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Mass rs prohbly the single most important
co lar iate of an organism's other biological
v a r i a b l e s  ( M c M a h o n  &  B o n n e r ,  1 9 8 3 ;
Schmidt-Nielsen, 1984; Caldet 1996). Although
there is a yast amount of raw data on mass foi
Austral ian vertebrates in the l i terature,
unDublished theses and researchers' notes, little
ofthis information has been collated and
sunmarised. ln this paper we analyse published
and unpublished Llara on mass and leng$ in ten
speciea of Ausralian elapid snakes in order to
determine the nature ofthe allometric rclation-
ships and whether sexual dimoryhism exists.

MATERIALS AND METHODS

Data on mass (qm) and snoufvent and tolal
lensth lmml weri srthered liom the litcLanre
and-our oM notes (i'or oricin of R Shrne s data
and up-da1ed identificalions, see Shine 1977 and
1989;resp€ctively). A11 data wcre transfomed to
base 10 logs pior to analysis.

The relationship between mass and lenelh was
analysed initaiLy foreach sex using least squares
resression. Ihe comDarison bct$een mass and
eaih measure of length between lhe sexes was
e\amrned using analysis of covffiance sith
lensth as the covariant and sex rs the t-actor'
Ho;oeeneiw of residual mean squares of the
reeresiions ;as verified prior 10 the ANCOVA
,qi i  anaLvsis was done usLng SYSTAT 90
)oR$are. The 0.t5,  0.01, and 0 001 le\els oi

significance are indicated by *, *+ and ***,

respeclively.
Mrss data $ere rejected if the specjm(n $as

known io be sra\id. alrd total lensth dala $ere
,ejected if th; specimen had plrt of the tail
mlsslng.

RESULTS

We found unanalysed dara suitabte fbr
regressjon analyses oflogmass on log_length for
l4DoDulations olten specres oi Arrsnalian eLapro
snatei. Data su$cient lix a comparison of the
resressions betlveen the sexes ofthe same species
w;re available for nine specics (a11 except s,1d
srra which was only represented sufiiciently by
males). Tbe results oftbese analyses are given in
l a b l e  l .  W e  a l s u  i n c l u d e  f o r  t h e  s a l e  o f
comDleteness, but do not discuss, some basic
resr;ssion s€risdcs for I canthophis antarcticus
qfrich are the onLy previously published results
$irh possrble rele\ance for al lometr)  in
Australian elapids.

The dara are of!uriable qualiry for rhe purposes
ol ou anal)sir .  For e\rmple. $e dtcounr dara
for anv sex based on fewer than ten specm€ns.
we alio discount the data fbr the femata ivrtecrtt
dre, as r l .ey almosr .errainl)  include gta\h
inJividuals.  Thc 'pecimen. were col lecred ir
ocr iod ol  l9 October ro l5 februrry,  an(
: l rhoush no rore $as made ol  $herher lemale. '
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appenred gra! id or not (Mirtschin & Bailcn 199(
f ie c, , l rec. ion perioo c, , inciae, " i .n r i l . iepro
Juclr \e\rson (Shine, l , )8-br Wert.odr c;Lnr
lh.  ddla for Au.thlap: ."pc,bL. l -otn Ki.E
rsJrno oue t , ,  t ie Jpni renr roundrns ^T oI b"rh
lengrh'  Jnd q( ishia, r fe l rncr in .nrnr cas<"
apparcntly to the neare$ 50g (Fcarn, 1991). We
Jl,o cuLpec. rh.r  rhe relar i \el)  t .s r '  \atJc, ,of
temate '\tate, hi. s, utdtu, ftorn \4rtbou n( nry
b f  i n d i c d r . \ c o I d I a b p i c a l  \ d r i J b l e  t \ a . h a ' , , $ ,l . )o-.  lqqnr.  I  inal l ) .  $e norc l lat  rhc ldct ul
,mal l  fenale. n H, nn,r \  , , !aa,a. Ina\ dLlof l
horh rh( r l lomcrry and rhe .onn.]r is i r  r  $irh
males (dalaR. Shine). tn the folowiiediscussnn,
$e tur ro onr \ ide rh(.(  quatrt i \  d dd; I  indrLarcJ
byital icsinLhle L)and focxs on ihe Lenrdnder.

DISCUSSION
\,Iertodolog\Jl ly.  r . i .  . r  con. tare. ui  h bo,h

snoul- \enr length d I ,nal  Lensth rbour clrual l"cil rn ,r,ose ip.:" ;li(; iii. ;r;;i;,-i,H;;r
snout-venl lcngth has a lrigher vahe in thrcc
c6e. .  and lot r l  lenp h I , r . I  hrdher ratuf  n l \c
Jase5.  Hr '$e\er .  r r  no c l ,c  doe.  he dr . lcrcnL.
exceed 0.01 . l'xllhermore, both leneth measures
ei \ ( rhe arne indrc,  ion oJ i , tomer i \  ina c j , ( r
exccpl for P,.rd,, rl' porflrJ, /r, .. f-onr \(\\
fn-o l ! rd I  or  (Jc1ce\  rn lh .5.prc ie5.  rh. .dJ ldt , ,
the tolal lenglh indicared ; rctariv€lv tarser
incred,c i  I  mr(  $: r i  tengr f  uran J id sni : r  r inr
lersLn Thi .  could hc oue ro I  ret r | i \e t \  ,dr lcr
increr .e in  rnr .s  of  r , ,e  ra i ,  h  t  ,er .gr ' i  in  r -h, ,

Ihe c lar ior . \ rp oerqcJ Ina. \ .nd te |$\  i l
\Lnra l i . ,n  c lJp id. ( ]n be in  po. i I r . . r  o i rcrn
i .unetry ur  nesat i \e  a l tomctr f .  dcfendrr .S "n
spcrre.  l to$erer .  r . , tnetD r .  lherno. t  rorn r . , ,n
lomr ' ,1  i l lornc lD.  oc(u-r ing r  2 l  o t  1_ cacc,
(  to ld l \zmple"  dnd Lombined \ \e5e\(  uded
rePaf l \c  a on) f tD oc.uA In rcr  cd.e. ,  Jnd
p'  r l r \  e  r l lurnetr )  . , .  cw.  in . i \  (d ,c . .  In  r (nn. ,  o-
rhe l ind ot  r l lom(|n,  lhere i .  no J i . lerenc(
betqe.  n rhe ,cre.  o larr r  .peL c" .  I  hercfore $e
,sume rhal  lor .Decrec uore.enrrJ adequaeh
ny.  oruy nne \e\ .  l re  d l  ometr)  o l  l r  

 

,J \  i .
In(1rcal|\e tur tire slrctes.

Tn rermr nf  r le  k ind ot  J l 'omen\  l . ro$n.  th<
onl)  conpdrrb le datr  re.  $e a"e auarc ot  rs  r far
for 12 species of North Aflerjcan colubdds. x
Sroup sf ich r .  . i rn i tar  in  shdDe ind ecolL, ! \  r , ,
Austra l iar  e l rprd. .  the drra ior  r fere .p i i  ie ,
q<re based on conrbinedse\c\. but the! indicarcil
rhar  r r ,e  md. \  on lengf  re l r r ior .h ip urs i
, ,ome,D in r l  " tec ie,  anJ in  negi , i \e ;  t , ,nern
1r atlty oae. Heteroda1 rtorylrt,,tr ((au1,inrn &

C;bh,  ns.  lo-5r .Hencei lnrr t  h f  r iJr  rs . ,melr l  i ,
wLdelilead Ln rolubroid' shoped sfakes.

. Assumrng that isometfT is the null conditior,
r lc  crse5 ot  negr . i \u  and po, i l : re  d, l , ,mem in
Axstralian snakes arc of inlcrest. Nc,:aii\,c
r l lomr l ry  ocLur.  in  H.  ry tu,pt :  : ighatJ.  \ ;c .  h t ,
\ .d t r t r ,  I to t r t  lhe \eq Lnq.  J  area.  and
P". rs"ra dni r i  Po. i . r \ .  r . ior rLr l  occLr .  i r l',to^.hi: - drotu, Fonr \4ctbounr(, p,c/J-, rl'
paryhtriacus fjol]lr Macqua e Marshes and, rn
renn.  o l  ro la l  length un, ! ,  in  p oorrhv,n." :
horn \ ($ I  nghnd $e h i \e no c iDtan" i ' rn  tur
l 1 { , e d . n c - r n c e c . b u r  r l e n " r e o t  L h c p - a r r i c a t a ,
$ e l l  a r  t r r e  b i o l o g r c r r  . n r f  i c  i o n .  o t  I n c
dr l l ( rcnre bcfseen rqu popLr l i l ior .  o t  rhe or , .
speues, N o te c h is s cutatus.

Diflercnces behaeen rhc sexes in rhe el€,r'ations
in lhe s l ,  p$ occur ,n r l ] lcc \pecre\ '$ i lh  hor l l
ncr \Lre o l  lenqlh in  4 , t /c lap,  t rn\at t  and r l
Nut , ,  h^ , ,u tah,  f tom r fe \ is  Lngt ind r r ( . ,
and ln luhlJl lengrf in Heniasp,: da.-n,ti Hot,-
cver, in the latter two specics, rhe difTerencc u
ele\ i l iorq i .  s . . l rgnr  lhat  sr  Jre reruc lanr
lnlertrRr(r il. Tl) lhe ca.e ot 4t/,h tar' r.nnr t-iti\
c ledr  or  borh rnea.Jre,  " r  .enei t r  f i " r  r ;a*  t
relativcly grealcr in natcs than in femates over
r r , e ' n i d d l c i r d  J r g e e n d o r l h e . i , , e r i n g e , t  r g .  t l
I  nr .  md) r ' .  uue lo mure.  o '  den.er  mu\c le mir .
: .  l r r ,  r e J c n t l y  b e ( n  d e n . n . r r d r e d  i n  r w
colubr iJ .  and  ̂ ne \ rper iJ  in  furupe rBon. ,er  ( l
a l . ,  1998).

The only species in which rhe residual mean
,orJrr .  o l  rhc regess, ,ns tbr  eJch 5( \  $er .
. ign i l ic rnr l )  d l f fere r  qus r , .d . tc .ht .  pot-
pht ,  iJ ,  u \  l tant '  t le  Nes I  nptr rJ  area.  lh<
u r e r o r a r r . d  r a r r a r . e  i n  r d , ,  $ a .  . i g r  t : . ? n l t )
h igter  i1  n r re5 rh,n in  lemi te,  in  \ i i t r  tenFn
r.er . r re5lTrh le l l .  \s i i r  $e a. (  undbtc ro o i ie .
a  b i o l u r i c d i  ( \ p l r n ? | o n ,  b u r  $ e  n , , r c  r n .
nJ l .s l icr ' inp l  c , r :ons lbr  urhersrLJ iesor  { . \ud
dimorphisn in mass on lenglh .elationships.

Th!  mc( on enCrh rJSre. . ioa"  eramrn(d her(
lorm a d inr i l ru  i . ,n  o i roJ! l r l )  5  In tar  r (grc\ , io , l
I n e 5 .  r , , u k r r g n u r e c t o \ c t )  d r  I n a t $ o n r \  t r o n l
rhe l ] - |ge\r  dJrd.er \  rbc. ica l l )  rhe Sf  ine ddr i l  rnd
rc. r rc t r rg lhe dr)a l ) , ;s  lo  .nouFvent  leneth .or
. i r r r l i ( r ry ,  'de.  rh.  bounddr,es o i  f i i ,  d i .
t r ibur i ,  n  of reg 'c$ion '  re .  i re  q(1 by t ,spc/ar \
r a , / . J r l  o n  r h c  r e l a r i \ ( l )  h e r \ r  c i d e  a n d
Ptcu. lunaja / .J / l / l \  ( rorr l  .an ntcJ on th<
reiJr i \e l )  . rof  r  r ide I  F: ;  2 ' .  Trre regre. . ior  t ine,
ol Lhe lnJre\ or H.nir,pLr Jrcnnli. H ,i!,nn
"rote, hi, " uun,. Para,in.tar rirnd p\,;4, ht\
ro '  pht  / ;acu, tnot  l tguted r , ,  ar  o id cro$dinq)  fat .
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FlC. 1. Plot of log mas on lug toinl hngth fo borh
se\et of Atsrretuh tonsarl trom the Ne$ xngrano
a.ea ofNow South Wales. o:males, : = fdales.

between the regression lincs for Austtelaps
ransati and Pseudotaja textlis. ln manv wavs
these latter two taxa rcEesent the near exreme
ends ofthe ranse ofd i! ersit] ol ac ti! e-searchi ng'
surface d*elline {ustralian clapids For e'(-
arnpLe. the former occurs at relati\el] high
altiludes with shorter, cooler growmg seasons,
feeds largely on frogs and is live bearing (Shme,
1987a) whercas the latter occurc at lower altl
ludes $ith a Longer. \aarmer gloring season,
feeds lars<lv on reDtiles. birds and mammals and
is ese la-};s tShine, Lo89). We do not knos
" traliissic a,fierences na) be contriburi ng to the
overall djtrefences in nass in these fivo specres.
Ho$e\er. rt rt is fat, the hcal ier bodt in tlre
. rc . re,  occupying lhe cooler  c l imale wth lhc
shoner sruwins season makes adapn!c sense lr
it is nusrle, ahe hca!rer body rn thc species
hunt ing the gencrat l t  less ac l i \e  pre]  anLI
carrvin|l the reproduc tr!e load lor longer penuos
is aGo eroected tthe mass on lensth difierences
in the feniales ofthe t$o species are almosr, bul
not ouire. as $ell \eDaraled r' in lhe malesr' Uc
.usp;Lr rhar D"ryd, alJ p,a nnopht: and perhap'
Ofl\ranu' . utellatu' sould be e\ er lrgnrer ror
lheir lenrrh lhan is r,?udohaid lertilis. but \c
lack the dala to tesl thls.

This review ofmass and length data for Aus'
rralian elaDid. \uece\ls to us se\erar $a)s lo
impror  e Lhe quat i ry  of rhe5e l ind '  o l  dala f i rs l
rh< r ! \o  m(asures o l  lmglh u 'ed.  rnoul {enl
lengrh and ro la l  lenFh.  ate aboJl  equal ly  'obusr

LOO SNOUT.VENT LENGTH

FIG 2. llot ot loe mds un log snour_venr leng$ ior
mdles of A,"D?/apr rrnsayi tal and Pseudanata

in their relationslup withmass Hence although
both nersures are usually taken, e ither witl do by
iiselt Second. data on mass and lerglh are most
useful if sDecimcns with potential confounding
feature\ ar'e noted. Specilically. specimens $-ith
missinstails. jnob\ iouspoorhealth,recenrly red,
or sra;id should h € their condrtion indicated
Sexes should also be deternined. Funhermore,
tle larser the samDle size, the smaller rh€
samDlin; area. and the rnore conshained the col-
lectr'ne ieriod. the hghter the mass on tength
relariodhiD is likcl! to be. Finall), ir $ould be
\ erv u.ctuiro h3\ e;ddi l ionaldara for rhe "mal ler
speiie" of elaprd.. as lhe currenr ddta ser is
primarily for large speoes.
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fABLE l. (cont.)
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