


Systematic revision of Australian Emballonuridae

Table 3. Standardised factor scores of each character for the two factors generated from principal
components analysis of Taphozous georgianus, T. troughtoni, T. hilli T. australis, T.
kapalgensis, T. longimanus, Saccolaimus flaviventris, S. saccolaimus and §. mixtus using skull
and external body characters, with males and females combined (for code to characters see

figure 2).
FACTOR AXES

CHARACTER I 2

1 Anteorbital width (AOW) 0.635 0.651

2 Least inter-orbital width (LOW) 0.560 0.727

3 Zygomatic width (ZW) 0.688 0.676

4 Rostrum length (ROL) 0.854 0.397

S Mastoid width (MW) 0.613 0.732

6 Braincase width (BW) 0.557 0.777

7 Cranial height (CH) 0.505 0.734

8 Palatal length (PL) 0.824 0.440

9 Postpalatal width (PPW) 0.429 0.441
10 Basicranial length (BL) 0.826 0.470
11 Bulla length (BUL) 0.109 0.747
12 Width of basisphenoid (BB) 0.483 0.665
13 Distance outside bullae (OB) 0.581 0.765
14 Canine width (CW) 0.709 0.060
15 Inter-upper canine distance (RC!-LCY) 0.672 0.604
16 Upper maxillary tooth row crown length (C'-M3) 0.816 0.454
17 Upper molar crown length (M!-M#) 0.777 0.513
18 Upper 2nd molar crown length (MZL) 0.698 0.535
19 Upper 2nd molar crown width (M2W) 0.694 0.535
20  Upper 3rd molar crown width (M3W) 0.768 0.190
21 Inter-upper 3rd molar distance (R M3-LM?) 0.636 0.691
22 Lower tooth row length (LR) 0.799 0.512
23 Angular ramus to dentary condyle (RC) 0.738 0.509
24 Dentary length (DL) 0.822 0.482
25 Sphenoid pit length (SPL) -0.385 -0.685
26 P! basal width (PBW) 0.627 0.666
27 Inter-lower canine distance (1CD) 0.650 0.661
28 Body length (HV) 0.517 0.584
29 Tail length (TV) -0.155 -0.145
30 Ear length (EL) -0.011 -0.073
31 Ear width (EW) -0.149 0.162
32 Tragus length (TL) 0.450 0.383
33 Radius length (RL) 0.629 0.608
34 Metacarpal I length (MCI11) 0.682 0.670
35 Digit 111/ phalanx | length (PI) 0.652 0.677
36 Digit I/ phalanx I length (P1I) 0.663 0.621
37 Tibia length (TIB) 0.642 0.550
38 Pes length (PES) 0.184 0.740
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georgianus are smaller regardless of whether they are from sympatric or close allopatric
localities (138, 139 and 140) or from more castern allopatric localities (1.¢. localities 147.
152, 154, 156 and 157).

Standardised factor scores for the two factor axes are shown in Table 2. The most
important characters are standardised values of the rostrum length (ROL), palatal
length (PL), basicranial length (BL). canine width (CW), upper maxillary tooth row
crown fength (C'-M*), upper molar crown length (M!'-M?), upper second molar crown
length (ML), upper second molar crown width (M*W)_ upper third molar crown width
(M*W) Tower tooth row length (1.R), angular ramus to dentary condyle length(RC)and
dentary length(DL). ROL, PL and Bl relate to the lengthwise antero  and midventral
shape of the basicranium: CW, C'-M}, M'-M* M2L. MW and MW relate to the shape
of the masticatory apparatus: LR, RC. and DL relate to the lengthwise shape of the
dentary. Important characters on the second factor axis are the standardised values of
the least interorbital width (LOW), zygomatic width (ZW), mastoid width (MW),
braincase width (BW), cranial height (CH), bulla length (BUL). width of the
basisphenoid (BB), distance outside bullac (OB), inter-upper canine distance (RC!-L.CY),
inter-upper third molar distance (R M-1.M?)_ sphenoid pitlength(SPL)and inter-lower
canine distance (1CD). All characters with high loadings on the second factor axis
generally relate to width of skull and shape of aspects of the basicranium. Specifically,
MW, BW and CH define the anteroventral shape of the skull. BUL, BB, OB and SPL
define the shape of the posteroventral part of the basicranium.

Analysis based on a combination of skull and all external characters basically reveals
the importance of the same skull characters as in Table 2 on both factor axis 1 (81.7¢
variance, eigenvalue = 22.9) and factor axis 2 (4.8%. variance. eigenvalue = 1.3). However,
of the external characters, only the pes length (PL) seems to be important and only on
the second factor axis (Table 3).

Canonical Variates Analyses

The groups specified for canonical variates analyses included 7. hifli, T. troughtoni, T.
kapalgensis and T. longimanus, which were distinet in the PCA’s. Although there were
obvious overlaps between T. georgianus and T. australis and between S. saccolaimus
and S. flaviveniris, these four taxa were also treated as separate groups in the canonical
variates analyses. This was because a conventional taxonomic examination of
individuals revealed them to be morphologically distinct despite similar skull and body
proportions. Unlike T georgianus, T. ausiralis males have a gular pouch, while this area
is represented by a naked area in females. Furthermore., the sphenoid pit extends further
into the pterygoid area in 7. georgianus. Similarly, unlike S. flaviventris, S. saccolaimus
has a smooth posterior floor of the mesopterygoid fossa which lacks a deep groove. In
addition. the sphenoid pitis shallower in S. saccolainus, with the median septum not as
high as the floor of the mesopterygoid fossa. Since S. mixius was only represented by
two specimens, it was not included in the “analysis phase™ it was however, included
during the “classification phase™ of the CVA.
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Figure 16 Scores of the first and second canonical variates axes for Australian emballonurids examined,
together with Saccolaimus saccolaimus and Taphozous longimanus from Asia. Data are
size-free skull characters, excluding postpalatal width (PPW), with males and females
combined. Species symbols are: S. flaviventris (A), S. mixtus (O), S. saccolaimus (0), T.
australis (A), T. georgianus (&), T hitli M), T. kapalgensis (O), T. longimanus (®) and T.
troughtoni (@).

Codes for S. saccolaimus and T. longimanus individuals are as for figure 14. The distribution
of specimens about the group centroid (*) are shown. Most points in S. flaviveniris, T.
georgianus and T. hilli represent multiple specimens.

Similarly to PCA, results obtained from the CVA based on the three groupings of
data were similar. For simplicity, results presented are based on skull characters alone.
The first five CV axes account for 99.89; of the total variation: CV1, 81.9%; CV2, 12.1%;
CV3-5, 5.8%. A plot of individual scores with minimum convex polygons of the first two
CV axes is shown in Figure 16. By using Mahalanobis' distance between clusters of
individuals belonging to the two genera currently recognised in Australia, both axes
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show no absolutely clear separation between members of Taphozous and Saccolainus
although two divergent lines of variation are evident; there is, for example, no overlap
between members of these genera on the first CV axis (S. mixtus and T. troughtoni are
close). This first axis, generally represents overall size and is a reflection of the fact that
the Saccolaimus studied are generally larger overall than Taphozous. Taphozous hilli, S.
mixtus, S. flaviventris and S. saccolaimus form discrete clusters; these are maximally
separated on the first CV axis. In addition, T troughtoni forms a distinct cluster and is
separated from the above on the second CV axis. The first CV axis maximises the
separation between the frequently synonymised 7. rroughtoni and T. georgianus.
Taphozous kapalgensis lies within the T. australis cluster, which in turn lies within the T,
georgianus cluster, except for one individual. However. T. australis is separated from
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Figure 17 Scores of the first and fourth canonical variates axes for Australian emballonurids, together with
Asian Saccolaimus saccolaimus and Taphozous longimanus. Data are skull characters,
excluding postpalatal width (PPW), rostrum length (ROL) and upper second molar crown
length (M2L), with males and females combined. For symbols of species and codes for some
individuals, see Figure 14. Most points in S. flaviventris, T, georgianus and T. hilli represent
multiple specimens. The group centroids are indicated by (*).

247




Systematic revision of Australian Emballonuridae

both T. kapalgensis and T. georgianus, on the fourth axis (Figure 17), whereas T.
kapalgensis is separated from both on the fifth CV axis (Figure 18). In CV space, the
latter figures indicate the intermediate position of S. mixrus between members of the
currently recognised genera.
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Figure 18 Scores of the first and fifth canonical variates axes for Australian emballonurids, together with
Asian Saccolaimus saccolaimus and Taphozous longimanus. Data are skull characters,
excluding postpalatal width (PPW), rostrum length (ROL) and upper second molar crown
length (M2L), with males and females combined. For symbols of species and codes for some
individuals, see Figure 14. Most points in S. flaviventris, T. georgianus and T. hilli represent
multiple specimens. The group centroids are indicated by (*).

All CV axes examined (Figures 16, 17 and 18) consistently separate T. kapalgensis
from T. longimanus regardless of whether individuals of T. longimanus were collected
from India (IL) or Bali(AL). Similarly, in S. saccolaimus, there are no geographic trends
among individuals from India (1), Australia (A), Java (J) and Borneo (B). Neither are
there any apparent geographic trends between individuals previously designated .
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nudicluniarus from Australia (AN). Solomon Islands (SN). and all other individuals of
S. saccolaimus regardless of their origin. Overall, 90.3% of specimens were correctly
classified to the seven species we recognise.

Table 4. Standardised canonical variates axis coefficients of characters, obtained from the stepwise
canonical variates analysis of Taphozous georgianus, T. troughtoni, T. hilli, T. australis, T.
kapalgensis, T. longimanus, Saccolaimus flaviventris, S. saccolaimus and S. mixtus using skull
measurements, excluding postpalatal width (PPW), rostrum length (ROL), and upper second
molar crown length (M2L), with sexes combined (for code to characters see figure 2).

CHARACTER Variate Varate Vanate Variate Variate
I I 11 v %
I Anteorbital width (AOW) 0.137 -0.187 -0.298 -0.027 -0.258
2 Least inter-orbital width (LOW) 0.125 -0.327 -0.235 0.013 0.142
3 Zygomatic width (ZW) 0.112 -0.170 -0.145 0.565 -0.019
4 Mastoid width (MW) 0.415 0.204 0.260 0.302 0.526
5 Braincase width (BW) -0.028 -0.324 0.174 -0.189 0.200
6 Cramal height (CH) -0.143 0.001 0.457 -0.218 0.1 H
7 Palatal length (PL) 0.112 0.333 -0.022 -0.330 -0.342
8 Basicramal length (BL) -0.060 0.448 -0.304 -0.098 0.039
9 Bulla length (BUL) -0.369 -0.318 -0.276 -0.383 0.036
10 Width of basisphenoid (BB) 0.128 0.077 0.316 0.005 0.221
Il Distance outside bullae (OB) -0.166 -0.147 0.371 -0.368 -0.973
12 Canine width (CW) -0.205 0.660 0.373 -0.476 0.199
13 Inter-upper canine distance (RC!-1.CY) 0.626 0.283 -0.091 0.135 0.490
14 Upper maxillary tooth row
crown length (CI-M?Y) (.653 (1.355 0.051 0.075 0.445
15 Upper molar crown length (M'-M?%) 0.104 -0.315 0.033 0.113 -0.140
16 Upper 2nd molar crown width (M2W) 0.023 0.051 0.808 0.483 0.024
17 Upper 3rd molar crown width (M*W) -0.056 0.120 0.022 -0.109 0.104
I8 Inter-upper 3rd molar distance
(RM3I-1.M%) -0.129 -0.166 -0.128 -0.001 -0.302
19 Lower tooth row length (LR) -0.035 -0.243 -0.034 0.301 -0.279
20 Angular ramus to dentary condyle (RC) 0.203 0.107 0.116 0.043 0.216
21 Dentary length (DL) 0.002 0.462 -0.192 0.024 -0.281
22 Sphenoid pit length (SPL) -0.471 0.151 0.306 0.687 -0.120
23 P! basal width (PBW) 0.395 -0.247 0.004 0.178 0.182
24 Inter-lower canine distance (1CD) 0.081 0.001 0.123 0.288 0.003

Characters with high loadings in the first CV axis (Table 4) relate to the standardised
values of the inter-upper canine distance (RC'-L.C') and the upper maxillary tooth row
crown length (C!'-M?). Both these characters relate to the shape of the anteroventral
basicranium. The canine width (CW) is the most important character on the second CV
axis (12.1% variance). Important on the fourth CV axis, which is instrumental in
maximising the separation between 7. georgianus and T. australis (Figure 17) are the
zygomatic width (Z W) and the sphenoid pit length (SPL). The mastoid width (M W)and
the distance outside bullae (OB) are important on the {ifth CV axis (0.4 variance),
which is important in distinguishing 7. kapalgensis and T. georgianus (Figure 18). The
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mastoid width (M W) and the distance outside bullae (OB) relate to the posteroventral
shape of the basicranium. Anexamination of the important CV axes of the analysis that
was performed using a combination of skull and all external characters (Table 5) shows a

Table 5. Standardised canonical variates axis coefficients of characters, obtained from the stepwise
canonical variates analysis of Taphozous georgianus, T. troughitoni, T. hilli, T. australis, T.
kapalgensis, T. longimanus, Saccolaimus flaviventris, S. saccolaimus and S. mixtus using skull
and all external measurements combined, excluding postpalatal width (PPW), rostrum length
(ROL), and upper second molar crown length (ML), with sexes combined (for code to
characters see figure 2).

CHARACTER Variate Variate Variate Variate Variate
I 11 11 3% A%
I Anteorbital width (AOW) 0.098 0.006 -0.201 0.102 0.361
2 Least inter-orbital width (LOW) 0.169 -0.318 -0.189 -0.017 -0.066
3 Zygomatic width (ZW) 0.044 -0.022 -0.311 0.396 -0.147
4 Mastoid width (MW) 0.363 -0.045 -0.118 0.004 -0.285
5 Braincase width (BW) 0.054 -0.330 0.301 -0.088 0.212
6 Cranial height (CH) -0.041 0.052 -0.406 -0.249 -0.130
7 Palatal length (PL) 0.133 0.321 0.187 -0.119 0.239
8 Basicranial length (BL) -0.178 0.628 -0.294 -0.141 -0.205
9 Bulla length (BUL) 0.286 -0.416 -0.154 -0.314 0.088
10 Width of basisphenoid (BB) 0.002 0.073 0.382 -0.014 -0.172
Il  Distance outside bullae (OB) -0.190 -0.129 0.435 -0.236 0.707
12 Canine width (CW) 0.324 0.608 0.190 -0.480 -0.119
13 Inter-upper canine distance (RC!-LC") 0.342 0.193 0.009 0.149 -0.145
14 Upper maxillary tooth row crown
length (C!-M?) 0.471 0.254 0.325 -0.032 -0.301
15 Upper molar crown length (Mi-M3) 0.206 -0.227 0.095 0.195 0.043
16 Upper 2nd molar crown width (M2W) -0.079 0.088 0.145 0.386 -0.264
17 Upper 3rd molar crown width (M3W) -0.071 0.106 -0.102 -0.224 0.041
18 Inter upper 3rd molar distance
(RM3-LMY) -0.113 -0.206 0.024 0.049 0.161
19 Lower tooth row length (LR) -0.021 -0.257 -0.027 0.135 0.164
20 Angular ramus to dentary condyle (RC) 0.198 0.081 0.008 -0.013 -0.132
21 Dentary length (DL) 0.010 0.518 0.099 0.053 0.153
22 Sphenoid pit length (SPL) -0.484 0.013 0.067 0.518 -0.267
23 P! basal width (PBW) 0.450 -0.263 -0.104 0.028 -0.010
24 Inter lower canine distance (ICD) 0.173 0.019 -0.022 0.314 -0.070
25 Body length (HV) 0.043 -0.103 0.172 0.263 -0.090
26 Tail length (TV) -0.060 0.088 0.038 0.066 0.005
27 Ear length (EL) -0.147 0.055 0.087 -0.150 0.391
28 Ear width (EW) -0.040 0.031 -0.089 -0.107 0.142
29  Tragus length (TL) 0.123 0.064 -0.170 -0.092 0.238
30 Radius length (RL) -0.280 -0.003 0.065 0.121 0.166
31 Metacarpal ill length (MCIII) 0.081 -0.312 -0.027 -0.092 -0.058
32 Digit l11/phalanx I length (PI) 0.693 -0.155 -0.286 -0.077 -0.225
33 Digit 111 phalanx 11 length (P11) -0.145 0.206 -0.187 0.166 0.169
34  Tibia length (TIB) -0.159 0.131 0.022 0.400 0.380
35 Pes length (PES) -0.005 -0.129 0.374 0.203 0.274
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stmilarity in skull character loadings. However, of the external characters. only the digit
Hi: phalanx 1 length (P1) is important, on the first CV axis.

Cluster Analysis

There was a marked congruence when the three combinations of data were analysed
separately. Analysis based on skull characters alone is presented. This is because alcohol
preserved specimens were not available for S. mixius and most specimens of S.
saccolaimus to allow computation of mean values. The results of the UPGM A clustering
of the eight species of Taphozous and Saccolaimus delineated are shown in Figure 19.
The currently recognised genera are not separate in this phenogram because S. mixtus
clusters with T. rroughtoni. Taphozous georgianus, T. australis and T. kapalgensis form
adistinct group with very little morphological differentiation between them. These three
species are more similar to T. troughtoni and S. mixtus than the distinctive 7. hilli.
Saccolaimus saccolaimus and S. flaviventris are phenetically similar to each other and
are very distinct from the other species.
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Figure 19 Phenetic relationships of Australianemballonurid species derived by UPGMA cluster analysis.
Data are size-free skull characters with males and females combined. Species codes are as
follows: Saccolaimus flaviventris (S.£). S. mixtus (S.m), S. saccolainus (S.5.). Taphozous
australis (T.a), T. georgianus (T.g), T. hilli (T.h), T. kapalgensis (T k). and T. troughtoni (T.1).

Discussion

There is no strong phenetic separation between Saccolaimus and Taphozous,
although the two genera can be discriminated on the first CV axis. However, the classical
taxonomic approach and phylogenetic studies of generic relationships within the
Emballonuridae using morphology (Chimimba 1987), and protein electrophoresis and
immunology (Robbins and Sarich 1988) separate these genera. The following Australian
species are considered valid: S. flaviventris; S. mixtus; S. saccolaimus; Taphozous
australis, T. georgianus, T. hilli, T. kapalgensis and T. troughtoni.

Earlier workers considered that the large T. rroughtoni was part of a size cline in T.
georgianus which increases in size from west to east (McKean and Price 1967, Koopman
1984b). However, several points in the present study argue against this synonymy.
Firstly, the individuals of T. rroughtoni examined were collected from Ballara and
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Mount Isa in Queensland (Localities 139 and 140 respectively in Figure 1), the latter
being the type locality of T. troughtoni (Tate 1952). There is also a specimen of T.
georgianus from Mount Isa (CM 13216) and another from Cloncurry (JM 6550,
Locality 138 in Figure 1), an area very close to Mount Isa, suggesting that the two taxa
are not geographically separated. Our data show that individuals of T. georgianus are
smaller than those of T. rroughtoni in both sympatry and allopatry. in addition,
specimens of T. georgianus collected further to the east of Mount Isa, Ballara and
Cloncurry are also smaller than specimens of T. rroughtoni. This suggests that while 7.
georgianus may show an eastward increase in size, 7. troughtoni does not form part of
this size cline. Secondly, despite these size differences, the analyses were performed after
corrections for size were made, and yet the morphological differences between the two
taxa are still apparent. Thirdly, although phenetic relationships based on cluster analyses
show that T. troughtoni has affinities with T. georgianus, T. australis and T. kapalgensis,
the phenogram confirms a fairly high degree of morphological dissimilarity between T.
troughtoni and T. georgianus (together with T. kapalgensis and T. australis).

Jones and Genoways (1970) have noted the presence of many sibling species in
microchiropteran bats. This fact is stressed by Baverstock (1989) who stated that “many
zoologists seem unaware of the high incidence of “cryptic” species”. Studies on
Australian bats using molecular techniques (Adams er al. 1987a, b, 1988), and
morphological approaches using multivariate statistics (Carpenter ef al. 1978, McKean
et al. 1978; Campbell and Kitchener 1980; Tidemann et a/. 1981; Kitchener and Caputi
1985; Kitchener er al. 1986, 1987) support this view. A most important aspect of the
studies cited above is the high degree of concordance between results based on the
morphological data and those of parallel studies based on electrophoretic data, although
in several instances electrophoretic data indicated the presence of species that could be
identified only with great difficulty, or not at all, using morphology. Consequently it is
suggested that there is need to further examine the Australian emballonurids using
electrophoretic data.

Examination of bacula and glans penis in this study are mostly based on small
samples. While these support the Australian species recognised by us, examination of a
more extensive sample is required. This is necessary to distinguish different growth
stages or stages in ossification of the glans penis and bacula respectively such as observed
in Australo-Papuan Pipistrellus and Falsistrellus by Kitchener et al. (1986).

Generally, there was some difficulty separating T. australis, T. georgianus and T.
kapalgensis using PCA. Following the suggestion by Gould and Woodruff (1978) and
Gould (1984) of the biological importance of minor axes of PCA (which may also be true
for CVA), the minor axes indicate that the three species are morphologically distinct.
This distinctiveness is also supported by the traditional taxonomic approach. Cluster
analysis also shows that T. australis, T. georgianus and T. kapalgensis are phenetically
very close.

Our results leave little doubt that T. kapalgensis and T. hilli are not conspecific as
suggested by Koopman (1984b). Further, T. kapalgensis is distinct from the most similar
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oriental species, T. longimanus (which does not appear to be highly variable over its
range as suggested by Dobson, 1878).

We show that S. nudicluniatus is conspecific with S. saccolaimus, which is in
agreement with Goodwin (1979). Although we examined few specimens of S.
saccolaimus there appeared little variation over its range from India to the Solomon
Islands, which is consistent with the observations of McKean er al. (1980).

Taphozous troughtoni and S. mixtus have closest phenetic affinities with the species
cluster, T. australis, T. georgianus and T. kapalgensis. In the original description of T
troughtoni, Tate (1952) recognised the similarity of T. troughtoni with T. georgianus and
T. australis but not with S. mixtus indicating that the development of the bulla greatly
influenced Tate. Within species currently referred to Taphozous in Australia, T, hilli is
the most distinct morphologically. Saccolaimus flaviventris and S. saccolaimus are
phenetically similar to each other, and are the most distinct morphologically of all
Australian emballonurids.

Characters determined by CV A to be particularly important in separating Australian
emballonurids relate to the inter-upper canine distance, upper maxillary tooth row
crown length, canine width, zygomatic width, sphenoid pit length, mastoid width,
distance outside bullae, digit I1I/phalanx 1 length and pes length. Some of these
characters have been used previously to diagnose these species. The most important of
these relate to the sphenoid pit length, the bulla length, canine width and pes length.
Kitchener (1980) found that the canine was one of the most important diagnostic
characters between T. hilli and T. georgianus. Importantly, these two species were
separated on an axis in which the canine width was the only character with a high
loading. The a priori determination of pes length as an important character accords with
Monticelli (1889) who observed that feet were an important distinguishing character
between members of Taphozousand Saccolaimus. In general, Hollister (1913), Thomas
(1922) and Troughton (1925) placed much emphasis on the structure of the bulla and the
sphenoid pits to distinguish between members of Taphozous and Saccolaimus.
Troughton (1925) attached much importance to the structure of the sphenoid pits to
distinguish T. georgianus and T. australis. In this study, the minor axis instrumental in
maximising the separation between T. georgianus and T. australis involves the sphenoid
pit length as one of the important characters. The structure of the sphenoid pit and the
bullae have also been used extensively to separate Old World members of Taphozous
and Saccolaimus (Barghoorn 1977); New World members of the subfamily
Emballonurinae (Sanborn 1937) and within members of the genus Emballonura in the
Indo-Australasian region (Tate and Archbold 1939).

Other characters determined as important in distinguishing taxa in this study mostly
relate to teeth, the dentary and the width of the skull. These characters can be viewed
from a functional standpoint. It is possible that effects of resource partitioning by
different species contribute to the importance of the teeth and the dentary. Freeman
(1981) relates characteristics of the dentary to possible functional differences in molossid
bats. She suggested that thickening of the dentary and increase in the area of insertion of
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the temporalis muscle at the coronoid process may be related to diet. Similarly, the
wideness of the skull may be a result of feeding on different size and texture of food by
different species, which in turn may cause changes in the magnitude of forces acting on
the skull and the mandible produced by the forces of mastication. Hildebrand (1974) and
Buckland-Wright (1978) report that bone thickens where more stress occurs and that
mammalian skull bones constantly undergo change by absorption and remodelling of
bone tissue that may be functionally influenced.

There are no significant differences between males and females within the
emballonurids in which the sample size was adequate for examination: Taphozous
georgianus, T. hilliand S. flaviventris. All these species are predominantly cave dwelling.
Without suggesting a biological explanation, Carpenter e al. (1978) reported that in
Australian Eptesicus (x Pipistrellus, see Hill and Harrison 1987; Volleth and Tidemann
1989), sexual dimorphism is less pronounced in cave dwelling species than it is in the
forest dwelling ones. In most phyllostomatids (Baker et al. 1972; Power and Tamsitt
1973; McLellan 1984) and some vespertilionids (Findley and Traut 1970; Myers 1978),
males are larger than females. Exceptions are the phyllostomatid Ametrida centurio
(Peterson 1965) and some vespertilionids (Myers 1978, Campbell and Kitchener 1980)
where females are larger than males. The larger females have been associated with a need
to compensate for the extra flight load during pregnancy (Ralls 1976).

Key to Genera and Species of Australian Emballonuridae

The Key is to be used in conjunction with pertinent diagnoses, descriptions and
measurements in Table 1.

la Bulla complete, with less than 50 percent of cochlea exposed;
skull heavily ossified; saggital crest pronounced and reaching
occiput; upper anterior premolar proportionately larger,
almost one-third of both height and crown area of posterior
premolar; a wide band separating anterior lacerate foramen
and sphenorbital sinus; lower outline of dentary convex
beneath premolar; posteroventral face of basisphenoid region
in contact with both bulla and cochlea; paraoccipital process
level or slightly longer than occipital condyles; inner margin of
earnot papillate . . ... .l s Australian Saccolaimus 2

1b Bulla incomplete, with greater than 50 percent of cochlea
exposed; skull not heavily ossified; saggital crest absent or
much weaker, barely reaching occiput or often terminating
into a more rounded crest; upper anterior premolar relatively
small, almost one-fifth of both height and crown area of
posterior premolar; anterior lacerate foramen and
sphenorbital sinus separated by a thin band; lower outline of
dentary markedly concave beneath premolars; posteroventral
face of basisphenoid in contact with cochlea only;
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paraoccipital process shorter than occipital condyles;
parastylar area well developed; inner margin of ear papillate
.............................................. Australian Taphozous 4

Radial-metacarpal pouch present, size smaller: greatest skull
length averages 21.8 (21.7-21.9), radius length averages 63.6
(63.1-64.2); forechead more excavated............oovvunn. Saccolaimus mixius

Radial-metacarpal pouch absent, size larger: greatest skull
length ranges between 22.4-27.0, radius length ranges between
65.7-82.1; forehead less excavated. . ....cvv ittt ittt et 3

Mesopterygoid fossa deeply grooved; sphenoid pit
posteriorly margined by an overlapping edge; sagittal crest

reaches occiput but not so prominently .............. Saccolaimus flaviventris
Mesopterygoid fossa smooth; sphenoid pit posteriorly more
open; sagittal crest prominently reaching occiput...... Saccolaimus saccolaimus
Gular sac present in males and represented by a rudimentary
edgeinfemales. .. ...ttt i e 5
Gular sac absent in both SEXES . ..vvuunnernnn ittt 7
Anterior rim of mesopteryoid fossa rounded; canines shorter

and slender with small anterobasal cusp about one-third
length of tooth; posterior premolar with a small anterobasal
cusp; angular basisphenoid pit; less steeply excavated frontal
18153 o) U ) ¢ L Taphozous hilli

Anterior rim of mesopterygoid fossa v-shaped; canines
relatively longer and less slender and lacking a small
anterobasal cusp; posterior premolar lacking small
anterobasal cusp; rather pear-shaped basisphenoid pit; frontal
depression deeply eXcavated .. ......uiiiiiii 6

Sphenoid pit do not reach level of large vacuities outside nasal
cavities but ending about | mm from them; zygomata
without spike ... .. ..o i Taphozous australis

Sphenoid pits reaching to level of nasal cavities; zygomata
With spike .. ot e Taphozous kapalgensis

Anterior rim of mesopterygoid fossa less v-shaped;
postorbital processes relatively shorter; sagittal and
lambdoidal crests relatively weak; size generally smaller,
greatest skull length averaging 21.4 (20.0-23.1).......... Taphozous georgianus

Anterior rim of mesopterygoid fossa sharply v-shaped;
postorbital process extremely long; sagittal and lambdoidal
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crests sharply edged; size larger, greatest skull length
averaging 24.1 (24.0-24.3) ... ... ... Taphozous troughtoni
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Appendix I  Australian emballonurid specimens examined. Collecting locality numbers are those
indicated in Figure 1.

Taphozous australis
Locality 143

Possession Island 10944’, 142024’, 13 males, | female, AM (M4412-17, M4419-22, M4424-25). Locality
144 Coen, 13° 57, 143012’, 1 male, JM (M9495). Locality 150 Townsville, 10016’, 146%49’, | male, CM
(M2176).

Taphozous georgianus
Locality 5

Wilgie Mia, 26956’, 117942’, 1 male, CM (M2122). Locality 9 Three Rivers Homestead, 25°08’, 119009’ |
female, WAM (M15235). Locality 12 Durba Spring, 23°4520”, 122031°00, 4 males, 6 females, WAM
(M14384-87, M 14390-95). Locality 14 Opthalmia Range, 23°16'50”, 119011720”, | male, | female, WAM
(M 19503-04). Locality 15 Opthalmia Range, 23018°00”, 119°3520”, 2 females, WA M (M 18039-40). Locality
16 Mt Newman, 23°19’, [19%45’, | male, WAM (M6718.003). Locality 19 Paraburdoo Minesite, 23°13'30”,
117037°00, 1 male, 1 female, WAM (M 14935-36). Locality 20 Ullawarra Station, 2324', 1 16°10’, 4 males, 6
females, WAM (M4324-30, M4332-34). Locality 21 Yardie Creek Homestead, 22002'45”, 114°01°30”, 1 male,
3 females, WAM (M 18146-49). Locality 22 Yardie Homestead, 21952, 114903’, | male, WAM (M7476).
Locality 23 Tambrey Homestead, 21935'00”, 117°33'40”, I male, 3 females, WAM (M4319, M4321.001-.002,
M4342). Locality 24 Yampire Gorge (includes Wittenoom Gorge), 22025, 119°27', 4 males, 4 females, WAM
(M4318.002-.003, M 18288, M 18290-92, M19616-17). Locality 25 Hamersley Range National Park (includes
Mt Bruce), 22036'00”, 118%08'30”, 1 male, 4 females, WAM (M 14594-95, M 18256-57, M 18655). Locality 27
Hopetoun Mine, 21055'00”,120012'30”, 3 males, WAM (M 11050, M 11052, M11054). Locality 28 Nullagine,
21053, 12007, 1 male, 6 females, WAM (M10536, M11040-45). Locality 29 Mosquito Creek, 21944°00”,
120928’30”, 2 males, 2 females, WAM (M11034-35, M11037-38). Locality 30 Oakover River, 21931, 121010,
1 female, WAM (M24328). Locality 31 Bamboo, 20055'45”, 120°13’15”, 7 males, 5 females, WAM (M3251-
52, M3254-58, M3262, M3276-77), CM (M2151). Locality 32 Callawa Homestead, 20V22'05”, 12004920", 3
females, WAM (M10560, M16762-63). Locality 33 Shay Gap, 20931, 120°08’, 3 males, 7 females, WAM
(M16764-M 16772, M16778). Locality 35 Marble Bar, 21020’, 119942’, 1 male, WAM (M3261). Locality 36
Pullcunah Hill, 21932°30”, 118°59°00”, 2 females, WAM (M9606-M9607). Locality 37 Woodstock, 21037,
118957, 1 male, I female, WAM (M7465-66). Locality 38 Peawah Camp Well, 2044, 118°01’, 1 male,
WAM M7470. Locality 39 Whim Creek, 20050°, 1 17950, 2 males, 1 female, WAM (M7458-60). Locality 48
Bugle Gap, Lawford Range, 1839'45”, 126003°05”, 3 males, | female, WAM (M5709, M5712-13, M5718).
Locality 49 Wattle Spring Creek, 19914, 126903, | female, WAM M24367. Locality 50 Outcamp Hill,
18933°30”, 125955°00”, 5 males, 3 females, WAM (M5706-08, M5710-11, M5713, M5715). Locality 51 Sadlier
Range, 18°18, 125935, 1 male, | female, WAM (M5720-21). Locality 53 Napier Range, including Winjina
Gorge, 17025'35", 124925°05”, 8 males, 7 females, WAM (M7472, M18325-29, M18331-32), CM (M1512,
1515-20). Locality 54 Inglis Gap, includes Lennard River Gorge, 17907", 125°11", | male, 2 females, WA M
(M7468-69, M18541). Locality 55 Tunnel Creek, 17037, 125009’, 2 males, 2 females, WAM (M7462-64,
M24044). Locality 56 Leopold Downs Homestead, 17°54'45”, 125017°'12”, 3 females, WAM (M24033-35).
Locality 57 Napier Downs Homestead, 17014, 124938’, 1 male, WAM (M8135). Locality 58 Derby, 17°18’,
123038’, | male, 2 females, WAM (M7050, M24031-32). Locality 59 Mt Anderson, 18901", 123°56’, 5 males, 2
females, WAM (M5534-37, M 18457, M18464-65). Locality 63 Edgar Range, 18025, 123905, 4 females,
WAM (M15046-47, M 14132, M17461). Locality 68 Koolan Island, 16°08°00”, 123946'30”, | female, WAM
M4897. Locality 69 Cockatoo Island, 16905207, 1233600, | female, WA M (M4898). Locality 71 Augustus
Island, 1502230”, 124°3520", 1 male, | female, WAM (M9280-81). Locality 72 Bat Island, 15%06'10”,
124°54'30”, 3 males, 1 female, WAM (M10460-63). Locality 73 Boongarie Island, 1506'00”, 125012'40”, 5
males, WAM (M10454, M10456-59). Locality 74 Bigge Island, 14°30°40”, 125%07°47”, 2 males, | female,
WAM (M15414-16). Locality 76 Mitchell Plateau, 14049°30”, 125°50'40”, 1 male, WAM M15702. Locality
78 Mitchell Plateau, 14953'40”, 12504520, | female, WAM M 15686. Locality 79 Mitchell Plateau, 14936'30”,
1250952°00”, 3 males, 2 females, WAM (M 15689-90, M 15692, M15697, M15699). Locality 80 Kalumburu
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Mission, 14°17°30”, 126°38'40”, 2 males, 2 females, WAM (M4080-82, M7457). Locality 82 Drysdale River
National Park, 1501, 126049, | female, WAM M14096. Locality 85 Parry Creek, 15030’, 128013, | female,
WAM M7471. Locality 86 Kununnura, 15946°30”, 128044'00", | female, WAM B231. Locality 87 Ningbing
Bore, 15014°00”, 128°40°30”, | female, WAM M7467. Locality 88 Cave Springs, includes Mount Cecil,
150327, 128050, 4 males, 4 females, WAM (M7053/002, M7053/004, M7053/006-007, M7059/001-003,
M19665). Locality 89 Keep River National Park, 15045’, 128°04’, | male, | female, CM (M524-525). Locality
91 Argyle Downs (includes Aboriginal Cave) 16004'15”, 128°46°35”, 1 male, 4 females, WAM (M9608,
M9614, M 11459, M11465). Locality 92 Ord River Area, 16023’, 128043, 3 males, 5 females, WA M (M9605,
M9612, M11498-99, M11500-02, M11613). Localiry 93 Lissadell Homestead (New), 16°39°57”, 128031°03”, 2
males, 5 females, WAM (M 16899, M16992-97). Locality 94 Bull Hole Bore, 17°19°55”, 127005’15”, 6 females,
WAM (M18458-63). Localiry 95 Old Halls Creek, 1795500, 127049'30”, 1 female, WAM M7474. Locality
96 Mount Bradley, 18022°00”, 128047'30”, 2 males, WAM (M6995/001-002). Locality 97 Halls Creek, 18921,
1270949’, 3 males, 5 females, WAM (M 18315-22). Locality 98 Halls Creek, 18034’, 127015’, 1 female, WAM
M24366. Locality 99 Kintore Cave, Near Katherine, 23018, 129924’, 5 males, 4 females, C (5003-04, 5051-55,
5057-58). Locality 106 8 km east of Arltunga, 23928’, 134%43’, 2 males, 3 females, CM (M4428-4430, M4435,
M4437). Locality 112 Delamere Station, 15044’, 131032’, 3 females, SAM (M6655, M7053-54). Locality 117
Katherine, 14929, 132012’, 3 males, 2 females, WAM (M6256-58, M6263-64). Locality 118 Katherine Gorge
National Park, 14019, 132028’ | male, 2 females, CM (M636, M649-50). Locality 120 Pine Creek, 13°49’,
[31°50’, 2 males, | female AM M9491, CM (M3984, M10027). Locality 122 Green Ant Creek, 13036,
131012, 1 male, CM M4141. Locality 131 Portsite Centre Island, Sir Edward Pellew Group, 15933, 13647,
2 males, | female, CM (M2554-55, M13193). Locality 132 Caranbirini Waterhole, 1616, 136°05’, 2 females,
CM (M 11821, M11924). Locality 133 Amelia Spring, 16°36’, 136°1 I, | female, CM M11785. Locality 134
Nicholson River, 17946’, 137005, | female, NTM M5982. Locality 135 China Well, 17050’, 137025’, 2 males,
CM (M6922-23). Locality 136 Accident Creek, 18004’, 138912’, 2 males, 2 females, SAM (M6806-07,
M6809-10). Locality 137 Riversleigh, 18945’, 138035’, 5 males, | female, WAM B (298-303). Locality 138
Cloncurry, 20042, 140°30’, [ male, JM M6550. Locality 140 Native Bee Mine, Mount Isa, 20044’, 139929’ 1
female, CM M13216. Locality 147 Chillagoe, 17°09’, 144931’, 4 males, 3 females, CM (M2058, M2346,
M13190-91, M 13194, M13197-98). Locality 152 Mount Etna, 20958’, 148°01’, 2 females, AM (M8117-18).
Locality 154 Capella, 25005’, 14801, 1 male, 2 females, JM (M13855-57). Locality 156 Rockhampton,
23022, 150032, 2 males, 3 females, AM (M6024-25), CM M 13212, JM (M9975-76). Locality 157 Rewan
Station, South West Rolleston, 24958’, 148022’ 1 female, JM M15816.

Taphozous hilli
Locality 1

Tallering Homestead, 28015, 115051", 6 males, 6 females, WAM (M 10673-78, M 10680-85). Locality
2 Tallering Peak, 28°06’, 115°38’, 6 males, 6 females, WAM (M11030, M12712, M12714-19, M 12459-
60). Locality 3 Yalgoo, 28918’45”, 116°38'00”, 6 males, 6 females, WAM (M 10115-20, M10125-30).
Locality 4 Murgoo Homestead, 27028'40”, 11692210, 3 males, 3 females, WAM (M9653, M10239-40,
M 10244-45). Locality 5 Wilgie Mia, 26956°, 117942, 6 males, 5 females, WAM (M3803-08, M4639,
M5964, M8187, M10148-49). Locality 6 Gnumartina Bat Cave, 26°22°30”, 117°08'10”, | female, WAM
M4303. Locality 7 Peak Hill Gold Mine, 25036°00”, 118°43'30”, 3 females, WAM (M12211-13).
Locality 8 Peak Hill, 25036", 118°49’, | male, 2 females, WAM (M10716-18). Localiry 13 Mount
Meharry, 23912°00”, 118049°30”, | male, 6 females, WAM (M16751, M16815, M16817, M16818/001,
M16819-20, M18252). Locality 15 Opthalmia Range, 23010’, 118950’, 1 female, WAM MI18041.
Locality 19 Paraburdoo Minesite, 23913'30", 117937°00”, | male, WAM M14937. Locality 25
Hamersley Range National Park (including Mt Bruce), 2203903”, 118°08’30”, 2 males, 3 females,
WAM (M18260 (holotype), M 18261, M18264-65). Localiry 3/ Bamboo, 20055'00”, 12001315, 2
females, WAM (M3273, M7056). Locality 40 Muggan Rock Holes, 27901, 125920’, 1 male, 2 females,
WAM (M5241/001-002), CAM M408. Locality 41 Manunda Rock Hole, 26950'50”, 125°39°30", 1
male, WAM M4626. Locality 42 Gahnda Rock Hole, 260367, 125952’, I male, 3 females, WAM
(M5242/001-003, M13372). Locality 43 Mount Charles, 25045’, 126°1 1", | female, WAM M14640.
Locality 44 Charles’ Knob, 25003, 124059, 2 females, WAM (M 14641-42). Locality 45 Great Sandy
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Desert, 20050°, 127959", 2 males, 2 females, WAM (M22843-44, M22846, M22849). Locality 103
Tennant Creek, 19939, 134900’, 6 males, 4 females, CM M845, WAM B (128-29), NTM (M357-59),
WAM (M5844-47). Locality 104 Peko Mine, 19041, 134017, 2 males, 4 females, WAM (M6283-88).
Locality 105 Hatches Creek, 200567, 135912, 3 females, NTM (M4274-76). Locality 106 8 km east of
Arltunga, 23928, 134943, 3 females, CM (M5836, M5838, M13218). Locality 107 Arltunga Gold
Mine, 23030, 134950, | female, CAM M175. Locality 109 Hermannsburg Station, 29959’, 132046, |
male, NTM M5331. Locality 110 Tennant Creek, 19939, 13491 1", | female, CM M4167. Locality 111
10 km south-east Mount Leichard, 21951", 132037, | female, CAM M408.

Taphozous kapalgensis
Locality 125

Kapalga, South Alligator River, 12036’, 132025, 2 males, | female, CM (M4806 (paratype), 4823),
WAM M18580.

Taphozous troughtoni
Locality 139

Ballara, 20057’, 139958’, | male, CM M4145, Locality 140 Native Bee Mine, Mount Isa, 20044,
139929’, 3 females, CM (M 13213, M13215, M13217).

Saccolaimus flaviventris
Locality 10

Karri Karri Pool, 25029, 120037’, 1 male, WAM M 14400. Locality 11 Mount Salvado, 25°17°,
120042, 1 female, WAM M 14639. Locality 12 Durba Spring, 23945207, 122931'00”, 3 males, | female,
WAM (M14396-99). Locality 17 Marillana Homestead, 22046007, 119°13’08”, 2 males, WAM
(M 18398, M19406). Locality 18 Pingandy Creek, 23958’ 1 179407, | female, WAM M6622. Locality 25
Hamersley Range National Park, 22038'46”, 118008°03”, 1 female, WAM MI18650. Locality 26 Great
Sandy Desert, 22032°50”, 122024'20”, |1 male, WAM M22868. Locality 34 Coongan River, 20055,
119947", 1 female, WAM M22870. Locality 46 Great Sandy Desert, 20017, 127026", | female, WAM
M22870. Locality 47 Fossil Downs, 18°08'30", 125036°45”, 1 male, WAM M5732. Locality 52 Barker
Gorge, 17915207, 124943’45”, | male, WAM M 18500. Locality 60 Edgar Range, 1892745, 123940'30",
2 females, WAM (M 15127-28). Locality 61 Edgar Range, 18049'20”, 123°17°50”, 2 males, 3 females,
WAM (MI15037-39, M22265, M22869). Locality 62 Edgar Range (Hatches Bore) [802245”,
123003725”, 7 males, 3 females, WAM (M15040-45, M15131, M17459). Locality 64 Waterbank
Homestead, 17044207, 122014’52”, 4 males, 2 females, WAM (M24019-21, M24057, M24065,
M24071). Locality 65 Point Coulomb, 17921'20”, 122009207, 3 males, | female, WAM (M8432,
M22531, M22535, M22662). Locality 66 Cocky Well, 1694350, 122048’30”, 1 female, WAM M22534.
Locality 70 Wotjulum Mission, 16911’ 123937, 1 male, WAM M3001. Locality 75 Prince Regent
River Reserve, 15048°11”, 125020°26”, 2 males, 1 female, WAM (M 12252-54). Locality 76 Mitchell
Plateau, 14949107, 125050'20”, 3 males, 7 females, WAM (M21791, M21828-33, M21852-53,
M21875). Locality 77 Drysdale River Crossing, 15040'30”, 126°23'45”, | female, WAM M 14359.
Locality 81 Drysdale River National Park, 14043’ 126°54’, 2 males, WAM (M 14022-23). Locality 83
Drysdale River National Park, 15909’, [2706’, 3 females, WA M (M14019-21). Locality 84 Wyndham,
15928’, 128906, I female, AM M6768. Locality 90 Keep River National Park, 15058’, 129902’ | female,
CAM M602. Locality 100 Tanami Desert, 20009’ 130°15’, 1 female, NTM M2779. Locality 101
Tanami Desert, 20°13’, 131947", 1 male, CAM MS. Locality 102 Banka Banka Station, 18948’, 134002,
I female, CM M2472. Locality 103 Tennant Creek, 19039’, 134902, 1 male, SAM M498. Locality 108
Temple Bar Creek, Alice Springs, 23945, 133044", | female, CM M2426. Locality 113 Murrayi, 16°50°,
132948’, 2 females, CAM M57-58. Locality 114 Dorisvale, 14010, 131900’, | female, CM M6660.
Locality 115 Daly River, 14948’, 131024, | female, CAM M36. Locality 116 Daly River, 14922,
131033", 1 female, CAM M30. Locality 119 Katherine Gorge, 14906’, 132018’, 5 females, CAM
(M610-612). Locality 121 Twin Peaks, 13045°, 130043, | male, 1 female, WAM (M8424-25). Locality
123 35 kmsouth of Darwin, 12027’, 130050, | male, B 190. Locality 124 Point Charles, 12023’, 130037,
1 male, C 928. Locality 126 Smith Point, Coburg Peninsula, 11916, 132009’, 3 males, CM (M 1896,
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M1900-01). Locality 127 Nourlangie Rock, 12943’, 132033’, | male, CM M4671. Locality 128 Oenpelli,
12019, 133003, 1 female, B 190. Locality 129 Deaf Adder Creek, 13%06’, 132056", 1 male, CAM 4702.
Locality 130 Deaf Adder Gorge, 13003’, 132052, | female, AM M10352. Locality /141 Norman River,
Normanton, 17040°, 141904’, 1 female, JM 2037. Locality 142 Gulf of Carpentaria, 1301, 141044’, ]
male, C 1482. Locality 149 Ingham, 18°39’, 146°10’, | male, CM M1580. Locality 153 Thirlstone,
Torres Creek, 21937, 145935’, 1 male, the other sex unknown, JM (M8816-17). Locality 155
Glengalon, south-east of Emerald, 23°31’, 148010’, | female, JM M15531. Locality 158 Yebna Station
80 km west of Taroomm, 25%41’, 14901 1’, 1 female, JM M15813. Locality 159 Eidsvold, 25°22’, 151°07’,
I male, JM 3082. Locality 160 Landsborough, 26°48", 152048’, 1 female, JM M10948. Locality 161
Cowan Cowan, Morton Island, 27°11’, 153%04’, 1 male, JM 4069. Locality 162 Mount Crosby, 27032’,
152048’, 1 male, JM 9797. Locality 163 Greymere, 280147, 151045’, 2 females, JM (13308-09). Locality
164 Durikai, 28°12’, 151037°, 1 male, 1 female, JM (M 13337, M13849). Locality 165 Moree, 29028,
149951’, 1 male, 1 female, AM (M918, M3228). Locality 166 Mungindi, 28°59’, 149°00’, 2 males, 1
female, AM (M5521, M7920, M7922). Locality 167 Brewarrina, 29958’, 146°52’, 1 male, AM M8190.
Locality 168 Killara, Sydney, 31028’, 150036’, |1 female, AM M7384. Locality 169 Frankston, 38009,
145°08’, 1 male, C 5130. Locality 170 St Albans, 37945’, 144°48’, 1 male, C 5132. Locality 171
Winchelsea, 38015%, 143059, | female, C 5131. Locality 172 Coombe, 35958’, 140°13’, 1 male, SAM
M5206. Locality 173 Berri, 34°17’, 140°36’, 1 male, SAM M7698. Locality 174 Railway Siding, 34956,
138036’, 1 male, SAM M5659. Locality 175 Meningie, 35°41’, 139920°, | male, SAM M3155. Locality
176 Salt Creek, 36°08’, 139039, 1 female, SAM M7698.

Saccolaimus mixtus
(non-Australian)

Port Moresby, Papua New Guinea, [ male, Two specimens sex unknown, AM (M3256 (paratype),
M3257 (holotype), M3258 (paratype)).

Saccolaimus saccolaimus
Locality 145

Upper Endeavor River, 150207, 14501 1", | female, C 310. Locality 146 Cooktown, 15059’, 145008", |
female, JM M 19028. Locality 151 Jerona Fauna Sanctuary, 19934’ 147013%, 1 male, WAM M23334.
Locality 152 Mosman, 1 female, JM M19028 (S. ‘nudicluniatus’).

Non Australian Specimens Examined

Saccolaimus saccolaimus
Borneo, | male, WA M (M26085); India, | female, AMNH (27420); Java, 5 males, 1 female, AMNH
(101602-06); Solomon Islands, 1 male, FMNH 54806 (S. ‘nudicluniatus’).

Taphozous longimanus
Bali, 3 males, | female, WAM (M16182-85), Madras, India, | male, C 2210.

260



C.T. Chimimba, D.J. Kitchener

Appendix II Measurements, in mm for holotypes and unique specimens of some Australian
emballonurids examined. Body measurements are from alcohol preserved specimens.
For tode to characters see Figure 2,

Species Saccolaimus Taphozous Taphozous Taphozous Taphozous georgianus
Catalogue mixus hilli kapalgensis  troughtoni Derby Mount Isa Rockhampton
No./ AM M3258 M18260 CM M4806 CM W.A. Qld Qid
Character (paratype) WAM  (paratype) M13213 WAM CM JM
(holotype) M24032 M13216 M9976
Sex ? Female Male Female Female Female Female
GL 21.7 20.0 20.7 24.3 21.0 22.0 22.6
AOW 6.6 6.0 5.9 6.8 6.1 6.5 6.5
LOW 7.9 6.2 6.4 7.1 6.1 6.6 6.3
YA — 13.0 13.0 14.7 13.1 13.3 14.2
ROL 8.6 8.2 8.7 10.2 8.6 9.2 9.6
MW 12.1 10.5 11.2 12.1 10.5 11.0 11.7
Bw 11.6 10.6 10.9 11.7 10.0 10.7 10.5
CH 8.0 74 7.6 8.4 7.1 7.5 8.1
PL 8.8 7.1 8.0 9.8 8.6 8.8 8.9
PPW — 3.4 — 4.7 3.7 3.8 4.1
BL 18.7 16.3 18.4 21.2 18.6 19.1 19.6
BUL 4.9 5.1 5.2 5.6 5.0 5.0 5.1
BB 34 2.2 23 2.6 2.1 2.0 23
OB 11.6 10.2 9.1 11.5 10.0 10.4 10.6
Cw 1.8 1.7 2.0 2.2 1.9 2.0 2.1
RCI-LC! 4.8 3.5 4.0 4.5 4.0 4.1 4.3
Cl-M3 10.0 8.8 9.3 [1.0 8.8 10.0 10.3
MI-M3 5.4 4.8 5.0 5.8 4.9 5.3 5.6
M2L 22 1.9 2.0 2.2 1.9 2.0 2.2
M2W 2.4 2.4 2.3 2.6 2.5 24 2.6
M3W 2.1 2.0 2.1 2.4 2.1 2.2 2.2
RM3-LM3 10.2 8.4 9.1 10.7 9.1 9.2 9.9
LR 12.2 10.7 11.0 13.1 11.4 12.0 12.3
RC 5.7 4.6 5.2 5.8 5.1 5.0 5.4
DL 18.7 16.1 17.1 20.7 17.6 18.8 19.1
SPL 4.0 4.3 3.7 4.6 4.5 3.9 4.0
PBW 1.0 0.3 0.6 0.6 0.5 0.6 0.7
ICD 3.2 29 2.9 3.3 2.8 3.0 3.2
HV — 75.1 68.8 81.8 72.0 74.7 —
TV — 30.7 22.8 36.9 26.7 323 —
EL — 22.6 17.6 26.6 20.1 19.2 -
EW — 14.9 13.2 19.0 15.0 148 —
TL — 6.1 5.6 9.4 7.1 7.1 -
RL — 68.9 59.2 75.6 65.2 69.6 —
MCIII — 61.7 60.2 69.1 57.2 64.4 —
P1 — 20.4 211 24.6 19.2 20.9 —
PI1 — 25.7 214 27.1 235 26.0 —
TIB — 26.8 23.1 31.7 26.7 27.0 —
PES - 12.9 12.4 14.7 12.1 12.6 —
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