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ABsrMo. - Do the €.ologi.al traits of ttupical snak€s dilf€r from those of r€mpe@te-zone 3pe.i€? We
eranined preerved specimens in muserms to quantify body sizes,sexual dinorphism,dieiary [abits, anil
reproductive cycle oI the proteroalyphous snake lineag€ endemic to New Cuinea and th€ Solomon Isl.nd6
for comparison with previowlt-srudied A6lralian and Asian sp€cies, The Melanesian snakes conpri* a
divers€ Sroup in rerns of body size (adultsizes from <50 cm to >1m€r€r),boily shap$ (Blender to heavy-
bodiedrand behavior (noctlrnal to diumrl). Malesattain largersiz€s than do femaLs in Aspidomoehts
and Mi.rop€.nis, but th€ rev€Fe is true in LoveriaAelaps/ Stlotuonelaps, a^d Toxico.alanus. Aspi.lo-
morphus a d Toxi.o.alamus show signifi..nt s€x differ€n.es in relative herd length, but specie in rhe
oth€r aen€ra do not. All taxa for which w€ h.v€ data on reprodu.tire mode ar€ oviparo!3, and pro.lu.e
an average of 3 to 9 laige eggr pei .lutch, Rebriv€ ro mat€rnal body sizeo/ Mel.ne6ian clapi<b have
significantly snrll€r ctutch$ than do A6tralian elapids. Th€ two sraller-bodied Ben€r. showed di€tary
spe.ialietion (on eadhworms by loxi.o.,l,nd, and oa 6ki,^k by Aspi.lotuorphusl, Taxicocalanus .^d
th€ lijian Oarodor .r€ thus th€ only Old World €lapids ro speciali6e on invertebrate pfty. The larg€r-
bodied taxa (Lovendgelaps, Midopechis, Salomonelapd h.ve more Aen€ralised diers, con6i6ting?rimarily
of lizards and frog3. T[e distinctive features of the Melanesia. el.pid fauna (low fe.undiry in all raxa,
and €.rlhworm-€atina by Toxi.o.alamls) m.y red€.r ad.ptarioN to tropical habitats, but g€neraliz.rions
about th€ ecological adaptations of tropical snak€s rem.in elusive.

phiids (Dunson and Minton, 1978, Voris and
lanc, 1979; Voiis et ai., 1978) and laticaudids
(Pemeta, 1977, Rad.iiffe and Chiszar, 1980)
from the Pacific Ocean, and teirestiial taxa fioh
Nof th Amer ica ( tackson and Franz,  \9ar)
Creene, 1984) and Australla (Shine, r994a).
Howeve!, ecologi.al data are s.arce for proteF
oglyphs frcm Ceniral and South Ameri.a, Af
ii.a, Asia, and Melanesia, despiie the high di
versity and abundance of elapid snaNes in all
of thcse regions. Available information on the
ecolo8ical attlibutesof proteroglyphs from these
areas (as for most tropical snakes) is based pri-
marily on anecdotal reports, usually from ie
Sional faunal guides (e.9., Bran.h, 1988)or tax-
onomic revisions (e.8., McDowell, 1959, 1970,
1984). The ecology of t.opical snakes remains
virtually unlnown, relative to the information
available on temperate zone taxa (Parker and

The tropical oceanic clandslyinS to the north
and east of Austlalia (New Cuinea and the Sd
Iomon Islands,.olle.tively called Melanesia)
contain a diverse ariay of elapidspe.ies, which
.an bedivided into two maingroups (e.9., Cog-
ger, 1971). The 6fst g.oup consists of Melane
sian €lapids that are .losely related to (conge-
neric or.onspeci6. with) Austraiian iaxa (e.8.,
A.anthophis, D.nahsir, Ar!uldnus, I,seud.noja,
Prc!d.c/'s). Indeed, some spe.ies (e.9., Pseldo'
,d/, r.rt,l6) m ay have invaded New Cuinea from
Australia only rccentLy, perhaps thlou8h direct

A tropical animal hay be evosed to very
difierent selective pr€ssuies than its iempente-
zone .oDnterparts, because of distin.tive fea-
tures of .limate, resource availability, interspe
.ific competition, and predation in the tropi.s
(c.9., Tinkle, i 969; Tinklc ei al., r970; Fiich, 1982).
Hot conditions throuShout the year nay permit
yearround activity, and hence accelelate growth
rates and the attainment of sexual maturity
(Ianes and Shine, 1988). Expansion of the rime
peliod each veafover which embryogenesiscan
p.oceed, may .emove the main limiting factor
thai constrains reproductive activity to b.ief pe,
riods in most tempeiate,zone rcptiles. The con
sequent potential for multiple cluiching may
favo! lowcr reptuductive exp€nditure per clutch
(Shine and Schwaizkopf, 1992). High spe.ies
densities oi potentialprey types in tropicat hab-
i ta tsmaypiov ideoppoi tuni t iesford ietaryspe-
cialjzation in ways that aie not possible in re!
atively sp.cies poor iempelate-zone habjtais
{Vitt, r 987). Ava ilable data tend to suppoit these
p.edictionsi for example, .lutches iend to be
stualle., relative to maternal body size, in t.op,
ical lizards (Barbault, 1975; Rand, 1982; James
and Shine, 1988) and snakes (Dunham et al.,
1988; but se. Aldridge et al., 1995).

Pioteioglyphors venonous snakes ('e1a,
pidJ') are widespread in both marine and ter
restrial habi tais over most tropical and subbop
i.al parts of the world. Detailed ecological i;
lormation is available on some marine hydro-



ECOLOGY OF MELANESIAN SNAIGS 239

transpo.t 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-
ro zoi. raxa I Asp i d a n o ry h u s, P a r a p i s t o c a I a n t s, ̂ d
Tort.ocalan,s) as well as lar8er and mole for-
midabte snakes {ro,?rdgetaps, Micropechis, a d
Snlomonclaps). The present paper focuses on rep-
resentatives of these endemic Melanesian lin-
eages, be.a8e these tda are the ones that should
show distinctive "tropical" characteristics, if in-
deed such characteristics exist. Ou study is
based primarity on our examination of pre-
seNed specimens in museum collections. We
also review published literature on theecotogy
of these poorly-known snakes.

MATlirar,s aND MlrHoDs

We examined aU available sPecimens of the
endemic Melanesian elapids in the collections
of the Australian Museum (Sydney), the South
Australian Museum (Adelaide), the Bernice P-
Bishop Musel1n (Honolutu), the California
Acadeny of Sciences (San Francis.o), and the
Field Museum of Natdal History (Chicago).
Presened snakes were firet measured (snout
vent length, tail len8th, head length lalon8 the
lower jaw, fron the iip of the snout to the quad-
rate'articular projection at the red of the jawl,
md head width lacross the widest Pari of the
head, between the two quadEtesl). A nidven-
tral incisionwasmade to revealthe Sonads and
alimentary tract, and we le.orded sex and re-
productive status. Males were scored as matur€
if they had large turgid testes and or/thicken€d
opaque efereni ducts. Females were scored as
mature if they had thick muscular oviducts, vi-
tello8enic follicles, oi oviductal eggs- In some
poofly-preserved specimens, where the Sonads
were not distinguishable, we dissected the tail
base and looked for hemiPenes to determine
sex. We openedboih the stomach and the hind-
gat to search for prey items, any items found
wele lemoved for later identification.

Because of the paucityof informationon most
of these spe.ies, and the limited numbere of
spe.imens in museum collections, we suPPle-
mented ouJ museum data from two other
soufces. Iirstly, we reviewed published lilera'
ture to obtain records of ecological faits (es-
pecially, prey items oi reproduciive activity) in
the endemic Melanesian elapids. Secondly, we
coEespondedwith people who have firsFhand
experience with these species eiiherin th€ field

RISUI,TS
(1) Aspidotnatphts spp.-we obtained data on

three species of small nocturnal elaPids within
this genus. Little seems to be known of the

natural history of ihese snales. Parker (1982)
noted that ,4. nkilcli is a secretive terrestrial
specier living in the forest under leaflittel and
logs- M.DoweU (1967) suggested that the sexes
of A. lineaticollis may ditrer in .olof, with a "con-

color" morph apparently occuuing only in
nales. In the sane paper, he noted a strongly
male-biased sex ratio in collections of A. ftrel
ler,. The sme pattern was evident in our own
data (Table 1). McDowell (1984) recorded a skink
tail and a skink (Sprrronolpl,ls) in stomachs of

Our data show that males attain signifi.antty
larger body sizes than females in two of the
Aspitloftotphus species, and probably in the third
as wetl (Table 1). Forthe two species for which
sufficient sample sizes were available, we used
heterogeneity of slopes tests and analyses of
covaliance 10 investigate whether males and fe-
nales difier in shape (size of the head and tail
relaiive to body l€ngth) as wel16 absolute size.
For ,4. lineal,coils, these tests revealed that males
had lon8er tails than did females at the same
SVL (with sex a6 the factol md SVL as the co-
variate: slopes are homogeneo$-FE : 0-34,
P : 0.56, but intercepts d\lfet-I e : 22.7, P <
0.0001, Fig. 1). Also, heads of males were both
longer (slopes F,n : 16.20, P < 0.0007) and
wider (stopes FF : 6.23, P < 0.022) than were
those of females at the same body length (Fi8.
1). Head shape (length relative to width) did
notditrelbetween the sexes (slopes Frrr = 0.51,
P : 0.48; inlercepts FE : 0,05' P = 0,83), Sexual
dimorphism in relative body proportions was
less extreme in ,4. ftrelleri, but still statistically
signi6.ant. At the same body lengths, males and
females differed in tail len8th (sloPes FFo :
1.21, P = 0.28; inrer.epts FD' = 4.42' P < 0.05)'
head length (slopes F,. = 2.50, P: 0.12, intef-
cepts F,3' : 4,25' P < 0,05) and head width
(slopes F,r = 2 31, P : 0.14, intercepis FF, =
5.81, P < 0.03). As in,4. heall.oll6, head shaPe
(lengih relative towidth) did notdifferbetween
the sexes (slopesFl$ = 0.12,P:0.73; intercePts
FLy:0.49,  P = 0-62) .

Giavid females of both ,4. lineoticollis and A.
mrellet contained thick-shelled oviductal eggt
confirning oviparit. in both taxa. Clutch sizes
recordedinfemaleA. n!.llenrangedfrom three
to f ive (nean:3.5,  sD = 0.84 N:6)and were
signifi.antly correlated with maternal body 6ize
(r : 0.88, P < 0.02). Fenales of the smaller A.
l;fle4ticollis contained two to four eggs (mean =
2.7\,SD:0.95,N = 7), and clutch sizes were
conelated with maternal body size in thb spe-
cies also 1r = 0.83, P < 0.02r). one female,4.
scnlsSelii contained two eggs, and another had
thiee 20 nm ovarian follicles. Female,4. liflea-
, r .o / r r .  w, '  h  ld .8e (  10mm)vi te l logeni .ovar ia!
fo l l ic le< or  ov iducta l  eEgswere col lected in  Ieb-
tuary, April, May, and August, reproductive,4
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TaBLE 1. Sample sizes, body sizes and sexml size dinoryhisn of six sPeoes of Melanesian elalid snakes,

base.l or €xanination and dissechon of museum spe.imens SVL: snout-vent length, in mm Last three

.olunns show resulrs from statisrical tests Ior tle P.esence of siSnili.ant sexual dimo.Phism in mean adurt
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,leilst were fecorded in lune, Novenber and
December. This aPParently aseasonal distibu'
tion of records susgests that female reProduc'
iive cycles in ,'lspdoftolPftrs are either aseason-
al, or ale asynchronous in different Parts of rhe

Apalt flom one feather in a sPecimen ot A
nr.lkri all of ihe prey items we identilied from
Aspidonotphus were scin id lizards (N = I 1 for
A. lineatiollis, 74 tor A- lnuelleri, and 2 for A
scllsrsli: Table 2). The skinks consumedin.lud-
edsurfacea.tive diurnal heliotherms (e 8, Car

" % a  '
t 't ' '

Frc. r. Se^lar d,morphrsm rn bod\ pro portions of the New Cuinea elapid snake ,4sPidonorPhus line4ti'al|i\

AL  eou iva len l  bod\  ,en i  re  na le"  tc i<  e ' l  la r .  onger  l . r l s  thcn  do  i "nd le '  /do  J  and thP heads or  mc lP '

- .  * r "  toncu arc  w i *  th "n  a  e  rhos"  o r  rena les  see te \ '  lo r  s .a rFh ld '  teq  s  o f  lhPse >e.  d i t re rPn le '
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la and Emotr) as well as crepus.ular semifoe
solial taxa (e.9., Sprtnoflotphus: 

't able 2).
(\\) Lauridgeldps etopoides.-These lar8e and

colorful snakes ale crepuscular and nocturnal
in habits, and are most often encount€r€d in
forested areas adjacent to streams. They spend
the dayliAht hours in leaf litterandunderfallen
logs (McCoy, 1980 and in litt. ). McDowell (r970)
recorded a typhlopid snake in one 8ut, and a

The sinSle mature male that we examined
was much smaller than any of the five adult
females (Table r), suggesting that femalesatiain
largerbody sizes in thistaxon. One fenale (1092
mm SVL) had nine larae (23 mn) ovarian fo]-
licles. The stomachs of two rot.r'd8ela/s con-
tained colubdd snakes, and anothe! lo?e/'dg,
lnps contained s.incid scales in its hindAut (Ta
ble 2).

(|ti) Micrcpechis ikaheka. This lafge, heavyset
elapid is semifossorial and pdmarily nocturnal
(e.g., Coggei, 1971, Slater, 1956; Palker, 1982,
O'Shea, 1991). However, H. G. Cogger (pers.
comn.) found one specimen basking in sun
LiAht in the mid morning, and Hudson (1988)
has speculated on possible semiaquatic habits.
Mirotechis is widely distributed across New
Cuinea, especially in coastal forests (Cogger,
1971). Specific records of dietary items fof Mi
.ropacr,s include the terrestrial boid Cardou rs
perd (H. G. Co8ger, pers. comm.j O'Shea, 1994a),
the skink Sphenotnaryhrs ./obi.rsis, iwo scincid
tails (McDowelL 1984), the colub.id Stqorotrs
and an unidentified snake (C. MenSden, pe!s.
.omm.), the largeskink Tilttra gkas (H. G. Co8-
ger, pers. comn.), and a large ealthwoh (Pai
ker, 1982). O'Shea ( 199ab) reported .annibalism

Males attain much larEer body sizes than do
f€nales in this species (Table 1). However, the
bodily proportions we measuf€d were similar
in the two sexes. At the samebody lenSths, male
a^d fenale Mic/opech)s did not differ in tail
length (slopes Fro = 0.88, P : 0.36; inter.ePts
F,j, : 0.11, P = 0.74), head length (slopes F,.s
= 0.10,P = 0.76; in tercepts F,r1-  2.59,1= 0.r2)
or head width (slopes F,i = 4.08, P : 0.052,
intercepts Id : 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 FF : 0.004, P : 0.98).

Oviparity was confirned as the reproductive
node for M. ikar.ta, based on thi.k-sh€lled ovi-
du.tal eggs, and fecords ofoviposiiion by fresh-
ly-captured females from Karkai Island in O.
tober 1965 (H. G. Cogger, pere. .onn.). Seven
adult female Mi./op..l6 had.lutchsiz€s of two
to seven eggs (nean : 3.86, SD - 1.57). Clutch
sizes tended to in.reasewith matemal body size,
but this trend fell sho of statistical significance
(r = 0.73, ]r : 0.061). Oviductal esgs ranged in

size from 40 x 29 mm to 65 x 18 mm. Large
vitellogeni. follicl€s (>30 nn) were recorded
only in August, Septemberand November, ovi-
ductal eggs in August, and oviposition in O.-
tober (see above). Unfoitunately, few adult fe-
males were .ollected outside these months, so
we .annot infei anythinS about seasonality of
reprodu.tion in this taxon.

We recorded one frog,10 skinks, two snakes,
and two mammals in alimeniary tracts of this
species (Table 2). In conjunction with the pub-
lished and other (pe$. conn.) r€cords re-
viewed above, thes€ data suggest that Mt.ro
/d.r^ has a very generalized diet. Although
scincid lizards may be the most important pley
type, these snakes appeaf to be willing to con-
sume any terrestrial vertebrate (and PerhaPs,
large invertebrate: Parle., 1982) thai they can

(iv) salanatelaps par. These hedium-sized
terrestrial elapids are less fossorial than most of
the oiher endemi. Melanesian elapids; they are
diurnally active wide-foragers, inspecting crev
ices for poicntial prey iiems as they move
through forested areas near stieams {Mccoy,
1980 andin litt.). Mccoy recolded a skink (rnola
,rgrr) and frogs lPldtynantis a\C, Csatobaho
d,hrs) as piey itens fo! 5rlo,ror.ldps. McDowell
(1970) listed the fouowing prey records: one
with a fish, one with a large beetle, 12 with
lySosomine skinks; seven with frogs (Plttytra,
tis anC, Ce/dtobatrdchts, two with typhlopid
snakes; one with a gecko, and one with ihe tail
of an agamid liza.d (probably Goniocephohs).
Based on their stoma.h .ontents and eye sizes,
McDoweI (1970) inferred that sa/orror.ldps is a
surfa.e-active pledator that feeds in the litter
of the forest noor. He interpreted the high de-
gree of morphological variation within Salo
norelaps as a relle.tion of the lack of competi-
tion from other, moie specialised snake taxa.

Our data show that female Salonoreldps grow
much lalger than conspecific nales (Table 1),
and have reLaiively shofter tails (slopes Frs :
2.79, P:0.10;inter.eptsI,. = 28.35,1 < 0.000r).
However, males and females have similar h€ad
sizes at equivalent body lengths (head length:
slopes Fra : 0.27, P : 0-60r intei.epts F,!. =
3.25, P = 0.08; head width slopes F,..r - 2.09,
r = 0.16; intercepts F,, : 0.70, P : 0-41)- Head
shape did not ditrer between the sexes (length
relative to width: slopes I,., : 1.89, P : 0.181
intercepts F14 = 0.19, P: 0.67).

M.Dowell (1970 and pers. conn.) recorded
ovipadty in this taxon: a female laid foui eggs
29.5 to35.0mm long,wiihpar.hment-likeshells.
McDowell (pers. conn.) also le.orded clutches
of three, four and seven eggs. Clutch sizes of
five S. par that we examined ran8ed from three
to 12, with an averaSe of 6.4 (SD : 3.65). There
was no trend for clutch size to increde with
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matemal bodv size (i: 0.01, P : 0.98) Adult
females with-1arse (>10 mm) ovadan folli.les
weie recorded iiom November and APril.

Our records of prey items for 5. /df in.lude
16 scincid lizards, one frog and one gecko (Ta-
ble 2).In combination with McDoweu's exten
sive fecords (see above), we con.lude that Sai
odo,elaps feeds primadly on lizalds (esPe.ially
skinks) and frogs, but i5 also Prepared to take
other ve ebrates (and aPpaiently, earthworms)

(!) Toriocdlon"s /ofi4..-we noted consid
erable variation in felative tail length within
the Tori.ocalrttrs we examined, and hen.e are
unconvin.ed that our samPle rePresents the
sinSlc species I  /o , ,ad.  However.  most  other
morpholoSical  {and ecoLosical )  t ra i ts  that  we
neasued were relatively .onsenative, and
hence we proceed with the analysis on the as-
sumption that we are dealing with a singie tax-
on. Even if we are in error on this point, it is
unlikely to modify ou! maior con.lusions.

The snakes of this Senus are small and fos-
sorial, and primarily collected f.om under logs
and in leaf litter (Parker, l982tT. Flannery,pe$.
comm.). Published dietaryrecords include nine
earthworms, on€ land snail and two fly laFa
(Bo8ertand Matalas, 1945t McDowell, 1969), and
three earihworms (G. Mengden, Pe$ comn ).
Female Torro.aladrs in our sahPle averaSed
signifi.antly larger than consPe.ific nales (Ta
ble 1), but had shorter tails relative to SvL (sloPes
F,  -  7 .  ro P 0.0 lc j .  I  endlc. r l 'o  hdd 'd" l ler
heads than did males of ihe same body lenSth
, h e d d  l p n S t h  " o P e .  f .  0 1 2  P  0 7 l  i n
rer<eprs I ,  r :  I7 .q4 l )  < 0.0005:  head width
slope; r,.,, : 0.30, I : 0-59, intercepts F,.,r =
5.42.  f  0  012) .  Hedd -hdPA ( l .ngth re lar ive to
w,oth)  d id rot  d: f fe t  belwpen the s""es rJoPe'
F .  "  0 . 1 1 . 1 =  0 7 2 : i n l e r . e p 6 F , . 0  0 . 0 1 . P
0.94).

Th,c l - ie  lcd ov,du. td l  eg8-  (28 to 15 mm
lonB) 'n  our  d,sseLrcd sPe. imen'  .onhrmed
MLDospl l ,  ( lqoo)  repor t  or  ov ipdr i l )  ds rhe
reprodu(( i !e  rude ror  lu , ro r raa! ' .  C u, .h
r /F.  o i  15 lorro, r ,u, .  rdnSed r rod one to
c i g h t .  h  i l \  d  m e d n  u l  q . q l ( s D  I 8 l ) . L a r F e t
fe;d le.  p.oou,ed r rgerc lutche. , .  0 .o4.  f
0 . 0 1 | ) .  l e m d l e .  h  i l \  p n l a r g e d  (  l <  m m l  o r d r
rdn ro, l ,c .e,  here recorded in FebrudD thruuSh
Vry.  A l  l ]  P.e)  i lem. rhdr  we reLotded $PrF
e"nhworm- L ldble 2) .  -u88el in8 lhr l  lox i '  o '
. , /a ,a,5 rped pr imdr i ly  {Perhdp.  e"( lL ' ive lv  i r
lhree edr l ier  'e .ord '  dre in  e. ror /  on ear lh_
worms.  L n l r \p  r l l  o f  the othpr  Melr re\ ian dnd
AustFlian elapids, Tntiocalanrs apParcnrty
does not Prey uPon vertebrates.

DIscussroN

Thp pr indr t  a ims of  our . ludy were ro do '  _

ument some asp€cts of the basic biology of the

endemi. Melanesian etaPids, and to compare
these tropical snakes with temperate zone ela-
Dids in Ausiralia- The comparison with Asian
;hpids js also of interest,sinie the phylogenetic
affi:;rities of the Melanesian taxa may lie wiih
Asia as well as with Australia. However, th€
comparison with the Australid elapids is the
strongest, be.ause the Asian fauna is less sPe-
.iose, is entirely tropical, and is Poofly-known
in compadson to the Austlalian elapids Not
surprisinSly, our data reveal many Points ol
similarity between the endemi. Melanesian el-
apids and ihei relatives in other counhles
Nonetheless, there aPpear to be at least two
si8nifi.ant diffefen.es (i.e-, disiin.tive features
of the Melanesian fauna) as well.

(i) Drls.-It is possible to identify ecological
analosues of some of the Melanesian elaPids
anon; the elapids of Asia and Australia Thus,
for example, Asl,ilodolplls is highly conver-
geni with Australian elaPids of the Senera Cd
.oprd dnd fr,,d rn Lts morPhulogy coloration'
nociurnal  behavror ,  and sPecral izat ion on s. in-
cid lizards (Shine, 1980a, 1981). Similarly, rhe
medium-sized Salou rteials is a generalised di
urnal fora8ei that f eeds plimarily on lizards and
ftoss, like many similarly_sized elaPids from
Australia (e.g., Heni|spjs, Pse echs:9hi^e,
1994a). The apparent specialization of Ld"etd
e.lr"r o^ reDtilun Drev (espe.FUv snJkes?) mi.
iorr tt " oti"t'o" in oit "r:emir;ssorial elaPLds
such as the A6tralian vclni.ella (Shine, r980b),
and the Asian 8 ngdrus, Ca\iophis, a\d Maticoth
(Werler and Keegan, 1963; Leviton, 1964). Mi
./op..ra has a Scneralized diet, like that of mmy
large elapids from othef countries (e.8.,lrslr._
laps Shine, 199aai Nalt-werler and KeeAan,
l o b l r .  H o w e v e r ,  l h p m i \ r o h d b i l d r s u s e d b )  I o ,
.  ,4c lap d1d M.,o/p '  r r .  (c"pe. ,J l ly  thei r  aP
pdrent  re l ia .ce on ledf  l ' l ler ) .  "nd hen.e lhei r
iordginE bphdvio- ,  mdv be ra lher  d i f ferenl  l ron
rhdr  or  rhp more.ur ta.e dct . t . ldrsc e1dP,. l .  t ron
A. idrn. l  Au.r rd l i r  l re .umdbl) ,  lhe,dPor ldn.e
or  lear  - r ter  I 'ab i la t r  to  rhe M" l "nFsi"n.nal"s
ref lect5 rhc dodddnce or  lhe\p h.b i td l .  In  Mpl
a^e! id  rp l r l , r  p  to o iher  O,d Wot Ld ared.  whe_e

ts)  l r r  the mo. l  d i { inct ive td\on in  term'  r
d ie l ,  r .  lornr . , /d t r ! - .  The 'pe.r r l rzatron o l  lh i_
sro{p on invertebrates (earthworms and soft-boo, id 

in . " .  rs ;  i . ,hared oy on ly  o ic  orher  O d
Wor ld p lapid.  the endpmic l ' i r 'dn bold.  08f lodo,
,  n i " r r ' r luE dnd Inp.r  h,  lqo l ) .  l  hbdretdr \  s  m
.Ur. ty  (hu-  re,n lorces the 'ugSe5t ion ufa c lose
phy'ug"nel . ,  d t f in i ,y  bptween Osnoaon d^d
t , . \ i  o ta lof tu '  (BoBer l  Jnd Mdla la.  Iq4ci  M.
Dowel l ,  lso/ .  la6o) .  There dre ro inver tebrdtP
-pp\ i . l isG arons lhe d iver 'e  arrdy of  Ausl rJ-
l .Jn e ldpid. ,  ev"n dmong lhp manv smal l  lo-
sor id l  ra,d rhdt  'up"r6. id l ly  resemble ToYi '  o .  a-
lan,s {shine, 1994a). The Asian elapid fauna
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o Australia
a Melanesia

the deep fertile soils and high ninfall areas of
New Guinea, than in the relatively impoveF
ished soilsand dry climatesover mosiof main-
land Aushalia {Flannery, 1994).

(ii,) Reptadutian. Are ihere distinctive fea-
tures of the reproductive biology of the Mela-
nesian elapid3? Oviparity is widespread (p€r-
haps ubiq'ritous) in the Melanesian elapids, but
is also the most common reproductive mode in
the elapids of northem Australia (see map in
Shine, 1991a, pp. 109). Although some of the
Melanesian elapidsmay bf€ed overanextended
season, our results ale equivocal in this respe.t
and many northern Australian elapids may have
similarly long durations of reproductive activ-
ity (shine, 1991a). In terns of leproductive our
put, however, the Melanesian elapids are dis-
iinctive. Ail of the species we examined have
.lutch sizes that are lower ihan those of most
.ompa|ably4izedAustrahanelapidspecies. This
resllt is clearly evident fron Fig. 2, which shows
that the Melanesian spe.ies fall below the av-
erage size-specific clutch for confamilial Aus-
balian species. Analysis of covariance (with re-
gion as the factor, and maternal body length as
the covaiiate) confirms that this difference is
greatel than would be expected by chance
(slopes F,-{ : 1.26, P : 0.27, intercepts Frs =
10.97, P < 0.0015). This result mirrors that of
other workeff who have do.umented a reduc'
tion in size-specific fecundity in tropical rep-
tilet compared to confamilial species fron more
seasonalhabitats. The reduced clutch size trans-
lates into a lowe! relative .lutch nass (RCM)in
some of these taxa, bui is opposed by a con-
pensating increase in offspring size in othes
(Barbault, 1975, Rand, 1982; Ianes and Shine,
1988, Fo$man and Shine,1996)- We suspect ihat
RCMS may be lower in the Melanesian elapids
than in the AustElian species, based on our
obseryation that the Sonads (and, in Blavid fe-
nales, the eggs) occupy a relaiively small pro-
portion ofmaternalbody length. Dataon RCMS
and offspling sizes for these snakes would be
of great inierest, and help to clarify the issue
of whether the low fe.undity of the Melanesian
elapids reflects lower total investment per clutch
(perhaF related to a hi8her reproductive fre-
quency?) or simply a change in the packaging
of the clutch (into fewer larger ofispring).

Are.lut.h sizes consistentlylower in tropical
snakes than in temperate zone species overall?
Available data ale insuficient for ri8orous anal-
ysis, but the pattern seems to be strong. Al-
dridge et al. (1995) documented a significant
intraspecific diffelence in size specific fecun-
dity between tropical ve$us temperate popu-
lations of a natdcine waieBnake, and Dunham
et al.'s (1988)analysis of published data detect-
ed a significant difference in fecundity relaiive

o 20 40 60 80 100 i20

mean lemale SVL (cm)
Frc. 2. An interspecifi€ compa.ison of nean clutch

sizes relative to naternal body sizes Gnout-vent
length, - svr) in Astralian elapid snakes (.ircles)
and Melaesian elapid snakes (dots). Relative to na-
ternal body size, Melanesian species have smaller
clutches. See rext for statisti.al tests. Data lor Austra-
lian snakes fron Shine (1994a).

also contains fossodal spe.ies (Bh8dlas, Ca/lio
phis, Mati.otu),btt aII feed primarily on other
snakes, not on invertebrates (Wefler and Kee-
Ban, 1963, Leviton, 1964; Siowinski, 1994). As
farasweare aware, the only other invertebrate
specialists among ihe elapids are some species
of South American .oral snales of the Benus
Mt.r,/,s (e.8., Dixon and Soini, 1986). Hence,
inve ebrate-eating among the elapids appears
to be iestricted to tropical spe.ies, wh€reas this
is certainly not the case in eirhei colubdds o!
viperids {see below).

\Nhy d,o Toxlcacalantrs a d Ognodo, feed on
soft-bodied invertebrates, unlike any oiher con-
familiai tda in Asia or Australia? Invertebrate
eating habits are the rul€ in scole.ophidian
s akes (e.9., Raftphotyphlops-Webb and Shine,
1993), and invertebrates are also eaten by di-
verse lineages of .olubrids (e.9., Chiondcris, Col
lrel-WriSht and WriSht, 1957) and viperids
(e-A., Echis, vipera,rsi,ii-Duff-Maclay, 1965,
Baron, 1990) fiom a diveise ariay of habitats,
including dese*s. we have noansweras to why
such a diet is rare in elapids, and resfricied to
tropi.al tda within this group. The prevalence
of earthworms in the diet ot Taxiocoldn s,.om-
pared to pledaiion on vertebEtes by superfi-
cially similar Australian taxa, has inieresting
analogies in at least two other lineages.ln both
typhlopid snakes and monotremes (echidnas),
a New Cuinea species eats earthworms while
irs Austnlian relatives eat ants (Augee, 1992,
webb and shine,1993). These parallels may re-
flect the Sreaier abundance of earthworms in
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to maternal body size in troPical versus tem'
perate-zone snakes. Although a similar review
led Aldlidge et al. (1995) to conclude that troP-
ical species did not ditrer from temPerate sPe-
cies in this respect, their data reveal a major
dif{erence in mean clutch sizes (6.0 versus 18.3,
and an almost-signifi .antdiffelence insize-sPe-
cific fecundities (using lo8+ransformed values
fof both vadables: ANCOVAsiopesF@ = 0.58,
P = 0-45; slopes F,.. = 3.89, P : 0-058). Thus,
the apparent tropical'temperate fecundity dif-
feren.es in snakes wairant further study.

The paucity of information on behavior of
Melanesian elapids in the wild or in caPtivity
makes it difiicult to interplet other aspects of
their biology. For example, one obvious di-
.holomy in oul data is between those sPecies
inwhich males grow much larger than females
(Mtuopechis and Aspidonorlnrs), versus those in
which the femaie is ihe latqet sex (Latetidsclaps,
Solononetaps, Toxicocalanut. ComParative anal-
yses on other snake species suggest that large!
male than female size sually occu6 in sPecies
that display male-male combat durinS the
breeding season (shine,1994b). Hence, we Pre-
dict thatmating systems may differ between the
two groups listed above, with male-mal€ com-
bat restiicted to ihe former two genera, but we
have no information with which to test this
prediction. Othe! asPects of sexual dimorPhism
renain equally eiusive- Relatively longer tails
in males than in females have been Pr€viously
reported fo. rolno.a/afl !< (Bogert and Matalas,
1945) and this phenomenon is widesPread
anong snakes in general, probably for several
reasons (King, 1989). sexual dimorPhism in !el-
ative head length (as we do.umented in ,4sp;
donotph$ ^nd Toricocatdhls) is also relatively
common in snakes, and may be related to sex-
specibc divergen.e rn diets (Shine. lq91b). ln_
terestinSly, aLthough males have relatively
larger heads than same-sized females in both
of th€se groups, the dire.tion of bodyaize di-
morphism is different (males larger in Aslldo-
frolplrs, females larger in Toticocalaftus). Tt].us,
the effect of the lelatively large! head size in
mdle\  i -  lo  ampl i fy  the,e\  d, t rerence in merr
\erd lengrh"  in  ^ .p, /odo?, , r .  bu(  to decrea.F
\ t  n  loxrata lof l r \ .Untot lunate ly .  datr  on lh-
< l ie t  of  lhese snakes lTdble 2)  dte roo l ragmen-
tarytoprot idedn) cefu l tes lof  lhehyPolhesis
that  (h is  d ivergence i '  re la 'ed lo  d ivergenle5 i r
the. ize.  of  pre)  i tem'  con"umed b\  rhe ,do

La. l ly  h e emph.s i )e lhe e.o logMl d ivers i l )
rhdr  our" tud)  re\er lsmonStheendem,( \4el_
"nesidn e ldpid ' .  The 6ve generd he e\d ined
vdr ied co.) iderdbly in  dbsolute 5 ize.  .n  Lhe d i -
rection and de8ree of sxual dimorPhism in bod).
size dd in ielative head size, in diets and in

reproduciive output. Our analysis certainly un-
derestimates the ecological divereity among this
group, be.ause we were unable to examine reP-
resentatives of several species that have been
inferred to display unique troPhic retation-
ships, based on the morphology oftheirfeeding
struciufes (e.8., Palryrsrocdldftls, and some taxa
within Toai.ocdla?rus-McDowell, 1969). lnfor-
mation on these taxa, and moie detailed data
on ihe behavior and e.ology of all of the Met-
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) siSnifican.e of
the traits concern€d,we willalsoneed a reliable
phylogeneti. hypothesis for the Sroup (Harvey
and Pagel, 1991). our study suEEests that troP-
ical snakes mayindeed have distinctive ecolog-
ical characteristics, but it also throws into sharP
relief the extent of our iSnorance about even
the most abundant hoPical species.
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