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ADsrRAcr-Examinrtion ol specimcn3 .ollected tor thc inrenational learhcr r€de previrled dara on two
spe.ies of large, he.vy-bodie.l snakes: blood pythons (Pyth^i tidBnsha tJon notieastern bumarra .n.l
shorr-rnibd pythons (P .,/r,s) tem northwesrcn Slmatra. M€as8n€nt and disse.rion of 2063 U rtu,-
a?/smdi and 181 C &/trs revcaled bsad interspe.ifi. similarfties in moryhology (size, .hape, sexual .ti-
ho.phism), food nabits (fe€dinA lrcq!€..ies, rlieiary .omposition) and reprcdftrive ourlut kcprodudiv€
flcquencies, egg sizcs, ard .lutch sizes). Fcmales of both spccies artain larger sizes than males, marure .t
rarger sizes, an.l conlain larger ardonin.l farbodies, Pyrt'or .,/.,$ is moE heavy-bodied and longer-taiterl
than l? ,/o,g.rsrrat, dd frore heavily infcsrcd with Aur p.r itcs. Both species fecd atmost exclusivety on
.ommcn3al rcdents, fe€ding bles increas€ wiri bodt rize, dd var, \€aron. ). lkpr.duction is hiShly
season.l. Adrlt iemales repredfte bienniatly, pmd(cing an av€rnge.turch oI l2 ro:16largc (nern = s3 ro
90 d e8gs. Thc data also enable{s to.ommenl on the srsbinabiliry of lhe crisrina commercint k!de, which
is b$ed mainly on adulr maks, and aduit plus juvenil€ fcnaler Anrhrcpogeni. habirat modifi.arion (er,
pc.iaut the €stablishmcnl of oil-palm plarrarions) has increascd rhe abundan.c of rhese taxa. Alrhoueh
neithcr 3pe.ies is likely to b. cxtirpat€d by .urcnr levels of offlakc, we need a.ldftion.t information to
evaluate long-rcfr sustanrability of the .ommercial indr3riy bareil on rhesc an6tes,

The sl.ushter of wild,causht animalr ru pro-
!1de sk,n.. meat. dd medrcinil products iup-
ports a vast commercial trade (e.9., litzgerald et
al., 1991; Klemero and thorbiarnarson, 1995;
Roth and Mefirt 1997). Alihough h.aditional
harvestnlg of su.h resources hs bem going on
for a long iime recent years have seen a rapid
expansion of ihe hade jn some producis. At ihe
same time, many people have questioned the
ecological susiainability of high levels of com-
mercjal utilisation of w,ldLfe (c.s., Gioombndse
rnd Lusoore, 19qr creen and King, lqoj).
Unfortunately, we know so little abdt the un-
derlying biology of most of the harvested sys
tems that it is difficuli to evahate the degree to
which curmt offtake lqels will threaten pop-
rlation fiability. Optimal sustained yield h;s
proven difficult to determine even in systems
that facilitate accurate.ounb such as large
mamalian herbivores in semiatd nngclands
(e.9, Cdgg, 1995). The problm is exacerbated
in the case of poorly-known taxa (such as most
rephles) living in poorly-hoa'n iegions (such
as hopical forests). Until recenily, tlE ecology of
tropical repfiles has attracted veiy liitle studt
despite the faci dut sfleral of these tda are
heavily erploiied for their skins and meai
(Groombridge and Lurmoore 1991; Jenkins and

r Prcscnt address: IPK-Diponego.o Unilersi\r'fc
lambanS Campt sema.ang, ln.Gn.sia

Broa4 1994, Klemens and Thorbjarnarsor\
1995).' lhe 

derr6 or  , ' romdho- on the c.o losy or
l ,  op i .  d l  repr i  e-  hr .  medl t  thdt  ,pec, , la t  u; :  o l
lhe - r . l " ,ndbrLty of  .ne (umercd , . :d ,  , l
these animals have bem based upon extrapo
lation from better-siudied iempetate-zone t;a.
T l 'F potenr i r l  e1o\  Invol \ed n th i -  a l ,p ,odJ
arp ob\ .ou-  Cl imar .  rorrd r iors proroundt l
modifl many Life historl chdacteristi.c of ,ep-
tiles, including iraits thai inl'luence a popula-
tiorls capacity to withstand intense harvestin'l
(e.9.. age at maturity reproduchve irequenrv:
Frtch. 1482, iame\ and Stxnq 1981 to88t Also,
the kopics contirn many reptilian hneages not
rep'e.otea ir rhe tempe,ati-zone so thir eco-
logical nlferences about the h.opical fauna must
be based on eitrapolation fiom distanrly-related

The urgent need for inJormation on the har-
vested repiilian taxa has stimulated a rapid in-
crease in siudies on some of these species. The
main focus h6 irvolved .rocodilians (e.s., Webb
et al" 1982, 1981 1987, t\Iebb and Smiil" 1984)
and madne turtles (e.g" Frazer and Ehrhdt,
lq85), bui squamite rephLes hale inuealnetv
bed cunbidered also le.;., Frtdr et al.. 1982 N;i,
mar! 1q8n. E\innitrg speomens harvesied fot
thc cofmercial trade is I rapid. cosFeff.ctrve
way to claify biological attribrtes of harvested
squamates (e9., Fitzgerald ei a1., 1993; Sloan et
al., 1996). Mosi studies on commercially-har-
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vested snakcs have focussed on "raftlesnake
round upi ' i r  Norrh Ampr i . r  (e.A. ,  rmpbe te l
d l ,  t a 8 o : W a , $ !  t  e i  i . .  l v o t . B r 6 s n .  t o a r r , b u l
in recent years the moch ltuger h.ade in Asian
- tu|e.  dnd | ta ,d.  hJ.  J t .o " ihddFd . rudy |  .
Mindnon of  f rp.h l \ -Jduahtp,pd 'Dc. imen!  has
provided b io lo8. .J ;dz ld;n mo\ t  ot  rhp nator
ldd involved D the Acrdn rept , le-sun t rJde
hdi- r  mol i lor \  \ \h in"  et  d l . .  looo) ,  r  e \nJ\e-
r>!urF. t  J t . .  tqo. ' .  rpr  r .u t r led p)  rhon,  ( \hDe el
a l . .  loo8b.  .1.  .p i l t inr  cubrd\  Jnd rdrnr tp.
(Boeadi et al., 1998). Recent rcviss idenhfv onc
orher In\oI a- bAng lhc -uO;ea or m,yo, r'raa":
approxinately 200,000 P?tro, .lrtas de tak{
from ihe wild every year to be kitled for rheir
- \ , ,F /Croorb dgF rd lu 'moore.  tovt i  jcn
kins and Broad, 1994).

In lhe (our-e o l  our  - lud c-  on fVJh.  , , -
r ! j  hr^c ' ted In nor thern \umahd wed,- .o\ -
er.d rha, !her. ,re ichrdlly rlo d,.tinct ra\d n-
volved in the comerciai irade DNA scquence
diveryence suggests that the rwo Su;ahan" . u b . p c . i e - ' / P .  ! , r r  u . t u .  a n d  r . ,  u r t L .  L t o n
3Pr ' / r r ' l  $drr r l  re(ognj t ion : . .epdJtp -pc( ie-
,Kco8h er  d l .  in  p.ept  I  h i -  d , - ro iery m. i  h .v .
;mporrdn.  mplndrron\  or  th .  -u, ta,ndbi t i ry  o l
rhe curm.roi hdn, -t. brcdu,e rv^ d .linci se
ne n erliu.. i.e ,rvolveo. I I lhe pre.-r pdp;r
he de.orbc rhe b,o loaicJt  drhrbuip-  or  h;v ; , |
Fo -pec,mptu.  lhe In lorm. hon F of  inre,e: l  i rL
. l '  own I  Sht  (becrr ,e -o L iHle, -  know- ibrur
'he ccologl  ot  l ropi .a l  -nalp. r ,  r ,d  Jr-o Dru
vide.  $e f i r . t  enprr ,  / t  br ! .  u |on i  h .h ro
-oetu lae on { , - t r rnJbi l , t '  o t  th .  ,ormeniJ l

MATERT^LS AND MFrHoDs

S.du <rp. / .  Borh r  br ,ng. . . r t , . t  nnd P .  .
/6  n.e drge ( lo  ) . .  mr r r , l  r \ t - .npl \  hedvr
bodFo , ro lc  ^9,  nonvcnomou- r : r te .  Th"r '
d i f fer ,n geo8raphrc d is t r ibrhon,  body {ze;
\cd le rhrra. le ,  - .  dd .  o lor  dr ion lKeogh cr  r t .  r l
p,ep ). fie blood p] ihon (P b,o,{c,';a4 of ea\r
e in 5umatra ind Malayra r .  h iet r lv  \a , rabLc rn
dorsal colou wirh ,ed, y.llo(. brown. ind or-
anSe morphs (tsdker and Earkea I 996; Shhe ei
al., 1998d)- In contrast, ihe short tailed pvrhon
(? .!/r,s) has a disjunct distdbution in fisreft
tumatra and Kalimdtan, and is dnrk biovn or
black in dorsal colour throughour irs Smatran
range (David md Vogel, 1996; Erdelea 1998).

StudV Arca and )Iethodg-We visited four lo,
catiom in no hern Slmatra (Meda& 335'N
9839'E; Seisuka, 3"25'N 99'22,E; RantaupraDat.
2"05'N 99'46'E, Cikampak, 1'€,N 10m5'Eion
each of tou L tri ps. The lrj ps were g crnr sr_raced
throughout the year rMaich lune, Augusi. D+
cembq), to provide infomation on the season,
ality of ecological processes in ihese rropicat
snakes. The climate in this area is chzra.b;ised

by comistently high mean tenperatures (a
monlh-  h,^e nean tempprafure-  .2< C:  Ar , l
d$. '  l060)  r ,d h gh ,dru.  | |  (Ted JMudt  r , re-
cipitation >2000 mmi AJa&awa, 1969). We ;ho
: .dnned i  -mdl l  - r rp lc  of  r - -  , /o . .?. f  r rd;  , ,1
"o,xhrrn. .uhi r ,d.  J l . tJu6nlerhou." . ; , ,  rh" , i ,

! \e  hc ighco "-d n cr .ure l l  th .  - -dte,  rm
mediate\ aftd ihey werc killed, drd thm dis-
secied the.ftcshly skimcd bodjes ro quantify
d\pccl \  -u '  h  d-  food l - rb i r -  Jnd reprodr ; r  \  c  b-
o lugJ.  k \  sa-  dpr . rm, .ed b \  i - ; r t  r tupe.r  o ,
of the gonadr dd we rccorded tesris sirizes nr
m: le-  dnd rhe numbpr d, 'd  d i rme.e, !  o t  o\ ,
ductal eggs, vitellogenic ovadan follicles, and
(u,porJ ' ,ed i r  'du l t  fpr . , le . .  Vdt . .  spn
'o-ed J.  idu lL r I  thp\  hdd tJrqp rurg id te. te.
, rnd or  opdl rae.  th . 'ened c i feren dud. .  te
ndle '  were, l i . .ed d.  mi  ur .  i r  . \F l  hdd th ic l
ened n,u-  u d ur  rdu,  - .  \  r tp l logpn, \  ro. t  ,  tp .
I  n  m m  d i r e t e t  r o r p n , a l u l e d , o . \ , d u . r . , l
e g 8 " .  T " . l r u l . ' r  \ o l u n r . -  w p , - , . J ( L t r r . d  r r o n ,
l inpd-  d.mcn' iorb.  u. , , ,9  rnp pgudr ion to,  .o t -
ume ot an ell,psoid (Iame! and Shrnc, 1q85).

f , f l  i t .m.  , r  rhe .  t inenGrl  r rJ , .  (u.u. , t \
ldp,  J l  mdter i r l  , .  n  rh.  r - .  rumr w.re,pmo\eo
Somc ol  thF e. .  mpl" .  $ . -p t " tF.  c \aT npd nF
(,o-oprd ' l \  lo  'dpnt , t \  pro -peo.  -  u . i .g  ru l
c h r r J \ l e ' i - i c -  i n . o n j u l . t i o n  h , t h  d  r c f H r e r n -
'  ̂ l le , l ion o l  tu f  r ron a l l  o l  rhe.ommon s ' ,
mr ,d mdrr i l  -pF,  ip ,  (ee. .h i r 'p  Ft  at .  too8.
tor  tu , r lFr  dpr" ,  - r  Abdor,ndt  l r r  bod,e.  h. r "
scored on a four ponlt scatc to providc an index
ol  en.r8)  Jorc, .  A, . i  rd  npmaJde- in  thc
- .ona-h sq"  Luunod t .  p fo\ ide "1 |  rd. \  ^ l

REs!rrs
C o l ' . , t i " n  o . , , J  f . o . . . . . , e  o 7  . . . , . , -  1 u | ; . o , , ,

are collected in vdids pa;ts of norrlt; Su
rhatra? ancl are iraNported alive to rhe slaush
tcrn.u.c- .  We ,  ould nor  p '1 l 'urnt  thF unsin o
most specimens, but the two spccies cledh
(dmc f '^m d,r fcrFn i  " " , .  \ho,  I  L i  -d pt  ,  , .  .1
t l .  u , t ,  )  ,ane t ror  ie . tprn . :mauj  rv  r l
T.  . i  l ,om Ip: ,  hc 'o\ .  ^ t  s ,bota.  .  \ t , , ! ,mcnr-
of  r l i .  'pp,  i . .  i   \ed bv -u, l  ; I r - .  ' ,  -ub
\ td l i r l  umb.. \ .  l r '  ro  r ' r .Fr ,  n 'u ' t  o .  ' l ^p otoo.
p l i h o . -  ' /  / , . . .  , r . . a r ,  ,  ' m F  r o r  n  I  p d t n .
p ldr .  r ion.  nc.  r  the . ldu8hrerh, , r .e ,  . ,no hcr .
otien brought in (as single snates or iI smatl
duhbcrs) bl the people *ho had cilrht them.
f l re-e -ndl . -  h"d t , " " . ,  'pru ' .a  - . .er 'o 'prro ' r -
It u$ally in the oil-palm planrations. We saw
no eviden.e ol peopte actually sening out ro
capture these tda/ in the *,ay ihat ther some,
times do for reiicdated pythons (Shi; cr al.,
1998a). The ts,o spc.i€s {,ere rreated ir rhe
same way after arrival, and were eventuallv
killed and pro.essed in the same ways as $;
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ha\€ described for oiher harvested rcptiles
(Shine ei al., 1995, 1996, 1998a).

klntiu Abulllateg In the cou$e of thre
trips io slaughterhouses in Palefrban& southern
Sumaira, we obtained data on only 35 l? ,/on-
gercuai and no P curtus (Lptsas 1070 P reticrlatus,
fi1 Acro.hordus jMtti.ts, and 166 uanws snl-
dtor). Ir contrast, these two python species con-
stituted a high proportion of aU the r+tibs ihai
we examined in slaughterhouses in northern Su
matra (2063 P &/0r$rsr,ri, l8l P .a/lrs, versus
741 P reti.uhtls, t||o A.rocl@ 1us jtutflicus, and
399 udn us snbotor).

PythD,t brohgercrtui thus constituted a much
ldger proportion of the hanest than did ? .#
tas (92% veisus 8%), and the latter species eas
not recorded at a h two of the four slaughier-
houses thai s€ visited (at Cikampak and Sei-
suka, versus 12.4ol" of the sample at Rantaupia-
pat, and 21.7% at Medan). These diffdences
among slatghierhouses in relative numbers of
the two iaxa ae $eater than would be expected
by chance (xr = 155.4,3 dl P < 0.0001). Addi-
tionally, the relative numbers of shorFtailed py-
thons versus blood pvthons vaded dong our
four trips, even within the sane slaughterhmse
(for snakes from Raltauprapal ariation among
hips r' = 2l s4 3 dt ? < 0.0001; lor Medan, l:
= 18.62, 3 dt P < 0.001 ).

ASe Sttuchie qtu| Ser Rotio ol the Satryle. 'the

two species were vcry similar in mosi respects.
ior example most of the haNested snakes were
adults niher than juveniles, and males slightly
outnumbered fmales (see Table 1; pooled sM-
ple of all snakes examined" against a null hy
pothesis of50% male: X: = 4.82, 1 dt P < 0.05).
In both species, most of the mates *erc adulis
158% in P btuksers ii, 65ri nr ll d!ri'6) whereas
a high proportion of femalcs were juvenile ani
mals (9% in -P l,/o,S.rsz,i, 27% in P ctlrhts; see
Iig. 1, comparing proportions of aduli minais
beiwen the ttro seres in P ,/orgsfsflai X: :
252.1, 1 df, P < 0.0001; in P cuttts, x) : 76-5,1
df, P < 0.0001).

Bo.ht Sizes ontl MrtthatDl:1. Table 1 summa-
dzes data on mean body sizes of the snakes.
lemales attain larger mdimum sizes than
males in both tda and mature at large. sizes
(Iig. 1). Blood pythons grow larger than short-
tailed pytho$, but the degree of sex divergen c
in body sizes is similar in the firo tda (a two
factor ANOVA wiih species and sex as the fac
tors, and adult body sjze as the dependent var-
jable yielded a non-significant interaction term
for both mass ed snout vent lengdr). Body
shapes differ bet{,een the two tda alsq with P
.rrt s being more heavy-bodied and (ironically,
gilen its comon name) longeriailed thd P
,ro'rjdlsrrdl of the same SVL Gee Keogh ei al.,

in prep. Ior turths moryhological compadsons
between ihese tda).

Fnt Stores, P?r6ite Nurlbds, afid Food Habitg-
I€hale snakes coniained larger fat bodies ihan
conspecific maies, and blood pythons contained
larger fat bodies than short-tailed pythons. A
hvo-factor ANOVA (with species and sex as fac-
iols, and fat-body scores as the dependent var-
iable) co irmed that ihese differences were
greaiel than would be dpected by .hance, un-
del the null hpothesis of equal fat stores re-
gardless of sex or species (main effect of sex
Fr.,,,r : 86.75, P < 0.0001; main effect of spe
cieF!.,,,. = 7.13, ? < 0.01; inieraciior F,. ",, =
2.34, P = 0.13). Pardite numbers were much
higher in P .utrs than nr P b/dssrstuai (Table
1, but did not differ between the sexes (sex ef-
tect fL.,,r. = 2-92, P : 0.09 in a twojactor AN-
ovA).

kedinS habts were similaf in the two spe-
.iet wiih almost 95% of prey items consisiing
of rodents (Table 2). Microscopic malysis of a
subsampie of tur ftum pyihon guts suggesied
thai mosi oI the rats taken by pythons rvere
commqNal species, especially ricefield rats (R,i-
trs alge tiwntet) and aood rats (R. tiornni.us)
see Tabie 2). The small sample of prey items
from ? ,/o,ge6,r,l in soulhen Sumatra (Palem-
bang) p.ovided a very sihilar pichre;20 of the
23 prey iiems we recorded were rodents (6 Rai-
tus argenhuntet 3 Leopaltln t:js sarirrs, 11 un-
ldeniified rats, l non-muid mammal, and 2
birds). The other specjes talen as prey costi
tuled a diverse aray of small native meals,
plus domestic chickens (Table 2)-

Analysis detecied no signifi.ant bi6es with
respect to prey types as a function of eifhei sex
or body size (e.9., for P horges ai non-ral prey
.onstituted 7.270 of all p.ey items for females,
ad 7.0% of all items for nales-X, = 2.56, 1 dt
P = 0.11j for Z .!#rr 7.3 versus 6.0%-X, =
0.01, 1 dt P = 0.94). Similarly non rodentprey
were taken by snall as well as large smkes.

The frequency of feeding, as judged by the
proportion of snakes containing PIey wltn
killed, shows a compld pattern. This proportion
increased ('ith body size $'ithin both species
(using Spearman rar* correlation to test for an
association between body length [in s-cm SVL
classesl a'1d percent of snal<es lvith prey: foi -i?
bro'tgsslwi, N : 17.ategories, rho = 0.51, P <
0.05; for il.a/l!s, N: 10, rho: 0.91P < 0.005).
The proportion of snales containing lood was
higher in fefrale ihan h male specimeN of ?
bro"sen,nni (x1 :9.55,I.if, P < 0.002), but not
in P .,das (X: : 2.08, 1 dt P : 0.15). Given the
highly Fasonal reproductive cycle of these
snakes (see below), it s*ns likely that the sex
differcnce in feeding frequency at P btungelslnai
might be relaied to the seasonal iiming of re-
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T^8LE 1. Morphological and ecoloEical traits of adult blood pythons (ly,ror ,ml,3cMdi) and short+ailed
pythoN (n. .,/t,t lrom norlh€rn sumarra. Table shows med \alues (sD in parenthese4, md th€ results of
statistical tests oI the null hylothesis oI no signiJi.ant differences b€tw€€n sp€.ies in the trait of interest. F
fatios are den\ed lrm onefactor ANOVAS (with species as the factot, and f values hom.ontingen.y tables.
N = sample size; note that sample sizes differ amonS traits (c.9., becaus. alimentary tra.ts oI some sn.kes had
been flush€d with water and so w€ could not determine whether or not th€y had contain€d prey). The pro'
portions oI adult femal€s that were relroductn'e are based o y on trips in Au8ust dd D€cemb€r when
.eproductir conditiorl.dld be established most reliably.

snout-rcnt lenSth km)

N
snout vent len8th (cm)

Ch.ra.tcnsdcs of h.Ncst.d pl'thons
Protortion of julenile smr€s:

Ptuportion of snakes cortaining !rcy
Bopoltior with Pley

liL,'r} = 8lJ.8z P < 0,0001
r , , , , , ,  =  31 .72  P <0.0001
F , . 1 s = 1 2 . 6 3 , P < 0 , 0 0 1
t,,,,r = 34.77,P < 0.0001

F , . , ! = 7 1 9 2 P < 0 0 0 0 1
F,.,"" = 15.20, P < o.ooo1

rj's1 = 18.65, /r < 0.000r

r ' = 0 . 1 1 , r d f , 1 = 0 . 7 4
x : = 2 . 5 5 , 1 d f , P = 0 . 1 1

r : = 1 . 6 Z 1 d t P = 0 . 2 0

1437
132.4 01.95)

3.s9 (1.01)
0.69 (0.90)
0.007 (0.13)

732
143.9 (11.82)

1.66 0.s0)
1.30 (0.89)
0.06 (1.05)

{1.143
51.5%

7A2%

1296
1:14

1rl3
15.58 (4.26)

30
&3.28 (20.35)

334
5t.2"t,

99
120.7 (:10.09)

2.99 (0.78)
0.36 (0.s6)
0.62 (3 33)

54
130.06 (7.35)

3.85 (0.92)
1.21(0.89)
0.93 (3.89)

0.155
58.1'l"

84.6%
Numb€r ol records of each major prey

Mean (sD)
Egg ma$ (8)

\4ean (SD)
lrolortion of.dult lemales rcpro-
ductire in August dd December

N
Proportion reprodrcinS

L27
8 x r = 0 . 5 ? l d f , P = 0 . , 1 6

15
12.17 (.2.50)

4
89.70 (13,66)

25

F,.,4= 7.70, P < 0.407

x r = 0 . 0 1 , l d t P = 0 . 9 2

productive activities (e.9., cessation of feeding
by courting males: Shlne and Madseo 1997). In
keeping with this hypoihesir the data reveal
stuong seasonal diftorences in feding rates
(propodon with prey) in borh sexes of P b/n-
8e/s',ai (maleFsamples in the four tdps rdge
from 39 to 88% with pret x: = 23'1.7,3 df, P <
0-0001, tumales, range ftom 45 to 874/., X. =
148.1 3 df, ? < 0.0001). Less seasonal variation
in feeding rates was sid{t within P .!/i6
(maleFrmge ftom 67 to 75% with prey, X: =
0.2s, 3 dt P = 0.97, females, rdge from 7s to
l00o/o, x'� = 33.95,3 dL P = 0.27). Thut the Prc-

portions of snakes containing PIey itens sug-
gesi ihai feeding frequencies were consistently
high in a drltlt but varied behveen the sexet
and among seasom, in ? D/oflgdsftat-

Reprcductiu Biolq\.-Reproduction is highly
seasonal in both species, with oviposition
around Apdl-May. Testicular volumes in-
creased with male body mass within each spe-
cier and showed significant @riation among
lrips (Frr$ : 4.20, P < 0.006). Testes of both
species wele larSd during December thd dur-
ing the other trips. The relatiomhip between
testis size and body mds differed between the
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Python brongercmai

s

-3

I

ry1on

Ftc. 1. lieguen y distributions of body sizes (sn@t rent tenerhs) rn the fso p\ rhon sp€c,ej, as a function
or ,e \  'nd ,epoou,n .es ld tu ' . t t t toaDrca t , .na .grc \  ta ,ga  d idn  c  , , r -  bL l  BFtu . t  i , . r 'e r tu  ( .e , . r  , / .
d rmo-p . r .m.  r ld  'e lc l i \e  nu  bry .  o r  iL \pn i le .  d  d  "du l t ,  q  i lh in  .  dd l  .F \ .  ac rp  .  r i t r '  i n  .h .  rko  .p - .  r " .

h{o species of pythons, wiih the testes of P ,/o,
Bmnai significantly larger (.etabve to body
mass) thm rhose of P fartls on two of the four
trips (tuom one factor ANCOVAS with species as
the factor, body mass as the coa.iate,;nd tes-

ticular volme s the dependmt vdiable, P <
0.002 in boih Ausust md Decernber). The same
hed was evident bui did not attain statistical
significance, on the two orher t.ips.

Mem egg sizes were similar in the two spe-

TABL! 2. Prey items identified from the alimtary tracrs oI blood pyrhons (Iyrr,fl tor8elsnnt) dd shorr,
tailed pythons (P .e/lrt f.oh northern Srmatra, IlEse items represent the subsample of ft6s whi.h wc
rdatifr cd bv rn ro- opr drdlv i J oll-pr -drple. wnc.ihp\ . td.;f eo to tumity .e.. i

* , -

Yellow+hrcated Mrten

Rdtt s tiamanlcus 24 t26
R. atgdtiMter 18 152
R. hot@gi.B 3 9
R. dtlans | 2
Leopoldanys sabdflre | 12
Marfuys rdian | 9
Nydieb$ catang 0 1
Henigabs d.nrlafl,s 0 3
Atctogalidia tri"iryta 7 2
Tupaid i@ni.d 0 6
M4n6 fniS'la 0 3
Gdlus gallus 0 18

49 343
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frabror .noutwd l.ns$ (cm)

Ftc. 2. Clutch siz€s relatirc to mat€rnal body size
in the blood python (Pytlio, ,/o,Sr,B,ui) and the
shorr rail€d pyrhon (P .!/trs). Mean body sizcs .nd
mcan .lutch sizes differed betreen the species, but rhe
relationship betu€en the* two raiables was simila.

cies, but clutch sizes were smaller in 2 .r/l!s
ihd in P ,Torgesnai (Table 1). Civen the small-
er body sizes of the former species, ihis feco-
dity difference might welt be a simpie conse-
quence of the body-size differe.e, rathe. than
reflecting ey divelgence in reproduciive dtput
relative to body size. Analysis of covdiance
confirmed ihis interpretation (with species as
the factor matemal snout-vent length 6 the
coeriaie, and clurch size as the dependent var
iable: slopes F,.,." : 2.88, P : 0.09; intercepts
I,.ii = 0.01, P = 0.91; see rig.2). The frequency
of reproduciion in females is best evaluaied
from rhe samples tal<en in Au8lst and Decem-
ber prior to oviposition. Approximately half of
the adulFsized females were reproductive at
ihis iime of year suggesting a biemial cycle in
fenales of both species (Table 1).

DrscussroN
Our study provides the first quantitative data

on ecological attdbutes of these two plthon spe-
cies. t'revious infomation has been b6ed on
relatively smal numbers of captive mimalt
plus anecdotal reports from famal Sddes and
ta\onomic treatnots (e.9., Bdker md Barker,
1996; David and Vogel, 1996). In a compmion
paper to this one, we have used data ftom the
same study to investigate ecological divergene
betwem four different colour morphs within
Python bongersnni (Shtp et a1., 1998d). Pylfto,
c!/l!s is substmiially smaller than my of the
moryhs of P brcngosnai (mean adult SVL for
the smallest moryh [yellow] = 126.8 cln for
males, 138.3 cm for females: Shine et al., sub-
mitted). Thus, the overall situation is that this
lineage compri*s Fveral morphologi.ally dis
tincti\€ groups, differing in ecological iraits s
well as in geognphic diskibution dd body siz
es. However, the differences arc relatively mi-

nor for qample all of rhee snakes ae large,
heavy-bodied ebush predators ihat feed most-
ly on rats and reproduce on m apploimately

In the absm.e of field dat4 it is difficult to
intelpret most of the diJferences ihat we have
documenied betreo ll ,rcngdsfltai a\d P cur-
l s. For example the temporal vdiaiion in rel-
ative numbers oI each ta\on at the slaughter-
houses might reflect ei&er attributes of the
sniles (e9., diffeLent activity patiemb) o, attn-
butes of the collectors (e.9.. schedrle of trip. by
tlucks from the west cost to the slaughter
houses). Similarly, even for characteristics that
clearly reflect lnderlying bjological divergence
(es" body sizes and shapes, se6onal difrerenc-
es in fedjng rates, levels of parasite infustation),
we do noi know which of these diffdmces re
flect underlying genetic divergsce, md whi.h
are induced by local conditions (eg, habitat dif
ferences). Addjtionally, because collecting effort
is also likely to be focussed morc on certain hab-
itats thm on others, our sample may provide a
bi6ed view of tnits such d age and size dis
hibunons, food habits, md the lile Nonethe-
less, sr.h problems will occur wiih almost any
samplinS regime, especialy when one is dealing
with cryptic sed{taly animals that are virtu-
a y impossible to find when they are inactive
(e.9., Reinelt, 1984 Weatherhead md Charlm4
1985). The comperoating advdtage from the
techni$e we have used is that mudr larger
sample sjzes cm be obtained ihan is usually the
c6e with ecological studies on sna&es. These
la.ge samples provide a much stronger b6is for

How does the biology of these t!!o taia com
pde wiih thai of other Biet hopicat snakes?
The only other snale for whichcomparable data
are available is the reticr ated pytho& a much
larger species ihat is broadly sympatric wiih
botl\ P blokgdslnai and P .r/trs over much of
Sumatra (e.9., David and Vogel, 1996). Nonethe-
less, syntopy is rare: P rett !/at$ appea$ to be
uncommon in the oil-palm plaltatioro ihat con-
tain most of the cmaller pytlrons (Abel, lq98)
Tlle trophic biology of Ju\erule rehculaied py-
thons is simil.r io that of the other two tara,
specialising on comensal rodents living in dis
tubed habitats (Shine ei al., 1998.). Feeding fre
quencies increase with body size ir all three py-
thon species, but are lower overall in reticulated
pythons (<50% of snakes contain prey: Shine,
199Ec, and the dietary habits of retiolated py
thons shift substantially at ldger body sizes
(Shine et a1., 1998c). Thus, very large reticulated
pythons feed hostly on large mamals (such
s pmgolinr mouse deer, wild pigt monkeys,
etc.), presumably in prinary forest rather in m-
thiopogenically distubed habiiais (Shine et al.,

8
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1998c). The smaller python species never attain
a size large enough to ingest these kinds of prey,
dd de rarely collected in more pristine habitats
where these prcy ae available. The mFsive
body sizes of reticulaied pythons also result in
larger clutch sizes, larger eggr ald a lower re
prodrLh\e f,cquencv ihan In dre >mailersDeoes
ishine er at. t,iqsbl.

The association of blood pythons $'ith oil-
palm planiations is a particularlv rnierestnqas-
iect of the brology ot ihis species. Theshn-iad,
els told us that P b/o,r.grfsDai was a relatively
uncomnon animal in the Medd region before
a rapid increase in the area planted for oil-palm
plantatios occured r0 io 20 yr ago. Witi the
profit5 from pilh oil pldtatioN continurng io
inc,cse sinc€ that tine both forests and rubbel
plantatioro conlinue to be cleared dd convert-
ed to palm-oil. Todat a huge area ir Sumatra
is unde. paln-oi1 cultivarion. The net effe.t of
this habil;t nodification, in terms of the com-
merci.l reptile h.ade has been a steady increase
in the abundance of blood pythons and a si-
mulianeous decre.se in the numbers of retict
lated pythons (Sudiima4 pers. colrm.). In
mdy ways, these plantations oflel ideal habitai
for predator like P horrdsnal. Itlt dmsities are
extr;ordindlly high (6 >400/ha wood and
Liau. lqTS Siuebjng ind GsB t98ql, and burt-
able.o\er  is  abundant  lp , le i  o i  dead palm
fronds afe stacl€d in rows benveen the sianding
trces: pers. obs.l Alrhough ambu.h p,edation is
otten associated with relatrvelv low rates oI hDd
intake reg.. Shine ra80j Seco; turd Nagy, 1qr4r,
the high p,oporiion of snal€s contdnilg prey
remains (>75%; see Table 1) suggests that the
snakes have frequent opportudties to feed (and
see Lim, 1974)-

The abiLity of these heart'-bodjed ambush
predato$ to exploit commensal rodents in high-
h di\tu,bed agtrculturil habrtars. has a srrong
prrJllel in an Au5halid python spec,es. Cdp€r
pythoE (Mo,"/d .pil, 'i,) are large (to 4 m, tU I8t
ambush prcdators that are abundnnt in maca-
damia planiaiions, utilizing co|lidoF of dose
vegetation and feeding primarily on comensal
rodents (Shine and Fiizserald, 1996). Well,cam-
ouflaged sedentary p,edaiors are able to e\ploLi
thc dtjticially inueabed rodent avi,lab,l,tl in
slch &e6, because ihey can escape the atten-
tion of farmjvorkers. This is likely to be espe
ciatly ttue in the iropics, becalrse ihe snales do
not need to leave cover Ior therhoregulatory
reasons (e9., Shine and Madserr 1996). Al-
thotgh the population dmsities of rodents n1
oil palm pldtatioro may be hrgheL and more
siabl€ ihan in most natural habrtatc, the sLtua,
iion is not necessarily "artificial": some natual
habitais contain verv hish rodenr abundances.
and p)'thons can su;hiiremdkably high pop,

ulaiion densities n1 such areas (e.9., Shine and
Madsen, 1997).

The success of ? ,ro,ncls'r"i in althropogo-
ically dishrbed areaFhabitats that ae becom
ing a more and more common component of the
landscap+has ob\-ious implications for the
sustainability of the commercial han'est. Al-
though lye have no rcliable bJormation on ihe
habitat types from whi.h P crrrs is .ollected,
the similarity between the two python species
in dietary composition lTable 2) suggests a
strong similarity in habitats 6 lvell. More sen-
eral]y, ihe strong ecological similariiy betreen
the iwo ila suggest\ th.t they are hlely to re-
spond to.nttopoSenic offtale In smilar wals.

Clearly, tutu.e nanagemdt plans for ihe skin
indusiry should incorporate the fact that the ex-
ploitation ls based on two genetically distinci
eniities rather than just ore but the impact on
mmagement praclices is lileiy to be small.
Mahy comercially exploited "species" are ac,
trallv composites of several closelvielaled tda-
md lishedes biologists have deviloped several
methods to deal wrrh rhis comptiiahon (es.,
K,nE 1ea5). crv6 rh€ d,slunct disrribuhons;f
the ts,o ta\a, and the fa.t that skins can be iden
tified to species levels by ihe dilference in vm-
h'al sc.le .ounts even after taming (e.g., Barker
dd Bdker, 1996), it may be usetu1 for managers
to keep a track of relative numbers of each taxor
that are being taken from the wi1d. This moni-
toring would provide infomraiion on the rela
tive hanesting inteNity in eastern ve6us west-
en Sumatra, as well as mabLing regular checks
of lhe sizejrequency disiributioro of the har-
vested populatious (e.9., Fitzge.ald et a1., 1991;
Fitzgerald, 1994).

How sustainabl€, then, is the curmt com-
mercial trade? The question camot be ansrvered
with confidence from our data; ae would need
to have far more comFehensive iDformation on
the rates ol exploitatiorr and also on rates of
habitat change (bccause the shift to palm-oil
plantations appears to adantage these t*a).
Nonetheless, a partial answer is possible. The
.lear implication from our fesults is thai eoD!
laiions of P .!/t,s and ? ,rorgersnrai ae ail6 t
tolerate high levels of ofitale This is a sulpris-
ilg conclusiorl, gilen the massive volure of
trade ln skins and (to a much shaller desree)
in ljve animals for the pet trade. Because [hese
taxa are able to utilize the abudant food r+
sdrceb a\dlable ir rthropogenLcaLly nodrfied
habitats, their populatioE continue to perrst
despite intensel'aivestirs. Presumably,r6moval
of some snales simpll' hcreases food resou.es
(and thut rates of sunival, $o{'th ald repro,
du<fion) of theremaLning Dimalb. Althurgh the
long te,h mainterrnce of viable populahons is
unlikely to be ihreatened by the distjng com-
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mdcial trade, sevenl caieats atiach to this con
clusion. FoL e\ample. it may no longerhold irue
d chdrgcs io igricultural prachce\ modrry the
pldtation habitrts in rvrys that reduce tood
availabjlity or shelter for the snakes. Shifts to
"broad a.rd' farding practices in some temper
ate-zone sysiems have profoundly affected
wildliJe populations, by renoving shelier sites
and leducing habitat heterogeneity (e.g., Shine
and litzterald, 1996). More effective rcdent
conh-ol could have the same impact. More gm'
erally, the predator-pLcJ urtdactioN behreen
the pythons and ,odsts warant add,rional
study. We do not know if python predation sig-
nificantly affects rodent nmbers; il it does
(even 1f ofly rn ce,iarn pLaces. at certnin tires),
then ihe e.ononrc and ecologrcal inprct of py
thon removal on the orl-palm Industry mal be
sreatd ihan it appears. We atso n<id much
more iiJormation on the bioloiaical atkibutes of
ihe ha ested tda, such as age to matuity and
responses to stochastic enviromental fluctua,
tions (Fitzgerald, 1994). Unforiunately, the
dedih of research on tropical repfiles mees
ihat such topics de likely to remanr unshrdied
ror many years rc come
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