




Figure 10 lYpe of locality of S. griseoventer(photo:N. Dunlop).
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• moderate dense Jarrah woodlands over dense shrubland of Melaleuca spp" Agmlis
parviceps and Euanora arislala on grey sand;
• moderately dense low woodland of Banksia allenuala and B, menziesii over Adenanthos
cygnorum on deep whitish silicous soil;
• seasonal swampland vegetated with' Melaleuca and rushes';
• Eucalypt mallee over Xanthorrhoea sp, on stony substrate;
• 'Banksia coccinea scrub';
• Banksia speciosa shrubland 3 m high, over mixed heath 0,5 m high, on yellow gravelly
sand;
• dense heath on lateritic breakaway country,

The type locality of S. griseoventer is described by N. Dunlop (pers. comm.) as follows:
'Banksia allenuala, B. menziesii and Eucalyptus lodliJ.ma open low woodland B over Casua­
rina humilis and Hakea sp. Iow scrub A over mixed low heath C dominated by Melaleuca
scabra on deep, whitish-yellow sand. Stand not burnt for 12-15 years. Other plant species in
low heath include Hibberlia spp., Pelrophile linearil', Calolhamnus quadrijidus,
Gompholobium, Synaphea, Daviesia, Eremeae and Xanlhorrhoea spp.' (Figure 10).

Origin of Name'
From the Latin - griseus (grey) and venter (abdomen).

Specimens Examined
Alhany-Fraser Province/Roe group (AFR)

Nr Ravensthorpe, 33°35'S. 119°35'E, 16, WAM M10927
Alhany-Fraser Province/Eyre group (AFE)

Fitzgerald River Nat. Pk. 34°16'S. 119°25'E. 39. WAM M15170, WAM M15457, WAM M24325. Mt
Bland. 34°II'S. 119°2i1'E. 19. WAM Mil075. Nr Pt Dempster. 33°31'5, 123°49'E. 16. WAM Mil652.
Cape LeGrand Nat. Pk. 33°56'S. 122°09'E. 16. WAM M145i14.
Alhany-fraser Province/Darling group (AFD)

Nr Walpole. 34°5i1'S. l\(n2'E. 29. WAM M19039. WAM M 19033. Nr Denmark, 34°53'5,
117°22'E. 19. WAM M3393. Denmark 34°5i1'5. IIT2I'E, 26, WAM MI006 (S) WAM MI231 (5).
King Creek, 34°51'5, IIWIO'E, 19, WAM M7100 (K). Elleker, 3S000'5, 1l7°30'E, 19, WAM MI224
(S). Hay River, 34°4i1'S. 117°30'E, 19. WAM MI969 (S). Mt Manypeaks. 34°49'5, IliloI6'E, 10, WAM
Mlil296. Nr Torhay. 35°03'S, 1l7°32'E. 20. WAM Mlil41 (S), WAM M1I26 (S). Chorkerup Siding,
34°50'S, IIT4I'E, 30. WAM MI317 (S). WAM MI75i1 (S), WAM MI714 (S).
Yilgarn Block/Darling group (YBD)

6W, 13.2 km Gingin, WliI'15"S, 116°0I'00"E, 10, WAM M24543 (5) (holotype). Nr Gingin,
31°lil'5. 116°01'E, 26 . 19. WAM M24534-5. WAM Mlilil54 (1). Worsley, 33°19'5, 116°()(YE, 19, WAM
M24555. Bridgetown. 33°50'S. 116°00'E, 16, WAM Mil037.
Leeuwin Block/Darling group (LBD)

Forest Grove, 34°04'S, 115°06'E. 26. WAM MI642 (S), WAM M2059 (S). Augusta, 34°19'5,
llSO09'E, 16, WAM Ml1074 (1).
Perth Basin/Darling group (PBD)

Newlands, 33°41'5, 115°53'E, 26, WAM M90I (S) WAM MI3I3 (S). Nr Mt Peron, 30°01'5,
IISO09'E, 16, WAM M159i17.
Perth Basin/lrwin group (PBI)

Badgingarra Nat. Pk. 3()03O'S, IIS02i1'E.
Yilgarn BlocklRoe group (YBR)

Nr Borden, 34°24'5, IliloOYE, 16, WAM M15196.
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A cLiXonomic Revision of the Smilllhopsis mUrilll1 Complex

Smithopsis aitkeni Sp. novo

(Figure2e, ll;lllble I)

Holotype
SAM M7664. Adult male, skull and dentaries, carcase in 7WI,c ethyl alcohol, collected by P.

Tiggerman on 29 April 1969 from 'Section 146 Hundreds of Cassini, Kangaroo Island South Australia'
(35°35'S, 137°19'E).

Paratypes
Two females and 2 males; see Specimens Examined.

Diagnosis
Sminthopsis aitkeni differs from S. murina as follows (measurements arc means, in

millimetres): dorsal pelage dark fuliginous rather than a brownish colour; ventral pelage
light grey rather than white; generally longer tail (96.0 v. 77.7); larger maximum skull height
7.7 v. 7.1); longer CI-M~ (10.8 v. 9.7); M' metacristid normally shorter than or subequal to
rather than longer than its crown length; CT crown height shorter or subequal to rather than
taller than that of Pj; entoconids on Mc; and Mj medium to large rather than smal1 to absent;
and a generally longer IPVAC (4.2 v. 3.3). Differs from S. do/ichura as follows: dorsal pelage
darker fuliginous colour and ventral pelage light grey rather than white; larger skull,
particularly maximum length (27.3 v. 25.0); maximum width (14.1 v. 13.1) and maximum
height (7.7 v. 6.8); longer in all tooth dimensions particularly Cl_M' (10.8 v. 9.3), Cl crown
height subequal to or shorter than rather than longer than that of Pi; entoconids on Mc; and
Mj moderate or large rather than absent or very small; lower CONRAM: MT-MT ratio (0.71
v. 0.75). Differs from S, gilberti as follows: dorsal pclage darker fuliginous colour and ventral
pelage light grey rather than white; longer tail length (96.0 v. 80,2); shorter ear (18.2 v, 2L1);
shorter nasal length (9.8 v. 10.3); longer IPVAC (4.2 v. 3.3); longer Cl-M~ (10.8 v. 10.2); larger
maximum skull height (7.7 v. 7.3); Cl crown height subequal to or shorter rather than taller
than that of Pj; entoconids on Mc; and Mj moderate or large rather than absent or very small.
Differs from S. griseoventer as follows: longer tail (96J) v. 82.2), such that TV normally
longer than HV; longer hind feet (17.5 v. 16.3) dorsal pelage dark rather than a light fuliginous
colour; ventral pclage light grey rather than 'grizzled' grey; larger maximum skul1 height (7.7
v.7.4; longer Cl-M1 (10.8 v. 10,2), MI-M~ (5.7 v. 5.4) and MLM~ (5.0 v. 4.8); longer h-MT (12.3
v. 11.6); larger minimum orbital width (5.4 v. 5.0); larger nasal length (9.8 v. 9.3); shorter
CONRAM: Mi-MT (0.71 v. 0.78). If the above diagnosis fails to identify a specimen then it
may be distinguised from S. murina, S. do/ichura. S, gilberti and S. griseoventer by the
discriminant function analysis presented herein. Differs from other species of Sminthopsis in
the same way that S. murina (sensu Archer, 1981) differs from them (sec Archer [1981]).

Description

PeIage
Dorsal fur, including that on forearms and hind feet, and lateral body fur, Fuscous Black

at base tipped with a mixture of Greyish Olive and Black; the latter predominate, particu­
larly mesially, producing a dark fuliginous colour which extends anteriorly to forehead.
Apart from patches of black around eye, face, checks and throat Light Gull Grey. Ventral fur
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Figure 11 Skull and left dentary of the holotype of S. aitkeni. The ventral aspect of the skull arc
stereopairs. Scale line, 10 mm.
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A clhxonomic Revision of the Smilllhopsis fflurina C'omplcx

apart from chin, manus and pcs, which are white, Deep Neutral Grey base for three-quarters
of its length, tipped with white to Pale Gull Gray; overall this produces a light grey colour.
Dorsal and ventral surfaces of tail the colour of respective body pclage surfaces.

Tail
Average tail to vent length 96.0, i.e. IO.YX longer than average nose to vcnt length of 86.9.

Tail slightly incrassated in SAM M7664.

Hindfoot
As for S. murina, although apical granules of interdigital pads are a similar size; no

obvious fusion of apical and proximal granules on fourth interdigital pad. No metatarsal or
post hallucal granules.

Nipple Number
Six and probably two other nipples on damaged skin of SAM M8998.

Dentition
As for S. murina except for the following: crown width of P < P < J:' or r, P and P

subequal. No posterolingual enlargement of p' cingulum. Buccal and lingual cingula very
slight to absent on pi, p' and p:l. StC moderate on Mc and M' of one specimen only. StE very
small on M1 of one specimen only. M' metacrista less than or equal to its crown length. Cl
crown height subequal to or shorter than that of Pl. Entoconids moderate to large on Mi to
Mj, small and variable present on Mi.
Note: No juveniles available for description of deciduous premolars.

Skull and Dentary
As for S. murina except for the following: distance between premaxillary and maxillary

vacuities tends to be larger; premaxillary vacuity extends posteriorly to a point in line with
anterior edge or anterior root of pi; maxillary vacuity extends to a point in line with
protocone or anterior edge of M I

Distribution and Habitat
Known only from Kangaroo Island, South Australia. The holotype and SAM M7936 were

collected from the base of a Blackboy, Xanthorrhoea tateana in sclerophyll malice (Aitken
1(72).

Origin of Name
Named after the late Peter Aitken, Curator of Mammals, South Australian Museum.

Specimens Examined
Kanmantoo Fold Belt group (KFB)

Kingscote (K.!.) 35°39'S, 137°38'E, I?, SAM MlO196 (S). Cassini (K.!.) 35°35'S,
137°19'E, 26, SAM M7664 (holotype), SAM M7926 (S). Kangaroo!. 35°35'S, 137°16'E, 16,
I? , SAM M8997 (S), SAM M8998 (S).

Unique Specimen
Archer (1981:98) refers to WAM M7495 (actually M7(45) as a unique specimen. This was
collected by P. Bridge in 1967 from the doline of Easter Cave near Augusta, Western
Australia. The carcase was decomposing but its standard external body measurements were
recorded by J.L. Bannister. Unfortunately this adult specimen could not be sexed. This
presents difficulty in placing it against the species clustered by discriminant function analysis
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in r:'igure 12, If it is a female, then it does not cluster with any of the species distinguished in
this study, If it is a male it clusters well with S. do!ichllm. WA M M7945 has no entoconids on
M,-M" as is the case in ,"l'. do!ich11 m. However, it differs from S. do!ichllm in that its tail
length is less than its nose to vent length (90.9 v. 9.1.7 mm). Also its CONRAM: M,-M, ratio
is higher than that of S. do!ichllm (tHIO). Ifit is S. do!ichllra. which is not certain on the above
evidence, then it is the only south-western coastal record of that species. A more likely
explanation is that it is representative of an undescribed taxon perhaps S. jidigillosa
(GoukL Ik52 - sce later Nomenclatural Note).

Morphometric Analyses: Results and Dismssion
The species show considerable difference in means and standard deviations for almost all
variables ('Elble I). While the majority of variables arc strongly sexually dimorphic, the
extent of this dimorphism is not signilicantly different between species (T:lble 2). Subsequent
analyses separate data from the two sexes.

A previous study on dasyurids has suggested that skull variables can be coalesced into a
few major factors (Kitchener Cl al. 19k3). The potential for simplil1cation of the current data
set was assessed through principal component analysis.

Principal Component Analysis
Nearly all variables within the data set arc highly intercorrelated. The 2k variables of the

male data set arc resolved into three major factors. with 24 of these variables having their
highest loading on Factor I (,Etble 3). Factor I accounted for 54\/( of the total variation and
almost certainly represented a measure of overall size. Neither Factor 11 nor Factor III reflect
any obvious size or shape descriptions. Analysis of females produces an essentially similar
solution (,Etble 3).

Discriminant Analysis
Discriminant analysis was used to select those combinations of morphological characters

which best discriminate between the species of Smil1fhopsis examined here. For males, an
analysis of skull, dentary and external body characters (weight and tragus not included as
they arc absent from many individuals), produces four functions (,Etble 4a) which assign
indivuals to species with varying degrees of accuracy. Applying all four functions to indivi­
duals with complete data sets, S. do!ichllm (N 50), S. gilhcrli (N 10) and S. ailkclli
(N 2) arc c1assil1ed with complete accuracy. Of the S. tnllrina (N = 25), two arc incorrectly
classified: WAM M6753 as S. gilhcrli and J1742 as S. dolich11ra. Two S. griscovcntC!' (N = 19)
arc also incorrectly c1assil1ed: WAM M901 as S. tnllrina and WAM MI75k as S. ailkcni.
Function L which is greatly influenced by overall skull and dentary dimensions
(BASCRANL, MS KW, DCI,) and tail length, primarily distinguishes S. dolichllra from the
other species. Function IL which is largely based on C'-M' and hind foot length (HF),
distinguishes S. griscovcnlcr and S. ailkcni. Function 11 L which is largely dependent on
overall skull dimensions (BASCRANL, MSKW) and M, distinguishes 5;. mllrina from the
other species and S. griscovcl1fcr from S. ailkclli. Function IV, which is influenced by
characters describing the shape of the skull (MSKH, MINORB), overall size of dentary
(DCI,), shape of the dentary (CONRAM) and tail length (TV), distinguishes maximally
S. griscovcntcr and S. ailkcni. S. gilhcrli plots closest to S. mllrina on Functions I and 11 and
is maximally distinguished from that species on Function III (Figure 12a).
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Table 2

A Taxonomic Revision of thc Sminlhopsis murina Complex

Analysis of variance for the skull and body characters of Sminthopsis murina. S. gilherti.
S. griseoventer. S. dolichura and S. aitkeni grouped by OTU and sex. H)r key to variables
see p. 202. P-values of (WOI denote 0.001 or less.

Variable OTU Sex Interaction

F-ratio P F-ratio P F-ratio P

MAXL 26.71 0.001 41.59 0.001 1.71 0.151
BASCRANL 17.28 0.001 42.13 O.()()) 1.76 0.140
MSKH 45.66 0.001 39.16 (J.()() I 1.39 0.240
MSKW 18.37 (J.()O I 30.03 O.()()) 1.50 0.205
ZYHT 9.95 O.()()) 1.443 0.231 0.65 0.627

BUL 12.98 0.001 30.55 0.001 0.96 0.434

OBUL 12.52 (J.(lOI 20.78 0.001 0.12 0.975
INBUL 21.75 (J.()()) 1.50 0.223 0.99 0.410
C'-M' 41.13 0.001 24.68 O.()()) 0.62 0.651
MLM' 21.84 (J. 00 I 0.62 0.431 0.68 0.608
MLM2 35.79 0.001 0.00 0.951 1.40 0.235
LMLRM' 23.79 0.001 2.07 0.152 1.09 0.363
INORB 15.93 0.001 33.63 0.001 1.03 0.394
IPVAC 40.33 O. ()()) 12.33 0.001 2.07 0.087

NASL 19.25 O. ()()) 36.06 O.()()) 1.21 0.310

CRANW 22.12 0.001 22.57 O.()()) 0.98 0.420
on, 25.74 (LOOI 47.64 0.001 1.19 0.317
l,-M. 62.52 0.001 31.19 0.001 1.16 0.332
M,-M. 46.39 (J.(lOl 0.42 0.519 0.73 0.572
M,-M} 48.73 0.001 0.26 0.614 0.80 0.529
ANGCON 1.88 0.124 2.16 0.147 0.60 0.615
CON RAM 2.21 0.078 15.05 O.()()) 1.96 0.128
WT 11.89 0.001 2.78 O. «Xl 3.41 (J.(l22

NV 7.05 (J.()01 0.31 0.582 1.76 0.163
TV 16.12 (J.()01 5.11 0.027 1.10 0.356

HF 10.17 O.()()) 13.44 O.(X)) 2.51 (L062

EAR 9.92 O.(X)) 6.14 0.015 0.46 0.710

TRAG 0.50 0.738 0.01 0.936 0.21 0.888

Comparable analysis for females (Table 4b) shows that they can be separated by the first
two functions (Figure 12b). S. gilberti (N = 8), S. griseoventer (N = 8), S. murina (N = 15)
and S. aitkeni (N = 2) are classified with complete accuracy. Of the S. dolichura (N 26) one,
SAM M9408 from Eyre Peninsula, is classified as S. aitkeni. Function I which is largely based
on a range of characters related to skull shape, both tooth row length (Cl-Mi, M,-M}), shape
of the dentary (DCh, CONRAM) and external body measurements (HV, TV and EAR)
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Table 4

(4a)

A 'Htxonomic Revision of the ,\'minlhopsis fflurino C'omplcx

Standardised discriminant funet ions for the variables selected bv the discriminant analvsis
from the five species of SlIIilllhopsis (llIurina, dolichura, gilhert!, griseol'elller and aitk:'ni)
for (a) male skull, dentary and external body characters and (b) comparable female
characters. Selection was based on minimisation of Wilk's Lambda (Klecka 1(75) and
variables are in descending order of discriminatory power based on this statistic.

Discriminant function scores are calculated as the summation of the products of the
unstandardised discriminant function coefficients (in brackets) and the respective con­
stant.

Character
Discriminant Function

11 III IV

BASCRANL

MSKH
MSKW

BUL
C'-M'
LM'-RM'

INORB

IPVAC
NASLEN

DC-I,

M,-M,
M,-M,

ANGCON

CONRAM

TV

HF
EAR

CONSTANT

(4b)

0.XX5 (0.X5)
- 0.509 (- 2.(7)

0.X20 (1.00)

0.312 (1.63)
0.29X (- 0.X6)

0.537 ( 1.42)

0.2X6 (1.09)
-0.700 (-1.96)

0.2M (IU9)
- 1.763 (- 2. 11)

- 0,4X3 (- 2.X3)

0,40X (2.70)

0.231 (O.X4)

Il.041 (0.12)

1.14X (0.15)
0.270 (- IU4)

0.160 (-0.13)

24.04

0.567 (- 0.54)

IUOI (1.22)
O.26X ( IU3)

0.040 ( 0.21)

1.124 (3.24)
0.393 ( 1.(4)

- O.OX7 (- IU3)

IUI6 (Il.XX)
-IUIO (-0,46)

- O.MX (- lUX)

-0.571 (-3.34)

0,427 (2.X3)

0.526 (1.93)

0.750 (2.22)

O.5X3 (0. OX)
O.XX7 (- 1.11)
0.293 (- 0.23)

X.07

1.331 (1.27)

-0.154 ( 0.(3)

1.180 (- 1.44)

-IUOI (-1.57)
- O.5XO (- 1.6X)

0.779 (2.06)

IU55 ( 1.35)

0.239 (0.67)
0.010 (lUll)

0.197 ( 0.24)

O.2XO (I.M)
- 0.995 ( 6.58)

O.50X (I.X6)

IU51 (1.04)
0.234 ( o.m)

-O.OXO (-Il.!O)
- IU34 (- 0.26)

24,43

IU26 (0.31)

1.230 (5.00)
IU3X (0,41)

IU43 (1.79)
- O.60X ( 1.75)

0.663 (1.75)
-0.X56 (- 3.25)

IU9X (1.11)

0,462 (O.6X)
- 1.200 (- 1.44)

0.OX5 (0.50)

0.245 (1.62)
.- 0.298 (- 1.(9)

1.128 (-3.34)

0.X30 (0.11)
0.230 (0.29)
O.29X (- 0.24)

20.M

Character
Discriminant Function

11 III

MSKH

ZYlrr
BUL
INBUL
C'-M'
M'-M'

0,470 (- I.X2)

0.936 (5.77)

IU93 (-2.14)

IU26 (1.40)
0.X33 (2.49)

- 0,47X ( 2.97)

O.5X4 (2.27)

o.on ( 0,45)
0.169 (0.92)

0,445 (1.90)

1.412 (4.21)
- 0.740 (- 4.60)
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-o.mx ( 0.24)



ILL Klfcht'I1lT ,I StoddEH! ;lI1d ,I I knlv

(4h) continued

DlScrlllllnant Function

Character 11

LM'-RM 06.'X 1(3) 00t/2 023)
INORB 06:":" ( 2AX) IUO.'\ ( 11:")
IPVAC 0203 (OA.'\) 0264 (0:"6)
NASLEN OMh ( 131) 0.00:" (tUlI )
DC-I, I.XX7 ( 2.'1 ) IXI') ( 223)
M,-M, 1 01:" ( 7.11) 0224 ( 1.:"7)
C()NRAM 122:2 (36h) 0642 ( 192)
NV 0t/46 (0. 12) 02X6 (!l04 )
TV 2.1'11 (034) 0.444 (007)
HE 0343 ( tU6) 02:"2 ( 027)
EAR I.107 ( 0(4) OhO:" ( tU:")
CONSTANT 71.'16 11.21

I11

102.~ (2hl)

O'lhO ( .'\M)

02h7 (0:"7)

0.164 ( 033)

0520 (064)

01:":" ( IOt/)
002X (O.OX)

OA.l:'i ( 0.06)

OAII ( OOh)

0.4X4 ( 0:" I)
0.12:" ( 0(7)

2().t/X

Phcnetic and Phylogcnetic Analysis
The generalised patterns of most classifications whether male, female, phenetic or phylo­

genetic are essentially similar but minor details vary (Figures 13, 14). Similarities are (a)
groupings of S. do/ichur<! OTUs usually with a monophyletic origin, (b) groupings of most
S. gi/herli OTUs, (c) splitting of S. tnurinil into two groups, one always containing the NI:F
and LFB OTUs with the other always containing the HFB OTU and arising close to
S. ililkeni and (d) widely dispersed placement of S. griscol'efller CHUs often intergrading
with S, tnurin({,

The most important differences between the Wagner trees arise from the shifting
placement of MB, OB and CMB OTlJs between the two S, tnurinil groups and the disparity
of the direction of the Wagner trees for the male and female groups, In addition to the latter,
Wagner trees for males and females are highly discordant, whether these trees are produced
from the raw (Figure 14), gap-coded or 'size free' data. Groupings on both of the latter two
are similar to those of the former.

Wagner trees are rooted using a population of Ningilui ridei as an outgroup, but the
direction and branching patterns of these trees are concordant with those rooted with
Smimhopsis gmnu/ipes and ,I.,', uilssiciludillil and ,";. tnilcroum or those rooted through the
branch connecting the two most divergent OTUs without outgroups, Neither did the
inclusion of the tragus measurements, causing a decrease in the number of populations (as
not all had tragus data), cause any alteration in the Wagner trees. Thus although patterns
differ, individual Wagner trees are quite robust.
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Figure 12 Discriminant function clusters of skull characters 01 S. I/lUrinll (,6.), S. dolicllllra (.A.),
S. gilhcrli (0), S. griscol'elller (e). and S. lIilkeni (D): (a) males, (h) females. "', group
means. [n males. increased separation is achieved with canonical function I1[ (arrows)
which are drawn to thc same scale as funtion 1 & 11.
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Figure 13 Dendrogram of phenetie relationships of the five species of S!Ilinthofisis accordi ng to thcir
geographic groupings (a) males: (b) females. For explanation of geographic group alpha
codes see Figure 3: 'he suffixed species numeric code is as follows: I, S. gilhertl: 2,
S'. grisem'en/(>r: 3, S. <!o/icllllm: 4, S. !Ill/rina: and 5, S. ai/keni.
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Figure 14 Wagner tree of the five species of Smi/lthopsis according to their allocation into geo­
graphic groups. constructed from raw means of all variables except tragus and weight. (a)
males. (b) females. Branch lengths arc proportional to patristic distances. For explanation
of geographic group alpha codes sec Figure 3; the suffixed species numeric code is as
follows: 1. S. gilherli; 2. S. griscovclltcr; 3. S. dolicllllra; 4. S. murillll; and 5. S. lIilkc/li.

General Discussion
In agreement with our previous study of dasyurid morphometrics (Kitchener et al. 1(83)

the extensive data set covering 22 craniometric and five external morphological characters
resolves into a few components able to account for most variation. Foremost amongst these
is a size factor accounting for approximately half the total variance, being highly correlated
with most characters, particularly the craniometrics. Overall size is often considered an
unsuitable character for use in systematics, due to the confounding effects of nongenetic
factors such as environment and age. However, in this case the contribution of overall size to
morphological discrimination of species, grouped primarily by the traditional approach, is
substantial, as judged by the discriminant analysis. Accurate placement of animals into five
putative species is effected in the majority of cases using the identification criteria of Table 4.
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A purely morphometric appraisal of the systematics of the Sminthopsis OTUs provides
good support for a monophyletic origin ofonly two of the five putative species. These two are
S. gilberti and S. dolichura. However, due to the dependence of this classification on size
characteristics and the problems of morphometric characters in general (Kitchener et al.
1983), it is not certain whether this monophyly represents a true monophyletic origin or
merely a distinctiveness of derived characters resulting from occupying a unique environ­
ment. A general lack of monophyly for the other species groups precludes the use of these
Wagner trees in testing hypotheses concerning vicariance biogeography following the
methods of Platnick and Nelson (1978).

Further similarity to the Ningaui situation (Kitchener et al. 1983) arises from the discor­
dant systematic predictions of male and female character sets. In an attempt to resolve some
of the contradictions between male and female classification and also between the traditional
and numerical classifications, the continuous morphometric variables were gap-coded to
produce additive binary characters. In some instances these characters represent a better
estimate of the underlying genetic structure (Sneath and Sokal 1973). This was unsuccessful
and in both male and female cases the new classifications are still widely variant and are more
similar to Wagner trees constructed from raw data than to each other. We can only surmise
that there may be substantially different selective pressures on the morphology of male and
female dasyurids, which may account in part for the extensive sexual dimorphism.

One facet of ~early all Wagner trees, and somewhat less so of the phenograms, is the
division of S. murina into two groups. A group generally to the east and south of the Great
Dividing Range, composed of the NEF, LFB, OB, SB and CMB OTUs which is close to the
hypothesised ancestor of the S. murina (sensu Archer 1981) group, and a group comprising
individuals from the Murray Darling Basin OTU (MB) and Mount Molloy, north-eastern
Queensland OTU (HFB); this group is situated on the branch of the Wagner tree giving rise
immediately to S. aitkeni and later to S. dolichura. On this basis there may be cause for a
taxonomic subdivison of S. murina (sensu stricto), although further study of morphometrics
and other characters, such as biochemical genetic characters, are needed before the validity
or taxonomic level of this split can be assesed.

The HFB OTU is very similar to individuals from Tolga, approximately 64 km to the
south, which have previously been accorded subspecific status (S. murina tatei). Generally
individuals in the HFB and MB OTUs are distinguishable from other S. murina populations
by their generally longer tails (80.6 and 79.9 mm, respectively) which are normally longer
than their nose to vent lengths. Also they frequently have a short inter-palatal distance (3.2
and 3.1 mm, respectively). The HFB individuals also have short bullae (4.8 mm).

Sminthopsis aitkeni by virtue of having only one population is unable to be tested for
monophyly; but its substantial separation, reflected by patristic distance, from other
Sminthopsis OTUs agrees with our proposed placement of this form as a distinct species.

Probably the most fragmented group on the Wagner tree is S. griseoventel: Although the
OTUs assigned to S. griseoventer are not greatly separated when assessed through patristic
difference, they do arise from three distinct branches of the male and female Wagner tree.

These numerous instances of disagreement between the traditional and numerical
classifications must result from either, differences in their data inputs or, differences in
interpretation of these data, or perhaps both. The various attributes of classificatory tech­
niques, with respect to the way their underlying concepts interpret systematic data, are
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copiously documented in journals such as Systematic Zoology. A reiteration of these
phenomena is unnecessary here as their characteristics are independent of the animal group
for which they are employed.

While the results of different classificatory schemes using similar data sets have been
shown to produce disparate results both in the general case (see for example Rohlf and Sokal
1981) and specifically for carnivorous marsupials (Kirsch and Archer 1982), innate character­
istics of data sets may, in some cases, swamp distinctions in classificatory technique. The
degree of congruence between the phenetic and phylogenetic classifications of both males
and females for raw, gap-coded and 'size free' data most probably reflects the properties of
our morphometric data set. This data set of27 variables for each OTU may be flawed for use
in numerical taxonomy in a number of ways: (a) morphometric variables may be substan­
tially altered by non-genetic factors, such as environment; (b) these variables may also be
subject to intense natural selection (for instance Morton and Alexander [1982] suggest that
tail length of S. crassicaudata is selected on the basis of the adaptiveness of food storage in
various environments); (c) the coding of morphometric variables to reflect genetic characters
is notoriously difficult; (d) our 27 variables respond to a much smaller number of underlying
factors (as seen in the principal components analysis) and a single change in one factor will be
weighted by the number of times that factor is replicated (thus size differences play major
roles in determining the placement of OTUs on trees); (e) as Sminthopsis is rarely abundant,
many values of character for OTUs are based on a few, often one or two, individuals.

As numerical taxonomic studies require numerous independent characters to be effective,
the iteration of a few underlying factors (d) is probably the most serious flaw. Future studies
of small mammals should expand their character sets to include more non-craniometric
characters.

That cladistic analyses commonly have trouble with data sets such as used here is
emphasised by Kirsch and Archer's (1982) inability to find monothetic groupings for any
carnivorous marsupial taxa and is probably also responsible for the large amounts of
homoplasy apparent in their Wagner trees. One assumption in applying Wagner analysis to
phyfogeny reconstruction is that the characters used must be conservative with respect to
change (Felsenstein 1978). It may be that, as a result of selective forces and non-genetic
influences, many morphometric characters used here violate this assumption.

Traditional taxonomic approaches must also rely on morphological characters; however
these approaches, often by virtue of their subjectivity, make less rigorous demands on their
data; for instance their dependence on fewer characters allows them to ignore much of the
iteration of single factors. In addition, they are also able to employ some characters, such as
colour, which are exceedingly awkward to include in numerical approaches.

In no way can these findings be construed to suggest that the principles of traditional
mammalian taxonomy are superior to those of more recent taxonomic theories; rather we
would suggest the converse to be true. Instead, this should be seen as a difference in
operationality, given the current constraints of collection and coding of morphometric data
from the rare small marsupials. Neither should it be taken to suggest that morphometric
criteria be abandoned, for they may contain information on reproductive isolation, thus
speciation, not available through other characters: in this case the tentative division of
S. murina (sensu Waterhouse). This study emphasises that morphometric characters should
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continue to be used in marsupial taxonomy. However, they should first be subjected to
extensive univariate and covariate analyses, and research into mechanisms to transform
them into parameters which more accurately characterise gene pools should be a primary
consideration.

Nomenclatural Note
Because S. fuliginosa is a possible available name for one of the species of Sminthopsis recognised

in this study, we have found it necessary to detail our findings regarding aspects of the 'holotype' of
S. fuliginosa, particularly doubts concerning the provenance of its type locality and the material
selected to represent the type.

Previous authors (Thomas 1888, Tate 1947, Troughton 1965, Archer 1981) have referred to BM
44.2.15.20 as the holotype of S. fuliginosa (Gould, 1852). However, Gould specified no example in his
type description apart from providing several body measurements and an illustration of the externals.
BM 44.2.15.20 is more correctly termed a lectotype, which was designated as such by Thomas (1888).

The name Sminthopsis fuliginosa (Gould, 1852) cannot be assigned to any of the three new species
described herein from Western Australia for the following reasons:

Lectotype skull. Much of the posterior part of the skull of lectotype ofA. fuliginosus BM 44.2.15.20,
a young adult male, is missing (see stereopair photograph in Archer [1981: 96]). Measurements
presented by Archer (1981: 88) of the remains of this lectotype skull and the dentaries, particularly
Ct-M%, Mt-M%, Mt-Mi, length from posterior edge of articular condyle to anterior edge of It alveolus
(DCh) and distance from ascending ramus to articular condyle (CONRAM) would exclude S. gilberti
and S. griseoventer, but fall within the range of measurements for S. dolichura. The absence of
developed entoconids on MT-4 in the holotype (Archer 1981, Figure 16 and Archer pers. comm.) and
confirmed by Hill (pers. comm.) also excludes S. griseoventer.

Lectotype skin. Gould's (1852, letterpress P1.41) type description of S. fuliginosa states that 'the
whole of the upper surface dark greyish brown interspersed with numerous longer black hairs, giving
it a fuliginous or sooty hue... the sides of the chest sooty grey, separated down the centre by a narrow
line of buffy grey extending from the chin to the insertion of the forelegs; undersurface pale greyish
white:

Of the three species under consideration, only S. griseoventer could be described as having the
chest 'sooty grey' but neither S. griseoventer, S. gilberti or S. dolichura have a 'narrow line of buffy grey
extending from the chin to the insertion of the forelegs: Gould's description of 'undersurface pale
greyish white' would better match S. gilberti and S. dolichura than S. griseoventer wh.ich is a grizzled
grey colour.

I.E. Hill (pers. comm.) describes the colour of the underparts of the lectotype of S. fuliginosa as
follows: 'Overall this is best described as greyish white, with the white element predominating. The
underside of the chin to the lower lip and posteriorly to the base of the throat has a moderate covering
of whitish hairs, only faintly tinged with grey. Under the microscope this covering is insufficiently dense
to wholly conceal the underlying skin: the hairs are rather short and woolly. Pelage of this nature
extends just to the sides of the throat where the hairs become longer, denser, to have a dark, slaty base
extending for nearly half their length, with a whitish tip, and to be interspersed with occasional longer,
brownish guard hairs. The chest has a relatively dense cover of similarly dark based, white tipped hairs.
The pelage over the belly from a line just anterior to the last ribs to and including the inguinal region
is longer, almost lank: the hairs have dark, slaty grey bases, the dark colour extending for about one
third to one half of their length, and are generously and liberally tipped with greyish, almost creamy
white. Pelage of this nature extends to and just on to the flanks. The greyish undercolour is not
completely obscured by the white tipping but shows through on the anterior part of the belly and on the
chest to give a more or less "mottled" effect: posteriorly the grey is more totally obliterated and the
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pelage appears on the surface to be more clearly greyish white~ This description would fit S. gilberti and
S. dolichura but not S. griseoventer in which the dark base of the hair of the underparts is more than
three-quarters of its length and tipped with a light grey colour.

Gould's (1852) type description of S. fuliginosa states that both the length of the tail and length of
the nose to root of the tail (measures approximating nose to vent and tail to vent) are 3\4 inches (= 83
mm). Measurements of the holotype (Hill pers. comm.) record the length of the tail to vent and snout
to vent as 86.2 and 94.0 mm, respectively. However, Hill considered that in recent times 'skull
measurements may have been distorted during the extraction of the skull~ The measurements match
those of S. griseoventer and S. gilberti but not that of S. dolichura. The length of the tarsi and toes in
the type description of S. fuliginosa is % inches (= 15.9 mm) which falls within the range of
measurements of S. griseoventer and S. dolichura but not S. gilberti.

Type locality. Gould (1852, letterpress to PIAl) does not state the type locality of S. fuliginosa but
notes that the species is very abundant in King George Sound and vicinity of Perth. Thomas (1888:
305), 'R. Avon, W.A~ Tate (1947: 121), 'River Avon, King George's Sound, Western Australia~

Troughton (1965) considers that J. Gilbert's actual collection locality was 'Toodyay on the Avon River,
15 miles from Northam~ He attributes this error in location by Tate (1947) to result from Gould (1852)
'giving the local name "Twoor-dong-aborigines of King George's Sound" at the heading of his
description of the "Sooty Antechinus": Archer (1981) reports that the label on the 'holotype' is not the
original and gives the locality as 'R. Avon, W.A~ Hill (pers. comm.) 'according to the register, the
specimen came from "hill sides on the banks of the Avon":

Gould's (1852) type description of S. fuliginosa clearly relates to, and closely paraphrases, Gilbert's
(in Whittell1954) notes on the 'Twoor-dong' accompanying his specimen No. 37 collected from King
George Sound. Gilbert stated that the 'Twoor-dong' 'so much resembles that (species) found at Perth
that I first considered them to be identical... (however) it not only differs in its mode of making a nest
and other habits, but is very much darker, having the cheeks paler, while the underside is not so pure
a white: Gilbert referred to the Perth species as 'Dtam-in' and states that 'I only know of two habitats
for this species (Dtam-in); viz. the grass lands of Toodyay Valley and in the groves of Xanthorrhoea
surrounding the swamps and lakes around Perth. Gould (1852, letterpress to PI. 42) described the
"Otam-in" [sic] as Sminthopsis albipes (Waterhouse). Gilbert (in Whittell1954) stated that the "Dtam­
in" is rarely seen or met with in small families as is the nearly allied species "Twoor-dong" from King
George's Sound:

This last statement by Gilbert implies that the 'Twoor-dong' as recognised by him was restricted to
King George Sound. Gilbert provided Gould with much of his natural history information and is
paraphrased by Gould on the distribution of the 'Twoor-dong' and 'Dtam-in: It is, then, possible that
Gilbert's King George Sound specimen no. 37 is the basis of the type description 0 f S. fuliginosa and
that this, not 'Toodyay, is the type locality. Interestingly, Archer (pers. comm.) when examining
specimens in the British Museum for his revision of Sminthopsis, recorded measurements of three
Antechinus fuliginosus Gould, 1852, 'syntypes' from King George Sound, Western Australia which
were glued to a board. Hill (pers. comm.) states 'that this board is BM(NH)46.4.4.59-61 with 1 skull,
2 rostra, 2 mandibles and labelled "King George's Sound Antechinus fuliginosus Gould 1852:' Further,
this board is marked on the back by Gray "306 c.d.e:~ "Antechinus. W. Australia;' '146.4.4.59-61;' "No.
37 of my list Gould;' in another hand "probably fuliginosa;' in another hand "Phascogale
crassicaudata" and in yet a fourth, modern hand "37 of Gilbert's List is 'Twoor-dong' of King George
Sound see Whittell (1954) W. Aust. Nat. 4: 108-9:' On the front of the board this same hand has written
"Antechinus fuliginosus Gould, 1852;' "King George Sound;' "SYNTYPES;' '146.4.4.59-61" while
Gray has also written "w. Australia:' Our old Register (i.e. Gray's temporary Register) makes it quite
clear that no skins were ever received: in the main Register the specimens are each annotated "No. 37."
Another specimen, BM(NH)53.1O.22.25 comes from Toodyay and was also presented by Gould:
However, Thomas (1888) lists only three specimen.s of S. murina (sensu lato) collected by J. Gilbert
from Western Australia, including the holotype of S. fuliginosa; none of these listed specimens is from
King George Sound.
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Lectotype history. Hill (pers. comm.) suggests that at one time during the last century the skin had
its skull inside it and have been a 'mounted animal? He states that 'existence of the rostrum only tends
to support this opinion since at the time that it was collected many collectors cut off the skulls in this
way and left them in the skin? Thomas (1888) lists the lectotype as 'Ad. sk? with no mention of the skull
which tends to confirm Hill's suggestion that at that time the skull or what was left of it was still in the
skin. Hill considers it possible, then, that in its early days this specimen was exposed to light and also
that its measurements may have been distorted during the extraction of the rostral fragment. Further,
the lectotype has neither Gilbert's collecting number nor its original label attached. However, the label
attached to the skin of the lectotype of S. fuliginosa states 'Fig?d as Ant. albipes in Voy. Ereb. Terr.
E.G. (from photo of type skin provided by J.E. Hill and fide' M. Archer).

In conclusion, while the rostraI part of the skull of the lectotype of S. fuliginosa is very similar to
S. dolichura, the dimensions and colour of the pelage, on which the type description is based, is not
S. dolichura and cannot confidently be ascribed to either S. griseoventer or S. gilberti. It is, then,
possible that we have not examined specimens of S. fuliginosa in this revision, and that more extensive
collecting in the region of King George Sound will provide examples of this taxon. In this regard the
unique specimen referred to earlier, WAM M7945, is coastal in the south-west, has no entoconids, and
has body measurements similar to those in the type description of S. fuliginosa, as well as skull and
dentary proportions similar to the lectotype of S. fuliginosa. However the skin of WAM M7945 could
not be preserved to compare with the type description of S. fuliginosa. Nevertheless, of the specimens
examined WAM M7945 best represents S. fuliginosa.

Another possibility is that the iectotype BM (NH) 44.2.15.20 selected by Thomas (1888) is not a
syntype, for it differs from the type description as follows: the pelage of the chest has no medium buffy
stripe or hairs that are noticeably 'sooty grey'; the nose to root of tail length is much longer than that
of the type description - although this may be due to stretching of the skin as a result of the later
removal of the skull; and it was apparently collected near the Avon River, Toodyay and not from King
George Sound or in the vicinity of Perth.

It is possible, but by no means certain, that Gould's type description was based on the skins
associated with the skulls and dentaries collected by J. Gilbert from King George Sound (his No. 37).
However, it is not possible to distinguish Gilbert's No. 37 from other parts comprising BM(NH)
46.4.4.59-60. Also the skins associated with these parts are lost and apparently were never presented
to the British Museum (Natural History). Although many of the diagnostic characters of these skulls
and dentaries are absent through damage, and the sex of the parts is not known, the comprehensive
measurements of them, kindly provided by M. Archer, indicate a real possibility that the dentaries and
skulls comprise different taxa. For example, interpalatal vacuities are long (4.0 to 4.5 mm), indicating
S. griseoventer - while the single CONRAM to MT-:j ratio (0.70) is very low, indicating S. gilberti. The
ML±: MT-:j ratio for all combinations available (on the assumption that the dentaries may not be
correctly matched with the skulls) of 0.867, 0.881, 0.883, 0.897, 0.898 and 0.914, are outside the minimum
values of S. griseoventer or S. gilberti (see Table 1). They are, however, similar to the values expected
from the ratio of average Ml_:!lengths of S. griseoventer to average MT-:jlengths of S. gilberti (0.909).
Also, small to moderate entoconids are present on MI-)" of one set of dentaries but are absent from the
other.

Acknowledgements
Mr G. Barron and Mr D. Elford, Western Australian Museum, produced the photographs.
Mr N.T. Alien, Worsley Alumina Pty Ltd and Mr N. Dunlop, Murdoch University, kindly
photograhed and described type localities of two of the new species. Mr J.E. Hill, British
Museum of Natural History, was of great assistance to us with nomenclatural problems - as
was Dr G.M. Storr, Western Australian Museum and Dr W.D.L. Ride, Canberra College of
Advanced Education. Dr P. Baverstock and Mr M. Adams, Department of Agriculture,
South Australia, assisted greatly in our understanding of the taxa described herein through

245



A Taxonomic Revision of the Sminthopsis murina Complex

their electrophoretic studies; the former kindly read the MS. Dr J. Calaby, Messrs P. Aitken,
and S·. Van Dyck and Ms J. Dixon, CSIRO Wildlife Collections, South Australian Museum,
Queensland Museum, Victorian Museum, kindly arranged loan of specimens.

References
Aitken, P.E (1972). Sminthopsis murina (Waterhouse) 1838. A new record from Kangaroo Island,

South Australia. South Aust. Nat. 46: 36-37.
Archer, M. (1981). Results of the Archbold expeditions. No. 104. Systematic revision of the marsupial

dasyurid genus Sminthopsis Thomas. Bull. Am. Mus. Nat. Hist. 168: 63-223.
Baverstock, P.R., Adams, M; and Archer, M (1984). Electrophoretic resolution of species boundaries

in the Sminthopsis murina complex (Dasyuridae). Aust. J. Zoo!' (in press).
Beard, J.S. (1980). A new phytogeographic map of Western Australia. West. Aust. Herb. Res. Notes 3:

37-58.
Chapman, A. and Kitchener, D.J. (1978). Mammals of Durokoppin and Kodjokodjin Nature

Reserves. Rec. West. Aust. Mus. SuppI. No. 7: 49-54.
Chapman, A. and Kitchener, D.J. (1981). Mammals of Billyacatting Hill Nature Reserve. Rec. West.

Aust. Mus. Supp!. No. 13: 31-34.
Felsenstein, J. (1978). Cases in which parsimony or compatability methods will be positively mislead­

ing. Syst':'Zoo!. 27: 401-410.
Gould, J. (1852). The Mammals ofAustralia Taylor and Francis. Vo!. 1, pl. 41-42 and text.
Humphries, J.M., Bookstein, EL., Chernoff, B; Smith, G.R., Elder, R.L. and Pass, S.G. (1981).

Multivariate discrimination by shape in relation to size. Syst. Zoo!' 30: 291-308.
Iredale, T. and Troughton, E. Le G. (1934). A check-list of the mammals recorded from Australia.

Mem. Aust. Mus. 6: 1-122.
Kirsch, J.A.w. and Archer, M. (1982). Polythetic cladistics, or, when parsimony's not enough: the

relationship of carnivorous marsupials. In: Carnivorous Marsupials (Ed. M. Archer): 595-619.
(Royal Zoological Society of New South Wales: Sydney.)

Kitchener, D.J. and Chapman, A. (1979). Mammals of Buntine and Nugadong Reserves. Rec. West.
Aust. Mus. Supp!. No. 9: 85-94.

Kitchener, D.J., Stoddart, J. and Henry, J. (1983). A taxonomic appraisal of the genus Ningaui Archer
(Marsupialia: Dasyuridae), including description of a new species. Aust. J. Zoo!' 31.361-79.

Krefft, G. (1867). On the classification of the small Dasyuridae of Australia, with descriptions of two
new genera and one new species. Proc. Zoo!' Soc. Lond. 1886: 431-435.

Mayr, E. (1963). Animal Species and Evolution 797 pp. (The Belknap Press: Harvard University Press,
Cambridge, Mass.) _ .

Morton, S.R. and Alexander, E (1982). Geographic variation in the external morphology of
Sminthopsis crassicaudata (Dasyuridae, Marsupialia). In: Carnivorous Marsupials (Ed. M.
Archer): 694-698. (Royal Zoological Society of New South Wales: Sydney.)

Nie, N.H., Hull, c., Jenkins, J.G., Steinbrenner, K., and Brand, H.D. (1975). Statistical Package for
the Social Sciences (McGraw-Hill Book Co.: New York.)

Platnick, N.!. and Nelson, G.J. (1978). A method of analysis for historical biogeography Syst. Zoo!' 17:
1-16.

Ridgway, R. (1912). Colour Standards and Colour Nomenclature (Published by the author:
Washington. )

Rohlf, EJ. and Sokal, R.R. (1981). Comparing numerical taxonomic studies. Syst. Zoo!' 30: 459-490.
Sneath, P.H.A. and Sokal, R.R. (1973). Numerical Taxonomy (W.H. Freeman and Co.: San

Francisco.)

246



DJ. Kitchener, J. Stoddart and J. Henry

Tate, G.H.H. (1947). On the anatomy and classification of the Dasyuridae (Marsupialia). Bull. Am.
Mus. Nat. Hist. 88: 97-156. .

Thomas, O. (1888). Catalogue of the Marsupialia and Monotremata in the collection of the British
Museum (Nat. Hist.), London, Brit. Mus. (Nat. His!.) 11: 401 pp.

Troughton, E. Le G. (1965). A review of the marsupial genus Sminthopsis (Phascogalinea) and
diagnoses of new forms. Proc. Linn. Soc. N.S.\¥. 89: 309-321.

Waterhouse, G.R. (1842). On two new species of marsupial animals from South Australia. Proc. Zoo!'
Soc. Land. 10: 47-48,

Whittell, H.M. (1954). John Gilbert's notebook on marsupials. West. Aust. Nat. 4: 104-114.

Received 13 October 1983 Accepted 15 November 1983

247

Published 2 October 1984


