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Life on the Lowest Branch: Sexual Dimorphism, Diet, and
Reproductive Biology of an African Twig Snake,

Thelotornis tupetusis (Serpentes, Colubridae)

RTCHARD SHTNE, PETER S. HARLow, WILLIAM R. BRANCH, ANDJoNATHAN K WEBB

M6ureE rr dd di$etion of 144 rwig sna&6 (Trtrototui' .d|.n'i') fton

southcrn Afrie provided d.t! on norPhologt' srual dimorPhidm, f@d h'bih,

and reprodEliv€ biolo8/ of this .pei6. Twig dn.le ar€ qtremelv eloDgale

arbored {Eies drat rdaitr i@ohil€ for long Perio& and 'mbush P*sing
vdiebfrtc.. Eoth sdes 5itliD .exual matuiity rt.boui 60 m snout-vdt ldgtb

doud thre /.!d of !8. tbMd on groeih rates fromJ@bsen's (1980) Da'e'

Maplur€ stud/]. Msi&un site is abour 80 @ SYL in hoth s*4, md this l&k

ol sire dieo.phism i. .onsistent sith Publi.hed aefn* of malemale @ebat in

rhis raxo!. Mnl6 hav. longer tails, smnUd hea.L, dd thinner bodies (and het@'

weish les) rhaD do fcbales at th€ snme bod/ ldgth Reprodwtive cvcrd 're

higily .€@Dl in both sex... Test€s iD adult ml€s .r€ turgid in spri'g (the

E;ing eMr) but flcid der most of the rdt of the yer. FeDal6 und€rgo

yitellogenesis it sprinS, otulare ir ht sP ng, ud oviPosil in su|'mer' Crutch

3ifts rdg€d frcn 4-7 eggs, eith . oode of 6.

Th€ dict of r. c, drrttit it div€r.e of 56 Pfty irds, Dost t€re liznrds (6!%),

rrcgs (2?%), dd 3!are (8%). Onry n sirsle bird wd reorded in r dis*t'd twig

sn6te Apprcxim.tely h.lf of all Prey ir€m were lrborenl t!x! (..&' chamG

l6nr, dldf dry g6&6), eith the 161 b€irg i€netri.l iD habit (e.9., br€YiceFd

frogr). Thu., ee iDfd th.t r. caf.tui' oftd foraS€s rron ! r€lalivelv low Percb
ehich d.bld it ro deter nnd 3qte ierr6trial rs eeU a3 arhor€.I Prei' An

on.og@eric incrde in the PrcPo.rion of rddt inl Prcv w.s evi&Dr' bnt cven

tne hrg6t snales r@t trdy dbor€.1Pfty irms Laiger snake r@k rt'ger Prev'
.nd the rel.tion.hip b.tw*n Prey st€ .nd snsk body l€ngth ditrer'd b€twen

the $x6, in cor.dl with the ob.ered s:u.l dimorPhism in relaiive head 3ize'

Our r€.rlts 8.!er.lly agre wirh those of PftvioD studiB or rhe bioloSt of twig

smlcE th€ mct surPri.ing resull frcm on. eork id tirt a sDat *ilh €:trem'

moryhologiol md berEviorrl moditr€rions for dh'|gl rife non'thcles f€€ds

to a l.rye d€tre on terrestri.l PreY.

that the African taxon (?t.lo,otn6) ditre.s si8-
nificantly from the other genera jn dietary con-
position, as well as in being venonous (Hen-
derson and Binder, 1980). lnrormation on the
ecolog] ot rtuloro'nb thus may illumindte ihe
adaptive significan.e o{ 'ine snake norPhology
and b€havior, a\ *ellas clariflina rhe e.olog'cal
correlates of arborealiry in snakes(Shine, r983;
Liuywhite and Henderson, 1993).

MATERIAIJ ^ND METHODS

This paperprovides intormation on the mor
phology, dies. and .ep.odu(ti!e biology otone
5p(ies otvrn€ snake (the twiS tnake. rrPlolomn
.ap,nii) in southern Africa, based on measure
nents and dissections of preserved spe.imens
in the collections of the Transvaal Museumand
the Port Eli2abeth Museum, Republic of South
Afri.a. Most ofthe spe.imens we examined be_
longed io rhe subspecies Znebbrhx .dpeBk ca'

'a

n NE ol rhe most remarkabl( examples of
\-./ convergenr evolution ;n rcptile\ involves
extremely dender arboreal "vine snakes" fron
four distantly related cotubrid lineages. These
fo$ getetu\Ahaehttla tn Asi^, Orybelis and Utu-
nadr in th€ neotropics, and Thelotomis in Af'
rica) have independently evolved a bizarre suit€
of traits that includes nodili.ations of nor-
phology (elongation of the head and body, crlp-
tic coloration, large eyes, binocular vision) as
well as behavior (diurnality, prolonged immo-
bility, rigid tongue extension, lateml headiway-
ing, reliance on anbush predation). These dis-
tinctive features of vine snakes nay be adap-
tntions for the detection and captute of a.tive
prey on unstable substrates su.h as leaves, twigs,
and branches (Hendermn and Binder, 1980).
Available data indicate sfong ecological sini-
larities among all four genera of vine snakes
(especially, spe.iali,eddiets based on snall agile
arboreal liards), but anecdotal rePorts suggest

.hdloogs0dH"+.@bAnB
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pe a and came from rhe Transvaat, Natat, Zu_
lu land.  and Swa/ i land.  Addir ionatdara on d ier
and reproduction came from four specimens of
Thelotamit @pmsis aatzsii collecred in Zambia
fhe nof lher  n region!  ofSoulh Afr r i ,  inhabi ld

bt Thdo@4n n^inly tomprise.d\annah wooL
land { .ommonl}  (a l iFd buahvetd or  moi . r  sooo
land).  Thi .  hdbi rar  rype merg. \  inro mopane
veld a lonS rhe I  impopo vath ' .  ar id  voodtand
in eaiern Swazi l rnd,  and rhe rhr . ter  o l  rh€ tn
dian O.ean Coasral  Bel r  rn nur f iern Narat . . l  o_
gerhcr .  rhe\e habi rar \  compr;e rhe Katahar i -
Highte ld rFgional  r ron ' i r ion /onr  dnd lhr  fon_
gala-Pondoland regional nusait orwhirF( | 98SJ.
All of rhFse teld r|?e\ are covered b! \ rul,
voodland (denr, bur mrjv.tord .dop) r. w,r h
mosr I r ,  ger  ptants apprcr ima'c ly  7 m hish.  Thc
(  l imdre i \  subtopi i  a l .  r )p ihed by hor  w;r  .uh-
mers and mi ld dr)  vrnLcr \ .  er . rpt  ar  h iEhe-
elerar ioh.  Ia ;nrer  Uuly,  me.n min ima a, . i . re
a.ouDd 6_10c, and summd 0an.) maxina;v.
erage approx'mately 27 32C (Schultze and
M.Cee.  1978).  Annudl  ra inta l t  avemAc\  350_
1000 mn, dF( 'easins ro rhe scn,  ;nd ra !
mainly as intense rhunde.storms betseen Oct.
and April oacobsen, 1980).

Preserved specinens of t .. cab.a,is l4b zdntl
females, 33 adult males, and 62juvenilet were
measured and disse.ted, as foltows. We rccord-
ed snout-venr lengrh (SVl), tail lenqth, head
length (from rhe posterior marsin ofrne tower
jaw ro the r ip  o{  ihe rnout ,  hdd widrh (ar  rhe
widest poinr), eye diameter, body width (di-
amerer ar midbody), and body mas. .I.he 

sp(_
inen was opened with a nidventral incision,
and any prey irems in rhe alimentary.anal (in,
cluding the hindgut were .emoved for later
identification and measurement. Sizes of rela-
tively undigestedprey (tengths, widths, masses)
were determined dire.dy, md reconstituted sizei
of nore fully digested prey irems were deter-
nined by compar;son with simila.jized intacr
specimens in the.ollection ofrhe po.t fliabeih
Mukum. Sex and reprodu.tive srarus of rhe
snai(es were determin;d by visuat inspection of
the gonads. Males sere considered bature if
they bad enlarged. rurgid reste' andlor whire,
thickened eferenr du.b (indr.atins rhe pres
ence ofsperm). Females were ctssed s n;i.*
if they had thick muscular oviducrs, vitelloAenic
ovarian follicles, andlor oviductal eggs. 

-

RlsuLTs

Ser@t dinaqhiw. Sex diferen.es in adutt
body lengths were negtigible_ Borh sexes at-
ta in€d serual  marur i ry  ar  , t iqhrh te$ rhdn 60
(m SVL a.d grew ro around 80 L; SvL (rable

'l ^3L! l� S^Mpr 5126 ̂ ND SBxuAL DrMoRpHBM oF
ADULr Twrc SN^xa, rt?t,r,ft6.. .zl,,rn, Ex^MrNxD
IN THE TSNSVAAL MusEUM ̂ND THE poRT EDz.thH
Mus.ux. SVL - snour-venr tength, Sc€ texr for sta,

tisticat rests.

sD)

Range of head wi<lrhs

tg,

32
58-80

69.0 (a 6.47)

2?.1 36.3

9_S-r5,6

13.6 ( l  1 .60)

8.4 t4,6

10.9 (a l .7D
35.!t 50.5

41.8(a 4.36)

97 180

42
59.5-82,5

71.3 (a 5.91)

28_8-38.0

33.3 ( t  2 .31)

t l .5-18.3

14.4(1 1.84)

9.0-r7.5

12.0 ( l  1 .66)
31.0 48.4

39.8 (a 3.67)

49 130

l  SD) 77.2 ( t  33.1)  SO.4(a 18.2)

l ) .  Mean body leogrhc rhus d id nor  d i t rer  s iq_
nilicandy berween the sexe' (unpajred t: 1.6i.
72 df ,  P = 0.1t ) .  Howeler ,  o; r  dara shohed
signilicant differences in body pioportions be-
tween the sexes. Analysn ofc;va;iance, with
sex as the factor and SVL as the corariare.
showed that males had longer tails than did fe_
males a i  rhe same SVL (Fiq.  t ;  r tooes homo_
geneous F,r )  = 0.3 r .  p  = 0t8;  in 'e i<epts r , . .
:  25.90,  P < 0.0001).  Simi t . r tv ,  maies h;a
smaller heads than did females ;f equivaleDr
body- lengrhs (F ig.  t :s lopes homogeneous F,-
= u,uz,  / -  :  o .aE;  rnrerceprs F, . .  = 22.69.  p <
0.0001)and weighed te. ;  rha;  d id fenates ar
rhe same lengrh (ln mass vs SVr: rtopes hererc
geneous F,r : :  5 .08,  p < 0.032)  No sex d i f_
teren.e was apparent in retative head width
(slopes honogeneous F,.s = 0.80, p = 0.38!
rntercepts F,.! = 1.24,p:0.27). relative bo.jv
widrh (s lopes honogeneoh f , ! , :  3 .S8,  p:
0.08:  in tercepr i  F ! r  :  2 .45.  p = 0.13) ,  or  re l -
ative eye diamer€r Glopes homoqeneous f,." =
0.30.P:0.59i  inrer(ears F, . . :  O.O r ,  p  = O. i+r .

Because ot rhese sex ditreren.er in body pro_
portions, adult males and fenales ditrered sis,
nificantly in mean values for head lensth (.1 abie
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snout-vent lengih (cm)

Iig. l� Sexdal dino.phism in twig snales, In.lo_
to.rn .ap.,rr. Conpared io conspeciGc n2les, tanale
tlig snakes have shorter tails relatir€ to bodl lenSlh
(upper Sraph) and lars€r heads relati!€ ro body lengrh
(lower graph). Lines are frted bI leas!{qua.es r€
gre$ion. See text for starhrical results

1;u.pai redt :2.?4,47 df ,P < 0-01)  and body
yidrh (t = 2.29,47 df, P < 0.03: note that the
ielevant ANCOVA reported above vas close ro
sradstical signifrcance). Mean tail lengths didnot
differ siqiifi.andy between rhe sexes (Table r:
t : 1.?7-, 53 df, P : 0.08), because of two op-
posing facror\: males averagid 'lightly shortcr
in  SVL bur  h jd longet  ta i l '  ,e l  ive ro b"d)
length.

Reprcdu.ttue biaLo$.-Four females contained
oviductal eggs with thick shelh, indi.ating oli
parity. Three of lhese animals each contained
six eggs, and the thitd had seve! The eggs
raneed fron 28 x 10 mm to 34 x 14 mm in
size, and averaged approximately 30 x t2 mm
(2.8 s) .  Relat i te  c lutch mass (RCM) $as e i t i -
nared tor  one temale thar  ov,posr ted sho,  r ly
before being killed and Preserved (Transvaal
Museurn #6362S). This snake measured 67 cm

month

Ii8, 2- Seasonal variation in sizes of the largen
olarian rolli.les (.irdet and ovidudal eggs (dos) in
t*ig Mkes, Del,r,/"6 darrrun.

SVL and weighed 65 8i it produced six eggs
seighing 4.9-5.3 g (Haagner and Els, 1987).
Thus. we estimate RCM as 30.6/65 = 0'17 (or,
ifclutch nass is included in the denominator as
well as the numeratoi, 0.32). Another .aptlve
female that laid l0 eggs had a nuch higher
RCM (0.94: C. Haagner, pers. conn.). Four
other adult females .ontaiDed !itellogenic ovar-
ian follicles > 10 mn in len8tb, $ith probable
clutch sizes ofsix Ghree aninals)and four (one
aDimal). All ofthese reprodu.tive lemales were
collected oler the petiod Sept. toJan.: ovartan
folli.les were < 6 nm in all specimens collccted
in the rest of the year (Fig. 2) Thus, lemate
reproductire cycles are stnchronous and highly
seisonal. ln conrasr, dree adult fenale ". ..
oardii collected in sinter ouly) in Zanbia had
large vitellogeni. follicles ('naximun diameters
16 27 mn), suggesting that reproduclion may
commen.eearlier (or extendyear-round)in rhis
tropi.al region. Of 1 3 aduh fema]�e T. L .dpmsis
collected overtbeperiod Oct. to Dec., when wc
could class them urequivocally as either repro
ductive of nonreproductile, only seven showed
vitellogeni. follicles or oliductal eggs (Fig z)
Herce, it seems that adult fenales of this race
may reproduce less lhan annually.

Alladult malescollected in spti.g (Sept.-Oct )
had turgid testes, and their efferent ducts con'
taiDed abundanl sperm. Most ofthe males col_
lected at other times of year had flaccid testes,
with no sperm in the eFerent ducts. Ho$ever,
we re.orded turgid testes and sPerm t! some
males collectedin late winter. O.casional males
collected in late spring (Nov.)and early sumner
(Dec.) aho contained sperm in the efferent ducts
but had small flaccid testes. These data suggest
that male reproductive cycles in t .rp.rrir are
nrongly seasonll, with resticular re.rudescence

a050
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in rvinter, sperm;ation in early spring, and tes-
ticular rcgresion in late spring.

SeasonaL d$tti,ution af .a4t zr.-CollectioD data
indicated that the twjg snakes in museun .ol-
lections had been cotlected throughout lhe year,
with no obviousbias towards a particular season
(n : 2- l6 snakes per moDth). ContiDgency table
tests showed that the numbers of snakes .ol
iected did not deviatesignificantly from the null
hypothesis of equal p.oportions of captures in
each season (spring sepr. to Nov., sumner Dec.
to Ieb., autumn March to May, tlinterJune to
Aug.: x, : 6.84, 3 df, P : 0.07) and thar rhe
relative nunbers otjuvenile vs adult snakes we.e
approximatelyconstant throughouttheyear (/
= 3.40, 3 df, P = 0.33)- However, the propor-
tion of colle.led snakes that contained idcnti-
fiable prey itens in their alimenlary tia.ts was
lowest in rviDter (thrce of l9 snakes) and highest
in sunrner (18 of 37) and showed significant
monthly vaiiation (x, : 22.7, 11 df, P < 0.02).

l.,ol nu rrr. Fifty sixpreyilens were renoved
fron 50 r .. .ap.zs6 and in approximately equal
proportions from adult males (ll of33 snaket
and adult females (21 of45). These data do nor
suggestany ditrerence in feeding frequency be-
t$een the two sexes (x ! :  0 .09,  1 df ,  P:  0.77)
or between adults (32 of ?8 snakes) and juve-
ni les (18 of65;  x :  = 0.81,  r  d f ,  P = 0.37) .  Most
t d. .apnrir vith prey contained only a single
identifiable item, but six snakes contained two
prey itens each. Of these six, one contained
tso chanaeleons (B'a4rodto, s,rdl,t) and one
a skink (Marqa rtiara) and a gecko (Z)goda.l llr
dapa,r,r). The otherfour r ...ay'.ei $ith nul-
tiple prey items ea.h containeda squanate rep-
tile aDd an amphibian (and see belov for nul
tiple prey in r .. oar,rti).

Table 2 sho$s that the diet ol T. c. capewit js
lery diverse and is .omposed primarilt of liz-
ards (63%), fross (27%), and snakes (s%). only
a single bird rvas recorded (Table 2). However,
the lizards consuned ranged fron slov-moving
arboreal taxa (chamaeleont to fast-moving ter-
resrialspecies (e.9.,Il,./aii Table 2). The tuogs
were similarly djverse, with teefrogs (Clrro-
-aurs) as wellasfossorial species (3/.!i.,rr: Ta
ble 2). Approxinately equal numbers of arbo-
.ealand terrestrial prey were taLen, and no sex
ditreience was evidentin th;respe.t. The no.-
vertebrare irems we re.orded in guts (Table 2)
vere snall and probably taken as strondary prey.
However, the hindgut of one adult twig snake
(SVL 66 cn) contained large nunbers of rer
mite alates, with no obvious vertebrate remains.

T^882, PRtry lrws lDENrrrrDnoM ALTMTNTARY
TRAds or PR6ERVTD Twrc SNA6, ?plorom6...d-

i.ns6.

Brtrn li ad4ttrs

Tanapkma ry'l,kli'

chnanan^ tnanf.tina

A.anthac? t atn.aUit
Agant tal.ata dlstann

Brad*atlian sdaroi

qga.tatt\tu tu[)tniis

Mahua \trith nnanr

Vardms albiguhns

Lyndonohtl)hu\ tufutll
P hilot hann t haq logdstt

Bird

Vi&d r.gia Ghaldailed

2
3

I
4
3 3

l t
6 6

3 3
2 2
3 3

I
I
I

1 1

I t
2 2
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Akhough these may hare been primary prey
(note a sinilar re.ord by Loveridge, 1953), we
chose to omit these items from our anatyses.

Three of the four t c. aatesii fron zambl^
also contained prey. One of these snakes had a
Chanaeleo dile?is and ^ large grasshopper in the
stomach a.d snale scales in the lower gut an-
other had skink scales in the gut; and the third
contained a .hamaeleon and an adult Grlrio-

Many of the prey items were large relative to
the size of tbe p.edator. For 2I prey items for
which we recorded borh snake mass and prey
mass, the relatire prey mass averaged 19% (SD
= t6%), with a range lrom I 50%. This rario
sas not correlated with absolure size of the
snakes (vs SVL: n = 2r, r = 0.25, P = 0.27).
Most prey items were swallowed headfirst (34
of 3 8 items for shich direction ofingestion could
be deternined, = 90%).

An ontogenetic shift in prey types and prey
sizes was evident. Small twig snakes 1ed e{clu
sively on li,nrds (snakes < 50 cm SvL contained
fivedwarf day geckos, onechanaeleon, andone
skink) {hereas larger snakes hada norediverse
diet. Contingency-table analysis showed signif-
icant differences in reiativ€ numbe.s of reptiles
vs frogs in twig snakes of ditrerent 10<m SVL
clases (x: : 13.37, 5 df, P < 0.021). Prey sizes
aho shifted with increasing size of the snake.
Juvenile twig snakesate smaller prey items than
did adult conspecifics, in terms of both length
(nean forjuve.iies = 39.9 mm SVL, SD = 15.2,
n : 15, 's mean for adults = 109.9 mm, SD :
107.6, n = 14; uDpaired t : 2.49, 27 df, P <
0.02) and mas (nean for juveniles : 4.3 g, SD
= 4.4, n = 9, vs mean for adults = I3.4 g, sD
= 8.85, n : 12; unpaired t : 2.83, 19 df, P <
0 . 0 1 l ) .

No diFeren.es in dietary composition were
apparentbetween adult males andfenales (4 x
2 .ontingeDcy table, using najor prey catego-
ries: x' : 1.18, 3 df, P = 0.76). Likewise, al'
though adult males tended to take smaller prey,
on average, than did fenales (rnean prey SVL
= 82.3 nn,  SD = 14.9,  t :8  for  males,  vs
l46.7nm,SD= 139.7.n:6for fenales;nean
prey mass = r 1.6 g, SD :9.59, n = 6 for maler,
vs 15.3 g, SD : 8.5, r = 6 for fenales), these
differences between the sexes were not statis'
tically signilicant (SVL unpaired t = 1�I2, 12
df, P = 0.28; nass unpai.ed t = 0.7r, r0 df, P
:0.50). Nonetheless, closer analysis Fvealed a
signifrcant ditrerence between nales and fe-
males in the relationship between predator size
and prey size. Prey {idth increased siS.ilicantly
wnh snake SVL in adult rnales (r = 0 82, n =

6,P < 0.05) but not in adult fenales (r = 0.62,

n:7, P = 0.r4). A heterogeneityol dopestest,
withsexasthe factor, SVL as lhe covariare, and
prey width as the dependent variable. showed
thar the slope ofthe relationship between prey
width and SVL ditrered between adult nales
and lbnales Glopes Fr.u:6.07, P < 0.03). How-
e'er, no ditre.ence in relative prey widths be-
tween male and female snakes vas apparent if
ve used head length (rather than SVL) as the
covariate in this analysis (slopes F,,r = r.69, P
= 0.22i intercepts Fr.,, = 0.54, P = 0.48).

DBcussroN

In geDeral, ou. resulG are consistent with ear-
lier report! on the biology of Thelatorni. For
exadple, several authors have connented on
the highl, seasonal reproductive cycle in this
species, with natiDg in spring and oviposition
in midsummer (e.9., Wilson, 1965; Broadley,
1966). A single report ofmale-male combat in
autumn (May: Haagner, 1990) is the only re.ord
of reproducdveactivity outsidethisperiod. The
lack of strong seasonality in.ollection dates for
nuseun specinens of twig snakes is surprisinS,
in view of field studies showing coDsiderable
seasonal variation in habitat selection a.d a.-
tiv;ty levels (Wilson, r 965:Jacobsen, 1980). Pre-
vious studies are consistent vith ouro{nin terms
ofrep.oductive output, but otheraDthors have
reported larger clutch sizes (usually a.ound six
eggs, but up to 18i Bennefield, 1982: Bran.h,
1988) and egg si,es (approxjdately 36 x 16
mm,5 g; Dyer, t979j Broadley, 1982; Haagner
and Els, rS87, vs 30 x 12 nn, 2.8 g in our
dala). The ditrerence in €gg sizes may be at least
partly due to uptake of water after oviposition.
The largest clutch (r8 eggs: Bennefield, 1982)
is the only reproductive record lbr the eastern
r^ce TheLatornis ca?.nsis noslanbicana, and may
reflect geographic variation in rhis trait.

There are no previously published data with
which to .ompare our information on sexual
drmorphrsm in / .  " , tpa; . .  Ihe longer ra i ls  of
nale than fenale twig s.akes aie not surprising

Gee also Jacobsen, I 980), be.ause this phenom-
enon is conmon in snakes (King, l98S; Shine,
1993). The lack of sexual dinorphnn in adult
body sizes is more interestiDg, in that ftmales
exceed nales in body size in most snake taxa
(Shine, 1994). Nonetheless, our data oD twig
snakes fit well with a preliously docunented
parternr males tend to grow at least as large as
females in snake species that shos male-male
conbat (Shine, 19?8, 1994). Conbat behalior
between rival males of "' dar,"rii has been re
ported both in the field (Haagne., 1990) and in
captivity (Bennefield, 1982i fb. descriptiols ot
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.ombat in the congeneric Thelatorni kildndi,
se also Mdgili, 1956). Thus, fie relativcly large
average body size of adult m le Th.lalornis may
be a trait that has evolved through selual se-
le.tion fbr succes in male-male conbar (cib-
bons, 1972). Ar first sight, it might seem thar
the signifrcant diveqence in rclative head sizes
between the sexes could also be att.ibuted to
selection forsuccessin male-male.onbat (as iD
lizards: Vitt and Cooper, 1985). However, this
hypothesis is unlikely to be valid, be.ause males
have .ot been reporred to bite each other dur-
ing combat bouts (Bennefield, 1982; Haagner
and Els, 1987) and nales have smaller, not larg-
er, heads. Instead, such head-size divergence
probably reflects ditreiential selection on males
and females with respecr to prey-handling and
prey ingestion (Shine, 1991). ln keeping wirh
Lhisinte.p.etation, maleand fenale twigsnakes
differ in the sizes of prey they ingesr relative ro
thejr own bod)' length but not relative to their
head length (see above). r'here is no evide.ce
of a cor.esponding sex difierence in prey rypes.

The significant sex diflerence in body shape
in T. cdlehlis (fenales are rhi.ker and nore
heavy-bodied than conspecific nales) is a par-
ticularly interesting result, given rhar the ex-
tremelyelongate mo.phology ofthis raxon, rcl-
ative to other snakes, suggests that there has
been intensc selection for an anenuate shape.
Such a shape nay nininize .irctrlatory prob-
lens (Lillywhne and HendersoD, I993), as rvell
a! enable the snake to approach a poremialprey
item along a slender bra.ch without alerring
the prey (Sweeney. I 96 I; He.derson and Bind,
er, 1980). Although su.h shapc ditrerences
among the sexes may be relatively widespread
in snakes (Shine, 1993), this seems ro be a clear
cut case of a uade-otr between rso .onflicting
optima. A more tbi.kset build in females is like-
iy to be favored by fecundity selection (because
the result?nt increase in abdoninal volume al
lows an indease in clutch nas) but opposed by
sei€ction for foraging efrciency. Ir would be
instructive to compa.e fb.aging etrectiveness of
nal€ and female twig snakes under various con-
ditions to test the hyporhesis rhat the femalej
thicker build conpromises foraging success.

Published ac.ounts of dietary .onposlion in
?ielolomir disagree in important respe.rs. Sev-
eml authorities have suggested that rwig snakes
specialize on arboreal prey nens (notably, cha
maeleons and birds;e.9., Broadley, 1982j Mar-
ais, r992). However,lists ofspecific prey items
generally consistprirnarily of lizards, f.ogs, and
occasional snakes Gee Appendix l). Only a sin-
gle rnannalian prey iten (a banana bat) has
been reported (Broadley, 1966). Although it is

clefi rhat Thelotami do coDsume chamaeleons
and birds; it also seems .lear rhar their diet is
morediverse,and lesconcentraredon arboreal
taxa, than has ge.erally been believed (Table
2, Appendix). Instead, twig snakes (especialiy
large aninais) seen ro feed at the ground-tree
interface, rather than stri.tly in the trees. ln
keepingwith this inference,Jacobsen (1980) re-
ported that most twig snakes per.hed < 1.5 m
from the ground, in snall shrubs, for nosr of
the active season. trom these low perches, the
snakes can anbush passing terestrial prey thar
are seized either while the snake\ hindbody
remains an.hored in the shrub o. by dropping
to the ground upoD the prey (Broadley, 1966i
Jacobsen, r980i w. D. Haacl.e, pers. conn.).
'I he c@corrence of teresFial and arboreal
prey within single stomachs of "n"lotozi{ sup-
ports the idea that these snakes s.an both ar-
boreal and te.restrial habnaB and are prepared
1o attack whatever prey they derecr.

The apparent scar.ity ofbirds in the dier of
"n.loronn (Table 2, Appendix) deserves special
mertion. First, it means .hat the commonname
of "bird-snake" is certainly inappropriare (Lov-
eridge,I953). Second, it means that hyporheses
interprering ?tuloronir behaviors (tongue er-
tension, gular inflation) 2s "strategies" ro at
tract birds (Goodman and coodnan, I 976) are
unlikelytobe correct. Third, it supporrs Shine\
(1983) prediction thar'the apparently high in,
cidence ofbird-eating in arboreal snakes nighr
not be lupported by more detailed sttrdies, be-
causeautho.sperhapssuggesttharasnakep.eys
on bids simpll becaqse the snake is arboreal. '

Overall, birds appear to be relatively rare prey
items for most snake species-presunably be
cause they are difrcult to capture (see also Lu-
iselli and Ruge.io, I 993). A re.ent record of a
ft.loro'nb eating a bird thar was entangled in
a nist set (Braunlich and Bohne, 1991) rei.-
forces the notion that twigsnakes will eat birds
but find them hard to catch.

'rhe high dietary divesity of arlor"a6 means
that this species differs from the other vine
snakes, which all have relatively specialized di-
ets. HendersoD and Binder (1980) had noted
the atypi.al natu.e of ?,'ielolorn6 in rhis respect
but thought that its greater trophic breadth re-
sulted from the inclusion of large nunbers of
chameleons and endotherms in the diet. ln-
nead, our data suggest tbat the high dietary
diversity of ?,.lolomir resuhs from the inclusion
of many terrestrial ectotherms, notably am-
phibians, aswell asarboreal prey. Mammalsand
birds are taken only rarely, aDd chanaeleons
are taken Do more olien than other types of
lizards (Table 2. Appendix). Similarly, the large
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reladve prey sizes of ?' .@t'zra otrer a confast
tothe situation in other vire snakes. Withinthe
geDusODrelir, elongate vine snales teDd to coD-
sume snaller prey items thaD do more heavy-
bodied forms, perhaps because ofphysical lim-
itations on the maximum size ofingestible prey
(Hendelson, 1982: Henderson et al., 1988).

'lwig snakes appear to be relatilely unspe-
cialized, and similar ro other kiDds ofsnakes, in
prey size (the prey itens taken by twig sDakes
coler a wide size range, and include small as
well as relatively large prey)i dietary breadth
(he diet of ". tul.hst is no nore specialized
than a.ethediets of many synparricsnakessuch
^s Psanmath\ spp.t Broadley, 1982i Jacobsen,
1980); feeding rates lthe pioportion ol pre
served snakes containing prey in twig snakes
(36%) was sjhjlar to that in several other species
of African snakes thar we have examinedi un-
publ. darali RCMS Ghe two RCM estimates lbt
this species span mosr ofthe range repotted fb.
other oviparous snakesj Seigeland Fit.h, 1984)l
movements [hone ranges oi r .ap.dd (nean
:.1.6 ha;Jacobsen, 1980) fallwithin the range
ieporled for similar-sized snake spcc;es: Ma-
cartney ei al., 19881: reproductive rates (the
proportion ofreproductive fe'Dales in ou. sam-
ples was similar to many types ofsnakes in this
respecti for a revies, see Iig. 4 in Shine, 1986);
and Browth rates and marurarion. Based on size-
specific gro|th rales of recaptured snakes (mean
: 0.32 nm/day:Jacobsen, 1980) conbinedwith
our data on size at maturity, we .alculate that
sexual maturation (lirst matnrg) is attained in
both sexes of r dap.rr,r ar about 30 months of
age (i.e., in the third spring after they hatch).
'Ihese snakes would rhus fall into Parker and
Plumner's (1987) category of "late-matu.ing

Lemperate colubrids," a category that aho.on-
taiDs Carqholhis !.t,ti:, CatLbet .onslictor, Dia
doPhis punctat'6, Masti.ophis ldeniatus, a[d Pitua-
phi: ftzlakaL.uus. Beca$e these species include
taxa both larger and smaller than t .ap?rrir, it
seems that a8es at matuiation in t$ig snakes,
although later than in many snakes, are nor ex-

Overall, our data suggest that the exfeme
norphological and behavioral specializations of
tsig s.akes have not beeD acconpanied by a.y
pronounced modificarions of dietary babits or
reproductive biolo8y. Despite its exraordinar
ily attenuate form and unusual foraging node,
the diet of Z. .dp?dr is broad in terms ofboth
prey types and relatile prey sizes. Similarly, the
.eproductile output, grcwth rates, and age at
maturation in r .ay'.rjir appear to be sihilar
to those of other snake speciesliom.omparable
climatic zones. Perhaps the most surprisirg as

pe.t ofour results has been the importance of
terresfial prey items in this highly arboreal
snake. This study thus p.ovides a cautionary
tale: it mal be dimcult rc predict dietary habits
purely fron norphological features and obser-
vations of habitat selection. Publjshed reports
of habitat selection by this species co.sistendy
refer to its arboreality, and even a cu.sory glan.e
at the morphology ot ?' .ay'dzd suggests that
it is superbly adapted for lift in the trees. None-
theless, our data suggest rhar the primary tro
phi. spe.ialization of this taron is acdally a lack
of specializarion thesimultaneousurilizarion
of arboreal and terrestrial prey. Many Aliican
habitats contain low densities of snakes, perhaps
because of high pre.Iation rates on these ani'
nais 0anzer, 1976). Thus, the primary advaD-
tage ofarboreality in tsig snakes aDd heDce,
theselectilefor.e forevolurionof the vine snake
norphology nay be protection from preda-
rors, rather than lcces to atboreal Ptey as
stressed by He.deison and Binder (1980). By
lbmglng at the grouDd-rree interface, twig
snakes can utilize a broad prey resou(e (aF
boreal as well as terres[ial an]nals) hhile re
maining canouflaged fron potential prey or
predators and ;n a good position for rapid es-
.ape (eirher arboreal or terrestri ). The causal
li.k ber$een ecology and norphology may thus
be rarher different in twig snaLes than in their
ecological analogues liom othe. parts of the
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AppENDn, PulusHlD RlcoRDs roR lRry IaNs oF lralorom8 Sprcrs,

Btria!6 edsl,'us
Bretne!' ho'sanbi.Lt
Bftlneps n\sanbius \3)
Bttui2ls no$anbnus

Arthtutqt,l stmadatllts \2)
A hnl.$s x.nada.tjloid4
Phr\atalro.hut sp.
P h raa h dtu. ht s p | 4 a t fl a Lu s
Pq.hane"a o\rtyt hus

Bufo sp. 12)

Atunthautus attuoUis
,|Mnthautus ahicoUit

Btoahtia ltatJqs \2)
Braat sia 6.hnit\i5 (2)
Chahaettu d. dibln Q)
chanaettu .tibl'n \1)

ca 1Jtur ttoPrlan|nunL

4Eukrlth: .a!?a\^
L\pdatL!tus anglata

Cifia:aLru! nignlin atus
ctthatuxtur uLittus

hhnaholx .alcnsi
Nutu: taertolaLa ottuata

.a!.6b Btoadlq,, 1966

.apt8is Loreridge,1942

Pn6n Lov€ridge, 1953

PmX Broadley, 1966
.at.6is $Iilron, 1965

.dp.,in Broadley, 1966
mle is B.oadlel, 1966
.al.Nir Broadley, 1966
.apm\n Lolerid8e, 1953
.aPMn Loveridge, 1953
caf^X Broadlel, 1966
caf%X Wilson,1965

ral.n:is Bogei, l9il0

Ai/rla,dii Loveridge,1942
.aPensis Broadley,1966
cal.nsis wihon, 1965
calensis Broadley,1966

.al.ntis JohNen, 1902

.a|nsn Vessey-Inzgerald,1958
nl,.nsi' BoSerr, 1940
caPensis Love.idge,1953
ra|dtn Lolerid8€, 1953
.aqensis Bruton and Haacke, 1980
t Loveridge, 1923

cal,cnsis Loveridge,1953

ul?ntit Bro2dley, 1966
tdqdti\ Loveddge, 1953

mlensis Wilson, 1965
mfunsn Broadley, 1966

Airtlandii Bro^rley, 19r
tu!.nsi\ riusinons,r99S
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Mabt)a natulikbrn

PhiLathann^ .arhalt!
P hi La t ha fl " u s n t g I e.tu s

P hilothalnnus aneoknsn e)

RhnaOPhtaqr nutuo

neslins wearers (2) (sr.rnorlas,

fin.h or wealer fcaihers

B^n^n, b^t (Pqnbdtu natll

Translaal, Sourh Africa

Ailla"dii Loverid8e,1942
m?.ns6 Maberley, 1948

cafentis Firzsimons,1939
careasis Loveri.lge,1953
.d|.^n Loveridge, 1953

.aPeflsn Haagner and Clark, 1992
l,rr.rdti Bogetlrg4o
.ale i\ Barbour and Loveridge,

1928
.aqensi Love.idge,1953

? Loveridge, 1923

.a!'nsi@i Btodlq/, 1966

.a!.nii' Loleridg€,1953


