


































of (Etadunna Stn) ix.-xi.1972 (M. Archer) 2e;?, 73/711-2, WAM. Emu, 64
NW of, 1.ix.1968 (P.J. Fuller) le;?, 69/407, WAM. Fowlers Bay (A. Zietz)
le;?, SAM. Kychering Soak, overland Railway West, in area 24 km, 26.v.1909
(Chandler) 2o, NM. Lake Eyre, district east of, vii.1922 (B. Nicholls) le;? ,

NM. Lake Kanuka, 22.vii.1971 (A. Waren) 10, 73/710, WAM. Lake
Kittakittooloo, 27.vii.1971 (M. Archer) le;? , 73/713, WAM; vii.-viii.1971 (M.
Archer) 1o, le;?, 73/715-6, WAM. Lake Ngapakaldi, 21.viii.1970 (W.H. Butler
& W.D.L. Ride) 10, 73/706, WAM; vii.1971 (M. Archer) le;? , 73/714, WAM.
'lower Coopers Creek', 17.viii.1903 (Melb. Univ. Expd. Lake Eyre, J.W.
Gregory) le;?, NM. 'Millers Creek and Coopers Creek', 4.ii.1925 (F. Wood
Jones) le;?, 25/148, WAM; ii.1925 (F. Wood Jones) le;?, 25/78, WAM.
'Murray', 1897 (Shaw) le;?, SAM. Musgrave and Petermann Ranges, vi.1926
(H. Basedow) 2o, 3e;?, SAM. Oodnadatta, 23.iii.1916 (Spencer ColI.) 50,
17e;?, NM. Ooldea (A.O. Jones) 1o, le;?, SAM. Piltardi (Mann Ranges), 22 km
E of, 12.vi.1961 (H.G. Cogger) 1o, AM. Piltardi Rockhoie, Mann Ranges,
vii.1961 (H.G. Cogger) 10, AM. Port Augusta, 1891 (Besler) 2e;?, SAM;
(K. Prince) 2o, 3e;?, SAM; 2o, 3e;?, SAM. Renmark, 10.viii.1894 (E. Crambrook)
10, SAM. Strzelecki Creek, 3.ix.1916 (E.R. Waite) 10, 5e;?, SAM. Wynbring
(L. Watson) 1o, 2e;?, SAM.

VICTORIA

Irymple, x.1953 (H.F. Thomas) le;?, NM. Mildura, 23.x.1955 (N. Gryst)
le;? , NM.

NEW SOUTH WALES

Bindara Stn, section of Lake Tandou, Menindee Dist., 19.v.1967 (P.
Lawson) le;? , 69/248, WAM. Broken Hill, 64 km S of, 3.iv.1969 (G.B.
Monteith) 2e;?, UQ. Cal Lal, 129 km W of Mildura (Victoria) Kulcurna Cliffs,
Murray River, 26.i.1968 (K. Simpson) le;?, NM. Coombah (D.J. Shorthouse)
60, 71/1071-6, WAM. Coombah Stn, 113 km S of Broken Hill, 15.i.1969
(D.J. Shorthouse) le;?, 69/553, WAM; 21.iv.1969 (D.J. Shorthouse) le;? ,
69/1101, WAM. Menindee, 32 km E of, 2.iv.1969 (G.B. Monteith) 20,
3e;?, UQ. South Ita Sand Hills, 6.iii.1967 (E. Brough) 2o, UQ. Talgarry Stn,
Lake Victoria, 23.iii.1969 (R. Blackwood) le;?, NM.

QUEENSLAND

Birdsville, l.ix.1958 (I.G. Filmer) 1o, 5e;?, QM. Coongoola (W.B. Wilson)
le;?,QM.

NORTHERN TERRITORY
Andado Stn, 27 km N of (Simpson Desert Expd.) 519, 10, AM. Alice

Springs, 24 km E of, 14.vi.1968 (B.M. Doube) le;?, 69/1968, WAM; 240 km
NW of, 30.vii.1969 (D.D. Giuliani) le;? , 69/2025, WAM. Ayers Rock, vi.1969
(C. Le Souef) le;?, NM; 32 km W of, 15.i.1969 (D. Howe) 20, NTMB48­
9, NT. Barrow Creek, 1902 (Spencer & Gillen Expd.) 4e;?, NM. 'Central
Australia', 10, SAM. Curtin Springs, 108 km NE of, 21.vii.1969 (D.D.

296



-----~-------------------------------~

Giuliani) 29, 69/2023-4, WAM. Docker River Settlement, 25.ix.1970 (C.
Dunlop) 19, NTMB738, NT. 3.x.1970 (D. Howe & C. Dunlop) 19,
NTMB735, NT, 7.x.1970 (D. Howe & C. Dunlop) 19, NTMB736, NT;
Macdonnell Ranges (White) 29, SAM. Mt Burrell, vi.l891 , 29, SAM. Mt
Conner (H.H. Finlayson) 10, AM. Mt alga, Lasseters cave, 16 km E of,
18.v.1969 (P.J. Fuller) 19,69/958, WAM; 113 km W of, 16.vii.1969 (D.D.
Giuliani) 10, 69/2021, WAM; 129 km W of, 15.vii.1969 (D.D. Giuliani)
19, 69/2020, WAM. 'North Australia', viii.1886 (Magarey) 10-, SAM.
'Northern Territory', 1885, 1o, SAM. Papunya, Western Macdonnell Ranges,
xi.l970 (L. Lumsden) 40, NTMB730-33, NT. 'Petermann Ranges, between
Barrow Ranges and', 10.vi.1968 (B.M. Doube) 19, 69/1967, WAM. Plenty
River (C.A.N.S.W.) L1931 (R. Barton) K64042, 10, AM.
Remarks

In most specimens of U. yaschenkoi from the north-western part of the
distribution (viz. at Broome, 290 km SE of Derby, Eginbar Station, Poole
Range, and Pierre Springs, W.A.), the granules of the carapace are coarser
and darker and cover more of the interocular triangle than in specimens from
elsewhere.

On the taxonomic evidence, I have retained U. yaschenkoi in the genus
Urodacus, but not in a separate subgenus (Le. Hemihoplopus Birula, 1903)
from all the other species. These conclusions are supported by the burrow
form of U. yaschenkoi which is closely similar to that of other species of the
genus, especially U. hoplurus. U. yaschenkoi makes deep spiral burrows in
open ground. The species lives in sand dunes at Bindara Station and 64 km S
of Broken Hill, N.S.W. Burrows were recorded by D.J. Shorthouse (personal
communication) in sandy hills and sandy soil, but some were seen on inter­
vening riverine soils at Coombah, N.S.W. The specimen from Mt Olga, N.T.,
came from the top of a red sand dune. The Northern Territory specimens
collected by B.M. Doube were in sand dunes in spinifex country. Lea (in
Anon 1917: 490) measured the burrows of specimens (here identified as
U. yaschenkoi) from Strzelecki Creek, S.A., as follows: entrance 51.0 mm
by 6.4 mm, terminal chamber 6.4 cm by 2.5 cm, and depth 76 cm. (Details
of the burrows of U. yaschenkoi have been included in a separate paper on
a comparative study of the burrows in the genus Urodacus-Koch 1978.)

KEYS TO THE AUSTRALO·PAPUAN TAXA OF SCORPIONS

Keys to Higher Taxa

_Key to the Australian Families of Scorpions

1. Sternum of two small narrow transverse
sclerites positioned end to end Bothriuridae

(One subfamily in Australia: Bothriurinae)
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Sternum not as above

2 (1). Sternum triangular

2

Buthidae
(One subfamily in Australia: Buthinae)

Sternum pentagonal Scorpionidae
(Two subfamilies in Australia: Ischnurinae and Urodacinae)

Key to the Australian Subfamilies of the Family Scorpionidae

1. Three lateral eyes on each side of carapace;
first four tail segments with two ventro-
median keels Ischnurinae

(One genus in Australia: Liocheles)

Two lateral eyes on each side of carapace;
first four tail segments with one ventro-
median keel Urodacinae

(only genus Urodacus)

Key to the Australian Genera of the Subfamily Buthinae

1. Tibial spur present on third and fourth legs

Tibial spur absent on third and fourth legs

2(1). Subaculear prong distinctly present (varies
from small to large, triangular; pointed or
blunt at end)

Subaculear prong absent (occasionally a
slight indication of a prong)

2

... Isometrus

Lychas

Isome troides

Keys to Species

The Australian genera Cercophonius and Isometroides are recognized in the
present study as monotypic. Keys to species of the other genera are given
below.

variatus (Thorell)

1.

Key to Australo-Papuan Species of the Genus Lychas

Subaculear prong laterally narrow (i.e. not
high), size moderate to minute; subaculear
prong rounded, blunt, or truncate; dorsal
thorn on subaculear prong present or absent

Subaculear prong laterally broad and
flattened (i.e. high), size large; subaculear
prong pointed sharply or bluntly; dorsal
thorn on subaculear prong present
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2 (1). Subaculear prong size moderate; subaculear
prong rounded or blunt; dorsal thorn on
subaculear prong present along prong, sub­
terminal, or absent; tail segments usually
long, sometimes moderately long; dorsal
keels of tail segments one to four finely
denticulate; carapace with frontal notch
ranging from slight to absent

Subaculear prong size ranging from
moderate to minute; subaculear prong trun­
cate; dorsal thorn on subaculear prong sub­
terminal or absent; tail segments ranging
from moderately long to short; dorsal keels
of tail segments one to four ranging from
finely denticulate to strongly crenulate;
carapace with frontal notch ranging from
moderate to deep

marmoreus (Koch)

alexandrinus Hirst

Key to Australo-Papuan Species of the Genus Isometrus

1. Fourth and fifth tail segments not, or only
slightly, darker than tergites; second and
third tail segments with dorsal terminal
tooth not enlarged; aculeus long, gradually
curved; subaculear prong sharp, conical,
pointing towards point of aculeus; curve
formed by aculeus base and subaculear
prong wide and large; second to fifth tail
segments, humerus, and brachium ex­
cessively long (length >4 times height);
pectinal tooth count 15-19 ... maculatus (De Geer)

Fourth and fifth tail segments darker than
tergites; second and third tail segments with
dorsal terminal tooth enlarged, especially
in male; aculeus short, abruptly curved;
subaculear prong blunt, laterally com-
pressed, pointing towards middle of curve of
aculeus; curve formed by aculeus base and
subaculear prong narrow and small; second
to fifth tail segments, humerus, and
brachium extremely long but not ex-
cessively long (length 3-4 times height);
pectinal tooth count 10-17 melanodactylus (Koch)
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Key to Australo-Papuan Species of the Genus Liocheles

1. Dorsolateral keel of third tail segment with a
terminal spine; anterior (inner) surface of
humerus with a median granule and seta;
posterior (outer) surface of hand basally
with five trichobothria (Esb, Db, Eb1, Eb2,
and Eb3); anterior (inner) surface of
brachium with tip of prominence bifid; cara­
pace and tergites minutely pitted through­
out, granules absent in both sexes; small
species (adult CL (5.9 mm) ... australasiae (Fabricius)

Dorsolateral keel of third tail segment with-
out a terminal spine; anterior surface of
humerus without a median granule and seta;
posterior surface of hand basally with four
trichobothria (Db, Eb1, Eb2, and Eb3);
anterior surface of brachium with tip of pro-
minence trifid, with central tip larger than
the two lateral tips; carapace and tergites not
minutely pitted throughout, granules present
in male; medium to large species (adult
CL )6.5 mm) 2

2 (1). Carapace granulate, but not pitted; tergites
rugose, usually granulate in male but not in
female; hand with numerous large granules;
the three trichobothria (dst, dsb, and db) at
base of fixed finger in a smooth shining con­
tinuous sulcus; pectinal tooth count 7-12
(usually 9-12); very large species (adult
CL) 13.6 mm) ... karschii (Keyserling)

Carapace finely granulate, with frontal
lobes and interocular area pitted (only
slightly so in male); tergites minutely pitted,
in male granulate along distal edge of more
posterior segments; hand with some small
granules; the three trichobothria (dst, dsb,
and db) at base of fixed finger separated by
granules or rugosities, hence not in a smooth
and shining continuous sulcus; pectinal
tooth count 5-10 (usually 6-9, often 6-8);
medium to large species (adult CL = 6.6-
11.8 mm) ... waigiensis (Gervais)
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planimanus Pocock

manicatus (Thorell)

megamastigus sp. n.

1.
2

3

7

4

9

5

6

10

varians Glauert

koolanensis sp. n.

... armatus Pocock

... elongatus sp. n.

.. ' centralis sp. n.

8

Key to Species of the Genus Urodacus

Chelicerae with few or no secondary
serrations

Chelicerae with prominently developed
secondary serrations

2 (1). Hands with dorsal and ventral surfaces
flat and parallel .

Hands rounded .

3 (2). Vesicle length less than four times vesicle
height

Vesicle length more than four times vesicle
height

4 (3). Hand width about or less than half hand
length; vesicle laterally flattened

Hand width more than half hand length;
vesicle rounded ...

5 (4). Trichobothrial numbers high (e.g. v = 13
or more;p = 38 or more) ...

Trichobothrial numbers low (e.g. v = 6-9,
p = 19-25)

6 (5). Frontal lobes of carapace rounded; inter­
ocular areas of carapace rugose anteriorly;
medium to small species (adult CL 6.7­
9.5 mm)

Frontal lobes of carapace truncate; intero­
cular areas of carapace smooth throughout;
large species (adult CL 10.8-13.5 mm)

7 (2). Frontal lobes of carapace truncate

Frontal lobes of carapace rounded

8 (7). Length of each of second to fourth tail
segments more than three times height of
segment

Length of each of second to fourth tail
segments less than three times height of
segment

9 (8). Arms and hands light ochre-yellow; con­
spicuous red spots on leg joints; tail slender
(carapace mostly 2.7-3.6 times the width of
fourth tail segment) ...
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Arms and hands dark to very dark reddish
brown; inconspicuous dull spots on leg
joints; tail robust (carapace mostly 2.1-2.7
times the width of fourth tail segment)

10(1).Length of each of first three tail segments
slightly more than height of segment (length
= 1.1-1.3 times height)
Length of each of first three tail segments
considerably more than height of segment
(length = 1.4 or more times height) ...

11(10). Length of terminal claws of tarsus of each
leg distinctly unequal, Le. the inner claw
varies from a minute papilla to a claw up to
two-thirds length of outer claw ...
Length of terminal claws of tarsus of each
leg equal or practically equal

12(11). Most or all of interocular areas of carapace
with large pigmented granules
Most or all of interocular areas of carapace
smooth, not densely covered with large
pigmented granules

13(11). Vesicle narrower than fifth tail segment
Vesicle wider than fifth tail segment ...

14(13). Hands with dorsal and ventral surfaces
moderately flat and parallel

Hands rounded

15(14). Terminal dorsal spine of tail segments
weakly developed
Terminal dorsal spine of tail segments
strongly developed

16(15). Vesicle moderately large to very large
(mostly 1.3-1.6 times as high as fifth tail
segment)
Vesicle small to moderately large (mostly
1.0-1.2 times as high as fifth tail segment) ...

17(16). Bright clay-yellow; interocular areas of
carapace smooth and shiny throughout

Light yellowish brown to reddish brown;
interocular areas of carapace rugose towards
and along anterior edge
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novaehollandiae Peters

similis sp. n.

11

12

13

yaschenkoi (Birula)

...hartmeyeri Kraepelin

giulianii sp. n.

14

carinatus Hirst

15

excellens Pocock

16

17

18

macrurus Pocock

lowei sp. n.



18(16). Finger keel strong, granulate, and reddish
light brown to reddish brown; fifth tail
segment considerably longer than carapace;
hands small and narrow

Finger keel not strong, granulate, or reddish;
fifth tail segment about as long as carapace;
hands large and wide ...

spinatus Pocock

hoplurus Pocock

EXTRALIMITAL DISTRIBUTION OF THE FAMIIJES
AND SUBFAMILIES REPRESENTED IN AUSTRALIA

The Bothriuridae (10 genera) has three subfamilies: Brachistosteminae in
South America (arid and semi-arid parts); Vachonianinae in South America
(Argentina); Bothriurinae in South America (from south of the Amazon
to Tierra del Fuego) and Australia.

The Bothriurinae has six genera in South America and one genus in
Australia.

The Buthidae (42 genera) has four subfamilies: Tityinae, Centrurinae, and
Ananterinae in South America; and Buthinae in South America, the
Mediterranean, Africa, Madagascar, part of Asia to Australia and Fiji.

The Buthinae is the largest of the subfamilies and one of the most wide­
spread. Although most of its genera occur in Africa, India, and Asia, one
genus (Ananteris) is found in South America. In Australia, one genus
(Isometroides) is endemic. The other genera represented in Australia are
widespread in countries to the north.

The Scorpionidae (19 genera) has five subfamilies: Lipsominae in South
Africa; Hemiscorpioninae in Arabia and Madagascar; Scorpioninae in Africa
and Indo-Malaysia; Ischnurinae in South America, Africa, Madagascar, India
through Australia to Tahiti; Urodacinae in Australia.

The species of the ischnurine genus Liocheles that are present in Australia
are widespread in countries to the north.

The ischnurine genus Opisthacanthus occurs in South America, Africa,
Madagascar, and India. Giltay (1931) says that O. davydovi Birula, 1904, is
now present only on the Aru Islands. But Birula (1917a) points out that,
because of its rarity, it must have been introduced. A unique location for a
species of this genus seems highly improbable. This point is particularly
cogent because the Aru Islands fall within the 200 metre bathymetric con­
tour surrounding the Australia-New Guinea land mass and hence the species
would have to be a recent member of an ancient genus. I have not examined
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this specimen but suspect that it may have been misidentified or that its
locality record is incorrect.

The monotypic subfamily Urodacinae appears morphologically closest to
the Scorpioninae and to have evolved from it by reduction in certain
morphological features. The Scorpioninae are distributed in Africa and Indo­
Malaysia, the Urodacinae being morphologically closest to the Indo­
Malaysian forms.

VARIATION OF CHARACTERS

The kind of variation exhibited by the characters of the Australo-Papuan
scorpions studied during the taxonomic investigations are classified below.

Sexual Dimorphism

In scorpions, males (even juveniles) are recognized by the possession of a
pair of minute pointed genital papillae under the genital opercula; the
females lack papillae. (The genital operculum of the male is always divided.)
The sexual dimorphism in external morphology of the species as revealed by
the present study is classified as follows:

1. Shape. As a result of multivariate analyses of nine measurements
characters (details in Campbell & Koch, in preparation) the following extents
of sexual dimorphism in shape are recognized:

Marked in U. elongatus, U. planimanus, U. hoplurus, U. hartmeyeri

Less marked in U. novaehollandiae, Isometrus melanodactylus, and in
Liocheles (especially in L. waigiensis for which adequate
data for both sexes are available)

Less evident in U. manicatus, U. yaschenkoi

Variable U. armatus-from less marked to little evident

Not marked in Bothriuridae and Buthidae (except for Isometrus
melanodactylus)

2. Presence of a feature in male but not female:

Prong on hand (near fingers)-C. squama

Large tooth on movable finger, near base (with corresponding
notch on fixed finger)-Liocheles

3. Males have the following features larger or more strongly developed:

(i) Size and shape

Body size (as indicated by carapace length)-Liocheles australasiae

Tail length-all species Of all genera; extreme contrast is shown in
.[sometrus, also marked in Urodacus, especially U. varians, least
evident in Cercophonius and Liocheles
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Tail keels-all species of all genera; especially Lychas,Isometrus,
and Urodacus

Terminal tooth or denticle or dorsal keel of tail segments--all
species of all genera; least dimorphism in Cercophonius and
Liocheles

Humerus and brachium length-Isometrus maculatus

Hand length-Isometrus maculatus, Liocheles karschii

Keels of hand-especially in Urodacus

Vesicle size-all species of all genera

Pectinal size (especially length)-all species of all genera

Genital opercula more pointed posteriorly-all species of all genera

(ii) Texture

Coarser and more plentiful granulation, in male than female,
especially on carapace and tergites--all species of all genera

4. Larger size in female than male:
Body size (as indicated by carapace length)-as a rule, in C.

squama, U. excellens, U. lowei, U. spinatus, U. similis

Hand width-as a rule, in U. elongatus, U. planimanus, U. excellens,
U. spinatus, U. lowei

5. Meristics higher in male than female:

Pectinal tooth count-all species of all genera

Geographic Variation

Characters found to vary geographically are:
(i) Size and shape

Overall size-Lychas variatus, largest in northern parts of range.
Liocheles waigiensis, largest at Mt Fox, Pallarenda, Palm I.
(Queensland)

Taillength-U. novaehollandiae, longer in northern part of range.
U. lowei, longer at Kalumburu, W.A.

Hand length-Liocheles waigiensis

(ii) Colour

Dark tinge, e.g. on patellas-U. yaschenkoi

Light colour-C. squama lighter in the more northern (=the central
arid) area of its distribution. U. manicatus lighter in N.S.W.

Variegations, extent of-C. squama

Dorsal tergal stripe, width of-C. squama
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(iii) Texture (granulations)
Overall-all genera, more granulate in specimens from arid areas

Individual Variation

The characters of intraspecific variation that remain after exclusion of
sexual dimorphism and geographic variation are regarded as those that ex­
hibit individual variation. Details of the extent of individual variation have
been included in the descriptions of and remarks on the individual species.

The salient characters exhibiting individual variation are:
(i) Size and shape

Overall size-all genera, markedly in Liocheles waigiensis, U.
novaehollandiae, U. hoplurus

Chelicerae-Urodacus

Carapace-frontal notch: U. manicatus, Lychas alexandrinus

Carapace-frontal lobes: Lychas alexandrinus, Liocheles
waigiensis, Liocheles karschii, U. elongatus, U. armatus, U.
koolanensis, U. excellens, U. spinatus

Taillength-Lychas variatus, Lychas alexandrinus

Terminal spine of dorsal keel of tail segments-Urodacus, Lychas

Hand size-Liocheles waigiensis

Legs-terminal claw lengths: U. hoplurus, U. yaschenkoi, U.
hartmeyeri

Legs-ventral spines: Urodacus, especially U. armatus

Vesicle-U. excellens, U. lowei, U. hoplurus, U. yaschenkoi

Subaculear prong-Lychas, and sometimes in Isometroides

Subaculear thorn (presence or absence)-Lychas marmoreus
(ii) Colour

Overall-all species of all genera, but to least extent in Liocheles

Hand keel-Urodacus

Variegations-Lychas

(iii) Texture (especially granulations)

Carapace-interocular triangle: U. yaschenkoi

Tergites-Lychas

Last sternite-Cercophonius

First tail segment ventrally-Cercophonius

Tail surfaces-Lychas, especially Lychas alexandrinus

Hand keels (pronounced or not)-Urodacus
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(iv) Meristics
Trichobothria-mainly in Urodacus (some trichobothrial groups,

Le. M, V, v, p)

Pectinal teeth-all species of all genera

(v) Paraxial organ
Much variation especially in C. squama (particularly width of

lamina), U. hoplurus (teeth of apex of external lobe), U.
macrurus, U. hartmeyeri

ECOLOGICAL TRENDS

U. yaschenkoi
Isometroides compared to Lychas

Liocheles and Urodacus species, e.g.
compared to U. novaehollandiae

U. novaehollandiae, U. armatusIntraspecific:

Tail size-

In many characters there are differences between the species that are
adapted respectively to the arid central areas and the wetter areas. The
ecological trends shown by the characters are classified below at three
operative levels (intergeneric, interspecific and intraspecific). The taxa are
listed below as examples showing the stated trends in arid areas; e.g. larger
overall size is displayed by Isometroides which lives in more arid places than
Lychas.

(1) Greater development of:

Size-

Intergeneric:

Interspecific :

Lychas

C. squama, Lychas alexandrinus

Intergeneric: Isometroides compared to Lychas

Tail length (and length of terminal dorsal and other dorsal tail spines)-

Intraspecific: U. novaehollandiae, U. hoplurus

Lighter colour-

Interspecific :

Intraspecific :

Granulations-
Intraspecific: C. squama, Lychas marmoreus, U. yaschenkoi

Paraxial capsule complexity-

Interspecific: all species of Urodacus

Intraspecific: C. squama, U. hoplurus, U. macrurus, U. hartmeyeri
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(2) Lesser development of:

Variegations (dark patches)-

Interspecific: Lychas species

Intraspecific: C. squama, L. alexandrinus
Subaculear prong-

Intergeneric: Isometroides compared to Lychas

Interspecific: Lychas species

Intraspecific: Lychas alexandrinus

Terminal inner claw of leg-

Interspecific: U. hartmeyeri, U. yaschenkoi

Intraspecific: U. hoplurus, U., hartmeyeri, U. yaschenkoi
(3) Increase in numbers of:

Secondary serrations of chelicerae­

Intraspecific: all species of Urodacus
Trichobothria-

Intraspecific: all species of Urodacus
Pectinal teeth-

Intergeneric: Isometroides compared to Lychas

Intraspecific: C. squama, and all species of Lychas and Urodacus
(4) More complex behaviour:

Burrow construction (burrows are deeper, more spiralling, less under
cover)-

Interspecific: Urodacus species

Intraspecific: U. hoplurus

Feeding specialization (on trapdoor spiders caught within their
burrows)-

Intergeneric: Isometroides compared to Lychas

ZOOGEOGRAPHY AND EVOLUTIONARY RADIATION

OF AUSTRALO·PAPUAN SCORPIONS

Introduction-Factors Affecting Scorpion Evolution

From the maps* (1-29) of distribution of the extant species it is possible'to
infer some features or the evolution of Australian scorpfons. The maps
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naturally vary in their degree of completeness, but for most species there are
sufficient recorded localities for indicating current distributions.

In the present publication an attempt is made to understand these dis­
tribution patterns on the grounds that the distribution of any animal re­
presents two interacting sets of circumstances:

(1) the distribution of climatic and other environmental factors, the
ecological tolerance of the species, and the biotic factors of species
interaction,

(2) historical factors, viz., past events that have determined the occurrence
of the species in a particular locality, e.g. evolution, land connections,
dispersal routes

In addition, a wider consideration of the distribution and affinities of
higher taxa leads to some conclusions on the origins of components of the
scorpion fauna.

Present distributions of the Australo-Papuan scorpions can be related to
features such as temperature and rainfall, and to some extent to places of
origin of the species.

The main features of the Australian continent that require consideration
for understanding the ecological factors controlling scorpion distributions
are the physiography, the average annual temperature and rainfall, the main
barriers and climatic zones, and the refuge areas.

Some of the more important mountain barriers to distribution in Australia
are the Great Dividing Range in the east, the Mount Lofty and Flinders
Ranges in the south, the Macdonnell and other ranges in central Australia,
the Darling and Stirling Ranges in the south-west, and the Hamersley and
Kimberley Ranges in the north-west. Although most are only 600-1400 m
high, these mountain systems have a significant influence on rainfall and
vegetation. The highest peak in Australia is Mt Kosciusko in the Great
Dividing Range. It is a mere 2225 m high. Few other Australian mountains
exceed 1200 m. In much of Australia rainfall is unreliable and evaporation
is high. Maximum summer temperatures above 3SoC are common in the
interior.

In New Guinea, most of the ranges in the Central Cordillera have peaks
over 3000 m. The highest peak (4450 m) is Mt Wilhelm in the Bismarck
Ranges. As there has been scant collecting of scorpions in New Guinea
particularly in high inland areas, little can be concluded regarding the in­
fluence of mountains as barriers to distribution. Most of New Guinea has
rainfall over 2,500 mm and the maximum probably exceeds 7,500 mm.
Average maximum temperature rarely exceeds 32°C for any lowland station.
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Map 1-29: Distributions of the scorpion species in Australo-Papua.

*The maps have been brought up to date (of acceptance for publication) with locality
data from recently collected material and further material located in some museums.
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MAP 10: Liocheles karschii
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L. variatus:

U. armatus:

U. koolanensis:

L. alexandrinus:

Urodacus manicatus:

U. elongatus:

U. novaehollandiae:

Isometroides vescus:

Isometrus maculatus:

U. planimanus:

U. centralis:

L. waigiensis:

L. karschii:

U. megamastigus:

U. varians:

The lowest average annual rainfall (1,170 mm) is around Port Moresby where
the climate and open eucalypt savanna are similar to those of northern and
north-eastern Australia. It is not surprising therefore that this part of New
Guinea shares scorpion species with similar parts of tropical Australia.

Ecological Requirements of Species

Although mountain barriers have been responsible for speciation, the
limits of current distributions of scorpion species in Australia are largely due
to climatic and biotic factors. In the present study, the distributions of
species have been delineated. An. attempt has then been made to list the
chief environmental factors that limit the range of each species. Of these
factors, rainfall and temperature emerge as the two most important. The
information listed below has been obtained by comparing the species dis­
tribution maps with those of rainfall (mm) and temperature (0C).

Cercophonius squama: mainly above 250 mm; and below 24°C

Lychas marmoreus: 250-1000 mm; below 24°C and mostly above
15°C

mainly above 200 mm; above 12°C

below 350 mm, but as high as 550 mm in
parts of north-west; above 15°C

below 550 mm; 17-27°C

above 1000 mm; above 21°C

I. melanodactylus: above 550 mm; above 18°C

Liocheles australasiae: above 1000 mm (and below 3550 mm in New
Guinea); above 24°C

above 550 mm, above 15°C

above 1525 mm; above 27°C

350-1000 mm; 12-18°C

above 125 mm; below 22°C

mostly above 250 mm and not above 1200
mm; mostly below 18°C

above 750 mm; 15-18°C

about 250 mm; above 21°C

from very dry up to 750 mm; 17-27°C (mostly
up to 24°C)

550-750 mm; above 27°C

200-250 mm; 21-24°C

probably below 200 mm; 21-27°C
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U. hoplurus:

U. giulianii:

U. carinatus:

U. macrurus:

U. excellens:

U. spinatus:

U. lowe i.'

U. similis:

U. hartmeyeri:

U. yaschenkoi:

mostly below 250 mm, but below 750 mm in
the north-west; above 18°C

200-254 mm; 21-24°C

200-250 mm; 21-24°C

250-750 mm; 18-21°C

above 1000 mm; above 24°C

above 1000 mm; above 24°C

mostly above 550 mm; above 27°C

200-250 mm; 18-21°C

up to 1000 mm; 18-27°C

below 550 mm, mostly below 350 mm; mostly
above 18°C

Although they are concomitants of climate, vegetation zones seldom
approximate scorpion distributions. Therefore it is concluded that vegetation
is not primarily responsible for the distribution patterns of scorpion species.

Comparison of Australian soil and scorpion distributions are seldom
similar. Field observations confirm that usually there is little correlation
between them. For example, U. armatus ranges from flat stony ground to
red soil and yellow sandy soil; U. novaehollandiae occurs in soils ranging
from hard rocky soil to sandy soil and coastal sand; U. hoplurus, although
abundant in areas of earthy loam with red-brown hardpan, also occurs in
sandy soil. Burrow entrances of species like U. novaehollandiae and U.
hoplurus may be constructed in situations that range from open ground to
beneath rocks, logs and twigs. U. yaschenkoi, a widespread species, occurs in
areas covering a variety of soil types, but appears to have a preference for
sandy soil. Similarly, while U. planimanus has been recorded from low-lying
sandy soil, it is most abundant in the hills east of Perth. A notable exception
to the lack of soil preference is U. hartmeyeri, which appears to be confined
to sandy soil.

Endemicity and Faunal Categories

Australo-Papuan taxa have been discussed in relation to their affinities
with outside taxa and their times of arrival in the region, e.g. birds by Mayr
(1944), mammals by Simpson (1961a). Differences in endemicity are inter­
preted in an evolutionary and zoogeographic sense to mean that ancestral
members of the groups reached Australo-Papua at different times and in
different ways, and have evolved at different rates.

Thus faunal groups in Australo-Papua may be classified in a hierarchy
of categories. For example, mammals have high ranking taxa (viz., subclasses)
restricted to Australo-Papua, like the Protheria (monotremes). Then there
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are less high ranking taxa (viz.,orders) that are particularly Australo-Papuan
but have related taxa of the same rank elsewhere (W.D.L. Ride, personal
communication). Obviously, these categories of high ranking taxa cannot
apply to scorpions. However, the following lower ranking categories do
apply.

A. Lower ranking taxa (families, subfamilies, genera) that are peculiar to
Australo-Papua but have related taxa of the same rank elsewhere; e.g.
within the rodent family Muridae, an ancient stock radiated in New
Guinea into genera such as Hydromys, and in Australia there has been a
major radiation of the genus Pseudomys; whereas numerous genera such
as Hapalomys occur outside Australo-Papua. Some endemic scorpion
groups that are monotypic belong to this category, viz., the scorpionid
subfamily Urodacinae (Urodacus, 19 spp.) and the genera Cercophonius
(1 sp.) (Bothriuridae) and Isometroides (1 sp.) (Buthidae). (The three
Lychas species in Australo-Papua are also endemic.)

B. Genera that have species confined to Australo-Papua but have other
species elsewhere; e.g. Rattus (Muridae). (There are six species of Rattus
in Australia, five in New Guinea, three in both, and over 500 forms re­
cognized outside Australo-Papua.) To this category there belong the
scorpion genera Isometrus and Lychas. There are 11 species of Isometrus
outside Australo-Papua. Of the two species in Australo-Papua, I. melano­
dactylus is confined there, whereas 1. maculatus is cosmopolitan. Lychas
has about 27 species outside Australo-Papua. L. variatus is found mainly
in Australo-Papua, and L. marmoreus and L. alexandrinus are confined
to Australia.

C. Species that occur both in Australo-Papua and outside; e.g. species of 14
genera among the bats (Pteropus, Macroglossus, etc.: Simpson 1961a).
The scorpions in this category are the three Liocheles species and
Isometrus maculatus.

Hence there are three grades of endemicity in Australo-Papuan scorpions.

1. Species present in Australo-Papua that have not arisen there:

Liocheles 3 spp.
Isometrus 1 sp.

2. Species that have arisen in Australo-Papua from genera of other areas:

Lychas 3 spp. (2 of these are confined to Australia)
Isometrus 1 sp.

3. Genera that have arisen in Australo-Papua:

Cercophonius 1 sp. (confined to Australia and Tasmania)
Isometroides 1 sp. (confined to Australia)
Urodacus 19 spp. (all species confined to Australia)
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It has been shown (Taxonomy Part) that Cercophonius is related to the
South American forms, and that all other genera are related to forms which,
by the Miocene, were already widespread in Asian lands to the north of
Australia. In agreement with the geophysical data, the six genera are classifi­
able in four main categories:

1. Ancient stock with forms in Australia and S. America-Cercophonius

2. Australian stock with less certain relationships and probably
ultimately from Asia-Urodacus

3. Forms clearly derived from Asia-Lychas, Isometrus, Liocheles

4. Forms clearly derived from these-Isometroides

Different rates of evolution have been expressed in these different groups.
The time that has elapsed since the entry of ancestral stocks to Australo­
Papua has been adequate to enable evolution of new species, new species­
groups, new genera (e.g. Isometroides, Urodacus) and a new subfamily
(Urodacinae).

Modes of Speciation of Scorpions in Australia

The general view of allopatric speciation has emerged from the work of
numerous evolutionists (as discussed by Mayr 1942, 1957, 1963); cf. alter­
native and supplementary modes of speciation, e.g. for certain insect groups,
see White (1974). Speciation involves the development of intrinsic repro­
ductive isolation between one or more spatially separated populations and a
'parental' species. Various levels of gene flow between two species have been
regarded as acceptable provided that the integrity of the two gene pools is
maintained, i.e. reproductive isolation is effective when one integrated and
harmoniously coadapted gene pool is protected from swamping by another
(Simpson 1961b, Bigelow 1965). Speciation of the Australo-Papuan
scorpions can be explained in accordance with the concept of allopatric
speciation. Species have evolved from components of animal populations
isolated in refuge areas (Map 30). The refuge concept has been successfully
applied to other groups in Australia, e.g. birds by Keast (1959, 1961).

Speciation of a scorpion genus or species-group in Australia may be
explained as follows. The Australian ancestral (parental or proto-) species
was originally widely and uniformly distributed. Then owing to a number
of environmental changes a series of localized climatic and habitat zones
arose. Isolation of components of the proto-species in these zones for
prolonged periods has enabled speciation to occur. Further environmental
changes allowed zones to merge. Consequently, the present patterns of
distribution of the extant scorpion species have arisen by various combina­
tions of contracting, spreading and overlapping.
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Present Geographic Distribution and Derivation

The general distribution and derivation of the Australo-Papuan species of
the six genera present in the region are discussed below.

Bothriuridae: Bothriurinae

Cercophonius

From a cursory glance at the distribution (Maps 1, 31) it is tempting
to regard Cercophonius as a form that, having entered Australia when
the climatic regime was much colder and wetter, persisted in southern
environments and in the relict population at Alice Springs. But closer in­
spection shows that the genus also occurs in moderately hot dry places, e.g.
north-western Victoria, central New South Wales, and the Eastern and
Murchison Goldfields of Western Australia. In other words, the genus has a
typical southern desert distribution analogous with that of many desert
mammals. Rainfall and temperature are recognized as limiting its distribu­
tion. But its distribution in south-western Australia, in which area most
specimens have been collected, indicates that it has been eliminated from
places that have been cleared for wheat and sheep farming. This supports
the view that Cercophonius favours trees such as Casuarina for its dwelling
place; Cercophonius occurs not only in dry sclerophyll but also in karri
forest.

In external features as well as the structure of the paraxial organ,
Cercophonius cannot be separated as a distinct subfamily from the other
six genera of Bothriurinae. These other six genera are confined to South
America. Because of the close morphological similiarity of numerous
features in all seven genera, it is concluded that there has been a single stock
of Bothriurid proto-species in South America and Australia. Two explana­
tions are possible:

(1) a widespread connection across northern areas followed by northern
extinction, or

(2) a connection across a previously continuous southern land mass.

The latter explanation is supported by the current opinions of the history
of land masses based on the available physiographic evidence (e.g. that pre­
sented by Raven & Axelrod 1972, Jardine & McKenzie 1972).

In spite of the long period of time that has elapsed since the separation of
these southern land masses in early Tertiary, there is a remarkable morpho­
logical similarity between Cercophonius and the South American bothriurine
genera, e.g. Urophonius and Timogenes (as discussed in the Taxonomy Part).

An early record of Timogenes sumatranus Simon, 1880, in Sumatra
caused some concern to Pocock (1894) in his discussion of geographic
distribution. He therefore concluded that the bothriurids entered Australia
from northern areas in which they were widely distributed. However, the
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identification of the Sumatran species proved to be incorrect and Kopstein
(1921: 143) included this species within the synonymy of the Sumatran
chactid Chaerilus cauernicola Pocock.

There is a locality record of Cercophonius squama from the Solomon
Islands (Kraepelin 1901), and there are three female specimens in the
Australian Museum labelled from the New Hebrides. The Solomon Islands
record is accepted by Maury (1971) but is not mentioned by Millot &
Vachon (1949) or Vachon (1952). If these locality records are correct it
means that C. squama and perhaps other bothriurid species were widespread
in and around Australo-Papua. These records, however, are inconsistent with
the known distribution of the species in Australia and with its absence from
New Guinea. I therefore confine C. squama to Australia and Tasmania.

Buthidae: Buthinae
The genera of the subfamily Buthinae that occur in Australia clearly show

connections with genera in northern areas. The hypothesis of a connection
with southern land masses is not required to explain their introduction into
Australia.

Lychas
Lychas has offshoots with a long history in Australia. It is a large, ancient,

and widespread genus also occurring in Eastern Africa and Asia, especially in
the Oriental region. It is closely related to the ancient genus Isometrus,
which is widespread and has many species especially in eastern Asia, and in
which genus many Lychas species were at one time included (e.g. by Simon
1882, 1884; Keyserling 1885; Pocock 1890b, 1891).

Lychas species in Australia normally live under the bark of trees and
under rocks, stones and litter. With regard to feeding on spiders:

L. uariatus has not been found in spider burrows

L. marmoreus is rarely found in spider burrows

L. alexandrinus is sometimes found in spider burrows

Arranged in this order, the three species display a progressive trend in
feeding behaviour towards that of I. uescus. The trends shown by these
species with regard to morphological features and paraxial organ structure
have been discussed under I. uescus (in the Taxonomy Part).

L. uariatus occurs over a large area of north-western, northern and eastern
Australia. It is present at moderate altitudes in the Great Dividing Range. It
is mainly a wet-adapted warmth-loving species (a few localities-e.g. Central
Western Australia, are drier). L. uariatus is the only one of the three
Australian Lychas species that also occurs in New Guinea and other
countries, e.g. Fiji Is (Kraepelin 1899, Birula 1917a). L. uariatus is morpho­
logically closest to L. mucronatus (Fabricius, 1798), which has a wide dis­
tribution that includes China, Japan, Philippines, and Indonesia.
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L. marmoreus is the southern Australian representative of Lychas. The
species occurs mainly in the cooler wetter parts of Australia, but is absent
from Tasmania. It exhibits conspicuous variation in certain features, e.g.
subaculear prong (Taxonomy Part).

L. alexandrinus is the central, eyrean, dry-adapted representative of
Lychas in Australia. The species displays many morphological features that
parallel those of other scorpions adapted to aridity in Australia, e.g. some
Urodacus species.

lsometroides

The prey of lsometroides consists solely of burrowing spiders. On the
basis of the trends exhibited by the species of Lychas towards feeding on
burrowing spiders, as well as morphological grounds, it is clear that
Isometroides has been derived from Lychas within Australia.

lsometrus

Isometrus is another genus with representatives outside Australia and New
Guinea. /. melanodactylus of eastern and north-eastern Australia and New
Guinea is closest to /. maculatus originally from the Oriental region. /.
melanodactylus is not known from high altitudes and is absent from the cold
wet south-eastern highlands; many of its localities are relatively low-lying.
/. maculatus, which has been found in Northern Queensland, Darwin, and
New Guinea, is a well-known synanthropic cosmopolitan species distributed
around the world in ships and not surprisingly appears sporadically in sea­
ports around Australia, e.g. Broome (Kraepelin 1916) and Adelaide (Anon
1966).

Scorpionidae: Ischnurinae

Liocheles

Liocheles has species both inside and outside Australo-Papua, e.g. India
(L. nigripes Pocock, 1897), Malaysia and Australia. Liocheles is very close in
appearance to the Indian and African Iomachus, less close to the African
Hadogenes, and also somewhat close to the more widely distributed
Opisthacanthus.

Distributions of the species of Liocheles have been given (Taxonomy
Part). L. australasiae is the most widespread, and occurs from India through
Australia to Tahiti. It is a small species compared to L. waigiensis and
especially L. karschii and hence would be more easily dispersed. The dis­
tribution of L. waigiensis in Australia exemplifies a tropical species that
thrives in a warm climate with high summer rainfall. The species was not
necessarily introduced recently. The intraspecific variation, especially in size,
that it exhibits in pockets of rainforest in Queensland would tend to support
this view. L. karschii has a small range compared to the above two species.
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Scorpionidae: Urodacinae

Urodacus

Urodacus is clearly an autochthonous element in the Australian scorpion
fauna which within Australia has produced several distinct evolutionary
radiations. These are now represented by species-groups, five of which are
established in the present study on external morphology and male genitalia.

Urodacus appears closest to Indomalayan species of the scorpionine
genera Heterometrus and Palamnaeus, and it seems likely on morphological
grounds that Urodacus and these genera had a common ancestor. Although
Kopstein (1923: 185) records Heterometrus cyanaeus (Koch, 1836) from
Eastern New Guinea (Hollandia in the north, and Merauke in the south),
Giltay (1931) excludes the species from Australo-Papua. This species was not
among the material I examined from Australo-Papua. Another scorpionine,
the African Pandinus, sometimes has unequal terminal leg-claws similar to
those exhibited in some Urodacus species. The Urodacinae appear to have
evolved from the Scorpioninae by reductive evolution in some features,
examples of characters of major taxonomic importance being the lateral eyes
reduced from three to two and the ventromedian tail keel from two to one.

It is clear in Urodacus that species-group status was achieved during
geographic isolation. This was followed by various extents of overlap. Specia­
tion within species-groups occurred independently of one another, and was
possible during their overlap. Speciation within the five species-groups may
be explained in three categories in order of increasing complexity.

(a) The simplest to explain are the hartmeyeri and yaschenkoi species­
groups. U. hartmeyeri and U. yaschenkoi, each representing one of these
groups, are closely related species which are now allopatric. Their speciation
may be explained as follows. Their common ancestor was widespread and
mainly arid-adapted and burrowed in sandy soil. Speciation followed
fragmentation which resulted in the isolation of a hartmeyeri component (in
western coastal Western Australia) and a yaschenkoi component (widely
distributed in the central and some other parts of the continent). Much of
the intermediate country between the distribution of these species is
occupied by the Precambrian Shield, especially the Hamersley Plateau.
Factors responsible for the fragmentation of the proto-species may have
been the presence of this Plateau, the marine intrusion in the region during
the Tertiary, and the formation of the tongue of very arid country extending
from the interior to the coast in the region of Shark Bay.

(b) It can clearly be seen that the northern species of the hoplurus
species-group (U. lowei, U. excel/ens and U. spinatus) and the eastern
species (u. macrurus, which is in central Queensland) have arisen by
geographic separation and that no subsequent overlap has persisted.
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Of the species in the central and western parts of the continent, U.
hoplurus is now widespread, unlike U. varians, U. giulianii, U. carinatus and
U. similis. These latter species may be regarded as arising from isolated
populations, and subsequently being overlapped by U. hoplurus. Alter­
natively, if sympatric speciation is possible in scorpions, these species have
arisen by ecological isolation within the distribution of U. hoplurus.

(c) The armatus species-group includes a typical Bassian pair, U. novae­
hollandiatl and U. manicatus. These occur along the southern coast in areas
of winter rainfall. They have related species that are mostly confined to the
Flinders Ranges (U. elongatus) in the east, and the Darling Range (U. plani­
manus) in the west. U. elongatus is sympatric with U. manicatus: U. plani­
manus is sympatric with U. novaehollandiae. Speciation is thus more
difficult to explain in this than in other species-groups.

Evolution of the above-mentioned four species of the armatus group may
be explained as follows. The species in the Darling and Flinders Ranges were
derived from populations that fragmented from southern populations. Sub­
sequently U. manicatus has overlapped the distribution of U. elongatus, and
U. novaehollandiae of U. planimanus. Amelioration of the climate would
have enabled such overlapping. Minimal competition between the species
would have helped them to overlap. U. centralis has arisen from an isolated
population in central Australia. U. armatus could have survived without
further speciation as small populations in gorge country in the ranges, e.g.
Hamersley, Barlee and Ophthalmia in the 'Hamersley' and Petermann and
Macdonnell in the 'central ranges' (Map 30). From these, U. armatus has
spread to overlap the distributions of other species. U. armatus partly over­
laps U. novaehollandiae and U. manicatus, and completely overlaps U.
centralis, but whether it is syntopic with these species is not known. U.
koolanensis would have speciated after isolation of a far northern part of the
proto-species of this species-group.

Allopatric speciation of an isolate of an armatus-like proto-species would
have given rise to the closely related megamastigus species-group.

It is considered likely that the proto-species or their immediate
descendants arising within Australia were morphologically closest to the less
specialized extant species of the genus, viz. U. novaehollandiae and U.
manicatus.

Urodacus Burrows

A comparative study of the structure, function and adaptation to
different habitats of Urodacus burrows has been prepared as a separate paper
(Koch 1978). The direction of evolutionary adaptation to aridity is from
shallow to deeper burrows, and from burrow entrances sited under rocks,
stones and logs to those emerging in open ground. Members of the armatus
species-group have the least arid-adapted burrowing behaviour and
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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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a

b
Fig. 127: Meiotic (Metaphase 1) chromosomes in male Urodacus: (a) U. novae­
hollandiae, (b) U. planimanus (Scale line = 10/1).
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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 (3) 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 Australia 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 Queensland. 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 I., 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 (3) 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.

(coastal N.T.)

(far north-eastern Qld)

(north-western)

(north-western coastal)

U. spinatus

U. lowei

U. koolanensis

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
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(central and western)

(central)

(mid-central and western)

(central Queensland, west of Great Divide)

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 abs6nt 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 latopalmata
(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,
1. vescus, U. armatus

U. yaschenkoi

U. hoplurus

U. macrurus

U. centralis, U.
giulianiz, 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 ~hat 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)

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

B. New Guinea, Australia, and widespread elsewhere

1. maculatus (in Australia: east of Great Divide)
1. 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 specie~ 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 uariatus and Isometrus melanodactylus; these
three species have similar home sites. Also possibly because of competition,
the overall distributions of C. squama and L. uariatus 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 1. and King 1. At first
Tasmania formed a single island with these, but King 1. was separated within
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L. alexandrinus, U. koolanensis

U. armatus

L. variatus, L. alexandrinus

L. variatus

C. squama, L. marmoreus

L. marmoreus

Rottnest 1.

Garden 1.

1,000 years; Flinders 1. was united to Tasmania longer, for some 3,000 years,
Le. 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.

Dolphin 1.

Barrow 1.

Dorre1.

Mondrain 1. U. novaehollandiae

South Australia:

South Neptune 1. 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 1. and Rottnest 1. (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 Of
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-
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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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