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Abstract

Taxa have been dated using three methods: equating their age with the age of the oldest known fossil, with the age of strata the
taxa are endemic to, and with the age of paleogeographic events. All three methods have been adopted as methods of dating nodes in
molecular phylogenies. The first method has been the most popular, but both this and the second method involve serious difficulties.
Studies often, correctly, introduce oldest known fossils as providing minimum ages for divergences. However, in the actual analyses
these ages, and ages derived from them, are often treated as absolute ages and earlier geological events are deemed irrelevant to the
phylogeny. In fact, only younger geological events can be irrelevant. Studies correlating the age of nodes with age of volcanic islands
often overlook the fact that these islands have been produced at subduction zones or hot spots where small, individually ephemeral
islands are constantly being produced and disappearing, and a metapopulation can survive indefinitely. Correlating the age of taxa
with that of associated paleogeographic events is probably the most promising method but has often been used in a simplistic way,
for example in assuming that all divergence across the Isthmus of Panama dates to its final rise. Most workers now agree that a
global molecular clock does not exist, and that rates can change between lineages and within a lineage over time. New methods of
estimating branch lengths do not assume a strict clock, but the number of models for molecular evolution is then effectively infinite.
Problems with calibrating the nodes, as well as with substitution models, mean that phylogeography’s claim to be able to test
between vicariance and dispersal is not justified.

© The Willi Hennig Society 2005.

‘“...a great many things which have been conclusively demon-
strated by the Ancients are unintelligible to the bulk of the
Moderns owing to their ignorance—nay, by reason of their
laziness, they will not even make an effort to comprehend
them...”. (Galen, 1916).

Methods of dating evolution

Since the beginning of evolutionary biology as a
science, taxa have been dated using three methods.
Taxon age has been equated with the age of the oldest
known fossil of the group (or a related group), with the
age of strata the taxa are endemic to, and with the age of
putatively relevant paleogeographic events.

Many recent conclusions in systematics and biogeog-
raphy have been based on phylogenetic trees in which
the nodes are dated. These studies have been funda-
mental to the whole enterprise of phylogeography and in

particular its claims to be able to test between vicariance Correlating the age of taxa with the age of the oldest

and dispersal. However, while much more attention has
been paid to methodological details of phylogenetic tree
construction, several crucial assumptions made in this
approach, notably methods of calibrating divergence
times, have remained largely unexamined.
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known fossil

Dating evolutionary events has relied most often on
fossils. Since Matthew’s (1915) epochal work, studies of
phylogeny, biogeography and evolution have attributed
special significance to the fossil record. Although
Darwin emphasized its fragmentary nature, Matthew
(1915) favored a literal reading of the fossil record, with
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a taxon taken to be the same age as its oldest known
fossil or, often, the oldest fossil of a closely related
group. The absence of carlier fossils is regarded as
significant. This approach was adopted by the influential
New York school of zoogeography, which was based on
Matthew’s work and included evolutionists such as
Simpson, Mayr, and Darlington (Nelson and Ladiges,
2001). However, when even a paleontologist (Gould,
1989) can cite “the most treacherous kind of argument
that a scientist can ever use—negative evidence”, it
would seem that the “direct” paleontological method
for dating the origin of taxa might have unstable
foundations.

Occasionally, doubts about the method and its results
are expressed. For example, based on the stunningly
preserved fossils of Messel, Germany, G. Storch (quoted
in Hoffmann, 2000) proposed that “Bats were already
advanced 49 million years ago. I'm convinced they
originated much earlier than you read in textbooks.”
Likewise, Ernst and Barbour (1989) wrote that the
Pleurodira turtles are considered by many experts to be
more primitive than the Cryptodira, but ‘surprisingly’
appear in the fossil record an entire period (about
50 million years) later than the cryptodirans.

New discoveries of fossils much older than the
previously known oldest members of a group are made
regularly. For example, until recently fossil lorisiform
primates were previously known back to 20 Ma, but
fossils dated at 41-37 Ma old have now been reported
(Seiffert, Simons and Attia, 2003). Crown-group sala-
manders were recently found in Middle Jurassic rocks,
predating the previous record by some 100 Myr (Gao
and Shubin, 2003). Metatheria (marsupials and their
relatives) were known back to 75 Ma ago, but a fossil
dated at 125 Ma has been described by Luo et al.
(2003). Hummingbird fossils were known back to 1 Ma,
but recently one dated at 30 Ma was found (Mayr,
2004). These new ‘“‘oldest fossils” are often regarded as
highly significant and reported in prestigious journals,
and their location assumed to represent a new center of
origin. For Matthewians, the metatherian fossil repre-
sents “‘a rich source of new information about the time
and place of origin” of the group (Cifelli and Davis,
2003) and “‘the classic views” (i.e., the Matthewian
account) of the origin of marsupials in the northern
continents are ‘“‘corroborated” (Luo et al., 2003).

The major problems with the Matthewian approach
are still usually ignored and there is even a recent
book titled The Adequacy of the Fossil Record
(Donovan and Paul, 1998a). The title is probably a
reference to Darwin’s (1971) chapter “On the imper-
fection of the geological record”. In the introduction
to their book, Donovan and Paul (1998b) referred to
Darwin’s “bias” in his well-known argument that the
fossil record must be very incomplete, but it is
possibly Donovan and Paul, not Darwin, who are

biased. A member of the New York school (Darling-
ton, 1957, p. 320) has proposed that the fossil record
“allows an almost magical view into the past” and
Briggs (1974, p. 249) used exactly the same words. In
this approach, termed by Croizat (1952) “the cult of
the petrifact”, the age of the earliest known fossil of a
group is the age of the group, the location of that
fossil is the group’s center of origin, and the fossil
itself is the group’s ancestor.

In contrast, panbiogeography (Croizat, 1964; Craw
et al., 1999) has insisted on the distinction between age
of being and age of fossilization, and the idea that fossils
are ancestors has been severely criticized by cladists
(Gee, 1999; Williams and Ebach, 2004).

Correlating the age of taxa with the age of strata
they are endemic to

Discussing the butterflies of East African moun-
tains, de Jong and Congdon (1993) argued that ‘It
seems fashionable to interpret the occurrence of
present-day taxa in areas that over 80 Myr sp formed
part of Gondwana as an indication of Gondwana
origin. However, at least in this case there are good
arguments against it. First, there are no [fossil!]
indications that the genus Issoria existed 80 Myr Bp.
The oldest butterfly fossils known are about 40 Myr
old... [second] it would be very strange for a
Gondwana element to be mainly restricted to moun-
tains that are at most 2 Myr old”.

Here de Jong and Congdon use two methods of
dating: correlating the age of a taxon with the age of its
earliest known fossil, and correlating the age of a taxon
with the age of strata it is endemic to. Arguments
against the first are referred to above. As for the second
argument, despite de Jong and Congdon’s claim, it
would not be strange at all for old taxa to be restricted
to much younger strata. Older plants and animals
regularly invade younger exposed strata which appear in
their vicinity, with the older land surfaces subsequently
disappearing—they may be either covered by new
sediments or lava flows, or eroded or subducted away
(cf. Heads, 1990; Craw et al., 1999). Old taxa often have
an ecology favoring sites with youthful soil development
(e.g., recently disturbed coastal sands, alpine stream
banks). A particular cliff, valley or volcano may be
recent, but this does not mean that the habitat type is
recent. Volcanism often occurs over long periods in the
same area (e.g., around plate margins and hot spots) and
in theory, the direct ancestors of taxa endemic to
Quaternary volcanoes (such as Issoria in East Africa,
birds of paradise in the New Guinea Highlands, Lactoris
on Juan Fernandez Islands, and land-snails on Mt
Egmont/Taranaki in New Zealand), may have existed
on young volcanics less than 2 Myr old, more or less
in situ, for 80 Myr.
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Correlating the age of taxa with the age
of paleogeographic events

In a third method of dating, the age of taxa has
been correlated with the age of paleogeographic
events. This is perhaps the most promising approach
but, unfortunately, the applications of this method
have, in practice, often been very simplistic. Panbio-
geography concluded that earth and life evolve
together, not only during continental drift but in
general, for example during phases of uplift, subsi-
dence, vulcanism, erosion, juxtaposition by terrane
accretion, and many other processes. However,
although the early vicariance cladists claimed to be
working on a panbiogeographic basis, they adopted a
much narrower and rather naive approach in which it
was assumed that any vicariance was the result of
continental drift (e.g., Humphries, 1981a,b). The
cladists argued that congruence between phylogenies,
and between phylogenies and breakup sequences of
Gondwana and Laurasia, would be evidence for
vicariance caused by breakup. However, much ““incon-
gruence” was found and most workers therefore
assumed that the distribution patterns could not be
the result of vicariance. Because of this they assumed
the distributions must be the result of chance disper-
sal, and this was always assumed to have taken place
after continental breakup (e.g., Humphries, 1981a,b).

Panbiogeographers disagreed with this methodology
and pointed out (e.g., Croizat, 1981; Craw, 1982, 1983,
1985; Heads, 1985) that the “incongruence” was an
artifact, a consequence of faulty analytical method.
Phylogenies of Gondwanic groups, even if they respon-
ded to breakup by vicariance, would only reflect the
breakup sequence if the Gondwanic biota was homo-
geneous to begin with—a very unlikely supposition.
Furthermore, panbiogeographic studies emphasized
that the geographic areas used in vicariance—cladistic
analysis (such as New Zealand, New Caledonia, New
Guinea and Borneo) were being accepted a priori. In fact
these areas are all geological and biogeographical
composites. Using these unanalyzed “areas’ as elements
in analysis leads automatically to “incongruence”, and
the conclusion that patterns have not been caused by
vicariance but by later chance dispersal. Detailed
analyses of New Zealand (Heads, 1990), New Guinea
(Heads, 2001, 2002) and Borneo (Heads, 2003) empha-
sized that none of these constitute biogeographical
regions or centers of endemism (in the strict sense of
having any taxa restricted to, and more or less
throughout, the area). Instead, the separate component
terranes each had independent affinities with other
areas.

Despite these attempts to clarify the situation, many
authors continue to use present-day areas as units in
biogeographical work. For example, in a study of a

Pacific group, Abrotanella (Compositae) and allies,
Swenson (1995) and Swenson and Bremer (1997)
found no simple vicariance among the geographic
arecas New Zealand, Tasmania, New Guinea and
South America. Instead, there was cladistic incongru-
ence, with, for example, Tasmania, sometimes related
to New Zealand, and sometimes to Patagonia.
Because of this, the authors concluded that the
distribution was the result of dispersal following
continental drift. However, a panbiogeographic ana-
lysis of the actual distribution areas, not the geo-
graphic areas, showed clear vicariance. This occurred
between western Tasmania and south-western New
Zealand, eastern Tasmania and Patagonia; northern
New Guinea and California/Chile, southern New
Guinea and New South Wales; western Patagonia
and Stewart Island, central Patagonia and Juan
Fernandez, and so on (Heads, 1999). (The ‘“‘southern”,
“northern”, etc., distributions were shown to correlate
with geological terranes within the respective areas).

Vicariance—cladistic studies continue to make the
same elementary mistake that Swenson and Bremer
made. For example, Sanmartin and Ronquist (2004)
compared phylogenies of Southern Hemisphere taxa
with the breakup sequence of Gondwanaland and
found incongruence, at least for plants. They deduced
that this could be because the plants are too young to
be affected by breakup (the possibility of their being
too old, which is very likely, was not mentioned), or
because of long-distance dispersal after breakup,
which they favored. However, the terminal areas in
their cladograms, such as New Zealand, Australia,
New Guinea, New Caledonia, are all biogeographi-
cally and geologically composite, and the analyses are
thus invalid. Sanmartin and Ronquist treated New
Zealand, for example, as a single area simply because
it was “one unit” at the time of Gondwana breakup,
but what is so special about this time? In any case,
New Caledonia, which they also accepted as an area,
is the result of terrane amalgamation after Gondwana
breakup.

Assuming «a priori that any particular geological
event, such as the breakup of Gondwana, is relevant
to biogeography is a fatal flaw of much biogeography,
both dispersalist and vicariance. In contrast, panbioge-
ography bases analyses on distributions and only
compares these with tectonics after patterns are estab-
lished. In fact, a great deal of evidence suggests
biogeographical patterns involving “New Zealand”,
“New Guinea”, “New Caledonia”, etc. were determined
by earth history events both prior and subsequent to the
breakup of Gondwana.

The three methods for dating evolution have all
been used in phylogeography, and their use in
calibrating nodes in molecular phylogenies is discussed
below.
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Phylogeography

Croizat (1977) regarded evolutionary development as
“a function of (a) panbiogeography and (b) molecular
biology”. The results of molecular systematics produced
over the last 15 years represent a great scientific
advance. Molecular cladograms are often extremely
valuable for biogeographical and general evolutionary
studies. The vast amount of vicariance they have
revealed is of particular interest and this has led, for
example, to a dramatic paradigm shift in marine
biogeography (Heads, in press b). In contrast, for
reasons discussed below, the dates of nodes inferred in
many molecular studies seem almost worthless.

Avise (2000) and others have argued that “Vicariance
and dispersal are historical phenomena whose relative
roles in particular instances can be weighed on the scales
of phylogeographic analysis.” However, the method
employed in this phylogenetic judgment involves deri-
ving a date for a divergence event (a node) on a
molecular tree from the calibration of this or another
node and then comparing this date with an accepted
geological model. Thus the calibration is a crucial step
and it is shown below that there are major problems
with this. Hall (2001) argued that “DNA studies offer
one way of determining a time-scale for biological
development™, but this is probably one of the few things
it doesn’t offer; the time scale is based on calibrations
from geology. In addition to major problems with
substitution models which are not be examined here,
molecular biologists have relied on the age of fossils and
other simplistic and dubious means to calibrate their
“clocks”. This is a particularly obvious weakness with
the phylogeographic approach.

Dating nodes in molecular phylogenies

The idea of a strict, universal evolutionary clock
(morphological or molecular) is rapidly falling out of
favor with biologists. For example, Rodriguez-Trelles
et al. (2004) wrote that “The neutrality theory of
molecular evolution predicts that the rate of molecular
evolution is constant over time, and thus that there is
a molecular clock that can be used for timing
evolutionary events. Experimental data have shown
that the variance of the rate of evolution is generally
larger than expected according to the neutrality
theory. This raises the question of how reliable the
molecular clock is or, indeed, whether there is a
molecular clock. We have carried out an extensive
investigation of nine proteins in organisms belonging
to the three multicellular kingdoms... We observe that
the nine proteins evolve erratically through time and
across lineages. The observations are inconsistent with
the neutrality theory and also with various subsidiary

hypotheses proposed to account for overdispersion of
the molecular clock.”

Likewise, Buckley et al. (2001) admitted that
“molecular clocks are notoriously difficult to apply
because of many well-recognized problems... the most
difficult of which is that different lineages evolve at
different rates.”

Norman and Ashley (2000) utilized the extensive fossil
record of Perissodactyla to calibrate molecular clocks.
From the fossil record they estimated a relatively recent
fossil calibration point (divergence of two equid species
at 3 Ma) and a relatively ancient calibration point
(divergence of Hippomorpha, including equids, and
Ceratomorpha, including rhinoceroids and tapiroids, at
50 Ma). Application of these produced greatly different
estimates of evolutionary rates and divergence times for
both genes they studied. Neither calibration point
produced estimates of divergence times consistent with
paleontological evidence. The early calibration rate
places the separation of the two equid species at greater
than 13 Ma, which is “incompatible”” with the fossil
evidence. (Of course an early age is not truly “incom-
patible” with the fossil record.) Using the recent
calibration rate gives a date that really is incompatible
with the fossil record: a separation of Ceratomorpha
and Hippomorpha at 811 Ma, and Rhinocerotidae and
Tapiridae at 6-8 Ma, although fossils of these groups
are known before this date. Norman and Ashley
criticized the use of molecular clocks, especially when
based on single calibration points.

New methods of estimating branch lengths do not
assume a strict clock (cf. many contributions in Penn-
ington et al., 2004a; Givnish and Renner, 2004a).
However, Near and Sanderson (2004) noted that “With
respect to rate heterogeneity, once the model of
molecular evolution departs from a simple one-rate
molecular clock, the divergence time problem enters a
realm of model selection in which the number of models
is effectively infinite.”

The idea of a strict molecular clock is less popular
now than it was for a few years of the last decade.
However, roughly ‘“‘clock-like” evolution, in which
evolution proceeds more or less continuously, although
not at exactly the same rate in different lineages, has
been a common assumption in biology since the
acceptance of evolution. It is seen in the almost
ubiquitous idea that greater divergence between taxa
generally implies a longer time of evolution. For
example, Ehrendorfer and Samuel (2000) wrote that
“Judged by their morphological (and molecular) diver-
gence, these [South America/New Zealand] disjunctions,
which range from the infraspecific (e.g., in Hebe), to the
specific (e.g., in Anemone), sectional, or even subgeneric
level (e.g., in Fuchsia or Nothofagus p.p.), must be of
very different ages...”. Even this rough clock makes the
quite unwarranted assumption of more or less equal
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rates of evolution in different groups, and authors such
as Hutton (1872) have concluded instead that ““differ-
entiation of form, even in closely allied species, is
evidently a very fallacious guide in judging of lapse of
time”. Croizat (1964) also criticized the universal clock
approach and made the opposite assumption, namely
that different groups in the same region (for example,
New Zealand—South America) can and do usually
show tremendously different rates, or at least degrees, of
differentiation during a single phase of evolution. He
also argued that rates can change dramatically within a
group and cited potentially great differences between the
time involved in, and the age of, the evolution of a
group. He concluded that much evolution has taken
place during ‘“‘phases of modernization” following
which there have been long subsequent periods of
evolutionary stasis (or only parallel evolution in which
genetic distance between groups remains the same). For
example, there has been marked stasigenesis in main
form of some arachnids for 200 million years (Turk,
1964). The oldest fossil bee (Late Cretaceous) is
“astonishingly similar” to living species of Trigona
(Engel, 2000). McDaniel and Shaw (2003) interpreted a
moss species, Pyrrhobryum mnioides, which occurs in
Australia, New Zealand and South America as a result
of Gondwanic vicariance and morphological stasis for
over 80 million years. There is also much new evidence
in support of rapid, ancient radiations (e.g., Fishbein
et al., 2001).

Smith and Peterson (2002) concluded that problems
of establishing accurate calibration points ‘“‘remain
formidable”, and in the course of a debate largely
concerned with calibration, Conti et al. (2004) described
calibration as “one of the most problematic issues in
molecular dating analyses”. In their review, Arbogast
et al. (2002) admitted that molecular nodes are calibra-
ted by fossils or “particular biogeographical events”
(which are often what we are trying to investigate in the
first place) and that this can lead to ‘‘considerable
error’’. Surprisingly, the authors devoted only two
sentences to this topic which is obviously fundamental
to the whole enterprise. This approach—Ieaving funda-
mental assumptions unexamined (even when they have
been analyzed at length in the 1960s—1980s)—is char-
acteristic of much phylogeography and means that in
general the field has become merely a technically
advanced form of Wallace/Matthew dispersalism, based
on the same concepts and analytical methods.

Whether or not a strict clock is assumed, at least one
node on a tree must be calibrated to give the tree a time
dimension. Calibrations of nodes in molecular phyloge-
nies have been made using the three techniques cited
above that have been used to date evolutionary events in
general: calibration with the age of the earliest known
fossil, with the age of strata that endemics occur on, and
with the age of related paleogeographic events.

Calibrations based on the age of the oldest known fossil

Voelker (1999), like Avise (2000), suggested that
“Dispersal- and vicariance-driven speciation can be
better tested via the application of molecular clocks [or
dated trees in general]” than by congruence of phyloge-
nies and geological split sequences, but admitted that
“Although taxa with a good fossil record [but how would
this be known?] can be used to calibrate a specific clock [or
tree]... the great majority of taxa lack a fossil record
suitable for calibrating clocks and thus investigators must
use a rate calibrated for other groups [with a fossil record],
a problematic... but unavoidable approach.” Of course,
while this approach is definitely “problematic”, it is only
“unavoidable” in a paradigm which relies on fossils for
dating. Bremer (2002) also claimed that “At least some
reference fossil is necessary for dating”, and Wikstrom
et al. (2001) wrote that ““a single absolute calibration
point has to be selected with reference to the fossil
record”. These authors ignore a vast panbiogeographic
literature and even many orthodox studies which use
correlations with paleogeographic events.

In most phylogeographic studies the fossil record is
taken at face value and the age of a clade is equated with
the age of its oldest known fossil. Node calibrations and
the chronology of the whole phylogenetic tree are based
on these ages. As indicated above, this is simplistic and
misleading.

In a hopeful sign of progress, more and more credence
is apparently being given to the principle that the age of
fossilization of a group is less, to much less, than the age
of being of the group. For example, Smith and Peterson
(2002) wrote that “‘paleontological dates fix only the
latest possible time of divergence”. However, while
many authors pay lip service to this caveat in their
introductions, in their actual analyses most authors
overlook it and shift from explicitly citing ages as
minima, to citing ages as absolute dates. (The habit of
assuming the age of the oldest fossil equals the age of the
taxon is evidently deeply entrenched). The authors then
assume that older geological events cannot be relevant
to the phylogeny, whereas in fact only younger events
can be ruled out. In panbiogeography the age of the
oldest fossil is never assumed to represent the age of the
taxon and so a calibration based on the oldest known
fossil cannot be accepted cither.

For example, Smissen et al. (2003) based node cali-
brations in Scleranthus (Caryophyllaceae) on fossil ages
and concluded that the genus “diverged within the last
10 million years™, whereas this should have been given
as “at or before 10 million years ago”. (This mistake
leads inevitably to others: the authors find themselves
forced to admit that “Clearly, Scleranthus is capable of
long-distance dispersal [from Europe to Australasia,
direct!] despite lacking any obvious adaptations to
facilitate it™.)
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Renner et al. (2000) wrote that “Calibration with a
pollen-based minimal family age of 90 MY... implied
arrivals of Laurelia novae-zelandiae in New Zealand
at ~33 MYA and arrival of Nemuaron in New Caledo-
nia at ~25 MYA” (italics added). However, these dates
for ““arrival” (assuming a dispersal model) will also in
fact be minimal ages.

Renner et al. (2001) claimed that they ‘‘estimate
absolute ages for key divergence events in the history
of Melastomataceae from substitution rates... calibrated
with different fossils”. Again, these estimates are mini-
mum, not absolute, dates. Nevertheless, based on these
dates the authors deduced the usual northern center of
origin followed by Neogene long-distance dispersal into
South America, Africa and Asia.

In their study of Melastomataceae tribe Melastomeae,
Renner and Meyer (2001) wrote that their assignment of
the oldest known fossils of the tribe to the basal node in
a tree could result in “potential underestimation” of the
tribe’s age, as the fossils “may represent a latter stage
during the clade’s history’. This is very likely to be true.
They also argued that the Eocene age of the earliest
fossils of the family “places an upper [i.e., oldest]
boundary on the age of Melastomeae”, but this is not
logical. This Eocene age is a minimum age; it is not a
maximum age for either the family or any group in it.
Renner and Meyer used these arguments and the fact
that all known fossils are in Eurasia to support a center
of origin in western China, followed by long-distance
dispersal around the globe.

Following their calibration of a clock for Myosotis
(Boraginaceae) based on the age of the earliest known
fossils from New Zealand, Winkworth et al. (2002)
suggested that the “‘earliest possible Southern Hemi-
sphere ancestor existed 2.0-14.7 MYA”, whereas this is
in fact the latest possible date.

Wagstaff et al. (2002) calibrated a clock for the South
Pacific Hebe complex (Scrophulariaceae) based on mid-
Miocene fossils (15 Ma), and indicated ‘‘divergence
estimates” of the ‘‘Australasian species clade” at
9.9 Ma and the “Hebe clade” at 3.9 Ma. Again, these
should have been referred to as minimum estimates.
They admit the possibility that older fossils may be
found, but suggest that ‘it would be inconsistent with
this [fossil] record to assume that divergence... occurred
in Gondwanan (Cretaceous) or earlier times”. However,
inferring older events as causative would not be
“inconsistent” with the record, only invoking younger
events would be.

Perrie et al. (2003) calibrated a clock for Polystichum
(Dryopteridaceae) based on the first known fossils of the
family at 140 Ma. (They wrote that the fossil record of
ferns is “particularly good”, but no evidence for this was
cited.) From this they deduce that “It might therefore be
assumed’ that Polystichum and Dryopteris have differ-
entiated “‘within the last 140 Myr”, but this is not

correct. The family is older than 140 Myr, and so the
split between these two genera may well be too.

Hurr et al. (1999) calibrated a clock for Sophora
(Leguminosae) using the oldest known fossil of
S. tomentosa from 30 Ma (S. japonica has older fossils).
They inferred that this “yields times of origin for
Sophora sect. Edwardsia between 9.6 and 8.9 million
years ago” but, again, these are minimum ages and a
correct statement would read: “‘at least 9.6-8.9 million
years ago”. Their claims that they can therefore “elim-
inate vicariance”, that long-distance dispersal “must”
account for the distribution, and that their results give
“clear indication of recent origin” and ‘“‘demonstration
of long range dispersal’’ are thus false. They write that
“it is possible that the fossil data underestimates the
time of origin of the genus in New Zealand™, but fossil
data always underestimate times (Benton and Ayala,
2003; Conti et al., 2004).

For the tenrecid insectivores of Madagascar and
Africa, Douady et al. (2002) wrote that the oldest fossils
are Early Miocene (c. 20 Ma), and that the separation of
Madagascar from mainland Africa occurred between
120 and 165 Ma. They regarded the latter date as “well
before the origin of tenrecids”, but this is not a logically
valid conclusion. In fact, their studies gave a date for the
divergence of the tenrec subfamilies at 53 Ma, which
they claimed is “much older than the fossil record would
suggest”. In fact this date is compatible with the fossil
record which only gives minimum ages.

Two New World plant families, Bromeliaceae and
Rapateaceae, each have a single African species. Givnish
et al. (2004) calibrated a molecular clock for the families
using “Cretaceous fossil information to place minimum
ages on eight monocot nodes”. Despite this, Givnish
and Renner (2004a) found that the African species are
the result of divergence ‘“no earlier than the past 7-12
million years”. This estimate, given as a maximum age
(and used to deduce trans-Atlantic long-distance dis-
persal), is based on a calibration which gives a minimum
age.

Heenan et al. (2002) calibrated a molecular clock for
New Zealand Cruciferae based on results in Koch et al.
(2000) which, although Heenan et al. did not mention it,
are based on oldest known fossils of the family. Heenan
et al. then estimated the ‘“period of evolution” of
Ischnocarpus novae-zelandiae at “‘equivalent to about 1
million years” and Cheesemania latisiliqua at “2.1-3.5
million years”, whereas, again, these are minimum ages,
not “periods of evolution”. Koch et al. (2000) wrote:
“Pollen from close relatives of Cardamine and Barbarea
[Cruciferae] is common in geological samples from the
Pliocene (2.5-5 Ma). Therefore, we assume that Card-
amine and Barbarea diverged about 6.0 MYA”. No
reason for this assumption is given. Why accept only
1 Myr difference between oldest fossil and age of the
group? Why not 2, 10 or 20 Myr? In fact Koch et al.
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(2000) were more open than Heenan et al. (2002) about
the problems their methods faced and wrote that
“Estimates of divergence times are problematic” and
also referred to the ‘“‘great uncertainty associated with
dating speciation events in the fossil record.”

Because of these and other assumptions, the method
of dating nodes using oldest known fossil can hardly
constitute a strong test of vicariance versus dispersal, or
indeed anything else.

As Conti et al. (2004) pointed out, “When [oldest]
fossils are used to provide minimal ages of the subtend-
ing stem linecages, and if those minimal ages are
interpreted as estimates of actual ages, then one inev-
itably obtains a systematic underestimation of diver-
gence times.”

Some more critical assessment of calibration has
recently begun to appear. For example, in a paper on
molecular dating by Van Tuinen and Hadly (2004), ““the
focus is primarily on fossil calibration error because this
error is least well understood and nearly universally
disregarded.” However, these authors concentrated on
error in dating strata and error in placing fossils on a
tree, and did not deal with sampling error in the fossil
record, which is likely to be an even greater source of
error (witness the new oldest fossils cited above).

Magallon (2004) noted that ““a temporal difference of
unknown magnitude exists between lineage splitting and
a clade’s appearance in the fossil record... Absence of a
fossil species at a given level below (or above) its
observed stratigraphic range means either that the
species had not originated (or was extinct) by the time
of deposition or that the species was alive but was not
preserved in the fossil record.” In fact, fossils may have
been preserved, they just haven’t been found vyet.
Magallon has overlooked the importance of the huge
sampling error in fossil collection, highlighted by the
“new oldest” fossils cited above. A thick stratum,
representing a very long period of geological time and
large geographic space, may be represented by a single,
small fossil locality (or none). A geologist can only crack
open so many rocks in a day and may only have limited
time at a site.

Magallon (2004) discussed various methods pro-
posed for calculating confidence intervals for estima-
ted dates for clades from the fossil record; these are
hardly convincing and Givnish and Renner (2004a)
noted, rather unenthusiastically, that “The construc-
tion of stratigraphic confidence intervals from the
temporal distribution and abundance of known fossils
may, to a limited extent, help compensate for inherent
uncertainties in the record” (italics added). As Bro-
chu (2004) pointed out, methods for assessing the
confidence limits of a fossil range or extracting an
actual divergence date from the fossil record ‘“‘require
information about stratigraphic sampling that we
simply do not have for most groups... and these

methods can themselves be very sensitive to a priori
assumptions.”

Calibrations based on the age of the strata to which taxa
are endemic

A common error that biologists make in reading
geology involves taking geologists’ suggestion that
“there is no evidence for land” in a region for a
particular period to mean ‘“‘there is evidence for no
land”. This has led biogeographers to believe that the
age of an island (i.e., the currently exposed strata)
“indirectly places a maximum age limit on any endemic
plants that have evolved in situ” (Baldwin et al., 1998).
Likewise, Richardson et al. (2001b) claimed that the age
of endemic taxa on volcanic islands can be ‘“‘precisely
measured” by dating the age of the volcanic strata they
currently live on. This is simply not true, as it assumes
the species have always lived, and only ever lived, on
that particular volcanic stratum. These authors dated
the “radiation” of the South African Cape flora from
the fact that some species of the shrub Phylica
(Rhamnaceae) and its sister genus Nesiota are endemic
to volcanic islands of known age. They wrote that “two
critical points of calibration were known”. First, one
species of Phylica occurs only on Mauritius and
Réunion, and as the latter is only 2 Myr old, they
assumed the species dispersed there from Mauritius, the
older island. They acknowledged no other possibility,
such as the former presence of other islands close to or
at the current location of Réunion. Secondly, Nesiota is
endemic to St Helena, known to be 14.3 Myr old, and so
it was inferred that this was the age of the split between
Nesiota and Phylica.

After landbridges were discredited, biologists
assumed that this left long distance dispersal from a
mainland or from other current islands as the only way
taxa on “oceanic” islands could establish. This over-
looks the fact that volcanic islands are individually
ephemeral but are always forming at oceanic plate
margins (such as St Helena) or at hot spots (such as
Mauritius and Réunion). It is unlikely that the current
volcanic islands at these sites are the first to be formed
there; probably they are only the latest in a long history
of island formation and disappearance.

The possibility that plants on volcanic islands might
be substantially older than the very young stratigraphy
they currently grow on, for example by surviving on
older strata or islands that are now eroded, buried or
subsided, negates the central argument of dating taxa
with age of strata. Lactoridaceae are endemic to the
geologically very young Juan Fernandez Islands. The
family has been dated to more than 125 million years
using a molecular clock (Wikstréom et al., 2001), so some
authors might argue it is obvious that they were
somewhere else before the current islands emerged.
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However, Lactoris may have always been in this region,
surviving on small, geologically ephemeral volcanoes.
Many other authors have also recognized this phenom-
enon.

For example, unlike many botanists who have denied
that there is a true Polynesian flora, Philipson (1970)
argued that plants endemic there, such as Meryta
(Araliaceae), Tetraplasandra (Araliaceae), Fitchia (Com-
positae), Sclerotheca (Campanulaceae), Vaccinium sect.
Macropelma (Ericaceae) and many others, indicate that
“the southern Pacific islands must be credited with a
flora specific to this region... Clearly land has been
present for long periods in this area of the Pacific
because well-marked genera are endemic to it. The flora
characteristic of this region could survive provided a few
oceanic volcanoes projected above the sea at all times.
Such oceanic islands characteristically rise and fall
relative to sea-level so that they are precarious foot-
holds for a flora, but collectively they form a secure
base.” In this view, new individual islands will be
colonized by ordinary, everyday movement, an observ-
able ecological phenomenon (very different from long-
distance dispersal and founder effect) which functions
using ordinary means of survival.

Cowie (1996) reached similar conclusions in his
discussion of the families of large Pacific island land-
snails, Partulidae, Amastridae and Achatinellidae: “dis-
persal from island to island as new islands form and old
islands disappear seems the only logical explanation for
the continued presence of these groups [which are]
generally considered relictual in the Pacific.”

Paleogeographic details of islands are generally not
known and probably never will be known. Small islands
and hotspots come and go, and geologists have little
expertise or interest in knowing whether any land, even
a small area, remained above water at a particular time.
Volcanoes are geologically ephemeral features, often
lasting no more than a million years, and usually only
belts or phases of volcanism, not individual volcanoes,
show up in the record. On the other hand, living taxa, at
least in certain groups, are capable of surviving as a
metapopulation more or less in situ on very small areas
of land coming and going in a sea. Although the
distribution patterns of such taxa are hardly ever taken
seriously because of the assumption of chance dispersal,
and so not studied in detail, they probably provide much
more information on paleogeography than the dates of
currently exposed volcanic strata.

The sort of argument used by Richardson et al.
(2001b)—that an endemic on a volcanic island can only
be as old as the island or have reached it from other
current land masses by long-distance dispersal—is a
fundamental tenet of Matthewian biogeography, but is
based on unwarranted assumptions. Nevertheless, their
article was published in a prestigious journal, and the
method they used and the ‘“‘rates of evolution” they

deduced will be cited by dozens of other studies as
authoritative. Already, for example, Kimball et al.
(2003) have dated the core group of Coreocarpus
(Compositae) as one million years old “because the
basal species is endemic to a volcanic island that
emerged in the past million years”, and these authors
cited Richardson et al. (2001b) as support for this
methodology.

Calibrations based on the age of paleogeographic events

Most of the standard correlations between distribu-
tion and paleogeographic events used to calibrate clocks
are highly simplistic. A classic example is the final rise of
the Isthmus of Panama at about 3.5 Ma. This is one of
the most important dates in dispersal biogeography as it
is supposed to mark the beginning of the “Great
American Interchange” of terrestrial faunas, one of
the central pillars of the dispersalist approach (Wallace,
1876; Stehli and Webb, 1985). The rise of the Isthmus is
also widely assumed to have brought about vicariance
between Atlantic and Pacific marine taxa and so the
3.5 Ma age of the isthmus is very often used as the basis
for clock calibrations. In other words, bad biogeography
is used to produce bad calibrations which are then used
to produce more bad biogeography. However, many
authors have pointed out (so far to little avail) that
many Atlantic/Pacific pairs of taxa must have diverged
well before the final rise of the isthmus (Heads, in press
b). Croizat (1975) questioned the significance of the
Isthmus of Panama and emphasized instead the complex
geological history of the Colombia-Central America
region. Other geologists and biologists have also sug-
gested earlier isthmian links between North and South
America in the late Mesozoic and early Cenozoic that
may have led to Pacific/Atlantic isolation and differen-
tiation of marine taxa.

White (1986) suggested this for nearshore fishes
(Atherinidae) and Savin and Douglas (1985) also
referred to many openings and closings of the Isthmus.
Rosen (1988) observed that although the differentiation
of the main centers of endemism for reef corals, the
Atlantic and Indo-Pacific regions, was often attributed
to the Pliocene emergence of the isthmus, the emergence
actually long postdates faunal differentiation of reef
corals (early Cenozoic based on age of fossilization, and
so possibly much older).

de Weerdt (1990) commented that “The Pliocene
uplift of the Panamanian Isthmus is generally recog-
nized as the vicariance event leading to sister-group
relationships at both sides of the Isthmus... The
conspecificity of the Brazilian and eastern Caribbean
populations of Millepora squarrosa [a hydrocoral] does
not fit very well with this timing, since the age of the
Amazon-Orinoco barrier has been hypothesized... to be
of Miocene age, thus older than the Isthmus. Glynn
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(1972, 1982) has presented the hypothesis that a
restriction of flow across Central America occurred
already before the rise of the Isthmus... It is suggested
that the speciation of the ancestor of M. squarrosa and
[its Indo-Pacific sister species] M. platyphylla into these
species has taken place before the rise of the Isthmus...”

Likewise Knowlton (1993) suggested that at least
some of the trans-Panama species pairs of the snapping
shrimp Alpheus may have diverged before the final
closure of the Panama seaway, in a pattern of staggered
rather than simultaneous isolation. Knowlton and
Weigt (1998) estimated times of separation of trans-
Panama pairs of Alpheus ranging from 3 to 18 Ma for 15
species pairs. They assumed that the divergence of the
pair with the least difference was due to Isthmus closure,
but this pair too may have diverged well before this.

For the Strombina group (Scolumbellidae) of gastro-
pods in the Caribbean and Eastern Pacific, sequential
vicariance was also proposed based on fossil evidence of
divergence prior to 3.5 Ma; there was already substan-
tial divergence at the subgeneric level at 5.0 Ma (Jack-
son et al., 1993). Banford et al. (1999) suggested that
divergence between Pacific and Atlantic members of
Spanish mackerels (Scomberomorus: Scombridae) took
place at around 6.3 Ma, again predating the closure of
the isthmus.

For trans-isthmian species of the muricid Plicopur-
pura, molecular data give a predicted time of divergence
of between 5.6 and 11.4 Ma, “consistent with the
hypothesis that many geminate species [closely related
species pairs] were divided long before the final closure
of the Panama seaway” (Cunningham and Collins,
1994). These authors concluded that ‘“‘Paleontological
and molecular data agree that the separation of taxa on
either side of the Isthmus of Panama was not a singular
event, as had previously been supposed, but most likely
took place over millions of years”.

These conclusions have been almost universally
ignored by the many authors who continue to rely on
the final closing of the Panama seaway to date nodes on
trees and calibrate molecular clocks. As Knowlton and
Weigt (1998) concluded: “Many past studies may have
overestimated rates of molecular evolution because they
sampled [trans-Panama] pairs that were separated well
before final closure of the Isthmus.”

Finally, Muss et al. (2001) suggested that because the
Atlantic and Pacific species of Ophioblennius probably
diverged prior to the closure of the Isthmus of Panama,
“a geologically calibrated clock is unavailable”. This
indicates the narrow approach of many contemporary
studies and the excessive reliance placed on this single
feature. Of course there are many other geological
features in the Pacific and Atlantic Oceans that could be
used in calibrations, but for some reason never are.

Another example of calibration based on naive
correlations with tectonics is provided by Buckley et al.

(2001) in a study of New Zealand cicadas. The authors
based their calibration on an inferred date of 5 Ma for
the radiation of the “‘alpine Maoricicada species”,
“because the New Zealand alpine habitat is only 5
million years old”. They probably read that the South-
ern Alps are only 5 Myr old, but there is a vast amount
of evidence for mountains in New Zealand prior to this
(Heads, 1990). In any case, by using this calibration to
estimate the ages of Maoricicada campbelli haplotypes,
Buckley et al. ignored the fact that M. campbelli does
not require alpine habitat; it occurs from “‘low elevation
to subalpine regions”. Indeed, most of the ‘“alpine”
species of Maoricicada occur below alpine altitudes (10
out of 14 have populations at less than 1000 m, and
several are in the lowlands; Dugdale and Fleming,
1978).

Case studies in phylogeography
Studies on echinoderms

Waters and Roy (2004) sought to explain the distri-
bution of the starfish Patiriella exigua which ranges
from St Helena to SE Australia and Lord Howe Island.
They claimed that this standard Indian Ocean-centered
distribution is “‘unusual”, and because their cladogram
for the populations is more complex than a simple
Africa/Australia split by continental drift they inferred,
incorrectly, that the distribution cannot be the result of
vicariance. This is an example of assuming that vicari-
ance can only be the result of Gondwana breakup (cf.
Swenson and Bremer, 1997; Sanmartin and Ronquist,
2004; discussed above). The distribution of Patiriella
may involve vicariance prior to the Africa-Australia
split and/or the relevant geology may be more complex
than a simple split. In fact, the genetic clades within the
species show striking vicariance—Waters and Roy term
it “marked phylogeographic structure”—“evident
across small geographic scales in Australia and South
Africa”, which basically means throughout the species’
range. As the authors admit, this structure “indicates
that gene flow among populations may be generally
insufficient to prevent the local evolution of mono-
phyly.” In other words, dispersal is not important and
vicariance is. In fact, the basal split in the species is
between the Cape Town-Amsterdam Island populations
and all the others. No explanation for this or any of the
other vicariance is given; Waters and Roy merely state
that “Organisms that possess strong migratory ability
can undergo major range expansions through the
colonization of new regions.” However, there is an
important difference between what an organism can in
theory do in terms of colonization and what it actually
does in practice. In fact, any organism, given suitable
ecology, can undergo massive range expansion, whether



M. Heads | Cladistics 21 (2005) 62-78 71

or not it has especially ‘strong migratory ability”’, since
all organisms have the power to move at some stage in
their life cycle. For example, there are weedy species of
snails, worms, etc. that have invaded very large areas.
Conversely, many species with very high “migratory
ability”’, such as albatrosses and fruit bats, can in
theory, but do not in practice, undergo major, rapid
range expansion. In any case, strong migratory ability in
Patiriella does not explain the main pattern of “marked
phylogeographic structure”.

Despite their interesting evidence of vicariance,
Waters and Roy concluded lamely that “small” genetic
divergences between African and Australian haplotypes
“strongly suggest Pleistocene dispersal”. As pointed out
by many authors, degree of divergence is a guide neither
to the time involved in evolution, nor the age of that
evolutionary event. Waters and Roy claim that their
study ““is one of the first to provide convincing evidence”
and even “‘compelling evidence” of long-distance raft-
ing. But examples of very closely related taxa and
populations from distant localities—which, along with
highly structured vicariance, is all they have demonstra-
ted—have been known for centuries. The interpretation
of these patterns remains controversial.

Waters and Roy (2004) argued that ““Phylogeography
has transformed biogeographical research, a field previ-
ously dogged by rhetoric and speculation, into a
rigorous discipline centered on hypothesis testing
(Wallis and Trewick, 2001).”” This is simply propoganda
and in fact, as Ebach and Humphries (2002), Nelson
(2004) and others have argued, there has been no
transformation at a conceptual level, but rather a
notable regression to the theory of the 1940s. The
phylogeographers have confused technical progress with
conceptual advances. The theory and practice of phy-
logeography are not centered on hypothesis testing but
on reiterating the preconceptions of Matthew (1915) and
the New York school of zoogeography. Its practitioners
are unaware of this because they themselves are often
not biogeographers and have little knowledge of that
subject or its history.

Waters and Roy (2004) concluded their paper with the
revealing sentence: ‘‘Several recent phylogeographic
studies have included statistical tests of dispersal hypo-
theses and have been published in high-profile biology
journals™ (references cited), as though the “profile” of
the journal should be used in assessing whether or not a
study’s conclusions make sense.

In a study of the widespread sea-star genus Coscin-
asterias, Waters and Roy (2003) reached similar
conclusions to those of their 2004 paper. Again,
haplotypes exhibited ‘strong phylogeographic struc-
ture”, and again any mention that this is vicariance
is carefully avoided. The curious claim is made that the
presence of ‘“related haplotypes” on Tasmania and
New Zealand “‘suggests that long distance dispersal is

an important biogeographical process”, but this rela-
tionship could also be caused by vicariance. The
assumption that degree of difference is proportional
to time and that the calibration is reliable is made
throughout the paper. Thus, what are supposedly
“shallow” genetic differences mean that vicariance
can be “clearly” rejected, and again the authors boast
that their data provide “‘strong” evidence that the
distribution is attributable to long-distance dispersal.
Waters and Roy write, correctly, that while a number
of studies use the final rise of the Isthmus of Panama
as a means of calibrating molecular clocks, “such clock
calibrations should be treated with caution”. However,
they themselves apply molecular calibrations derived
from sister taxa isolated by the Isthmus of Panama.
This is the basis of their ‘strong” evidence and “clear”
rejection of vicariance.

Studies on Madagascar
1. Chameleons

Several studies (Klaver and Boéhme, 1986, 1997,
Hofman et al., 1991) have supported a vicariance model
for chameleon biogeography. A recent phylogeographic
analysis of 52 chameleons (Raxworthy et al., 2002)
found six major clades, with the terminal three distri-
buted in Madagascar-Seychelles, Africa-India, and
Madagascar-Comoros-Réunion. This very interesting
overall vicariance is not even mentioned by the authors.
Instead, they claim that the cladogram cannot be
reconciled with “proposed” Gondwana breakup mod-
els. However, again, the chameleons may be older than
the breakup, or the relevant geology may be more
complex than a simple split. Neither of these possibilities
is mentioned by Raxworthy et al. who instead invoke an
“out-of-Madagascar” model. This is a classic case of
assuming over-water, chance dispersal, rather than
actually analyzing patterns and investigating whether,
for example, the two clades that occur in Madagascar
are distributed differently there. Raxworthy et al. found
what they called “corroborating evidence” for oceanic
dispersal in the fact that the volcanic Comoro Islands,
formed between 0.13 and 5.4 Myr ago, have endemic
chameleons, whose direct ancestor “could only” have
reached the archipelago by means of “oceanic disper-
sal”. This makes the drastic assumption (again, not
mentioned) that there has been no prior land in the area.
(McCall, 1997, has suggested emergent land through
Eocene-Miocene time along the Davie Fracture Zone of
the Mozambique Channel, and the Comoros have
formed at a hot spot; Kearey and Vine, 1996.)
Raxworthy et al. proposed that molecular clock diver-
gences, based on estimated rates for other ectotherm
vertebrates, are also ‘“‘consistent” with the post-
Gondwana model, but they do not say how these
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ectotherm rates were calibrated. Rieppel (2002) asserted
that Raxworthy et al.’s study “confirms that dispersal is
important”. However, he also noted that the occurrence
of groups such as chameleons, freshwater fishes and
terrestrial mammals in Madagascar “has been seen as
paradoxical”, since their origin is assumed to postdate
the separation of Madagascar and because they are
considered to be poor dispersers. He concluded by
admitting that “How chameleons managed to disperse
across the ocean must remain a matter of speculation”
(cf. Waters and Roy’s, 2004 claim, cited above, that
phylogeography has moved beyond speculation).
Thus phylogeography, like Matthewian dispersalism
in general, does not solve biogeographical problems
but simply leads into a morass of mysteries and
paradoxes.

Townsend and Larson (2002) studied 57 chameleons
and produced a rather different cladogram to that of
Raxworthy et al. They found a level of divergence about
10% lower than expected for a cladogenesis associated
with Gondwanic fragmentation, but did not indicate
how their clock was calibrated.

2. Tree frogs

In hyperoliid tree-frogs, the Madagascan genus
Heterixalus is sister to Tachycnemis of the Seychelles,
and this grouping has usually been explained by
continental drift (Richards and Moore, 1996) and
vicariance. However, Vences et al. (2003) argued that
“Although vicariance often offers more appealing
explanations, dispersal hypotheses should not be disre-
garded for Malagasy frog radiations... [they cite “island
hopping from Africa” and “rafting’]... Presence of the
Hyperoliinae [tree frogs] on the Madagascar-India
continent implies a very early age of their evolution
[and vicariance]. Such an assumption, however, meets
with several contradicting facts. The first problem is the
absence of these frogs in South America... Madagascar
was apparently connected with South America via the
Kerguelen plateau and Antarctica in the late Creta-
ceous... It is difficult to understand why such a vagile
group would not have been able to colonize [South
America).” The absence of these Madagascar-Seychelles
frogs from South America is not a “contradictory fact”,
simply a standard pattern. Vences et al.’s argument does
not follow logically but is a classic dispersalist line of
reasoning. It was used by Wallace (1998), for example,
in arguing that Madagascar cannot have been connected
with southern Asia at the time that groups such as
squirrels, deer and antelope existed in Asia, otherwise
they would have migrated into Madagascar. Likewise,
Vences et al. also observed that the Madagascar-
Seychelles tree-frogs were not in India either, but again,
why should a group on the Madagascar-Seychelles-
India continent be assumed to have ever ranged

throughout? In another example, authors often seem
to feel that if a group was in part of Gondwana it must
have been throughout, and if it wasn’t throughout, then
it can’t have been in Gondwana at all. In other words
they assume that the Gondwana biota was homogen-
eous, which is surely unreasonable. None of the current
continents (except perhaps the glaciated wastelands of
the north) have anything like a homogeneous biota, and
a supercontinent would probably be even more diverse.
Just because a “‘vagile” group can colonize, does not
mean that it actually will. Practically any group on a
continent shows vicariance within the continent. A
classic insular example of lack of dispersal are the birds
of paradise on New Guinea, which should be able to
colonize the large islands of the nearby Bismarck
Archipelago easily but for some reason never have
(Croizat, 1958; Heads, 2001, 2002).

Vences et al. (2003) also suggested that the “low”
genetic distance between the Malagasy and Seychelles
frogs imply that they “may not well be explained by
vicariance”, which would require ‘“‘unprecedentedly low
substitution rates”. However, they admitted that
“molecular clock estimates are often of limited value...
and no calibrations are so far available for the
Hyperoliinae.” In a different approach, Bossuyt and
Milinkovitch (2001) calibrated the Madagascar versus
India—Seychelles split in Ranidae (i.e., Mantellinae
versus Rhacophorinae) using the date of the geological
split between these areas (88 Ma).

3. Tenrecs

Tenrecs (Insectivora,Tenrecidae) comprise four sub-
families, one on mainland Africa and three endemic to
Madagascar. Using a molecular clock, Douady et al.
(2002) estimated the split between the African subfamily
and one of the Madagascar subfamilies at 53-51 Ma,
much older than the oldest fossil tenrecid (20 Ma). No
information on mode of calibration of the tree or even
citation of relevant literature was given. The node was
obviously not calibrated at the date of the split of Africa
and Madagascar (165-120 Ma), although this would be
reasonable (cf. Bossuyt and Milinkovitch, 2001; cited
above). Based on their calibration, Douady et al. argued
that “dispersal events” are required and concluded, as
usual, that “the mechanism by which tenrecids arrived
in Madagascar remains unclear”. These burrowing
animals would seem to be unlikely candidates for long
distance dispersal by rafting or island-hopping.

Discussion
The most critical point in inferring dates from a

molecular phylogeny is how the initial dates were
calibrated. In many cases this is simply not mentioned
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(e.g., Lockhart et al., 2001; Douady et al., 2002). In
most cases (for example, Richardson et al., 2001a;
Pennington et al., 2001; Verboom et al., 2003), calibra-
tion is based on results from another paper, which is
cited, but no other information on calibration is given.
Verboom et al., 2003, cited Bremer, 2002, who in fact
used age of oldest known fossils). The chronology in a
paper by Klak et al. (2004) is crucial to their whole
argument of “‘unmatched tempo”, “‘remarkable speci-
ation bursts”, “very recent and very rapid diversifica-
tion”, etc. However, it is based entirely on calibrations
given in Wikstréom et al. (2001) and no other informa-
tion is given as to how the calibration was made. This
makes it impossible to assess the value of the results in
Klak et al.’s paper without referring to the Wikstrom
et al. study (which was in fact based on the age of oldest
fossils). This practice of not giving details on the mode
of calibration is unsatisfactory and already involves a
huge literature that is difficult to assess. It should at least
be mentioned whether the original estimate is based on
correlation with fossil age, with the age of strata, or with
the age of paleogeographic events. The trend towards
not citing mode of calibration is more than just a minor
technical oversight; it reflects the attitude that the dates
inferred in any molecular study are more or less correct
and of great interest, and that the method of calibration
is of only minor relevance.

Other methodological inconsistencies in calibrating
molecular trees have been pointed out by some critics.
For example, Shaul and Graur (2002) noted that the
choice of calibration points for converting genetic
distance to evolutionary rate is high on the list of
factors contributing to variation in divergence date
estimates for the same event. They investigated the use
of secondary, or indirect, calibration points—divergence
time estimates derived from one molecular dataset on
the basis of a primary external calibration point (usually
age of the oldest fossil) which are used again independ-
ently of the original external calibration point on a
second dataset. Secondary time estimates are used
frequently. “Unless particular care is exercised, this
practice leads to internal inconsistencies, and the
inferred dates of divergence are by necessity unreliable.”
“Derivation of divergence dates from molecular data is
a complicated proposition even at the best of times...
and using secondary calibration times complicates
matters unnecessarily. As an extreme measure we would
suggest not to derive divergence dates from molecular
data at all.”

Graur and Martin (2004) extended these observations
in an amusing critique (but see van Tuinen and Hadly,
2004). They noted that molecular evolutionists (mainly
Hedges and colleagues) have produced a plethora of
seemingly precise dates for a range of divergence events.
The appearance of accuracy has an “‘irresistible allure”,
but the “illusion of precision” was achieved mainly

through the “‘conversion of statistical estimates into
errorless numbers”. By employing such techniques
successively, time estimates were made to look decep-
tively precise. They relate ““a dating saga of ballooning
inapplicability and snowballing error” in which molecu-
lar equivalents of Archbishop Ussher’s date of the first
day of creation (23 October 4004 Bc) “have been mass
produced in the most prestigious biological journals...
As the saga proceeds, fewer and fewer estimates are
derived from the original synapsid-diapsid calibration
event and—subtly but surely—more and more are based
on the secondary, tertiary and higher order deriva-
tions... The continuation of the saga is as predictable as
it is outlandish... We might ultimately be able to tell
whether the human—chimpanzee divergence occurred on
a Monday or not... The appearance of accuracy and the
high-quality artwork have resulted in hundreds of
citations in which such dates were accepted as factual.
Unfortunately, no matter how great our thirst for
glimpses of the past might be, mirages contain no
water... Despite their allure, we must sadly conclude
that all divergence estimates discussed here... are
without merit.”

Apart from the obvious technical advances, molecular
biogeography, or phylogeography, resembles traditional
biogeography in many ways, and both study the spatial
distributions of characters and taxa. The results of the
former are notable for the very high levels of vicariant
phylogeographic structure they have revealed. Perhaps
the main way in which phylogeography differs from
previous biogeography lies in its claim to be able to date
evolutionary events. Because of this, phylogeography
also claims to be able to test whether an event is due to
vicariance or dispersal. However, there are notable
difficulties with this line of reasoning. Perhaps the most
common fallacy involves calibrating nodes on a tree
with the oldest known fossil of a group. The nodes are
then given as absolute or maximum dates, and older
geological events are dismissed as irrelevant. However,
in fact the nodes will all indicate minimum dates, and
only younger geological events can be disregarded.
Problems with substitution models are much more
difficult and probably more serious, but are not
addressed here.

It does appear that modern phylogenetics and phylo-
geography have reverted to an early 1960s, pre-Brundin
outlook. A good example of this is the erroneous idea
often used in phylogeographic work (but criticized by
Sparks, 2004), that small sister taxa—"basal” groups—
are primitive and ancestral, and located near the group’s
original center of origin. In fact, a “basal” group is just
the smaller of two sister groups. Both will have the same
age and neither one is derived from the other.

Thus, phylogeography generally presents a technically
advanced form of founder dispersalism, based on the
same key concepts of “‘center of origin” and “‘means of
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dispersal”. The modern phylogeographers are the epi-
gones of the early twentieth century dispersalists, held in
thrall to the idea of dispersal from a point center of
origin, the simplicity of which ‘“‘captivates the mind”
(Darwin, 1971). Like all the German idealists they
accept that the ancestor of a group was originally
monomorphic and that the descendants have diverged
(not evolved in parallel) and, in particular, they share
with Mayr (1942) and Hennig (1966) the idea that the
most primitive, “‘basal”’ taxa occur at the center of
origin, while the advanced ones have migrated away (the
“Progression Rule”; cf. Avise, 2000).

In sum, as Ebach and Humphries (2002) noted:
“Phylogeography has re-invented dispersal biogeogra-
phy... Phylogeography is limited in its perspective, as it
has not overcome the logical hurdles already addressed
in cladistic biogeographical methodology over the last
two decades.” Humphries (2000) observed that “despite
four decades of analytical criticism, narrative biogeog-
raphy [based on Hennig’s ‘“‘progression rule” or its
opposite] still seems to persist and is indeed growing
with renewed vigour amongst contemporary evolution-
ists. Fossils and ancestors still assume cardinal import-
ance and centers of origin are alive and kicking.” Nelson
(2004) agreed, writing that the paleontology of earlier
authors, especially Matthew and Simpson, ““is revived in
molecular systematics of the present, in the search for
ancestors and centers of origin.”

Cladistics was an attempt to get away from using an
absolute degree of difference in systematics. But in
modern phylogeography the degree of difference is still
taken to be meaningful and even of fundamental
importance, especially with respect to time. This again
follows the ideas of Matthew (1915) who wrote, for
example, that “the Malagasy mammals point to a
number of colonizations of the island by single species
of animals at different times.” Degree of divergence,
whether molecular or morphological, may have very
little to do with the age of a group, and may indeed be
determined largely by the prior evolutionary potential of
the group. Under this view, in any given phase of
evolution, for example, during a period of rifting, some
groups will diverge to generic level, others to species
level, and others may diverge only cryptically or not at
all. This explains why the same biogeographical pattern
is always held by taxa of different rank (Heads, 2004).
The different groups sharing the same distribution
always involve differing degrees of differentiation due
to differing original genetic potential and thus different
responses in a single phase of evolution. Phylogeogra-
phy, however, assumes that the pattern, and the
differing degrees of difference, are due to different
phases of evolution and thus sees the groups as having
different histories. The biogeographical pattern is
assumed to be a pseudo-pattern caused by chance
congruence. This is just chance dispersal all over again.

In exemplary molecular studies of cichlid fishes,
Sparks (2004) and Sparks and Smith (in press) found
two main clades in the family, one in Madagascar,
Africa and America, and one in Madagascar, India and
Sri Lanka. They concluded that these relationships “are
congruent with prevailing hypotheses regarding the
sequence of Gondwanan fragmentation and a vicariance
scenario to explain the current distribution of cichlid
fishes.”

Sparks observed that “A vicariance scenario for
cichlids is disputed by some paleontologists, given that
acanthomorphs do not appear in the fossil record until
the Upper Cretaceous..., that there are no unquestion-
able Cretaceous perciforms... and that representatives
of Madagascar’s extant freshwater fish groups are
absent from Cretaceous deposits examined to date on
the island... However, there is a global paucity of early
Cretaceous through Mid-Paleocene freshwater teleost
fossils which is presumably attributable to a scarcity of
fossil-bearing freshwater rocks of Cretaceous age...
Given that there is a notable gap in the acanthomorph
fossil record extending from the Late Cretaceous to the
Late Paleocene era, by which time an incredibly diverse
fauna has evolved... there is no reason to dismiss the
possibility that the fossil record is likewise misleading to
date with respect to the origin of percomorph fishes...’
Recent discoveries of well-preserved fossil cichlids from
the Eocene of Tanzania “illustrate just how quickly and
substantially our notions have changed regarding a time
of origin for cichlid fishes”. These fossils are dated at
46 Ma, whereas prior to their discovery and accurate
dating cichlids were only known back to 36 Ma. The
fossil taxa “‘appear to be very derived and similar to
modern African lineages”.

“Rapid diversification of cichlid lineages (especially
east African forms) has been reported time and again in
the literature; however, here we have a well-documented
example of morphologically conserved forms persisting
in eastern Africa for nearly 50 Myr. What do these
recent fossil discoveries imply about the age of cichlid
fishes? If 46 Myr fossils appear virtually indistinguish-
able from modern forms, and are nested well within the
African assemblage, certainly cichlids are much older
even than these fossils (i.e., Cretaceous in age). More-
over, topologies recovered for Cichlidae and aplochei-
loid Kkillifish, the only two groups of freshwater fishes in
Madagascar with broad Gondwanan distributions, are
not only congruent with each other, but also with
prevailing hypotheses regarding the sequence of Gon-
dwanan break-up in the Mesozoic. These repeated
patterns are intriguing and may well point to a common
cause.”

Note that Sparks and Smith did not present
a calibrated molecular clock or tree with precise
dates—this would have added very little to their clear
and logical conclusions. Their emphasis is instead on the
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topology of the tree, the distribution of the clades, and a
critical reading of the available fossil record.

Conclusions

In a special issue on intercontinental tropical disjunc-
tions (Givnish and Renner, 2004a), Givnish and Renner
(2004b) noted that all the contributions calibrated
molecular trees using the age of the oldest known fossil
of the group. They found it “surprising” that most
studies in the symposium concluded that long-distance
dispersal was pervasive. However, it seems anything but
surprising, given the methodology. Matthewian biogeo-
graphy was based on a literal reading of the fossil record
and concluded in favor of dispersal, and it is inevitable
that a molecular biogeography which calibrates trees on
a literal reading of the fossil record will reach the same
conclusion.

Critics sometimes suggest that panbiogeography
advocates ignoring the fossil record, but this is not true.
Biogeographical analyses should incorporate all records,
living and fossil, and aim at an integration of the two.
Matthew’s (1915) maps provide a splendid example.
Fossils provide a tremendous source of information on
minimum ages and phylogeny of particular groups, and
the broad change in form seen between fossils of, say,
the Mesozoic and Cenozoic is, as the names suggest,
dramatic evidence of evolution. However, a literal
reading of the fossil record is unrealistic and reliance
on it has led to the house of cards that is modern
phylogeography. The consensus among many molecular
biogeographers exists only because authors who use the
same assumptions cite each other’s conclusions as
supporting evidence.

Pennington et al. (2004b) discussed how to choose
between using geological events or fossils in calibrating
nodes on a tree. They concluded that the high frequency
of long-distance dispersal “‘highlights the danger” of
using geological events, especially “old” ones, because
patterns will have been obscured. However, we only
know that long-distance dispersal is frequent because
the dates of many nodes in many papers (e.g., in
Pennington et al., 2004a) are recent, and we only know
they are recent because they were calibrated with fossils.
This sort of reasoning is hardly convincing.

Critics have observed a “‘strong and persistent desire”
(Near and Sanderson, 2004) and a ““great thirst” (Graur
and Martin, 2004) to know the divergence dates of
clades and it seems a certain impatience has clouded
judgment and led to rushed conclusions in many
molecular studies. Good science requires a degree of
caution and scepticism and systematists should con-
stantly, critically examine the basic assumptions their
methodology involves, rather than taking them for
granted or sweeping them under the carpet.

With millions of species and now DNA sequencing,
biology has an immense amount of information on
differentiation in space; virtually infinitely more than
geology, with its few hundred major minerals. But
biology still lags a hundred years behind geology in all
aspects of mapping (Heads, in press b) and the use of
“chance dispersal” means biology has nothing to offer
its sister science. Ideally, as in the work of Wegener
(1924), biology should be able to make fundamental
contributions to tectonics. Molecular phylogenetic
work is invaluable, but the emphasis should be on
intensive sampling phylogenetically and geographic-
ally. Detailed mapping of clades is essential to permit
correlation of distributions with different events in
earth history. This is not necessarily a straightforward
process, as geological features such as major faults
and fracture zones are reactivated repeatedly over long
periods of time. However, in the long term this should
be a more profitable line of inquiry than the current
emphasis on calibrating molecular divergences with
fossils.
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