



























































yaschenkoi is the most arid-adapted. The morphological trends exhibited by
the species in arid areas have been classified in the section on ecological
trends.

Urodacus Chromosomes

The chromosomes of U. novaehollandiae and U. planimanus have been
investigated because of the similarity of these two species in external
morphology. The entire distribution of U. planimanus occurs within a small
part of the range of U. novaehollandiae. The chromosomes were studied in
male cells of a few specimens of each species from Mundaring, W.A. The
anterior regions of the testes of living, recently moulted final instar males
were dissected in saline, treated in Carnoy’s fluid for over 10 minutes and
squashed and stained in 2% aceto-ocein. The observations were made during
the first week in April when, in relation to the known information on mating
habits, the cells were expected to be undergoing meiosis.

From an examination of first metaphases of male meiosis (Fig. 127a and
b) and spermatogonial metaphase plates, both species are found to have
the same chromosome number, 2n = 68. The two species, however, exhibit
distinct differences in chromosome morphology. U. novaehollandiae has
smaller chromosomes, all of which are approximately equal in size; U. plani-
manus has chromosomes of varying sizes, seven of them being considerably
larger than the others.

In scorpions, the question of whether or not chiasmatic meiosis occurs
during spermatogenesis has been discussed (Brieger & Graner 1943; Piza
1947; White 1954; Sharma, Parshad & Joneja 1959; Guenin 1961; Srivastava
& Agrawal 1961; Sharma, Parshad & Handa 1962; Venkatanarasimhiah &
Rajasekarasetty 1964). In Urodacus there is no evidence for chiasmata, and
although the chromosomes (Fig. 127) are in metaphase, it is most unlikely
that chiasmata, if present, should have terminalized in all bivalents. Neither
is there evidence for any translocation heterozygosity in Urodacus. It has
been pointed out in the buthid scorpion Buthus tamulus (Gupta & Sarker
1965), in which no chiasmata or translocations have been observed, that the
question remains as to how recombinations take place. The same applies to
Urodacus.

Scorpion males are not visibly heterogametic (Sharma & Joneja 1959,
Sokolow 1913, Sato 1936). However, Srivastava & Agrawal (1961) suspect
the presence of an X-Y bivalent in males of the scorpionid Palamnaeus
longimanus. No X-Y bivalent could be distinguished in the Urodacus males.

It is concluded from the present investigation that the difference in
chromosome morphology is another criterion for distinguishing the two
similar (sympatric) species, U. novaehollandiae and U. planimanus.
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Fig. 127: Meiotic (Metaphase 1) chromosomes in male Urodacus: (a) U. novae-
hollandiae, (b) U. planimanus (Scale line = 10 u).
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Patterns of Distribution and Colonization in Relation to Past and Present
Climatic Zones .

The ancestor species of Cercophonius may have been widespread and even
uniformly distributed throughout the continent. If so, it would have been
eliminated early from the northern zone of moist tropical habitats when
most of these were destroyed by the continuing drying trend from late
Miocene. Later, C. squama was eliminated from most of the central zone,
although a relict population survives at Alice Springs, N.T.

When the New Guinea land mass emerged in the Miocene (Raven 1972,
Raven & Axelrod 1972), Lychas and other genera (Liocheles and Isometrus)
colonized Australia from New Guinea principally across the Torres Strait
region. The Lychas offshoot could have entered Australia earlier than
Liocheles and Isometrus because, unlike these two genera, Lychas has (1)
given rise to a genus (Isometroides), (2) spread throughout the continent,
and (8) speciated in central and southern Australia. But the ancestral species
of the Australian Lychas is thought to have entered later than Urodacus
because an Australian Lychas species (L. variatus, which is closely related to
overseas species, e.g. L. mucronatus) (a) has not been eliminated from
northern Australia but occurs throughout it, (b) has spread southwards in
the eastern corridor, and (c) also occurs in and around New Guinea.

Lychas is at present known from all parts of Australia (Maps 2 to 4) ex-
cept the southernmost parts of the south-west and the south-east and
Tasmania. Its apparent absence or rarity in central Queensland and central
north Australia might be due to insufficient collecting there. It is considered
that Isometroides arose from the Lychas offshoot as an early response to
aridity. Isometroides is adapted to arid conditions and has specialized as a
predator on the burrowing trapdoor spider fauna of Ausfralia and although
highly specialized has become widespread. The forerunners of these spiders
were already well established in Australia (Main 1957). Each of the three
Australian Lychas species may be interpreted as clearly evolving in response
to a different one of the three broad climatic zones (which are recognized
by Savage 1973).

Liocheles and Isometrus after entering from the north, spread southwards
in eastern Queernisland. I. melanodactylus arose in the New Guinea-north
Queensland region; and it has subsequently extended its range further south
along eastern Queensland.

Of all the genera, Urodacus has had the greatest radiation in Australia.
Urodacus fits in broadly with the concept of three main trans-continental
climatic zones. The deep burrowing habit enabled Urodacus species to
disperse northwards in the central arid area which increased from the late
Cainozoic. The basic temperate remnant stock of the Urodacus ancestor
species diversified in southern Australia into the armatus species-group and is
the southern component of the genus. This species-group speciated ex-
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tensively and later expanded northwards, leaving an isolate species (U.
koolanensis) at Koolan 1., W.A., and on the nearby mainland. The
megamastigus species-group would have resulted from the isolation of a small
part of this northward expansion. Drying of the north would have eliminated
any Urodacus ancestors in this area, and colonizations by species of the
hoplurus group would have been relatively recent.

In late Cainozoic, semi-arid to desert conditions developed in south-
central Australia; these drying trends fragmented the temperate forests and
woodlands (Savage 1973). As a result, the widely distributed southern
counterpart of the armatus species-group was likewise fragmented. From the
isolates in each of the southern corners there have arisen the south-western
species, U. novaehollandiae, and the south-eastern species, U. manicatus.

The segments of the original Urodacus ancestors that had been adapted to
subtropical humid conditions remained in central Australia and differen-
tiated into the hoplurus, hartmeyeri, and yaschenkoi species-groups. In this
diverse environment, the hoplurus species-group has undergone extensive
speciation.

The view that the hoplurus species-group is originally and essentially an
occupant of the central zone is supported by the extensive distribution and
speciation of the group in the centre rather than the north and by its absence
from the wet south-west.

The yaschenkoi and hartmeyeri species-groups are coextensive with the
central intermediate semi-arid to desert zone. The close morphological re-
lationship between these species-groups and the presence of the hartmeyeri
group along the western coast supports the view that the central arid zone
extended far to the west as a belt across the continent and was not a limited
area in the centre of the continent.

Summarizing, Liocheles and Isometrus live only in humid northern and
eastern areas, but the species of the scorpion genera that occur in central,
southern and south-western parts of Australia show similar adaptations to
aridity at both intraspecific and interspecific levels. Cercophonius exhibits
adaptation to the arid central conditions at only the intraspecific level. The
distributions of the Urodacus species-groups conform remarkably well with
the three broad zones of climate recognized for Cainozoic times. Thus there
is (1) a southern group that has penetrated into the centre and the west, (2)
a central group that has undergone much speciation and recently colonized
far northern parts of the continent, and (8) a group confined to the central
zone. Isometroides is mainly an arid-adapted genus. Each of the three
Lychas species evolved in a different zone.
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The patterns of species distributions (Maps 1-29) are as follows:
1. Species confined to Australia.

(a) Southern species:

C. squama (southern and lower central, both east and
west, and Tasmania)

L. marmoreus (southern and lower central, both east and
west)

U. manicatus (southern eastern)

U. elongatus (eastern hills, essentially Flinders Ranges,
S.A)

U. novaehollandiae (southern western)

U. planimanus (south-western hills—Darling Range, W.A.)

C. squama occurs in most of the southern Australian mainland as well as
Tasmania. L. marmoreus is southern, but absent in Tasmania and the coldest
parts of south-eastern Australia. The ancestor species of the Bassian pair,
U. novaehollandiae and U. manicatus, would have had a southern dis-
tribution. The climatic effects of the Nullarbor Region (Johnstone et al
1973) and the Lake Dieri-Torrens barrier (David 1950) would have strongly
influenced the splitting of ancestor species.

Main, Lee & Littlejohn (1958), Littlejohn (1961), and Lee (1967) for
frogs, and Main (1962) for spiders, have interpreted their findings by postul-
ating repeated invasions of Western Australia from Eastern Australia along
the southern coastal fringe during periods of higher rainfall in Pleistocene
glacials. Similar east to west invasions do not appear to have occurred in
scorpions, and some species (viz. C. squama, L. marmoreus and U. novae-
hollandiae) are at present distributed across the southern part of the
continent.

If the absence of Urodacus from Tasmania is not owing to extinction, it
is either because the species (e.g. U. manicatus) have only reached their
southern limits since the last land connection (12,000 years ago: Ridpath &
Moreau 1966) or because of cold.

(b) Northern species:

U. excellens (coastal N.T".)

U. spinatus (far north-eastern Qld)
U. lowei (north-western)

U. koolanensis (north-western coastal)
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U. excellens occurs to the west and U. spinatus to the east of the Gulf of
Carpentaria. These two northern species are not known even from the wood-
lands of the Trans-Fly plains and Port Moresby areas of New Guinea. The
morphological closeness of these two species indicates their having a
common ancestor. If extinction is not considered, the two species or their
ancestor must be regarded as having been absent from northern Australia and
New Guinea prior to the latest formation of the Gulf of Carpentaria*, and as
having reached the far north since this time. This view is in keeping with the
simplest explanation of the distribution of the frog, Hyla latopalmaia
(Tyler 1970), and the lizard genus Diplodactylus (Kluge 1967 ).

(c) Central species:

The Eyrean, of all subregions, correlates best with scorpion distributions
and has more scorpion species than any other subregion:

L. alexandrinus,
I. vescus, U. armatus (central and western)

U. yaschenkoi (central)
U. hoplurus (mid-central and western)
U. macrurus (central Queensland, west of Great Divide)

U. centralis, U.
giulianii, U. carinatus (central ranges)

U. megamastigus, U.
varians, U, similis (central W.A.)

U. hartmeyeri (western W.A.)

Speciation in the arid centre of Australia is generally regarded as being
due to isolation in mesic refuge areas (Gentilli 1949, Keast 1961, Kluge
1967) (Map 30). The view holds well for Urodacus, especially for some
central species, e.g. U. carinatus, U. giulianii and U. centralis. The other
genera of scorpions have no such species confined to relatively small areas
and which can thus be recognized as having speciated in, survived in, and
spread from refuge areas of limited size. Like U. yaschenkoi and U. armatus,
some species of other genera (e.g. Isometroides vescus and L. alexandrinus)
have widespread Eyrean distributions. C. squama with its relict population
at Alice Springs is another species that was originally widespread.

2. Species that occur in an area that includes New Guinea and extends
southwards mainly east of the Great Dividing Range.

The southward extension of some of the species reaches the significant
area of vegetational transition, viz, the Macpherson-Macleay overlap

*5,000 to 11,000 years ago, probably between 6,500 and 8,000 years ago; Jennings, .
in Walker (1972).
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recognized by Burbidge (1960), but the main limiting factor appears to be
temperature. These species are as follows:

A. Australia and New Guinea, mainly

L. variatus (in Australia: northern coastal, north-
western, and eastern to southern)

I. melanodactylus (in Australia: east of Great Divide)

B. New Guinea, Australia, and widespread elsewhere

I. maculatus (in Australia: east of Great Divide)

I. waigiensis (in  Australia: coastal north-western,
northern and north-eastern)

L. australasiae (in Australia: coastal northern and north-
eastern)

L. karschii (in Australia: islands of Torres Strait)

The differing modes of speciation in various groups of animals in the
eastern parts of Australia have been discussed by Keast (1961), Mackerras
(1962), and Littlejohn & Martin (1964). Straughan & Main (1966) suggest
that the semi-arid country surrounding the north-east has prevented New
" Guinean frog species from moving into the rest of Australia during the whole
of the Pleistocene. However, this barrier has been intermittent and has not
prevented invasion by scorpions (or birds or reptiles, Horton 1973). The
main factor limiting the southward expansion of the east coastal species
(Isometrus melanodactylus and Liocheles waigiensis) appears to be
temperature: it becomes too cold for them in July.

Some Zoogeographic Implications

"The concept of a New Guinean origin for a part of the mammal fauna is
now suspect because fossils of genera previously regarded as of New Guinean
origin have now been discovered in the Pliocene of Victoria (Lundelius &
Turnbull 1967). Ride (1968) provides evidence to suggest that it is equally
sensible to regard Tasmania and New Guinea as refuges for forms originating
from central Australia under a more humid climatic regime. Hence, the
scorpions Lychas variatus and Isometrus melanodactylus, or their ancestor
species, could have originated in Australia and spread to New Guinea or vice
versa. An Australian origin is considered most unlikely for those species (viz.
Liocheles spp.) that occur in Australia and New Guinea and are widespread
in other countries.

The development of the central aridity in Australia has strongly in-
fluenced the distribution of Cercophonius; and the Miocene marine embay-
ment and the Pleistocene Lake Dieri-Torrens water barrier have produced the
Bassian pairs of Urodacus. The Australian scorpions of Gondwanaland origin
are not related to those of Africa and India but are related to those of South
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America. The fact that the scorpion family Bothriuridae occurs only in
South America and Australia supports the evidence presented by Keast
(1973) for the earlier date of separation of Africa than South America or
Australia from Gondwanaland.

Whereas Isometroides, a predator on burrowing spiders, has evolved from
Lychas in Australia, the other genera (Cercophonius, Lychas, Isometrus and
Liocheles) have continued to live in the same fashion, e.g. under stones or
the bark of trees, as they do outside Australia. On the other hand, Urodacus
has evolved the deep and spiral burrowing habit which has enabled it to take
advantage of the widespread arid and semiarid conditions in Australia; this
radiation has produced the five species-groups.

Individuals of C. squama and L. marmoreus occurring under stones and
small rocks have survived bushfires. Merrilees (1968) concludes that bush-
fires, especially those caused by man, have had profound effects on the
mammalian fauna of Australia. All tree and litter dwelling Australian
scorpions occasionally occur under stones and small rocks. This may be
important for their survival during fires. The deep burrow living species
(Urodacus) would escape such destruction particularly as their burrows
occur in open environments with little undergrowth.

Scorpions interact among themselves, and competitive exclusion may
account for certain distributions. Cercophonius squama is absent from
eastern Queensland, except in the southern-most part, and this may be due
to the presence of Lychas variatus and Isometrus melanodactylus; these
three species have similar home sites. Also possibly because of competition,
the overall distributions of C. squama and L. variatus show little overlap,
and Urodacus species are absent where Liocheles waigiensis occurs in
Queensland.

There are no Australian scorpion species with a similar distribution
pattern to that of the Antarctic Beech, Nothofagus (Brundin 1966). N.
cunninghami, for example, is common in Tasmania, but restricted in
Australia to a few small patches in Victoria and New South Wales. It has
a near relative in the mountains of south-eastern Queensland and coastal
New South Wales; and close allies dominate parts of New Zealand and Tierra
del Fuego. The only extant bothriurid scorpion species inherited from
Gondwanaland (Cercophonius squama) has some rather dry areas included in
its present widespread southern distribution in Australia, indicating a degree
of adaptation to aridity. Hence, unlike the response to the development of
the central aridity by Lychas (Buthidae) and Urodacus (Scorpionidae), the
Bothriuridae in Australia has responded by contraction of the wide range
of C. squama to southern areas. Although speciation has not occurred
there is some marked geographic variation.

The distribution of C. squama includes Flinders I. and King I. At first
Tasmania formed a single island with these, but King I. was separated within
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1,000 years; Flinders I. was united to Tasmania longer, for some 3,000 years,
i.e. until well after 10,000 years ago (Ridpath & Moreau 1966). Three
species of scorpions, C. squama, L. marmoreus and U. manicatus, occur on
Kangaroo 1., S.A. The last separation of this island is thought to have
occurred about 10,000-12,000 years ago (Godwin, Suggate & Willis 1958;
Littlejohn & Martin 1964).

Scorpions that occur on other islands along the western and southern
coasts of Australia are as follows:

Western Australia:

Koolan I. L. alexandrinus, U. koolanensis
Dolphin L U. armatus
Barrow 1. L. variatus, L. alexandrinus
Dorre L L. variatus
Rottnest I. C. squama, L. marmoreus
Garden 1. L. marmoreus
Mondrain 1. U. novaehollandice

South Australia:
South Neptune I. U. armatus
Wedge 1. U. novaehollandiae
Althorpe 1. U. armatus

The dates of last isolation of these islands from the mainland are also

relatively recent, e.g. 7,000 years ago for Garden I. and Rottnest I. (Main
1961).

All the scorpion species on the offshore islands within the area of study
also occur over considerably larger areas on the mainland. Further, none of
these islands has been separated from the mainland for more than about
12,000 years. Therefore, the conclusion that no specific differentiation 6f
scorpions has originated on any of these islands seems inescapable.

The fact that a scorpion species occurs in Australia as well as New Guinea
or Tasmania enables estimation of a minimum age for the species based upon
the estimated time of last separation of these land masses. Thus the
Australian representatives of the Bothriuridae (Cercophonius squama), the
Buthidae (e.g. Lychas variatus, Isometrus melanodactylus) and the
ischnurine Scorpionidae (e.g. Liocheles waigiensis and Liocheles australasiae)
have existed for at least 5,000 to 12,000 years (the time of the last major
transgression, the Flandrian). The highly speciated urodacine scorpionid
genus Urodacus is widespread in Australia but absent from both New Guinea
and Tasmania. Because of the time required for the evolution of a genus,
there are two possibilities: either the genus Urodacus has always been con-




fined to inland Australia, or there have been species outside Australia and
these became extinct. The exclusion from Tasmania of the genera Urodacus
and Lychas (which have been derived from or are related to forms in areas
north of Australo-Papua) could be due to cold. There is however an absence
of factors (e.g. climatic and vegetational) which might exclude Urodacus
from New Guinea. I consider therefore that either its species in the more
peripheral northern areas of the Australian mainland have reached there
relatively recently (since the last major transgression of the sea) or that
species in New Guinea have been eliminated.
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