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Summary. — A systematic revision of monotremes of the genus Zaglossus has revealed
unexpected morphological diversity. Statistical and non-metric analysis indicate that three species
can be recognised : Zaglossus bruijnii (Peters and Doria, 1876), which inhabits the Vogelkop,
Fak Fak and possibly the Charles Louis Mountains regions ; Zaglossus bartoni Thomas, 1907a,
which occurs on the central cordillera between the Paniai Lakes and the Nanneau Range, as well
as the Huon Peninsula ; and Zaglossus attenboroughi n, sp. from the Cyclops Mountains. Four
distinct subspecies of Z. bartoni can be discerned. The three subspecies inhabiting the central
cordillera increase in size from east to west : Z. p. smeenki n. ssp. of the Nanneau Range being
the smallest, the nominotypical form intermediate in size, and Z. b. diamondi n. ssp. the largest.
Zaglossus b. clunius inhabits the Huon Peninsula.

Résumé. — Une révision systématique des Monotrémes du genre Zaglossus a montré une
diversité morphologique inattendue. L’analyse statistique et non métrique indique qu’on peut
reconnaitre trois espéces : Zaglossus bruijnii (Peters et Doria, 1876) qui habite dans les régions
de Vogelkop, Fak Fak et les Montagnes de Charles Louis ; Zaglossus bartoni (Thomas, 1907)
qui se trouve dans la cordillere centrale entre les Lacs Paniai et la chaine de montagnes Nanneau,
ainsi que dans la Péninsule Huon ; et Zaglossus attenboroughi n. sp- qui vit dans les Montagnes
Cyclops. Quatre sous-especes distinctes de Zaglossus bartoni sont discernées. La taille des trois
sous-especes qui habitent la cordillere centrale augmente d’est en ouest. Zaglossus bartoni
smeenki n. ssp. de Nanneau est la plus petite, la forme nominale est intermédiaire en dimension,
et Zaglossus bartoni diamondi n. ssp. est la plus grande. Zaglossus bartoni cluniys habite la
Péninsule Huon.

INTRODUCTION

The living monotremes are classified in three genera ; Ornithorhynchus (the platy-
pus), Tachyglossus (the short-beaked echidna) and Zaglossus (the long-beaked echid-
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Fig. 1. — Map of New Guinea showing the approximate distribution of the species and subspecies
of Zaglossus.
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later by Gervais (1877) as Acanthoglossus. Three years later DuBois (1882), unaware
of Gill’s name, noted that Acanthoglossa had previously been given to a beetle, and
unsure whether the difference in termination would be sufficient to prevent what in
today’s terminology is called homonymy, proposed a provisional replacement generic
name Bruynia (sic.). Apparently under the impression that a new generic name required
a new specific name as well, he suggested renaming the species Bruynia tridactyla. He
listed the features supporting its generic status, by whatever name it were to be even-
tually designated.

A new species Proechidna villosissima, said to be distinguished by its extremely
thick fur with shorter spines barely protruding through it, was named by Dubois (1884)
from a specimen known only to have come from “ New Guinea ”, meaning somewhere
in the then Dutch (now Indonesian) part.

Rothschild (1892) described Proechidna nigro-aculeata from the Charles Louis
Mountains, as a species with sparser pelage than Proechidna bruijnii, and spines ten-
ding to be black. Later (1913) he came to doubt the type locality, considering that it
was more likely that the specimen came from Sorong.

Toldt (1906), who was the first author to establish the priority of Zaglossus, consi-
dered the description of different taxa premature ; the variability in spines and hair
covering could as well be ascribed to age and seasonal variation, and much more mate-
rial was needed, from different localities, before the question could be addressed.

Despite this cautious note, other authors, especially Rothschild and Thomas, conti-
nued to_add to the list of Zaglossus species and subspecies. Thomas (1907a) described
a new subspecies — the first specimen from what is now Papua New Guinea, the thick-
furred Acanthoglossus bruijnii bartoni from Mt Victoria in the Owen Stanley range. In
a later paper Thomas (1907b) described Acanthoglossus goodfellowi from Salawati (the
first record of a long-beaked echidna from beyond the mainland of New Guinea). This
was another form said to have relatively sparse hair. 1t is curious that Thomas did not
believe that the number of claws in Zaglossus was of any taxonomic significance ; in
his 1907a paper he did not mention this character at all, and although in the 1907b
paper he corrected the omission, noting that the type of A.b. bartoni had five claws on
both fore and hindfeet, he cautioned that “ considerable variation in this respect has
already been recorded ™.

Allen (1912) revived Toldt’s skepticism of the reality of different species and sub-
species of Zaglossus. He reviewed the material in the Harvard collection, claiming that
variation at some localities (Fak Fak, Arfaks) encompassed the characters attributed to
all the taxa described by Dubois, Rothschild and Thomas. Rothschild (1913) stre-
nuously disputed Allen’s conclusions : Allen’s Fak Fak specimens were * bought from
natives by the collector, and have an element of doubt as to the place of origin ™ ; eight
living specimens from Kaimana in the Charles Louis Mountains, recently seen by him,
varied from bartoni-like to nigroaculeata-like not because of enormous intraspecific
variability, but because Kaimana is in an intergrade zone between them ; and so on.
Rothschild (1913) defended the validity of all five taxa proposed up to that time, listing
them as subspecies of Zaglossus bruijnii.

Kerbert (1913) again expressed doubt about the value of pelage thickness and
colour, or spine length and colour, for taxonomy, but instead relied upon claw number.
Recording the presence of Z. b. bartoni over the whole of the eastern (then British and
German) half of New Guinea, he specified that this form consistently had five claws on
fore and hindfeet, while those further west has only three, quoting also a letter from
Walter Rothschild to that effect. On this basis he separated the two at species level, and
even proposed giving the eastern species its own generic status, as Prozaglossus bartoni.
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In 1922 Thomas and Rothschild revised the genus, accepting Z. bartoni as a full
species, and described Zaglossus bartoni clunius from the Saruwaged Mountains, on
the Huon Peninsula. In the same paper Rothschild alone took responsibility for naming
two further taxa : Zaglossus bruijni gularis from the southern flanks of the Charles
Louis Mountains, and Zaglossus bruijnii pallidus from Geelvinck Bay.

Laurie (1952) described a further species, Zaglossus bubuensis, from the Bubu
River district at 7-8,000 feet, where Z. bartoni had also been taken. The new species
was said to be five-clawed like Z. bartoni, but browner, with the hair not quite cove-
ring the spines, and the feet being light brown. . .

Finally, Van Deusen and George (1969) offered a Em:EEmQ revision of the
genus, in which they provisionally recognised a single species “ until such time as a
taxonomist can examine and evaluate [the] material personally ” (p. 22). .

Ideally, systematic revisions of extant mammal groups should be accompanied by
some sort of biochemical analysis. Allozyme electrophoresis of frozen or fresh tissues
is currently the most popular of these techniques. Regrettably, in the case of Zaglossus,
such a study may never be possible. All Zaglossus are rare and endangered. They are
listed on Appendix 1 of CITES and, over 15 years of intensive mammal Hommmno.r in
New Guinea, T.F.F. has encountered them as living animals just once. DNA analysis of
museum specimens may be possible, but at present morphological studies of museum
collections, as sparse and unsatisfactory as they are, must suffice for the needs of the

systematist.

MATERIALS AND METHODS

All specimens of Zaglossus which could be located in world museum collections
were examined and measured (see Appendix 1). These include the holotypes of bar-
foni, bruijnii, bubuensis, clunius, goodfellowi, gularis, nigroaculeatus and m&a&.ﬁ.
Only the holotype of villossissima (Du Bois 1884), which is a well-illustrated juvenile
specimen from the Vogelkop area, could not be examined.

Details of pelage, claw number and non-metric variability in cranial morphology
were noted. A series of measurements were then taken on each skull (Appendix 1).
Zaglossus skulls are delicate, and many museum specimens were damaged and/or lack
their extremely fragile mandibles. Where a skull was slightly broken (e.g. a condyle or
the tip of the bill was missing) a measurement would be estimated. Cases where this
has occurred are indicated in Appendix 1 with the annotation®. With the exception of
Figure 5, only adults (individuals with the cranial sutures obscured or nearly so) were
used in the statistical analysis. Measurements are given in millimetres and weights in
grams. Discriminant Analyses were performed using SPSS Windows, * Direct”
Method.

RESUILTS

Determining age and sex

Adult Zaglossus can readily be distinguished from juveniles by possessing the fol-
lowing characteristics :
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1) The sutures of the cranial bones are unfused. In adults these sutures tend to
close completely and become obliterated, traces of the naso-frontal suture being among
the last to disappear.

2) The major basicranial foramina tend to stay widely open into adulthood, and
then narrow slowly with age.

3) The rostrum lengthens and becomes more robust anteriorly.

4) The bones of the posterior palate become more robust, and their margins
become visible below the basicranium when viewed from behind.

5) The narial opening becomes rounded posteriorly and shorter with age (12.5-
17.3 in adults, 18.1-20.0 in subadults).

Determining sex in museum specimens of Zaglossus is difficult. Monotremes lack
external genitalia, so dissection or close examination of the cloacal area is necessary in
order to provide unequivocal evidence of an individual’s sex. Living animals can be
sexed by everting the penis (in males) or by palpation of the penial sack.

A spur is present on the ankle of males, but is usually absent in females. It
seems likely that many museum specimens were sexed on the basis of the presence
or absence of the spur alone. Van Deusen and George (1969) note that “ The ana-
tomy of the spur and its gland, and the question of their presence or absence in
female specimens will be the subject of a later note. At present we would say that
the sexing of Zaglossus using only the presence or absence of the spur as a criterion,
may lead to error ” (p 12). The  later note ” was never published. Griffiths (1978)
observed, however, that all males have a spur, and that some juvenile females may
have one also. Insufficient adult female Zaglossus were examined by him to deter-
mine whether the spur ever persists into adulthood. Despite the clear difficulties in
determining the sex of museum specimens, data pertaining to sex was accepted as it
was written on the specimen label, or recorded in a museum register, as there was no
real alternative.

Sexual dimorphism in Zaglossus

As skewed sex ratios were present in some samples, it was important to deter-
mine whether sexual dimorphism in cranial dimensions or body weight existed in
Zaglossus. Only one sample (sample 2) of the six which we recognised in Zaglossus
had a sufficient number of identified, wild-caught males and females to undertake sta-
tistical analysis. T-tests reveal that body weight (see Table 1) did not differ signifi-
cantly (at 0.05) between the sexes, nor did any of the 9 cranial measurements taken on
museum specimens. We conclude from this that significant sexual dimorphism does not
exist in the population from which sample 2 is drawn.

We also ran a Discriminant Analysis on the entire adult sample we ascribe to
Z. bartoni (see below). There is a slight separation between the sexes, but much over-
lap (Fig. 2). Palate Length (PAL) contributes most to the separation ; this, and to a les-
ser degree Interorbital Width (IOW) and Rostrum Height (RH) load positively on the
vector (i.e. tend to be greater in females) and contrast with Beak Length (B), Bizygo-
matic Width (BZW) and Bimastoid Width (BIMAST), which load negatively (i.e. tend
to be larger in males). We conclude that for multivariate and univariate purposes, any
sexual difference that does exist in this larger sample is not likely to obscure taxono-
mic difference. There is no prima facie evidence for sexual dimorphism in the remai-
ning samples.
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TABLE 1. — Weights (in kitograms) for specimens of wild caught Zaglossus and sex.

req 1o male female

Zaglossus bartoni bartoni (Sample 2)

BM 50.1452 , 59
BM 50.1454 79 0
BM 30.1453 *m
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m:A v 6.0
" 6.6
" 7.6
! 7.0
" 7.0
" 74
Zaglossus bartoni smeenki (Sample 1)
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Discriminant Function 1
1 d ined).
Fig. 2 Discriminant Analysis of the sexes in Zaglossus bartoni (all samples combined)
ig. 2. - S

" Shaded = males, black = females, blank = ungrouped cases.

REVISION OF THE GENUS ZAGLOSSUS 373

Analysis of 8eographic variabiliry

The living monotremes pose an especially difficult problem for taxonomists. Al
are edentulous as adults, the cchidnas lacking even a dental lamina, Furthermore, the
cranium is variable in morphology. Both age and sex play some role in this variability,
as do individual differences, Despite this high degree of variability, and the difficulties
imposed by their edentulous nature, some geogaphically related variability could be
distinguished within Zaglossus.

Analysis of the data began with a broad survey of the available material, to deter-
mine whether there were prima facie grounds for division into two or more groups,
Our initial research suggested that seven geographically separate groups existed. These
were categorised as coming from the following areas : Sample 1, the Nanneau Range,
far eastern Papua New Guinea ; 2, the Owen Stanley Range between about Efogi and
Wau ; 3, the Huon Peninsula ; 4, the central cordillera east of the Panjaj Lakes to the
Kratke Mountains ; 5, New Guinea west of the Paniai Lakes ; 6, the Cyclops Moun-
tains, northeastern Irian Jaya: and 7, the lowlands of south Chimbu Province (see
Appendix 1). The names bartoni and bubuensis are available for sample 2, clunius for
sample 3, and bruijnii, villossissimus, nigroaculeata, goodfellowi, gularis and pallidus
for sample 3.

Claw number

= Our testing of the hypothesis that these samples were distinct began with an exa-
mination of Kerbert’s (1913) assertion that Zaglossus from “ eastern ” and western ”’
New Guinea represented two distinct species which differed in claw number. We star-
ted by identifying where the supposed disjunction between “ eastern * and ““ western
populations lay, and found to our surprise that it lay well to the west of the centre of
the island, in the Lake Paniaj area. Samples from west of there share a constellation of
features absent in more easterly populations, and were classified by us as sample 5, the
easterly ones from the main cordillera being divided between samples 1 and 4.

The key difference noted by earlier authors between castern and western Zaglos-
sus is that western ones normally have three claws on each foot, while more casterly
ones have five, Allen (1912) noted that 25 specimens which he examined from western
New Guinea (many of which were poorly localised) had three claws only on each foot.

* » Gui " which had more than

anomalous specimens reported by Allen is accompanied by precise locality data, and
many lack such data entirely. In the absence of precise locality data, the implications of
these specimens with anomalous claw numbers for Zaglossus taxonomy is uncertain.

A specimen described by Weber (1888), which was held in Amsterdam, reportedly
had five claws on both forefeet, but lacked claws on digit 1 of the hindfeet. One of us
(T.F.) has examined all Zaglossus held in the Institute voor Taxonomie, Amsterdam,
and cannot find 3 specimen with such a claw number. This claw number js, however,
consistent with specimens we place in sample 4 (Paniai Lakes to the Kratke Mts), but
not those from west of Lake Paniai (sample 5).

Griffiths (1978) examined claw number in more easterly populations, Of 10 anj-
mals which he examined which had originated from east of Wau (our samples | and 2),
nine had five claws on each foot, while one (from Mt Tafa) lacked a claw on digit five






