i t  is centre of origin, of overlap or of 
refuge. The first has been a ‘particu larly  well-favoured 
explanation, apparen tly  supported by the  clear pro
pensity  for m arine taxa  to disperse during th e ir 
pelagic larval stage.’ (Veron, 1995). However, i t  has 
been criticized by m any au thors (e.g. W ilson & Rosen, 
1998), and Benzie (1998), Wallace & W olstenholme
(1998), G ittenberger, Hoeksem a & G ittenberger
(2000) and Goud & G ittenberger (2000) have argued 
instead  th a t  the  IAA has a composite fauna, w ith the 
diversity peak being caused by the overlap of Indian  
Ocean, Pacific Ocean and endemic taxa. For example, 
in  the Siganidae (rabbitfishes), there  are five pairs of 
sibling species w ith one m em ber of each pa ir having 
an  Indian-O cean-centred d istribution and the  o ther a 
Pacific-Ocean-centred distribution  (Woodland, 1983). 
In Indonesia, B arber et al. (2000) described ‘southern’ 
and ‘no rth ern ’ clades among populations of a m antis 
shrim p from 11 reefs in  the Jav a  and Flores Seas, 
which ‘m ay be relics of [respectively] Ind ian  and 
Pacific Ocean populations’ (cf. the  M alesian Ericaceae; 
Heads, 2003). Thus the  IAA is probably not sim ply a 
centre of origin from w hich taxa  have dispersed into 
the Pacific.

The te rres tria l biota of the  IAA has trad itionally  
been assum ed to ‘resu lt from the m eeting and mixing 
of the  floras and faunas from two m ajor zoogeographic 
regions’ (Benzie, 1998), these being W allace’s (1876) 
‘O riental’ and ‘A ustra lian ’ regions. Panbiogeography 
has never accepted these, b u t has in stead  accepted the

Indian, Pacific and Tethys Ocean basins as the  m ain 
regions for te rres tria l biota (Craw  et al., 1999). M arine 
biogeographers have never used the O riental and Aus
tra lia n  regions bu t have n a tu ra lly  used the  Ind ian  and 
Pacific Oceans.

Of the  few genetic surveys of species in  the  Indian  
and Pacific Oceans, ‘All have shown m arked genetic 
differentiation of populations in  the  Ind ian  Ocean 
from Pacific populations’ (Benzie, 1998). For example, 
‘The genetic struc tu re  of bu tterfly  fish and coconut 
crabs also show little  varia tion  w ith in  the Indian  
or Pacific Oceans b u t m arked genetic differences 
betw een oceans’. These resu lts ‘are consistent w ith 
v icarian t origins in  oceans on e ith er side of the  SE 
A sian region, even w ithin w idespread m arine species 
w ith long larval lives . . . These da ta  provide fu rther 
support for views th a t  spéciation of m arine taxa  did 
not occur w ith in  a centre of origin (SE Asia), b u t from 
successive isolation of populations outside th is region 
(Wallace et ál., 1991; Pandolfi, 1992, 1993; Wallace, 
1997).’

The starfish  Linckia laevigata, renowned for its  b ril
lian t, royal blue colour, is continuously d istributed 
through the Indo-west Pacific tropics. Populations 
from Thailand and South Africa, w here an  orange 
colour m orph predom inates, are significantly geneti
cally differentiated from populations of the W est 
Pacific and, to a lesser extent, from each other (Will
iam s & Benzie, 1998). This is consistent w ith a m ajor 
biogeographic boundary betw een the  Ind ian  and 
Pacific Oceans, and W illiams & Benzie concluded th a t 
‘v icarian t events have played an  im portan t role in  
shaping the  broadscale genetic s truc tu re ’ of Linckia. 
Genetic studies also revealed a ‘m arked discontinuity’ 
betw een Indian  Ocean and Pacific Ocean (plus W est
e rn  A ustralian) populations of the  w idespread crown- 
of-thorns starfish  Acanthaster planci (Benzie, 1999). 
Again, the  clades were congruent w ith two colour m or
phs. The Indonesian population is of special in terest, 
as 11 of the  specimens (localities not given) were grey- 
green and clustered w ith the  Pacific Ocean group 
while two were blue and clustered w ith the Indian  
Ocean group.

Benzie (1999) concluded th a t  all these examples 
‘strongly suggest th a t  a v icarian t event separated  pop
ulations in  each ocean’. None of the pairw ise pa tte rns 
o f‘inferred gene flow’ (actually, genetic sim ilarity) con
formed closely to present-day ocean currents. Benzie 
in terp re ted  th is to m ean th a t  genetic struc tu re  
reflected ‘sporadic long-distance dispersal w here the 
effects of historical accident play an  im portan t role.’ 
However, i t  m ay simply m ean th a t  genetic sim ilarity  
is not due to p resen t or recent curren ts or geography 
in  general, b u t to m uch older conditions. The pa tte rns 
of ‘connectivity’ in  A. planci (e.g. Philippines-V an- 
uatu ) are  also sim ilar to p a tte rn s  seen in  g ian t clam s
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(Benzie, 1998), discussed in  the  next section, as well as 
in  m any te rres tria l taxa.

In a study  of coral reef biota (Santin i & W interbot- 
tom, 2002), the  Indonesian region, ‘long sta ted  to be a 
centre of origin’ for m ost of the  Indo-W est Pacific 
m arine fauna, appears as a very derived a rea  in  the 
general a rea  cladogram. San tin i & W interbottom  con
cluded th a t  m ost of the  lineages m ay have originated 
in  the  w estern  Ind ian  Ocean (C roizat’s, 1952, ‘African 
gate’), A ustralia, or the south-w estern Pacific (both 
com prising Croizat’s, 1952, ‘Polynesian gate’). They 
wrote th a t  ‘A series of events th a t  fragm ented an  orig
inally  w idespread biota seems to be highly congruent 
w ith geological events th a t  caused the break-up of 
G ondw analand.’

D i s t r ib u t io n  i n  t h e  P a c if ic  is  n o t  t h e  r e s u l t

OF FOUNDER DISPERSAL 

D istributions in  the  Pacific have always figured among 
the  classic exam ples of long-distance dispersal. Kay 
(1980) observed th a t  th a t  ‘Most biogeographers have 
in terp re ted  the  d istribution  p a tte rn s  exhibited by the 
biota of Pacific islands in  term s of D arw in-W allace 
biogeographic theory, a m ain  assum ption of w hich is 
th a t  the  biota of oceanic islands derives from [long dis
tance] dispersal’. This m ight explain the  w estern  re la
tions of m ost of the  Pacific island  biota, and the  w est- 
e as t a ttenua tion  of diversity. ‘There rem ain, however, 
aspects of the d istribution of the anim als and p lan ts  of 
the  Pacific th a t  are not explained by trad itional bio
geographic theory: the  occurrence of a recognizable 
Pacific biota, areas of endem ism  w ith in  the Pacific 
basin, disjunct distributions, and the  diverse biotas of 
h igh islands compared w ith the  sparse biotas of 
atolls . . .’ As noted above, Kay concluded in  favour of 
vicariance, as did Springer (1982) in  explaining Pacific 
p late  endem ism  in  reef fishes. Springer em phasized 
the  im portance of the  Pacific p la te  m argins as geo
graphic boundaries and S toddart (1992) agreed th a t 
there  is m uch support for th is idea in  the  d istributions 
of both m arine and te rre s tria l biota. For example, the 
p late  boundary (the Tonga Trench) lies ju s t  e as t of 
Tonga, and S toddart noted th a t  ‘there  is no more d ra
m atic biogeographic boundary  in  the  Pacific th a n  th a t 
betw een the southern  Cooks and the  southern  Tonga 
islands. The la tte r  have m angroves and seagrasses, 
and a distinctly  w est Pacific aspect; the form er lack 
them ’.

Darw in (1859), W allace (1860), E km an (1953) and 
D arlington (1957) all assum ed th a t  Pacific biotas 
arose by long-distance dispersal from the  Indo-M alay 
region. In  the  sam e trad ition , au thors such as Vermeij 
(1987) have described ‘a w est-to-east decline in  diver
sity  of shallow -w ater m arine species across the  Pacific, 
caused by the action of barrie rs  to dispersal’. This

decline, ‘from the  continental regions of sou theast Asia 
and A ustra lasia  across the tropical Pacific to the  
islands of M icronesia and Polynesia . . .  is the conse
quence of the oceanic barrier, which effectively lim its 
the eastw ard  dispersal of planktonic stages’. Similarly, 
Palum bi et al. (1997) recorded g rea te r genetic diver
sity  in  Echinom etra  populations from islands n ear 
Indonesia and less in  the  populations from the central 
Pacific. They inferred from th is th a t  there  is ‘low dis
persal’ here, and ‘colonists to these island  groups are 
ra re ’.

However, i t  has been overlooked by m any authors 
th a t  the eastw ard  decline in  diversity m ay in stead  be 
due simply to the  eastw ard  decline in  the  area  of land 
and shallow w ater as one goes from the  larger islands 
of Indonesia and M elanesia to the sm aller islands of 
Polynesia. This point was m ade very clearly by van 
Balgooy (1971) for Pacific island floras. Even some 
m arine algae m ay require high islands ra th e r  th an  
atolls, and again, size is im portan t. D iscussing biodi
versity  in  coral reef fish com m unities, Ormond & Rob
erts (1997) wrote th a t  ‘The species/area relationship 
has long been recognized by ecologists and i t  is su r
prising  th a t  i t  has been passed over by biogeographers 
so often’. Benzie (1998) concluded likewise: ‘The fact 
th a t  there  is a reduction in  species diversity  eastw ards 
into the  Pacific does not m ean there  has to be dispersal 
of species eastw ards from a [Indo-M alayan] centre of 
origin. I t is possible, for example, th a t  the sm aller size 
of populations [around the  sm all islands] . . . may 
resu lt in  a g rea ter extinction of species in  the  Pacific’. 
Ladd (1960) also drew atten tion  to the  problem th a t 
eastw ard  ‘dispersal’ across the  Pacific from a supposed 
Indo-W est Pacific centre was against prevailing ocean 
currents.

Benzie & W illiams (1995) found th a t  the  ‘m ain 
routes of gene flow’ (i.e. gene sim ilarity) in  the  Pacific 
g ian t clam Tridacna gigas do not run  parallel w ith the 
m ajor surface curren ts ‘as m ight be expected’, bu t 
cross them . This suggests th a t  the  genetic s truc tu re  is 
the resu lt of ‘historical p a tte rn s  of m igration th a t  no 
longer occur, ra th e r  th a n  present-day dispersal. These 
findings raise fundam ental questions concerning the 
origin and m aintenance of genetic diversity in  Pacific 
faunas ...’ Benzie & W illiams (1997) introduced th e ir 
paper on T. m axim a  by observing th a t  Darwin (1859) 
and subsequent au thors have assum ed th a t  Pacific 
biotas arose by long-distance dispersal from the  Indo- 
M alay region, w hereas McCoy & Heck (1976), Kay 
(1980) and Springer (1982) supported vicariance. Up 
un til now, genetic work ‘has tended to support the  t r a 
ditional view’ as little  genetic differentiation had  been 
found, b u t Benzie & W illiam s’ own study showed 
highly significant regional differentiation, w ith ‘routes 
of gene flow’ (i.e. inferred  routes of gene flow), again 
running  perpendicular to m ain  presen t-day  ocean cur
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rents. Benzie & W illiams adm itted  th a t  these pa tte rn s 
are ‘contrary  to the  expectations of long-range dis
persal hypotheses’. The p a tte rn s  are also shared  w ith 
T. gigas, T. derasa, the pearl oyster Pinctada m arga
ritifera  (Benzie & Bailm ent, 1994) and several reef 
fishes (Springer, 1982), suggesting th a t  these data  
reflect a ‘fundam ental p a tte rn ’. N evertheless, in  th e ir 
sum m ary discussion and th e ir  abstract, ra th e r  th an  
supporting a vicariance model, Benzie & W illiams 
argued th a t  th e ir  p a tte rn s  ‘are  consistent’ w ith the 
trad itional view. They did adm it th a t  ‘the  n a tu re  and 
tim ing of dispersal of m arine species in  the Pacific is 
clearly more complex th a n  has been thought’ and a t 
one point in  the  tex t m entioned th a t  ‘a hypothesis of a 
more ancient origin . . . cannot be excluded’, b u t did 
not follow th is up.

In  a subsequent paper, Benzie (1998) pointed out 
th a t  ‘w idespread m arine species have trad itionally  
been viewed as having a high dispersal capacity . . . 
However, the  notion th a t  w idespread species m ay not 
always reach th e ir  dispersal potential is increasingly 
recognized. A growing num ber of cryptic tax a  w ithin 
w idespread species are  being discovered . . . genetic 
studies [dem onstrate] unexpected s truc tu re  th a t  is not 
consistent w ith dispersal by presen t-day  ocean cur
rents.’ For example, ‘The principal p a tte rn s  of gene 
flow in  all th ree  [Tridacna ] clam species were found to 
be parallel to the  m ajor island  chains [from the Phil
ippines to the Cook Islands] (following a NW -SE axis) 
and perpendicular to the  m ajor ocean curren ts flowing 
through the  region (following a N E -SW  axis) . . .  i t  is 
clear th a t  we do not understand  the  processes driving 
the origin and m aintenance of m arine diversity’. This 
N W -SE track  across the cen tral Pacific from eas t of 
the Philippines to south-east Polynesia is one of the  
m ost common of all Pacific distributions for p lan ts and 
anim als, both m arine (e.g. the  blenniid fishes Cirri
pectes variolosus and C. fuscoguttatus-, W illiams, 1988) 
and te rres tria l (e.g. the  w arbler Acrocephalus subg. 
Conopoderas), and coincides w ith the atoll zone (Stod
dart, 1992), probably because both relictual d istribu
tions and atolls form in  areas of tectonic subsidence.

The clades in  the surgeonfish A canthurus triostegus 
discovered by P lanes & Fauvelot (2002) have a geog
raphy  th a t  is quite standard: ‘The M arquesas Islands 
are geographically close to the  T uam otu and Society 
Archipelagos b u t appeared genetically d is tan t and 
were found genetically closer to the  H aw aiian 
Archipelago . . . C urren ts have often been proposed to 
explain genetic differentiation in  m arine species, bu t 
analyses using p resen t day curren ts have failed to find 
b e tte r relationships . . . These observations favour the 
hypothesis of biogeographic vicariance as an  evolu
tionary  process leading to the differentiation of the 
A. triostegus populations in  the H aw aiian  and M ar
quesas Archipelagos. A v icarian t process is usually

supported by a congruent biogeographic p a tte rn  
shared by several taxa  and/or several independent 
genetic m arkers w ithin a specie s . .  . Congruence in  the 
biogeographic d istribution  of some H aw aiian  and 
M arquesan coral reef fish has been em phasized . . . 
(Springer, 1982; N ew m an & Foster, 1983; Randall, 
1995)’. (Planes & Fauvelot could also have m entioned 
te rre s tria l groups such as the  landsnail Tornatellides 
cited by Heads, 1983.) Likewise, New m an (1986) noted 
th a t  despite being ill-equipped for long-distance dis
persal as larval forms, H aw aiian barnacles show affin
ities w ith south and eas t Pacific taxa. This p a tte rn  is a 
‘fascinating exception . . . not readily explained by 
ordinary  dispersal’ and ‘a vicariance explanation con
sis ten t w ith these facts would be welcome’. P lanes & 
Fauvelot concluded likewise: ‘Both genetic and biogeo
graphic p a tte rn s  favour the  hypothesis of v icarian t 
processes leading to the  actual genetic s tru c tu re ’.

This seems more reasonable th a n  the explanation 
of Lessios et al. (2001) for the two clades in  the 
sea-urchin D iadem a paucisp inum , one in  the  Indian  
Ocean to Philippines -  New G uinea v icariating w ith 
the  o ther a t Okinawa, H aw aii and P itca irn /E aster (i.e. 
the  standard  H aw aii -  south-east Polynesia track). 
Lessios et al. accounted for the  p a tte rn  as the  resu lt of 
‘chance arrival of larvae’ a t  H aw aii and E aste r and 
inferred  ‘high ra tes of gene flow’ betw een them . They 
also noted th a t  the H aw aii -  south-east Polynesia con
nection runs perpendicular to both the N orth  and the 
South E quatorial C urren ts and th a t  th is  is ‘rem ark
able’, indicating  a ‘trem endous capacity for dispersal’. 
This la tte r  proposal would of course not account for 
the  observed fact of vicariance: ‘The expected genetic 
p a tte rn  after the  removal of a barrie r would be . . . 
rem nan ts of differentiation coupled w ith leakage . . .’ 
Lessios et al. concluded, reasonably, th a t  ‘despite . . . 
trem endous capacities of dispersal’ Diadema  provides 
‘a g rea t deal of evidence in  favour of allopatric evolu
tion’ and th a t  ‘ecological factors (physical tolerances or 
competition)’ p revent v icarian ts from establish ing 
them selves w ith in  the range of the  other.

D is t r ib u t io n  in  t h e  s o u t h -w e s t  P a c if ic  is

ACCOUNTED FOR BY RIFTING AND ACCRETION 
TECTONICS

The biota of the south-w est Pacific includes m any taxa  
w ith d istributions difficult to explain using centre of 
origin/dispersal models or simple ecological correla
tion. As noted, E km an (1953) found i t  ‘rem arkable’ 
th a t  a penguin genus, M egadyptes, should be endemic 
to the  com paratively sm all region of subantarctic New 
Zealand. E a s t of New Zealand, anom alous absences of 
m arine taxa  from the C hatham  Islands are  cited above 
(Knox, 1963; H ayw ard et al., 1997). M arine d istribu
tions in  no rthern  New Zealand have also puzzled biol-
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ogists. For example, Ayling & Cox (1982) described a 
group of inshore fishes w ith a ‘ra th e r  lim ited’ Tasm an 
Sea distribution: rare  on the A ustralian  coast, abun
d an t around Lord Howe and Norfolk Islands, moder
ately  common in  north -east New Zealand (eastern  
N orth land, Poor K nights Islands, Bay of Plenty). They 
wrote th a t  ‘the  reasons for the  unusual d istribution  of 
these species is poorly understood’. The p a tte rn  has 
been illu stra ted  by C roizat (1958: figs 252, 257).

W. A. Nelson (1994) observed th a t  ‘Since the  tim e 
of Laing (1895), New Zealand phycologists have 
expressed reservations about the explanatory power 
of dispersal as the  prim e influence shaping the  com
position of our algal flora’. Laing (1895) wrote th a t 
‘m arine algae are  not so widely d istribu ted  as m ight 
on first thoughts be im agined. Indeed, i t  m ight be 
supposed th a t  the only lim itations to th e ir  d istri
bution would be due to unsu itab le  environm ent; bu t 
th is  is by no m eans the  case. In spite of the  g rea t 
geological age of th is class of plants, and th e ir  m arine 
hab ita t, m any of them  are  local in  th e ir 
d istribution  . . . the  facts of distribution do not by any 
m eans favour the  supposition th a t  ocean-currents do 
[successfully] d istribu te  living Algae broadcast on the 
shores which they  w ash’. He discussed the  debate 
betw een H utton  (1872) and Wallace (1876), for and 
against land connections betw een A ustra lasia  and 
South America, and argued th a t  the d istribution of 
algae ‘strongly favours a form er g rea te r land-connec- 
tion’, as H utton  suggested. For m any years Laing con
tinued  to support H utton  against Wallace: ‘W hatever 
the  explanation of the  p resen t d istribution  of our sea
weeds m ay be . . . the  range of living forms cannot be 
accounted for on the  supposition th a t  the  p resen t 
land-m asses have been perm anent, i.e. the  m arine 
Algae in  th e ir  p resen t d istribution tend  to support 
such a belief in  changing continental areas ra th e r  
th a n  negate it.’ (Laing, 1927).

Describing the  large brown alga Lessonia adam siae  
endemic to the  Snares, south of New Zealand, Hay 
(1987) wrote th a t  ‘the  causes of such spéciation are  as 
enigm atic as are the  reasons preventing L. variegata 
from colonizing the  Snares and L. adam siae  from col
onizing the  m ain land’, b u t W. A. Nelson (1994) recog
nized th a t  the  vicariance analysis of the Lessoniaceae 
by Chin et al. (1991) was a ‘very different view’ from 
th a t  of earlier dispersal studies. She concluded th a t 
‘The d istribution of Lessonia  [Southern Ocean plus 
Peru] and endem ism  in  the  New Zealand region sug
gests th a t  the complex m ay have a v icarian t eastern  
Gondwana origin’. Likewise, Nelson argued th a t  the 
d istribution  of tax a  such as Ecklonia  [South Africa, 
A ustralia , New Zealand, north-w est Pacific, no rth 
e as t A tlantic, Oman] can be in terp re ted  ‘as ancient 
assem blages, w ith v icarian t p a tte rn s  developing as 
the  links betw een no rthern  and southern  regions were

broken’. For the  islands in  the  New Zealand region, 
‘ne ither proxim ity to the m ainland, geological age of 
the island(s), or prevailing cu rren t system s are suffi
cient e ither singly or taken  together, to explain the  ori
gins and composition of the  ex tan t floras. Craw (1982) 
suggested th a t  the  composite geological s truc tu re  of 
New Zealand m ay be reflected in  a composite biogeog
raphy  . . .’ H eads (1990) developed a model of New 
Zealand biogeography which accounted for te rres tria l 
and m arine d istributions as a resu lt of rifting and 
accreted te rran e  tectonics.

Following th is  work other au thors have accepted 
sim ilar processes in  o ther parts  of the world and also 
in  m arine com m unities. Chin et al. (1991) cited cir- 
cum-Pacific accretion of Pacifica te rranes to explain 
circum-Pacific d istribution  of m arine algae. Stevens 
(1997) found strong New Zealand -  Mexico connec
tions in  his study  of Ju rassic  am m onites. He dis
counted direct trans-Pacific m igration, and considered 
possible a lternative  explanations. He noted th a t  New 
Zealand is composed of a collage of tectonic blocks, 
some of which could have originated in  the low la ti
tudes of the  N orthern  H em isphere. The New Zealand 
and M exican fossils both occur in  te rran es w ith a h is
tory of la te ra l displacem ent and m ay have formerly 
been more closely adjacent before ‘long-distance travel 
of te rran e  u n its ’. A second option involves expanding 
ea rth  assem blies. Both a lternatives ‘m ight be consid
ered unorthodox geological theory’, b u t ‘considering 
the vicissitudes endured by W egener’s C ontinental 
D rift theory . . .  an  open-minded approach should be 
adopted and judgem ent deferred pro tem ’.

For Sauropterygian reptiles of the  Triassic, Rieppel
(1999) also suggested th a t  trans-Pacific relationships 
of pistosaurs ‘appear best explained as a consequence 
of vicariance due to the  accretion of exotic te rran es a t 
opposite m argins of the Pacific Basin’.

This process has also been invoked for more local 
areas in  the  Pacific. M arshall (1991) noted th a t  the 
New Caledonian m olluscan fauna in  general is ‘excep
tionally rich’ and also cited a ‘rem arkable’ Pleistocene 
assem blage from V anuatu. He described the  seguen- 
ziid gastropod fauna of New Caledonia and found 
i t  ‘exceptionally diverse’, w ith 91% of the  species 
endemic there . He proposed th a t  ‘Since the M elane
sian  arc is situa ted  a t cu rren t or form er [convergent] 
boundaries of the A ustralian  and Pacific lithospheric 
plates, species richness there  is probably due a t  least 
partly  to progressive accum ulation of tax a  transported  
on the  p la tes’.

New G uinea is a geological and biological composite, 
formed from as m any as 32 separate  accreted te rranes 
in  the no rth  juxtaposed to each other and to the  north 
ern  m argin  of the  A ustralian  craton in  the  south of the 
island. M adang, in  no rthern  P apua New G uinea 
(PNG) on the accreted te rran e  section, is extrem ely
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diverse for m any m arine taxa. For example, there  are 
536 opisthobranch species, the  largest num ber from 
any equivalent a rea  (Ghiselin, 1993), 150 octocorals 
(G. C. W illiams, pers. comm., cited in  Kohn, 2001), 31 
com atulid crinoids (Messing, 1993), 39 fungiid corals, 
more th a n  anyw here else (eastern  Indonesia and the 
Philippines each have 37; Hoeksem a, 1993), and 180 
coral reef amphipods, lik e ly ’ to exceed th a t  of any 
o ther reef area  (Thomas, 1993). The pantropical gas
tropod Conus has about 500 species and is possibly the 
m ost diverse genus of m arine invertebrates. Röckel, 
Korn & Kohn (1995) indicated th a t  a t least 80 species 
occur on the M adang coast and Kohn (2001) recorded 
36 species from a single reef there , far exceeding num 
bers recorded on any other reef. Thomas (1997) also 
noted unusually  high species diversity there  in  poly
chaetes, cephalopods and algae, and wrote (citing D. 
Potts, pers. comm., 1994) th a t  M adang Lagoon ‘may 
prove to be the single m ost diverse site in  the  world for 
scleractinian corals’. A t the  easte rn  end of PNG, also 
on accreted terrane , Fenner & T urak  (2003) recorded 
418 coral species in  Milne Bay Province alone, com
pared w ith 427 for all of Indonesia and 411 for all of 
the Philippines.

Kohn (2001) felt th a t  the  high diversity of so m any 
d isparate  tax a  on the north -east coast of PNG ‘sug
gests one or more common environm ental causes’, bu t 
th is is not accepted here. The fact th a t  m ega diversity 
of no rthern  New G uinea tax a  occurs in  such a wide 
range of environm ents, including te rres tria l hab ita ts , 
indicates th a t  the cause of the  diversity is not related 
to the  cu rren t environm ent b u t is due instead  to h is
torical factors. Thomas (1993) a ttrib u ted  the ‘excep
tional’ biodiversity here to the  invertebra te  fauna 
being a ‘composite formed by p ast geological events’. 
This was also accepted by Pandolfi (1993) in  his expla
nation  of New G uinea m arine biogeography. Pandolfi 
argued th a t  the high diversity  of New G uinea m arine 
tax a  ‘has been generally  explained by a centre-of-ori- 
gin hypothesis’, b u t more recent workers have noted 
th a t  th a t  hypo thesis is basically un testab le  (McCoy & 
Heck, 1976, 1983; Rosen, 1984). Pandolfi followed 
Springer (1982) and Rosen (1984) in  re la ting  p resen t 
distribution p a tte rn s  to p as t geological events in  a 
vicariance model. In particular, Pandolfi (1993) gave 
an  excellent review of te rran e  tectonics in  New G uinea 
and its  significance for m arine biogeography th a t  I 
regret not having seen w hen I wrote on te rran e  tec
tonics and te rres tria l biogeography in  New Guinea 
(Heads, 2001a, b, 2002, 2003). Pandolfi suggested th a t 
‘m arine d istribution  p a tte rn s  can best be in terp re ted  
by incorporating the  geological history  of the  area  
under study. In New G uinean tectonics and biogeog
raphy, a strik ing  coexistence of a tectonic zone com
posed of m any independent p arts  [craton plus 32 
terranes] w ith a m arine biosphere of high diversity is

apparen t’. Pandolfi suggested la te ra l displacem ent of 
whole faunas by plate  tectonic motion: ‘As the  te rranes 
neared  and coalesced w ith each other and w ith A us
tralia/N ew  Guinea, an  in tegration  of biotas m ight 
have enriched diversity (Rotondo et al., 1981; Rosen, 
1984).’

Thomas (1997) supported th is  explanation for the  
diversity  in  north -east New Guinea, concluding th a t 
‘the  composite m arine fauna of the  M adang Lagoon is 
the  resu lt of the  accretionary process along the  north  
coast of PNG . . . This docking process introduced a 
num ber of previously discrete biotic assem blages th a t 
th en  interm ingled w ith established floral and faunal 
elem ents.’

Wallace (1997) discussed coral biogeography and 
wrote th a t  ‘There are indications th a t  a t least some of 
the  d istributions w ith in  the  Indo-A ustralian arc follow 
te rre s tria l and freshw ater biota in  confirming rela
tionships betw een the  geological and biological evolu
tion of the  central Indo-Pacific.’ She continued: 
‘P aren ti (1991) agreeing w ith H eads (1990), argues 
th a t  events in  the  la te  Mesozoic and the  Miocene 
[actually P aren ti and I only referred to the  la te  Meso
zoic] are  likely to have played an  im portan t p a rt in  the  
evolution of m odern taxa, an  idea applied to corals and 
m arine biota by Pandolfi (1992, 1993).’ P aren ti found 
th a t  fishes, bugs, cicadas and bats  have trans-T ethyan  
as well as Ind ian  Ocean and Pacific Ocean origins, and 
th is  has resu lted  in  the  composite faunas of composite 
land m asses such as New G uinea and Sulaw esi. Wal
lace (1997, 1999b) proposed th a t  areas such as the 
Togian Islands (central Sulawesi, Sula platform ) and 
no rthern  H alm ahera  (Moluccas) likewise show com
posite coral faunas related  to te rran e  movement. She 
concluded th a t  the high diversity of Indonesia’s coral 
fauna is due to its  complex tectonic history, in  partic
u la r its  geologically composite n a tu re , w ith  taxa  of 
u ltim ately  Ind ian  Ocean, Pacific Ocean and Tethyan 
origin. As indicated above (‘D iversity in  the  Indo- 
A ustra lian  Archipelago’), th is  is the sam e conclusion 
reached by other au thors for te rres tria l birds and 
p lan ts  in  the sam e region.

San tin i & W interbottom  (2002) discussed w hether 
the  Indonesian region is a centre of origin, or a ‘centre 
of accum ulation of diversity, w ith various taxa  
brought into contact by the collision of various tectonic 
plates and island arcs . . . ’ They concluded in  support of 
the  la tte r: m arine forms in  the  region ‘appear to have 
been augm ented by the accretion of island groups or 
te rran es originating on the  Pacific p late  (e.g. p a rts  of 
the  Philippines, New Guinea, H alm ahera) . . . The 
convergence on south-east Asia of so m any continental 
and volcanic fragm ents and islands th u s provided a 
m elting pot for the  creation of the  highly diverse fau
nas we see in  the region today . . . [Pandolfi’s (1992)] 
overall conclusion th a t  the diversity  of south-east Asia
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is m ainly because of an  am algam ation of faunas is 
congruent w ith our resu lts.’

C arpenter & S pringer (in press) docum ent a global 
peak of shore fish diversity in  the  Philippines which 
they  a ttrib u te  to ‘num erous v icarian t and island in te 
gration events’ there . The Philippines comprise a t 
least th ree  m ajor island arc system s th a t  were widely 
separated  during m uch of the  Cenozoic and each dis
placed over 1000 km to reach th e ir  cu rren t locations. 
The accretion of the archipelago could also have con
cen trated  shorefish diversity.

Tectonic  u plift  and su bsid en ce  can  affect
VERTICAL DISTRIBUTION OF MARINE COMMUNITIES 

A lthough only a few of the 30 000 seam ounts found 
worldwide have been investigated, th e ir  faunas are  of 
special in te res t and show high endem ism . For exam 
ple, the  v icarian t distributions of the  four roughies 
(Trachichthyidae) in  New Zealand w aters were 
m apped by Paulin  (1979). In  one, the orange roughy 
(.Hoplostethus atlanticus), H addon & Willis (1995) 
found th a t  populations from the Puysegur Bank, 
south of New Zealand, and the Lord Howe Rise, w est 
of New Zealand, had  different body shapes, suggesting 
localized breeding groups on seam ounts w ith little  
genetic in terchange. How has th is  situation  arisen?

Parin, Mironov & N esis (1997) studied the  sea
m ount faunas of the  Sala y Gómez and N azca subm a
rine ridges, east of E aste r Island. The m ost 
pronounced feature  is the  endem ism  of invertebrates 
and fishes, which ‘seems to be unprecedently  high, 
even in  com parison w ith the very high endem ism  of 
the  nearshore fauna of the  H aw aiian  Islands . . .  or 
E as te r Island’. P arin  et al. recognized th a t  the  process 
of form ation of the faunas is the ‘key problem ’ here. 
They felt th a t  ‘Such a high level of endem ism  m ight be 
a ttrib u ted  to the  isolation of the  ridges . . . b u t the 
problem is not so sim ple’. In explaining seam ount 
endem ism  in  th is  area  P arin  (1991) explicitly adopted 
Springer’s (1982) ideas on tectonics and v icarian t 
events.

George & Schm inke (2002) studied the  harpacticoid 
copepods of the G reat M eteor Seam ount w est of the 
C anary  Islands. They found ‘pronounced endem ism ’ 
and two distinct faunas, one on the p la teau  and one in  
the  surrounding deep sea. On the p la teau  ‘astonishing 
rad iations’ occur in  groups such as Argestidae. The 
au thors concluded th a t  ‘Owing to long isolation, the 
harpacticoid fauna . . . m ust, on the basis of p resen t 
knowledge, be regarded as a distinct assem blage w ith 
only m inor bathym etric and geographic exchange 
since the origin of the  seam ount (a t least 50 million 
years ago . . .)’. C ontrary  to the  idea th a t  there  is a 
constan t step-by-step addition of deep-sea species to 
the  fauna of the  p lateau, George & Schm inke reached

the conclusion th a t  ‘the  m em bers of the  p la teau  fauna 
w ith a deep-sea origin stem  from ancestors th a t  have 
been lifted up together w ith the seam ount and th a t 
subsequently  adapted  to shallow -w ater conditions. 
R ecruitm ent directly from the deep sea is negligible’. 
This is pure panbiogeography. For example, Craw 
et al. (1999: figs 2-4) showed how subsidence of basins 
can change a shallow -w ater benthos to a deep-w ater 
benthos, and th a t  uplift can convert an  in te rtida l com
m unity  to a te rre s tria l one.

Stock (1977, 1993), Holsinger (1991, 1994) and 
Notenboom (1991) developed the  idea th a t  in te rs titia l 
shore inverteb ra tes such as am phipods have become 
stranded  in  freshw ater sub terranean  hab ita ts  by 
passive v icarian t events following tectonic uplift or 
m arine regression. Several such stygobiont genera 
include both m arine and freshw ater species and have 
extrem ely lim ited dispersal capabilities. Stock (1993) 
also a ttrib u ted  v icarian t horizontal d istribution  in  
these taxa  to p la te  tectonic effects, especially the  open
ing of the  A tlantic and the closing of the Tethys.

S im ilar close relationships occur betw een m any 
m arine and freshw ater fishes, b u t m ost au thors have 
assum ed th a t  ‘invasion’ of freshw ater h ab ita ts  
involves dispersal events. For example, Lovejoy & Col
le tte  (2001) w riting  on needlefishes (Belonidae) adm it
ted th a t  th e ir  analysis ‘m akes the  assum ption th a t 
transitions betw een h ab ita t types (and therefore dis
persals) have occurred.’ They wrote th a t  a vicariance 
analysis would assum e descent from a common ances
tra l species whose range included both h ab ita t types, 
b u t th is is not correct. In vicariance analysis ancestors 
are not necessarily single species (cf. Heads, 1985) and 
the ancestor m ay have been restricted  to sea w ater 
before uplift changed conditions. Lovejoy & Collette 
argued th a t  only a few needlefish species occur in  both 
freshw ater and m arine areas, b u t w hether i t  is species 
or la rger monophyletic groups th a t  occur in  both is 
irre levan t in  vicariance analysis.

Nelson (1984) addressed the sam e problem in 
m arine/freshw ater anchovies (Engraulidae) and 
accepted a vicariance model like th a t  of Stock (1977) 
which, he argued, ‘explains the  developm ent w ithin 
South America of endemic freshw ater species w ithin 
taxa  th a t  are prim itively m arine. This model is one of 
environm ental change from m arine to freshw ater con
ditions over a large a rea  of w estern  South America. 
The model is analogous to stream  capture b u t on 
larger scale -  here the  “stream ” captured is a large 
p a rt of the  E Pacific -  and m ediated not by erosion bu t 
by orogeny.’

As w ith the  seam ount faunas, the am phipods and 
the anchovies, i t  has been suggested th a t  tectonics has 
directly affected the  vertical as well as the  horizontal 
d istribution  of m angroves. In  Colombia (Chocó), Rick- 
lefs & L atham  (1993a) observed th a t  uplifted m an
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grove hab ita ts  m ay perm it interm ixing of more 
te rrestria l, flood-tolerant (as opposed to salt-tolerant) 
vegetation. They noted th a t  Croizat (1964) and others 
have suggested th a t  m angrove taxa  m ay have left 
descendants following uplift of m angrove hab ita t; cer
ta in ly  m angrove species of Sonneratia  and Pemphis 
have sister taxa  w ith  restricted  d istribution  a t high 
elevations in  Indom alaysia and M adagascar, respec
tively. M epham  & M epham  (1985) reported the pres
ence of m any m angrove taxa  a t  upland sites and the 
in land  and m ontane flora and fauna of M alesia and 
New Zealand can be in terp re ted  in  term s of derivation 
from m angrove and sa ltm arsh  precursors (Heads, 
1990, 2001a, 2003).

In  the nudibranch  genus Phyllidiopsis ‘several cases 
of vicariance have been detected . . . A pparently  two 
m ajor v icarian t events occurred betw een the  tropical 
Indo-Pacific region and the  A tlantic-eastern  Pacific 
area  f i r s t . . .’ (Valdés, 2001). Two sister species are 
p resen t on New Caledonia and V anuatu, respectively, 
separated  by a trench  6000-7000 m deep ‘th a t  m ight 
have caused fragm entation in  the original range and 
subsequent spéciation of the two’. Valdés extended 
th is analysis to m ake the  in teresting  observation th a t 
‘V icariant events could also be involved in  producing 
vertical d istribution p a tte rn s  . . .  P. shireenae is found 
in  the  w estern  tropical Pacific Ocean . . ., always in  
shallow w aters down to 30 m depth’. However, its 
pu tative sister species, P. crucifera, also a w estern  
tropical Pacific species, is found off F u tu n a  Island by a 
subduction zone w here i t  occurs a t a depth of 105- 
160 m.

S u b s t a n t ia l  p a r a l l e l s  e x is t  b e t w e e n  t h e

BIOGEOGRAPHY OF TERRESTRIAL AND MARINE TAXA 

Veron (1995) argued th a t  ‘Biogeographic concepts 
developed from te rres tria l biota have very doubtful 
relevance to the ocean’ and m ost o ther au thors have 
assum ed th a t  th is  is true . However, the  sta tem ent 
reflects a theoretical position deduced from dispersal- 
is t axioms ra th e r th a n  any em pirical study. In  the  la s t 
section the  in tim ate  relationship betw een m arine and 
freshw ater com m unities was indicated and the  m igra
tions of eels betw een deep ocean basins and highland 
freshw aters was discussed. As Croizat (1958; vol. 2: 
113) wrote: ‘Lands constantly  w ent up and down and 
so did seas; therefore, w hatever once was of the  m oun
ta in s eventually  came down, and w hatever was of the 
shore eventually  w ent up, fresh- and salt-w aters for
ever m ingling in  the  process and trad ing  out life’. 
W hat about the  relationship  betw een m arine and fully 
te rres tria l biota?

M any obvious parallels among the  distributions of 
m arine and te rres tria l tax a  have been pointed out in  
panbiogeographic work on m arine tax a  (e.g. Croizat,

1958; vol. 1: 720-735 on seabirds, vol. 2: 917-931 on 
sea-birds, 1380-1387 on living and fossil m arine 
bivalves, 1968a, b on m angroves, 1975: 89-97 on 
m arine m am m als; Heads, 1983; McManus, 1985; Chin 
et al., 1991, Lourie & Vincent, 2004). In fact, panbio
geographic analysis can easily in teg ra te  records from 
m arine and te rrestria l, as well as fossil and living 
taxa. For example, the  Triassic bivalve M onotis and 
the  ex tan t angiosperm  Coriaria both have broad 
Pacific plus Tethys d istributions th a t  are strikingly 
sim ilar (Heads, 1990: fig. 19) and the  im portance of 
Tethys distributions for te rres tria l as well as m arine 
b iota in  general has been a m ajor them e of panbio
geography (Croizat, 1968a, b).

Croizat (1964) and D urham  (1985) both suggested 
th a t  biological disjunction along transform  faults in  
the  C aribbean was due to la te ra l m ovem ent on the 
transform s; C roizat used te rre s tria l liverworts to sup
port his argum ent, D urham  used echinoids (both 
m apped in  Heads, 1990). In no rthern  N orth  Island, 
New Zealand, a sim ilar parallel arcs p a tte rn  is evident 
in  the  biogeography of te rres tria l p lan ts and anim als, 
and m arine taxa  such as barnacles (Heads, 1990: 
fig. 4).

There is trem endous opposition to the  idea th a t 
m arine and te rres tria l p a tte rn s  could be related. For 
example, in  a subm itted m anuscrip t I m apped m any 
New Zealand taxa, m arine and te rrestria l, which 
showed the  Alpine fau lt disjunction. One of the  refer
ees accepted the  m ain  findings of the  paper bu t 
insisted  th a t  the  m any m arine exam ples be left out 
because ‘they couldn’t  possibly have anyth ing  to do 
w ith the  te rre s tria l p a tte rn ’. (I did m anage to sneak 
one example, a red alga, into the  published version of 
the  paper; Heads, 1998. O ther m arine exam ples are 
cited in  H eads & Craw, 2004.)

It is well known th a t  m any m arine taxa  have a 
broad Indo-W est Pacific distribution, ranging from the 
w est Ind ian  Ocean to the  w est Pacific Ocean and 
absen t in  the  E ast Pacific and Atlantic. I t is perhaps 
less well known th a t  m any te rres tria l p lan ts have 
the  sam e range. In a continuing series, van  Balgooy 
(1963-1993) has m apped 43 such p lan t taxa, and 
countless o ther Indo-W est Pacific affinities exist in  
land p lan ts a t different ranks. A t a sm aller scale, Rob
erts  et al. (2002) found th a t  restricted  range species of 
reef tax a  were clustered into centres of endem ism  ‘like 
those described for te rre s tria l tax a ’. In fact the actual 
centres are  the  sam e for both groups and so Roberts 
et al. listed centres of m arine endem ism  together w ith 
th e ir  ‘adjacent te rres tria l biodiversity hotspots’. In 
particu la r the  four m arine groups studied (reef fishes, 
corals, snails, lobsters) all had  prim ary  centres in  the 
Indo-A ustralian Archipelago, discussed above. This 
sam e area  is well known to bo tan ists as a centre of 
endem ism  (referred to by them  as M alesia) and th is is
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the  biological basis for describing its  flora in  a single 
work, the  Flora M alesiana  (van Steenis, 1948-).

C o m p o s it e  a r e a s  a r e  t r a c t a b l e  u s in g

PANBIOGEOGRAPHIC ANALYSIS 

The Indo-A ustralian Archipelago, New G uinea and 
New Zealand are classic exam ples of areas th a t  are 
composite, both biogeographically and geologically. 
How do the different m ethods of biogeographic analy
sis deal w ith such ‘areas’? A lthough Veron (1995) 
criticized panbiogeography, he did not cite any m ain 
references on the  subject, only b rie f com m entary 
papers and Croizat et al. (1974). He suggested Seberg 
(1986) as a ‘useful review’ of panbiogeography, w hen in  
fact th is paper is a very negative critique. However, 
Veron did m ake the  valid point th a t  panbiogeography 
is not ‘necessarily over-ridden by its  offspring, vicari
ance [-cladistic] biogeography, as is widely supposed.’ 
In  particular, panbiogeography does not use the  cen
tre s  of endem ism  often employed in  dispersal and 
vicariance-cladistic analyses, s tressing  instead  th a t 
m any of these trad itional areas are composite. Lessios 
et al. (1999) observed th a t, ‘M ost of w hat we know 
about m arine biogeography and b arrie rs  to dispersal 
for m arine organism s has been based on the  tra d i
tional approach of studying the num ber of species th a t 
are  found in  common in  different geographic regions 
(e.g. Ekm an, 1953; Briggs, 1974a; Vermeij, 1978, 
1987).’ In contrast, panbiogeography and geology do 
not recognize m ost cu rren t ‘geographic regions’ or 
areas as having any m eaning, as m ost of them  are 
composite, and do not use them  in  analysis. Likewise, 
panbiogeography and vicariance biogeography do not 
use num bers of species (or of any taxa) to estab lish  
any ‘degree of difference’ betw een areas.

In th e ir  im portan t paper on the Indo-A ustralian 
Archipelago coral reef biota, S antin i & W interbottom  
(2002) em phasized th a t  ‘Composite areas do exist, and 
in  fact they  m ight actually  be quite common in  some 
p a rts  of the  world . . . w ith  real da tase ts  i t  can become 
a n igh tm are’. However, complex da ta  sets need not be 
a problem if  actual distributions, ra th e r th an  a priori 
areas, are used in  analysis. San tin i & W interbottom  
concluded th e ir  paper by suggesting th a t  ‘a t  least one 
new analytical approach needs to be developed. Cur
ren t techniques only allow for a m ost parsim onious 
explanation of the en tire  dataset. Incongruent data  
are  explained aw ay as, for example, local extinction or 
dispersal. However, w here areas are  suspected of 
being the resu lt of am algam ation of different biogeo
graphic histories, we need to develop analytical tech
niques to recognize and tre a t them  as such. We 
anticipate th is as an  essential tool th a t  m ay allow us 
to tease a p a rt the  components of such complex areas 
of am algam ation as we propose for the  Indonesian

region.’ In fact, an  effective analytical m ethod for 
‘teasing  a p a r t’ components of complex areas of am al
gam ation was well established by Croizat (1958). This 
m ethod relies on analysing actual d istributions ra th e r 
th a n  allocating them  to ‘areas of endem ism ’ or ‘centres 
of biodiversity’ prior to analysis. Because of this, Croi
za t was able to ‘tease a p a rt’ such complex areas as, 
for example, Sulaw esi and New Guinea. The same 
m ethod was applied to the  Indonesian region in  a 
study of the  p lan t fam ily Ericaceae (Heads, 2003). The 
fam ily has alm ost 800 species in  the  region, m ost w ith 
d istributions known in  some detail, and th is enabled a 
detailed analysis of Borneo, S um atra  and New 
Guinea, and th e ir  com ponent te rranes.

M e t a p o p u l a t io n  t h e o r y  is  m o r e  r e a l is t ic  t h a n

LONG-DISTANCE DISPERSAL AND EQUILIBRIUM THEORY 

M acA rthur & W ilson’s (1967) ‘equilibrium  theory’ of 
island biogeography is a simple extrapolation from 
D arw in-W allace dispersal biogeography, w ith  founder 
dispersal from a m ainland centre of origin playing a 
dom inant role. In  contrast, panbiogeography theory 
does not rely on a to tally  hypothetical m ainland 
source or on equally hypothetical founder effect dis
persal; instead  i t  stresses norm al m igration  among 
unstab le  local populations, any of which m ay go 
extinct, and regional persistence. Local populations 
come and go by ordinary  m eans of survival and th is 
‘m etapopulation’ approach (H anski, 1998, 1999) is 
em inently  panbiogeographic, although panbiogeogra
phy was cited n e ither in  its  form ulation nor in  its 
application.

Holloway (2003) insisted  th a t  panbiogeography is 
wrong to distance itse lf from the  ‘equilibrium  theory’ 
of island biogeography and quoted the  Bible in  sup
port (‘pu t aside childish th ings’), b u t th is is hard ly  a 
convincing argum ent. Even W hittaker (1998), in  a 
book heavily influenced by A. R. W allace’s work, 
agreed th a t  ‘equilibrium  theory  has been falsified 
m any tim es . . .’ Recently, a decline in  the  num ber of 
publications on M acA rthur and W ilson ‘island  bioge
ography’ in  favour of m etapopulation biology has been 
taken  as evidence for a paradigm  shift tak ing  place 
(H anski & Simberloff, 1997). O ther evidence for the 
beginnings of a paradigm  shift tow ards panbiogeogra
phy is given in  th is paper.

Unlike m any au thors who have denied th a t  there  is 
a tru e  Polynesian te rre s tria l flora, Philipson (1970) 
argued th a t  p lan ts such as Mery ta, Tetraplasandra  
(both Araliaceae), Fitchia  (Compositae), Sclerotheca 
(Cam panulaceae), Vacciniuin  sect. Macropelma  (E ri
caceae), 25 endemic p lan t species on Rarotonga, and 
m any others indicate th a t  ‘the southern  Pacific islands 
m ust be credited w ith a flora specific to th is region . .. 
C learly land has been p resen t for long periods in  th is
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area  of the  Pacific because well-m arked genera are 
endemic to it. The flora characteristic  of th is region 
could survive provided a few oceanic volcanoes pro
jected above the sea a t  all tim es. Such oceanic islands 
characteristically  rise and fall relative to sea-level so 
th a t  they  are  precarious foot-holds for a flora, b u t col
lectively they  form a secure base’. In  th is view, vicar- 
ian ts  could also m ain ta in  th e ir  respective ranges in  
adjacent archipelagos, as long as new volcanoes and 
atolls constantly  appear to replace vanishing ones. 
New individual islands will be colonized by ordinary, 
everyday movement, an  observable ecological phe
nomenon which functions using  ordinary  m eans of 
survival.

This approach underm ines the  fundam ental distinc
tion th a t  Wallace (1876) m ade betw een ‘oceanic’ and 
‘continental’ islands. Oceanic islands, such as Hawaii, 
E aste r Island and Ascension Island, have been
assum ed (e.g. Robertson, 2001) to have received the ir 
biota by chance long-distance dispersal from a d istan t 
source area, not from a now subm erged island. How
ever, in  an  im portan t paper, Rotondo et al. (1981) gave 
a possible a lternative to the  founder principle in  
explaining H aw aiian endem ism . They observed th a t 
different island chains formed by plate m ovem ent over 
hotspots would eventually  join w ith others formed a t 
o ther hotspots (‘island in tegration’) and used th is idea 
to explain the  H aw aii -  south-east Polynesia connec
tions in  shore fishes and te rre s tria l taxa. (Newm an & 
Foster, 1983, pointed out th a t  the  particu la r sea
m ounts Rotondo et al. cited m ay not have been in te 
grated  w ith H aw aii as islands, b u t the  general
principle is valid.) Rosen (1988) found th is a ‘highly 
plausible’ m echanism  for ‘isolation and regional vicar
iance am ongst the  m any islands th a t  rise from the 
Pacific floor’. (It has been pointed out th a t  m ovem ent 
on geological form ations, as in  accreting te rran es or 
island integration , is a form of ‘dispersal’, b u t ap a rt 
from being over a million tim es slower th a n  chance 
long-distance dispersal, i t  is an  orderly process affect
ing all the  m em bers of com m unities in  the  sam e way 
and will give rise to analysable p a tte rns, unlike 
founder dispersal.) Springer (1982) employed ‘island 
in teg ration’ in  discussing the  H aw aiian  reef fish fauna 
and Rowe (1985) (as cited by Rosen, 1988) adopted 
island in teg ration  in  his discussion of the  biogeogra
phy of Pacific asteroids.

R andall (1995) also suggested v icarian t p a tte rn s  to 
explain the  origin of some of the  inshore fish fauna of 
Haw aii and em phasized th a t  some of the  d istributions 
can only be explained in  term s of the  geological h is
tory of the Pacific plate: ‘The H aw aiian Islands have 
been forming in te rm itten tly  over a relatively fixed 
site of volcanism for more th a n  70 million years 
(Rotondo et al., 1981). As the  Pacific P late  moved to 
the northw est, the  islands of the  H aw aiian-E m peror

chain eroded to reefs and u ltim ately  subducted as 
seam ounts under the A sian continent, b u t the resi
dent fishes were able to disperse the short distance to 
the  east to the newly em erging is lands’. In  an  analy
sis of pontoniid shrim ps De Grave (2001) found 
H aw aii to be sister group to the  re s t of the  Indo-W est 
Pacific, and concluded th a t  th is ‘is probably linked to 
its  long geological history, as the H aw aiian -  Em peror 
chain has been in  existence since a t least 70 M a (old
est non-subducted seam ount) . . .’ Of course there  m ay 
well have been older seam ounts th a t  are  now 
subducted.

H artley  (2000) also used the idea of hotspot m eta
populations when discussing the te rres tria l p lan t 
genus Melicope (Rutaceae) which occupies, among 
other areas, 22 individual Pacific Basin islands. ‘Most 
of them  are  less th a n  4 million years old, and the  old
est (as fa r as known) dates to 8.6 Ma. The islands are 
m ostly volcanoes of hotspot traces, however, and M eli
cope presum ably  could have occupied each trace for as 
long as its  hotspot has produced a continuity  of volca
nic islands.’

N ew m an & Foster (1983) used sim ilar reasoning in  
discussing the  shore faunas of E aste r Island and 
nearby Sala y Gómez, which both show a ‘rem arkably’ 
high degree of endem ism . The islands are  very young 
(2.5 and 2 m.y. old) b u t the  endemics appear to be rel
ics stem m ing from older Indo-Pacific groups and are 
‘therefore potentially  older th a n  the island them 
selves.’ (cf. Stock, 1993, on stygobiont am phipods of 
the  A tlantic islands). N ew m an & Foster suggested a 
vicariance model for the  origin of the  fauna. An ana
lysis of the num erous seam ounts of the  Sala  y Gómez 
and N azca ridges ‘shows th a t  m ost were once likely 
islands. I t  also indicates th a t  there  could have been a 
chronological continuity  of shores am ong these islands 
for a t  least the  p a s t 29 Ma, . . . upon which the  endem 
ics of the  region could have evolved and been perpet
u ated  up to p resen t tim es . . . [by] relatively local 
island-hopping’.

Likewise, discussing the notochtham aline barnacle 
Rehderella belyaevi of P itca irn  and E aste r Islands, 
Foster & N ew m an (1987) wrote th a t  ‘the  island age 
seems insufficient [to account for the  distribution]. 
The lineage of th is barnacle  . . . m ust have involved a 
stock older th a n  e ither P itca irn  or E as te r Island. A 
solution has been sought in  hypothesizing tectonic cre
ation of islands n ear the  E ast Pacific Rise a t these la t
itudes for the  la s t 30 million years (Springer, 1982; 
N ew m an & Foster, 1983). As erosion and subsidence 
drowned these islands, and as they moved a p a rt to 
e ith er side of the  Rise by sea-floor spreading, the  shore 
species dispersed to nearby, newly formed islands’. 
The populations on P itca irn  and E aste r are  moving 
ap a rt as the  seafloor spreads away from the  E ast 
Pacific Rise. ‘Survival of e ither population will depend
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on the  tectonic creation of new islands in  the  region 
before the existing ones are  eroded and tran sla ted  
below sea level’. This analysis is pure panbiogeogra
phy, in teg ra ting  ordinary  ecological dispersal and 
tectonics, and not involving chance, long-distance 
dispersal.

Foster & N ew m an (1987) also considered w here the 
stock of Rehderella belyaevi (P itcairn  and E aste r 
Islands) came from in  the first place. They gave a fur
th e r  vicariance explanation, based on the  v icarian t 
d istribution  of the  subfam ily m em bers (E aster and 
P itcairn , C entral Pacific, south-east A ustralia, New 
Zealand, Chile): ‘The notochtham alines could repre
sen t fragm ents of ancient southern  ocean shore faunas 
which became isolated from each other during p ast 
tectonic events. Affinities w ith N otoch tham alus] sca
brosus of South Am erica tem pt an  east-to-w est “trac t” 
across the Pacific involving ancient N asca Ridge 
archipelagos . . .’

Sluys (1989) gave an  in te resting  discussion of 
H aw aiian endem ism  in  m arine triclads and pointed 
out th a t  i t  ‘is not difficult to th in k  of a scenario incor
porating the break-up of Pacifica . . .  island integration 
. . . and the  process of escalator-dispersal (McKenna, 
1983)’ in  which taxa  survive more or less in  situ  by 
m igrating  from a sinking or eroding volcano onto a 
nearby younger one. Sluys noted th a t  Croizat (1964) 
repeatedly stressed th a t  old faunal elem ents occur on 
relatively young islands (‘very new stra tig raphy  m ay 
harbour very ancient life’) and invoked M cKenna’s 
(1983) ‘tread-m ill hypothesis’, a varia tion  o f‘escalator- 
dispersal’, to explain old fauna on Iceland, on the Mid- 
A tlantic Ridge. Likewise, he accepted a vicariance 
hypothesis to explain tric lad  d istribution on the 
islands of the  Southern  Ocean; even though m any of 
these are  very young, m ost had  forerunners, e ither 
other volcanic islands or ancient socles.

The m ost prim itive m em bers of th ree  barnacle  sub
orders are  all associated w ith deep-sea hydrotherm al 
springs: Neoverruca (Verrucomorpha) a t the  M ari
anas, Eochionelasmus (Balanom orpha) in  the  N orth  
Fiji Basin, and Neolepas (Scapellomorpha) on the E ast 
Pacific Rise. Yamaguchi & N ew m an (1990) wrote th a t 
‘a t  first glance . . . [this] seems like a rem arkable coin
cidence’. They cited theories for high endem ism  a t 
hydrotherm al vents, including the idea of a g rea t age 
for the  biota, ‘although i t  is agreed th a t  individual 
vents are  ephem eral in  space and tim e’. This would 
im ply ‘excellent dispersal capabilities’ for the vent 
taxa, which is accepted here as i t  simply refers to 
‘m eans of survival’ which perm it a m etapopulation to 
persist, not to ‘chance dispersal’ as a m echanism  
which generates new species.

On the M id-Atlantic Ridge islands, the  trum petfish  
Aulostom us strigosus populations of Ascension and St. 
H elena share  an  endemic haplotype (Bowen e ta l.,

2001). This sam e affinity was also found by M uss et al.
(2001) in  Ophioblennius and they  in terp re ted  the p a t
te rn  as due to colonization of Ascension from a centre 
of origin on St. H elena. However, i t  is extrem ely 
unlikely th a t  there  were never any other islands on the 
ridge and these m ay have been involved in  preserving 
a M id-Atlantic Ridge m etapopulation w ith the 
endemic haplotype. O ther fishes endemic to the Mid- 
A tlantic Ridge i nclude Pachycara spp. (Zoarcidae) (Bis- 
coito & Almeida, 2004).

In  the easte rn  Caribbean, Roughgarden (1995) stud
ied Anolis  lizards and in terp re ted  th e ir  d istribution  in  
a synthesis of ecology and p late  tectonics. Two gener
alizations of ‘island  biogeography’ tu rn ed  out not to 
apply: the h ighest species diversity occurs on islands 
th a t  are in term ediate  in  size (not the  largest) and 
in term ediate  in  distance (not the closest) from ‘source 
location’. ‘N either the  a rea  nor the  distance effects are 
observed by th is  fauna. This foreshadows a deep role 
for p late tectonics . . . The Anolis  lizards m ay serve as 
“living s tra ta  . . .” ’, and in  fact fossil Anolis  dated  a t 
20 Ma, or possibly even 40 M a old, from the Domini
can Republic is ‘indistinguishable’ from ex tan t H is
paniola species. (For discussion of life as a geological 
layer, see Heads, 1990, and Craw et al., 1999.)

For Roughgarden, the Lesser Antilles faunas ‘are 
not stages tow ard building up a large community, 
b u t are  derived extractions from already existing 
large com m unities. Conversely, the assem blage of 
large com m unities, such as those on Cuba and H is
paniola, probably resu lts from combining packages 
of species w hen tectonic blocks fuse to form a single 
island, ra th e r  th a n  from the addition of single spe
cies, one by one . .  .’ This view can be compared w ith 
those on accreted te rran e  tectonics in  the south-w est 
Pacific discussed above. Roughgarden concluded: ‘An 
overall im plication of p late  tectonics for te rrestria l 
ecology is th a t  relatively fast-acting ecological in te r
actions such as com petition and predation  are far 
from sufficient to explain the s tructu re  and composi
tion of ecological com m unities. Instead, ecological 
com m unities are fashioned as m uch by relatively 
slow geological processes as by fast species in terac
tions. We have th u s  come full circle. D uring the last 
two decades instances of fa s t evolution, on an  ecolog
ical tim e scale, have been discovered. Now it  is also 
clear th a t  ecological change can itse lf be very slow, 
on an  evolutionary tim e scale.’ All th is is pure pan
biogeography.

In  sum, both the  m etapopulation model and panbio
geography regard  the  distinction betw een ‘oceanic’ 
and ‘continental’ islands as biogeographically artificial 
and irre levan t (cf. G rehan, 2001). M any areas th a t  are 
now continental (e.g. p arts  of C entral America, New 
Guinea) were once oceanic or insular, and real islands 
are essentially  sim ilar to any other h ab ita t islands,
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such as m ountain  peaks, forest gaps, lim estone out
crops or hydrotherm al vents.

Regional biogeography  is a m ajor  determ inant
OF LOCAL COMMUNITY COMPOSITION 

Ricklefs & Schluter (1993a) wrote th a t  th e ir  book 
(Ricklefs & Schluter, 1993b) ‘grew out of our conviction 
th a t  the  discipline of com m unity ecology would benefit 
from a broadening of its  paradigm s. Ecological studies 
of the p ast th ir ty  years have presum ed th a t  in te rac
tions am ong populations w ithin sm all areas are  the 
fundam ental forces regulating com m unity structu re . 
However, th is  paradigm  failed to solve one of the 
m onum ental problem s of biology: the origin and m ain
tenance of global p a tte rn s  of biodiversity . . . d ispari
ties were often found in  the num ber of species p resen t 
in  sim ilar environm ents in  different pa rts  of the  globe, 
h in ting  th a t  larger scale processes were also a t  work 
and m ight even dom inate local ones. U ntil recently, 
com m unity ecologists largely ignored such vexing dis
parities. Indeed, from the 1960s to the  1980s ecology 
largely spurned its  sister disciplines of system atics, 
biogeography, and palaeontology and the insights they 
provided into the  larger-scale processes and historical 
events th a t  have influenced species richness. By the 
la te  1980s, however, the in tellectual clim ate of ecolog
ical study  was changing. The failure of the  local-pro- 
cess paradigm  to achieve a consensus on the causes of 
diversity opened the  door for fresh approaches.’

Likewise, McPeek & M iller (1996) observed th a t 
‘Com m unity ecologists are beginning to exam ine how 
present-day species diversity is influenced by macro- 
evolutionary and biogeographic processes . . . While 
m ost ecologists are m indful th a t  evolution is im por
ta n t  in  shaping com m unity s tructu re , the  general role 
of evolution is often ignored w hen considering the  ecol
ogy of specific com m unities . . . However, ignoring evo
lution leaves m any fundam ental questions about 
com m unity s tructu re  unansw ered. For example, 
w here did the  collection of species we see coexisting to
day come from in  the  firs t place . . .?’.

In  th e ir  study of coral species richness Cornell & 
K arlson (2000) concluded th a t  ‘biogeography can be a t 
least as im portan t as local ecology in  explanations for 
richness varia tion  among different locations ... under
standing  com m unity assem bly will require more focus 
on m acroevolutionary processes.’ For example, in  less 
speciose regions of the  Indo-Pacific, ‘local richness 
was extrem ely sensitive to regional effects which 
accounted for fully 95% of explained varia tion  in  local 
richness . . . The resu lts im ply th a t  local environm ent 
can modify local richness, b u t i t  does not set its  upper 
lim it’. This was an  early  conclusion of Croizat (1964). 
In panbiogeography, ranges of groups are in terp reted  
as shaped prim arily  by the original evolution of the

group, not by in trinsic  factors such as m eans of dis
persal or physiological capabilities, or by extrinsic fac
tors such as in teractions w ith o ther groups and 
aspects of the  physical environm ent. Ecological factors 
m ay elim inate a group from a certa in  a rea  or site, bu t 
they  do not determ ine why a group is in  the areas i t  is 
in  to begin with. A uthors often feei th a t  ecology plays 
a crucial role in  determ ining evolution and biogeogra
phy. However, if  the  location of m arine com m unities 
can be affected by p late  m ovem ent and th e ir  depth by 
processes such as uplift and subsidence, biogeography 
m ay in stead  determ ine ecology.

Evolution  in  space and tim e  is a fu n ctio n  of
GENETIC POTENTIAL 

E km an (1953) took a broader view of spéciation th an  
m ost Anglo-American neo-darw inists. After discussing 
spéciation by divergence, he wrote th a t  ‘We m ust also 
take  into account the  possibility of another w ay in  
which species m ay originate, nam ely parallel develop
m ent. I t is conceivable th a t  two populations of the 
sam e p a ren t species . . . have developed on parallel 
lines . . . [eventually] parallel developm ent has pro
duced morphological identity.’ Orthogenetic evolution 
m ay also lead to extinction: th rough m utations ‘the 
organism  becomes adapted  (“preadap ted”) to new 
environm ental conditions . . . On the  o ther hand  
changes in  the  germ  plasm  and the environm ent m ay 
become unfavourable to the  species and lead in  tim e to 
its  extinction.’ This view has im portan t im plications 
for a panbiogeographic synthesis of evolution in  space, 
tim e and form.

Differing locations o f groups are due to different 
locations o f ancestral genetic potential.
W hy are some groups p resen t or diverse in  some areas 
and less so or absent elsewhere, while o ther groups 
show the  reverse pattern?  A uthors sometimes suggest 
th is  is due to different powers of dispersal or different 
ra tes of evolution in  different areas. However, i t  m ay 
be th a t  there  was sim ply more genetic potential in  dif
feren t groups in  different areas (cf. Schwabe & Warr, 
1984; Levin, 2001). W hen the la s t m ajor phase of mod
ernization  in  p lan ts and anim als took place (for m ost 
groups in  the  la te  Mesozoic) some groups evolved 
m any species in  one area, while others evolved more in  
a second area. As an  example, Adler et al. (1995) found 
large differences betw een levels of endem ism  in  birds 
and those in  skinks of the  Pacific Islands. The islands 
of the  cen tral Pacific, east of Fiji (on the Pacific plate) 
have an  avifauna exceptionally rich in  endemic spe
cies (Adler, 1992), even if  the bizarre, recently ex tir
pated  birds of areas like H aw aii are om itted from 
consideration. The bird faunas of H aw aii and 
M arquesas are nearly  completely endemic, while the
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skinks there  show no endem ism . On the  o ther hand, 
the  skink fauna of New Caledonia (south-w est Pacific; 
A ustra lian  plate) has m uch more endem ism  th a n  the 
bird  fauna. Adler et al. concluded th a t  these results 
‘presum ably’ reflect the  relative dispersal powers of 
the  two groups and consequently ra tes of evolution. 
They suggested th a t  differences m ay also be due to 
‘unknow n’ local ecological in teractions. Confusingly, 
‘Despite the  extrem ely lim ited capacity of skinks for 
active overw ater dispersal, these lizards have m an
aged to colonise v irtually  every archipelago and iso
la ted  island  in  the  tropical Pacific [although there  is 
no endem ism  there] . . . [thus] skinks m ust have relied 
prim arily  upon chance events . . .’

By relying on presum ptions, chance dispersal and 
unknow n ecological factors, Adler et al. avoided con
fronting the possibility th a t  birds m ay well have had 
an  early  ancestra l base and centre of genetic potential 
in  the central and eas t Pacific (east of Fiji) th a t  the  
ancestors of skinks m ay never have had, and th a t  cur
ren t differences m ay sim ply be a resu lt of different 
Mesozoic m ain  m assings of the ancestral forms. In 
other words, the cu rren t p a tte rn s  have little  if  any
th ing  to do w ith the cu rren t groups, th e ir  cu rren t ecol
ogy or cu rren t geography. There are no fossils or even 
rocks older th a n  150 M a in  the  central Pacific, so 
w hether i t  was m ainly land  or sea th en  is highly spec
ulative, b u t there  was undoubtedly som ething there.

In ano ther example, L arkum  & den H artog (1989) 
considered the seagrasses. A ustralia  has the  h ighest 
num ber of species (18) of any continent, and about 
one-third of all known species are  endemic there . The 
south-w est is especially rich. Sixteen species and two 
endemic genera are restricted  to the  tem perate  zone of 
A ustralia , b u t in  ‘strik ing  con trast’ New Zealand has 
only two species. These au thors wrote th a t  ‘two expla
nations are possible’: e ither the A ustra lian  species 
arrived after the separation from Gonw analand, or 
e as t A ustralia  and New Zealand lost more species 
through extinction. However, a th ird  possibility seems 
m uch more likely: there  was an  original Ind ian  Ocean 
centre of evolution w hich did not involve east A ustra
lia/New Zealand. There was always more diversity in  
the  west, from a seagrass precursor stage righ t 
through to the  m odern flora. Thus, different taxa  are 
diverse in  different areas not because they  have dis
persed there, or because the ecology is m ost suitable 
there, b u t because th e ir  ancestral genetic potential 
was g rea test there.

Different degrees o f differentiation between groups are 
due to their differing genetic potential, not their age or 
rate o f differentiation
Palum bi (1997) wrote th a t  congruent geographic p a t
te rns a t different taxonomic levels suggest th a t  e ither 
‘1. different tax a  were affected a t different tim es or 2.

a single event affected [different] taxa  in  m arkedly dif
feren t ways’. The second is accepted here as correct.

I t  was well established prior to the m odern molecu
la r work th a t  the  degree of differentiation betw een 
two tax a  is not proportional to the tim e elapsed since 
th e ir  la s t contact. Evolution m ay well occur in  bu rsts  
during which an  ancestral complex is m odernized rap 
idly followed by long periods of stasis (Croizat, 1964). 
N either is the  degree of divergence proportional to the 
ra te  of evolution in  the  two taxa, and so divergence 
m ay instead  be related  to the genetic potential for 
change in  the  ancestors of the two.

Thus in  a phase of evolution, one group m ay ‘dis
solve’ into new genera (or equivalent genetic diver
gence), another, along the sam e ‘track ’ m ay give rise to 
species, another to barely distinguishable cytotypes. 
All m ay have the sam e distribution. For example, the 
New G uinea -  New Caledonia track  sk irting  A ustralia  
is held by m any te rre s tria l taxa  of different ran k  as 
well as m any coral species. The sam e track  m ay be the 
resu lt of, say, events th a t  took place a t about 50 Ma, 
w ith the subfam ilies tak ing  3 m.y. to evolve, the  genera 
2 m.y., and the  species 1 m.y. A fter th is  phase of evo
lution, morphological and genetic stasis m ay have set 
in. The different ranks and genetic divergences are  nei
th e r  proportional to the age of the groups (all about 
50 m.y. old) nor the ra te  of evolution -  they  m ay have 
all evolved a t about the sam e ra te . The difference is 
due to the  genetic potential for evolution th a t  each 
group held in  the  region prior to the phase of evolution.

Avise (2000) em phasized th a t  the  boundaries of tra 
ditional m arine ‘faunal provinces’ m ay represen t h is
torical as well as ecological breaks. He also noted th a t 
these boundaries often delim it ranges of species as 
well as groups below the  ran k  of species. In fact, i t  has 
long been known th a t  m ost im portan t biogeographic 
boundaries, or nodes, delim it ranges of groups w ith a 
very wide range of taxonomic divergence. Probably 
every group differentiated a t  a node has a different 
degree of divergence (Heads, 2004). Phylogeographers 
in te rp re t these as due to differing ages of differentia
tion and so need to postu late a huge num ber of sepa
ra te  dispersal or vicariance events to explain a single 
node. Panbiogeography instead  in te rp re ts  the  s itu a
tion as prim a facie evidence th a t  a vicariance event 
will resu lt in  the  differentiation of m any groups, each 
to a different level of divergence. Only a single vicar
iance event is needed.

Cladistic homoplasy in  character d istribution  is 
w idespread in  all groups and indicates th a t parallel 
evolution is one of the  m ain  modes of evolution. Parallel 
m olecular evolution (by, for example, m olecular drive, 
Palum bi, 1994; Craw et al., 1999) m eans th a t  DNA 
sequences of tax a  will s tay  the sam e distance ap a rt as 
they  evolve. Traditionally, of course, genetics usually  
assum es instead  th a t  any genetic sim ilarity  is due to
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gene flow, even w hen th is  is problem atic. For example, 
the ‘puzzling’ conclusions of Lessios et al. (2001) were 
cited above (under ‘M eans of d ispersal’) and these 
au thors also found ‘some rem arkable instances of high 
gene flow betw een very d is tan t a reas’.

I t  has often been assum ed th a t  m arine taxa  are 
w idespread and undifferentiated, w hereas te rre stria l 
forms obviously exhibit m uch local endem ism . This 
apparen t difference was a ttrib u ted  to different m eans 
of dispersal. I t  now appears th a t  m any w idespread 
m arine taxa  also show vicariance, often in  the  form of 
geographic genotypes th a t  show relatively sm all dif
ferences. In  both panbiogeography and cladistics 
‘degree of difference’ is seen as an  inadequate  basis for 
com parative studies and no essential difference is 
seen betw een a cosmopolitan fam ily of m any vicarian t 
genera and species, and a cosmopolitan species of 
m any v icarian t cytotypes. In  o ther words, tax a  of the 
sam e ran k  b u t in  different groups, such as a genus of 
ascidian and a genus of angiosperm , cannot rea listi
cally be assum ed to have sim ilar ‘degree of diver
gence’, despite the claim of the  ‘biological species 
concept’ th a t  the species is special.

CONCLUSIONS

Panbiogeography predicts an  in tim ate  connection 
betw een the evolution of e a rth  and life. This m ight 
seem unlikely to some readers, who m ay also feei th a t 
geological evidence is ‘h a rd e r’ and more reliable th an  
biological d istribution  data. B ut i t  should be recalled 
th a t  biogeographic evidence played a crucial role in  
W egener’s argum ent for continental drift. Tunnicliffe 
et al. (1998) wrote th a t  ‘In  retrospect, i t  appears am az
ing th a t  W egener’s 1924 deductions of shifting conti
nents m et w ith  such sum m ary rejection by geologists, 
while gaining acceptance from biologists’. However, 
orthodox biogeography, led by Sim pson and M ayr 
(direct intellectual descendants, via W illiam Diller 
M atthew, of D arw in and Wallace) soon re-established 
itse lf against continental d rift and instead  strongly 
supported continental stasis, un til the  m ajority  of 
geologists them selves accepted drift in  the 1970s.

In  another example, N orth  Am erica appears stable 
and unitary, b u t on the  basis of biogeographic analysis 
Croizat (1961; cf. Craw e ta l.,  1999: 154) m ade the 
novel prediction th a t  i t  was composed of easte rn  and 
w estern  sectors th a t  were originally separate . (Lieber- 
m ann, 2003, erroneously a ttrib u ted  the  idea to palae- 
obiogeographers, including ‘real visionaries’, w riting 
in  the 1980s.) This prediction was confirmed in  subse
quen t geological studies, which showed th a t  the  
accreted te rran es along the w estern  m argin  of the  con
tin en t contain different biotas th a t  m ay have travelled 
g rea t distances. As L ieberm ann (2003) suggested, ‘i t  is 
conceivable th a t  some elem ents of the  m odern te rre s

tr ia l biota of N orth  Am erica m ay represen t forms th a t 
arrived rafted on te rran es’. As indicated above, th is 
m ay also be tru e  for m arine biota. W hy is biogeo
graphic evidence routinely ignored w hen it  was so suc
cessful in  predicting continental drift, the  hybrid 
struc tu re  of N orth  America, and m any other phenom 
ena? Again, th is is probably because of preconceptions 
about ‘chance dispersal’.

I t is especially im portan t to justify  and undertake 
panbiogeographic analysis of m arine tax a  as they  hold 
so m uch v ita l biogeographic inform ation. As yet, th is 
is largely un tapped  simply because chance, founder 
dispersal has been alm ost universally  assum ed. Now 
th a t  i t  is beginning to look less likely, distributions 
m ay be looked a t more closely and even analysed com
paratively. Perhaps the  m ost valuable te rres tria l 
groups for biogeography are  the  birds, as they  and 
th e ir  d istributions are so well known. Along w ith sea
birds, however, lichens, lizards and inverteb rates also 
have heuristic  value as they have such high ‘coeffi
cients of survival’. If  a form er landm ass is curren tly  
represented by a la s t relic, a sm all rock stack in  the 
sea, i t  will be m em bers of these groups, along w ith the 
reef taxa, which serve to reveal its  history. Any te rres
tr ia l m am m als, forest trees, passerines and so on will 
have long gone extinct. Thus the  biota of reefs and sea
m ounts has a special in terest.

Unjustified assum ptions about dispersal have 
im portan t practical im plications, for exam ple in  esti
m ating  biodiversity levels (taxa w ith apparen tly  good 
m eans m ay actually  include m uch allopatric differen
tiation) and in  the  m anagem ent of m arine communi
ties (populations of taxa  w ith apparen tly  good m eans 
of dispersal m ay not actually  operate as open sys
tems). In biogeographic practice, assum ing chance dis
persal removes m uch of the  m otivation for m apping 
and com parative studies, a p a rt from having obvious 
im plications for the theory of evolution and spéciation.

One of the  m ain problems in  identifying tropical 
taxa, w hether on a reef or in  a rainforest, is the huge 
diversity. In  practice th is m eans one often tends to 
jum p too quickly to conclusions, overlooking certain  
possibilities. The critique of founder dispersal is 
counter-intuitive and even an  experienced panbio
geographer, le t alone a d ispersalist, m ay find i t  su r
prising to learn  th a t  there  is so m uch local endem ism  
in, for example, corals or foram inifera. W hat is the 
explanation for this? The sea is full of surprises and, 
again, in  developing our ideas we should always pro
ceed w ith caution and avoid jum ping  to conclusions.
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