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THE TAXONOMY, GEOGRAPHIC DISTRIBUTION AND
EVOLUTIONARY RADIATION OF AUSTRALO-PAPUAN SCORPIONS
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ABSTRACT

The following scorpion taxa are recognized for the Australo-Papuan region: in
the Bothriuridae {(Bothriurinae) one species of Cercophonius; in the Buthidae
(Buthinae) three species of Lychas, one species of Isometroides, two species
of Isometrus; in the Scorpionidae (Ischnurinae) three species of Liocheles; in
the Scorpionidae (Urodacinae) nineteen species of Urodacus (seven of which
are new). Urodacus is divided into five species-groups. The characters
employed in scorpion taxonomy and particularly in this study are discussed.
A detailed system of nomenclature is proposed for the structures of the
paraxial capsule. The sexual dimorphism, geographic variation, individual
variation and ecological trends are analysed. Distribution maps of all species
of Australo-Papuan scorpions are presented. The geographic distribution and
evolutionary radiation of Australo-Papuan scorpions are discussed in terms of
history of the environment, ecological requirements of species, patterns of
distribution, and affinities and derivation of the taxa.

INTRODUCTION

This publication records part of an enquiry into the relationships and
evolutionary history of components of the order Scorpionida, especially its
species in the Australo-Papuan region. Of the seven recognized extant
families of scorpions, representatives of three, the Bothriuridae, Buthidae
and Scorpionidae, occur in this region.

Earlier work on the taxonomy of Australian species had little accompany-
ing biological information and was based on a few specimens which had been
received sporadically by workers at various museums. Principal workers were

*Head, Department of Entomology and Arachnology, Western Australian Museum, Perth.

83




[image: image6.png]Keyserling (1885), Pocock (1888 to 1902), Kraepelin (1894 to 1916) and
Glauert (1925 to 1963). Glauert (1925b) mentioned all the important papers
on Australian scorpions and dealt with the taxonomy of the Australian
Buthidae. Comparatively recently, some biological observations on a few
species have been published, e.g. Southcott (1954), Main (1956), Smith
(1966) and Koch (1970).

The present publication includes a taxonomic revision of all the scorpion
species in Australo-Papua, and is based on the large numbers of specimens
that had accumulated in museums and institutions throughout Australia. Six
genera are involved. The genus with the most species is the scorpionid
Urodacus which is confined to mainland Australia and is widespread there.
Included are analyses of intraspecific variation and observations on natural
history. The origin and evolution of the Australian scorpion fauna are
discussed in terms of current ideas on zoogeography. Views are expressed on
the manner in which the extant scorpion families reached Australia.
Scorpions within the region are discussed in view of the probable features of
past environmental history that have been responsible for speciation and the
present conditions that limit the distributions of species.

COLLECTIONS STUDIED AND ACKNOWLEDGEMENTS

Specimens examined were those in the British Museum of N atural History
(BMNH), the types in museums in Europe (stated in lists of material
examined), the extensive collection in the Western Australian Museum
(WAM), and all specimens forwarded to me at the WAM before November
1973 from museums and other institutions in Australia known to have
scorpions. Material examined from the South Australian Museum (SAM) had
been borrowed for the WAM by the late Mr L. Glauert.

For the loans of specimens I thank:

Dr C.N. Smithers, Australian Museum, Sydney (AM)

Dr B.Y. Main, Zoology Department, University of Western Australia
(B.Y. Main Collection) (BYM)

Dr B. Gray, Entomology Section, Department of Forests, Bulolo,
Territory of Papua and New Guinea (DFNG)

Dr P. Stanbury, Macleay Museum, University of Sydney (MM)

Dr. A. Neboiss, National Museum of Victoria (NM)

Mr S. Parker, Northemn Territory Museum, c/- Arid Zone Research
Institute, Alice Springs (NT)

MrR.D. Mackay, Papua and New Guinea Public Museum and Art
Gallery, Port Moresby (PNGM)

Mr A.J. Dartnall, Tasmanian Museum and Art Gallery, Hobart (TM)

Mr E.C. Dahms, Queensland Museum (QM)
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[image: image7.png]Mr W.F. Ellis, Queen Victoria Museum and Art Gallery, Launceston,
Tasmania (QVML)

Mr G.B. Monteith, Department of Entomology, University of Queens-
land (UQ)

The present publication is based on part of a Ph.D. thesis (University of
Reading, England). I offer sincere thanks to Dr W.D.L. Ride for supervision;
I also thank Professors A. Grahami and G. Williams, University of Reading.
Professor O.W. Richards, University of London, gave me initial encourage-
ment. I thank Dr G.M. Storr for many useful discussions on taxonomy and
geography.

I am indebted to the Trustees of the BMNH for permission to study their
collections. For friendship and assistance while I was at the BMNH as an
exchange worker in 1966-67, I thank in particular Dr J.G. Sheals, also Dr
G.O. Evans and Messrs C.G. Ogden, J. Coles and the late D.J. Clark; and Mr
D. Macfarlane of the Commonwealth Institute of Entomology.

I thank Professor M.J.D. White, Department of Genetics, University of
Melbourne, for comments on chromosomes, and Dr H.E. Patterson, Depart-
ment of Zoology, University of Western Australia, who on request prepared
for me the slides and photographs of chromosomes.

The drawings of the five complete specimens and of the brachium and
humerus of Urodacus novaehollandiae were executed by Mrs Jeanne-Marie
Johnson. The final versions of the maps were completed by Miss Kim
Cannon and Mrs Susan Postmus. I am grateful to Mrs A. Neumann for
translations.

List of Abbreviations

Collections

AM Australian Museum, Sydney

BMNH British Museum (Natural History)

BYM B.Y. Main’s collection stored at Zoology Department,
University of Western Australia

DFNG Entomology Section, Department of Forests, Bulolo,
Territory of Papua and New Guinea

MM Macleay Museum, University of Sydney

NM National Museum of Victoria

NT Northern Territory Museum, c¢/- Arid Zone Reasearch
Institute, Alice Springs

PNGM Papua and New Guinea Public Museum and Art Gallery, Port
Moresby

QM Queensland Museum
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Tasmania
SAM South Australian Museum
™ Tasmanian Museum and Art Gallery, Hobart
UQ Department of Entomology, University of Queensland
WAM Western Australian Museum
Measurements
CL Carapace length
Cw Carapace width
LH Length of hand
WHS Width of hand surface
HH Height of hand
HFF Length of hand and fixed finger
MF Length of movable finger
FTL Fourth tail segment length
FTH Fourth tail segment height
Meristics
Trichobothrial groups:
Eb basal, posterior surface of hand
Et subdistal, posterior surface of hand
M median, posterior surface of hand
p posterior surface of brachium
v ventral surface of brachium
v ventral surface of hand

METHODS

GENERAL METHODS

All the species of scorpions occurring in Australo-Papua are treated; also
included are individuals of Australo-Papuan species that had been collected
at localities elsewhere and were present among the material received for
study. In the zoogeographic discussions, in accordance with general current
views (Schmidt 1954, Walker 1972, Horton 1973), the Australian and New
Guinean areas are treated together as a region, its limits being defined by the
surrounding 200 metre bathymetric contour.

In the lists of synonymy of the individual species are included re-
ferences to papers having important statements on taxonomy and about the
distribution of the species in the study region. Such a synthesis of available
information is considered necessary owing to the lack of recent taxonomic
revisions of most of the species. Distribution of the species and their allies
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[image: image9.png]outside the studied region is largely covered by Pocock (1894), Kraepelin
(1901), Birula (1917a), Kopstein (1921, 1923) and Giltay (1931).

The types examined included all those whose descriptions in the literature
were ambiguous. Where a type has been examined, a statement to this effect
is made in the detailed taxonomic treatment of the species to which I
allocate it. I agree with the recommendations of Wilson and Brown (1953)
and do not use formal subspecific names; following Mayr (1969) species-
group names are used instead of formal subgenera.

All specimens were measured and described after preservation; and unless
otherwise stated, all specimens examined, including types, are preserved in
70-80% alcohol. A total of 4430 specimens was studied. The drawings were
made using a camera lucida. All specimens were sexed except for those in the
first instar, which are referred to as young and are excluded from the counts
of examined specimens.

Habitat details and other comments given for a particular specimen or
species include those obtained from label data, from my field observations,
or by my enquiring from the original collectors. Determination labels have
been placed with the examined specimens.

In the distribution maps, a single point is plotted to represent one or more
locality records within each square having side lengths of 30’ latitude and 30’
longitude. The summarized statements of geographic ranges include records
from the literature. The following categories of specimens in the lists of
material examined have not been plotted. (1) Specimens with locality
records preceded by a question mark. These doubtful records are discussed
in the remarks under each species. (2) Specimens with locality names
followed by a question mark. These locality names could not be clarified
from any further label data and were not in the gazetteer (Anon 1957) or
any of the maps at my disposal. (3) Specimens with no locality data, or of
very general regional data such as the name of the State (e.g. North West
Australia, South East Queensland, Central Australia) which are given within
inverted commas.

During the course of the research, the chromosomes (male karyotypes)
of two closely related species of Urodacus were examined, and relevant
photographs are presented and the findings discussed.

The Australian species shelter mainly under bark or close under objects,
such as rocks, on the ground, except for most species of Urodacus which
construct deep spiral burrows in the ground. Brief information on the
burrows is included. A comparative study of the burrows has been prepared
as a separate paper (Koch 1978).

In order to record intraspecific variation in the present study it has been
necessary to clarify and separate individual variation, sexual dimorphism,
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[image: image10.png]and age variation (i.e. instars and maturity) and details of these aspects are
discussed. Attention had also to be given during the delineation of taxa to
detecting and excluding features which had resulted from the long preserva-
tion. It was found that the dark coloration in variegated species of the
Buthidae and Bothriuridae had markedly faded in most specimens that had
been preserved for more than 40 years.

The raw data pertaining to this study are lodged in the Western Australian
Museum.

MEASUREMENTS AND MERISTICS

Taxonomic Use

Vachon (1952) established a detailed system of obtaining measurements
for scorpion taxonomy. The set of dimensions usually presented with the
description of scorpions has varied from the essential lists, e.g. of Vachon
(1952), San Martin (1966), Gertsch & Soleglad (1966), Pohl (1967),
Cekalovic (1969) and Newlands (1972), to somewhat more extensive lists
(Mitchell, e.g. 1971). Stahnke (1970) extensively discussed mensuration of
scorpions. Williams (1972) and Hjelle (1972) both employed the same set of
29 dimensions; and Levy et al. (1973) also employ about the same number
of measurements.

In the present study in order to supplement the description of each
species, two sets of measurements are included: (A) an extensive list of 30
selected dimensions of a type specimen or a representative specimen, and (B)
a set of nine standard measurement characters of male and female aduits.
Where large numbers of specimens were available, samples from all parts of
the distribution were used. Precautions were taken to avoid bias (e.g. those
due to specimen size or geography) in these samples. The nine measurement
characters (i.e. the data given in the present publication) have been used in
multivariate analyses of shape in these scorpions (Campbell & Koch, in
preparation).

Of the meristic features of scorpions, pectinal tooth count has always
been employed by scorpion taxonomists, and has even been the subject of
special analyses (Sreenivasa-Reddy 1959). Hjelle (1972) graphed pectinal
tooth counts of males and females of the vaejovid Uroctonus mordax
mordax Thorell and found different modal tendencies in various populations
in California. During the present study, an attempt was made to evaluate
this character. The count is given for each complete pectinal side.

Other meristic features of scorpions have not been subjected to a detailed
analysis of individual variation by other workers, comparable, say with that
of the work on some centipedes by Lewis (1968). In the present study,
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[image: image11.png]because of the extent of the variation, eight meristic features have been
recorded in species of the genus Urodacus.

Measurements
All measurements in the present study, unless otherwise stated, are in mm.

For measuring the types at the BMNH a pair of wooden calipers graduated
to 0.1 mm was used. The measurements of all other specimens were taken
using a metal ‘Helios’ dial calipers graduated to 0.05 mm; measurements of
specimens taken with these were read to the nearest 0.1 mm.

Bilaterally symmetrical structures were measured on the right-hand side
except in a few instances where the structures on this side were damaged or
missing, in which case the left-hand side measurements are given.

Details of the two sets of presented measurements, A and B, are given
below.

A. In the set of 30 dimensions presented with the description of each
species, the selected individual, where possible, is a type specimen, usually
the holotype, or a specimen from the type locality and of the same sex as
the type.

As discussed by Stahnke (1970) there are two methods of obtaining body
length and tail length: many workers (e.g. Gertsch and Soleglad 1966)
measure the components (excluding intersegmental portions) and add them
up, while others (e.g. Pocock, Glauert) give an overall measurement. In this
study, total length and tail length are given as only general indicators of size,
and these measurements therefore do not consist of the sum of the in-
dividual sclerotized parts. Total length as presented is from tip of chelicerae
to tip of aculeus, and length of tail from its junction with the body to the
tip of the aculeus. These two measurements, unlike all others, are only given
to the nearest mm because of the flexibility of intersegmental portions.

Length of each of the first four tail segments is not that of the whole
segment, but is that along the ventral keel as recommended by Vachon
(1952: 54). Hence this measurement does not necessarily correspond with
that given for the same specimen by previous authors, e.g. by Pocock for his
holotypes.

Length of vesicle and aculeus is the single measurement from the ventral
base of the vesicular segment straight across to the tip of the aculeus.

The measurements are taken according to the method recommended by
Vachon (1952).
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Fig. 1: Diagram of a scorpion showing the nine measurement characters. CL,
carapace length; CW, carapace width; LH, length of hand; WHS, width of hand
surface; HH, height of hand; HFF, length of hand and fixed finger; MF, length
of movable finger; FTL, fourth tail segment length; FTH, fourth tail segment
height.
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[image: image13.png]B. The nine standard measurement characters, which are of carapace,
hand and fingers, and a tail segment (Fig. 1) of adults, were taken as follows:

Carapace length (CL): Taken parallel to the longitudinal axis from the
anterior edge of the carapace at the middle of frontal lobe on the right-
hand side to the posterior edge of carapace.

Carapace width (CW): Greatest width, i.e. lateral edge to lateral edge
distance, in posterior part of carapace. (Owing to variation in carapacial
curvature as a result of preservation, measurements of this parameter are
not always as reliable as the others.)

Length of hand (LH): Taken from keel at base to point of junction with base
of movable finger.

Width of hand surface (WHS): Taken from anterodorsal keel to postero-
ventral keel at point of maximum width.

Height of hand (HH): The shortest measurement from finger keel to ventral
surface of hand.

Length of hand and fixed finger (HFF): Taken from keel at base of hand to
apex of fixed finger.

Length of movable finger (MF): Taken from base to apex of movable finger.

Fourth tail segment length (FTL): Taken along ventromedian keel from first
transverse keel at proximal end of segment to distal edge of segment.

Fourth tail segment height (FTH): Taken from ventromedian keel to
proximal base of posterior tooth.

For each species, ranges and means of the nine measurement characters
are given for adult male and female specimens from all parts of the distribu-
tion. Standard deviations (SD) are given for every species/sex set having at
least five specimens. These statistics are preceded by the number (n) of
individual measurements, which unless otherwise stated for a particular
measurement character, applies to all of them.

Meristics

As pointed out in papers by Vachon, the characteristics of cheliceral teeth
and the numbers of the trichobothria are well known to remain constant
throughout the life of a scorpion. (The symbols used for the trichobothrial
groups are included in the list of abbreviations.) In the species studied, in
addition to constancy in these characters there was no evidence that the
other recorded meristics, such as pectinal tooth count, of individual
scorpions changed between the instars. This statement is based on an ex-
amination of specimens in various instars, obtained in association with their
previously ecdysed skins. At least one species of each genus was investigated.
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[image: image14.png]The species with most material available for such inspections were U. novae-
hollandiae, U. planimanus, U. yaschenkoi, Lychas marmoreus and [s-
ometroides vescus. Meristics are therefore presented of all instars except first
instars (young) whose features are often difficult to discern. Except for
pectinal tooth count, the meristics do not exhibit obvious sexual
dimorphism and hence the values of these meristics for both sexes are
pooled.

Meristics are incorporated with the descriptions, the most frequent and
most rare counts of trichobothria being given in addition to the range of
variation exhibited among the available material. During the course of the
work, the frequency of occurrence of pectinal tooth count of some species/
sex sets having adequate numbers of individuals was tabulated and the
unimodal distributions obtained served as additional evidence that only one
species was involved in each instance.

The ranges exhibited by the pectinal tooth counts (each sex separately) of
the examined material are given with the descriptions of the individual
species. Also given for every species/sex set having less than ten individuals
are the means, and for those sets with more than ten individuals the means
and SD of an unbiased sample of ten individuals (i.e. 20 pectinal sides). The
pectinal tooth counts, with an indication of those selected for the SD
calculations, are lodged with the raw data. The given statistics supplement the
descriptions of the species. The range is that of all the counts of each species
/sex set. The individual counts serve to illustrate local variation, but it is
concluded that the variances exhibited by the samples of twenty counts are
too high for further analysis.

Ranges and usual numbers of eight meristic features are given for all
species of Urodacus. In this genus, the numbers and variability exhibited by
many meristic features, e.g. some trichobothrial groups, were high. (The
numbers of trichobothria in certain groups, e.g. Et, Est, are family cha-
racters.) In genera other than Urodacus, the numbers and variability of most
of the meristic features corresponding to those employed in Urodacus were
low.

Other meristics recorded (e.g. in Urodacus) are the inner and outer prongs
on tarsomere II of the hind (fourth) pair of legs. Along the row of prongs on
tarsomere I of the first pair of legs, the second proximal-most ‘prong’ often
occurred in the form of a bristle, and occasionally some other bristles were
present in this row. When this occurred these bristles were included as prongs
in recording the count, following the procedure of other taxonomists (e.g.
Pocock).

GENERAL MORPHOLOGICAL FEATURES

Taxonomic Use
Terminology of external features of scorpions was defined by Kraepelin
(1899), and detailed general descriptions of external (as well as internal)
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[image: image15.png]structure and terminology have been presented by Birula (1917a), Millot &
Vachon (1949) and Vachon (1952). Usage of the basic terminology of Snod-
grass (1952) would contribute towards consistent treatment within the
phylum Arthropoda, but understandably his work does not include all
structures of relevance to scorpion systematics. Stahnke (1970) in a compre-
hensive co-ordination of scorpion terminology attempts to standardize the
English terminology of external features of scorpions after taking into con-
sideration the German terms of Kraepelin (1899) and Werner (1935), the
Spanish terms of Hoffmann (1931, 1932), and the French terms of Vachon
(1952). In this study I have, as a rule, selected terms from those re-
commended by Stahnke (1970); Glauert (1925b) is also largely followed.
However, unlike Glauert (1925b) and others (e.g. Gertsch & Soleglad 1966;
and Pocock’s descriptions) but like Vachon 1952, I use the terms dorsal and
ventral instead of superior and inferior in describing the keels of the tail
segments. As mentioned, two of the characters that remain constant
throughout the life of a scorpion are (1) the shape and number of cheliceral
teeth, and (2) the position and number of trichobothria. In the present
study, special attention is paid to the description of these two characters
especially in Urodacus species. In regard to these two and many other
characters, all the previously known Australian species are described in more
detail than hitherto. I follow Vachon (1963) in nomenclature of cheliceral
teeth and Vachon (1952, 1962, 1973) for trichobothria.

Of the characters employed in the present study, the following require
comment.

Colour

Generally workers have described coloration in simple terms like brown,
yellow, orange, red, and the variants such as orange-brown, bright yellow,
and dark red (Gertsch & Soleglad 1966, 1972); this procedure is followed
here. Initially I consulted Ridgeway Colour and Munsell Soil Colour Charts,
but found them of little value for my purposes.

Newlands (1969, 1972) describes coloration in some African scorpions in
general terms supplemented with values from Standard Soil Colour Charts.
But Stahnke (1970) says that simplicity of expression is most effective and
that the use of primary colours in a variable manner conveys as precise a
concept as necessary, and Vachon (1952) is an excellent example; Stahnke
found, moreover. that colour codes are unsatisfactory owing to surface
conditions and consequent light reflections encountered.

The general statement on colour preceding details of any specific parts
refers to the dorsal ground colour of the hands, lergites and first three tail
segments.
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When discussing the second and third cheliceral joints, I use the term
jaws (in place of the term fingers) in order to avoid any confusion with
fingers of the hands; and I regard usage of the term teeth (a recognized term
for describing the chitinous projections used for mastication by invert-
ebrates) as more appropriate than the term denticles, cf. Stahnke (1970).

Some workers (e.g. San Martin 1963; Gertsch & Soleglad 1966; Mitchell
1968, 1971) when describing cheliceral teeth have used the nomenclature
proposed by Vachon (1963), whereas others (e.g. Lawrence 1966; Newlands
1972) have presented illustrations, with the teeth unlabelled. I present
descriptions and drawings of chelicerae of the genera and species; lettering
using Vachon’s system is shown for representatives.

Vachon (1963) points out the value of employing the structure of
cheliceral teeth in scorpion taxonomy at the generic level. Stahnke (1970)
concludes that chelicerae are sometimes of value at both generic and specific
levels. Except for a few workers (e.g. Mitchell 1968) cheliceral characters
have not been used as diagnostic features at the specific level. In the genus
Urodacus interspecific differences are adequate for diagnosis at the specific
level, and details of the cheliceral teeth are presented. In the other Australian
genera, the slight interspecific differences and the extent of intraspecific
variation made it impractical to employ cheliceral characters at the specific
level. Even in Urodacus, the teeth of some specimens were extensively worn,
and an illustration is therefore provided of a clear example of the chelicerae
of each Urodacus species with the proviso that cheliceral structure has to be
used with caution as a taxonomic character. As pointed out by Stahnke
(1970) setae on the chelicerae are of little taxonomic value; they are
excluded from the illustrations in the present study.

Surfaces of Humerus, Brachium and Hand

For the arm segments that some authors (e.g. Gertsch & Soleglad 1966)
refer to as the femur and tibia, I prefer to use the terms humerus and
brachium. This would avoid any confusion with the terminology of leg
segments. Because of the range in shape of humerus, brachium and hand,
and the variation in number of keels of the hands of scorpions, the liter-
ature is inconsistent in the treatment of the number of surfaces. For
example, Kraepelin considered the hand either as having two surfaces, viz.;
an inner (composed of the anterior, i.e. median surface, and the ventral
surface) and outer (composed of the posterior, i.e. the lateral surface, and the
dorsal surface), or three surfaces, viz., the dorsal, ventral and exterior
(=‘hinterhand’). Vachon (1952) treats the hand as having three main surfaces,
including a large ventral surface, and considers the brachium also of having
three main surfaces: dorsal, ventral and lateral. Stahnke (197 0) concludes that
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[image: image17.png]it is generally possible to recognize three surfaces, viz., superior, inferior and
exterior. However, in describing the humerus, brachium and hand (and the
location of trichobothrial groups) I found it most useful to treat these
structures as having four surfaces: (1) dorsal, (2) anterior (=inner, i.e.
medial), (3) ventral, and (4) posterior (=outer or lateral). Thus the bounding
keels on the dorsal surface are at the anterior (inner) edge (anterodorsal
keel) and posterior (outer) edge (posterodorsal keel).

Trichobothria

Vachon (1962) states that trichobothria are important taxonomic
characters; and in this study the system of trichobothrial nomenclature
developed by Vachon (1952, 1962, 1973) is followed as closely as practic-
able. Many modern workers (e.g. Mitchell 1968, 1971; Cekalovic 1965; San
Martin & Cekalovic 1968b) use Vachon’s symbols.

I have found that the trichobothrial nomenclature applies in the following
manner to the members of the three scorpion families represented in
Australo-Papua.

Fig. 2: Dorsal view of (A) humerus and (B) brachium of Urodacus novaehollandiae
(Perth, W.A.) with trichobothria indicated (Scale line 5 mm).

95




[image: image18.png]Fig. 3: Ventral view of brachium of Urodacus novaehollandiae (Perth, W.A.) with
trichobothria indicated (Scale line 5 mm).

Humerus: In the Bothriuridae and Scorpionidae, on the dorsal surface of the
humerus near the posterior (outer) edge close to the trochanter there is
one trichobothrium, d; on the posterior surface near the trochanter there
is one trichobothrium, e; and on the anterior (inner) surface near the
trochanter there is one trichobothrium, i (Fig.2a). In the Buthidae, the
dorsal surface has five trichobothria, dl, d2, d 3 d 4>andd 5; the posterior
surface has two, e and eg; and the anterior surface has four tricho-
bothria, i1, i2, i 3> and i 4 bositioned close together near the trochanter. As
usual the ventral surface has no trichobothria.
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[image: image19.png]Fig. 4: Trichobothria of posterior surface of brachium of Urodacus novaehollandiae
(Perth, W.A)).

Fig. 5: Trichobothria of posterior surface of brachium of Urodacus yaschenkoi
(Broome, W.A)).

Brachium: In the Bothriuridae and Scorpionidae, on the dorsal surface,
dq is at the humeral end and dg near the middle of the anterodorsal edge
of the brachium; and on the anterior surface near the anterodorsal keel
there is one trichobothrium, i (Fig.2b). In the Buthidae, on the dorsal
surface there are five trichobothria, dq, dg, dg, d,, and d5, and on the
anterior surface i is present. In the Bothriuridae and Scorpionidae, the
trichobothria that are along the posterior edge of the ventral surface are,
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[image: image20.png]in this study, represented by the symbol v (Fig. 3); this v series is absent in
the Buthidae. The posterior surface of the brachium has 13 trichobothria
in the Bothriuridae and seven in the Buthidae. In the Scorpionidae, there
are from a few to many (e.g. in Urodacus up to 54) scattered tricho-
bothria which are usually most numerous on the more ventral half
of this surface and at its edge near the humerus. Vachon (1962) groups
the trichobothria of this surface into eight or nine categories (D-Dy, By-
By, B5) based upon their transverse arrangement. Mitchell (1968, 1971)
designates these trichobothria, and groups them into five categories; and
Vachon (1973) employs five groups: terminal (et), subterminal (est),
median (em), suprabasal (esb), and basal (eb). In Urodacus, there are often

Figs 6-8: Hand and fingers of Urodacus novaehollandige (Perth, W.A.) to show
trichobothria: 6, dorsal; 7, posterior; and 8, lateral views.
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[image: image21.png]s0 many trichobothria on this surface that classification into discrete sub-
groups may be easy in species with few trichobothria, e.g. U. nouvae-
hollandiae (Fig. 4) but apparently impracticable in others, e.g. U.
yaschenkoi (Fig.5). Therefore, in the present publication, for each of the
Australo-Papuan species, I state the total number but do not give a de-
tailed sub-grouping of the trichobothria (p) on the posterior surface of the
brachium.

Hand: In the Bothriuridae and Scorpionidae, on the dorsal surface of the
hand there are two trichobothria, D¢t and Db (the latter being near the
proximal edge) (Fig.6). The ventral surface has, along its posterior edge,
from two to many trichobothria in a ventral (V) group, e.g. 7-32 in
Urodacus. The trichobothria of the posterior surface are arranged as
follows: distally, near the base of the fingers, there is a row of five tricho-
bothria (Ety, Etg, Etg, Ety, and Etg); proximal to these there is Est;
there is a basal row of three (Ebl, Eb2, and Eb3); distally from Eb row
there is one trichobothrium, Esb. Between Est and the Eb group, there is
a median (M) group (Figs 7, 8). The M group consists of 3-24 tricho-
bothria in Urodacus (Scorpionidae, Urodacinae). They are referred to as
accessory trichobothria by Vachon (1973). The M group is absent in the
Bothriuridae and Buthidae, and in the studied species of Liocheles
(Scorpionidae, Ischnurinae). In many species (especially of Urodacus) the
trichobothria of the Eb group of the posterior surface and the V group of
the ventral surface form a continuous row; the numbers of tricho-
bothria in both these groups must be checked in relation to the keels
between these two surfaces. In the Buthidae, Et, Est, and Esb are usually
near the base of the fingers; and Ebq, Ebg, and Ebg are present. There are
no dorsal trichobothria, and two ventral trichobothria (V), which are
near the base of the fingers.

Fingers: In the Bothriuridae and Scorpionidae, on the dorsal surface of the
fixed finger there are four trichobothria, dt, dst, dsb, and db (Figs 6, 7).
On the posterior surface there are four trichobothria, et, est, esb, and eb,
which are positioned along the finger. On the anterior surface there are
two trichobothria, it and ib. The Buthidae has these trichobothria except
that dst, dsb, and ib are absent.

(A detailed paper, incorporating illustrations, on the nomenclature of the

trichobothria of Australo-Papuan scorpions is being prepared by Vachon
& Koch.)

Legs

Regarding the names of the terminal segments of the legs, I use the
terms tarsomere I for the segment that Pocock (e.g. 1893b) and Birula
(1917a) call the protarsus, that Hirst (1911) and Kraepelin (1916) call
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[image: image22.png]the metatarsus, and that Vachon (1952) calls the basitarse; and the term
tarsomere II for that which Vachon calls the tarse, Pocock and Birula
(Birula 1917a) call the tarsus, and Pocock (e.g. 1891) calls the distal tarsal
segment. This is in accordance with Stahnke (1970) who bases his system
on Hoffmann (1931, 1932). Although various terms have continued to be
used, e.g. protarsi by Gertsch & Soleglad (1966) and Tarsus III and IV
by Lawrence (1961, 1966), the terms of Stahnke seem to be coming into
standard use, e.g. Newlands (1972) uses the term tarsomere II. I consider
it more appropriate to refer to the lateral claws of Stahnke (1970)as
terminal claws.

SEXUAL CHARACTERS
Reproduction in Scorpions

The male genital structure of scorpions was referred to by Blanchard
(1852) and Dufour (1856), and its morphology was first described by Paw-
lowsky (especially 1915a and b, 1917, 1921, and 1924). Pawlowsky (1917)
was the first to use the term paraxial ‘organ’ for each one of the sclerotized
pair of bilaterally symmetrical male structures arranged on either side of the
longitudinal axis within the body cavity, and he described the histology of
this structure in Scorpio maurus. (These structures are not organs in the
strict sense, but this terminology has been retained by scorpion workers.)

The elaborate courtship of scorpions has been recorded by Maccary
(1810) and incompletely observed by Brongniart & Gaubert (1891); Fabre
(1923) did not observe the details of its final stages. It is only comparatively
recently that several workers (Angermann 1955, 1956; Zolessi 1956;
Alexander 1956, 1957, 1959; Shulov 1958; and Rosin & Shulov 1963) have
shown convincingly that reproduction in scorpions involves the extrusion
and discharge, from the male body cavity, of a spermatophore. Each half of
the spermatophore forms within one of the paraxial glands and the two
halves unite during the process of leaving the body. The workers found that
the foot of the spermatophore adheres to the ground by glandular secretions.
The genital opening of the female is then manoeuvred onto the capsular
lobes of the spermatophore which is bent by this action resulting in ex-
pulsion of the seminal material into the female.

Taxonomic Use of Male Genitalia

Of the male genital structures, the sclerotized interior of the paraxial
organ has proved to be a valuable character in scorpion taxonomy.

The structure of the paraxial organs has been used in the taxonomic treat-
ment of North African scorpions (Vachon 1952) and of many species of
South American Bothriuridae (San Martin 1963, 1965a, b and c, 1966,
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[image: image23.png]19617, 1968; Cekalovic 1965; San Martin & Gambardella 1967; San Martin &
Cekalovic 1968a and b).

Vachon (1952) described the structures of the capsular area with terms
such as basal, internal, external, and median lobes. Workers on the South
American bothriurid species have presented detailed illustrations and term-
inology. Much additional terminology was included, and they retained those
terms already used by Vachon (1952). The paraxial organs of scorpions from
Israel, Jordan and Arabia are illustrated without comment (Levy et al
1973). Nevertheless, paraxial organs are employed as taxonomic features by
only a small proportion of current workers. Unfortunately, the female
gonotreme does not lead to a sclerotized structure that can be employed in
taxonomy with the facility of the male paraxial organ.

The structure of the male genitalia of Australo-Papuan scorpions has not
been previously used in taxonomy. I cannot overemphasize the value of the
detailed structure of the capsular region of the paraxial organs in the taxo-
nomic differentiation of these species.

Dissection of Paraxial Organs and Orientation in Drawings

The paraxial organs are situated at about the level of the pleuron and ex-
tend into the body cavity from the gonotreme. The procedure adopted for
dissecting this structure for taxonomic investigation was as follows. A slit
was made along the pleural membranes (of the right-hand side of the anterior
half of the body from the region of the third and fourth pairs of legs to
beside the third to fifth tergite) and the entire paraxial organ (first drawing)
of that side was removed with forceps. The paraxial capsule was then care-
fully dissected (while being viewed through a microscope) with fine needles
to expose the detailed cuticular structures (second drawing). Each of the
dissected paraxial organs has been stored in 70-80% alcohol in a labelled tube
within the jar containing the relevant scorpion.

In the drawings each structure is drawn as though it is removed from the
scorpion lying with its dorsal surface on the page and its ventral surface
uppermost. The head of the scorpion is lying towards the reader. The term
inner is applied to the admesial side of the organ since each organ illustrated
is from the right side; the inner edge is towards the left-hand side of the
page. The main lobes of the capsule are orientated differently in situ in
different groups, e.g. they tend to be admesial in the Urodacinae.

Terminology for Capsular Structures of Paraxial Organs

In the terminology I apply to the paraxial structures described in the
present study, I employ those appropriate names previously used by other
workers, especially Vachon and San Martin. However, the paraxial organs of
Urodacus, a recently evolved genus, have a complex capsular structure with
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[image: image24.png]many features that are additional to those for which terms were provided by
the workers on other scorpion genera. Therefore it has been hecessary to
present additional and more detailed terms.

Fig. 9: Diagram of a generalized paraxial capsule and lamina to explain termi-
nology. aca, apex of carina; al, apex of lamina; ap, apotheca; ar, arch of toca; b,
back-plate of inner lobe; ba, base of ampulla; ¢, carina; ca, caulis;co, comb of
external lobe; cr, crest; d, diaphragma; f, flap; fi, fissure; fl, flagellum; fu, fulcrum;
j, junction between carina and toca; ju, juxtum; lb, basal lobe;1d, lamina; le, ex-
ternal lobe; li, inner lobe; Im, median lobe; p, prong; pe, pedunculi, pes, spiniform
protuberance of inner lobe; pev, ventral pedunculus; pl, proximal lobe, s, saccus;
sp, sclerotized plate; t, toca; tq, toquilla; v, vinculum; dv, dorsal vinculum; vv,
ventral vinculum.
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[image: image25.png]The terms used in this study are explained below and shown in a drawing
of a generalized scorpion capsule (Fig. 9).

Apotheca (ap)—sac bounded at bottom by diaphragma. May be weakly or
strongly defined (excluded in descriptions where weakly sclerotized or not
obvious in present series of dissections).

Basal lobe (Ib) (of Vachon 1952)—partly flattened plate attached to end of
dorsal vinculum and usually at about a right angle to it.

Carina (c)—deflected plate at other end of median lobe. Its distal (i.e. dorsal)
part is called its apex (aca). Sometimes there is a distinct suture (the
junction, j) between it and the toca.

Caulis (ca)—projecting structure usually lobed (tri-lobed) at the very base of
median lobe.

Crest (cr) (of San Martin and Gambardella 1967)—anterior expansion at apex
of lamina.

Diaphragma (d)—floor of capsule (excluded in descriptions where weakly
sclerotized or not obvious in present series of dissections).

External lobe (le) (of Vachon 1952)—well-developed structure, variable in
size and shape, often hook-like and/or modified into comb-like structure
(co) with few to many teeth.

Fissure (fi)—slit-like opening between fulcrum and caulis; usually absent or
poorly defined, sometimes well defined.

Flap (f)—plate-like structure, represented in the Urodacinae in one species
(U. similis, sp. n.).

Fulcrum (fu)—a plate, usually triangularly curved, and pointing towards base
of median Icbe.

Juxtum (ju)—the middle portion of the structure that at one end is the basal
lobe and at the other the proximal lobe (the lobes being referred to as its
arms). It is a partly flattened plate attached to the end of dorsal vinculum
and usually at about a right angle to it.

Inner lobe (li)—(of Vachon 1952) sometimes has a back-plate (b) and a
spiny protuberance (pes) (of San Martin and Gambardella 1967) along its
edge between its point and the base of lamina.

Lamina (ld)—(=distal lamina Vachon 1952, and San Martin, e.g. 1965a)
flattened portion from capsule pointing away from gonotreme. In the
Urodacinae, the lamina ends at the apex (al), but in other scorpions, e.g.

members of the Buthidae, it has an elongation referred to in the literature
as the flagellum (f1).

Median lobe (Im)—(of Vachon 1952) funnel shaped structure between inner
and external lobe; formed by curved folding of cuticular layers.
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[image: image26.png]Pedunculi (pe)—rod-like structures at base of external lobe, referred to as
dorsal (ped), median (pem), and ventral (pev) according to orientation.

Prong (p)—small projection (usually somewhat directed outwards) from
median lobe near the base of fulcrum.

Proximal lobe (pl)—extension from dorsal vinculum in opposite direction to
basal lobe.

Saccus (s)—pouch that may occur between inner lobe and median lobe.

Sclerotized plate (sp)—structure of variable shape (often triangular) on back-
plate of median lobe near the junction.

Toca (t)—auricula-shaped structure joining median lobe near carina; its
lowest part is the base (ba), the curve near this is the arch (ar).

Toquilla (tq)—large shell-shaped structure; probably an extreme form of
toca.

Vinculum (v)—curved rod-like structure at proximal end of external lobe.
Consists of an upper arm (the dorsal vinculum, dv) and a ventral arm (the
ventral vinculum vv).

GROWTH CHARACTERS (INSTARS AND MATURITY)
Adult Stage Measured

Koch (1975) has shown, using principal components analysis, that in
Australian scorpions change in shape does occur between the penultimate
and the ultimate (adult) instars. The relationship between CL and FTL in
male Urodacus planimanus is shown as an example (Fig. 10). Because of
change in shape it is important to use a corresponding life-cycle stage when
comparing the dimensions of species and so that any discussion of intra-
specific or interspecific differences in shape can be meaningful. In the
present study, determination of the adult instar has been reasonably easy—
definite proof of maturity is available through dissection (see below).
Because of sexual dimorphism, the adult male and female dimensions are
given separately. Non-measurement characters change little if at all from the
second instar onwards, and data from these instars have been incorporated in
the general descriptions.

Determination of Maturity

The reproductive system of both sexes was Inspected (in most specimens
without removal) through a small slit made along the pleural membranes on
the right-hand side of the body. For this purpose, a slit extending beside the
third to fifth abdominal tergites was usually adequate.

Male: Smith (1966) had found that in dissccted males of U. manicatus,
the reproductive system was evident in the [ifth instar and was mature in
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Fig. 10: Slopes fitted as a result of principal components analysis to ultimate (open
circle) and penultimate (closed circle) instars of male Urodacus planimanus.
Paraxial organs were present in the specimens above, but not below, the broken

horizontal line. Large symbols, means. CL, carapace length; FTL, fourth tail
segment length (mm).
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[image: image28.png]the sixth (i.e. ultimate) instar. In all the species examined in the present
study, the male ultimate instar, unlike previous instars, had paraxial organs;
and even if the structures had recently been extruded in mating, their
empty sheaths were usually detectable in the body. It takes at least a few
days for new spermatophore halves to form within the paraxial organs.

Female: Smith (1966) said that in females of U. manicatus the reproduc-
tive system is not evident until the sixth (i.e. ultimate) instar. However, it
is my experience that the female reproductive system of the scorpions
studied is evident before the ultimate instar. Maturity is determinable in a
variety of ways: (1) association with young, (2) possession of a spermato-
cleutrum (this is present in the operculum after mating and can be detected
without dissection), (3) presence of embryos, (4) presence of conspicuous
diverticulae, (5) obviously post-parturition, (6) of similar size to adult
females from the same locality, especially when collected with them.

The nature and length of time of preservation of some female specimens
in old collections was such that the state of development of the genital
systems (and hence maturity) could not be determined with surety. Measure-
ments of these specimens have been excluded, i.e. it was not possible always
to determine the exact lower limit of adult female size in all the available
material.

TAXONOMY, VARIATION AND DISTRIBUTION OF SPECIES

Sixty of the characters of diagnostic value in separating taxa into cat-
egories (e.g. families, species-groups) are shown for the individual species in
Table 1. Dendrograms and other results obtained from the statistical analysis
of this data will be published elsewhere.

FAMILY BOTHRIURIDAE Simon, 1880
Subfamily Bothriurinae Maury, 1971
Genus Cercophonius Peters

Cercophonius Peters, 1861: 509. Type species Scorpio [Telegonus?]squama
Gervais, 1844: 227 (by monotypy).

Acanthochirus Peters, 1861: 509. Type species Acanthochirus testudinarius
Peters, 1861: 509 (by monotypy). [=Cercophonius squama (Gervais,
1844).]

Distribution
Australia and Tasmania.

Species included
Cercophonius squama (Gervais, 1844).
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