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Threeof the:ncharactersresultedin a significantinteractionbetweensexandspecies.
Thesewere PL, IB and OB (p < .05).

PheneticAnalyses

Canonical Variate Analyses
Canonicalvariateanalyseswereusedto examinethevariationbetweenthe two species

of Falsistrellusand the eight speciesof Pipistrellus for eachof 111(' sexesseparatelyand
combinedusingall theskull measurements(Figures16a,b,c).Theexternalmeasun'nH'nts
werenot usedat this stagebecauseall specimensof P. collinusandP. 1mbncatushadan
incompleteset of externalbody measurements.

In theseanalyses,F. tasmaniensisand F. mackenzielwere clearly separatedfrom the
remainingspecieson the first canonicalvariate.PllJistrellus collinus, P. imbricatusand
P. Jrwaniclls wereclearly separatedfrom other specieson the first or secondcanonical
variate.Also, thevariationbetweensexeswithin specieswasgenerallymuchsmallerthan
the variation betweenspecies,so that sexeswerecombinedin subsequentanalyses.

Becauseof clear diflcrerHes betweenthe Falsistrelllls spp. and the eight PilJistrellus
spp., lurther canonical variate analysesconcentratedon discriminating between F.
taSTllIlIUC11S1Sand F. mackellzlez,and also betweenthe five speciesof PilJistrellus that
clusterclosetogether in Figure Hi (1'. westralis,P. adam.\l,J>. lJaPWl/lus, P. wattslandJ'.

IIllgulatus).
A stepwisecanonicalvariateanalysisusingall skull andexternalvariablesshowedthat

F. ta.\malliellsisandF. mackemieicould1)(' clearly identified (Figure 17, Table2) on the
following six charaners:cranial height (CH), basicranial length (BL), bulla length
(Bl L), caninewidth (CW), d('J1tary length (DL) and digit Ill, phalanx11 length (I'll).

Similarly, the five Plplstrellus speciesshow a high degreeof separation(Figure 18).
\Vhen this analysiswas repeateda numberof times, leaving a randomly chosenten
percentof the specimensout of the sampleeachtime, it resultedin an unbiased'correct'
c1assification of 95 percent.Thisanalysisproducesthe following threecanonicalvariate
functions(Table3): Variate I (explaining42.6 percentof variance),which appearsto be
related to greatestskull length as well as postpalatal width and tooth row lengths,
separatesP. westralis and P. lJapuallus from P. adamsi, P. wattsi and P. IIllgulatus;
Variate 11 (30.6 percent)with greatestskull length and braincasewidth providing the
maximumseparationbetweenP. paplllllllls andP. westralisandbetweenP. adamsi,P.
wattsiandP. anglllatlls; Variate III (18.7 percent)relatesmostly to greatestskull length,
palatal length, ear width and digit Ill, phalanx I length; it provides little further
separationof the species.Although P. wattsl is clearly separatefrom theseotherspecies
the samplewas small (N = 7) and includedonly two females; mOle specimensof this
species,particularly of females, would be desirablebefore supportingthe diagnosti<
valueof the separations.

OtherPheneticAnal\'ses
Thereis generalagreementin the clusteringof the two Fal.\istrellus speciesand the

eight Pipistrellusspp.producedfrom the minimum spanningtreeand l TpGMA cluster
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gure 16 Canonical variate analyses based on skull measurements for Falsistrellus tas
maniensis (+), F. mackenziei (-), Pipistrellus westralis (0), P. adamsi (0), P.
papuanus (0), P. wattsi (6), P. angulatus (ov), P. collinus (~, P. javanicus (91)
and P. imbricatus (pI), showing the group means (*) for the first two variates
for analysis of (a) males, (b) females, (c) males [m] and females [f). The dis
tribution of specimens about the group means are indicated for (a) and (b).
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F. tasmaniensis F. mackenziei
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Figure 17 Stepwise canonical variate analyses based on skull and external measurements
with sexes combined, for Falsistrellus tasmaniensis and F. mackenziei showing
the distribution of specimens along the canonical variate. Six characters (see
Table 2) provide complete separation of these species.
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Canonical variate analysis based on all skull and external measurements for
the five smaller pipistrelles: P. westralis (0), P. adamsi (D), P. papuanus (0),
P. wattsi (6) and P. angulatus (\7), showing the first two variates. The distri
bution of the specimens about the group means (*) are shown.
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SPECIES
Phenetic relationships derived by UPGMA cluster analysis on Falsistrellus spp.
and Pipistrellus spp. Males and females are combined and skull and dentary
characters only are used. Species are symbolised as follows: Falsistrellus tas
maniensis (+), F. mackenziei (-), Pipistrellus westralis (0), P. adamsi (0), P.
papuanus (0), P. wattsi (6), P. angulatus (9)1, P. collinus (1), P. javanicus (iJ)
and P. imbricatus (0).

analyses, whether using skull characters alone or skull plus external characters and
whether the data was un transformed or size free. The phenogram shown (Figure 19) was
produced from un transformed skull characters, which allows P. collinus and P.
imbricatus to be included because we had complete measurements of only the skulls of
these species. This phenogram shows that the Falsistrellus spp. cluster quite separately
from the Pipistrellus spp. Within the pipistrelles the smaller species form a tight group
(P. westralis, P. wattsi, P. adamsi, P. papuanus and P. angulatus), with the Australian
species not clustering with each other but P. westralis with P. papuanus and P. adamsi
with P. wattsi. P. collinus is closest to P. javanicus and then to P. imbricatus.
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F. mackenziei

F.tasmaniensis

P.wattsi

P.west ralis
P.angulatus

pcol/inus

Pjavanicus

S.greyi i

Figure 20 Wagner tree showing phylogenetic relationships of Falsistrellus spp. and Pipis
trellus spp. Males and females are combined and skull and dentary characters
only are used. Data are range coded. The tree is rooted using Seo torepens
greyii as the outgroup.

Phylogenetic Analyses
The selection of an outgroup in phylogenetic analysis is of considerable importance

and a matter of continuing debate (Griffiths 1983, Smith and Hood 1984 and numerous
recent papers in Systematic Zoology). Maddison et al. (1984) stress that while distant
outgroups can provide a decision for phylogenetic construction based on parsimony, the
ancestral state assessment is more robust the closer and more comprehensive the
outgroups are to the ingroup. Tate's (1942) phylogeny of the Vespertilioninae provides
something of a framework for the selection of an outgroup in this study. Unfortunately
Tate's phylogeny is based, at least in part, on symplesiomorphies and as such is suspect.
We include the Nycticeiini Scotorepens greyii (Gray, 1843) and the Pipistrellini (sensu
Tate) Chalinolobus gouldii Gray, 1841, as optional outgroups in this study. The Wagner
tree (Figure 20) uses the former species as the outgroup and is based on untransformed
skull characters alone (this allows P. collinus and P. imbricatus to be included). The
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topology of the tree is very similar, however, if skull plus external characters, and
untransformed or size free data are used, or if C. gouldii is used as the outgroup (although
with this latter species included in the analysis the tree is rooted closer to the Falsistrellus
group).

The species included in Falsistrellus and Pipistrellus in this study form two
monophyletic groups. These monophyletic groups are also separated by considerable
patristic distances. The two Australian pipistrelles are not closest relatives (P. westralis is
the sister species to P. wattsi).

P. collinus has been associated with P. angulatus, P. papuanus and P. westralis, by its
frequent placement with them as subspecies of P. tenuis. It appears, however, to have
speciated much earlier from the ancestor of this group and of the several other diverse
species considered.

This phylogenetic analysis, and a previous one of Australian Nycticeiini (Kitchener
and Caputi 1985), are principally aimed at showing the extent of the separation of
Falsistrellus, Scoteanax and Scotorepens from associated genera, with the purpose of
evaluating the case for the recognition of these genera. Both these analyses were based on
linear measurements and as such some characters used to diagnose the genera studied
were not reflected in the analyses. More detailed phylogenetic analyses utilising also
discontinuous characters (both coded shape and meristic characters) may influence the
phylogenetic separation between Falsistrellus and Pif}istrellus and the genera studied in
Kitchener and Caputi (1985).

The phylogenetic considerations reached in this study must be considered tentative
pending a more detailed analysis which includes examination of a wider range of genera
and of different sets of characters.

General Discussion
Electrophoretic data are available for four of the 11 species considered (F. tasmaniensis,

F. mackenziei, P. westralis and P. adamsi). These data, which support the taxonomy
proposed herein (M. Adams pers. comm), will be published separately by our colleagues
at the Evolutionary Biology Unit, South Australian Museum.

The genus Falsistrellus, comprising the two species F. tasmaniensis and F. mackenziei,
is phenetically and phylogenetically quite distinct from northern Australian and Irian
]aya/Papua New Guinea Pipistrellus.

Australian Pipistrellus are, however, phenetically and phylogenetically very close to
South East Asian pipistrelles. Koopman (1973) in his appraisal of the systematics of
Indo-Australian pipistrelles expanded the concept of Pipistrellus tenuis to include all the
known New Guinea forms as well as P. sewelanus, P. nitidus, P. subulidens and P.
murrayi. Koopman (1984) later included both northern Australian forms (P. westralis
and P. papuanus) within P. tenuis. In New Guinea, Koopman (1973) extended the
recognition by Laurie and Hill (1954) of a lowland form of Pipistrellus (P. papuanus)
and a highland form (P. angulatus collinus) by considering these forms as part of an
altitudinal cline. On the south coast where highland and lowland localities are well
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separated, lowland P. papuanus and highland P. collinus are readily distinguishable by
skull size and to some extent by rostral dimensions. Koopman (1973) considered that these
distinctions become less clear around the eastern end of the island and onto the north
coast - such that in northeastern Irian Jaya P. papuanus and P. collinus form a single
intergrading series. McKean and Price (1978), examined the bacula of New Guinea
pipistrelles and also concluded that these named forms were subspecies of P. tenuis.

We do not agree with the above interpretation that the Australian and New Guinea
pipistrelles are subspecies of P. tenuis. Our first concern is the placement of both
Australian forms (P. westralis and P. 'papuanus') as subspecies of tenuis. We show that
these forms are specifically distinct with overlapping ranges. Clearly, they both cannot be
subspecies of P. tenuis. Close comparison of these Australian forms with the cotypes of P.
tenuis from Sumatra, Indonesia, indicates them to be valid species. The eastern form is
distinct from P. papuanus and is described herein as a new species· (P. adamsi). The
western form, which is quite distinct from P. murrayi, P. sewelanus or P. nitidus, is
elevated to species rank. The evidence presented by Koopman (1973, 1982) that P.
collinus, P. angulatus and P. papuanus form part of an altitudinal cline is far from
convincing. His evidence was based on only three cranial measurements (condylobasal
length, width across M3, maxillary tooth row length) and shows the higher altitude
specimens to be distinct in Papua (Koopman 1973: Figure 2) but not in Irian Jaya (his
Figure 3). Regressions similar to those by Koopman referred to above are not uncommon
in valid species in sympatry, where they result from usual allometric processes. The
bacular data of McKean and Price (1978) are also unconvincing. They considered that a
series ·oP·bacula from the forms P. papuanus, P. ponceleti and P. collinus, although
varying greatly, were merely stages in ossification and growth. If this were true, then
some measurements they showed would actually have to become reduced as the animal
aged (cf. their Figures 1band lc). While such a reduction in measurements with ageing
has been suggested for some cranial measurements (Kitchener and Foley 1985), it is
highly unusual. We have examined the allometric relationship between baculum basal
width and greatest length for the Papua New Guinea forms considered by McKean and
Price (1978), including remeasuring most of the bacula they considered in their study
(which appear asterisked in our Figure 9); the linear relationships between these two
bacular measurements are indicated for P. papuanus and P. angulatus. Clearly the forms
of bacula described by McKean and Price (1978: Figure la & b) are from a distinct species
(P. papuanus) to that in their Figure lc (P. ponceleti) and Figure Id (P. collinus).

Our study shows that the few measurements used by Koopman (1973, 1982) are not
diagnostic on their own for the taxa in question, but rather one must examine a much
larger suite of characters, particularly emphasizing the shape of the posterior palate,
glans penis and baculum. We conclude that P. papuanus, P. angulatus and P. collinus
are valid species in Papua New Guinea and additionally name P. wattsi for that region.

We consider P. collinus a species, although we have seen few specimens, a single
baculum and no glans penis. Pipistrellus papuanus is the species in the Australo-Papuan
region most like P. tenuis, but it is considered too distinct for subspecific status within P.
tenuis.
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Koopman (1970) presents data which shows that while the lndo-Malay zoogeographic
region has some 53 percent of the known species of Pipistrellus} the Australian region has
only about 7%. It is, then, possible that the Australian pipistrelles evolved relatively
recently from tropical forms. This recent evolutionary probability is supported by the
observation that in Australia, pipistrelles reta:in a tropical distribution and that the two
Australian species (P. westralis and P. adamsi) are not closest relatives; each is closer
phenetically to Papua New Guinea species than they are to each other. These latter
observations suggest that the Australian pipistrelles speciated independently from
'Papuan' ancestors, sometime during the late Cretaceous to early Pleistocene period
during which the present island of New Guinea usually formed the northern edge of the
original Australian continent (Ziegler 1977).

Although Falsistrellus appears to have evolved further than Pipistrellus from their
common ancestor, this endemic Australian genus has speciated less. This reduced
speciation in Falsistrellus may reflect its southern Australian distribution where it is
restricted to closed forests and woodlands - a habitat that has shown an overall decline in
extent in Australia since the late Tertiary (Galloway and Kemp 1984).

Key to Falsistrellus and Australo-Papuan Pipistrellus (measurements of adult
males and females).

1 Gr.eatest skull length more .than 17 mm, marked occipital crest, P unicuspid, 12
considerably extruded from line of tooth row, CI broad at base, P 2 less than half
height of P4, radius length more than 45 mm, glans penis without terminal fleshy
lobes or spines, baculum shaft almost as broad as its base Falsistrellus 2

Greatest skull length less than 14 mm, occipital crest weak or absent, P bicuspid, 12
little extruded from line of the tooth row, CI elongate at base, P 2 more than half
height of P4, radius length less than 40 mm, glans penis with terminal fleshy lobes or
spines (P. collinus not observed), baculum shaft considerably narrower than its base
..................................... Pipistrellus 3

2 Greatest skull length averages 18.3 (17.5-19.0), dentary length relative to basicranial
length averages 0.86 (0.85-0.89), baculum basal width relative to its ventral length
averages 0.40 (0.38-0.42) Falsistrellus tasmaniensis

Greatest skull length averages 19.2 (18.2-20.1), dentary length relative to basicranial
length averages 0.90 (0.87-0.92), baculum basal width relative to its ventral length
averages 0.47 (0.44-0.49) Falsistrellus mackenziei

3 Greatest skull length more than 12.5 mm, radius length more than 35 mm, baculum
length m~re than 4 mm Pipistrellus collinus

Greatest skull length less than 12.5 mm, radius length less than 35 mm, baculum
length less than 4 mm 4
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4 Postpalatal width relative to palatal length more than 0.29 5

Postpalatal width relative to palatal length less than 0.29 6

5 Sphenorbital sinus extends anteriorly level with or posterior to edge of posteropalatal
margin, glans penis with a single fleshy terminal lobe, baculum length less than 2.4
mm, baculum shaft straight in lateral profile, ratio of that part of the baculum that is
bifurcated to the total length of baculum less than 0.20, tail length relative to snout to
anus length less that 0.8 Pipistrellus papuanus

Sphenorbital sinus extends anterior to edge of posteropalatal margin, glans penis
with more than one fleshy terminal spine or lobe, baculum length more than 2.4 mm,
baculum shaft curved in lateral profile, ratio of that part of baculum that is
bifurcated to the total length of baculum more than 0.25, tail length relative to snout
to anus length more than 0.8 Pipistrellus westralis

6 Postpalatal spine long and extending posteriorly to approximately a line joining the
mid-point of zygomatic arch Pipistrellus wattsi

Postpalatal spine short and extending posteriorly well short of a line joining the
mid-point of zygomatic arch 7

7 Outline of posterior nares oval, rostrum rising sharply in interorbital region, radius
length averaging 32.8 (31.1-34.8), baculum length greater than 3.0 mm, distribution
Irian Jaya and Papua New Guinea Pipistrellus angulatus

Outline of posterior nares circular or subcircular, rostrum rising evenly in
interorbital region, radius length averaging 31.0 (29.8-32.2), baculum length less
than 3.0 mm, distribution Queensland Pipistrellus adamsi
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Appendix Measurements (in mm) of relevant type and unique specimens examined. See
Figure 1 for description of characters. Preservation code: SS-skull and dry skin,
SA-dry skull and body in alcohol.
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AOB 3.6 3.6 3.6 3.6 4.3 5.7 3.6 3.8 3.8 4.0 4.0 4.2 6.6 4.4 4.4 3.5
LOW 3.0 3.2 3.5 3.7 3.3 3.2 3.2 3.5? 3.6 3.6 5.0 3.7 3.6 3.5

ZW 7.6 7.6 7.6 8.1 8.0 13.4 7.5
ROL 4.5 5.1 5.2 5.3 7.3? 5.0 4.8 4.6 4.1 5.4 5.1 7.8 5.1 5.5 4.8
MW 6.8 7.0 7.6 6.9 7.2 7.0 7.1 10.5 7.7 7.5 6.9
BW 6.3 6.5 6.4 6.7 6.2 6.2 6.2 6.4 9.2 6.8 7.0 6.3
CH 4.6 4.5 4.4 4.7 4.5 4.5 7.4 4.8 4.8 4.5
PL 4.7 5.7 5.5 5.9 5.1 5.4 5.3 5.6 5.4 9.2 5.6 6.0 4.9

PPW 1.6 1.5 1.5 1.8 1.8 1.5 1.5 1.4 1.4 2.2 1.8 1.8 1.7
BL 10.2 10.2 9.8 10.0 10.0 9.8 16.3 10.2 11.0 9.5

BUL 2.5 2.6 2.6 2.8 2.9 2.7 2.7 3.7 3.0 3.0 2.7
BB 1.2 1.0 1.5 1.0 1.1 1.5 2.1 1.3 1.4 0.9
OB 6.4 6.2 6.1 6.4 6.3 7.1? 6.4 6.4 9.7 6.9 7.0 6.4
CW 0.7 0.7 0.5 0.8 1.0 0.6 0.8 0.8 0.9 0.6 0.5 1.3 0.8 0.9 0.5

RCI_LC I 3.5 3.9 3.8 4.4 5.6 3.9 3.7 3.6 4.0 4.1 4.1 6.8 4.3 4.5 3.4
CI _M 3 3.7 3.7 4.6 4.4 4.7 6.7 4.2 4.3 4.1 4.1 4.3 4.1 7.4 4.6 4.9 3.8

MI _M3 2.6 2.5 3.0 2.8 3.2 4.5 2.7 2.7 2.7 3.0 2.9 2.6 4.9 3.0 3.2 2.5
M2 L 1.0 1.0 1.1 1.1 1.3 1.7 1.1 1.1 1.0 1.1 1.1 1.0 1.9 1.2 1.3 1.1
M2 W 1.2 1.2 1.3 1.1 1.4 1.9 1.2 1.3 1.3 1.5 1.3 1.2 2.1 1.5 1.4 1.2
M3 W 1.3 1.0 1.4 1.2 1.6 2.0 1.2 1.4 1.3 1.3 1.2 1.1 2.0 1.4 1.5 1.2

RM3 _LM3 4.7? 5.4 5.3 6.0 7.6 5.4 5.2 5.3 5.4 5.2 8.3 5.9 5.8 4.8
LR 4.7 4.6 5.7 5.5 6.0 8.1 5.1 5.4 5.4 5.0? 5.4 5.3 8.9 5.8 6.0 4.9
RC 2.0 2.4 2.4 2.9 2.5 2.4 2.4 2.5 2.2 4.4 2.9 2.9 2.2
DL 7.0 7.5 8.6 8.7 9.5 8.4 8.2 8.4 8.7 8.4 14.7 9.3 9.5 8.0
HV 41.2 38.7 39.3 39.7 50.5 38.8 34.0 35.3 39.0 39.0 63.3 37.4 36.9 35.5
TV 27.4 28.1 33.9 35.6 35.0 27.5 34.0 30.3 35.0 28.5 28.5 48.1 33.8 33.9 28.0
EL 6.4 7.1 11.6 10.5 8.5 13.3 9.3 10.0 11.2 11.0 16.0 11.0 11.5 8.8
EW 7.9 7.5 8.0 7.9 8.3 8.2 11.7 7.7 9.4 7.2
TL 3.2 3.5 4.9 4.8 4.1 4.4 4.2 5.0 4.9 7.6 4.4 5.1 4.9
RL 26.2 26.6 32.0 32.2 36.8 27.7 30.8 31.6 34.0 29.7 30.5 50.0 33.9 33.1 27.2

MClIl 25.1 25.5 30.7 30.0 34.0 45.1 25.6 28.8 29.3 33.0 28.1 29.0 47.8 31.6 32.4 26.3
PI 10.2 10.1 11.2 11.5 12.5 17.3 9.2 11.3 12.0 12.6 10.5 10.1 19.2 12.3 12.5 10.5

PI! 7.8 7.9 9.5 11.2 10.3 10.5 7.6 9.2 9.7 11.3 8.5 9.0 15.1 10.8 10.3 8.7
PIlI 6.3 6.3 7.2 5.1 6.3 6.6 5.4 6.3 6.4 13.1 7.4 5.8 6.3
TIE 10.3 10.4 14.2 13.5 16.4 11.0 12.7 8.3 13.2 11.8 11.8 22.0 13.1 12.7 11.7
PL 4.7 4.5 6.9 6.7 6.5 5.2 6.3 6.3 6.6 5.0 5.1 8.5 6.6 6.5 5.2
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