
Reproductive Biology and Food Habits of Horned Ad<lerc, Bitis cautl,ahs
(Viperidae), from Southern Africa

ItcrH-AxD SHrNr, W[Lr{rvi R_ BRA.\CH, PE.l.u{ S. }IAxro\!', ,\Ntr Jo\ATE\N K. \4tBB

Horn€d addos (rtts .a"dzlie) ar snall heattr-bodi.d ripend snakes sidely dis
tribut€d ams a range of habitat tt?es h southem Aftica, M€suenent md dis
section of 580 prescned spe.imens in mus€rm colle.tioN prcvided inlormaiion
on morpholo$t food habits, md aprcduciive biologj/ of rhis species, In pdri.ular,
it embl€d E to ase$ the effecb of sex dd habirat rne (did to meic) on adult
body sizes md shapes, di€rary conpositio& md r€proatuctive ourpur, !.efrate
horned addeF matm at ldger siz6 t[m .to males md gmv nuch ltugtr Ar de
sme snout rcnt length, fenalcs have larger hea.b dd shorrd laits thd do males.
Aridzone snrlcs m lory€r dd thiDer lhm .onsp€cific frcm moa mcsic des
and have longei tljls md larger lElds. Honed arldeb fced primdily on lizads
(especialt la@rtials, skinlr dd gectos) bur atso take othd small vdiebu(cs. Di-
ettt omposinon vdi6 according to thc $ak€,s body sid, sex, dd gegaphi.
loBtion: endorhermic pr€y e taken nostlt by largtr erlesi by females ra(her rhd
n,le$ dil by didzone rather thm m€sic-h.birat snak€s. Most prct m small relativc
to predator siz€, especially in ldge sna&es. Litter stes (3 19 offspring) indede
with m(ernal body size, wirli no signifr.dl gegraphic diff€rencB in rhis relarion-
ship. However, reFodu.tive tuquency {s infered ftom rhe proponion of adnr
fcmdes rhat wer rcprcductive wheu coneded) @ sigriticantty triq[d in mesic-
habiat smkes (> 50%) thd in th€ir did,zone retatives (157.). Habirar-Nociated
diffdcnces in resorce amilabiliry may havc affe.r€d rraib such 6 body size dd
shape, degre€ of di€idy spe.idizarion, gro$rh Eres md fefr.tc reprcduclive fc

DROBABLY i i  r  oue rhar  rn , ( r .pec ies  R i t I
I wide geographi. ,orges d,spla) asoLi.rct
geographical hererogeDeiq, in anibutes such s
body sizcs, morphology, food habits, and rcpro
du.tive bioloB) (e-g., Fitch, 19t0; Ralls and tlar-
rey, 1985: Scigel ud For(i, 1987). Hosever, rhc
ways in which local .ondirioDs indu.e srch
modifi.ations rcmaitr u.lear 1br mosl lDes of
admals in mosr q?es of habita$. Lo.al adap-
lation of orgaisms b theif immediate environ,
ment can prodDce such a matching, but so can
phenog?ically platic responses of individuat
organisms (e-9., Ballingcr, 1983). l.(lr e.xample.
laboratory cxperiments rercal thal l()cal coDdi-
tuns ol lbod availabiliqt climare, and prcdato.
dcnsity.d stimulatc srbslantial shilts iD a spe
cies' morphohgy, behavior, growth Etes, add
rcproducbve outpur (e.9., Rlrd md Seigel,
1989; Vd Dammc er al., 1990). These kinds of
studies have forccd a general rcase$nent of
the role of adapation, as comparcd wilh direct
environmenral effecls, in producing geographic
hererogeneity oL life history rraits (e.g., Ballin-
ge4 1983;.James and Whirford, t994i Via er al.,
1995). This reasesmcDt has also.en,forccd the
vahre of desdiptive st,dica on intlaspe.iticmri
arioD, because such snrdics providc the raw m.
tcrial for more detailed wo*. Noncthele$, nr

tormation ofthis kiDd remains ftagmentary for
most kinds oforganisms. Despire an in.resing
interest in squamate ecolog). rlle lif+hisrory
teits of sDakes in areas other lhan truropc,
NordrAmerica, and Australia haR remained al-
nost unsnrdicd (e.g., see Scigel drd Collins.
r993).

In lhis paper, lve prolide data on rhe nrcr-
phologa, reproducnve bnnoay, and food habirs
of a $Dall vipcdd snake that is lridety dirribut d
a.ros southcrn Aiica. ln ts no.pholoSl, and
g€neral bchavior, lhe horncd adder (rthr .ar
lallt is st oryry .onverseDr rvirh a ntrmber of
oder snakc species from arid-zone rcgn)ns in
other pdll of lhe world. Mosl of thcse rsa
Guch d t}le north-Aiiicu viperine Gran6 c
/as,6 drd the Aushlian elapltl A.anthotr)hX br
rn{t hale attn tcd lery lilde scicDiilic sludy,
aldrough one crotaliDe spe.ies (thc sidewinder
ClaIalB roknel hd beer lhe subjccr of inren,
sile rbrk (e.9., Rrowr and Lillryhitc, 1992j Se-
cor and Nagy, 199.1). Be.ause of rhcir wide geo
itraphic distribution, rarsing from the h)?er,
aid westerD (oast of Namibia to the mesic sa-
lannzh of the Limpopo Rircr (Brar.h, 1988),
horned adders offer an idcal opporruniq, to cx-
an,ine habitat aso.iated iDrdpe.ifi. laiarion
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It-{rNr^l-s ^ND MrrHoDs

We Dedurd and di*sccrcd 2ll alailabl€ pre
served spccimcDs (n : 580) of ,. a&/zLl in the
collections of the 

-lransvaal 
Musetrn (Pretoria,

Rcpublic of Soudr Aiica), the Port Elizabcdr
Museum (Por t Elizabeth, RSA) , thc Nanrral Hn-
t('ry Museun of Zitubabwe (Bulawayo) , and the
St2re Museum of Nanibia aDd thc llire.t{)rate
of Wildlife Conservanon Ooth in Windhoek,
Namibia)- For each spccimcn, Be firstn,easured
srour vent lenAth (svl.), hil lengtl (TL), head
length (along mandible, fiorn rhe snout to thc
rctroarti.dar pro.€s), aid head width (a.ro$
the widest pdr of rhe hcad). Thc spc.imen Nas
then weighed (ifadjudged to bc effdcndyNcll
preserved rhat dre nas mc^$n: would be re
liable) and opened with a midvcDrral in.isn)n
t() r€veal dre gonads and alimentary tract. Se!
and .eproductivc stanN were deternired by vi
sual inspection. Malcs Fere regarded as natu.e
if rbcy had nlrgid test€s and/or drickeDed wh .
ellircnr ducis: females Nere clssed as manrr.:
if they had ovidu.tal €ggs. thickcned mus.ular
ovidu.Ls, and/or cntargcd uiclli)genn: ovaian
folli.les. Addirional dchih of reproductio.
were absracted liom published literarure.

Piey nenN \scrc rcmorcd finn tl,e snake's aL
imenrary tract ior lrer nlentification. Thc mds
of thc prcy ift:m at the tntre of ils ingestion was
cq imi re . l  h )  , , r , ,pdr ing  rhe  i t  ' n  ro  in r / . ' . , ,n -
' f . r l i ,  ' , ' t  rd  iuus  ! /c .  f ' om J  n IN,1 'm (  n ld .
tion. This was not possiblc f()r many of &e
r ' ,am'na l ;n  p r .v , rcms.  whr  h  ts - , r .m l lL  '  u I . i \ l
ed of fur in thc snakc\.c.tum. Ilformation on
r l ' c  L l . , c  d n , l  l o . J r , n n  J  r l ' d ' p . ' i , n F , , \ ' o u c ' .
rion were obtaincd trom rnuseud rcgtlers.

fo r  Jnd l )sn .  N.  . l , v id -d  p - ,  in 'cn '  in ,o  rh ,c '
groups, a..ordiDg t{) tlreir geographic location
r  .  ' F . d  r  n ' r !  " l  l ' { , 9 , c , n ,  n \ ! t . 9 .  J , , n , ' r
Ennall (Bftnch, 1988) ro dnidc rhc range ola
,? r , /z r .  i r ' tu  \F r i .  \  |  ' : '  n r rn  hnnur l  r r r r ' l d l l ) .
r l r c rn rcL l i J rF  ! l  

' q - : r t r r  mml .  "nJ  r ' t - ' i ,  /  500

Inm,  d rF$ In  I ' i . , , . . .  r l ' i .  r , . s \ l i rF '  in ro  J
l , ,o iL l | )  e " { { ' , {  d t r , r i  n .  ' -Fa ,dr i Iq  Ne{e t '
{ N a m i L i / n . o i { i l  r n r l  n . d ,  , . ; J . l r  I ) o f , , l , ,
l l u n ,  l , o m  \ n . r . ' , n h a h i h n s , r ' u , F  ' n e . i '  ' $ l
c rn  . ' cJ \  r l ,a .  l \ .  A l , l ' "ug l ,  S" . ! ' " th i .  ' d t i r -

r io t r  nc r ' , , \  In  L , i l '  - . la r jo , r  Jn ' l  .o ln r . , rn 'n

\ithin R. .induln (€.g., HD.kc. 1975i Branch,
1988\ .  r " ,  dc r . i lFd  /nJ) \ \  n r  9 , " 'E  h t r ' i ,  \h , i
atior ha\r been rcportcd. Formrl r€colilitio!
. ' l  i n r m \ l ) e '  i l n  q r r . n n n N r / ' u r r - L l r . ,  l h e , l F
y l i p l i o [  o r . ,  s . ' r . ' n  t  r  t t t . . . l r d u d . , t u d q d b
\ ' l c , rFr . .  l , r i5 ,  ' \ r '  w i '  | J , . ,  ' 1 , ' {n  ru  t 'F  i ju
n io r  sy ' ro , , rn ,  n l  rh .  (1 ,^ r l v  , ,h rF . l  ,axon n .
- t " i . idn  \ t t r r . l - .  1976) .  N .  u , l ,F  d ,c "  h .^ '
be '  n  t ,n t . . . l .  In  i ' ppu  . t  n ,o r th . l .e i . r l

f rLl  >$o-- E r5$o-- Et.Ds--

trt d]..,,,L/,. d,",ib,,,r".

Fig. l� G.ogmpbi. disribrtion ofhorn€d rl&rs
s.d$cfn -41ii.a, sith climdi( divisiurs (nng.s nr

mcan annnal Frc(ipilaln'') uvtl fof ana\scs nr dris
ptPe'r Slr,ns dntiblrion and prccipitllion mal^

data, immunological smdics suggcst a .li)se re
lationship beMeen ll. .ardali' and t\{o olher
sand{weliry $akcs liom the Nestern aid re
gion (A y'argrt, and u. $hvirlo, Herm^n\l

Staristn:al analyses vere perlonncd on an Ap
plc lbwerMa.nrtosh 6100/00 usiDg thc sottware
prograus SDLview 4.5 (Abac,Ls Ci)ncepts, Berke
ley, CA, 199t, unpubl.) and supcrAnola l�tl
(Aba.us Conceprs, Bcrkclcy, (lA, 1995, un
publ.). Pdor to malysis, dah sere che.Led for
homos.eddti.ily ol iariznces. Dah on ra\t bod)
masses wcr. Datur2l l()g-transfoimed ro tnecr
tlle ssumpiions of linearill. Yares .orrection
was applied t{} condngenc} table analys.swhere
approp'iate. ln dre rexr, wc prcscnr mcan values
1 1 stardard deviation.

lusLLrs

sdrano:, t/'4 rid,.itl vfltat dnnorh tu M^le
and feDale sukes wcrc coll{xled n, approxi
n,atell equal nunrbcrs nr all three ar€as (Table

l). ID e.cb of these arcas, horvever, f.malc
horncd adders matur€ ata larger body siTc than
do consr,.i6c nHles and gro$' lo much larger
sizcs.l lcnce, mean adull S\itr wcr. signiticandy
largcr for fen,al€s lhatr {or malcs (lible 1).
sVLs als) lrried rdong fte dn.c arcas exan,
ined, witl, lhe srakcs bcing largest in aftl
regiors ard snallestiD mcsi. areas. A t]{o factor
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T^nrl L S^MpLn $zB, BoDy SrzF-s, ^ND Srxlr Sra DrMoRpHrsM o. AD|rr HoRNxD  DDrs, ,R i\.?zluti',
FRoM xr.Rr , I N r LNDruE, ND MEsr. P^R rs or I IL SrxdB RaNc. rN Sourr [:RN Ar Rlor. Tablc shows mcd

Dlu.s, wirh SD nr parenthcscs.

SanFlc sirc for SVl,s

sDrdc si?r li,r nasses

RaDgc of bodr ru\ses

Sample sizc lof S\4-s

S.n'ple size lor n:r$cs

Rangc of bodl n,ases

43
517.02151.04)

27+-ta4
l 4

.1r .36 (2r .25)
22.0-95.0

276.15 (.12.06)
215 400

2? r37 (r 1..19)
1.1.0 50.0

130
336.97 (40.u)

245171
a1

61.2r (29.00)
28.0 160.0

125
2ij2.l0 (45.20)

r 9GS85

26.73 (16.r7)
8. t -92.0

22
312.1,  (3.1.21)

?50 100

.1.1.89 (15.12)
25.r (i5.0

?r
?52.33 (42.rJ9)

?02 3.i3
l 2

:5.82 (11.96)
10.7 55.0

ANOVA with sex and hbitat ry?e as thc lactoN,
contirmcd that rnean adult SVLS ditlircd bc-
hleen tbc scics (4.n = 143.73, 1'< 0.0001)
ard anong r}c thrcc ueas (4j?6 : 6.62, /, <
0.002), bur rhc dcgrce ofsexual dnnorphism in
adtrlt SvLs w$ similar in thc .hree areas (nrter-
acdon r,,316 : 0.56, ./': 0.57).

Surprisnrgly, analFes bascd on body mass

J*-
- ) %'!u

l.ig. !. [tlects of scr a.d g.oSupnic lo.ation
(.ainailklefined habitat q.Dc) on n,o.phol.sical rraib
in hofncd rdd..s. Histograms shorl mcan ralu.s 4..
lraits and associatcd nin.l&l devi[ions. Fo. gmphs
(B), ((l), and (D), thc dcp.nd.ir v iable is rhe re
snl,,il scorc riom the gencnl lin.2. rcg'lssnr offte
fclcutrt r.ii' (nead lensth, tail tcngth, of l, Dody
nrass) aSrinsr $r)ur \ert leDgth. Scc tcxt fof stirisr ical
ana\scs of tbcn r(rds, u5n,g I\NCOIA mlh.f than
re\idual s.orer thc ligu.. shows ksiduals to more
.ledly illustrare thc soufccs olsi8.i6(.nL eftacts.

h3
? r

hlher than kngth gavc a different resuh (Tablc
l). Mear adult body mais in males was signifi-
canily ld{er than in ltmalcs (usirg lz nass:

4.,,3 : 36.50, /'< 0.001)- Overall body mascs
of sn2kcs IioD the ree areas did not dille.
signifi.2ntly (4?.,rj3 = L53, P = 0.22), bui thcre
was a siADificanr inlertrcti()n bctwccn scx and lc
caljq, (4.i,r = 3.58, P < 0-04). Thc discrcpmct
bctwccn these resulLs is (1ue ro a difltrctrce nr
body shape (mass relative to lcnSth) anorg
enkes ffon d,e thrce diftarcDt ared. AIid zone
sDakes were rhirner-bodicd than their nesic
.onspe.ifics, with intcrmcdiate habihr snakes
intermediatc in this respect (mefa.tor AN-
COVA with arca d the fa.roi S\aL as the coaar-
iatc, and lr mass s $e dependent vnriablcr hct-
crogcneity of slopes 1l,D : 0.26, P =0.77; iF
tcrccPts 41ri = 7.37, .l' < 0.001i scc also Fig.
2D). Thus, arid zore sukes are longcr, bur nor
hcalier, lhar .onspecifics trom more mesic

Males md females diftir in body pfoporriors
as well as ab$lurc body sizes. Ar drc same
snour-vent length, male horied adders have
snaller he2ds tnaD females (or€ fact()r AN(IQ-
VA with scx as dre f..tor', Sll as the coEriatc
and hcad sizc d dre depcndent vanablcr lbr
head lcngth, slopes 4.?,r : 0.15, ./) : 0.70i in-
tcr.cPts .].:,.r = 13.32, l' < 0.001i lirr hcad
widrh, slopes 4.rd = 3.29, 1' : 0.07j intcrccprs

4 '* = 4.93, P < 0.03j se{: liig. 2R). Howsea
the general sl,ape ofthc hcad (viddr reladve ro
length) does not ditLr bctwcen the lwo sex€s
(onelict()r AN(IQVA with sex as rhe factor
head lenSth 1s thc covariale and head width ar

E
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rhe dependcn I lanable: siop.s 4,96 = 3.42, P:
0.07i intcrccpts ll.Fr = 0.29, l'= 0 59) Adrnt
males arc als, mo.e sl.nder bodied dMn rre

femalcs t)ne facror AN(IO\A vith scx ar the

ttcror, SvL as lhe .olariate and l, bod,v mass as

tlrc deperdent laiable: slopes4.L,5 : 0'r0, P=

0.55! inrer.epts rl Ltu = 6.62, ./' < 0.012) aDd
hare significaDtll l{)nger lails than do females
of d,e sane bod) length (oDcJact(n ANCOVi
w r l '  . c \  n .  r h .  1 , "  r " ' ,  { t  " \  r l , .  '  ' r  " i J r e  J n '
u , l  lp , r ! ,h  . .  ,h -  Jcpe! 'dc ' , '  \ ' . i JL ' le  Jor . '

l 1 )  O . 4 . 1 . 1  0 . 1 1 . I n r '  r , c n ,  / i  .  l q l  l a

P  0 u r ( ' t : . r r  F i ! .  ? { : r  , , - , , r ' , p h i ,  r r ' . i a r i . r

J  d l .n  ^ ,d -n ,  In  ,h '  , "  . '  ' , , '  Lur  i .  l '  \ '  mr , l .L
rh i r '  r l ' .  .Fx  L l i t l c  ,  n  - .  f . r  ex  r ' . t l -  r r i , l  /un"
'nd l - .  , cno  ro  ha \ '  I r rge ,  hcdd.  - l r ' r .  ,u  s ! [
' l ' r r f l u t e n c r ^  n l  r ' p - .  ' c {  \ i r h . . \  i '  r l ' F  t " ' -
' , . , 5 \ 4  , .  , h .  r t { r , ,  r F  J n ' l  h c  . l  l . n E , l '  J \  ' t ' ,

deperdetrt laiable: 4.* - 3.'11, 1'< 004),
, L l , F , e d .  ' n , r , '  n . r i  m p { ,  r , . h '  h J l e  l o n e '
tdls fetati\c to SVL (onc-factol ANCO\i\ w h

area d the fu.toi S\aL as rh€ covariatc, and tuil

lp r rg ,h  F  , \ -  L lepFn ' l c r r  \ "n r l ' l e .  \ lo f . '  /  "
. ? ? " 2 .  /  -  0 . 0 6  i n , . ' , . 1 i '  /  1 1 4  P

0.001 j  see  F ig .2C) .

H t , ' "h  t i J "  b ' . t "n .  Ou,  oar "  , " , 'h , 'n  rhJ ,

\ , , ' , 'Fd  . ! l ' l c ,  '  J r -  \ : \ ,p .uou ' .  L { , \  t -mJ lF .  n ' "

1 1 . . ,  i , , g  a  1 , , , . ,  " r  t  l u  ' r , - d n  R . l 7  I  0 7

offspriDg in late $uxncr Although we hal€ no
. l i r . . r  m - "  r " c \  o l  o i l ' p r r r ' s  . i e " .  s ,  , J n  F . L

,n /  .  $h  pJ , .  m. , " ,  l " { ' ,  rhe  bod\  i / - '  . t  rh

$nallesl pr.sc!\cd spccimens bccause neoratcs
n , n ' p , i . F  a  ' u h  r r n r : , |  p r o p .  ' ,  n  I r h e P . P ' "
I : r j u , ,  i , ,  h "  p , , , u d  i n n . d , r r - l \  J l c .  p J ' r u '  '

, i r n . n d  J , ,  1 , - n , o l l ' i r " d  I n  1 " , g P  t , , m h . , .
lo  esn in -  h"L i r . r  d*o ,  r i r - ,1  \a r i , r io ' ,  , , '  , ,1

. p , i r r c . i ^ . .  $ c , o r n l ' d , . d  b . ' d \  " t . '  " J  ' l ' .

snaucsr 20"/. ofjuvcnile snakes lronr each of
r r ' i  i l , r r r  '  r i n t . ' l / r  !  r s .  u \ i n g  d  o r , " i  r  r , i  \ N O

VA $ith rainfau area as &e facro. r'he mear
body sizes ol neonares" idcndlied in lhis Ia,v
diffe.ed significandy mrong the three arer
, / -  _  q  i t .  / r  .  0 . u " 1 , .  I , r  , g  t J r p !  s  i r ,  r t , r

in 'p rmcdr 'c  L ,L , rL ' .  \ l  t { ) . in '  l .1 .oJ  'nn '  c | I

n = 2l), interdediatc in rhe arid zonc (119 85
'  . ; Jq  I '  I  i r ,  rn , l  .TJ l  r {  i  hp  'n . {  l , rL

iu r  ! l r r . l .25  '  l  ' ( , ' , .  r '  L  d l l  ' l r l r c r -_  - .  \ iS

n ' h . , n r  \ i r h  j ' r k . \ - l ! J ' r ' - r  p o { h , "  r - . b 1 .  { _
r L , , , r S h  . , r n p t . . i / , . I , a  ' h r \  r . {  r r -  ! r u t t  d , . l
h .  InF ,ho ' l  o r  , . l .nuJ ' i ' ,9  n .n ' , r  ,  '  i .  i ,  n t '  f r  , . .

r l ' A  J n  o 1 8 l  "  h u n L l i r l . r " n  - i  r ' u r l : l ' l I n b '
,  r e . u l ,  n l  i , r ' p l r n g . n " ,  l t  r l ' i .  1 , " d  h , . n  r l ' .

cde, wc w)uld hare cxpected uDusually snall
.pF i  iTca '  ,  ,  hde  b .c r  '  \ - ' ,e t ,  F \c l r -d  i , '  |n -

I " r e ' . r  ' r n , p l e  .  r h / r  " l  , ' , r - , , n c d , J , e - h " l i i r "
sDakcs), yieldins a result oppositc to the one $t

!.is. 3. scasonal djst'ibtrrions ot bod) st.s .l it
venilc hofncd rdders nim (A) rrid (< 125 nn an
nLd p..cipiklni) and (B) nk.tr.diatc ran,fall
( 125-500 nnn) pitrs ol the spe.'es rangc

\Ve aLso examined seasoDal parierns of bodr
size distributuns of sp.(imens for $hich we

. u u l J  o L r . , , r  d  ' r - '  u r  . o l c . , ,  n . \ u . h d i . r . h u -
, iun .  . rn  { ,b rc \ ,  8 ,nkrh  "  iF . ,o . i c .  ' l  ' , c .

r r , r . . .  l  ' r ' g  " .  r . p t  o d t r  r i '  { ,  h  h r c h l t  { , r  h ' u

dzed$iihin the populad)n (e.9., Shnre,1978a)
L u .  m ' F ,  l ' -  I n r c r p ,  c  F . l  \ ' , , h  , . , u r , o , '  ' ,  . ! . .  \ ' i , , .

l q v . l , .  \ J n ' p l c . i / c .  I  '  r l ' F  r n c s n - r ' 4  i ' n l c s
s . , .  , . , .  lo \v  In '  r i : ,1 ) . i \ .  uur  In . t r ,  U .n  o f  'h ,
sizes ofju(nih snakes collccted al diffcrcnl
u rner  o l  \ car  In  r l ' c  o rh . '  I ' rh r r r r /onP\ ' . r 'h l .L
J ,  o !  { { . "  p d , , e , n o l  \ c ' \ . ' , ' r l l  \ p e f l '  ' r , ' '  i . .

m: .1 \  n r - ,  UdnuJ 'v ,  h r ' r l  p roc . ,  *n . l \  L r re

i r o n , a ' , J 1 .  i n  l J r '  . . , m ' , ' . ,  J n . l  r ' , r u , ' , n  l l

r ' ,  c , l  8 ,  { . , 1 ,  r n r c .  I n  ' h - h , r  \ c , '  I l i I F N F r .
.uh  n t i " l l y  lo \ '  |  . , '  ,1 , -  i r id  /o , ' .  .nh l ' - ' Ihdn

, ' ,  r \ . i ,  i n , '  ' m - . l , " , F h J b i . d r  ,  " , , , r c r p " ,  '

I  r " ' r '  I  ig r r "  . lA .  \ '  i tUer  rh r r  ' ' nJ  / .ne  ! , r '1 ,

E r ' { .  l r o r n  L r r r h  r '  n r - ' r l o  l 2 r '  r ' r n ' \  ' o  r l "  r l

l q 0  l o L ,  ' i I  h )  ' h e  F  o  ̂ 1 , h -  h ' {  c ' ^ w ' , !  d r
" o . ,  \ j ' r r - ' .  I n  , . n r " . r .  d r F  t . . c " '  r - . , r , r r F .

h o m  I n r - r r n F ' l i / r c  h ' L , i r " r .  / r ' ! i r '  i / c .  o l

dound 180 nm by this time (Fig. 3B).
l- ter sizes wcrc sigrifi.mtly correlated with

1 J ' . , n a l  L ' o , l \  n ^ -  ' , ,  -  !  ,  0 6 5  P
r r n n o l  l h n  r , l , , u . n ' l r i p  d r d  n  l  d i f l c r  h  _

sccn 5nr lc5  l r , , ' r '  rhF  r '  r . .  d r l lF rP ' r r  hJhru '

L

c

E
:

B. lntermediat€habilats
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T^Rr.E ?, Iuy IBs lDENrrnrD rRoM rHE AlrMfN
rARy Tto\. rs or HoR\xD ,\!DE$ FRoM THmE H.{Rn{r
TlpEs (xERr., lNr'.RvrDL! x, ND ME$O rN soLmERN

&RrcA. Scc t.xr fof de6nilior of habitat g?es.

-" .jg

Paclgduqllls bhngaLus
Pa.r4daqt$ puntutus

tenatulis squmrtanl

I'.dio?lanis lin aoelakt
P.triL'l,tani n anarrdsis

Mabrya q\inql.haLtul.

mdeh'r .nourrcnt rensrh {mm)

l.i8. ,1. Litler siz€s of horn.d addeN a\ a funclion
or mak..al bodr size (sW), widr dad sbown sepa
mte\' for IcDalcs n .m difererr larts of the slccics

zones (ondfactor ANCOVA with uea as rhe fac-
toi n,aternal SVL as thc colariare, and litter ste
d rhe deperdent vanablei slopcs 4.il - r.02, "
= 0.3Trinterceprs 4! :0.91, P= 0.41: see Fig.
4). Mmy adult femles in museum collections
were nonrcproducrive, sDggesting that femalcs
may reproduce oD a lc$-than mnual shedule-
Becanse reproductive cyclcs de relllively qd
chronous in the highly seasonal climates expe
rienced by -8. azdala we were able to estimale
reproductive frequency from tnc Foportion of
adult-size fenales ahat were reproductive during
summer This proporrion did not Ery with body
size among adult females (cohpadng mean
S'l'l- of reproductive rersus nonr€productive
aduh females: unpaired ,,:, = 1.03, P = 0.31)
but differed among the three arcd. The pro
portioDs of reproductive dimals w€re higher in
thc mesic uea (eight of 15, 53%) and the in-
tcrmediate habilar (46 of 75, 61%) thaD in the
and zonc (five of 33, I5y,j X! = 19.78, 2 df P
< 0_001).

laod hahits.-Horn d adders feed prin,aily
upon lizdds, especially gekkonids, lacertids md
sciDcids (Table 2). However thc alimentdy
tEcts also contailed orher g?es of lizards, as
weu as mmmals, birds, and frogs. A snake iD-
side one spccimen provides the fi$t record of
cannibalism tbr this spe.ies. The liza(Ls con-
sumed by horDcd adders cover a side tdonom-
i. range and include both diurnally md noc-

The composition of the diet Ericd geograph
ically and differed between the sexes. Pcrhaps
the most important dilision is between ecte
thermic prey (reptiles and amphibians) versu
endothemic prcy (nanmars and birds) be-
cause these two groups differ in mean body
sizes, a.tivig' lev€ls, and other fiaits likely to ir
fluen.e rhen vulnerability to predators (e.9.,

;
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midpoinr ol .ftd{nr Lnorh inbn.l (nm)

Fig. 5. Shift nr .omposition oI thc dicl (propoF
tion of cndothemic pre, with inueasing body size
i. horned adde^. Body sizes are divided nrto 2Gnm
S\aL sizc .lNcs. In boih scxcs, lal8 r snakcs r"le a
higher proporrion of endoth€.mic p.el (nosdy mzm-
mals) and a conconitandy lower propo.tion of ecto-
therfric prey (nosdy lizards). See texl for sratislical

Pough, 1980). Female horned adde* t{x}k a sig-
nifi.mdy higher proportion of endothemi.
prey thm did males (X: = 5.86, 1 alf, P< 0.02),
md snakes ilom did regions also fed on en-
dotherms to a greater degree tnan did snakes
from more mesic de6 (f = 11.23, 2 d{ P <
0.005). Botn of these trends may rclatc to ab-
sillute body size. Perhaps hecaw of gapelimi
tation, eDdothermic prey were never taken by
smal snakes, and the relative importdce of en'
doihems in ihe diet in.reased ma.kedly in larg
er sDakes (Fig. 5) . Thus, part of the redon that
temale horned adders took more endotherms
thaD did males is lik€ly to be the larger body
sizes offemales. Howqer, qen at the same body
l€Dgths, females fed to a greater degree on en-
d , , rh . ,mr  p r r )  ( rd  F i8 .  5 :  hdrc , , ,8dne iD o l
slopes test with sex d the facbr Sv]- ar the c{!
lariate, and the proportion of endothermic
prey a the deperdent wiable: 4:5 = 6.23, a
< 0.02) .

Most of tne prey items we recovered from
homed adders were relatively snall. l-dger
snakes took larger prey (regIession of SVL s
prey na$: r: 0.23, n : 47, l'< 0.04), but the
ma$ of the prey item relative to snake ma$ de-
clined in larger snakes (rig. 6). These relation-
ships beMee^ snake size md prey size Nere sim-
ilar in bolh sexes md in all lhree ded (AN
COVAS, P > 0.25 for all effects of sex, rainfall
arca, and their interaction).

Frequency of feedins (as juds€d by the pro
portion of snakes containing prey) showed no
.lear patterns. The prop{)rtions of snakes con-
taining identifiable prey did not differ among
a.eas (r! = 394, 2 df, P = 0.14) or between
sexes (x' = r 06, r df, P = 0.30), nor among

3nrk .nod.d lsnsrh (mm)

Fig. 6. Larye. horned addeN consume lar8er prey
(A), but p.cl na$ rclativc to prcdator mars dcchrcs
in larycr snalcs (B). N-otc, howd.\ thai nas csti-
mates werc unavailable for most mmmalian pr9'

deas within ea.h sex (f with 2 ar = 4.61 for
males, 1.77 for females. P > 0.r0). Similarly,
proportions of fed to unfed snakes did not dif-
ier significdtly mong ninc SVL cakgories
(each spmDing 40 mm; x'� = 13.55, 8 df, ? =
0.10) .

DIscussIoN

Hoined adders are lo.aly abundant in mdy
des of sotrlhern Africa, md aheir general bi-
oloSy has accordingly been the subject of many
published statfmeDts. Howcvcr, tnc 6t major-
ity of tn€se have consisted of bnef notes in lield
guides atrd the like, without quntification or
d€tail. Our study is the first to prolide a large
dataset, based on specimens from acros much
of ahe geographic range inh^hlretl by B. .audaL
6 Hence, we are able to judge the ac.uracy of
previous staremen6 s well d lo exmine se!
eral aspectr of the biology ofhorned addes not
acccsiblc to calicr workcrs.

ID geneEl our data ar€ consistent with ear-
Iier obser\ations. For exampl€, several authors
hav€ previously noted that horned adders are
viliparous, producing a sinAle brood of 4-19
otrspnng (e-g., Broadley, 1983; Btuch, 1988;

: " "
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vr . i s .  l9 !21 .  W. l l  [ - t t  ,  apr t r .  r .mJ l . '  ma)  p ro
ducc cven larger lirle^ (e.g-, &) 27 nconatcs ir
2 Lmalc liorn cetrual Namibia; DouAlas, I98l).
S i / rs  i l  h i '  ' l '  i nn  '  ' .d  i I  our  s t "J )  h r  c  ah , , , .n
snrent with rcporrs Iiorn captive $akes, in
rc r r tu  u taLw, lu r .  sz f ,s ,sBc l l  apxrern \u l  g r . ,

F r . p h i ,  \ a , i a d ' , n  I n  f i F  r r J i r  r r p u t . b o , n  I F
onatcs from xeri. habitat appear to bc larger
(c.9., for lwo lirle^ fton Swrrklp Rivcr, ccntral
Namibia, mean offsping ll-s of 147 aDd 136
mm:  Do, ,g la  lq8 l )  r l ' d ,  r l , , .d  f , , ,m {u r . \ .  o l
lect{:d in morc nesic habihts (e.9., mean TLs
of neonatcs in rivc li.lers = t04 nnn, llri mm.
t12 Dn, 124 mm, 124 mm; Haa$er, 1987,
p r N . . u n , n ' . ) .  l ' h r s r h ! , n j l , i m i n g o r  t c t r u d r n
tion also frls siah earlier reporr-s. (lopulation ir
.aptivc arakes from esi. environmcnts {and
houscd in southerD  fii.a) has been rcportcd
in April and luly (llesrer 1983), May and licl}
tembcr (Jacobsen, 1986), andJuly and ().tobcr
(D. Morsan, pcrs. conm.). Douglas (1981) rF
corded copulation in Ocrober for Nanibian
caprives (xed. habii2f). (laprive horned adders
fron mesi. habitatr hav{: givcn bi.th i[ Sepled
bcr 0a.obsen, 1986); November-Dcccmbel
(Akcstcr, 1983), ocloberjanuary (D. Morsu,
pers. (omm.). erd January (Hasner, 1987).
'lhc 

sinAlc record of birdr ro a femah hom a
intcrmcdi2tc habilar (Tsane, Bobwana) oc-
curred in latc Dcccmber (Haa.Le, n, !it-
Snnons, 1970). Rirth jD.aptive eDkes finn xer-
i. habikrs occurred in Dcccnber 0a.obsen,
1986) aDdJanuary (Douglas, 1981). No consis
tcnt gcogmphi. ldiarion is apparon liom these

hcvious authors have also nored drat thc dicl
.onsists mostly of lizards, with o{,6rn)nal othcr
small vcrtcbDtc prey. The mosr extensive prc-
vious analysis ol B. .adab diets vas Broadley's
(1972) reporr on a sa'nplc of54 prey itens frlm
the .enral Kalahan. Thc specineis f.om dis
iDponarr senes were in.hd.d jtr our sr(dy,
whcrc the mor€ detailed analysis providcd .d
dilioDal info[nadon. The only praio,Ls rcpofl
of gdlgraphic wi.tion ir e.ologi.al traits leith-
ln R. .audatis. to our tnovledge, is I'attervD's
(1991) .ommcnt thar.apdle spe.nnens liom
and regions rcadily led on mice as well as li?.-
ards, vhereas .apiivcs liom more mesic arear
look oaly liza(ls- l his obscrlatiotr is srpporLed
by our o'vr data, whi.h show a signifi.dd)
highcr ilciden.e ofexdothermi. prry in thc aI
imenriry tractr of tuid zone specnnens (Tablc

our morc cxtcnsi\r dalaset alloNs us n) doc
unrentthc cxistcrlcc olerialion in several trair-\
widrnr /r. .a/lah and to tease aparr sone of the
.o.retares ofrhatvanatun.ID particular we .ar

look at the elTe.ts of scx and geogmphic varia-
don on body sizes, body shapcs, reprodtrcrive
outpur, and dierary composition. The genenl
pattcrn is rhal these h-aiis arc inllucnced by
both tirctors {i.e., sex and l()cation) bur with
only minor nrtcraction between the two.

llftt, we .onsidcr the effecb 0f sex on the
morphol,)gy and ccology of horned addea. Sex
ditferences are pronounccd in size, shape, ard
uophic ecok)fl: Lmalcs grow la.ger d,an
males; have larger heads aDd shortc. rzils ar rhe
same S\aLi and feed on a highcr proportion of
cndothe.nN. The dcgee of scxual dnnorphism
in mcaD adult 5"1'L is similar a.ros thc thrcc
habitat tlT,es and is more exreme dh is found
in nbsr othc' snakes. Using thc te.hniques of
Idich ard Gibbons (199?), the caLula|ed in
dices of sexual size dimorphism IroD the S\aL
data ir Table I are 1-256 (xcic), r.285 (inrer
media.e), dd 1.23? (nesic). By comparison, a
rcccnt review of kxual size dimorphism in
snakcs prcvided dau for 367 spe.ies, only?9 of
Nhi.h wcrc morc highly dnnorphic than thc
nost dimorphic p<,ptlarlot\ of B. mdatis
(Shine, 1994i 49 spc.n:s wcrc more dimoryhic
than re leaskft.orphi. populatiotr of r. az
dalq - Hen e, B. .auht tanks amoDg the high
esl l57o ofs,ake species with rcgard ro this in

Thcse diffefen.es in body proportions arc re
fl{:.r.d in scalation- Merrens (1955) notcd drat
ttmales had lighcr midbody s.ale rlw {ounr-s
(25 27; males 23-?7) in Nmibiar homed
adders. Btuadley (1972) Doicd a similar sxual
dinoryhisn tu n,idbody scalc.ounts in Bolsva
na snakes (males with 25-29 ros, usuauy 27; !s
lcnales wiln 27 31 s.ale rows. usuaUy 29)- He
aho do.umenred a nx,dertrte scxual dimor-
phism in venttrl.ourts (120 141in malcs,l3.1-
155 in Lmalc0 dd a nore obvious one in nlt>
caudal counts (2740 in males, 18-34 in fe
n,ales). Ha.kc (1975) nored similar sexual di-
morphiin h ventr2l and subcaudal coDnrs of
horned adde^ fron Grear and Lirdc Nmaqua
land. He irdi.ated dut there was rcgional vari
atioD in venlral courL\, with ihe highcst range
limit5 o.curring in d,e v)uthwestcrn rcgion
(lyhcrc the spe.ies rdrge overl2ps rhai of A
s.hn.idii ^n.1 B. rdopaga), dd l(Ner limits o.-
curring in Angola. thc Kalahari, and Trdsvaal
(Hacke,1975).

The largest recordcd spccimen (Haacke,
1995) is an ex.eptionally large ti:malc liom the
castcrD water .arrier in Nanibia thar mcdurcd
O()0 mm (548 + 52 nrn, SVL + t2il, r.spcc-
iivcly) alter six years nr captivi+ Ihc largcst
wild{aught lcnale is one of523 n,n (:186 + 37
mn) trom ccntral Nanibia. Only a singl€ nale,
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.108 nm (372 + 36 mm) iiom Ludoitz in cos.
al Namibia, has cxcccdcd 400 mm TI- lHaackc,
1995; who showed that the re.orded maximum
size of459 mm (41? +.15nm) forasnakefrom
southern Namibia (Broadlq! 1983) Nas based
on a fenalel. Jacobsen (1989) records a maxi
mum snour-lenr size of 292 nxn and 330 nn,
lbr Tran$aal males and femates, respecdlely.
Compaable mdimum rouU lengths for Zim
babwe snakes de 301 mD and 432 mm, respec
tivcly (Broadley and Cock, 1986).

The marked divergence iD neaD aduh bodl
sizes ber{een the sexes is surpnsing because
nale horned adders etrgage in physi.al conbat
bouts dnring ihe mating season (Akester 1983).
This behaior is typicaUl (but uot uDi\€rsally)
dsociatcd with larAcr body sizc itl males thd
in fenales, presumably becausc thc combat
bouts rcsulr in scxual s.l.ction lbr ldgcr body
size in males (Shin€, 1978b, 199.1). Larger body
size in females thd in males in such a species
may refle.t stiong sele.tion for larger body size
in females (perhaps be.aus€ ofenharcedfecun
dity; scc Fig. 3) or sclccnon for earlier matura'
tion in males than in females (MadscD aDd
Shine, 1995). In k€eping with the gcncral phy-
logenetic conserlatism in mating rystems and
sexual size dnno+hisn in snakes, mosr or all
oder ,thr sp€cies appear' ro sbare the tlai|s of
malejnale conbar and fe ale larger size di
morphisn (e.9., Fitch, l98l: Broadley, 1983).
Tailaizc dircrgcDcc benleen the sexes is also
{idespread in othersnakes and probabllo.curs
in all B;rs spe.ies (Broadley, 1983j Branch,
1988).

Ir is more difficulr ro inlerprer lhe dire$en.e
belNeen male and fenale horned adders in
head sizes rehtn€ b body lengih. This di\€r
gence is utrlikely to reflect adaptatiol to rnale
malc combat (as hd bccn iDltrred lbr dimor'
phic hcad sizcs in lizards: c.9., Vitt dd Cooper
1985), because nales rarell bite each orher dur,
ing .omtrat bouts (Akesier, 1983)j and in anl
case, n is females dEl have t]1e larger heads.
Instead, headjize dnergen.e in snates is likel),
ro refle.t sexjpecific adaphtions 10 dielary dif
feren.€s (Shine, l99r). In keeping eidl dis nr
terpretation, fenale horned adders depend on
mammalian prcJ to a Srcatcr dcgrcc thd do
males. This dietary dili€rence is part\ a rcsulr
of the sex difference in body sizes bur also re-
lecls a dntrgen.e in dietary .on,positbn even
at the sme bod) size. Thal is, females u]<e a
higher proportion of endotherni. prey even
ahen compaison is restricted to samesized
snakcs (Fig. 5). Arthough our data do nor reveal
an_v difiircncc itl prcy sizc rclat c to prcC-tor
size in the filo sexes (Fig. (j), it is probabl. .hat

dala on prey muses for munnalian prey would
chaDgc rhis conclusioD. Sex dilergence in rela-
ttuc bcad siTcs is lvidcsprcad iD snakes, includ-
ing species tbar resemble B. .ar.lalisin g.D.ftl
body shape and in the dire.tion of sexual di-
morphism in both head sizes and bodl sizes
(e.g., CrotalB .d6te:, A(mtha?hi mtur.tiLr'
Patthitliutu )u.at@i.utu:, Klaube4 1956; Shine,
l99lt Mccoy and Censky, 1992). The dietaiy di
\ergence belween male ard female homed
adders also offers a posible clue to the other-
wisc puzzling scx difltrenc€ iD general .olor:
males are more brightly patterned tharl icmalcs
(e.9., Broadle,v, 1983i Bnnch, 1988)_ Such dif-
ferences have been des.ribed in relatively few
snake species md nry refle.r adaplalions to
subde sex differences in foragiDg biolog) and
thus habitat use (Shine, 1993) or to rhe iD-
creased acriliry (md hence, \ulnerabilily to pre
dation) of adult males during thc brccding sca-
$n (sh e aDd Madsen, 199.1). Sex dillerences
in habitat use and/or activiry patterns mal in
lum favor divergent adaplations of color pat

Thc gcncral rcproducinr biolog] of A .aa
da& appcars to bc snnilar to that olothcr small
snakes, with the exception thai litter sizes are
unuuuuy high, and reproductive frequencies of
adult f€n,ales are unusually l()w A strong in-
.rease in litter size with materndl boq size (as
in Fig. 4) is cotunon (perhaps lbiquilous) in
snakes, but litter sizes lbr 3. .adala are higher
ihan tirr most similar+izcd lipcri(Ls (ibr com-
parati! data, see tabulafi)Ds by Seigel and
l'ord, 1987). This phenomenon probably re-
flects the thickset build of B. coudalis (allownA
a high relative .lutch masi Vitt and Congdon,
1978) combined iilh the smal size ofneonates

Go Lhal many can be fr|led inlo lhe maternal
bodl cavi9. The smatl siz€ at birth may plau-
sibly De linked to the adders' deperdence on
relatjlrly $nall prcy. Horncd addcrs arc born at
abou he same rime that slmparric lizardsharch
from then eggs, so drat hatchling lizards may be
nnponant prey fo! lhe nerrborn snakes (Doug
las, 1981; BFnch, 1988). In terns of sizes at
birt and litter sizes, holned addeN fiL well with
general aloner.ic parems wi|hh rhe Africm
species of the genus -8ittr. Thus, for both of
thcsc ldiablcs, .ardal6 rcscmblc simildiizcd
coDs€n€rs (e.s., attupos, cmna, rdof)asa),.x-
.eed the snaller tda (e.g , ,ainguqt, $hwiLla, ,
dd fall rrell belorv the thr ee nassive spe.ies (a'
ieta$, galani.4 ^ d ndi.okit, e.g., Bioadlq',
1983r Bran.h, 1988).

Lesslhdlannnal reprodu.iion bI females is
nidespread iD srakes ud seems to bc puticu-
larly common in ambuh prcdators (Seigel and
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Fod, 1987; ShiDe, 1980; Webb, 1996). Pl€snn-
aL l \ .  , l ' .  p , . ln ' ,A ,  d  :n , , ' r ,L , , l  D  ,  hJ '  .  rF r i "  ,  , ,1
mbush predarors enhatrces thcir $r\ival but
rednces fttes of prq caprLue. ln kccpiDg widr
this lr?otesjs, femalc horned adders liom.rid
rcgious (r'here the snakcs de drn!,erand grow
more slowl,v. presunzbll bc.ause of leser prcv
alailabiliry) rcproduce l6s olten rhan do .on-
spe.:itics hon more n,esic habita6. Snnib gco-
graphic laialion in reproductive {ie.tuen.ics
has been do.unenred wirhnr odrer rride nng-
nrg snake sp.ci.s, tuxdv in rclation ro $e
length of the acrili$ seaern (e.9., Ibr rclie$s,
scc Bull and Shnrc, 1979; Seigel aDd Fofd,
l9U?). Il seenB eguallv likery that femalc rcpro
du.tivc liequen.ies will larv geographi.all)
within sDake species that span . rarye ol habi
tats ditledug ir p.et availabiliry (whi.h mal ot:
ten corrclarc lh rhe deSfcc of ari.litl). Thc
o ) prelious reporr of this e11cct, ro our knowl-
edge, is a bricf sr.renerr that a riperid species
of Nortlr Aliican desens ( L.t* ..tdata) displ2,-s
higher fepro{lu.tiF iiequencies.l{)sc to an oa
sis rhar in n,ore arid rcgions (Mendclssohn,
1965). The clear trend ibr fenule bonr.d
addcrs ro 'nodit reprodrrfi\r liequenctrarhcl
rhan output per litt€r is consisienl $irh tbe h_v-
poihesis drar reprodu{i)n iNoh€s signili.ant
''.osts" thar ar. independenr oftiuer size (BuU
and Shnrc, 1979). Urder $rh .ir.unstan.es,
la|ural selectioD should falor femalcs thal dela)
rcprc.lu.tion until thq can produ.c as la.ge a
lificr d possible, rath.r than reproducing more
trcqucntll iidr srall litrc$ (e.9., Neulleau aDd
Bonner, 1990: Shnre and Nradscn, 1997).

The gcDcr.l dietarl composirion of Z. .ar-
lali (liblc 2) mat al!) sh.d lighl on ihe n)r-
aging ta.:rics used b), dese $akcs, as yell as on
patterns or prcy alailabihy. For .xanple, d,e
lack ofno.turnal prelnems in snakcs.olle.red
ftom nesic habirat5 may rcfle.t rhc scdciq of
rcrrcshial no.tunal g.ckos nr this habital.
'I 

hcsc anlnals are mu.h nrorc cotunon in rcic
habitars (Ui R. Bratrch, pers. obs.), Nhere thcr
corlPise a high proporrnnr of the dier (lablc
2). Similarlv, dre high proportion of mannrh
in the dici oI xefi. h.bitar srakcs may refle.i a
grearer dcpcndeDcr o. nocrrrDal a.dvitl tre-
cause ofvert high dardne rempcratures. This
inlefen.e is supp. rd b) dre reladrc scarcily of
(diurnall) a.ti!e) laccdd lizards in rbc gutl of
xeric.habilat srakes, dcspitc the abunrlan.. oI
rhese lizards in the deser$ and Lhe Nillingnes
of Namib holned adde$ io take la.crtni prcr
nr captiviw (Hofftnar, 1988).

The abscDce of invertebratc pre! n, rlrt:s.
small rip{:rs mq seed aD?risnrg bul is .onsis
tell with daia oD coigenei. ra\a. Aldough

m.nl sDall ripcrid species fronr Europe ard
' r . I l ' . ' n  V r x r  L l .  i r , \ . r r r L ' r r - .  F i l h ! r  J ,  a
m i " .  ,o rnpr , . r , r  . i r  rh i  i .  L iF r  , r . { . .  y , l ' , ,  / ,
rtriii Steward, 1971: Raron, 199:t Agrimi .Dd
L-nr l l  .  l , l , l 2 \  - r  i ,  , ,  l . " t . r . r , r  ,up ! t -n .n l
r .g .  t  h , \  t1 \ tu , .  t JuF a .d \ t ,  ' ,  " r  l rF8 ' .  n , ,  In -

\ F . r c L , '  r .  h , ^  h , . n  I  F , . r  J - ' l  , \ J l ' f l n r J r \ . , , . r 1
i1em n, any Birir species. The abscDce of inver
'phr " r - .  t r , , r r  8 . , ; \  , l i e r ,  J . . . ,  nnr  . . f lF ,  I  h r , )
shofl.ge ot available pr9, lor cxample, reneb
, i o n r d  b . - r l - .  J , , , h u n , l n n r , , '  r l ' .  \ c \ r c , n a , i .
r ' p j o r .  - i , ' l r r ' r ,  A l r i , "  , K , " 1 '  l - b z l  " n , .
r ; " m  /  I n J i u '  I , ' . , 1  , n r p o n F , , , , , t  I n ' , ' )  l i l . , d .
ln  l l ' ,  "  e iu l l  . .8 . .  t  h  na . t?a  t .  t , t . r . !da  t .  Rr l
' J g r .  l 1 ' 7 1 )  P ' p J  ' u u r ,  , , n  r - r " ' r . L r J r , , , h " ' i ,
re , i / - . .  , ,n l I  l i n ' i reL l  . ,  |  , , l .nJ lc  l rnF . '9F , .  'n ,
rhF i l j \ -  r , r , r  In \e  FLr i r r \  t ' , ,n -  lhe  L t rcL  ha :
b .en  ,d - , , ,  h , .1  $  n  , ign i , r ,  Jnr  p ' , / /1 .  to ,  o ,h ,  I
eukc groups as wcl (e.g., Shine, 1977).

Man.,! auth()rs harc des.ibed how hofned
adders Le n, anbush at dre edges ofbush.sridr
onl) rheii qes ard rail-tips emerging tion th€
sand. Diurnalh a.tive prcl (such as scin.id aDd
lacertid lizafd, tna) be aftra.rcd by caudal hF
ing, rvhereas Doclurnal ge.kos and mannnzls
ma) be .apn,rcd .s rhe snakes scarch acriveh
tor prel ar nighr (e.9., Broadle): lgil3r Brar.h,
1988). Ho'{ercr we knoN ofno dchrite fecords
of acdle scar.hing bv horned adders, and oL
scr\adoMl Nork on dris lopi. would bc ofg.ear
nncrcsr. The sl,ift in prcl $?es anrl sizes $idr
snrkc sizc (Figs. 5 6) prcsunably reflects gap."
hnitatioD, $'ith ltuger (espc.ialtl narnnalian)
pfq being takcD only b) largcr rukes, b! the
scx {nh the larg.r bodr size 2nd fie lafgcr
hcad rehlne t,) SVL (i.e., fenales), aDd ii rhe
area where snakcs gro{ laryest (i.c., a.kl habi
tals). A snnilar ontogcDedc slift in dicrafr cotu
positior (fron, repriliaD |o nunnnalian prey)
has bccn reported in naDy spccies oi srakes,
in.h,diD8 gap€ hnil.d atubush predarors
(shnle aDd slip, t990j urebb. 1990). ?\ noted
abole, tb{: appafenr r€nd n)r rclanve prey size
ro declire with snake size (l\g. 6R) n bded al
nosr endrelt on lizard prev an{l mal no1 hold
true if bo{\ mascs of marmalirn prcy were
known. Large srakcs cotrrinue r() hkc oen ver)
sm.ll prey nems (Fig. 0A), as is commonlv ru€
in snakes (Aitrol{l, l99il).

Nlo?hologi.al and c.olo8ical slifts among
geographic locadors (habirat wpe9 ay reflc.r
phllogeneri. hisror,! as Nell as local adaprarion
.nd, herce, arc mor. difficuh r) intcryrel rhar
are shifL\ o{:.urring rlirh sex or bodv size wuhn,
a single populatio,i. In dre case oi a .arlzlr,
we spe.ulate ihar lo$ered pre) anilabilit) in re
arid zonc (as cridcnced by l(Ne, juvcnile
growft rales and thinncr snaL.es witb kncr re
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produclivc nequen.ies) hd liNorect norc gen

eralized lood habits, b€caDs. diet .y sPc.ializa

ttun is mostlikeryn) evolvc in ar€as ol high prev

availability (Pykc dd-, 1977) fhe iu.rcased iF
porhnce ofrclrtilelyldgc n,anNali2n prq has

ihus filored the elolution of largcr snales wrh

large heads relatile to bod) sizc (for a similar

iDt{:rpreration for island populatn'$ oMF}
p.an addcN, see Forsmar,, I99l) Non€thcless,

it remains Dossible thar n,ar) ot the diflcrcD{:es

ihat rle have do.umcnled mong locations rt

r ld ,  ,  th .n  i !? r  t l J 'u ,  i rv  r i rh  
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