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Do Dietary Habits Pr€dict Scale Counts
in Snak€s?

ftor nD SH NL, uiahgnnl sri?nt.s AA8, U iLt.tsity al
SydneJt, Nm' Satth r\ldbs 20A6, Arctralid; E tlail:

Alrhough studies on th€ LrionedDnicil bNis of
tueding in snak s h.vc r.vejled mnnt links betwc.n
di.tary composition ald fe.ding srructures (€.g.,
PoLLEh and Croves, 1983, Cundall, 1987), the str.ngth
d.d g€nenlity ol s!.h li.ks h.ve rarely !€€n exam
nrcd quantitative\r. La rhis pap.r/ I crpld.c a simpie
e.onrorphologi.al question: can th. typc of prey eat€n
by a snake sp..ics bc used to predi.t nlo aspccts .f
ts sctle coLnts (the numhrs of supr,l.rbial scal€s dd
do6al s.ilc roRs)? The idea $rs ftst .xpr.$cd mo.€
than 50 years a8o by an inno\ltive c€rmd s.icntist,
Rudolf Mcll(s€e Zhao md Adlcr 1993). Rised on his
res€arLn nr Chinn, Mcll noted thaL snale s...ics ..t-
in8 lirg.r prey (€.g., mammals ntho. thair reptilet
had morc srpr.l.rbinls.ales and mor. nridl,ody sc.le
uvs (NleI, r929a,b) Mcllsuggest€d tlut an nr.rcrs.d
number or scale .ows prolid.s grc.ter oexibiliry, en
abhrg thc s|n1 treh\@n the scalcs ro sh.etch over a

Mur c.!f r aurhorq lrv. r.|t ncrl fh15 sug8c+'..
l'or r\dmt. Cih r1o7.1) rfrerpr.tud thH inc !tr*d
rumb€. oI s.alc rows on the neck of egg €ating sn. k.s
in this $ay. Pough and Ciov.s (l983) inrerprercd hiilh
srpr.l,bijl .nd midlrody s.alc-r.$ counts in liperid
snak s {comto.ed to colubrids) in th. sdme fashion.
Vell! origi..l 6omrulation was simplisti., horv*rr.,
and Rent analF.s of snake feeding provile more
sophisli.ate.t !ic!!s on tr\es€ topi.s. lbr .xample,
G.eme (1983, 1997) hrs point€{:l out th.ri prc) items
canbe "laryd'in a nunbo.ol\Lats; NGll! hyporlresis
relies upon FrE bcinE l,rge in diameler rath.r tran
1tu t r  c ' JnrpL€ l  mass .  [qud l l \  r  i .  J  s russ  o \cc  n  p l -
h . i id  fu  L  e : l l  mrmm. l )  th i t  iL t .onsumcJ b \
snak s is Lreing la$er (relati!. ni rhe snak€! sizi)
lhan ar. all nprilcs. Last, elasticit\ ot trc body cotrld
be enlunced bl.hrnging the suuctftc ofthc skir, o.
in..easnrg lhe amo!.r of skin belwecn s.rlcs, rather
than br snnth nr.r.rsing the numbcr of sc.le ro$s
Ualms 1988) Circn th.se issres, $.s NLll .o.rcct in
suggeshng an ass..irtbn Lretween s.ilc Nunts and
di.t.ry habits in Chin.s. snak€s? And if sq lrow c.n
this b. tne gi1€n thc o\.rsimpllfications .mb.d!..]

I usc.t l\pe! (1935) tabli.rtbn oI dala on s..1.
.ounls and prcy tvp€s io rcst Nl.lL! lupolhesis on
Chnrcse snak s. To €aaDrinc th. vdl ity oI rhe id.a
forn dlffe.enl asscmbl.rxe,I also..llrni dota on s.ale
.hr.&ters, bodl si7.s ind dielary .o'nlJosltior lor ali
t rrcstrlal Australian snak€ sp..i.s. hlorm.tion on
sciLc counts was obrrlned ironr pubLl.dtions Lry V\hl
hdr (1985), Stori ur al (19116), ti.Ikr ana Earker
{1994), O Shea (11196), and Clreer (1997) | rrcorned rhe

n€an (or modar, if no m€an Ias r€por€d) numb.r of
do$al scale rons (th. .umber of s.ales encircling lhe
bodl,,cornted halfiev bct$.ch hcrd.nd hil) d th€
number oI supral.bial scales (ie., the scalcs alo.g the
top of th€ lip). InJornrtion on dietarv composition
and nein ,duit bodl' si7.s ol snak€s came from dis
$.tu)n an.l measur€nent of muscuh specnnem
(Shine 1991, 199,1). Diets s.rc qlantifi.d ln to.ms of
the p.oportion of idc.tifiabl€ prey items lalling nr1o
.a.h ii.jor group (invcrtcbrite, fisb aDrpNbian, rep
tile bird, mannrl) Mean adrk boly slze was .rl
.llated as the averaFc.f Dem snout rcntlcnAths lo
adtrlt mal.s an.l adult lenDl.s.

Thre€ hrds of anilysis atrc ..rried olt on these
data. Fi.st, i tr..tcd .a.h spdies as .r st,tistically in
dep€denl unit and looked for the pi.dicnd corela
tions behr@n the two pes oI rale char.r.tos (dobal
scale 10$6 and {rprol.rbi.]t and bchltcn rhese traits
lnd dietary composiion (e.S / p.oFortion ofm.hnrals
in the di€t) s€cond. b..anse 1 lound srrong c.f.la
tions b.tween scal€ counts.hd body size Gecb.los),
I also.omt.red dj€tary coDrpos ion kr size.orrc.rcd
scalecounrs. li.rlculatesize corrc.t.! s.oreslo.eadr
of th€ scalc drnra.krrs, I used residunl s..res i.om the
gcneral linear re8r.ssions of scal€ counl lcrsus frean
body length. Thus, a st.cns Ridr a positir rcsidral
scorc for dorsal scale rows \vtuld be on that h.d
morc s..le-rows thm wolld bc exfected lor asp.c(,s
olthat frean body size Lrst,l.onrb edth€data{ith
a putativc phylogery lor thcsc snal€s (Iig. 1). lhis
fhyloS.nctn hyloth€sis q'as iss.mbL€d by con$ining
puuished sugg.stiorN alrout relationships amona lar
ious subs€ts ol thc $e.ies invoh'ed (KLuEL, 199 l, 1993;
Greer 1997; Keo8h .t .r ., 2000; 5. Keogh, p.is ..mm.)
I lLn.(r the resultanr pbrlog.ny (Fig. 1) is sp.cll.tive
and is not the result olany uxtli.itphvlosencti..nrl,
vsis. rhcn luscd this composit. phylogory ro condlci
a comparative analysis using indcpendolt conrrasts
(Purlis and Rdmlaut, 1995). lhis nretltud orcrcomcs
the problcn thjt Drany trails arc highly.ons€.!ari!c
so lhal corrclitions amory Lraits miy reflect phylo
g{€tic nr.rti. rnrhe. than lun tio.al r(litionship
(HaNeI ad PaEcl, 199 | ). !\'olutiomry chr.g$ in on;
rariabl€ Guch as drc propo.tional composition oI th€
.1ict) within a cladc can b..('npar€d ro snmltanc@s
.hangcs nr othe. hans (su.h ns s.dlation) $fthin thc
sam. .1.d. hr the absence ol r.li.blc dat. on branch
]€ng$s within lhylollenies, I assnhed .onslant
brandr lcngrhs (i e, pun.LrDred spc.iitiorl evenrs).
PlNloSen.tic.lly .orrected relatiorships i ong Eri
ables $crc ass.$ed try hrear rcgrcssnh th.ough lhe
origin (Purlis.nd Ramtaui,1995) Stati s ti.n I analrses
were pedorm.d rsnrg CAIC (luNis and lt.hLrauh,
1995) and Slatvic$ 5.n an AlpL€ M..inrosh C,}com
pnter lrior lo anal)'sis, ddrr were lesrrd i.r .onfor
mitl r i th assumplions oi .orhr li tv .equircd ior r.sts.

 

 

onc L.tor A\O\A on l,.pe! I 935 data (tus t.bi.
LX) Nith prry tlpe as rhe la.nn and numtr€. oI s.at.
rows as th. depend€nl rariab lL., .on rirDrs IGll!
(1929a,b) ,ss.rtun that di€taN h.bits .orr€late wirh
scalc co!.ts \vltrh the chnr.s. s..k nuna (I5|l
3 88, l <- 0 003) Posthoc (lish.rs' PI.SD) tests show
lhal spe.ics or.rt cat m.mmals halc sigllfi..rltlr mor.
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Fr,. I l'hl ogcn.ti. hypoth.sis nn ,^ustralian
snj].s? ns rs.l ii thc f'rcs.nt stud_v. S€€ le\t ior list
ol sourc.s lor this phylollery.

midbod), s.nl. f.$'s thrr those lhat eat rcpLil€s, frolls
or nNrtebrales (I i 0.05 in each c.se)

D.ta sercobrrined for l0E Austtuli,n st..i.s,..m
pdsnrg I fvt lnids, .in. ..I!Lrids, 76 .latids and
12 typhlopids. Mcan aduh snout 1'ell len8th ransed
f.om l7 212.m, midbodt's.ale roNs from 13 {7, atul
supralabial scale .ounts from.{ { Tne profortion ol
the diet composed of rj drs ttry t-!p.s ik. !:ricd

widell (froDr 0 100'/" lor eo.h of fisn$, reptil.s, a.d
maDnna s, from 0 97'X, f.tr nmphibi.ins; 0 36!0 lol

Orcrall, my anaryses for dre Australian taaa re
!€al€d the sarne gerrral fattcn rs not.d b) M.ll to.
Chinlse s kes bnt .ast subsi.ntial doubt on rh€
m..rdnism thft r. slgEcsrcd to €xplanr dris paxern.
Tnble 1 sunnn.riz.s rcsrlts lrom statisri.al rests oI
tTce Fcdictnrns irom Mclll nryothesis.

N,r a dMidldd Ddfv/ Sel. RdE ls ltsi/nrl,Cor
'l|tet1 th N,h1b( al Srf'rldLidi SLnLs. As predi.l

ea, sp€.les with high rumbcrs of midbody dorsal
scn. rows rLso hnd maq' supralabi.n scales (Ii8. 2,
T!hl. l). llNr.!cl, b.th ot th. s..le counts also
sh.$.d skong psitirc .orr.lalions wilh m€d aduh
bod_v sizc. Thcs. relalionships diff€red among lami
lics. L'or e\arUle ar dl. gi!{ Lrodl sizs pythons have
nore supralabial scal€s uun elaptls, .nd .o ubrlds
are inlerm€diate in this respect (Flg. 3) Tne corrcLa
tion belr€en do6al and labiaL connts rehiined high
.rcn aller lhe elle.ls ofbodr size rlere removed (Table
I). That is,lhe lrend ior spe.ies $ ith high numLre.s ol
scale roNs lo also ha1€ many supralaLrial scales lsnot
an indirecl .osequence of bodr slze.

Compara$,e anall,sis tu.thef snfto.ted the noti.n
oI a hudnnal relauonshit, Lr.h\.cn s.rl. nlmbcrs
around flre Lrony versus n ong th.upt.r lip l..r.ascs
in midbody s.n c ro$'s duriig thyloSen) arre con
sistently .sso.irtcd nith nr.rcascs nr supralalia]
.o lts (l.bl. 1). nlity r.movinS bod_v siz. eileds
nom tlc con'paraii!. analysis, shifts h relarive num
bers of rnldbody dors.l s.alt!ro$'s (i..., rcsntual
s.or.s) w.(.ssociat d with shiits nr relatil€ nmbers
otsr\rhl.birl s..l.s (,..., r.sidurl s.or.s; N 70, r

Sf..i.! dr f,r lit.yt Prett Ttp6 Hre Mar Dahsl
SmL &rus. As in the Chines€ faLna, ArLstralian
snake species lhal f€€d on birds ard maNna s torll
to har€ mofe dorsal scale rows than ilo othd ste.ies
(Table 1;Iig.4). Wltn ur effe.ts ofboly sir.o. s.dl.
counls are r€mor€d, ho\vev€r, none of the Probnbilitl_
lalues lor thes€ analvses attain the conyentiondl level
ol siSnili.anc€ (P .: 0.05) alter Bonlerronl .orrectioN

Pht'logm€tnaly based anaiysls reveaLd d .onsl$'
t€nt dto.iation between dorsll s.i e rows ntul th.
proporlion ol maDnnalian prey in th€ diet brt.ot nrr
tlr otlre. prel g]oups (Tnbl. l). Lrsnlg sizc-..fuc.tc.1
scores {i e, r.s unL vih.s f.om s.nlc ..unrs Ersus
SVJ ) g(rtly {..k n.d th. atpar.nr linl bet1een s.a
l.rtion .n!l dnrr: .o dL.taLy protortions s'ere stnili
.onty .orclrtuJ sith siz. corrcctcd scale counts (P

St cnr thnt r:tt t.nryrt tiiE tltt.s llN Moft Suttnh
l,tl 5.,1d. Pitto'ns 6r this rin.rblc arc similar {o
tN. fo' dos.l srlc rows (abo1'e). as mi8hl !€ ex
F.n'd n'o th. hiSh .orrelarion between lhe hrc
t..its (|ig.2). Sp..i.s rnar ieed on lifds dd mamm.ls
halc m.rc srf'r.labial s.aies than do sp€ci€s lhat feed
on cctotltnN (lig ,1), bur lhis patr€.n djsappea.s af
ler bodl-size eff€cts are r€mov€d lrom the .nilysls
(Ta|le 1). lhllo8enetic shits nr supr.lnbilL .ounts
\mrc corfelared (allr€it lleally) hith shitts in tre pro-

tortion ol mmmalian prEI (Table 1), but this eftu.t
disatpcar€d s'hen siz€ corr€cted \aLues Lvere nsed in
ihe analt sis (a11 P -'0.10).
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T,rBIr 1. Reiatiosihps among scale chara.te6 and diet ry comlosition nr Austnlim sn,kcs The tabld

provi.les .esults lrom lired rcgre$dr amlysis of thre lvPes of dah Fn'st,liLES fo. ench sP(ies wd€ $ed

;s independdt datapoints {"raw data'). Then, be.!!sc both bPes of s.alc .outs $ere highlv orelated! h

overall body size th€ effe.ts of size w€re.emorcd by calculathg residual scores from the goeral linear

regressions 01lh€ scale trait aSainst mean adult snout vent len8th ("size coNtcd dalJ'). turd,.onPararive

ala lysis ushg mdepend.nr contmsts wds u$d lo reDrov€ the cff{ts of Phylogenctic cons€NatGm SanPl€ str

was 108 for the li6t rwo types of iests and 70 lor the comParatite andlysis The |able shows the corelati'n

coefficimt (r) and its asso.iated Probability (P). Boldfd.e sho$s Psllts drat are stahstic.l\' siEnifi.ant (l

0.05) aftef Bonfe.roni cor€ction.

St.-.orccteddab Conpaiativeamlysis

Do$al $.ale rows vs supral.blnl scales
Dors,l s.ale rows vs. 'X, fishes
Dorsal scale rows vs % Irogs
Dorsal s.ale rows vs % rephles
Dorsal *ale rows !s '/" birds
Dofs.l scaie r@s vs "r' mamDrals

Supralabial s.al€s vs % fish.s
Slpolabial vales vs 'X, troSs
Slpralabial s.lles vs '/" reptil€s
Supralabial scalcs vs '/" bnds
Supralabial scales vs "i' nammaLs

0.a2 0,0001
0.03 0.77
0.r5 0.13

0,43 0,0001
0,49 0.0001
013 0.18
0.01 0.92
0.05 0.60
0.41 0,000:l
0,46 0.0001

0,71 0.0001
0.09 0.35
0.09 0 35
0.22 0,026
0.21 0.02rJ
0.02 0.85

0.22 0.03
0.01 0.93
0.16 0.11
0.20 0.04
0.03 0.79

0.09 0.45
0.19 0.11
0.04 0.75
0.14 0.23
0.31 0,003

a.04 0.77
0.07 0.55
0.05 0.70
0.13 0.30
0.28 0,02

fhe end result of these amlys€s is thtt three traits
{bodt- sjz€, diet ry habits, and scalc counts) are sig-
nili.;ntty intercoirelated. Altho!8h it is difficllt to
distnquish dlrect fton indirNt elfects within su.h
constellations oI haits, partial co.r€lation ofteF a lar
ti.l solution. I used this tednnque to ealute th€ cor
relatiorl between dierary habits..d one rariable (s!ch
as scale'ro ' number) whs anorlu facto. (su.h d
bodv size) w6 heLd cdstar. Two sets of these dal
vsei were conducte4 one on the .aw dara and de on

ihylogened. .on1r6k. In both caset Partial_.otrcla

number ol midbody scale rows

Frc. 2. The r€latioshiP betw€€n the .umbe6 of
dorsal scale rows !.d supralabial sc,lc count in an
'nterspe.ifi. conPa.son antng Arrctrrtid "nare'
E..n point r.prc.dts orE sp{'ec See Tabl€ I f.r r.-
sults of a t.st of rhe statishcal significece ot this re

tion amlyses suggcstcd that dietary h.bits q'd€ mote
hiahly asso.i.tcd with body-sizc than with scale
coints. For the raw data, thc ProPoftion of thc diet
composed of mmmals was siSniJicaltly .orrelated
wiih rn€d adult SVL tr'hen either sc.lc-row numbers
.r strDralabiai .dnts were h€ld .dstant (N = 108, /
= 0.6'3, l] 71, rcspectiv€ly, P < 0.001 h both cases) btrt
nelth.r ol the tra1€ chara.t.rs wd correlated wirh di
etary habits if SVL sls hcld constant (N = :r08. / =

0.03, 0.05, respectirt\, P > 0.50). No othd Pdtial
corrclations between dietary habits and morPhologi.al
rraits wd€ statisticdlly siEnificant (Ir < 0 05) aJte. Bon-
fctroni cone.hon for multiple tests. Th€ comParative
lnalysis iindepsdcnt conh6ts) provided m almost
idcntical result Thc proportion of mamals in the
dict sas conelated s'ith mean adult S\.L a'hm eiL\er
of ttre scal€ clra.a.tcrs wd h€ld colst nt (N = 70, / =

0.56. 0.55, rcspectivcly, P < 0.001 in both c6es) blt
.ot wilh eitho of th. scale cormts when SVL w6 held
comldt (N = 108, r = 0.13, 0.04, resP€cti\ely,1'
> 0.50). Thesc results sLggest thti the corelations be
tvv€er scjlc cohls md diet are secorda.y conse
qu€nces of body size eflects .n bodl scalatio dd

ff indeed sr .ould find strong linls Lretween eco
losical trdits (sudl as dietlry comPosition) and nor
pfiologi.al reatur€s Guch as th. numb€rs of do6al
. , ,  i ' * . ,  . , J  . - - ' i i J , ' w " r l d  b "  . . . ' ' d P '
all€ vallc For exmple, $e ha\€ qumtitativc inlor
mation o. dietary comPosition Ior olly ! small Pro
portion of smke spe.ies. Unfortunatel, my study is
not m.ouraSing with r.sPect to fdri.g diet fror
- r l " t . r ' . o . \ i . .  . , -  ' ) . T I - F  ' r ' " 1  t ' .  l i F F t ' o -
, c -  l b , a j J . , g \ . - n p d  - ,  n ' r  r ' a e f l  d ' p _
r . , v  . m p o .  ' i J r '  ' . d  " e  o r .  '  ' n l ' '  F i r ' l  i n _
4 . . . ' r i  d i . 4 - n . 4  |  o F "  I  1 ' b .  - ' P P . i  ' l \

rel.i'. pre\ sizO mrsht ha\e mpo'cd <elecfion !n
, .1  - "  w  ,umo.  -  n .  e r t  FdA,  o  b r  \ .1 . l l .  $ ,  o  ,o .  F .

s

A , o

3 5
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Frc. 3. The dationship betw€n body size (mean
adult snout-vdt ldgth) and *al€ .omts in Austra
lian smk€6. Lower Siaph shows daia io. the number
of doFl trale rNS, md uppd graph slws the data
for the numbd of supralabial seles. Each point rep
resmrs @e sp<ie. Llnear ieglsion for th$e datd
sets shows: dorsal scale ms, N = 108, / = 0.65, P <
0.0001; supralabial kals, N = 10& | = 0.62, P <
0.0001.

.orrelation betwem trale comls and dietary compo-
siti@ might be an artifa.t of phylogmetic inertia, be
.au6e some liruages oI snakes have lN values for all
rhree tnits (supralabials, doBal 6cale rows, and prc
Po.ti@ of the diet.omposed of mdotherms) whereas
orher lineaga have high Elues for all thre traits.
This cirumtame mighr have dis eady in snake
phylogeny, dd require no adaptive explanation in
lerN of s€ledive ior.e during the radiation of spe
cies within lineag6. In pracri.e, phylog@tic shifts in
the deglee of reliace d mlmalim prey were con'
siststly accompanied by shifts in scale comts (Table
1), suggesting a fmctional association betrem the
lraits. Nmetheless, phyloSen ti. c()l@htism un-
ddbtedly amplifies the strmgth ol th€se orelatioE
(Table 1, Ii8. 4). Las! co.relation does not imply cau
sation. A thnd factor (med adult body size) is known
to conelate both with dietary habits (e8., Iitch, 1960;
Arnold, 1993; Shine, :1994) and with scale comts (€.q.,
Klaubd, 1956, Lindell, 1994). Thrs, a shift ,n fodd
habits toward largd prey corild hvor the soltrrlon of
larger body sizq whi.h in tlm corild favor an increa6e
in scale comts (becdse larger makes have more
saies: see Fig. 3)- In keeping with this hypothesis,
.orelatids betwem scale counts and dietary habits

FIc. 4. ftale characteristie of -Australian snakes i.
relation to di€tary .ompositior Spei6 rhat c@ume
a higlu proportion of bids and trrmals tend to
have more dmal scale rws dd hor€ supralabial
s.ales. See Table 1 60r tests of the statistical signifi-
can e of th* relaiionships.

gderally disappeared whm bodyrize elfects we
remmd Ir@ the analysis (Table 1).

Lr smary,I,leil wa probably cotr<t in r<o8niz-
ing a gddal Nociation bet@m sale.omts ard di
ets in snakes, but wr@g about its .dse, To tully d-
deFrdd the paftem ldennGed by Mell 50 yea6 a8o,
we will ned to gather data on trairs that relabe much
mde .lcely to the actul sektiv€ presur€s anl
fmcuonal chaUoges involved in pry ingestion. Ior
mmple lrrdy resardEF in @ke eology still e
port only the speies md Ire of pr€y item, despire
heartftlt appeals to take more stssive data (eA,,
Gr@ 1994. l\4aximm prey di@te. is simple to
measure (*en with partialy digested prey) ard is
likely ro be a betler measure of the physi.al difficulty
of in8erinS the item than b pry mss. Until we have
qtsiv€ datdets m such mriables, many of the ideas
espous€d ty vjsioEies lik€ Rudolf Ic[ wil idain

kktu1.r18Mk.-I nnnk K. Adls for exrensire
hJotution m the life md scim€ of R Mell, A.
S.hulmeiste. fd trmlations, H. Greee fd an un-
publisltd manu6cript @ smke feding, and M. El-
phick for data analysG. 5. Keo6h genqdsly provided
advie on elapid phylogmy. The study was tunded by
rhe Australian Rcsearch Council.
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