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Albumin and Australian Frogs:

Molecular Data a Challenge to Speciation Model

Abstract. Vertebrate speciation in the southwest of Australia has long been viewed
as resulting from multiple invasions of eastern source stocks during the Pleistocene.
Microcomplement fixation studies of serum albumin evolution in frogs of the genus
Heleioporus provide the first hard data on age and phylogenetic relationships among
species in this genus and lead to rejection of the multiple invasion model in favor of
speciation occurring in Western Australia. The albumin molecular clock was used to
estimate that the species divergences in this genus occurred between 4 million to 12
million years ago in the late Tertiary (Pliocene-Miocene), rather than in the

Quaternary (the last 2 million years).

Ideas on the biogeography of southern
Australia have been influenced by allo-
patric speciation models that were based
on isolation by deserts or marine barri-
ers. In Western Australia the absence of
the major geographic barriers presumed
essential for allopatric speciation led
Main et al. (I) to propose a model of
repeated invasions of source stocks from
eastern Australia to account for the high
species diversity in several genera of
frogs in Western Australia. This ‘‘multi-
ple invasion hypothesis,”” which White
(2) recently described as ‘‘ingenious,
even if completely imaginary,’” has been
widely adopted to explain species diver-
sity in many vertebrate and invertebrate
taxa (3).

For the past quarter of a century this
multiple invasion hypothesis has enjoyed
widespread popularity, in part because
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of its general applicability to so many
taxonomic groups, but also because pre-
viously (4) there have not been new data
available to test objectively the validity
of this model.

Initially, the hypothesis suggested that
there were two source stocks per frog
genus in eastern Australia and that frog
stocks were dispersed from east to west
across the continent during Pleistocene
glaciations. During interglacials, gene
pools were disrupted, and the eastern
stock and its western cognate popula-
tions diverged. Main et al. (I) recognized
up to three migration and differentiation
cycles. The model was based on infor-
mation on the structure of male adver-
tisement calls, the results of artificial
hybridization studies, information on
morphology, and knowledge of the
breeding ecology of frogs in three gen-
era: Heleioporus, Neobatrachus, and
Crinia. Although criticized (2, 5), the
model was never tested directly (4). An
adequate test requires (i) independent
evaluation of the phylogenetic relation-
ships of the species under consideration,
and (ii) an estimate of the timing of
lineage divergence events. Microcom-
plement fixation studies of the evolution
of serum albumin can provide these im-
portant data (6).

Albumin was obtained from serum
preserved in phenoxyethanol (7) for all
six species of Heleioporus. Established
procedures (8) were used for the purifi-

Fig. 1. (A) Predicted relationships in the ge-
nus Heleioporus; the dashed lines represent
descendants of an arid adapted form, solid
lines descendants of a related mesic adapted
form [after Lee (/0)]. Numbers 1, 2, and 3
refer to migrations across Australia, with 1
the oldest, 3 most recent. EX, extinct; AU,
H. australiacus; PS, H. psammophilus; EY,
H. eyrei; AL, H. albopunctatus; BA, H.
barycragus; IN, H. inornatus. (B) Albumin
relationships among Heleioporus. On the ba-
sis of MC'F analysis, the estimated immuno-
logical distance between any two species is
the sum of the horizontal linkages. The verti-
cal distances between species have no evolu-
tionary significance. PS, Pleistocene; PC,
Pliocene; and MI, Miocene epochs.
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cation of albumins, the preparation of
antiserums, and the comparison of albu-
min by means of microcomplement fixa-
tion. Data are reported as immunological
distance units (IDU’s) where one IDU is
equivalent to approximately one amino
acid difference between the albumins
compared, and roughly 10 IDU’s accu-
mulate between lineages every 5.5 mil-
lion to 6.0 million years of independence
9).

The western species, H. eyrei, H. al-
bopunctatus, and H. psammophilus form
a cluster distinct from the other Heleio-
porus species as predicted by Lee (10)
(Fig. 1A). The most simple interpretation
of speciation events in this subgroup is
that a trifurcation occurred in this lin-
eage during the Pliocene (Fig. 1B). Mi-
crocomplement fixation is not suited to
discriminating temporally close diver-
gences (Table 1) (/1), and thus we cannot
preclude the possibility that the H. eyrei
subgroup forms a graded series as Main
predicted (I). Heleioporus inornatus has
an albumin that is very distinct from that
of all other species. Moreover, H. inor-
natus is as distinct from the H. eyrei
subgroup as it is from the remaining
species, emerging 11 million to 12 million
years ago in the mid-Miocene (Fig. 1B).
As predicted, H. barycragus and H. aus-
traliacus are each other’s closest rela-
tives, and their divergence is estimated
to have occurred about 5 million years
ago, considerably earlier than the postu-
lated Pleistocene scenario. There is no
evidence of a multiple invasion pattern
of which H. inornatus, H. barycragus,
and H. australiacus were a part. We see
no need to invoke a hypothetical extinct
ancestor for the H. eyrei subgroup as it is
an average of only 14 IDU’s from the H.
australiacus—H. barycragus lineage; it is
in fact closer than H. inornatus.

The multiple invasion model of Main
et al. (1) was highly regarded in that it
represented a common pattern recogniz-
able in several frog genera and other
faunal elements. Further, it was difficult
for biologists to envisage in situ specia-
tion in Western Australia in the absence
of major topographic barriers that might
cause vicariance events. Our data on
Heleioporus, as well as studies on Li-
toria (12) and on Crinia (4), and current
studies of Neobatrachus and other lepto-
dactylids, demonstrate that speciation
within the southwest of Western Austra-
lia is not only feasible but that some of
these events have occurred quite recent-
ly.

Chromosome studies on frogs in the
genus Neobatrachus, and redefinition of
species in this genus and their ranges in
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Table 1. Albumin IDU’s measured by micro-
complement fixation tests with antiserums to
Heleioporus australiacus, H. barycragus, and
H. eyrei (21). Albumin IDU’s are estimates of
the number of amino acid differences in the
two albumins compared and are subject to a
variation of ®2 units (/7). The standard devi-
ation of reciprocal measurements for these
three antiserums is 12.4 percent, average val-
ues from more extensive studies range from
10 to 15 percent (8, 9, 12).

IDU’s measured with
antiserum to

Frog

H. H. H

austra-  bary- .

liacus  cragus eyret
H. australiacus 0 9 20
H. barycragus 9 0 17
H. eyrei 20 11 0
H. albopunctatus 25 15 8
H. psammophilus 19 11 6
H. inornarus 17 25 20

eastern Australia (13, 14) have destroyed
the patterns of relationships postulated
by Main et al. (1) for this group. Ma-
hony’s work (/3) indicates that major
karyotype alterations, including tetra-
ploidy and translocations, have contrib-
uted to speciation events in Neobatra-
chus rather than migration and differenti-
ation cycles. Electrophoretic analyses of
relationships in the genus Crinia (4) have
also resulted in the rejection of the multi-
ple invasion model in favor of in situ
speciation events.

To account for the occurrence of H.
australiacus in eastern Australia, we
postulate a single transcontinental migra-
tion. The occurrence of several conge-
neric species pairs in eastern and west-
ern Australian frogs (/5) indicates that
there were opportunities for frog dispers-
al across the continent in the past. Ages
of divergence of species pairs in the
genera Litoria (12), Crinia (4), and He-
leioporus indicate the possibility of fau-
nal exchange across southern Australia
until the late Pliocene but not during the
Pleistocene. This is in accord with paly-
nological and paleoclimatic data that
suggest a relatively wet Pliocene (17, 18).
The Pleistocene had dry glacial peri-
ods and interglacials no wetter than the
present (17, 19). The Nullarbor Plain or
its maritime extensions, exposed during
periods of lowered sea level in the Pleis-
tocene, were effective barriers to frog
dispersal throughout this time. Climatic
fluctuations during the Pleistocene and
later Tertiary may have caused complex
patterns of isolation related to vegetation
and substrate changes sufficient to cause
speciation events in genera such as He-
leioporus (20).

Our data on albumin evolution in He-
leioporus, the karyotype data for the
genus Neobatrachus (13), and the elec-
trophoretic data for the genus Crinia (4)
collectively point to a comprehensive
rejection of the multiple invasion model
as applied to frogs. As this model formed
the basis of speciation scenarios in many
taxa, it is clear that reevaluations are
needed. Because studies of albumin evo-
lution provide both phyletic and time
perspectives on the speciation process,
they offer a powerful method for testing
hypotheses about historical biogeogra-
phy.
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