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ABSTRACT. — Do the ecological traits of tropical snakes differ from those of temperate-zone species? We
examined preserved specimens in museums to quantify body sizes, sexual dimorphism, dietary habits, and
reproductive cycles of the proteroglyphous snake lineages endemic to New Guinea and the Solomon Islands
for comparison with previously-studied Australian and Asian species. The Melanesian snakes comprise a
diverse group in terms of body sizes (adult sizes from <50 cm to >1 meter), body shapes (slender to heavy-
bodied), and behavior (nocturnal to diurnal). Males attain larger sizes than do females in Aspidomorphus
and Micropechis, but the reverse is true in Loveridgelaps, Salomonelaps, and Toxicocalamus. Aspido-
morphus and Toxicocalamus show significant sex differences in relative head length, but species in the
other genera do not. All taxa for which we have data on reproductive mode are oviparous, and produce
an average of 3 to 9 large eggs per clutch. Relative to maternal body sizes, Melanesian elapids have
significantly smaller clutches than do Australian elapids. The two smaller-bodied genera showed dietary
specialisation (on earthworms by Toxicocalamus, and on skinks by Aspidomorphus). Texicocalamus and
the Fijian Ogmodon are thus the only Old World elapids to specialise on invertebrate prey. The larger-
bodied taxa (Loveridgelaps, Micropechis, Salomonelaps) have more generalised diets, consisting primarily
of lizards and frogs. The distinctive features of the Melanesian elapid fauna (low fecundity in all taxa,
and earthworm-eating by Toxicocalamus) may reflect adaptations to tropical habitats, but generalizations

about the ecological adaptations of tropical snakes remain elusive.

A tropical animal may be exposed to very
different selective pressures than its temperate-
zone counterparts, because of distinctive fea-
tures of climate, resource availability, interspe-
cific competition, and predation in the tropics
(e.g., Tinkle, 1969; Tinkle et al., 1970; Fitch, 1982).
Hot conditions throughout the year may permit
year-round activity, and hence accelerate growth
rates and the attainment of sexual maturity
(James and Shine, 1988). Expansion of the time
period each year over which embryogenesis can
proceed, may remove the main limiting factor
that constrains reproductive activity to brief pe-
riods in most temperate-zone reptiles. The con-
sequent potential for multiple-clutching may
favor lower reproductive expenditure per clutch
(Shine and Schwarzkopf, 1992). High species
densities of potential prey types in tropical hab-
itats may provide opportunities for dietary spe-
cialization in ways that are not possible in rel-
atively species-poor temperate-zone habitats
(Vitt, 1987). Available data tend to support these
predictions: for example, clutches tend to be
smaller, relative to maternal body size, in trop-
ical lizards (Barbault, 1975; Rand, 1982; James
and Shine, 1988) and snakes (Dunham et al.,
1988; but see Aldridge et al., 1995).

Proteroglyphous venomous snakes (“‘ela-
pids”) are widespread in both marine and ter-
restrial habitats over most tropical and subtrop-
ical parts of the world. Detailed ecological in-
formation is available on some marine hydro-

phiids (Dunson and Minton, 1978; Voris and
Jane, 1979; Voris et al., 1978) and laticaudids
(Pernetta, 1977; Radcliffe and Chiszar, 1980)
from the Pacific Ocean, and terrestrial taxa from
North America (Jackson and Franz, 1981;
Greene, 1984) and Australia (Shine, 1994a).
However, ecological data are scarce for proter-
oglyphs from Central and South America, Af-
rica, Asia, and Melanesia, despite the high di-
versity and abundance of elapid snakes in all
of these regions. Available information on the
ecological attributes of proterogly phs from these
areas (as for most tropical snakes) is based pri-
marily on anecdotal reports, usually from re-
gional faunal guides (e.g., Branch, 1988) or tax-
onomic revisions (e.g., McDowell, 1969, 1970,
1984). The ecology of tropical snakes remains
virtually unknown, relative to the information
available on temperate-zone taxa (Parker and
Plummer, 1987).

The tropical oceanicislands lying to the north
and east of Australia (New Guinea and the So-
lomon Islands, collectively called Melanesia)
contain a diverse array of elapid species, which
can be divided into two main groups (e.g., Cog-
ger, 1971). The first group consists of Melane-
sian elapids that are closely related to (conge-
neric or conspecific with) Australian taxa (e.g.,
Acanthophis, Demansia, Oxyuranus, Pseudonaja,
Pseudechis). Indeed, some species (e.g., Pseudo-
naja textilis) may have invaded New Guinea from
Australia only recently, perhaps through direct
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transport by human activities (Slater, 1956). The
second group consists of Melanesian elapids
which are more distantly related to Australian
and Asian species. These include small cryp-
tozoic taxa (Aspidomorphus, Parapistocalamus, and
Toxicocalamus) as well as larger and more for-
midable snakes (Loveridgelaps, Micropechis, and
Salomonelaps). The present paper focuses on rep-
resentatives of these endemic Melanesian lin-
eages, because these taxa are the ones that should
show distinctive “tropical” characteristics, if in-
deed such characteristics exist. Our study is
based primarily on our examination of pre-
served specimens in museum collections. We
also review published literature on the ecology
of these poorly-known snakes.

MATERIALS AND METHODS

We examined all available specimens of the
endemic Melanesian elapids in the collections
of the Australian Museum (Sydney), the South
Australian Museum (Adelaide), the Bernice I.
Bishop Museum (Honolulu), the California
Academy of Sciences (San Francisco), and the
Field Museum of Natural History (Chicago).
Preserved snakes were first measured (snout-
vent length, tail length, head length [along the
lower jaw, from the tip of the snout to the quad-
rate-articular projection at the rear of the jaw],
and head width [across the widest part of the
head, between the two quadrates]). A midven-
tral incision was made to reveal the gonads and
alimentary tract, and we recorded sex and re-
productive status. Males were scored as mature
if they had large turgid testes and or/thickened
opaque efferent ducts. Females were scored as
mature if they had thick muscular oviducts, vi-
tellogenic follicles, or oviductal eggs. In some
poorly-preserved specimens, where the gonads
were not distinguishable, we dissected the tail
base and looked for hemipenes to determine
sex. We opened both the stomach and the hind-
gut to search for prey items; any items found
were removed for later identification.

Because of the paucity of information on most
of these species, and the limited numbers of
specimens in museum collections, we supple-
mented our museum data from two other
sources. Firstly, we reviewed published litera-
ture to obtain records of ecological traits (es-
pecially, prey items or reproductive activity) in
the endemic Melanesian elapids. Secondly, we
corresponded with people who have first-hand
experience with these species either in the field
or in captivity.

RESULTS

(i) Aspidomorphus spp.—We obtained data on
three species of small nocturnal elapids within
this genus. Little seems to be known of the

239

natural history of these snakes. Parker (1982)
noted that A. muelleri is a secretive terrestrial
species, living in the forest under leaf litter and
logs. McDowell (1967) suggested that the sexes
of A. lineaticollis may differ in color, with a “con-
color” morph apparently occurring only in
males. In the same paper, he noted a strongly
male-biased sex ratio in collections of A. muel-
leri. The same pattern was evident in our own
data (Table 1). McDowell (1984) recorded a skink
tail and a skink (Sphenomorphus) in stomachs of
A. lineaticollis.

Our data show that males attain significantly
larger body sizes than females in two of the
Aspidomorphus species, and probably in the third
as well (Table 1). For the two species for which
sufficient sample sizes were available, we used
heterogeneity of slopes tests and analyses of
covariance to investigate whether males and fe-
males differ in shape (size of the head and tail
relative to body length) as well as absolute size.
For A. lineaticollis, these tests revealed that males
had longer tails than did females at the same
SVL (with sex as the factor and SVL as the co-
variate: slopes are homogeneous—F,,, = 0.34,
P = 0.56, but intercepts differ—F,,, = 22.1, P <
0.0001; Fig. 1). Also, heads of males were both
longer (slopes F,, = 16.20, P < 0.0007) and
wider (slopes F,,, = 6.23, P < 0.022) than were
those of females at the same body length (Fig.
1). Head shape (length relative to width) did
not differ between the sexes (slopes F, ,, = 0.51,
P = 0.48; intercepts F, ,; = 0.05, P = 0.83). Sexual
dimorphism in relative body proportions was
less extreme in A. muelleri, but still statistically
significant. At the same body lengths, males and
females differed in tail length (slopes F s =
1.21, P = 0.28; intercepts F,,, = 4.42, P < 0.05),
head length (slopes F, ,, = 2.50, P = 0.12; inter-
cepts F,; = 4.26, P < 0.05) and head width
(slopes F, ; = 2.31, P = 0.14; intercepts F, 3, =
5.81, P < 0.03). As in A. lineaticollis, head shape
(length relative to width) did not differ between
the sexes (slopes F, ., = 0.12, P = 0.73; intercepts
F ;= 049, P = 0.62).

Gravid females of both A. lineaticollis and A.
muelleri contained thick-shelled oviductal eggs,
confirming oviparity in both taxa. Clutch sizes
recorded in female A. muelleriranged from three
to five (mean = 3.5, SD = 0.84, N = 6) and were
significantly correlated with maternal body size
(r = 0.88, P < 0.02). Females of the smaller A.
lineaticollis contained two to four eggs (mean =
2.71, SD = 0.95, N = 7), and clutch sizes were
correlated with maternal body size in this spe-
cies also (r = 0.83, P < 0.021). One female A.
schlegelii contained two eggs, and another had
three 20 mm ovarian follicles. Female A. linea-
ticollis with large (>10 mm) vitellogenic ovarian
follicles or oviductal eggs were collected in Feb-
ruary, April, May, and August; reproductive A.
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TaBLE 1. Sample sizes, body sizes and sexual size dimorphism of six species of Melanesian elapid snakes,
based on examination and dissection of museum specimens. SVL = snout-vent length, in mm. Last three
columns show results from statistical tests for the presence of significant sexual dimorphism in mean adult

body size.

Adult males

Unpaired t test

Adult females t

Aspidomorphus lineaticollis
N
Mean SVL (+ SD)
Extremes
Aspidomorphus muelleri
N
Mean SVL (£ SD)
Extremes
Aspidomorphus schlegelii
N
Mean SVL (% SD)
Extremes

Loveridgelaps elapoides

N
Mean SVL (£ SD)
Extremes

Micropechis ikaheka

N

Mean SVL (£ SD)

Extremes
Salomonelaps par

N

Mean SVL (* 5D)

Extremes
Toxicocalamus loriae

N
Mean SVL (= 5D)
Extremes

13
412.8 (49.4)
332-480

20
508.8 (66.0)
347-620

23
1025.0 (213.3)
670-1370

22
570.6 (44.4)
485-640

32
451.2 (86.7)
306-650

12
349.5 (55.5)
267-461

12
441.6 (63.6)
344-542

4
358.5 (53.0)
296-405

5
1168.4 (160.8)
990-1380

19
763.7 (159.2)
510-1100

25
673.4 (80.5)
535-840

37
501.6 (81.7)
345-685

muelleri were recorded in June, November and
December. This apparently aseasonal distribu-
tion of records suggests that female reproduc-
tive cycles in Aspidomorphus are either aseason-
al, or are asynchronous in different parts of the
species range.
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Apart from one feather in a specimen of A.
muelleri, all of the prey items we identified from
Aspidomorphus were scincid lizards (N = 11 for
A. lineaticollis, 14 for A. muelleri, and 2 for A.
schlegeli: Table 2). The skinks consumed includ-
ed surface active diurnal heliotherms (e.g., Car-
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Fic. 1. Sexual dimorphism in body proportions of the New Guinea elapid snake Aspidomorphus lineaticollis.
At equivalent body lengths, males (circles) have longer tails than do females (dots), and the heads of males
are both longer and wider than are those of females. See text for statistical tests of these sex differences.
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lia and Emoia) as well as crepuscular semifos-
sorial taxa (e.g., Sphenomorphus: Table 2).

(ii) Loveridgelaps elapoides.—These large and
colorful snakes are crepuscular and nocturnal
in habits, and are most often encountered in
forested areas adjacent to streams. They spend
the daylight hours in leaf litter and under fallen
logs (McCoy, 1980 and in litt.). McDowell (1970)
recorded a typhlopid snake in one gut, and a
skink in another.

The single mature male that we examined
was much smaller than any of the five adult
females (Table 1), suggesting that females attain
larger body sizes in this taxon. One female (1092
mm SVL) had nine large (23 mm) ovarian fol-
licles. The stomachs of two Loveridgelaps con-
tained colubrid snakes, and another Loveridge-
Iaps contained scincid scales in its hindgut (Ta-
ble 2).

(iii) Micropechis ikaheka.—This large, heavyset
elapid is semifossorial and primarily nocturnal
(e.g., Cogger, 1971; Slater, 1956; Parker, 1982;
O’Shea, 1991). However, H. G. Cogger (pers.
comm.) found one specimen basking in sun-
light in the mid-morning, and Hudson (1988)
has speculated on possible semiaquatic habits.
Micropechis is widely distributed across New
Guinea, especially in coastal forests (Cogger,
1971). Specific records of dietary items for Mi-
cropechis include the terrestrial boid Candoia as-
pera (H. G. Cogger, pers. comm.; O'Shea, 1994a),
the skink Sphenomorphus jobiensis, two scincid
tails (McDowell, 1984), the colubrid Stegonotus
and an unidentified snake (G. Mengden, pers.
comm.), the large skink Tiligua gigas (H. G. Cog-
ger, pers. comm.), and a large earthworm (Par-
ker, 1982). O’Shea (1994b) reported cannibalism
in captivity.

Males attain much larger body sizes than do
females in this species (Table 1). However, the
bodily proportions we measured were similar
in the two sexes. At the same body lengths, male
and female Micropechis did not differ in tail
length (slopes F,., = 0.88, P = 0.36; intercepts
F,5; = 0.11, P = 0.74), head length (slopes F, 4
=0.10, P = 0.76; intercepts F, 5, = 2.59, P = 0.12)
or head width (slopes F,,, = 4.08, P = 0.052;
intercepts F,;, = 0.79, P = 0.38). Head shape
(length relative to width) also did not differ
between the two sexes (slopes F,,, = 0.90, P =
0.35; intercepts F,,; = 0.004, P = 0.98).

Oviparity was confirmed as the reproductive
mode for M. ikaheka, based on thick-shelled ovi-
ductal eggs, and records of oviposition by fresh-
ly-captured females from Karkar Island in Oc-
tober 1965 (H. G. Cogger, pers. comm.). Seven
adult female Micropechis had clutch sizes of two
to seven eggs (mean = 3.86, SD = 1.57). Clutch
sizes tended to increase with maternal body size,
but this trend fell short of statistical significance
(r =0.73, P = 0.061). Oviductal eggs ranged in
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size from 40 X 29 mm to 65 X 18 mm. Large
vitellogenic follicles (>30 mm) were recorded
only in August, September and November, ovi-
ductal eggs in August, and oviposition in Oc-
tober (see above). Unfortunately, few adult fe-
males were collected outside these months, so
we cannot infer anything about seasonality of
reproduction in this taxon.

We recorded one frog, 10 skinks, two snakes,
and two mammals in alimentary tracts of this
species (Table 2). In conjunction with the pub-
lished and other (pers. comm.) records re-
viewed above, these data suggest that Micro-
pechis has a very generalized diet. Although
scincid lizards may be the most important prey
type, these snakes appear to be willing to con-
sume any terrestrial vertebrate (and perhaps,
large invertebrate: Parker, 1982) that they can
capture and ingest.

(iv) Salomanelaps par.—These medium-sized
terrestrial elapids are less fossorial than most of
the other endemic Melanesian elapids; they are
diurnally active wide-foragers, inspecting crev-
ices for potential prey items as they move
through forested areas near streams (McCoy,
1980 and in litt.). McCoy recorded a skink (Emoia
nigra) and frogs (Platymantis and Ceratobatra-
chus) as prey items for Salomonelaps. McDowell
(1970) listed the following prey records: one
with a fish; one with a large beetle; 12 with
lygosomine skinks; seven with frogs (Platyman-
tis and Ceratobatrachus); two with typhlopid
snakes; one with a gecko; and one with the tail
of an agamid lizard (probably Goniocephalus).
Based on their stomach contents and eye sizes,
McDowell (1970) inferred that Salomonelaps is a
surface-active predator that feeds in the litter
of the forest floor. He interpreted the high de-
gree of morphological variation within Salo-
monelaps as a reflection of the lack of competi-
tion from other, more specialised snake taxa.

Our data show that female Salomonelaps grow
much larger than conspecific males (Table 1),
and have relatively shorter tails (slopes F, ,; =
2.79,P=0.10; intercepts F, ,, = 28.35, P < 0.0001).
However, males and females have similar head
sizes at equivalent body lengths (head length:
slopes F,,; = 0.27, P = 0.60; intercepts F,,, =
3.25, P = 0.08; head width—slopes F, ,; = 2.09,
P = 0.16; intercepts F, ,, = 0.70, P = 0.41). Head
shape did not differ between the sexes (length
relative to width: slopes F,,, = 1.89, P = 0.18;
intercepts F, ,; = 0.19, P = 0.67).

McDowell (1970 and pers. comm.) recorded
oviparity in this taxon: a female laid four eggs
29.5 to 35.0 mm long, with parchment-like shells.
McDowell (pers. comm.) also recorded clutches
of three, four and seven eggs. Clutch sizes of
five S. par that we examined ranged from three
to 12, with an average of 6.4 (SD = 3.65). There
was no trend for clutch size to increase with
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maternal body size (r = —0.01, P = 0.98). Adult
females with large (>10 mm) ovarian follicles
were recorded from November and April.

Our records of prey items for S. par include
16 scincid lizards, one frog and one gecko (Ta-
ble 2). In combination with McDowell’s exten-
sive records (see above), we conclude that Sal-
omonelaps feeds primarily on lizards (especially
skinks) and frogs, but is also prepared to take
other vertebrates (and apparently, earthworms)
that it encounters.

(v) Toxicocalamus loriae.—We noted consid-
erable variation in relative tail length within
the Toxicocalamus we examined, and hence are
unconvinced that our sample represents the
single species T. lorize. However, most other
morphological (and ecological) traits that we
measured were relatively conservative, and
hence we proceed with the analysis on the as-
sumption that we are dealing with a single tax-
on. Even if we are in error on this point, it is
unlikely to modify our major conclusions.

The snakes of this genus are small and fos-
sorial, and primarily collected from under logs
and in leaf litter (Parker, 1982; T. Flannery, pers.
comm.). Published dietary records include nine
earthworms, one land snail and two fly larva
(Bogert and Matalas, 1945; McDowell, 1969), and
three earthworms (G. Mengden, pers. comm.).
Female Toxicocalamus in our sample averaged
significantly larger than conspecific males (Ta-
ble 1), but had shorter tails relative to SVL (slopes
F,,,=7.36, P < 0.015). Females also had smaller
heads than did males of the same body length
(head length: slopes F,,, = 0.12, P = 0.73; in-
tercepts F,,; = 17.94 P < 0.0005; head width—
slopes F,,, = 0.30, P = 0.59, intercepts F,;; =
5.42, P < 0.032). Head shape (length relative to
width) did not differ between the sexes (slopes
F,;, = 0.13, P = 0.72; intercepts F, ,, = 0.01, P =
0.94).

Thick-shelled oviductal eggs (28 to 35 mm
long) in our dissected specimens confirmed
McDowell’s (1969) report of oviparity as the
reproductive mode for Toxicocalamus. Clutch
sizes of 15 Toxicocalamus ranged from one to
eight, with a mean of 5.53 (SD = 1.81). Larger
females produced larger clutches (r = 0.64, P <
0.011). Females with enlarged (>15 mm) ovar-
ian follicles were recorded in February through
May. All 13 prey items that we recorded were
earthworms (Table 2), suggesting that Toxico-
calamus feed primarily (perhaps exclusively, if
three earlier records are in error) on earth-
worms. Unlike all of the other Melanesian and
Australian elapids, Toxicocalamus apparently
does not prey upon vertebrates.

Di1scuUssION

The primary aims of our study were to doc-
ument some aspects of the basic biology of the
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endemic Melanesian elapids, and to compare
these tropical snakes with temperate zone ela-
pids in Australia. The comparison with Asian
elapids isalso of interest, since the phylogenetic
affinities of the Melanesian taxa may lie with
Asia as well as with Australia. However, the
comparison with the Australian elapids is the
strongest, because the Asian fauna is less spe-
ciose, is entirely tropical, and is poorly-known
in comparison to the Australian elapids. Not
surprisingly, our data reveal many points of
similarity between the endemic Melanesian el-
apids and their relatives in other countries.
Nonetheless, there appear to be at least two
significant differences (i.e., distinctive features
of the Melanesian fauna) as well.

(i) Diets.—It is possible to identify ecological
analogues of some of the Melanesian elapids
among the elapids of Asia and Australia. Thus,
for example, Aspidomorphus is highly conver-
gent with Australian elapids of the genera Ca-
cophis and Furina in its morphology, coloration,
nocturnal behavior, and specialization on scin-
cid lizards (Shine, 1980a, 1981). Similarly, the
medium-sized Salomonelaps is a generalised di-
urnal forager that feeds primarily on lizards and
frogs, like many similarly-sized elapids from
Australia (e.g., Hemiaspis, Pseudechis: Shine,
1994a). The apparent specialization of Loverid-
gelaps on reptilian prey (especially snakes?) mir-
rors the situation in other semifossorial elapids
such as the Australian Vermicella (Shine, 1980b),
and the Asian Bungarus, Calliophis, and Maticora
(Werler and Keegan, 1963; Leviton, 1964). Mi-
cropechis has a generalized diet, like that of many
large elapids from other countries (e.g., Austre-
laps—Shine, 1994a; Naja—Werler and Keegan,
1963). However, the microhabitats used by Lov-
eridgelaps and Micropechis (especially their ap-
parent reliance on leaf litter), and hence their
foraging behavior, may be rather different from
that of the more surface-active large elapids from
Asia and Australia. Presumably, the importance
of leaf litter habitats to the Melanesian snakes
reflects the abundance of these habitats in Mel-
anesia relative to other Old World areas where
elapids are found.

By far the most distinctive taxon, in terms of
diet, is Toxicocalamus. The specialization of this
group on invertebrates (earthworms and soft-
bodied insects) is shared by only one other Old
World elapid: the endemic Fijian bola, Ogmodon
vitiensis (Zug and Ineich, 1993). This dietary sim-
ilarity thus reinforces the suggestion of a close
phylogenetic affinity between Ogmodon and
Toxicocalamus (Bogert and Matalas, 1945; Mc-
Dowell, 1967, 1969). There are no invertebrate
specialists among the diverse array of Austra-
lian elapids, even among the many small fos-
sorial taxa that superficially resemble Toxicoca-
lamus (Shine, 1994a). The Asian elapid fauna
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FiG.2. Aninterspecific comparison of mean clutch
sizes relative to maternal body sizes (snout-vent
length, = SVL) in Australian elapid snakes (circles)
and Melanesian elapid snakes (dots). Relative to ma-
ternal body size, Melanesian species have smaller
clutches. See text for statistical tests. Data for Austra-
lian snakes from Shine (1994a).

also contains fossorial species (Bungarus, Callio-
phis, Maticora), but all feed primarily on other
snakes, not on invertebrates (Werler and Kee-
gan, 1963; Leviton, 1964; Slowinski, 1994). As
far as we are aware, the only other invertebrate
specialists among the elapids are some species
of South American coral snakes of the genus
Micrurus (e.g., Dixon and Soini, 1986). Hence,
invertebrate-eating among the elapids appears
to be restricted to tropical species, whereas this
is certainly not the case in either colubrids or
viperids (see below).

Why do Toxicocalanus and Ogmodon feed on
soft-bodied invertebrates, unlike any other con-
familial taxa in Asia or Australia? Invertebrate-
eating habits are the rule in scolecophidian
snakes (e.g., Ramphotyphlops—Webb and Shine,
1993), and invertebrates are also eaten by di-
verse lineages of colubrids (e.g., Chionactis, Col-
uber—Wright and Wright, 1957) and viperids
(e.g., Echis, Vipera ursinii—Duff-Mackay, 1965;
Baron, 1990) from a diverse array of habitats,
including deserts. We have no answer as to why
such a diet is rare in elapids, and restricted to
tropical taxa within this group. The prevalence
of earthworms in the diet of Toxicocalamus, com-
pared to predation on vertebrates by superfi-
cially similar Australian taxa, has interesting
analogies in at least two other lineages. In both
typhlopid snakes and monotremes (echidnas),
a New Guinea species eats earthworms while
its Australian relatives eat ants (Augee, 1992;
Webb and Shine, 1993). These parallels may re-
flect the greater abundance of earthworms in

the deep fertile soils and high rainfall areas of
New Guinea, than in the relatively impover-
ished soils and dry climates over most of main-
land Australia (Flannery, 1994).

(ii) Reproduction.—Are there distinctive fea-
tures of the reproductive biology of the Mela-
nesian elapids? Oviparity is widespread (per-
haps ubiquitous) in the Melanesian elapids, but
is also the most common reproductive mode in
the elapids of northern Australia (see map in
Shine, 1991a, pp. 109). Although some of the
Melanesian elapids may breed over an extended
season, our results are equivocal in this respect
and many northern Australian elapids may have
similarly long durations of reproductive activ-
ity (Shine, 1991a). In terms of reproductive out-
put, however, the Melanesian elapids are dis-
tinctive. All of the species we examined have
clutch sizes that are lower than those of most
comparably-sized Australian elapid species. This
result is clearly evident from Fig. 2, which shows
that the Melanesian species fall below the av-
erage size-specific clutch for confamilial Aus-
tralian species. Analysis of covariance (with re-
gion as the factor, and maternal body length as
the covariate) confirms that this difference is
greater than would be expected by chance
(slopes F,,, = 1.26, P = 0.27; intercepts F,,; =
10.97, P < 0.0015). This result mirrors that of
other workers who have documented a reduc-
tion in size-specific fecundity in tropical rep-
tiles, compared to confamilial species from more
seasonal habitats. The reduced clutch size trans-
lates into a lower relative clutch mass (RCM) in
some of these taxa, but is opposed by a com-
pensating increase in offspring size in others
(Barbault, 1975; Rand, 1982; James and Shine,
1988; Forsman and Shine, 1996). We suspect that
RCMs may be lower in the Melanesian elapids
than in the Australian species, based on our
observation that the gonads (and, in gravid fe-
males, the eggs) occupy a relatively small pro-
portion of maternal body length. Data on RCMs
and offspring sizes for these snakes would be
of great interest, and help to clarify the issue
of whether the low fecundity of the Melanesian
elapids reflects lower total investment per clutch
(perhaps related to a higher reproductive fre-
quency?) or simply a change in the packaging
of the clutch (into fewer, larger offspring).

Are clutch sizes consistently lower in tropical
snakes than in temperate zone species overall?
Available data are insufficient for rigorous anal-
ysis, but the pattern seems to be strong. Al-
dridge et al. (1995) documented a significant
intraspecific difference in size specific fecun-
dity between tropical versus temperate popu-
lations of a natricine watersnake, and Dunham
et al.’s (1988) analysis of published data detect-
ed a significant difference in fecundity relative
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to maternal body size in tropical versus tem-
perate-zone snakes. Although a similar review
led Aldridge et al. (1995) to conclude that trop-
ical species did not differ from temperate spe-
cies in this respect, their data reveal a major
difference in mean clutch sizes (6.0 versus 18.3),
and an almost-significant difference in size-spe-
cific fecundities (using log-transformed values
for both variables: ANCOVA slopes F, ,, = 0.58,
P = 0.45; slopes F, ,, = 3.89, P = 0.058). Thus,
the apparent tropical-temperate fecundity dif-
ferences in snakes warrant further study.

The paucity of information on behavior of
Melanesian elapids in the wild or in captivity
makes it difficult to interpret other aspects of
their biology. For example, one obvious di-
chotomy in our data is between those species
in which males grow much larger than females
(Micropechis and Aspidomorphus), versus those in
which the female is the larger sex (Loveridgelaps,
Salomonelaps, Toxicocalamus). Comparative anal-
yses on other snake species suggest that larger
male than female size usually occurs in species
that display male-male combat during the
breeding season (Shine, 1994b). Hence, we pre-
dict that mating systems may differ between the
two groups listed above, with male-male com-
bat restricted to the former two genera, but we
have no information with which to test this
prediction. Other aspects of sexual dimorphism
remain equally elusive. Relatively longer tails
in males than in females have been previously
reported for Toxicocalamus (Bogert and Matalas,
1945) and this phenomenon is widespread
among snakes in general, probably for several
reasons (King, 1989). Sexual dimorphism in rel-
ative head length (as we documented in Aspi-
domorphus and Toxicocalamus) is also relatively
common in snakes, and may be related to sex-
specific divergence in diets (Shine, 1991b). In-
terestingly, although males have relatively
larger heads than same-sized females in both
of these groups, the direction of body-size di-
morphism is different (males larger in Aspido-
morphus, females larger in Toxicocalamus). Thus,
the effect of the relatively larger head size in
males is to amplify the sex difference in mean
head lengths in Aspidomorphus but to decrease
it in Toxicocalamus. Unfortunately, data on the
diet of these snakes (Table 2) are too fragmen-
tary to provide any useful test of the hypothesis
that this divergence is related to divergences in
the sizes of prey items consumed by the two
sexes.

Lastly, we emphasise the ecological diversity
that our study reveals among the endemic Mel-
anesian elapids. The five genera we examined
varied considerably in absolute size, in the di-
rection and degree of sexual dimorphism in body
size and in relative head size, in diets and in
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reproductive output. Our analysis certainly un-
derestimates the ecological diversity among this
group, because we were unable to examine rep-
resentatives of several species that have been
inferred to display unique trophic relation-
ships, based on the morphology of their feeding
structures (e.g., Parapistocalamus, and some taxa
within Toxicocalamus—McDowell, 1969). Infor-
mation on these taxa, and more detailed data
on the behavior and ecology of all of the Mel-
anesian elapid species, will be needed before
we can obtain a clear picture of the overall bi-
ology of these tropical snakes. If we are to in-
terpret the functional (adaptive) significance of
the traits concerned, we will also need a reliable
phylogenetic hypothesis for the group (Harvey
and Pagel, 1991). Our study suggests that trop-
ical snakes may indeed have distinctive ecolog-
ical characteristics, but it also throws into sharp
relief the extent of our ignorance about even
the most abundant tropical species.
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