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The pteropodid genus Dyacopterus Andersen, 1912, comprises several medium-sized fruit-bat species endemic

to forested areas of Sundaland and the Philippines. Specimens of Dyacopterus are sparsely represented in

collections of world museums, which has hindered resolution of species limits within the genus. Based on

our studies of most available museum material, we review the infrageneric taxonomy of Dyacopterus using

craniometric and other comparisons. In the past, 2 species have been described—D. spadiceus (Thomas, 1890),

described from Borneo and later recorded from the Malay Peninsula, and D. brooksi Thomas, 1920, described

from Sumatra. These 2 nominal taxa are often recognized as species or conspecific subspecies representing these

respective populations. Our examinations instead suggest that both previously described species of Dyacopterus
co-occur on the Sunda Shelf—the smaller-skulled D. spadiceus in peninsular Malaysia, Sumatra, and Borneo,

and the larger-skulled D. brooksi in Sumatra and Borneo. We further identify specimens of Dyacopterus from

the large islands of Luzon and Mindanao in the Philippines as representatives of a distinctive new species,

Dyacopterus rickarti. This new species differs from the Sundaic taxa in its much larger size, unique palatal ridge

formula, and in qualitative craniodental features. The natural history of each species, so far as it is known, is

briefly reviewed.
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taxonomy, Thailand

In 1889, Oldfield Thomas, a mammalogist at the British

Museum of Natural History (today the Natural History Mu-

seum, London), received a shipment of mammals sent to him

by Dr. Charles Hose, a government official, physician, and

naturalist living in Sarawak, northern Borneo. Included in the

shipment was a skin and partial skull of a craniodentally distinc-

tive new species of pteropodid bat, which Thomas named as

a species of Cynopterus, C. spadiceus (Thomas 1890). After

examining this sole available specimen of spadiceus, the

American mammalogist Gerrit S. Miller, Jr., transferred the spe-

cies instead to the genus Thoopterus, based on his impressions

of morphological similiarity between spadiceus and Thoopte-

rus nigrescens, previously the only recognized species in that

genus (Miller 1907). Several years later in his signal treatise on

megachiropteran classification, the Danish bat systematist Knud

Andersen erected a new genus for spadiceus (Dyacopterus—

‘‘a winged Dayak’’) and reviewed in detail its morphological

isolation relative to all other fruit bats. At the time of Andersen’s

monograph, the holotype of D. spadiceus remained the only

specimen known to science.

The 2nd specimen of Dyacopterus to come to light, collected

in southern Sumatra, was reported by Thomas (1920). Con-

siderably larger than the holotype of spadiceus, Thomas (1920)

considered this 2nd specimen to represent a distinct taxon,

introduced under the name Dyacopterus brooksi. In 1961 John

Edward Hill of the British Museum reported the 3rd known

specimen of the genus, referred to D. spadiceus and collected

in peninsular Malaysia at Ulu Langat Forest Reserve (Hill

1961). Harrisson (1967) and Hill (1967) later discussed the

collection of several additional specimens in Borneo and
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mainland Malaysia, respectively, all of which were identified as

D. spadiceus (although see Start 1974). Kock (1969) reviewed

these previous accounts and reported the 1st record of the

genus from the Philippines, based on a single very large-bodied

specimen collected in northern Luzon, which he tentatively

referred to D. spadiceus.

Subsequent to Kock’s (1969) paper, infrageneric taxonomy

of Dyacopterus has never been critically reviewed. Mainly

because of the very small samples of Dyacopterus that have

been discussed in detail in the literature, bat systematists have

been unable to satisfactorily determine the number of species of

Dyacopterus (or their geographic boundaries) currently repre-

sented by specimens stored in world museums (Heaney et al.

1998; Hill 1992; Koopman 1994; Simmons 2005). Still, in

recent decades, additional records of Dyacopterus have accrued

in the literature, and many additional specimens have accu-

mulated in museum collections, primarily from northern

Borneo and the Malay Peninsula, but also from Sumatra,

southern Borneo, and the Philippines (e.g., Abdullah and Hall

1997; Abdullah et al. 1997; Francis 1990, 1994, 1995; Francis

et al. 1994; Gomez et al. 2005; Heaney et al., in press;

Hodgkison et al. 2004a, 2004b; Payne and Francis 1985;

Peterson 1969; Start 1974, 1976; Studier et al. 1995; Utzurrum

1992; Zubaid 1993). Here we review patterns of morphological

variation within Dyacopterus and their taxonomic significance.

The results derive from study of most of the currently available

material stored in museum collections.

MATERIALS AND METHODS

Specimens discussed herein are deposited in the collections

of the Natural History Museum, London (BMNH); the

Delaware Museum of Natural History, Wilmington (DMNH);

the Field Museum of Natural History, Chicago (FMNH); the

Museum Zoologicum Bogoriense, Cibinong, Indonesia (MZB);

the Royal Ontario Museum, Toronto (ROM); the Senckenberg

Museum, Frankfurt (SMF); the United States National Museum

of Natural History, Washington, D.C. (USNM); and the

University of the Philippines in Mindanao, Davao (UPMIN).

Collection of newly reported Philippine material of Dyacopte-
rus followed guidelines established for animal capture and

handling established by the American Society of Mammalo-

gists (Animal Care and Use Committee 1998). Standard exter-

nal measurements for the majority of museum specimens were

recorded by the original collectors in the field; in other cases

KMH measured these variables from specimens preserved in

alcohol. Craniodental variables were measured by the authors

with handheld calipers to the nearest 0.1 mm. Single-tooth

measurements are measured on the crown. All measurements

of length are in millimeters, and measurements of mass are

given in grams.

Terminology for cranial and dental features follows Giannini

et al. (2006). Measurements are abbreviated (and, where

necessary, defined) as follows: FA (forearm length); CBL

(condylobasal length); ONL (orbitonasal length, the distance

from anterior margin of the orbit to the anterior midpoint of the

premaxillae); ZYG (greatest bizygomatic width); MTR (length

of maxillary toothrow, C–M1); BBC (breadth of braincase at

intersection with zygomata); MH (coronoid height of mandi-

ble); CC (external width across alveoli of upper canines); IOB

(least width of interorbital constriction); POB (least width of

postorbital constriction). For wing measurements (arc lengths

in the case of phalangeal measurements), digit is abbreviated

as D, metacarpal as M, and phalanx as P; thus, D2P2 refers to

the 2nd phalanx of the 2nd digit, and so on. For more details on

features of soft palate anatomy referred to here, see Andersen

(1912).

In the principal component analysis featured in this paper,

components were extracted from a covariance matrix of natural-

log–transformed craniodental variables, selected to sample

cranial size and shape and to maximize sample size.

RESULTS

During research visits to world museums in 2004, KMH

compiled a large number of craniodental measurements for all

21 skulls of adult Dyacopterus encountered in American and

European museums and at MZB. These include all key spe-

cimens previously discussed in the literature (especially

Andersen 1912; Hill 1961, 1967; Kock 1969; Peterson 1969;

Thomas 1890, 1920), but also additional material never before

discussed, including specimens from Kalimantan (at MZB and

ROM), specimens from various localities in Sumatra (at MZB),

the 1st definitive voucher recorded from Thailand (at SMF),

and newly collected material from Mindanao (at FMNH and

elsewhere, see below). Armed with this data, we set out to

evaluate the taxonomic status of Philippine Dyacopterus (cf.

Hill 1992) and to clarify the nature of supposed distinctions

between D. spadiceus and D. brooksi, the 2 nominal forms of

Dyacopterus from the Sunda Shelf.

Only 2 museum specimens of Dyacopterus from the Phil-

ippines have previously been reported in the literature—1 from

Luzon, the other from Mindanao (Heaney et al. 1987, 1998;

Kock 1969; Utzurrum 1992). Previous authors disagree in their

taxonomic assignment of these specimens; Kock (1969) and

Heaney et al. (1998) tentatively identified Philippine specimens

as D. spadiceus, whereas Hill (1992) tentatively assigned them

to D. brooksi, citing their large size. More recently, Gomez

et al. (2005) referred to newly captured animals from Mindanao

as ‘‘Dyacopterus sp.’’ We examined 3 skulls of Philippine

Dyacopterus—1 from Luzon and 2 from Mindanao (see be-

low). On the basis of pronounced differences in craniodental

dimensions, specimens of Dyacopterus from the Philippines

can be immediately distinguished from all available material

collected on the Sunda Shelf (e.g., Figs. 1–3). Philippine

specimens are absolutely larger than all other Dyacopterus in

most craniometric variables sampled, including condylobasal

length, maxillary toothrow length, interorbital width, and man-

dible height (e.g., Table 1; Figs. 1–3). This profound size

distinction is complemented by absolute differences in external

measurements (e.g., Table 2) in addition to other proportional

and qualitative morphological distinctions, as described below.

We suggest that these differences indicate that the Philippine

representative of Dyacopterus represents an undescribed
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species distinct from Sundaland Dyacopterus. Sample sizes are

too small to assess whether consistent morphological distinc-

tions characterize specimens of Dyacopterus from Luzon and

from Mindanao, but direct comparisons of currently available

material suggest their morphological and taxonomic equiva-

lence (see below).

More challenging to establish is the identity of specimens

from the Sunda Shelf. Previous authors have either regarded all

specimens from Borneo, Sumatra, and peninsular Malaysia as

representing a single species, D. spadiceus (e.g., Koopman

1994; Medway 1965), or have recognized 2 species—the

smaller-skulled D. spadiceus of Borneo and peninsular

FIG. 1.—Bivariate contrasts in Sundaic and Philippine Dyacopterus. Top) Rostrum length (ONL) versus skull length (CBL). Bottom) A

selected cranial width (CC) plotted against skull length (CBL). m ¼ Peninsular Malaysia, s ¼ Sumatra, b ¼ Borneo, 1 ¼ type of D. brooksi
(Sumatra); 2 ¼ type of D. rickarti (from Luzon), 3 ¼ specimens from Mindanao.
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Malaysia, and the larger-skulled D. brooksi from Sumatra (e.g.,

Peterson 1969; Simmons 2005). The only specimen un-

ambiguously referred to D. brooksi in previous literature

remains the holotype (Thomas 1920), heretofore the only

specimen of Dyacopterus reported from Sumatra. Univariate,

bivariate, and principal component analyses (Tables 1–3; Figs.

1–3) all demonstrate that the holotype of brooksi remains the

largest specimen of Dyacopterus collected in Sundaland to

date. (Because all craniodental variables loaded strongly and

negatively on the 1st principal component [PC1], PC1 can be

taken as a good indication of overall cranial size [Fig. 2; Table

3].) However, our sample includes 2 additional specimens (1

each from Borneo and Sumatra) that are both nearly as large as

the holotype of brooksi (at least in condylobasal length [Fig.

1]), and replicate many of its distinctive attributes, such as its

long rostrum and narrowed skull in proportional aspects (e.g.,

Figs. 1 and 3). These 2 additional specimens also agree with

brooksi in their long forearms (all . 80 mm), large teeth (Table

4), and in dental proportions, particularly in having an

anterolaterally enlarged m1 (see below). All 3 of these

specimens are referred here to D. brooksi, which we regard

as a Sundaic species distinct from D. spadiceus. Comparative

dental wear and extent of ossification serve to demonstrate that

putative distinctions between samples referred to D. spadiceus
and D. brooksi are not simply age effects; we judge that these 3

large Sundaic specimens are equivalent in age to many smaller-

skulled specimens from the Sunda Shelf referred to D.
spadiceus (Table 1).

The remainder of specimens from Borneo, Sumatra, and the

Malay Peninsula (peninsular Malaysia and Thailand), including

the holotype of Dyacopterus spadiceus (Thomas 1890),

comprise a fairly uniform morphometric cluster and are char-

acterized by a distinctively shortened but proportionally wide

skull relative to samples of brooksi and Philippine Dyacopterus
(e.g., Figs. 1–3). Little geographic variation in these samples is

evident (Table 5), and we suggest that these specimens can be

unambiguously referred to a single species, D. spadiceus, by far

the most commonly collected species in the genus (Appendix I).

Our taxonomic interpretations regarding Sundaland Dya-
copterus, based on a larger number of museum specimens than

previously available, thus differ considerably from previously

published interpretations. Instead of regarding spadiceus and

brooksi as separate subspecies or species endemic to Borneo

and peninsular Malaysia on one hand and to Sumatra on the

other, we regard them as separate species, both of which occur

on Borneo and Sumatra, with at least 1 apparent example of

sympatric interaction recorded for the 2 taxa (see below).

Recognition of the taxonomic distinction and geographic

overlap between brooksi and spadiceus demonstrates that the

genus is not only more taxonomically diverse than previously

estimated (e.g., Koopman 1994), but also more ecologically

complex.

FIG. 2.—Morphometric separation (principal component analysis) of specimens identified as a, b ¼ D. spadiceus, c, d ¼ D. brooksi, and e, f ¼
D. rickarti. Based on 6 measurements (ONL, ZYG, BBC, MTR, CC, MH). a ¼ female D. spadiceus, b ¼ male D. spadiceus, c ¼ female

D. brooksi, d ¼ male D. brooksi, e ¼ female D. rickarti, f ¼ male D. rickarti. PC1 is an indication of overall cranial size (decreasing left to right),

whereas PC2 largely reflects relative zygomatic and braincase breadths (decreasing from top to bottom). See Table 3.
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SYSTEMATICS

Dyacopterus Andersen, 1912

Type species.—Cynopterus spadiceus (Thomas, 1890); see

below.

Synonyms.—Full generic-level synonyms of Dyacopterus
comprise only the lapses Diacopterus (Fain 1976) and

Dycopterus (Abdullah and Hall 1997; Abdullah et al. 1997).

Generic diagnosis.—The species of Dyacopterus are small to

medium-sized fruit bats (adult forearm length 74–97 mm, mass

� 150 g), gray-brown above and paler silvery gray below, with

broad heads, short tails, short pelage, and wing membranes that

attach to the 2nd toe. (Koopman [1994:34] stated that the tail is

absent in Dyacopterus, but all 3 species have a short tail, 10–

20% as long as the head and body.) The postorbital foramina are

small to absent, the premaxillae are solidly fused anteriorly, P1

is absent, the cheek teeth are relatively massive and subquadrate

in outline, and the foramen ovale is confluent with the caudal

alar foramen (Andersen 1912; Giannini et al. 2006). The dental

formula is i 2/2 (I1, I2, i1, i2), c 1/1 (C1, c1), p 2/3 (P3, P4, p1,

p3, p4), m 1/2 (M1, m1, m2), total 28 (Andersen 1912; Giannini

and Simmons, in press).

Specimens of Dyacopterus have sometimes been associated

with Thoopterus in the past (Miller 1907; cf. Romagnoli and

Springer 2000; possibly Elera 1895), which departs from

Dyacopterus in typically retaining P1, in its sutured, less stout

premaxillae (broader, lacking a clearly evident suture in

Dyacopterus), in the profile of the nasal aperture (forming

a deeply concave curve from the tip of nasals to the tip of the

premaxillae in Dyacopterus, not so in Thoopterus), and in the

shape and cuspidation of the cheek teeth (contrasts figured

beautifully by Andersen [1912:663]).

Distribution and content.—The genus Dyacopterus is

recorded in peninsular Malaysia and Thailand south of the

Isthmus of Kra, on the largest islands of the Sunda Shelf

(Borneo and Sumatra), and on the largest islands of the oceanic

Philippines (Luzon and Mindanao; Fig. 4). Three species are

recognized, as diagnosed and reviewed below.

Phylogenetics.—Essentially all authors have allied Dyacop-
terus as a member of a phyletic group of short-faced Asian bat

genera, labeled taxonomically as the ‘‘Cynopterine section’’
(Andersen 1912) or the subfamily Cynopterinae, the latter now

envisioned to encompass (in addition to Dyacopterus) the

genera Cynopterus, Ptenochirus, Megaerops, Balionycteris,

Aethalops, Chironax, Otopteropus, Alionycteris, Haplonycte-
ris, Penthetor, Latidens, Thoopterus, and Sphaerias (Giannini

and Simmons, in press). The more immediate phylogenetic

relationships of Dyacopterus are not yet definitively estab-

lished. Miller (1907) united D. spadiceus and T. nigrescens
together in the genus Thoopterus. Andersen (1912:654) re-

garded the immediate relationships of D. spadieus as less

FIG. 3.—Representative skulls referred to a) Dyacopterus rickarti
(left column: FMNH 166461, adult female, Mindanao), b) D. brooksi
(middle column: ROM 102017, adult female, Borneo), and c) D.
spadiceus (right column: ROM 48163, adult female, Borneo).

TABLE 1.—Selected craniodental measurements of adult specimens

of Dyacopterus spadiceus, D. brooksi, and D. rickarti. ‘‘CBL M/F’’ ¼
(average male CBL)/(average female CBL). ‘‘Palate’’ denotes the total

number of palatal ridges, with the caveat that this trait has been

verified for only 1 individual of each taxon. Based on all available

skulls at BMNH, DMNH, FMNH, MZB, ROM, and SMF.

Abbreviations are defined in the ‘‘Materials and Methods.’’ Measure-

ments of length are in millimeters.

D. spadiceus

(Sunda Shelf;

n ¼ 15)

D. brooksi

(Sumatra, Borneo;

n ¼ 3)

D. rickarti

(Philippines;

n ¼ 3)

CBL M/F 1.02 1.01 1.00

(n ¼ 5##/8$$) (n ¼ 1#/2$$) (n ¼ 1#/2$$)

Palate 21 ridges 17�19 ridges 15�16 ridges

CBL 34.9 6 0.58 36.8 6 0.38 41.3 6 0.95

33.9�36.1 36.5�37.1 40.4�42.3

ZYG 25.5 6 0.86 25.5 6 1.33 28.0 6 1.20

23.9�27.6 24.3�27.0 26.7�28.8

MTR 13.0 6 0.25 13.8 6 0.12 15.0 6 0.40

12.5�13.4 13.7�13.9 14.6�15.4

BBC 15.4 6 0.37 15.2 6 1.07 17.0 6 0.75

14.9�16.1 14.5�16.4 16.1�17.6

ONL 9.9 6 0.33 10.6 6 0.06 11.9 6 0.32

9.4�10.5 10.5�10.7 11.5�12.1

IOB 7.5 6 0.32 7.8 6 0.70 9.1 6 0.29

6.8�8.1 7.3�8.6 8.8�9.4

POB 6.8 6 0.48 6.3 6 0.59 7.0 6 0.33

6.0�7.5 5.9�6.9 6.6�7.3

CC 7.8 6 0.26 8.3 6 0.14 8.3 6 0.36

7.4�8.3 8.2�8.5 7.9�8.6

MH 15.0 6 0.29 15.8 6 0.43 17.1 6 0.78

14.5�15.4 15.4�16.3 16.6�18.0
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certain, but noted that ‘‘it would seem to find its proper place in

the vicinity of those genera (Cynopterus, Ptenochirus, Megaerops)
in which the postorbital foramina are present and well-developed.’’
Based largely on Andersen’s (1912) data, morphological cla-

distic analyses presented by Romagnoli and Springer (2000)

highlighted a potential phylogenetic link between Dyacopterus
and Thoopterus, but with unsatisfactory resolution. Dyacopte-
rus has not yet been sampled in published molecular phy-

logenetic studies (Alvarez et al. 1999; Colgan and Flannery

1995; Giannini and Simmons 2003, 2005; Hollar and Springer

1997; Kirsch et al. 1995; Romagnoli and Springer 2000;

Springer et al. 1995).

Dyacopterus spadiceus (Thomas, 1890)

Cynopterus spadiceus Thomas, 1890:235.

T[hoopterus]. spadiceus: Miller, 1907:50.

Dyacopterus spadiceus: Andersen, 1912:651.

Dyacopterus spadiceus spadiceus: Medway, 1965:48.

Diacopterus [sic] spadiceus: Fain, 1976:51.

Dycopterus [sic] spadiceus: Abdullah and Hall, 1997:67.

Type material and type locality.—The holotype of spadiceus
is BMNH 90.1.28.4, study skin and incomplete skull of an

adult female, from ‘‘Baram, Sarawak’’ (Thomas 1890), col-

lected by Charles Hose. The type locality, ‘‘Baram’’ could refer

to the River, District, or Government Station that bore that

name; Medway (1965:48) gave the locality as ‘‘Baram dis-

trict.’’ The settlement of Baram (¼ Claudeville), on the Baram

River, was the historical seat of the Resident of Sarawak (e.g.,

Kükenthal 1896).

Referred material.—See Appendix I.

Revised diagnosis.—Dyacopterus spadiceus (Figs. 3, 5, and

6) is the smallest-bodied species of Dyacopterus, with con-

dylobasal length (� 36.1 mm) measuring absolutely shorter

than in D. brooksi or D. rickarti (Table 1). The skull is ex-

tremely robust, with the zygomata proportionately wider than

in other Dyacopterus (the ratio of zygomatic width to con-

dylobasal length averages 73% in spadiceus, compared to 69%

and 71% in brooksi and rickarti, respectively). The 1st lower

molar (m1) is proportionally narrowed relative to D. brooksi
(ratio of m1 width to m1 averages 91% in D. spadiceus,

compared to an average of 103% in D. brooksi). The soft palate

bears 21 ridges (the central half of which are divided by

a median ridge), more than in other Dyacopterus taxa (Peterson

1969; see below).

Distribution and natural history.—Dyacopterus spadiceus is

restricted to the Sunda Shelf of southeast Asia (Fig. 4); its

distribution includes the Malay Peninsula south of the Isthmus

of Kra (peninsular southern Thailand and Malaysia) and the

large islands of Sumatra and Borneo (the last including Kali-

mantan, Brunei, Sabah, and Sarawak). Thomas (1890) initially

reported the discovery of the species in Borneo; its occurrence

in the Malay Peninsula was 1st reported by Hill (1961).

Subsequently, Hill (1992) queried its presence in peninsular

Thailand, but a voucher specimen from a peat swamp forest in

Narathiwat, southern Thailand (SMF 83778), confirms its

occurrence there (Fig. 4). Here we report for the 1st time firm

records of D. spadiceus from Sumatra (Table 5; Appendix I).

Although it would presumably once have been a component of

the chiropteran fauna of Singapore (Lane et al. 2006), D.
spadiceus has never been recorded from there, and is quite

likely to be locally extinct there today (cf. Brook et al. 2003;

Corlett 1992; Lane et al. 2006; Pottie et al. 2005).

There is little evidence of consistent metric or qualitative

morphological geographic variation among the currently allo-

patric populations of D. spadiceus found on the Malay

Peninsula, on Sumatra, and on Borneo (Table 5); we do note

that available skulls from mainland Malaysia and Thailand

exhibit a trend toward slightly smaller lengths, but proportion-

ally greater widths, relative to Bornean and Sumatran animals

(cf. Table 5).

Vouchered records indicate that D. spadiceus inhabits

lowland evergreen rain forest, with an elevational range ex-

tending from sea level to at least 1,190 m in Borneo (Bennett

TABLE 2.—Selected linear and body mass measurements for adult

specimens of the species of Dyacopterus. Shown are mean values 6

SD above, with ranges given below. Based on all available specimens

at BMNH, Central Mindanao University, DMNH, FMNH, MZB,

ROM, SMF, and UPMIN, with additional external measurements from

records reported by Start (1974, 1976), Abdullah and Hall (1997),

Abdullah et al. (1997), and this paper. Measurements of length are in

millimeters and of mass are in grams.

D. spadiceus

(Sunda Shelf)

D. brooksi

(Sumatra, Borneo)

D. rickarti

(Philippines)

Forearm 78.3 6 1.71 81.8 6 0.96 93.7 6 2.13

(74, 81.5) (81, 83) (91.0, 96.4)

n ¼ 21 n ¼ 3 n ¼ 6

Tibia 29.0 6 1.42 29.3 6 1.15 36.4 6 2.42

(27, 31) (28, 30) (35.0, 39.2)

n ¼ 15 n ¼ 3 n ¼ 3

Head�body 120.4 6 7.76 118.0 6 2.00 139.5 6 5.30

(106, 130) (116, 120) (130, 144)

n ¼ 7 n ¼ 3 n ¼ 6

Tail 19.1 6 3.55 18.3 6 1.53 21.7 6 4.52

(16, 26) (17, 20) (18, 29)

n ¼ 15 n ¼ 3 n ¼ 6

Ear 19.4 6 1.12 20.3 6 1.15 22.9 6 2.01

(18, 21) (19, 21) (21, 25)

n ¼ 12 n ¼ 3 n ¼ 5

Mass 84.2 6 9.45 88.5 142 6 5.29

(70, 100) (86, 91) (138, 148)

n ¼ 9 n ¼ 2 n ¼ 3

TABLE 3.—Principal component (PC) analysis factor loadings

(Fig. 2). Abbreviations are defined in the ‘‘Materials and Methods.’’

PC1 PC2 PC3

ONL �0.9379 �0.1685 �0.0479

ZYG �0.8411 0.4987 0.0545

BBC �0.8003 0.5620 �0.0785

MTR �0.9326 �0.2082 �0.1308

CC �0.6540 �0.1008 0.7456

MH �0.9260 �0.1831 �0.0833

Cumulative eigenvalue 0.0138 0.0156 0.0167

Cumulative % variance 77.4741 87.1790 93.3584
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et al. 1987; Koffron 2002). Specimens have been collected in

or near forested areas at fruiting trees, along rivers, over paddy

fields, near caves, in open terrain, and in peat swamp forests

(Abdullah et al. 1997; Harrisson 1967; Lim 1967; Payne and

Francis 1985). Although individuals are occasionally collected

in the forest understorey (e.g., Francis 1990), it is now clear

that this species forages primarily in the canopy of mature

forest (Francis 1994; Hodgkison 2004b). Often considered rare

in the past (e.g., Lim 1967; Medway 1969, 1978; Mickleburgh

et al. 1992), D. spadiceus is now known to be locally common

in appropriate habitats (Francis 1994; Hodgkison et al. 2003,

2004a, 2004b). According to Francis (1994), during mistnet-

ting at Krau in peninsular Malaysia, D. spadiceus accounted for

17% of all bats taken in subcanopy nets (set 11–30 m off the

ground); and at Sepilok (in Sabah, northern Borneo), 45%

(Francis 1994).

Little information has been compiled about the basic roost-

ing and feeding habits of D. spadiceus. Two individuals were

taken from a roost in a cracked tree trunk about 2.5 m off the

ground in peninsular Malaysia (Lim 1967). Payne and Francis

(1985) described a group of D. spadiceus feeding in a fig tree

(Ficus sp.) alongside Cynopterus horsfieldii. On the basis of

extensive mistnetting at various vertical heights in rain forest

at Krau, Hodgkison et al. (2004b:672) noted that D. spadiceus
is ‘‘mainly active in open airspaces above the forest canopy,

where they fed on the fruits and flowers of large emergent trees

and strangler figs.’’ Francis (2001) suggested that the massive

cheek teeth of this species may be used to feed also on large,

hard fruits; in a skull from peninsular Thailand (SMF 83778),

the outer part of the left upper 4th premolar was broken off in

life, perhaps indicating that D. spadiceus does indeed chew

hard food particles. The massive teeth are likely also used to

squeeze pulp and juice from soft fruit (Hodgkison et al. 2003).

Examination of data derived from museum specimens

suggests that both sexes weigh approximately 70 g at sexual

maturity (cf. Koffron 2002). Testis length ranges from 5.1 to

9.3 mm in mature males (Koffron 2002). In Brunei, 2 adult

females each carried minute embryos (, 0.1 g, total length

1.1–1.6 mm) when collected on 10 June; 1 of the 2 was lac-

tating (Koffron 2002). Pregnant and lactating females also have

been collected in August on the Malay Peninsula and in

September in Kalimantan (Abdullah et al. 1997; Francis et al.

1994). Studier et al. (1995) reported concentrations of milk

minerals in lactating mothers. This species exhibits little or no

sexual size dimorphism (e.g., Table 1), and lactation has been

recorded in both sexes (Francis et al. 1994). (Among all mam-

mals, male lactation is singularly unique in Dyacopterus under

natural conditions [Francis et al. 1994].) Although these traits

strongly suggest that D. spadiceus is obligately monogamous

(Francis et al. 1994), no studies of socioecology have been

reported.

Maa (1968) speculated that the batfly Leptocyclopodia
brachythrinax Theodor, 1959, of northern Borneo, the host

of which was unknown, in fact parasitized D. spadiceus. Fain

(1976) recorded an astigmatic mite (Ladibocarpellus selangor-
ensis) as a parasite of D. spadiceus in peninsular Malaysia.

Dyacopterus brooksi Thomas, 1920

Dyacopterus brooksi Thomas, 1920:284.

Dyacopterus spadiceus: Medway, 1965:48.

D[yacopterus]. s[padiceus]. brooksi: Koopman, 1994:34.

TABLE 4.—Selected dental measurements (in mm) for the species of Dyacopterus, measured by the authors. w ¼ width; l ¼ length. r ¼ D.
rickarti, b ¼ D. brooksi, s ¼ D. spadiceus. Abbreviations are defined in the ‘‘Materials and Methods.’’

r (SMF

33333, #,

Luzon)

r (DMNH

5113, $,

Mindanao)

r (FMNH

166461, $,

Mindanao)

b (BMNH

20.1.15.1, #,

Sumatra)

b (ROM

102017, $,

Borneo)

b (MZB

13020, $,

Sumatra)

s (BMNH

90.1.28.4, $,

Borneo)

s (ROM

48163, $,

Borneo)

s (MZB

13022, $,

Borneo)

s (SMF

83778, ?,

Thailand)

C1L 3.17 3.06 3.06 3.32 3.35 3.16 2.66 3.01 2.82 3.25

C1W 2.28 2.57 2.27 2.08 2.51 1.92 2.11 2.06 2.23 2.07

P3L 3.62 3.76 3.67 3.28 3.31 3.18 3.00 3.19 3.20 3.27

P3W 2.81 2.74 2.68 2.52 2.87 2.64 2.56 2.44 2.76 2.62

P4L 3.37 3.61 3.33 3.06 2.92 3.03 3.08 3.04 2.80 3.14

P4W 2.88 2.92 2.87 2.42 2.97 2.79 2.71 2.64 2.40 2.73

M1L 2.97 2.89 3.02 2.43 2.76 2.64 2.68 2.38 2.40 3.32

M1W 2.51 2.48 2.40 2.11 2.40 2.11 2.32 2.09 1.89 2.26

p1L 1.44 1.59 — — — 1.60 — — 1.40 1.64

p1W 1.68 1.64 1.60 1.63 1.60 1.63 1.49 1.46 1.53 1.65

p3L 3.71 4.15 4.00 3.53 3.56 3.53 3.58 3.50 3.53 3.35

p3W 2.62 2.59 2.65 2.54 2.60 2.46 2.51 2.29 2.32 2.39

p4L 3.53 3.85 3.88 3.33 3.10 3.35 3.20 3.25 3.25 3.60

p4W 3.13 3.09 2.96 2.65 2.92 2.52 2.78 2.57 2.43 2.75

m1L 2.99 2.93 3.11 2.41 2.53 2.60 2.81 2.50 2.40 2.63

m1W 2.83 2.63 2.71 2.41 2.76 2.56 2.41 2.39 2.29 2.59

m2L 1.98 2.04 1.81 1.45 1.65 1.53 1.69 1.50 1.44 1.59

m2W 2.13 1.86 1.73 1.60 1.76 1.50 1.63 1.56 1.45 1.77

c1L 1.90 2.23 2.21 2.45 2.13 2.48 2.23 1.97 2.38 2.00

c1W 2.36 2.42 2.13 2.52 2.52 2.24 2.08 2.18 2.39 2.49

C1 height — 5.89 5.90 6.85 6.61 6.54 5.35 — 5.95 —

c1 height — 4.23 4.01 5.31 4.76 4.46 4.57 — 4.20 —
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Type material and locality.—The holotype of brooksi is

BMNH 20.1.15.1, an adult male represented by a body in

alcohol, with the skull extracted and cleaned, from Lebong

Tandai (¼ Lebongtandai, 038019S, 1018549E), on the Upper

Ketuan River, ‘‘about 100 miles north of Bencoolen,’’ Sumatra,

Indonesia, collected by C. J. Brooks, probably in 1920.

Referred material.—Two specimens in addition to the

holotype are tentatively referred here to D. brooksi: ROM

102017, an adult female from Kayan Mentareng National Park

in East Kalimantan (southeastern Borneo), and MZB 13020, an

adult female from Gunung Leuser National Park in Aceh

(northern Sumatra; Appendix I). In overall dimensions, these 2

specimens, both fully adult females, are not quite as large as the

type of D. brooksi, and depart from the holotype in their

relatively less expansive zygomata and braincase widths (Fig.

2). Additional specimens will be needed to determine whether

these differences reflect consistent sex-related size and shape

distinctions or normal individual variation within D. brooksi.
Revised diagnosis.—We regard the adult male type speci-

men of D. brooksi as undoubtedly taxonomically distinct from

D. spadiceus, and more tentatively associate 2 additional

Dyacopterus specimens with brooksi as well (see above). Our

revised diagnosis of the species is thus based on examinations

of all three specimens.

Dyacopterus brooksi (Figs. 3 and 7) is similar in overall size

to D. spadiceus, but the forearm averages slightly longer

(Tables 1 and 2). The cranium and mandible are longer than in

D. spadiceus (Table 1), the rostrum is long and the braincase is

proportionately more elongate (Fig. 3); the lateral frontal sinus

is less conspicuously inflated; many teeth are more massive on

average (Table 4), with the posterior basal ledges of postcanine

teeth undeveloped; m1 is proportionately widened relative to

both other species in the genus, because of an expanded

anterolateral cusp (width of m1 measuring � 98.5% of m1

length compared to � 98.5% in D. spadiceus and D. rickarti);
and the canines are proportionately longer and wider than other

Dyacopterus, with well-developed posterointernal cingula.

Despite the larger size of D. brooksi, the skull is not as robust

as that of the smaller-skulled D. spadiceus, which has wider

zygomata on average (averaging 73% of condylobasal length)

than D. brooksi (averaging 69%; see Fig. 3). Likewise, the

braincase is not as laterally expansive as in D. spadiceus.

Postorbital processes of the specimen of D. brooksi from

northern Sumatra are longer and heavier than other specimens

taken sympatrically that we identify as D. spadiceus (cf.

Thomas 1920), but this difference is apparently not entirely

consistent (cf. Fig. 3). The soft palate of D. brooksi, as

described by Thomas (1920), bears 17–19 ridges in an arrange-

ment different from other Dyacopterus (Table 1), with the

posterior half of these ridges divided by a median cleft.

Dyacopterus brooksi and D. spadiceus are extremely similar

in external appearance, both in overall size and in coloration.

Judging from the holotype (see Thomas 1920), the pale yel-

lowish area of the shoulders may be more extensive in D.
brooksi than in D. spadiceus, although we consider this dif-

ficult to definitively assess in the specimens that we have

examined. Thomas (1920) and other authors have emphasized

TABLE 5.—Forearm and selected craniodental measurements (in

mm) for regional populations of Dyacopterus spadiceus. Shown are

mean values 6 SD above, with minimum and maximum values and

sample size (n) given below. Based on all available adult specimens at

BMNH, MZB, ROM, and SMF, with additional external measure-

ments from records reported by Start (1974, 1976), Abdullah and Hall

(1997), and Abdullah et al. (1997), who deposited their specimens in

Malaysian museum collections. Abbreviations are defined in the

‘‘Materials and Methods.’’

D. spadiceus

(Borneo)

D. spadiceus

(Sumatra)

D. spadiceus

(Malay Peninsula)

FA 78.3 6 1.10 78.8 6 1.30 77.5 6 3.41

(76, 80)

n ¼ 12

(77, 80)

n ¼ 5

(74, 81.5)

n ¼ 4

CBL 35.2 6 0.66 34.9 6 0.65 34.8 6 0.43

(34.7, 36.1)

n ¼ 4

(33.9, 35.9)

n ¼ 6

(34.3, 35.4)

n ¼ 4

ZYG 25.2 6 0.57 25.3 6 0.83 26.1 6 1.06

(24.6, 26.0)

n ¼ 5

(23.9, 26.0)

n ¼ 6

(25.0, 27.6)

n ¼ 4

MTR 13.0 6 0.10 12.9 6 0.26 12.9 6 0.38

(12.9, 13.2)

n ¼ 5

(12.5, 13.2)

n ¼ 6

(12.6, 13.4)

n ¼ 4

BBC 15.4 6 0.35 15.4 6 0.36 15.6 6 0.33

(14.9, 15.8)

n ¼ 5

(14.9, 16.1)

n ¼ 6

(15.2, 16.0)

n ¼ 4

ONL 9.8 6 0.28 9.8 6 0.30 10.2 6 0.35

(9.4, 10.1)

n ¼ 5

(9.5, 10.3)

n ¼ 6

(9.7, 10.5)

n ¼ 4

IOB 7.7 6 0.28 7.3 6 0.31 7.5 6 0.28

(7.3, 8.1)

n ¼ 5

(6.8, 7.6)

n ¼ 6

(7.3, 7.9)

n ¼ 4

CC 7.6 6 0.26 7.9 6 0.27 7.9 6 0.10

(7.4, 8.0)

n ¼ 5

(7.6, 8.3)

n ¼ 6

(7.8, 8.0)

n ¼ 4

FIG. 4.—Distribution of Dyacopterus, showing all vouchered

records of specimens referred here to D. spadiceus (circles), D.
brooksi (squares), and D. rickarti (triangles). The area of recorded

syntopy for D. spadiceus and D. brooksi is indicated with a star.
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the ‘‘prominent warts’’ on the edge of the lips in the holotype of

brooksi; these protuberances appear to likewise characterize the

2nd Sumatran specimen referred here to D. brooksi (MZB

13020), but we have not examined the skin of the Kalimantan

skull tentatively referred to D. brooksi.
This species can be immediately distinguished from D.

rickarti by its absolutely smaller skull, absolutely shorter fore-

arm, much smaller body weight, proportionally wider molars,

and different arrangement of palatal ridges (see below).

Distribution and natural history.—According to our identi-

fications, specimens of D. brooksi are recorded from 3 forested

localities in lowland Sumatra and Borneo—the type locality

in southern Sumatra, 1 other locality in northern Sumatra

(Sekunder, near Besitang in the vicinity of Gunung Leuser),

and Lalat Barai Reserve Station in Kayan Mentareng Nature

Reserve in East Kalimantan, Indonesian Borneo (Fig. 4).

The series from Sekunder also includes specimens referred

here to D. spadiceus (Appendix I), suggesting that the 2 species

occur sympatrically. MZB holds an additional small series of

Dyacopterus from the vicinity of Gunung Leuser in Sumatra;

these specimens are stored whole in alcohol and have not had

their skulls extracted for craniometric examinations. Further

study is needed to determine whether any of these specimens

represent D. brooksi.
Essentially nothing is known of the natural history of D.

brooksi. The few known localities indicate an association with

mature lowland forests. The tag on the Kalimantan specimen

(collected 30 May 1993 by M. Engstrom and B. Lim) bears the

FIG. 6.—Representative study skin of Dyacopterus spadiceus
(MZB 15374, adult male, Sumatra). Bar ¼ 50 mm.

FIG. 7.—Representative study skin of Dyacopterus brooksi (MZB

13020, adult female, Sumatra). Bar ¼ 50 mm.

FIG. 5.—Dyacopterus spadiceus in life (with eyes closed).

Photograph by Tigga Kingston, from Krau Wildlife Reserve,

Peninsular Malaysia.
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phrase ‘‘no embryos’’; the Sekunder specimen (collected by

Sugardjito) was lactating when collected on 21 October 1981.

Judging from the number of specimens available in museum

collections, D. brooksi would seem to be considerably rarer

than D. spadiceus. Indeed, it is known from fewer museum

specimens than is any other pteropodid from Sundaland.

Dyacopterus rickarti Helgen, Kock, Gomez, and Ingle,

new species

(?) Cynopterus latidens: Elera, 1895:7.

Dyacopterus spadiceus: Kock, 1969:2.

Dyacopterus [?] brooksi: Hill, 1992:74.

Dyacopterus sp. Gomez, Ibañez, and Bastian, 2005:87.

Holotype.—SMF 33333, young adult male, skin, skull, and

postcranial skeleton, in good condition, from San Isidro

(178279N, 1208379E), Luzon (Abra Province), Philippines, col-

lected in April 1966 by Heinrich Bregulla (field number 4322).

The altitude of collection is unrecorded, but Kock (1969)

indicated that it originated from a mountainous region (i.e., the

Cordillera Range of northern Luzon).

Referred specimens.—Six specimens, all from Mindanao:

DMNH 5113, adult female, skin and skull, from [Mt.] Malibato

(068069N, 1258019E), Mindanao (Opol, Misamis Oriental

Province), altitude unrecorded, collected 28 June 1968 by

D. S. Rabor.

FMNH 166461, adult female, body fixed in formalin and stored

in 70% ethanol with skull extracted and cleaned, taken on

Mt. Kitanglad at Barangay Lupiagan (088119200N,

1248559200E), 1,450 m, Mindanao (Sumilao Municipality,

Bukidnon Province), collected 29 November 1998 by N.,R.

Ingle. See Ingle (2001, 2003) and Heaney et al. (in press) for

further details regarding this locality.

UPMIN 20, adult male, stored intact in 70% ethanol, from Mt.

Mahuson (0781395.30N, 125811940.70E), 1,260 m, Arakan

Valley Conservation Area, Mindanao (Arakan Municipality,

Cotabato Province), collected 18 May 2004 by J. C. Ibañez. See

Gomez et al. (2005) for further details regarding this locality.

Three specimens from Purok Uduan (7831912.360N,

126813947.10E), 1,680 m, Barangay Andap, Mindanao

(New Bataan Municipality, Compostela Valley Province),

collected 1 May 2006 by R.K.S.C. Gomez (field numbers

RKSG 47, 48, and 49, a subadult female, pregnant female,

and adult male, respectively). These specimens will be

deposited in the zoological collections of Central Mindanao

University (Bukidnon, Philippines).

Diagnosis.—Dyacopterus rickarti (Figs. 3 and 8–10) is the

largest-bodied species of Dyacopterus, with the skull (CBL .

40 mm) and forearm (. 90 mm) both measuring absolutely

longer than in other species in the genus (Table 2; Figs. 1–3),

and body mass measuring much larger (>135 g in D. rickarti,
compared to �100 g in Sundaic Dyacopterus). The soft palate

has 15 or 16 ridges, with the distal and proximal ones divided.

Etymology.—For Eric A. Rickart, Curator of Vertebrates at

the Utah Museum of Natural History in Salt Lake City, and

authority on Philippine mammals. We recommend ‘‘Philippine

Large-Headed Fruit Bat’’ as an appropriate common name.

Distribution and natural history.—Dyacopterus rickarti is

recorded to date only from Luzon and Mindanao, the 2 largest

islands in the Philippines. As noted above, vouchered localities

for the species include the type locality in northern Luzon

(Abra Province) and 4 sites in Mindanao (Misamis Oriental,

Bukidon, Cotabato, and Compostela Valley provinces). To-

gether, these available records document its occurrence in

lower montane to mossy rain-forest formations (1,260–1,680 m;

Fig. 11). This appears to reflect a different pattern of habitat

association in D. rickarti compared to D. brooksi and D.
spadiceus, both of which are only known from lowland

evergreen forests on the Sunda Shelf (,1,200 m). The altitude

of the Malibato specimen is unrecorded, but Rabor’s col-

lections from June 1968 also include the owl Mimizuku gurneyi
and the leafbird Chloropsis flavipennis (Collar et al. 2001),

both of which are primarily lowland species with upper

elevational limits at approximately 1,500 m (Collar et al. 2001;

Kennedy et al. 2000).

Apart from habitat association, little information is yet

available about the natural history of D. rickarti. The specimen

from Mt. Kitanglad was captured 4 m above the ground in a net

on a pulley system (Ingle 1993) set across a 6-m-wide dirt road

through montane forest (1,450 m), about 400 m from the forest

edge. It was the only Dyacopterus out of 909 fruit bats captured

at the site by monthly mistnetting from August 1998 to No-

vember 1999 (Heaney et al., in press). The forested site where

it was captured is contiguous with Mt. Kitanglad Range Natural

Park. Oaks (Lithocarpus spp.) and oil-fruit trees (Elaeocarpus
spp.) dominated the canopy, which was 20–25 m high. Fruiting

trees in the general area that might be utilized by bats included

Elaeocarpus spp., Syzygium spp., Actinodaphne diversifolia,

and Prunus grisea (Ingle 2001). Ficus spp. were rare and all

FIG. 8.—Representative study skin of Dyacopterus rickarti (DMNH

5113, adult female, Mindanao). Bar ¼ 50 mm.
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were shrubs or free-standing trees; no strangler figs were

present. Climbing pandans (Freycinetia spp.) were relatively

abundant.

The specimen from Mt. Mahuson in the Arakan Conserva-

tion Valley was captured in a high net set at the edge of lower

montane forest (1,260 m), and was the only Dyacopterus
among 845 bats captured between 1,260 and 1,430 m during

1,150 net nights (Gomez et al. 2005). According to Gomez

et al. (2005:90), the area is:

. . .montane habitat with some areas of parang vegetation due to

clearings in the past. These areas are now dominated by grasses and

shrubs, especially buyo-buyo or Piper aduncum, ferns, baho-baho

or Lantana camara, and Melastomaceae. Tree species locally

known as walking and basikong (Ficus sp.) [were] common. Trees

were also observed to have small diameter at breast height of 10–20

cm for the canopy trees and 30–40 cm for the emergent trees.

Fruiting trees were also abundant and many fallen fruits were seen

along the trail. Canopy trees reached 10–15 m in height with

emergents reaching 20 m. . . . Emergent trees were mostly Agathis

philippinensis . . . a few epiphytes were also seen growing on trees

as well as vines. Pandanus sp. was also observed in the area as well

as Freycinetia sp. There were also a few pitcher plants [Nepenthes]

FIG. 9.—Craniodental attributes of Dyacopterus rickarti, based on the holotype, reprinted with permission from Kock (1969): 1) Cranium in

lateral view. 2) Soft palate and maxillary dentition in ventral view. 3) Right mandibular dentition. 4) Posteroventral view of left upper canine.
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seen growing in the area and the upper portion of some trees have

moss. The area is about 2 km from a river.

The 3 specimens from Compostela Valley were taken in

mist nets set along a high ridge in mossy forest (1,680 m).

Pandanus and palms were fruiting in the vicinity, and the bats

seemed to fly into the net from below the ridge. The latter

captures include the only subadult and the only pregnant

female recorded to date, both collected in May. Captures at

Mt. Mahuson and in Compostela Valley both suggest that this

species uses open areas or wide spaces as flyways, rather than

flying through the forest understory (R. K. S. C. Gomez, pers.

comm.).

More than a century ago, Elera (1895) reported records of

T. nigrescens from the provinces of Laguna and Batangas in

southern Luzon (then under the name combination ‘‘Cynopterus
latidens,’’ a perfect synonym of Thoopterus nigrescens). T.
nigrescens is a fruit bat endemic to Wallacea (specifically to the

Sulawesi subregion and the north Moluccas) that does not

occur in the Philippines, but it closely resembles species of

Dyacopterus phenetically, especially in its size, general external

appearance, basic cranial conformation, and relatively massive

cheek teeth (cf. Andersen 1912; Miller 1907). On this basis, we

suspect that Elera’s (1895) records may have been based on

specimens of D. rickarti captured in southern Luzon. However,

as far as we know, no modern museum material of Dyacopterus
is associated with Elera’s published identifications (indeed the

holotype and earliest collected specimen of D. rickarti known to

us dates from only 1966), although these earlier records could

be based on specimens that are or were deposited in the museum

of the University of Santo Tomás in Manila (cf. Elera 1915:78;

Taylor 1934).

Description.—The holotype of D. rickarti has been described

in detail elsewhere (Kock 1969). The following descriptive

account emphasizes the most distinctive traits of rickarti as

exemplified by all available specimens (2 specimens represented

by skins and cleaned skulls, 1 fluid specimen with skull

extracted and cleaned, and the remainder of specimens stored

whole in fluid) and the ways in which these specimens together

differ from D. spadiceus and D. brooksi of the Sunda Shelf.

Dyacopterus rickarti is a much larger bat than D. spadiceus
and D. brooksi (Tables 1 and 2; Figs. 1–3), measuring abso-

lutely larger than both of these species in forearm length, and

averaging 70% and 60% larger in adult body mass compared to

those species, respectively (Table 2). The pes measures 21–25

mm in length (�X ¼ 23.8 mm 6 2.14 SD). As in the previously

described members of the genus, and as is typical of

cynopterine bats (Andersen 1912), there is little evidence of

sexual size dimorphism (Table 1). Overall coloration of D.

FIG. 10.—Dyacopterus rickarti in life (pregnant female). Photo-

graph courtesy of the Philippine Eagle Foundation, from Compostela

Valley, Mindanao.

FIG. 11.—Habitat of Dyacopterus rickarti: mossy forest at 1,680 m

at Purok Uduan, eastern Mindanao. Photograph courtesy of the

Philippine Eagle Foundation.
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rickarti is similar to that of other Dyacopterus: warm brown

dorsally, extending ventrally to the lower sides of the body,

with paler gray fur covering the nape, throat, and midventer

from breast to tail. The color of the crown is slightly darker

than the dorsum, and a paler middorsal stripe is variably pro-

nounced. A ring of light-colored hairs circumscribes the neck,

with the hairs being somewhat lighter ventrally (on the sparsely

furred throat) than dorsally (on the nape). A small hair tuft can

be discerned on the shoulders, featuring longer hairs tipped

with light-brownish tips. The ear is brown, relatively narrow,

and pointed at the tip. No prominent ‘‘warts’’ can be discerned

on the lips (cf. D. brooksi, see above). The wing membranes

are blackish brown, sometimes with white spotting (wing

measurements are provided in Table 6). Kock (1969) pre-

viously described the arrangement of soft palatal ridges in the

holotype of D. rickarti, which bears 15 or 16 ridges, with the

posterior and some of the anterior ridges divided (see Fig. 9).

This differs notably from the palatal ridge arrangement

described for D. spadiceus (21 ridges with the central half of

the ridges divided—Peterson 1969) and is rather similar to that

of D. brooksi (17–19 ridges with posterior ridges divided—

Thomas 1920).

The skull of Dyacopterus rickarti differs from the 2 Sundaic

species of the genus in its absolutely much larger size (Table 2;

Figs. 1–3) as well as in proportional and qualitative aspects.

The skull is long, the braincase and occiput are relatively very

elongate, and the zygomata are robust and widely splayed in

older animals (the holotype skull from Luzon is a young adult,

the Mindanao skulls are from older animals), although not quite

to the same extent as in series of the smaller-skulled D.
spadiceus (see above). The sagittal and supraoccipital crests are

well developed. The postorbital width is narrowed in com-

parison to other species, especially relative to the width of the

interorbital region of the skull (ratio of POB to IOB , 0.80 in

D. rickarti, compared to . 0.80 in other Dyacopterus). The

infraorbital foramen is relatively large, broad, and clearly

visible in lateral view. The nasal aperture is high relative to its

width. The supraorbital foramina, minute in D. spadiceus and

D. brooksi, are lacking.

The bases of the upper incisors are narrow, widening to their

tips; the upper inner incisor pair (I1) is more vertically elongate

than the outer pair (I2). The lower incisors are narrower than

the uppers and are spaced slightly apart, with the outer pair

slightly taller than the inner. A moderately developed vertical

grove is evident on the anteromedial surface of the upper ca-

nines; the upper canines also bear a posterolateral basal cusp

and an internal cingular ledge that is longer than broad. The

canines are relatively very long. All of the premolars and

molars are relatively high-crowned and bear prominent raised

ridges around their edges, especially on the posterior borders.

Cusps and ridges of postcanine teeth are as in D. spadiceus
(Andersen 1912; Kock 1969). P4 bears a well-developed

anteromedial cingular ledge. As in other Dyacopterus, P1 is

lacking and p1 is relatively large compared to most fruit bats.

The upper and lower 1st molars (M1 and m1) are longer than

broad. The lower 2nd molar (m2) is relatively large and nearly

rounded, only very slightly shorter than broad.

Dyacopterus rickarti shares a number of derived traits with

D. brooksi to the exclusion of D. spadiceus, such as its larger

body size, more elongate skull, and long canines, although all

of these are likely linked to a single factor, size. Large size is

assumed to be a derived trait because D. rickarti and D. brooksi
are among the largest of the cynopterine bats (see below).

Although larger size (especially larger cranial size) is shared

between D. rickarti and D. brooksi, the overall phenetic

resemblance between D. brooksi and D. spadiceus is striking

and may reflect a close relationship. Phylogenetic relationships

among the species of Dyacopterus can only be resolved by

future phylogenetic analysis of additional data, particularly

molecular sequence data.

DISCUSSION

Efforts aimed at inventorying mammalian biodiversity in the

Philippines, as in many tropical areas worldwide, are still far

from complete (Heaney et al. 1998; Heaney and Regalado

TABLE 6.—Selected wing measurements (in mm) for the species of Dyacopterus. The type of D. spadiceus (BMNH 90.1.28.4) was measured by

Andersen (1912:675), all others by the current authors. r ¼ D. rickarti, b ¼ D. brooksi, s ¼ D. spadiceus. Abbreviations are defined in the

‘‘Materials and Methods.’’

r (SMF

33333, #,

Luzon)

r (UPMIN

20, #,

Mindanao)

r (FMNH

166461, $,

Mindanao)

r (DMNH

5113, $,

Mindanao)

b (BMNH

20.1.15.1, #,

Sumatra)

b (ROM

102017, $,

Borneo)

b (MZB

13020, $,

Sumatra)

s (MZB

15374, #,

Sumatra)

s (MZB

12982, $,

Sumatra)

s (BMNH

90.1.28.4, $,

Borneo)

D2M 42.4 43 43.7 — 41.0 40.9 39.6 39.7 40.1 35.5

D2P1 12.3 12 10.6 — 10.9 9.8 9.3 9.6 8.5 8.5

D2P2 10.0 7 10.6 — 7.6 8.4 7.2 7.3 6.0 9.5

D3M 66.3 64 66.5 65.1 58.4 58.5 58.2 57.0 58.0 54.5

D3P1 43.4 43 45.5 43.5 39.3 37.2 39.6 36.8 37.4 35.0

D3P2 ’50 54 55.3 47.1 41.3 45.1 43.3 40.5 39.8 42.5

D4M 63.1 61 63.1 62.0 54.9 56.6 55.2 55.8 55.0 52.5

D4P1 37.0 40 38.6 35.3 34.2 32.7 32.4 32.6 31.6 30.5

D4P2 — 32 32.4 30.1 27.6 26.7 27.3 26.5 23.6 26.0

D5M 64.6 62 64.1 63.3 57.8 56.4 55.6 56.6 54.1 53.5

D5P1 28.5 31 31.1 30.1 27.8 25.5 24.0 26.2 23.0 23.5

D5P2 27.5 28 28.2 26.7 25.3 23.0 24.4 23.3 22.0 22.5
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1998). New mammal species from the archipelago, especially

murine rodents, are still regularly described in the literature,

based both on new field discoveries and on new studies of older

museum material (e.g., Heaney and Tabaranza 2006; Rickart

et al. 2002, 2003, 2005). Although D. rickarti is the 1st new

fruit-bat species from the Philippines to be named in nearly 3

decades (Yoshiyuki 1979), a number of additional unnamed

pteropodid taxa from the archipelago are currently being de-

scribed (e.g., Heaney et al. 1998).

Of all species recognized in the 14 megachiropteran genera

currently classified in the subfamily Cynopterinae (see Giannini

and Simmons, in press), D. rickarti is the largest. With the

exception of the flying foxes (fruit bats of the genera Pteropus
and Acerodon) and the Negros naked-backed fruit bat

(Dobsonia chapmani), D. rickarti is the largest bat in the

oceanic Philippines (Ingle and Heaney 1992). At an island

scale, D. rickarti is the 3rd or 4th largest bat recorded from

Mindanao (after Acerodon jubatus and Pteropus vampyrus;

similar in body size to Pteropus pumilus) and the 4th or 5th

largest bat recorded from Luzon (after A. jubatus, P. vampyrus,

and P. leucopterus, again similar in size to P. pumilus—Heaney

et al. 1998; Ingle and Heaney 1992). As a relatively larger-

bodied and rarely recorded bat that is presumed to be dependent

on forested habitats, D. rickarti, like other large Philippine fruit

bats (e.g., Mildenstein et al. 2005), is considered a species of

conservation concern (Mickleburgh et al. 1992; Utzurrum

1992). Although lowland forests in the Philippines have been

extensively logged and converted to agricultural use in recent

decades, if D. rickarti is primarily a species of montane forests,

which are currently less accessible to human encroachment in

many areas, it may be less threatened with extinction than those

Philippine mammals that are obligate inhabitants of lower-

elevation forests (Brooks et al. 1999; Heaney et al. 1998). On

the basis of the few available captures and their associated

ecological data, we suggest that insufficient information is

available to satisfactorily categorize the conservation status of

this new species, such that at present we recommend a formal

ranking of ‘‘Data Deficient’’ under the current criteria of the

World Conservation Union (Baillie et al. 2004).

Dyacopterus is 1 of a number of Asian pteropodid genera

that extend to the oceanic Philippines but are more species-rich

on the Sunda Shelf to the west (Fig. 4). Other examples include

Cynopterus (1 species in the Philippines; up to 4 syntopic

species on the Sunda Shelf), Macroglossus (1 species in the

Philippines; 2 syntopic species on the Sunda Shelf), Rousettus
(1 species in the Philippines; up to 3 syntopic species on the

Sunda Shelf), and Megaerops (1 species in the Philippines; 2

syntopic species on the Sunda Shelf—Campbell et al. 2004;

Heaney 1991; Hill 1992). This pattern of reduced diversity in

the Philippines compared to Sundaland must ultimately be

accountable to a complex combination of factors, likely re-

flecting especially the longer histories of these generic lineages

in mainland Asia, oceanic barriers to dispersal from the Sunda

Shelf to the Philippines, and the smaller land area of the

Philippine archipelago (cf. Heaney 1991; Roberts 2006). Of

all of these genera, it is the Philippine representative of

Dyacopterus that exhibits the greatest amount of morphological

divergence relative to its phylogenetic counterparts on the

Sunda Shelf.

Sulawesi is a large island with dramatic relief and varied

tropical forest formations. It is also the largest oceanic island

immediately to the east of the Sunda Shelf. The majority of

pteropodid genera represented in the fauna of the Sunda Shelf

extend also to Sulawesi, including Cynopterus, Chironax,

Macroglossus, Eonycteris, Rousettus, and Pteropus. Given the

level of intensity with which the fruit-bat fauna of Sulawesi has

been historically and recently sampled by collectors (cf. spe-

cimens at AMNH, BMNH, MZB, USNM, Dresden, Amster-

dam, and Leiden—Bergmans and Rozendaal 1988), we suspect

that the lack of records of Dyacopterus from Sulawesi reflects

its legitimate absence from that island, rather than an artifact of

insufficient study. Ancestors of extant taxa of Dyacopterus
crossed major oceanic expanses to colonize the Philippines

from the Sunda Shelf, or vice versa. We speculate that the

failure of Dyacopterus to colonize Sulawesi is linked to the

presence in Sulawesi of the cynopterine genus Thoopterus, an

endemic Wallacean lineage of bats ecomorphologically similar

to Dyacopterus (see above); 2 occasionally syntopic species of

Thoopterus occur throughout much of Sulawesi (T. nigrescens
and an unnamed species).

Dyacopterus rickarti is currently known only from the 2

largest islands in the Philippine archipelago—the island of

Luzon in the north and Mindanao in the south (Fig. 4). Given

this seeming disjunction, taxonomic differences might be ex-

pected between these 2 island populations, especially because

Luzon and Mindanao have always been separated by deepwater

boundaries (Steppan et al. 2003). However, given their close

craniometric similarity (e.g., Table 1; Figs. 1–3), we recom-

mend that on current evidence all specimens from the Phil-

ippines can be satisfactorily classified as a single species, D.
rickarti. Many additional specimens will be needed to evaluate

whether more complex patterns of morphological or genetic

diversification, or both, characterize different insular popula-

tions of D. rickarti.
Although recorded to date from only a few sites, D. rickarti

might be expected to occur in remaining montane forests

throughout the large islands of Luzon and Mindanao, and

perhaps also in similar habitats on intervening islands through-

out the oceanic Philippines. The few records of the species may

simply reflect inadequate sampling efforts: like D. spadiceus,

this bat may rarely fly low. However, species of Dyacopterus
are thus far known only from very large islands globally

(Sumatra, Borneo, Luzon, and Mindanao, in addition to pen-

insular Thailand–Malaysia), all of which were formerly part of

much larger Pleistocene landmasses (Heaney 1991; Heaney

et al. 2005; Meijaard 2003; Roberts 2006; Steppan et al. 2003;

Voris 2000). It seems possible that, as in certain other

pteropodid genera dependent on old-growth habitats (particu-

larly Pteralopex, the monkey-faced bats—see Helgen 2005),

the long-term survival of populations of Dyacopterus may well

require large islands, with extinction proceeding on smaller

land-bridge islands following eustatic vicariance. If this is the

case, then apart from the Malayan mainland, the genus could be

truly restricted to the very largest islands in the broader Sundaic
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and Philippine regions. Continuing field surveys in appropriate

forested habitats throughout the Philippines, especially those

using methodologies appropriate to the detection of Dyacopte-
rus (particularly canopy-netting), will undoubtedly shed

additional light on the geographic distribution of this species.
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APPENDIX I
Gazetteer of vouchered localities for Dyacopterus on the Sunda

Shelf, based on specimens examined and selected references. For

vouchered localities and specimens examined of D. rickarti, see text.

Dyacopterus spadiceus.—BRUNEI: Batu Apoi National Park

(Sungai Tembrong; summit of Bukit Tudal, 1,181 m), approximately

48429N, 1158069E (Bennett et al. 1987; Koffron 2002). INDONESIA:

Aceh (Sumatra); Gunung Leuser National Park (Ketambe Research

Station, approximately 500 m fide Gathorne-Hardy et al. 2002),

038419N, 978399E (MZB 12982); Gunung Leuser National Park

(Sekunder, 4 m), approximately 048N, 988E (MZB 13021, 13022).

Kalimantan Timur (Borneo); Wanariset Semboja, 008599480S,

1168589370E (MZB 12688–12693). Kalimantan Barat (Borneo);

Pontianak (Universitas Tanjungpura Campus), 008039500S,

1098209290E (Abdullah et al. 1997). Sumatra Utara (Sumatra); Tahura

(¼ Bukit Barisan Forest Park, Tongkoh), approximately 038119N,

988309E (MZB 15374, 15403). MALAYSIA: Negri Sembilan (Penin-

sular Malaysia); Kuala Pilah, Bukit Tembusu, approximately 028449N,

1028159E (BMNH 64.781—Hill 1967). Pahang (Peninsular Malaysia);

Krau Wildlife Reserve, 038439N, 1028109E (Francis 1994; Hodgkison

et al. 2004a, 2004b; Studier et al. 2005; Zubaid 1993). Perak (Peninsular

Malaysia); Temengor Forest Reserve (near Sungai Halong camp),

approximately 058209N, 1018219E (Francis 1995). Sabah (Borneo);

Baturong Caves, 048429N, 1188019E (Payne and Francis 1985);

Kinabalu National Park (Poring, 579 m), 068029400N, 1168429170E

(Abdullah and Hall 1997); Sepilok Forest Reserve, 058529N, 1178569E

(Francis 1990). Sarawak (Borneo); ‘‘Baram District,’’ approximately

048359N, 1138589E (BMNH 90.1.28.4—Thomas 1890); Binatang,

028109N, 1118389E (ROM 48163—Peterson 1969); Niah River (near

Niah Cave), 038529N, 1138449E (Harrisson 1967; Start 1974, 1976);

Sibu, 028189N, 1118499E (Payne and Francis 1985). Selangor

(Peninsular Malaysia); Kajang District, Ulu Langat Forest Reserve,

038109N, 1018509E (BMNH 60.738—Hill 1961). THAILAND:

Narathiwat; Amphoe Sungai Padi, 068059N, 1018549E (SMF 83778).

Dyacopterus brooksi.— INDONESIA: East Kalimantan (Borneo);

Kayan Mentareng Nature Reserve (Lalat Birai Reserve Station),

028519N, 1158489E (ROM 102017). Aceh (Sumatra); Gunung Leuser

National Park (Sekunder, 4 m), approximately 048N, 988E (MZB

13020). Bengkulu (Sumatra); Lebong Tandai, Upper Ketuan River,

038019S, 1018549E (BMNH 20.1.15.1—Thomas 1920).
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