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found only in XI'lIIiJl(·//is. LOJ.·(JI·eIll1l8. pythons, Calabaria, boas, and CaeHophidia. In 
other snak(,s, tht' \'arions ('olllponpnts of till:' 1I(,lIl'Oms/O/l/Olldi/Jil/ari8, whprp PI'pspllt, 
al'l' mol'(' sl'paratt' elt'nwnts and do not ('onll' into thp appropriate 1'('lationship with 
p<wh othel', In T!lJlh/oJ!s. fol' l'xampll'. wlwl'(' :'I1('Dow('1I (!!Ii2, p. 2:W) statcs that t1w 
I/('u/'O(,(j.,/oli/i/lu/i/ill/oris is pl'('sl'nt, the .11. !/f'uioli!loiti('/18 (= ,(,pmtomandihulal'is' of 
Lan.!!t'bal'tt,I). lin antpl'iol' t'ompolH'nt of thp 1II'/u'(){'(js/IJIII(I//{/iIJII/liris, is «'ntil'!'ly 
sppal'att' frolll tilt' otlH'1' thl'oat Illusclps: th('I'l'fill'(' tllP n('u/'I}('OS/U/IIIlIII/i/)/(/lIr;s is not 
PI'p,.;plIt. La Ilgpilll rtpl,.;· ,.;uggp,.;t ion that t IH' PI'('SpIII'!' of t Iw ro('()s/omlt IIIlihu/1t 

('{lIIlplt'X i,.; a del'in'd statp in ,.;nal;.es appl'lU'''; to he wl'll .. found('d; it is unique among 
:-;quamata. i,.; ('olTelatl'd in most taxa with dl'l'i\'ed states of other characters, and 
what ('ould hf' inte!,]JI'f'tPd as pn·liminary stagl's in its formation oeeur in Ani/ius and 

('!If i lirl mph i8. 
Thl' throat muse-Ips of A('/'o('lwrtiIl8 show a pattern unique among snakps, 

a('('ol'ding to Lanw,bartpl. HI' did not find the neuro('()8tomandilJIIlaris in this form; 
ho\\,p\'el', it dol'''; not pal'ti('ulady I'pst'mhl!' those lowl'r Hl'lHlphidia in the 
lIIu,.;dp {'olllpl('x i,.; also abs('lIt. C'ollsidt'l'ing the nUlllpJ'()Us otlWl' unique feattlI'('s of 
<H'I'o('hof'(lids, thl' /I('IIJ'()!·os/IJ/I/.llndi/)//faris may well he ";Pl'ondarily abspnt (,p,.;eudo .. 
prilllitin"): thi,.; intt'rprptatioll is adopted in the cladistic arrang{'tnent offig. 10 (see 
(il'oombriclge H)7!l fol' c'olllmpnt:-; on the dadi,.;tic position of acrochordids). 

l·ndpnrood (I !lin, p. Wi) has r{'('{'ntly argued that LO.(()I'I'IfW8 is dadistieally 
dose to pyt hons; this is indt'I)('lHiently supported by their joint possession of a 
similar ,,;up{'rfieial palate morphology (:-;tate C) which it is suggpsted above is derived 
f'{.lative to that of Xellopeltis and other lowl'l' Henophidia, 

Fnderwood (Hli6) has r{'ecntly plaepd hoth X enopeli-il'l and Lvxocemll8 in his 
su bfamih' Xenopeltinae of the Hoidat', Dowling and Gibson (1970) have made a 
similar l;roposal. but their Xt'nopdtinae ahiO provisionally ineluded Calabal'ilL (see 
below for comments on this genus). These were apparently not intended to be 
monophyll'tic taxa (81'1/8/1 Hf'nnig lH66). If these taxa were ad.ually monophyletic, 
the e-OUl'SP of pvolution ofth(' sUlwrficial palate would havp bPl'Tl more eomplpx than 
is suggt'sted here. Either Xenllpelti8 may have secondarily lost its vomerine flaps, or 
Lo.t'Ol'ellll18 may dcveloped its vomerine flaps indppendcntly of tmf' pythons. It 
is proposed here that X I'Iwpe/fI:s is primitive to L():IX)('eIll1l8 and pythons; the 
superlit-ial palate, the s4uarno,.;al (noted above), the form of the quadrate, and the 
'·idian ('anals (L'ndf'I'\\'ood 1 !liH), are some (·haraeters ofwhieh X enopeltis appears to 
:-;how primitive states. This would imply that and other 'anilioid' taxa 
la('king a sppamtp postfrontal have attailll'd this state spparately from boas and 
('aPllOphidia. Thel'e do not appt'ar to be any convincing apomorphic states shared 
lll'twpen .\.ellopeflis and LOXOl'WiII8 (01' CallLbaria) that require the assoeiation of 
these genera in a monophyletic gl'OUp. The observation by Cole and Dowling (1970), 
utilized by Dowling and Gibsoll (1070) that X erwpelti.s shares a similar karyotype 
with most (not all) boids, (and L!n:ocemlls: «'isehman, Mitra and Dowling 19i2), is of 
f'(,,.;tl'idpd vahlt' {'Iadisti(·all.y until that. of Anilills, Anrn/HiI'hi/lIs, (!lJlindropld8, and 
IfI'oppltid,.; is l'('porl<'(1. Although almost. all snakps so fnr r<'I)(II'1('d (Gorman l!1i:l) 
ha \'t' II diploid" Ifill hpl' of :W. wit h I Ii 1II1tc'1'O('hI'OIIIOSOIll('S and 20 m icl·o(·h1'0 rno:-;omes; 
.\" 1'IIIIIII'II;s. /.11.1'0('1'111 118, alld 1II0,.;t hoids 1·(':-;{·lIlhlt· ('Itch othpl' (and differ hom almost 
all C'ut'llOphidia) in having S metaeentl'ie (01' n('ar ml'taeentrie) and S acrocentric (01' 

Iwar IWI'oc'l'ntric) macrochromosomes, It has just been l1!Uggested above that these 
taxa are dprived relative to Anill:lIs, Cyi1:ndropltis, and uropcltids in respect of the 
squamosal and the M. neurorostomandib'ularis; it would not be unexpected, by this 
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a rgullH'1l t. \\"1'1'1' t 11(' la ttt'l' gl'ou p of taxa shown to ha \'{' a sOllwwhat difii'f{'l1t 
kal'yotypl'. TIll' IWlllipelll's of Xl'lIo}JI,ltis and L(),m('I'1II1I8 It" figlll't'd hy Dowling and 
(; i h"oll ( I !liO) do a PIH'al' qui tl' si mila 1'. a Ild togpt 1]('1' difli'l' from t ho,,(' of otlH'r hoid" in 
PO""I'""ing a di,,('-likp "tl'llC'tlll'P without Ol'llltllll'llt tPl'millating hoth lobe" of the 
hl'lIIipl'lIi". Thl' dndi"ti(' illt(,l'pl'l'tatioll of thi" silllilarity is al"o ulH'(,ltain ulltil a 
l'l'IH1I't Oil thl' ('\'l'l'll'd 1H'lI1ipl'lli" of AI/ilills (whieh alollt' among th!' I'umaillillg lower 
H(,lIophidia ha" a jill'ked helllip('lIi", typical of lIIo"t H!'llOl'hidia) is I1vailahl(', On 
11I'('sl'nt ('\'id('III'I', till' 1H'lllipelliallllorpiJology Ilot('d ahove ('Oldd as wI'll he pl'imitive 
for .\ l'IIO}lI'lti8, !,o,r/){'I' III 118. and othpl' hoids. as It synapolllorphy delllollstrat.illg the 
joint nlOllophyly of tl1<'8<' two gPIH'I'a. I t is 1H'l'e suggested that till' ('ollditilln of t.he 
paiat(' Hrglll''' against tIl!' lattN possihility. until strollgPI' pvid(,JH~(, is availahle. 

That tIll' palat!' of pythons is dadisti('ally illt!'l'lIl('diate 1>et·\\·e(,11 that of 
('.'I'illtimJihis Oil 011<' halld. a lid that of boas Oil til(' oth!'r (Sl't' bl'low). is supported by 
the pl'l'selll'p of an intpl'llwdia te sta It' of t IH' ill/erma IIdilmlaris anterior m usde ill true 
pythons (Groom bridge I BiH). LO\\'t'r Hpllophidia have a thin usually weakly defined 
mllsclp; this mU"l'le is pl't'sent in pythons, hut is typically better developed. In 
Calaharia and hoas (also acroehol'(li(h;; and Caenophidia) this muscle is divided into a 
pars (In/crior (in Calabaria and boas, retaining an insertion similar to that of the 
undidded muscle in pytholls) and a pars po.s/prior. The presence of a divided 
in/erlllalidiblilaris IIII/frio/' is intPrpreted atl a derived tltate. 

The rcmaining henophidian snakes (possibly except Calabaria) share a probable 

synapomorphy. namely. theemargination of the choanal arc and presence ofa median 
choanal tonguc. This argues against the opinions expretlsed by certain workers 
(HofJ'stetter }!Hi8, p.208. Smith IB-I-3. p. \03) that the boas do not share an 
immediate common ancestor. Calabaria and Eryx are partial exceptions in that they 
possess a complete or near complete palatal are, and thus no choanal tongue (some 
Er!l'l') or a very reduced one. It is conceivable that this condition has been reached 
from a Py/hon-Iike state, simply by the anterior retreat of the palatal arc up to the 
real' of the vomPl'ine flaps. In the ease of Eryx, consideration of other characters 
strongly suggests origin from a Boa-like state. Underwood (1976) notes evidence (see 
also Bogert 1968; H offstetter and Rage 1972) that the erycines (Lichanura, C harina, 
Er!l.l') form a monophyletic grollp, with Lichanura the most primitive, Charina 
intel'llwdiatl'. and Erllx most derived. The palatal states run parallel to this 
seq Ul'JWe; Lil'hu/l/lra is most Boa-like. Charina is modified, Eryx is more modified 
(redlH'tion ofvomt'rine flaps. reduotion of choanal tongue, near complete or complete 
choana I arc). It. is suggested that the weight of other characters demonstrates that 
the relativt'lv simple palatal morphology of Eryx is secondarily so. This is an 
important p;lint Iweause it sets a precedent that may have been followed by the 
ancestors of Caenophidia (which typically have ~ quite simple palate) if they stem 

from a Boa-like form. 
('alabnria phenetically resembles Eryx and Charina in respect of its palate, and 

clusters with erycines in the phenetic part of Underwood 's (1976) study. Cladistically 
its position is 1lI)('l'J'f.ain; other than the palate initially, no characters dearly link 
('alaharia with erycines when intt'rpreted c1adistically. The phenetic proximity of 
thp"e taxa could \\,(,11 he due to parallel adaptions to a semii>urrowing or burrowing 
nicht'. the palatal similarity between Ca1abaria and fiJryx, in particular, could follow 
from a ('ornmon rPlllodelling ofthe proportions of the snout region in this conneetion. 

Dowling (1!l75, p. 193) has figured the distinctive hemipenial morphology of 
erycines; interestingly, the unusual hemipenis of Calabaria (Dowling 1975, Dowling 

J.N.H. 2G 
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and Gih;;on I!liO, photogl'a ph in DouI'pt 19fi:3) would seem to be more similar to that 
of Ery.r t han to tho;;e of X PllOpelli.'l and Lo.ro('eIl1ll8. with which latter taxa Calabaria 
is }ll'oYisionally a:-;:-;(wiated by Dowling and Gibson. 

Arguing again;;t a clo;;e dadi;;til' proximity, among other eharactprs, is the 
pre;;en('l' of a po:-;tfrontal in ('(/Iahariu; accepting a dose rl'lation;;hip betwepn 
('all/hI/ria and f;ry.r would /'l·quirl' po:-;tlllating tIlt' llIultiple loss of t hi;; hont· in otlwl' 
!'ITcilH'S and othN boas (sin('l' Rry.r SPt'l11S to he tht' end of It sidt' brltlll·h of boa 
t'\:ol u t ion). 1I;;,,;u11ling it to be pri ma ri Iy Jlrt·;;pnt in ('a/111m ria and not ;;l'('ondarily so. It 
would aj"o I'cqllin> postulating n,\'pl';;als (in ('alabaria) in those derived' states 
relating l'rycinp;; to boines, and tht' eryeint·;; to each other (Underwood 11)76). The 
weight of otlwr eharacter;; thus apppars to indieate that the shared derived state of 
the sllpl'rtirial palate in ('alabaria and Er.llJ· is not uniqlwly d('rived. 

Although till' palate alOlH' dop:-; not appt'ar to st'ttl!' tht' e1adistic position of 
('Illah(/ ria, (,prtain othN eha raetN;; do suggl'st that its an('estry was more boa-like 
than p~·thon-likt'. The sole reason for the traditional inclw;ion of Calabaria with 
trill' pyt hon:-; ~l'Plll:-; to he t Il!' 1)()S;;I'~;;ion of a po;;t -frontal. but (if not a Jl('OlllOl'ph) this 
i" ~un'ly a ~Ylllplpsi()lllorphy and no dlH' to dadi~tie aflinity.l'\olll!' ~tatps ~hal'('d by 
Calaharia and bOilS include: ;;inglp :-;ubcltudal:-;, loss of pre-maxillar,V tepth, and 
pre~en('(' of bot h an tNior and po~t{'l'ior p()rtion~ of t he ill. intermanriif)//Iurt.s a nlerior. 

It i;; suggp;;t(·d (·I;;('wlwre t hat this la ttl'1' ;;tate is a probabll' synapomol'phy in respect 
of which ('al(/h(/ria and othl'l' bOil;; (also aeroehordici;; and Capnophidia) are more 
Ikrin.d n·latin· to pythons Ilnd otlwr Henophidia. This would a~ree well with 
Cndt'r\\'Oo(rS (I!lili) phyletic a1'l'anW'llll'l1t of uoids, in whieh {'alabaria is inter-
11lediatp b<'1\\'('(,11 the pythons and thp more (Il·rived boas. 

l 'ndl'r\wod (Wifi) has notpd a dpgrec of affinity, in hoth phenetic and cladistic 
Sl'nst'S, hpt\\'l'l'n hi;; taxa Bolyt'l'iinllt' and Tropidophinae: thpy are a('('ordin~ly 
Ils;;ociatt.d in tilt' Tropidophidae. ;\lcDowell (1\)7;'» also notes some similaritieg 
hd\\,p('n tht·s(' two groups, but tl)('y are PRch ranlu·d as supl'r-families in his 
tn'a t lIIl'nt. Bl'yond tIlt' fact that in palatal morphology tJw:-;e ~roups resemble boas in 
g('nNal. and not python:-;, tht·y are not, particularly similar in this n·speet. It has bpen 
sugg('~t('d ahon' that Bolyeria and ('([sa rea are the most primitive of boas in palatal 
morphology. while Tropidoplii8 and Trach!/boa are further derived from a Boa-like 
eondition. The palatp of two othpr pl'Ohahlp tropidophiine genera, Exiliboa and 

T'l/rJrtlilipkis, has not yet het'n t'xamined. 
'I'll!' ('olllhin('d ('vidence of scn·ral eharaf'ters (:-;ee Underwood, 1976) indicates 

that \Jolyl'riinp;; and tl'Opidophiines an' primitive to the other boas; e.g. the latter 
group gl'lIl·m/l.y having the right \'idian eanallarger than the left (except Candoia), 
an open palatine fommpl1, and the palat.ine prooess of the maxilla close to or 
('ontaeting the ptPr~'goid (all interpretated as derived states). 

Hit is HCf'('pted that bQlyeriim's are primitive to tropidophiines and other boas in 
l't'spect of tiwir superficial palate, and that holyeriines and tropidophiines are 
prilllit in' to hoas in r(,spect of t Iwse skull cham<"teI'8, it would then follow that the 
ha;;i(' nOli paint!' had t·\'oln·d in tlH' ('Olllmon an('(lst.ry of tropidophiines and other 
hoa;;. and til<' d!'ri\'!'d ;;kll/l chamdl'r:-; ;;uhseqw·ntly ('volvt'd in thl' other holts alone. 
It wOlild also fo//ow that tropidophiint's art· not, til<' ;;ish'r group of holyeriines, as 
llnderwood suggl'sfs, but art· the sistm group of other boas. 

Tlw actual physieal feature forming the basis of the suggestion that the 
holw!'iiIw palatt· is primitive to that, of other boas, i.e., the anterior inerease in width 
of till' vom(~ri1H~ flaps, is composed of about a square millimetre of soft tissue. This 

I,' 
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,rould SPt'1lI to Iw an impossibly \\"('ak foundation on whieh to argue against the 
t'\'idt'lw{' Pl'opost,d by Cndl'l'wooc\ for tht' joint ll1onophyly of bolYPriines and 
tl'Opidophiint's, Hm\"('\'er, {'onsidpring thl' palatal similarity of Bolyp.ria and Casarea 
(hut only OIH' spt'c'inH'n of pal'h) d{'spitt' sl'veral diftel'l'nces in other (~haraeters 
(indil'ating t ha t t ht' statt' is likl'ly to hI' a I'{'al fpature of the group, and not an artefact 
of a :<llInll sample). and tilt' appal'pnt ('on:<t'rvatism of the superfi(~ial palatp; it is 
:<uggt':<t I'd t ha t tilt' major pvidt'lH'p propost·d for monophyly may 1Ipar further 

t'xalllinatioll. 
I't''''i(' "1'111'" an' all"!'lIt frolll fi'malt, hol~'('riill(,s (and fl'olll malt's), and from 

ft'lIllllt' Tmf'h!l/J(/II and 'I'mJlidoJllti" (and frolll malt' 'I'I'IIJlidoJlhi8 8emir·i//1'I1I8. Htull 
I!I:!S) alllOlIg tropidophiin!':<. Of til<' two gl'lIl'J'a only provisionally induded in the 
Tropitiophinat' of l'ndt'l'wtHHI (lnili). \,t':<tigi,d p('lvi(~ spurs an~ J)J't'''t'nt in female 
E,ri/ilwlI (Bogt'rt I!lHS) and an' nlriahly 11I't'st'nt or abspnt in Unyal-iophis (Corn 
\!li~). ~Io:<t otht'r Il<'nophidian gt'nt'l'a I'Plain "pur,,: l'Xl'ppt ul'Opeltids, Xenopfltis, 
and lI('j'(WIIOj'(lick ~int'!' thi:< is a '10:<:<' "tatt'. and has oc'('unt·d in at least three other 
linl'iI!,!!'s. ilnd i" illtra'''pc'l'itit-ally \'11riahlt' in {'//Yil/if/jihis JIIlI/.(/.men8is, it ('annot be 
0'1'\'1'1'1 (tj'('at "iO'nifi('III11't' in 11 dadisti(' anah'sis. 
~ :-. :-. . 

TIll' hyoid l'Ol'nUa of Cat'lJOphidia. al'l'OdlOl'<iids. tl'Opidophiilll's (Dowling 1!J75, 
p, I ntL ~Id )()\\'pll I !li,i. p, 1 :~). a nel ('11811 rUt. an' paralll'lt: t host' of otlwr Ht·nophidia, 
illt'luciing RO/!lNill (l'ndl'rwood H)(ii. p. I:!). HI't' divl'l'gpnt posteriorly. The latter 
statl' is \'('I',\' prohabl,\' primitiw (LanW'bartpll !lfiH). B()/y~ria and CasarPfl are linked 
11\' It \'el'y pl'obablt· :<yn<lpomorphy. tlIP divi"ion (uniqul' among vertebrates) of the 
n;axilla into Hntl'l'iol' and postt'rior portions. TIIP parallt'l rondition of the hyoid in 
('118111'(,(1 mu:<t tl1l'l'I'fol'e havl' been al'l'in'd at incit'pPJl(It'ntly from that of tropido­
phiilll's: unlpss RO/!lNia is sPl'ondal'ily 'primitive' in its J'('spmhlanee to other 
Henophidia. hll\'ing rt'tul'IlI'd to a divergt'nt ('ondition from a paralll'l condition 
shan'd b\' the anc'l'st ry ofboIY£'riinl's. and possibly of tl'Opidophiines, The evidelH'e of 
dw 1l\'oi~1 is thus not ('onc'lusivp of rladisti(' proximity. 

l ;ndt'l'wood has nott'd sha l'l'd dl'l'i n'ci f('at UI'('S of t Iw respi ratory syst<'m that 

appPltr to !t..'is()C'iate bolyeriinl's and ttopidophiines. Among boids, only tropidophiines 
POSSI'SS a well-dp\,pJoped t J'al'ht'al lung. ('asarNl ha.s a "pry slightly developed 
tl'Rl'hl'allung, ~Io,.;t tl'Opidophiillt's an' unique. among boids, in lacking a left lung (a 
\'('stigt' remains in l'1I!llIlioplii8j)(III(/IJII'1I8i8. Butlwr l!Hi:~), it is t'xtrenwly rpciu('t'd in 
holwriilll's. Tlw \\'I·ight to hI' assigned to tht'sl' ft'atuf'{'s is p('l'haps diminishl'd by the 
ohs't.n'a tion t ha t. among otl1('1' Hl'llOphidia, A ni/ill8 and ('lJh:ndfllJlhi,~ also show 
I'xtl't'nl!' l'I'dudion of tht' II'H lung (Fn<it'l'\\'Ood !!Iti7), Anoinlldlilus hwks a left lung 
(Bl'ongt'l'snlll and H 1'111' 1 !l;) 1), aC'I'ol'hoJ'(lids lat'k a It'ft lung and poss('ss a traeheal 
lung. although thl' lattN is ofuniqlll' f01'1ll (Bl'ongPT'sma 1!);i2), Also, many separate 
sto('ks of( 'lH'nophidia havl' lost or redw'pd the left lung, and acquired a traeheallung 
(tTndl'l'\\'ood l!){ii). The t{'J'minal entry of the traehea into the lung is a further 
dl'l'in'd statt' shaJ'{'d b~' bolyel'iilll's and tl'opidophiinl's (lTnderwood 1976, p, 155), 

Althollgh, tak!'1l sql!\l'atdy, thl's!' ('haracter stltt£1s eannot be regardl'd as 
('oll\"illt'ing synapOlllOl'phit's, whl'1l ('ollsid!'I't'd togpther they do suggest the poss­
ihilit\' of a ('los!' ('Iadistil' 1'l·latiollship ht'twl'l'n holyl'l'iillt's and tropidophiilws, 

• .\t It'llst foul' altt'I'llativl~s ('all hI' t'Ollsidt'rl'd, ill ol'd(,r to !w('ount for t.he st.ates of 
til(' sllpt'l'tit'ial palat.e. as noted above. Firstly, that the holyoriino paiute is aetually 
not primitin' to that of other boas: bo\:-'eriim's and tl'opidophiines am monophyletic: 

tHee addendum, 
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(a,: "uggl'"t('d hy Cndprwood I Hili). and darii"ti('ally till' I'alat(' ('an only spparate 
hoa" frolll p.dholl" without inrii('atillg a prilllitin' hoa ('OIHlitioll. S(,(~OIHlIy, that the 
palate of holypriilll'" is prillliti\'p: holYNiilll's and tropiriophiille" an' Illonophyh,tip, 
alld tropidophiilH''' han' e"oln,d a palat<' mon' "imilar to that oflllo"t other hoas in 
paralh'l. Thirdly. the' palatp of holy('riillt'" is prirnitin': tlH' bolyt'riinat' and the 
t ropidophiilult' do 1/01 form a mOlloph.Yidi(' gl"OUP, and tropidophiil\('s lind other' hoas 
"hare a ('OllllllOIl alwP"try with a Ulill-lik(' palat(' "uh"pqtll'nt to that "hllJ'('d with 
holYl'riiIH'''. FOllrthly. it i" mOJ"(' J'('lllotply po""ihl(' that tropidophiilH''' shar(' an 
anl·t,,,try "p(,I'itil'alIy with till' larg(' South Arn(,I'ic'an hoas (('()m{{II.~, r;pil"ral/os) that 
tl\('y IlIo"t do"ely n'''l'mhlp in palatal nlOrphology: this would f'('quin' I'pn'rsals in 
thosp ('haral'tl'rs in r('sppl't of whit"h tl"Opi<iophilH's ap}l('al' to he pl'imitiv(' to other 
hoas. 

I t is Ill'rt' suggpsteri that tlw t hi I'd of thes(' possibilities dpsern's serious 
I'oll"il\torati(lll .. -\t I('a"t. tIl!' l'yidl'lw(' of tht' palate would indi('ate that the e1adistic 
po"ition of till' Boly('riinae and Tmpiriophiimw should he a mattt'r for continued 
in \'I,,,t iga t ion. 

TIll' "ali('llt points of till' abov!' discussioll an' ~lllmmaris('d in the e1adogmlll of 
tig. 10. It mu"t Ill' "trl's;.;pd that thi" i;.; in no way illtpndt'd tiJ approach a complf'te 
phylogl'llY of till' H(,llophidia. hut is simply an pxplicit visllal ;.;tat!'ment of the 
,:ugge"tl'd dadi"ti(' implil'ation,: of the few chal'llders considerl'd herein (and in 
Groombridge 19i9). Hopefully, areas of concordance, or otherwise, with interpret­
ations of other characters can thus be more readily located and subjected to useful 
examination. An extpllsive analysis of the Boidae is to be found in Vnderwood 
(lfli6). A ,:ollH'what different scheme (but with full documentation delayed), is to be 
found in Frazzetta (1975). 

FlU. 10. Diagram to ilIl1str/ltt' slIggpstpd I'ladisti(' illlplil'atiolls of ehal'lwtt'l'l' considered 
ht'rl'in. and in (1roombridgt' (IHiH). Numbered bars indicate transformation to 
dt'ri\'('d (,haml'tl'r stnh' (mostl,\' pl'Opos{'d as s,\'napomorphit,s) prpspnt in hypotheti('al 
Hn('pstor Ht following nod('. or in tN'minal grollp. I\p.v to gJ'Oup ahhrl'viations (lpft to 
l'ight):--D, /)illil!l"io (t'PIl('I' ('Il'tIWpOUS): ~, S('o!t'('ophidin: Cl'. ('.'IlinnmpliiH, 
.·1 '11111/'''''' iI,/.'I , uI'opl'ltids: A, Allilill.~: X, X (0 II IIjll'll i .• : L, IAI./'(/(·/·I///I •• : 1'. pythons; Cr., 
('"IollIl/'io: B, huill!' hllllS /llId /,i""OI///I"II: E. ('r,\'l'illl' hilits ('X('l'pt, ,,/:,'/11111 11m: l~~~, 
{'II!I"Ii"l,hi", A'.l'ilil",o: T. '1'1'(/('''11'''111. 'I'm/,idll/,"i,,: 11(', n"IIII'l'ill. ('11"'1/'1'/1: A(', ano­
('hlll'dids: (', ('a('lIophidill. I\('Y to Pl'lIpo"l'd dl'l'i\,l'd ('hnrndl'r Mtatl'H: I, Ill'I'SI'IlI'p of 
tlllll h,'d IIl1tl'l'ior l'Ilmll" III' palatilll'; :.!, Ill'(,S('11I'1' of IUlt('l'o-llu'dinn pillars of fl'Ollt,als. 
hl'1 \\'('('11 olflld or," t,l'Ild s: :l, "'('paratt' prollt i(' lill'lunilln IiI!' hot h Ill'~xillary und 
11llllHlihullll' hmlll'llI'>\ oftl'ig('minul 11('rv(~ (O('(·Il.sionall'x"pptions 1'f'I·tllinly st'eondary, at 
It'llst in Clwl1ophidia); 4, palatal 'valv!'s' of Anifiu. .• ; 5, formation of the eomposite 
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l"iJ](,p till' aboH' lIlat('J'ial was wl'ittpn, an intpJ'p,.;ting work by Hipppt·1 (HI77), a 
rOlllparatin' ,.;tndy of till' ",knlls of ,,;pY('ral Hpnophiciia, ha,.; appC'IU'l'd, Hi,.; hasiC' 
cii\'i,.;ion of til(' Hl'JJOphiciia (ex('ept at'J'oehordids) into th(' two ,.;up('rfamilips 
Anilioidal' (group (T + A in fig, )() of thi,.; pappr), and Booidl'a (groups X to Be 
in!'ill,.;iyt'), apllpar,.; to ill' a m:pflll ('OIll'PPt. and is broadly ('olllpatibip with the 
('Iadi,.;ti(' arrallgt'Il11'llt ,.;uggl',.;tl'd Iwrp, "'hill' tIll' Anilioidap (of Hipppd. not of 
~ld)()\\"plI I !Ii.») lIlay wpll bt' a lIlonophyll'tie gJ'OIIP ("I'tlSII Hpnning HHili) , the 
Booidl'a \\'OIl1d hl' paraphyldie on tIlt' interpJ'l'tatioll gin'fl hl're, WIH'tlwr a purely 
c1adi",tie dassifi('ation is to be ron,.;idprpd theorptieally dpsirable or not, it will surel)~ 

JI. fII'lIrrx'o-'/o/l/al/rii/lIIlaris: Ii, squalllo"al "omewhat ('Iollgate and fn'p of brain('a"p po~­
tt'l'iorl:.': i, quadratp without di"tind po"tt'l'iol' ('olll'adty: H. squalllo"al mohil!' Oil 
braiIH'a"l': n. l'"'''l'IH'P of full,\'-dt'\'('lopl'd vOIllPrim' flaps: 10. J/, ill/pI'I//Il"diIJl/{ari" 
al//l'I'ilJr (= iii/II) wl'lI-dpvt'lopt'd. pxpo"l'd nlPdial to .1/, fil'llilJylos8118; II, illla dividt'd into 
}XIrS Illl/Ni",. and /Xl/'8 }J0s/fri",.: 12.lo"s of po"tfl'ontal (but also in groups S. Cl' + A, and 
X): 1:1. ('1l\111'),!ill'ltion of dlOanal an' alld IJIl'''I'Il('(' of a droanal tOllgut'. ('olTPlatpd with 
re!atin·I.\' mOil' allteriol' din'l'gl'lll'l' of ('dol'ilOallal ('al'tilag(',.;: 14, \'olllt'rilll' flap" lose 
alltprior iIH'I'paSl' ill width: );j. maxilla dh'idt'd into <lntl'rior alld postl'rior portions; W. 
JlI't'~l'II('P oftnH'hp1I1IulI)!,: Ii. ('al'nophidian-t~'pe hyoid. with ('Iosely pamllt'! (,Ol'lll1a and 
adpn'ss,·d .1/, "yoUI"""i (set' addel](lulll): 1 K. postl'l'ior palatal sUlf,\(,p pxtl'ndpd and 
dppply hif1ll'('atl': HI. long intra-pullIlonary h rOl\l'h us: 20. non-lo1J('d kidlwys; 21. 
rl'dlH'pd ('ho<lnal ton)!,lle: 22. shift in insertiol1 of illla. }m1'8 (tn/frio!' onto postel'o-nwdial1 
portion of illtpl'I\HlIHlibular 'Iigamt'nt' ("el'ondarily paired ]lost\'riorly ill al'l'I)('hoJ'(lids): 
2:l. ")lim'" on IlPmipt'llis (exl'('ption" in "on\(' ('at'llOphidia Jll'Ohahly SP('Olll la 1',\'); 24. 
specialised ('ostal ellrtilagt's (Hardaway and William". I!Jili: Pl'rsk.\' 1'1 rd, IHili); 25. 
Pl'l'SI'IH'P of J/. prolrndol' ql/adm/i: 21i. pn'Sl'I1('p of M, pro/ra('/or Inrynf/w8 . .Y 011'8: (a) thl' 
basal tril'hotomy bl't\\'l'en the l'pppr ('rl'taeeous fossil /)inilY8ia, ~eoll'('ophidia. ami 
other sllakps is not resol\'ahle on I'\'idl'nce ('on"idl'rpd hpl'l'in; (b) in most cases 
alltapoll1orphit,s of indi\'idual lint'<l)!'p,,; are not shown, among the I'xl'Pptiom; are 
l'harnl'tpl' statl'S distingui"hing group T fl'om othl'r 'tl'Opidophiilws', and thn'p statt's( in 
addition to thosl' in l'ndt'l'wood I !lUi) that mtlwr ('Iparly indicate thl' monoJlh~'ly (8en8u 
Hennig) of till' ('1It'nophidia (Coluhl'oidt'a of :\leOO\\'(·1I Wi;»), ((') mo"t groups ('an he 
fUl'tllPr dividl'd on l'vidt'n('l' not ('onsidel'l'd hel'P. (d) t Ill' two groups (~U plus A hwk any 
eleal' synapoll1ol'phy. but shal'e primitive statt's, and hH'k dl'riVl'd states of their si,.;te!' 
group (rpmaining Hpl10phidia and ('apnophidia): othpl' evidence is thlls l'equil'pd to 
dt'('i"i\'l'h' dl'mollstra tl' t hpi!' joint lI1ol1ophyly or otllPl'wis(', (f) tlw position of ('a{a/Jaria 
(CL) illd'i('ntl'd hl'J'{' l'l'sts Oil w('ak (,\'idt'lH'p. thp prl'sl'lIc'p of It po"tfrontal appt'<lrs to 
p);wt' ( ''''''~Jf/ I'i" pri,rni t i \'P t~) ~ Ill' I)(:!l" (~r(."1 ps I,~ to B(' iJwlt~sive) a~ld t I\l' gl'oup liH',Il11'd of 
a('l'o('hordld" alld ( nPllophJdlll (A( + C), III \\ III(,h t hI' postl rontnllS ah"l'llt. hut thl"; hone 
has also hl'pn lo,;t in groups~, Cl' + ..\, and X, In tl'rrn" of pH r,.;i 1I10llY t hpl'P ,;p('ms litt It· to 
droo"l' l)('tWI'I'II po,.;tulatillg lillir J'atlll'r than live 10SHI'S of the postfl'Olltal. Howt~ver, 
l'lIdt'l'\\,ood (I Hili). also ('on"idpring nOwr ('hltl'lldl'rs. similarly plan's ('alllbnria 
('Iadi"ti('alh' hl'twPPII p,\·tholls nnd hoas. The n'spmblalH'P of thp Hup('rli('ial palate of 
('a{a/ml'ill t'o that of('haril/(I ani! A'ryx (group E). by thi,.;interprl'tation. must h!lvP been 
derin'd in parallel. (f) if otlll')'(,haraett'rs pmerge to indieate that the Rupmtieial palate of 
holwl'iilH's (group BC) is !letually not primitivl' to that of othl'l' boas, I "uggpst that the 
dl'l:in.d sta tt' of t Ill' slIpt'rlieial palatl' of boa,.. (Statl' l:l in Fig, 10) \\'ollid still support the 
mon' g<'Jwral hypotllPsis thnt thl' hoas ('oll('f'tivt'i,v form It lI1onophyl(·tip group. (f/) see 
FIHkrw()od (IHjli) for dt'rin'd ,;tatl'S of t hI' group B + K (/t) tlIP 'sl'lI1i-parallel' hvoid 
("('<' addl'lIdum) lIIu"t han' nri"l'lI (fl'om til<' typi('nl hpllophidian divt'I'g('llt '\" t,\'P;') at 
Ipnst tWil't', in ('1l8IlrNl (of group Bt " but not in /J(){!/l'I'ia of this group), and in 
r/l!lIl{io}Jhi,~. A',l'ili//II(/ (or probahl,\' in tilt' ('omll1on an('('stry of till' group FE+T). The 
ohs('J'\'atioll t hat till' int('rmpdintt· Htntl' has arispn in parallt'l in two Iinl·agt·s hits Ipd me 
to po,.;tulntl' that the ('l\cllOphidian 'plll'allel-typt,' hyoid (~tatc 17 in fig, 10) has also 
aris('11 t.wiPI', in thl' group T, and in the anpestry of the group AC+C', (i) this scheme 
implil's that loss of vomerine flaps occurred in the ancestry of group AC+C, 
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1'(,lIlain n(,l"l'~~al'y and useful to r('('ognisl' pamphylptie ·gradp· taxa, such as the 
Booidl'a or t lIP H('nophidia, whil!':-;o lIlany a III bigllolls or controversial a:-;peet:-; of the 
bran('hin!! ,.;eljuPIH'p of snakl' phylow'ny pt'r~ist, 

TIlt' abo\"{' account of Illorphologi(·al variation in the supprneial palatt' ('ould be 
l'xtpn<il'd to ('onsidN possihle' functional a~p('ds. Two an'as fi)!' inVt'stigation lIlay be 
sugg!'sted. Firstly. could till' ,'olll('rim' tlaps hI' involvt'd in SOIllP way in till' transfpl' 
of pal'ti(,It,~ froll1 tilt' tongtlt' tips to the dUds of .Jacobson's organ for st'nsing? 
Sl'{'ondly. ('ollid t lit' a pp('a1'111 I{'P of choanal c1t'fts (i.e. emal·gi na tion of the palatal are) 
be ('oITPlatpd with inereaspd independelH'e of mobility ofthe latpral palato-maxillary 
al'<.llt,~ 1'('latin' to the median snout complex! The~e areas were beyond the s('ope of 

till' present study. 

Comments on Caenophidia 
As st a tt-d in tilt' I nt rod ud ion, att('ntion was fi I'st d mwn to t Iw possi hl(' taxonomie 

,'aitH' of till' supt·rfil-ial palatt- hy tilt' ohsctTatiotl of variation within vip('riIH's, 
d mi ng a st lIdy of rplat ions wit hin t Ill' ~u hfami Iy. This stutiy is st ill in pl'ogn'ss, hut it 
11111 ,. bl' nott,d h('r(' that ('a/lSI/Ii has it simple palatal structlll'l' with a non-emarginate 
(.h(;<ln<ll arc. ~ill1ilar to that of Illost otlwr Caenophidia examilH'd. and thus pl'Ohably 
prillliti,'e. ('nIlSII" also appear,,; at prp,,;ent on oth('r p"idencp to Ill' primitin· to other 
viperines, 'Ilw latter typically (there are a couple of exceptions) show some 
elaboration ratllt'r similar eitllPr to the choanal papillae of pythons, or to the short 
vom('l'int' Haps of Calabaria, Crotalines also show somp elaboration ofthl' palate (that 
is not identi('al to that of viperilll's); this is l'ontributing to the ilwpstigation of 
relationships between the sub-groups of Viperidae. There is good concordance here, 
as in Henophidia, between palatal characters and other characters. 

Although a taxonomically diverse sample of other Caenophidia has been 
examined, no variation of a similar magnitude or of such evident systematic 
relevance has emNged. The sample is still numeric-ally extremely restricted however. 
Thrpe of the major variations encountered to date may be nott'd here without 
aUem pting comprehensive description . 

• ·1 rhalill 118 braconnieri and A. spinalis (but not A. rufescens or A. werneri) have a 
median cleft in the rear of the palatal surface, the nasopharyngeal ducts thus eaeh 
form a separate lateral tube opening into the orbitonasal trough. A rather similar 
condition was also found in Xenodermu8 javani('us, it was not found in another 
xenodermatine, Fimbrios klo88i. 

The dipsadines and pareines examined all have a relatively long palatal velum. In 
Sibon nebulata, Dipsas albiJrons, and Sibynornorphus turgida, this has a medium 
stiffened portion, In the latter species (two specimens) this is turned dorsally into the 
orbitonasal trough and forms a median 'valve' over the intel'l1al choanae. The palatal 
velum appears longest in Aplojleltllrn boa, All these forms appar£'ntly ,,;p£'cialize in 
mollu~l's a~ it food sour('e.-po~sibly the long palatal n>lum beeomes pushed up into 
tlw orhitonltsal trough during prey intake, thus ('losing off the internal ehoanae and 
(H'f.'\"Plltillg mll('lIS from o('e1u<iing til(' nasal pa~sagps. The palatal similarity betWl'l'n 
the two groups may well be a parallelism, it would be a very small st£'p from the more 
tvpi('al eal'nophidian condition, 
• In sl'vNal Old World colubrids (8ensu Underwood 1967) the posterior palatal 

surface bears on each side, a short longitudinal fold (in addition to the usual, more 
lateral, folds), The posterior end of this fold intersects the choanal arc. These forms 

IS.:: J5$.uas. d tlU iUliSt .. , '. ~ • • ~ , " : ', • ' ~. ,oJ, 
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inc! IIde. ( 'o/I/I)('r r/1IJr/orharh is. E/a phi' /olluis,'1imn, /\ plI/('I'(Js(}phis n /'('1/11 ri 1/8. and Ptyn8 
IIIIII'OS//S (ftll' palatl' of tIll' latter. 1'1'1' Fig, !) (r) in PUrkl'r and (jrandison 11Ii7). 

The sllperfi('ial palatl' is rl'latin'ly simple in most Caenophidia examined, 
Typi('ally tlH'I'(' is a short palatal "l'l II Ill. tlw post{'rior margin ofwhi('h forms a simple 
a PPl'Oxima tt'ly sl'mi-('ir(,lIlar choanal a 1'1', Some nU'iation was notl'd in the depth and 
dq!n'(' of plt'ating of tIlt' lateral folds flallking th(' vonwrilw ('lIshion I'Pgion, 

Conclusions 
I would SU,l!g('st that t hl' morphology of till' supl'rfi('ial palau· ill HellOphidia is 

sufli('il'n t Iy SI;I hll' \I' it hill grou ps. a lid shows st a ks t ha t ('lUI hl' hypot II('si:,wd as I'it hpr 
prilllit in' or dt'ri\'l'd with sufli('i(,lIt ('olltidI'IH·(·. sui'll as to ('Ollt rihut(' IIs!'fllll,v to th(' 
('Ia I'i ti('a t ion of t hI' ilroad out lillI'S of c!adist i(' n·la tiolls among IlI'nophidilln sllak('s, 

Alli/il/s (with a ulliqul' palatal morphology), ('!llilldro/I";", Ill'Opl'ltids, and 
XI'I/o/Illtis. apP('lu' pril1litin' to otlH'r Hl'lIophidia in n'spl'('t of tlH'ir supl'l'fi('ial 
palalt'. /,II.t'II('('I/II/,'I and pytholls . with ('ollsist!'llt filII d('\'l'lopllwnt ofvonwril\(' flaps, 
and typi('ally with dlOalllll papillaI' 11I'ps('nL apJ)(·ar d('J'iy('d 1'!'lativ!' to tit!' aho\'!' 
group, Boas (,,,"sl/ 111/0: tl\(' Boinltl', i<:r,\'l'inlll', Tropidophiinlll', alld BoIYl'riilllU' of 
l'lJ(iPrwood J!I/Ii) sha n' It proha hit· s,\'na pOl1lorphy, nanwl,v, l'l1Iargillat ion of th!' 
('hoanal an' \"ith ('ol'l'pJat(·d pn'sl'll('1' of ('hoanal d!'fts alld II I'llOallal tonglll'. It is 
sugg('slt'd that. withill hoas, l/ol!lerill alld ('a,WII'I'1I ma,\' r!'laill thl' most prilllitivl' 
palatallllorphology. RI'!I.r, ('hllrill/l, alld 'I'm/lido/Iii is, 'l'm('h!lII/J(/. forlll two distirwt 
(it-rin'd suil-grollps. Thl' palat!· of ('IIIf1ll11l'ill 1'l'sl'l1Ihll's that of /~'r!l'1' and ('/Iflrina, 

ot lH'r ('ha l'lH't I'I'S sllggpst t hll t this I'('SPI1l hlllll('l' was dprin'd ill pamlll'1. Acroehordids 
han'lI IIlIiqlll' palatal morphology. of IInc('rtain deri\'ation. 

Arnong hoids, with the ex('('ption in parti(~lIlar of X enopdtis and the 
Tl'OpiciophiilHH', tllPrp il'\ 'Illite good agrl'l'ment hl'rl' wit.h t.he recent arrangement of 
Vndt'l'w(lod (Hlifi, p, HiH) rnadl' on tilt' basis of many more eharaeters. 

A dingJ'a1ll of the ~lIggestt'd cladistic implications of the ehamcters eonsidpred 

hpl'pin is prO\'id('d (fig, 10), 
Thl' sitllatioll in Hl'nophidia and in vip('I'ids l'\lIggl'sts that. workers in snakp 

~,\'stt'nHlti('s shollid be alNt to the »osl'\iilility of u~l'ful variation in the superficial 
pnlatp( a Ild l'\hollid takl' carl' not to dl'st!'Oy the palatal rpgion, bl'fore examinat.ion, in 
the pn'pal'1ltioll of skuJls or removal of the palato-maxiJlary arch), 
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Addendum 
~il1<'(' tlw above was wl'itt{'n, the Brith,h Mu~eum (Natural History) has acquired 

It l'\Pl'('illH'1I of 8,l'iliho(/ p/(I('ala (Inl K H 20B, I n77), throllgh the kind I'oo])pration of 
VI', (" ~1. Bogt'rt and Dr, \\" G. lkgt'llhardt (of tilt' Cnivt'I'sity of New ;\lexico), 
Although tlwl'l' art' points of differellce. the palate of Exiliboa (a possible tropido­
phiilH') ,most el()l'\{'I~' r('s{'m bles that of th(' Boa grou p, The palate of ExiliiJoa could be 
intt'l'preted as showing some divergence towar'd the Tropiduph.is condition; the 
choanal tongue forms two distinct, but short, lobes posteriorly, it then tapers 
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po~tl'ro-dor~Hlly into tilE' roof of the orbito-na~al trough. The long vomerine flaps are 
of approxilllntl'ly equal depth throughout (then> i~ a supNficial appearance of a 
Bol.'lNia-likt' anterior increase in width of these vomerine flaps, but thi~ is due to the 
fact that tlwil' middll' pOl'tions are somewhat adpl'l'~sed in thi~ spl'('imen). Cnlike 
Trat'hylilJlI and Tropir/opliis. the choanal tongue i~ not (:on;;i<il'mbl.v extl'ndl'd and 

dpt'ply hiflll'('ate. 
I hll\'p al~o ,;ub';l'!Jut>lltly ht'en nbll'. thl'Ough til(' c'oultp~y of Dr. R. G. Zwpifc.'1 of 

tht' AIlll'ril'an Jill';l'UlIl of Xa!ural Hi~tory. to ('Xlllllilll' a ~ppl'iml'll of UII!llIli()1'!ti8 
(,Oll/illfll/Illis (n'pl'l'~t'nting a fourth po~~iblp tropielophiilw). Thl' ~()ft oral ti,;sues of 
this sp('l'in}('n (AJiXH iO:?O.i) art' not wl'lI-pre~('n'l'd (the SPPCillH'll is ~evNely 
dl'l'ait-iti('d). however. it i,; l'1l'lIr that like E;ri/ili()(t but ulllikl' Tra('h!J/;()(l and 
'l'ropidophis. the eiwanal tongue is llot grl'atly ('xtl'lIded and del'pl.V hifuf'{'ate. The 
l'('st'lllblarH'l' is chiefly to E.rilil/(/(t and ml'ml)('rs of the Boa group. 

Thus of tile foul' 'tropidophiinp' gt'lwra. two (Exili/;oa and (TJ/,yoliopkis) retain a 
rather Boa-like palatal morphology. while the other two (Trw.'h!lboa and Tropidophis) 
shnn' what I intt'rpr!'! liS a 1Il0l'(' ctl'ri"l'd ('ollClitiol1. I t will hI' notpel 1)('low that et'rtain 
other ('illlradl'rs indi('atl' til(' S<lllH' distilH'tion. 

Thl' a hove o!J"el'\'1I tions are at Il'a,;t llot inconsistent with the suggestion that 
'tropielophiilH'';' and ot hl'r boa,; (pxC'Ppt hoIYC'I'iil1l's) ~hal'e a ('ommon ancestor. with a 
BO(/-typl' palate. alld form till' sister-group of bolyl'riint's. 

I han' al~o pxamined tlw hyoid apparatus of E.riliboa, Unyaliophis, Tra('hyboa, 
Trojlir/ll jllii8. noly/'na, anel ('(I8(l/'ea. The following eomments expand and modi(v 
tho,;e gin'n in tilt' discussioll section above (p.4H;')). 

Of thest' ::;ix genera, only Bolyf'l'Ul has a hyoid ::;imilar to those of til<' majority of 
Henophidia. i.e. the 'V. typP of Langebartel (I!WH, p. 12), with the cornua broadly 
din'l'gent posteriorly. In Bolyrria. tht' posterior tips ofthe cornua lie superficial to 
the ventral portions of the ribs and their musculature. A small muscle ('omohyoideus' 
of Langebarte\ 11)68, p. 70, not pre~l'llt in all Ht'nophidia) arises from the posterior 
tip oftlw ('Ol'lHlll and inst'rts o\'er the rib musculature. The cornua are close togt'ther 
anteriorly. but do not nwet. These ohst'rvatiollS wt're made on the same specimen 
(IDIXH !Hi.:l.~5.~) reported by Undprwood (I !)(i7. p. 72), and eOllfirm his aeeount. If 
the contntr~' l'l'port of Anthony and Guibe (H);,}2, p. 196), that Bolyeria has parallel 
cornua and a lingual prcwe"s. is correct for their specimen, then unpreeedented 
int\'(\,;pecific variation occurs in B. fllIll/omrina/a. 

Thp sppeilllPn of Casarea examined clops agl'ee with the report of Anthony and 
Gllibi' (l!);i2): the cornua are near parallel and joilll'd anteriorly, with a lingual 
pl'ocess. Howevel', there is a very signifieant differelwe from the caenophidian 
condition ('parallel t~Tpe' of Langebal'wl l!ltiH, p. I:l), which Ca8area otherwise 
resembles: the cornua are not dosely pal·allel. Correlatpd with this, their posterior 
tips still lip in the usual henophidian posit~on, sup(,l~cial to the ribs, and the M. 
"!lIIUI08Si (arising from tl](' COl'llua. and I'ntenng the malll body ofthl' tongue) are not 
in ('Ios(' ('onta('t, with !'[lC'h oth!'r along the whole I('ngth of the eornua. The same is 
tl'llt' of R,rilill()(l, ('x(,l'pt that till' lingual I'r<wpss is vil'tunlly absent. The eornua of 
{'/lU/I/illldll'S lIf'(' similar. with t IlC'i I' po,;tl'l'iol' tips SIlPl'l'fil'i1l1 to thn rihs, and tlu' 

"!lIIUIII""i !lot ael pl'l'~~('e1. 
It thus I'llH'IW'S that. among H('!lophidia, it is only 1'rw''''!llioa, 1'ropidoplti8, and 

aCl'llchordiels. that resemble Caenophidia in res pee t. of the hyoid apparatus, In all 
tI}('s!' fOl'ms tht' hyoid cornua are e\osely parallel. and the N, ltyoylo88i are typieally 
elosel:v adpressed. The cornua and ItYOfJlossi are bound together in a thin fascia, and 
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IiI' , not "lIp .. rti('i01I to the rihs, hut in tlw \' ('ntl'lIl mid -lilf(' , entirely medial to the rib 

tip'" III thi" po"ition tllt'y an' ahl(', po"tt'l'io rly , to lie cI('('p to the .II , /ra n81'erSIlI:i 

1I11I/uII/iliis IIlld .II, "'''iljIl1/8 (ti)(/oillilli" ill//'{'/I1/8, I'unnillg from t ht, IllNlial "ul'fa('p of 

til<' rib" of tIlt' \'('ntral mid -lillt' ( Langebal'tel IlHiS, pp,;")- O, H:2- H:3), 
1\ 'l'hll P" t hl' 1Il0"t "igllitil'alll lIlol'phologi('1I1 di"tillC'tion ('an h(' mad<" not (as 

pn'\' illll"I,\' ) hl'lWl'I'1l div(,l'gl'llt, a" 0}lpo"I'd tn pa I'I\lIl'1 , {'ol'nua; hut 1>('I\\'(,l'n 

t!in'l'gl'lll PI' pllralll'l. hilt widl'ly Sl'pnrnll'd, l'Ol'l1ua and h!l{)U/088i , Oil thl' Oll(' hnlld; 

1I1lt! 1'lo"l'I,\' pal'll 11,,1 1'lll'IlUII, IIlpdial to Ihe I'ih lip'" \\' ith H,dpn'ss('d h!lIJU/o88i, on the 
ntllt'l' (SI'I' tig, II), TIlt' I\ssumpl ion is lIlade il('n', in I'll(' absen!!!' of good ('v id l'n('(' to 

lIlt' I'olllnuy, Ihat till' il,\'oid ('01'11111\ in all th('s<, snakes un' dl'l'i\' ('d from thl' sHme 

\-isl'I,nt l an'h .. 11'Il1<'nts, 
TIlt' a hlln' I'l'i II I I'I'P I'd a t iOIl I'<,d IH'('S t 11(' si III i la I'i t Y I)('t \\'('en tlH' fOil I' tl'O pit! 0 ph i i lie 

g('IH'I'!l, !llld \)('t\\'('I'n ('1/8f1l'l'fI alld tropidophiilws; tht',Y do not all posses:,; the same 

f01'1Il of hy ,)id appal'iltus, 
Bogert ( I !HiS, 1' , :l:l) , aft('l' lIoting SI'\'('I'1\1 difJ'('f'('Il('l'S b!'tw('en th(~ four ' tl'opido­

phi ill!" gl' lIl'rll , "lIggl'stl'd thllt tIll' PI'! 'SI' IH'P of a tnwl1<'al I illig is "pl'l'ha ps till' most 

1\('011'1\' 1'()IH'llISi\'(' (' \'idl' I\('(' of their relationship" , l'1lt!('l'\voot! ( 1!17fi, p , I;):~), on ly 

prO\-i':;iol1fllly inclucled 8xiliboa and L'1l{}a/iophi8 , with TrarhyiJo(£ and Tropidopld~, 
in hi:; :;ubfami ly Tropidophinae, Dowling ( 1975, p , 196) and l'lc'Dowell (1975, p, 13), 
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FIG, 11. Diu),(l'I11n (If tl1l' h,\'oid and ,II , h!JO(J/()8,~i of ('cl'tuin snak('s, :-;ho\\,n in ventra l vi w, 
anterior i:; toward the top of till' page, ~lu~cJe", atta!'hing 10 t,hr hyoid, other t han the 
h!lOU/II"," I" (and ()IJI()hyoidrll,"), ~ ~'r " ~t inelllcl rcl,T hr h!JIJ(f lo88i !'ontinLie anteriorly into 
tht' Il l/l in bod\' of' t IH' tOIl),( II(', I ll(' ~e 'I)Il'('()phlC!la H 1'1' Ilot ('o ns lti el'C'd , 

( I ) Di\, !'l'gl'n t tYPI' or ' , .. t,\'Pl' (Lange 'hart!'1 I!)GH) : C'Ol'nU tL and h!J0U/OS8i divrrcrrnt 
po:<trrioriy, tC'r111innt ing po:<tcriol'l,v su p(,I'~('ial totl1£' I'i hs ~nd thl'i I' in tl'in ' ic mu"c~da­
tun': ('OJ'1ll1ll joined or !<rpanLtl' IllltCJ'lO riy ; 'omoh,\'oldc'us' present 0 1' ab ent, 
Chant('/('I'istic' of the majority of H('nophid ia, inl'luriing HoIyel'ia, 

(2) ~('mi -pamlld t.yp(' ; cornua approximat.e ly parallel, hut widely separate, hyo­
(f/o",,; nol adpn'""pd in midline ; C'OJ'llIl<t and !'YO(f/088i ~ome\\'hat divergent posteriorly, 
sti ll wrminn,ting sLiperfieial to nbs, Found 111 Casurea, llngalioplds , Exiliboa, 

(:3) !',tnl lkl t,vpe; COJ'll ll [\. parallel and close together, hyo(Jlossi ad pressed in midline; 
co rnu a a nd hY0(jlossi enUmly medial to the tips of the ribs, Found in Trarhyboa, 
Tropidophi,~, ACl'ochordidae, and Caenophidia, 
Key: H.T, rib tip" and costal musculatUl'e; OM, M, omohyoideu~ (of LangebarteJ); He, 
hyoid cornua; HG, JtJ, hyogloss11s, 
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both group the four gelwra togdher, at family and sUJlPlfamily Ipn~I. respectively; 
but it major part of their e\'idelH'p for thi,.; assol'iation W(lS what now apppars to have 
\)('('11 a misll'ading interpn'tatioll of the hyoid apparatus. While there remains 
p('l"ha p~ just enough eYid('lll'e, mainly from tlw respiratory system( Bogert 1968, 
l'ndl'rwood l!liti). to ,.;uggest tIl(' monophyly of the 'tropidophiilws', more investig­
ation is dl'sirabll'. HoweH'r, it is Illort' l'ertain that. within the group, '1'ra('hyliou and 
'l'rujlid()jl/ii8 an' distinguislwd as a distind sub-group by s('vl'ral probably dl'rivf'd 
statl's. TIlt's!' includl'. the l'ondition of tIll' sup!'rfil'ial palate and of till' hyoid 
apparatus (both dl'sl'ribl'd abm'l'), thl' IU'es(,IIl'l' ofa long intmpulmonal'~' bl'on~:hus 
(l'ndl'l'\\'()ot! i!liH. p. Ii>;";: not long in E.rili/Joll and l'nl/llliojiJu:8. I)('rsonal observ­
ation). pr('selJ('e of non-lobed kidl1l'ys (Brong<'I'Sma In;)I, not N,l'i/il)()u or 
('1If/I1/ioJiliis. Bogert J!HiS). 

Although thNl' arl' sen'ral points of I'eSPlllblanl'l' \wtwcen 'tropidophiiI1('s' and 
('aenophidia, Iwitlwr :\Ici)owdl (1!)7f). p. I;» llol'l;n<il'I'Wood (Hli(j, p. li2) suggpst 
that the two groups shal'l' an illllllt'diatl' l'ollllllon anl,<,,,tor. This vipw i" eOlJ('ordant 
,,,i t h t Ill' fad that ollly two ·t 1'0 pidoph i i nl" gl'lH'm. and furt h('rlllol'{' till' most l it'ri vl'd 
two ('l'ml'hylio([, 'l'mjiidojihis), "hal'{' thl' ('lIl'llOphidian parallel-type hyoid. It would 
thus appear that till' pal'11l1el-type hyoid has arisen at least twice during snake 
phylo,! .. (l'I1Y (as"lIll1ing it to he dprin'd relati\'(· to thl' henophidian .\ •. typl'). and 
p('rha ps t IlI'l'(' tillll's if (ll'rol'hordids alld C'at'nophidia al'(, not joint ~\" III01lOphyldie 
(.'11'11811 Hl'lInig J!Hj(j). It is howe,'pr suggpstpd l'ls('wlH'rl' (Gl'OoIllbridgf' IHiH) that 
tIll'\" arc monophyletic. with al'l'l)('hordids forming a ba"a\' and highly divcrgl'nt, 
lilH:age. A dOli hlp origin (in thl' group Tral'hyiJoa-Tropidophis, and the group 
AeroC'hordidae-Caenophidia), of the paralll'l-type hyoid is perhaps not too unlikely 
in view of the intermediate state (that may be termed 'semi-paralle!') found in 
('(lsarea, NxiHboa, and Un{Jaliophis. There appears to be no experimental work on 
functional a~pects of the snake hyoid and its associated musculature. The adaptive 
signitiealH'e. if any, of the different forms of hyoid apparatus is a subject for future 

study, 

Summary 
Attl'ntion is drawn to thl' }J0"sibility that the supertieial palate may afford some 

charal'tt'r" of ,'altH' in snakl' systemati{'!'.. This possibility is explored with particular 
refl'rl'IJ('l' to til{' HeTlophidia. 

A relati,'ply simple palatal lIlorphology ocellI'S in most lower Henophidia 
(Al/oII/o('lIi/lIs, (l!1/illdJ'()Jihi.~, uropeltids, and Xr,1/0l'eltis). In Allilill.~, the posterior 
palatal surface is turned dor:-;ally and divided into two lobes that cover the internal 
('hoanae. Lo .. rO('('1IU/8 and pythoni' arp eharaeterized by full deVelopment of vomerine 
flaps. weakly devdoped or absent in lower Henophidia. In boas (s.l.), the vomerine 
flaps are extelHh,d and eontribute to a median choanal tongue, accompanied by 
pmargination of the eiJOanal are. ~'urther variation, of systematie interest, occurs 
within boas. Horne e1adistie irn)lli(~ations of palatal and non-palatal characters are 
PI'oposl'd. and compal't'd wit.h previous systematie arrangements .. 

Appendix: specimens examined 
... II'/'II/I/IJ/ihi8 dllll/Hilii. IV.12.I.H, H2.2.2!)'!), 1!l25.4.1.I3. 
A.1'/'a1l/ll jihi8 lI/arl(/fI(l8I'aril'n.~i8, IV.12.l.a. 
AI'I'(Jt'lwrdll,~j(lmllil'/l8. HO.3.19.I:~2I, 1966.12, 1974.3865, 1974.3866. 
Aniliu8 81'ylale, 95.3.29.4.1904.10.29.3.5,1920.1.20.1338. 
Anontorhilusleonardi, 1946.1.17.4. ':' 
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A8jlidih., III/.flll/(,,·,/,/II""". 1!):!I.12.2.2. 
11011 "011811';1'1111', I!lO~.1O.2!l.:H, IHOS.:;,22.1. 192(iA,30.1O, 1958.1.2.21. 
1Iol,lll'l';a /II IIlloml'llIlIllI , iO,II,:lOAB. 
1Iolliml'/u'III" /)()II. (.\1(,»,,\\'(,11 Wi;'): :ll. plae!'s this species in Liasi.~), 77,2,24,11. 
('II/II/){f1'11I I'I'II/hll/llil. ti:1.I2.1.1, l!lfi2.2;ii, 19(i2.258, 1967.116, 19liO.515, 
('lilli/lila 118j"'I'. 1!IO~.:l.li.!l. 

('alldllill "1/')'1)11;1, I!Hi:! .. i:!~. 
('alldliia (·I/I'IJIIIIIIS. I!Hii.iiS. 
('1I8al'm dIl8"'IIIIII'I'I, iO.1 J.:IOAB. 
('11111';1111 holllll'. Ir.:!~.l.a. ii.:l.Ii.lli. 94.:1.L3. 
('II/'I'''.'IdI'1I8 !1 m II 11/11111". I !)O.i.1 J.:?!l.1 7, I !l(i!l.17(i2, 1974.386:1, 1974.3864. 
('I/IIIIt/ropyllllln l'il'ldi.,. Si .:1.2.1. I !l22.l1.24.32, 
('oral/lis ('111111111."'. 4!).IIXI00. 
('01'111/11" ,. IIffl/1'18, Si.li.:!!l.:!~. 

(',11III1t/I'I,/,hl.", 111'111'11"1". 1!l~ti.l. 1Ii.72. 
(',II/11lt/7'II/"II'" iiI/Mill", I!lOI.;i.li.1. 
( ',IIlilid /'Ii /"1/'., 11/1/1' 11111111". \!lO.i.:!.:!;i. iii, l!);l J.5.I:U -5. 
(',I//Ilidm/"I/·., "jll.'I/IIir/llldlJ". I !l~Ii.I. \liAS. 
(',I//llIdl'll/lhi., I'll/liS. 1\'.2:1.:!.II, il.i.:W.20i, 71.7.20.213, \!l38.!l.8,I, unregistered spec. 
Ejlll'm"'8 '·'lIl'hl'll/. i4.SA.!l, 8!l.8.2:1.I. 
EpIl'mlr" .,1 rill I "". ;i.i.IO.Iti.:1I4. 
EI'.II.1' 1'II/lIhrlll/l.,. 1\)(i:l.SIi:l. 1!17:l.;t146. 
t'I',II.1' ('(11111'/1."'. (I{ag<' I !)i2, plac!'s this sp('cies in G01l{Jylophis), 46.11.22.9, 1955.1.2.67. 
Er!l.r .i'll'l" "". !li .1O.2S.:;:l!l. 
Er!l'!' ja!11I ka 1'1. Wi I. )();i5. 
EI'!I.r jIJIi III i, 1!)2 Ul. I.i. 10. 
EIIIII'I'I!'s IIIIII';IIIIS. 1\'. 1:1.l.e, 1924.2.28.14. 
L/lIsI" a III rl/u',,1 ill I;", (.\lcDowell l!li5:31, places this species in Python), 70,8.31.148, 
95.1O.li.3Ij, 1!l1:l.II.1.94, 191i!l.2(j;lO. 
Li([8;8 tlli/drpl/i. 51.2.12.10, 90.12.2.22. 
Liasis 11181'1IS, 79.11. i.I. 1922.II.U.30. 
Liasi8 ,,/iml'PlIs, :;8.10.25.18. 
Lo.l'O(,PIIIIIS himlor. 1!1l4.1.28.IU. 
J/dlll/fljlhidilllll jill I/rlal II In , 9i.i.l9,9. 
J/el([lIlIjlhidilllll II'.'/llalidense, 1\114.1.26.6. 
J/orp/ia Ol'f/"''''' 1);l.i.2!l.2~, 9i.12.1O.\09. 19iO.2387. 
Plal.'/plf'{·ll'IIrlls 1I/11dll 1'l'lIsis , l!l23.10.13,29-31. 
Ph-I'II'III'IIII alll'ell8, Sil.i.li.i-8. 
Ph'('ll'Ilrl(.>1 rallal'il'l18. iO.7.4.(i.6. 
P!llhon 1'111'1118, SIi.:U;i.:l5, 97.12.30.71. 1902.11.25,13. 
".'/Ilioll /1/0/111'1111, 1!I0S.Ii. 2:l.l, J!)2iUU7.l, 1928,10,26,20, 1969,1691. 
I'/Illioll 1'1'!1 i II.' , I !l:14.Ii.li.2;'i. 
1'!lllioli I'l'Iil'l"(/III.~, !li.(j.21.:lS, l!HiH,16H2. 
PI/lllllIt .~/'/II/e. I!Hi8.1220, lHi5.;3S:3, 
Rill'lIlIjlhi8 dl'llllllllondlio!li, J!);'};i.I.9.i3. 
SOIl::.inio 1/1 oda(j(I!l1'arie118i", i9.6.II.IO, 19:16.3.3.93, 1961.2024. 
Tmdl.'/lill!l bOlllellgfTi, l!H3, 11.12.:17-:18, 1923.10,12.9, 
TrojiidllJlhi8 ('(/.'/1I/0IleIl8i8. 1H3!).2.:l.71-73, 1939.2.3,75. 
Tl'llJihidophi8 IlIll'lianlls, 1!)~S.I.6.6i-68. 
Tl'lljiidojl!ti8 lIIelalllll'll.~, 58A,20.li5, 
['/'IIp"'li" ar('lir·l'ji." 0:1.4, I SA, 9i.i . !!l. 1. 
.\'/·III1/II'/li., lillii'll/or, 4;;.11.2A8, H7.to,S.19, 1H25.5.2.'l.6, 1974.3862, ullrl'giMt.ert'd MP(,{', 
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BELL.\! Its. A. D' A .. I !1·H). OhSI'ITllt iOlls Oil t ht' SIlOUt of I'a m 11118. lind a ('Olll I'll rison wit h t hat of 
olht'r lizards lind snakl's. J . ..1111/1 .. 83, IW-I-tli. 
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Comments on the intermandibular muscles of snakes 

Ikpal'tment of Biological Sciences, City of London Polytechnic, 
Old Castle Street, London El 7NT 

Introduction 
During a n'('('nt invpstigation into the morphology of the sU)lpr-tieial palate 

of IWl10ph idiun snakes (Groolllbl'idgt, 1979), dissections of the lower jaw 
III ww I 1';; of "('\"l'r:d "p('('ip" Wl'n' )l('!"forlllpd in till' ('OUI'''!' offlllly l'xpo:-;ing till' palat(, to 
n'ntral \'ip\\". ;-\on1<' di"('\'l'\HlI1<'ip" \w('all1<' appal'pnt l>('t\\"(,P11 my tinding:-; I'('gar'ding 
sonH' of tlll'''(' 1I11l"dp" and !ho"p of ('P!"taill pn'\'ioll" \\'OI'kprs, Although It d('gl'PP of 
\',ll'ia! iOI\ i" to h(, PXP(,(,tpd in hiologi('al ,.;p('('inIPn,.;, it apPpul's that some mi"intpl'pl'e­
tntioll" ilia." han' h('pn mltdp on pl'p\'iou" o(,t'a"ions, It is the pUl'pOSf' of this papf'f to 
Illakl' a ppl'ojll'ia ((, ('OITf'ctions: and t<! \'('port "nnw I1l'W variations of po:o;sihle 

"y" t l 'IIHl 1 il' "ig I \ i ti (',111<'1'. 

. III p,l rt il'\da r. t hi" ('('llI)rt i" ('ol\('('l'Iwd with 111<' .11. illlerma ndilJ/llrll'is a IIterior and 
till' .1/, 1/'(/1I8I'('I"8118111'(1I/1'liio{i..;. hoth t('/'m" in til(' u"agp ofCow<l1l and Hiek (IH.'>I). 
TIll'ir tel'lllillology for th(' illtpl'lnandii>lIlal' nlu"dt's of snakes hal" bt'pn used by 
,,('\'l'ral n'('('lIt \\ork('I'''. P,g. Frazzl'lta (I IHiH). Kal'dong (Wn). and partly by 
Alhright and Xl'!"on (Ill.ina). ;-\OIlH' ('omment" are al"o madf' on the .lI. pmlml'lor 

1(/1'!llIfjf!l8 (Karbtl'Om l!);i2). and the .11, (Jf'lIioln,lloidf'lIS. a mmlde dt'stl'ibt'c\ by Camp 
(In:?:l) in lInguiu\Orph lizal'ds. and "uh"t'quently described by McDowell (1972) in 
1"1 III "(''', Attelltion i" not gin'n hel't' to other "mall l1)u,,<,lps (the '(~onstri<'t()rs' of 
Lallgehal't('1 lIlliS, p, H2). attaching to the lalPral sublingual glands. which are 
"ollll'tillH''' do"ely a",,()('iateel with the illfN/IIf/l/(lililllar;8 (JllfNi()l'. 

All ")I('('i IlH'Il" II"Pel in t his '"I ud,\' a J't' in tIl<' ('olI('('tion of tl\l' Bri t i"h :\1 useum 
(:'\atIlI'HI Hi"toI'Y). The mu,,('ll'l" \\'('1'(' l'x(losed \'('ntrally by rf'tic('ting tlw skin of the 
100\'l'r .ia \\' po"tl'l'iorly. aftN making an inl'ision adjacent to the dorsal margin of the 
"uhlahial ,,('ales aroulld the TlPl'illwtpr of the low('r jaw. Although this method 
('OIl"PI'\'P" tl1<' app('a\'UIH'P and usefulm'l"s of the :o;perimen for general taxonomic 
work. it n1<'HII" t hat only the allteriol' parts of the throat muscles can be adequately 
ill \'(',,1 iga t('d. ()i"I"('('( ions WPl'e l'arl'ipC\ ou t u nd('\' 11 binocular microscope, 

General morphology of the intermandibular muscles 
TIll' illfl'/,mf/l/(lil)//{lIri8 mu,,(']1' of jawed \'el'tebrates typically ari:o;es from the 

venti'll \ 01' Illl'dial slIrfar'(' of tl1<' mandihle. and inl"prt:o;, with that of the opposite side, 
on a lIIid'\'('ntnd I'll)ll\!' ill tl\l' Ihl'oat \'t·gion (Edg('wol'th In:!!>). In amphihians, 
l'ppt ill''' 011\('1' t ha II I"qlla ilia til. alld hi I'd". t hp illlr'I'II1f1l1diIJII/a1'1:s ("mylohyoid('us' of 
,.;everal :lilt hoI''') Il'lld" 10 fill'lll a "illlpl!'. thin.l"lIperti('ial 81\('('( oftl'ltns\'P!'s(' rnu8de 
tihn'''' Til!' III II "c\(' i" el('l'in,d dllring onlog('ny from ttll' \'('ntml part of till' 
mandihular III IIsde plate (Edgewo!'t h I I):l.'>), and is innervated largely or entin,ly by 
the trig<'rninal llt'rve. TIll' Hqllamata diffi'r f!'Om other· tetrapods in that the 
{'olltinllity of the intennandibulari8 :;heet is interl'upted by the interdigitation of one 
or mort' 'slips of t.he usually deeper hypoglossal-innervated M, geniohyoideU8 
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I 4iS B. C. Groolllhridge 

("llIaIHlihulohyoi(lPus' of Odric·h Ill,i(i; ·(·(·ratomandibularis· of Langebartcl HW8. 
~('e Cam p I 1)2:3. ~[c· Dowell Hli2). These sli ps pass postero-dOl'sally from an origin on 
til!' llIHnciihlp ,;upertieial to tlIP illtUlllflllrii/JIIlrll'is. pt'lwtrate the iniel'mandibulal'i8 

slH'l't. and insl'!'t JJlort' (\Peply on tlw hyoid a pparat us. Typi('ally in snakeH (fig. 5, 
p. 486), there remains only one weakly-developed Hlip of the interrnandibulari8 

su perti('ia Ito t Iw (JI'll ';ohyoidl' liS (t Ill' lattN usually now forming an anterior portion of 
a ('olllplt'x lllusele. the lIell/,()(·()8tomfllldil)//lal'i.~; Langpi>aJ'tel 1!)()8). even this slip is 
ahsl'nt in many taxa. Tht' I'pst of tlw illtl'I'IIIalldilJIIlari8 is £'ither dt·pp to the 
UI'II ilJli !/lJir/1'I18. or an tt'l'io(' to it; th us the rpla tionshi p of t Iwse two m wwlpH, with 
respe(·t t () <it'pt h. is 1~!'g(·ly ('t'\'prsed in snakes. and partially HO in lizards, aH com pared 
with othl'!' tdrapods. Cowan and Hiek (I llii I) divi(jp tlw inlnmandilmlaris (of 
Tlllllllllllilliis. a gt'nus of natri('ilH' snakt's) into thr£'e gl'Oups (see fig. ;;). The firHt of 
tlH'st'. tilt' .1/. interlll(lllriilmlari8 posterior. t'ompriHt's two Hlips originating on the 
postNior part of the mandible and running antel'o-medially; the pal'8 p08terior 

supt'rfi('ial to til(' UPlliohYllir/1'1I8. and til(' II(lrsall/('J'ior d('pp to it. The HPeond gl'OUp. 
til<' .1/. illtNlllalldibllla ris all/('filil'. com prisl'~ two sli pH originating at tlw ant('riOl' tip 
of tlH' mandihl<,. and running po,.;t(·m-nwdially. antedor to the !}enioliyoideIl8; the 
1)(11'8 Illlt('rior and the }Jar.~ jio8tf'l'io. Theil' third gl'Oup is represt'nted by the .ilf. 
t)'{lIl.'l/'(')'8118 hralll'hialis (st'£' 1)('10\\'). This papPI' is primarily eoncerned with the }If. 

illt('J'IIlIIlIrlihlllaris anterior. 1H'I'l'aftpr abb!'eYiatpd to irna, and the "11. lranS1)('/'8U8 

I;mllthillliii. 

~[(),.;t Ht'nophiciia and CI\('nophidia an~ IInlisual among tetrapods in showing 
pronolllH't'd int('r- and intra-mandiblilar kiIH·,.;is. In tl1<'H(, snakps tlw in/l'l'fllallriibu­

laris. in parti('ulartlll' ilila. prohably ad,.; mainly to addud til(> tips of the mandibles 
and rai,.;e t Iw fioo!' of til{' Illout h. thll"; generally helping to maintain an effective grip 
during prey ingestion (Albright and Xelson 19.50 b). The preeise aetions and adaptive 
signitieancp of the various intl'l'IlIall(lihlllaris slips requires (;onsiderable further 
study. It will be shown in the following section of this paper than an ima, pars 
}Jli8/!:rior is absent in sev('('al HpllOphiciia. It is here snggpsted that the addition of a 
par" ]Josterior. and tlw ins('!'tion of an enlarged ima. ]lar8 anterior onto an 
intt'I'IlHHHlihular ligament (in aC·I·o('hordic\H. where the ligament is largely paired, 
prohably s('('ondarily. and in Caenophidia) may eonstitute progressive sophisti­
('at ions of the feeding apparatu,.; of snakes. These two modifications. along with 
liberation of the tipH of the mandibleH and thl' ability to spread laterally the 
quadratp-m<lndibulal' arti('ulation. are probably kl'y faetors in the meehanism of 
unilateral ft'eding (Oans I no I). In other tetrapods the intemwlIdibulan:8 acts mainly 
to raisp till' fioo!' of the mouth; thiH motion may be variously involved in olfaction, 
respiration, or prey manipulation (in mammals, the anterior belly ofthe digastricus, 
a jaw-oppning muscle. appears to be derived from the interrnandibularis). 

The J/. tran8t'el'SlI8 bran('hialis of snakes appears to be innervated by the" 
trigpminal. Hnd is likely to han' 1)(,£'11 dpl'in'd dUJ'ing phylogeny fl'Om the 

in/I'I'II((IlIdiIJlllflris (Cowan and Hi('k IOtll, p.47). This mus(·le has an antt'l'ior 
ntta('hnH'nt to tl1<' postl'l'io!' ('nd of Hll' latt'1'Il1 suhlingual gland and pat'tly to the 
n<ijn('(,llt oml !Il1H·osll. It tli('n \U\";";('H po,.;tt'l'iol'ly. looping latt'l'Illly Itrollnd thp 

hypoglo,.;,.;,d-inn('!'\·at('d f/l'lIi(!/l'IIl'lil'll(i8 .Ilnd Y""i()U/~)8SI18. and. tU!'!l~ m(,dially to a 
\'('nt ral III id -I illl' attachnwnt rn IlHSO('latroTl WIt h tilt' /1I/(,),lIIa fill tl)((lfll'l.~ and tlw :-;kin of 
til(' thl'Oat (see tl; in fig. 5). The tran8verSU8 bran('hiali8 is preHent in all snakes 
adt'quatply I'eported in the literature, and in all snakes I have examined (ineluding 
~coleeophidia. where the posterior attaehment is somewhat modified; work in 



\ 
I 

('ornnwnts on thl:' intermandibular m Ilscll:'s of snakes 479 

Ill'ogn',..,,), It 1111" h(,pn termed 'portion f' of til{' ,..ymphyseal part of the l:nter­
/1/(/ JIll il)//III rl" hy Lu ho,..('h ( I !l:!:1): the 'nH'nt ali,..' hy :O;ondhi ( I nilS, p, I S4); the 'dilator' 
of till' la t('ral "u hlingual gland h~' Langehartl:'l (I !HiS, p. 82) and th(' 'inter-
nHlndihulari,.. po,..tl'rior dOl'l<ali,..· hy Gih,..on (I!Hili. p. 3/i). . 

Thi" lllu,,('lp atta('llPs only to soft ti,..:.;ue. and lIot direetly to any pony element. It 
JJ\ay fUlwtion to ,..tld('h. and tllll'" ,l:<"i,..t to pmpty, th(, lat{'f'al sublingual gland 
(p('l'ha p'" ani agoni,..j i('ally to t hl' '('on"t rid 01" lllu"de fihres atta(,hing t.o the anterior 
of jIll' gb nd). n nd a],;o to I'Psist px('p"sin' dilation of tIlt' soft ti""ul'S of the throat 
dlll'in,!.! pn'y in!.!(',..lion, 

('alllp (1!I:!:q figun'" it lllll"dl' ~hat I wOllld idl'nti(\' as a/rllll""I'I"'!II" 11I'f/fl('hia.lis, in 
tl\(' ",,'oh'('ophidian TYjddllp,< flill!/f,<III'< (= 1', }JlllltllIllI" (,1I1I{j1'811/8), as thl' 'my­
lol\\·oid(",,.; n II t('riOI' :-nq)('rii"inl is', H l' a 1:-;0 figu n',.. a m II:-;dp oft Iw ,..anl<' naul(' in lizard;; 
(If ~('\'l'ra I fa III i lip,.. (Angui( lat'. ('Of'( Iy I i( lap. H "Iodl'l'mat idat', Iguunidap, La('prtidac, 
~('ill<'ida('. \1'no,..nul'idIlP). HI' ollly illllslrale,.. tIl<' sup<,r/ieial a"'pe('/, of till' thl'oat 
III II,..!'II',... a lid n()\l'ill'n' (Jp,..<Ti 1)(',.. 01' fig,"'''''' I Iw ('nl i n' ('OUI',..1' of I Ill' III 11,..1'1(" so it i,.. not 
(,II'n I' iflll' \\n:-; a "'iI r(' of t hI' dt'! IIi h,d ,..i III ila ri t y hpj WI'I'II I II(' Il\ IIs(,I(, in Ty phlll jl8 and in 
Ii zn I'd,... III n I It 'a,..1 (1IIl' 1\ Ilg II id, (/1' rrhllill J/ II 8 I'll I'/' 111118 (J!I'I-';Ollitl 0 h,..1 '1'\' a I ion), t hp origi n 
anl('riolh i,.. at'! lIally frolll II\{' po,..I"l'ior 1'lHI of Ih('latl'l'i\1 "'lIhlingual gland and tlw 
adja('l'nl' Oralnlll('o,..a. The lllU,,(,I!· ill thi,..lizard i,.. thu,.. idpnli(~al in its eOUl'se to tilt' 
IrIIl/"rl 1'81/8 1)/'/II/(hloll" of ,..lIak('"" Ol'iril'il (l!);iH. p . ..J.H) dl':-;('l'ilw,.. >10111f'what ,..imilar 
tibn',. ill til(' igllallid ('11'1I1J81111/'ll 111'1'111111111. TIlt' po,..,..ibilit~, ~hollid he ('01I,..id('rpd that 
th(' ,..ilnila!' 1Il1l,..('I!, j(Hllld ill din'r,..l· lizard,.. and all ,..llltkp;; iH in fad hOlllologous in 
(.;\(,h (':1,..('. a nd I h a I I II<' pn·"'Pll('(' (If t hi,.. III usde i~ a prirniti VI' st.ate, not only for lizards 
(a,.. ,..lIgg(,,,!('d by :\11'1)0\\'(,11 Wi:? p. :?OO), but fof' Squamata as a wholp, 

The M. intermandibularis anterior and the M. transversus branchalis in 
Henophidia and Caenophidia 

Lall!.!phart('1 (I !HiH, p, iii) J't'pOl'tt·d that the iflla is pf'e>1cnt in mm;t snakes, "but is 
di:-;ti'H'I'ly Il\i,..,..illg in AI/ilill8 and X(,II{)llpIII'~, and is n'presentl'd only by a tendon in 
tilt' lIf'opdtid HhiIlIJjlhls". Hi,.. illu,..tratioll,.. of ('Y/lui/mphls rllfus and (', n/(u'lIlallis 

(hi,.. fig"', I~B and (') ,..how a lllll,..de 1I11>I'II<'d 'III/II' (inf('f///JJ./IdiIJIIlaris allfpl'ior) 

appan'lItly ari,..ing from the dentary and passing posterollledially to insert in the 
ventmllllid-line in association with the illlermandibu/aris po,~(erior, In my examples 
of thp,..e ,..ppcip>1 (C, rllJlls, fig, I) a mllse/p is IlI'psl:'nt with the same posteromedial 
int'ertion, hO\\'f'wr it does not attach anteriorly to the dentary, but passes close to it 
before looping t!orso-media!ly around the (/pnio-trarhealis and genioyloss'Us to attach 
to tilt' po:-;tt'l'ior pnd of the lateral sublingual gland (and some fibres to the oral 
mw'o,..a, particularly C. trllIl'lda(lIs). This musele is thus ('orrectly identified as the 
(1'111/81'('1'8118 lmllll'hialis, and dops not repl'esent the ima, 

:\It-Dowe!l (I!li:?) has given an important a(~('ount of the tongue and associated 
struduJ'('''' ill lizard,.. and snakes. and hi,.. idea:-; on thein'volution, H owpvpr, it apIlPars 
thilt thpl'(' has agaili be('n It ,..illlilar llli,..intpl'Jll'l'tutiol1, In 1\1('Dow<,/I's fig, 21, of 
Lo,/'III'I'IIIIIS him/IIi'. tht'l'(' is ,..ho\\,n a II1l1s('l(' laht'/lt'd 'I:\IA :2'. It is appan'nt from his 
ft>x t 11111 I til i,.. i:-; illt('fldt'd to J'(·fpr t.o alllu,..d(' gt'llt'nt/ly tt'l'llwd t.he ima. par8 poxferior, 
altllOlI!.!1r (':lII(,d til(' 'intNlllilIH/ihlllari" Hnt('riol', parH mpdillli,..' by :\ld)owl'll. He 
,..talt',.. (P' ~;i4). "ill L(),rol'flllll il , it <lrisl's from tlw /'l·gion of the splenial and dt'ntary 
ju:->t antprior to tl](' intl'amundihular hinge and runs uatkwardly and medially to 
insl'rt on a pad of eonneetive tissue just beneath the orifice of the outer sheathing fold 
of the tongue". In my specimens (L, biw/or, fig, 2) there is a muscle with the same 
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po"tcro-llll'dial atta<"illlH'nt as his 'DL-\ 2' but which anteriorly passes close to the 
dentar.\". and then (apart from a f(,w fibr<'s to the oral mucosa) loops dor:::o-medially 
arD und til!:' UI' liiolrGf"/iuili.s and (Jl!iliorJ losSlI8 to attach to the posterior end of the 
lat (' ral sublingual g land. This mll::lele is thus likewise correctly identified as the 
I raIl8/'er.s118 bran('hialis . and clo('~ not represent t he inw. 

A 

B 

FIG . I. ('!llilld l"Opliis rllf" ·~· In this and othe!" fig 1I!"I'S. ('(' ltn.in mURe'It's associated with the 
throat find mandihle~ arl' ~hown in vl'ntm l viI'\\'. Thl' animals' I'i/Tht side' is toward the 
top ofthl' pagt'. the left sidl' i" not e'ompll'l('(l. Antt'rior is to thl' right. The uppermost 
vip\\" (.-\ ) is tIl<' most !llI pprficia l , anl'r !"('mova l of the ski n and so me connect ive tissue. 
Thl' slIpNfieial t"Oll lll'di l" P tisslle' ill thp s.\"lll ph :vs('a l I"t'gioll (81") is Il'ft in pla(·p in A offig. 
I . Dl'l' )l('!" dis,,('(·tilln s Iln' showll i ll the' low('r vip\\"s ( 13 ; and (' ill fig. ,») \\"I)(>rl' the 
spparat ion of the \'ariou" e'ompollPnts is ('xaggl'l"ated. In figs . I Itnd 2, th(' mus(' l t' here 
idt'ntifipd II" tilt' /"(I/! .'I I'fI"SlIsl)I"OII(·/iinli8 (Iii) is "hown with adj,wPllt IIlUSt" lps in pial'£' in A; 
i ll B. tlw i/llJl.a hu o1 I)('('n (, lit along thl' mid-lint' , thl' l'ight -hand ;:C'C·tion is shown 
f"{.tlp(' ted. :\ st·g llll'llt has hl'plI rl'lllovNI from hoth t il l' (/ /r and (J(JI (t Iw lat tn reflp(·tl'd at 
its ori!!il1) . Til l' Itt t ;t('1l 1111'I1 t of t Iw /Ii to til<' latprn l 1< 11 hI ing llal g ill nd (/8(f) iH t hUH (·x pol<('d. 
'I'll I' i;1I1 is hi"p('[l'd ill B of fig. 1. ;o\ otp till' t hil1" undividl'd ill /(' rm(wlii/!IIlllri8 (III/prior 
(il/ll/) . ...\hhn,\·ill t ion;; for all fig lln's: ('. '("ol1~tri(,tor' mus(·lt, nttlH'hing to latpml 
su hl il1!!tlH I glll l1d: rI . dt'lItnlY ; (1(11. ~1. gt'n iflg lo"sn,,; !/fIU. In1Pml 11('lld of gt'nioglossw'l; 
1fII1.11I. ' 1111,dill ll1( 'lI d of g('ni.ogl""slls : Uhf/ . ~1. g('nioh.void(· II" (ill 111(>"t fill"ln:-. liguf"{,d 11('1'( ' 
't i, i~ Inll ~(' It' pll rt it ·i pll ft '''; ill til<' :\1. 11('11 rt H"ost on)I\ ll! f iln!l ll ris t'OIll ph·:\:. for 1111 i iil rm it.l' it is 
Il l'f"{' lah(' lI l'd (lh!! throug llout ): (fIr , ~1. g('niotrn(' hc"t1is; illlll . IITHlividpd :\1 . int('r­
IllHndihlllaris Hl1tl'rior; i lllll .ll . ~1. int (' rllllll1(lihlllllr i" [\.IIft-rio r , pars nntPrior; illlll./J, :\1. 
Il1t('I"IIHllltlihu lnris n.l1il'rior. pHI'S postt'rior; i"Ii, il1tprlllHIl! l i hull1r ' liglt l1ll'llt '; imjJ'!I,:\1. 
il1tl'rllHll1dihlllllris po"t('rior. par:-l Hn t ('rior: iIIl J))).M. int<'l"l1H\l)(lihullU' i~ postl'rior, pan; 
postt 'rior: 1"1/. Iat,'ml suhlingtllt~ ~lllnd ; IIII', ~h'('kl' I H rarti.lngp: ()III, oral mUl'osa; 1)1, M. 
protnl (.tor laryng('us; 8(', su pprh t' lnl s.Ylll physra l eonnN't lve t lsSlle!!; lb , M. transversus 
brn l1 l'hialis: /r, tl"ll('hea; Ish, tongul' shl'llth . 
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1'10 . 2. [,().l'III'I '1II "s liI·m/()r. Xotl' t l1a t t h(' III 11>.:('1(' h('I'I' idl'llt ifil'c1 a~ till' /mnRIIP1'8118In·(tnrhialia 
(II,) "hOll's t hI' ('Ollrs(' t~ · pi('n l for this m IISI'I,' . alld h;ls no nl tac·h m!'Jlt to thf' c1(,lltary. Note 
also til!' illla. slightly l'xpos('d JllI'dial to the !jOI. and compare with the much greater 
('XPO"III't' in p.dllOns (Lia8is. fip:. :1). Abbreviations Ii~tf'cl undf'r fig. I. 

Lubo"ch (1933) illustrates a mus(·le in several snakes, his portion 'f of the 
ill/I'I'IJIClllrli/!III((l'i., ~roup, that apprul's to be the sam mu. cle as that subsequently 
tcrnwd thr /rnIlS/'I'/,SIIS lirnn('lIialis . The ('Ollrse of this muscll is desrrii>ed sprcifically 
()Il l~' for S((jo ' /l'i/)I(lIi([1I8' (S. noja) . Luho~('h notes (p. (iIH) . "DcI' urspnmg t1~r 
t ra Il"yer~a len Portion (f) li egt nieh t I1H' h ram Untcrkirfer. sondcm an clrr Kapsel der 
Glandula labii info (= lateral sublingual g land)". This would imply that the origin of 
thc Irnllsre/,S//8 branthialis in the other "'pecie in which Lubosch found the muscle i 
not from the lateral sublingual gland but from the lower jaw. This condition is clearly 
shown in his fig. 22 of , Dr yo phis' (Aha ellilla) and fig. 27 (a natricine) and also eems to 
be shown in his fig. 26 of Cylindrophis maculalu -·. I have examined an Ahaetulla 
11([811/a (his \\'as not identified to species); two Cey lon natri 'ines , Amphiesma stolata 
and .Y l' lIochi'OJiltis pisfGlor (his 'Tropidonoills' was from Colombo); Cyl indrophis 
IIUI('/t1alll.~ (4- specimens) and C. rufus (3 specimens). In a ll cases the transversus 
branrhialis has the typiral course. noted above, and descl'ibed correctly by Lubo ch 

for .Yaja naja. 
LlIh()~ch (Hl:~:3) al:-;o illu . trates. but docs not dCRcl'ibe , some mll. de fibJ'f's in 

('!llil/rlm/llii., II/f/(' IIlrtl "" (hi:-; fig. 2fi) laiJp ll t'c1 'il' (\n<1 .(.' of hi :-; ':-;ymph.nwal portion' of 
til(' illl(' I'II/(/l/rli(iII(lIJ'i,~ . Assho\\'nl>y LlIiJO:-;{'h , tlw"e HUrl'S dosci)' l'es('ml>l{' the typical 
ilila ofeal nophidi<l ({>.g. X ('1101'11 rOj!lIi8. fig. ;)). Thcse fibres wcre definitely not prcsent 
in the ('ylil/drophi8 specimens (fig. l ) xamined here (althourrh it i suggest d below 
that the ima is probably l' pre:-;cnted in this genus by ome deep fibres , not shown by 
Luuoseh). I am unable to ac ount for the apparent presence of caenophidian-type 

ima fibres in Cylindrophis , as figured by Lubosch. It is perhaps not unreasonable to 
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suggest. in d('w oftlw probably PITOI'S in obsPITation made by Luhw,wh l'OIH'Pl"Iling 
t h(' origin of t lIP I m II"'·('/"~!I·~ lim wltifll i.~ (as not('d a bon'). t ha t Iw lllay ha Vl' mistakt'n 
sonw of tilt' ('ollnpctiw' ti:-;sup pxtt'lHlillg frolll tlw symphy:-;eal rt'gion for II1U:-;l'iP 

fibrps. All altprnatin' pxplanation i:-; that his spl'!'inH'n wa:-; rni:-;idt'ntifit'd. but 
('i/lilldmJlhis 1//(/1'111(1111" is a rather di:-;tillC'ti\'p Ilnimal. Lubo:-;eh's figure of ('. 
1//(/I'lIlo/lIs Wll:-; I'l'pro<iu('l'd with IIt'W lal)('lIillg in tlH' l'l'('l'nt major Il'vil'w by Haas 

(I !17:l). 
Th(' aho\'(' ob:-;!'ITatioll:-; Ilpppar to p:-;tabli:-;h that ('.'Ilindmphi" 11/(/1'1110/118 and ('. 

/'If"8 la('k a typi('al il//o. It \l'1l:-; initially :-;IIPP0:-;, I that this is a ll's(,lllblall('!, to 
.,lllilill,'. ul'opt'itid:-; and XI'"IJ}wl/is. in that tlll'y appal'!'ntly la('k lin illill. a:-; I'!'pol't!'d 
by Lallgt'bartel (Hllil'l). H()\\'('\'('J'. flll'th('1' ill\,p:-;tigatioll r('\'('al('d that ('ylint/mph;". 

and also A II il i 118. X I' 1I1I})('I/ i". Ilnd at I<'a:-;t .11 d(( //II}I" idi 1/ 1/1 and I)I((/!I pIN'! 1'111'118 among 
tII'oppltids. do in fad p0:-;spss a thin \'al'iably-di:-;tillC't band of mu:-;I'!(' fihl'p:-; with tilt' 
:-;Hnll' ('OUI'''(' H:-; tIlt' IllOJ'(' ddinit(, il//II of I,IJ,I'I"'I'II/II" and python:-;, and thl' ant('l'iol' 
pOl'lion (po!'" IIII/I'l'inl') of Ill<' ill/II of ('I1"",ol'io, mo:-;t boa:-; (".1,), a('I'o('hol'did:-; and 
('a('llophidia (inspl'tioll modifi('d in thp lattN t\l'O taxa. SP!' bplow).:\t pn':-;('Ilt. t.1H'n' 
SP(,IIlS to h!' no ('olllpt'lling I'l'a"OIl Ilot to a('('('pt tht' hOlllology of tlw 1II11:-;('jp tibn':-; 
found in thl'''!' group": a(,(,ordingly, tlH'Y an' ht'I'<' prO\'isionally assign!'d to the illl((, 

In ('ylilldl'O}lhis /'lIfll,' (fig. I) tht' 1ll1lS(')(' ari"ps fmm tht' tip of tlH' dentary ju:-;t 
dOI'"al to the Ufllillylo88118 and pass(',.; ]lo"t<'riorly to ins('rt on t1w oral mu('o:-;a just 
lat!'ral to the antpl'ioJ' tip oftlH' tongup sheath (adja('t'llt to it:-; opening into tlw oral 
('avity), A ft'\\' tibl't's app('al't'd to joill til<' UI'llin/I'fI('III'It/i8 and the Wl/ioUloMII". ('. 

11111('11;(//11" is \'PI'Y "imilaJ'. hut ill 011<' "1)('('inl<'11 tlH' lIlusdp wa:-; 1't'llI'('st'ntl'd hy only a 
\'('1'\' li'w dilfu,.;p film's . .1/,.lul/lljJhidilil/l jllll/i'/rtllllll and Plalyplel'//,1I1'1I8 lIIadlll'''Il,~i8 
~J'("ab() ~imilaJ'. but a,.; with thl' !/cllioUI()sSII8. thp origin ofthp suggp"tpd ima is mostly 
from tlH' ('onm'din' tiSi>lH' Iwtwppn tlw tips oftht' mandibles, In thp pl'Obably more 
dpJ'in'd uJ'op<'ltids. PS"lIdl)/.'Iph/I)PS philippill1l8 and Urope1tis ar('lit'epI8, this museJe 
wa~ not definitely Sl'en; this group may thus 1)(' till' only onl' in which the 'tilla is 
entil'l'\\' la!'king. bllt thi:-; r<'fjuiJ'P:-; confiJ'mation in fUJ'tht'r speeinwns. A1I£1i1l8 
!'t':<I'Ill';Il':< t Ilf' Il'~s dl'J'i\,pd II ropPIt ids in t ha t t 11<' origi n of t IlP !Jf'n ioulos8118 and of t IH' 
illill (dol',.;o-latpJ'ally) i:< from til<' ('oIlIlPdi\'(' ti""tII, b!'t\\'ppn til<' tip:-; oftlw nHlndiblps, 
In t hI' .·111 il i 118 figured hy La ngeha Itel ( J!IIiH. fig. 12 A) t Iw oJ'igi II of t IH' lakml head of 
tlH' fll'lIi()!lI()"SIl'~ i:< from tl1<' (!Pllta!',\', As ill tilt' otl1<'J' fo!'ms It \'('1)' fl'w fihl'p:< apP('IlI'cd 
to ('()JltiIlUI' past tlH' illsl'J'tion Oil til<' oral nlll('osa to join tilt' !/l'lIi(jlral'lu'nli8, In 
XI'IIII}ld/is til<' mll:<c1e hal' an origin paltly ('xpo:-;ed dOl'so-m!'dial to that of the 
(J1'lIi()!lI()s8118. on till' tip of the d('lltar,V. 1'h<, ins('J'tion is quit!' similar' to that ill the 
otlH'1' fOI'lIl:<. hilt nl'l1l' this point til<' BHIS!'I!' is ollly poorly s!'pamhl!' fl'Om film's of the 
Ilwd ia IIl<'ad of t hl' rll'li iol /'(/I'h I'll I i" (i n t 11<' sp('('in1<'lls of X ('flOpI'll i.H'xam irwd the latter 
was di\'id!'d into two paJ'aliel hpads at its oJ'igin), and :<OIlH' fib!'ps apP('arpci to 
continue posteJ'iol'I~' with til{' !I(,lIioll'a('heah:,~. 

As Iloted abo\'p, Lo,ro('('1/1118 has a \'I'I',\' similar 11)[ls('11' (fig. 2), hut it diffl'l's in "ping 
sOllll'what bl'tt('f' dp\'plop(,d and 1ll0l1' ('karly (i<'filH'd. 'I'll!' origin i" :-;i III ilaJ' to that of 
X I' 1111 }II'II i" in it S plll't ia I {'X I )(lSIll'1' dOI':-;o- Ilwd ial to til<' origi n of t hI' U(' /I illUlos" II" , hu tin 
I,f),/'II/'I'IIIII" hot h lllu:«,I<'s arisp la IW'ly frolll t 11<' ('X po,~('d tip of :\1('('I\('I's ('altilag!', Thl' 
ins('1'1 iOIl i";I,, d('s(,l'il)('d fill' t.hl' 0111<'1' I axa abm·p. wit h thl' I'X('('ptioll t.hat. a v(\r'y f(~w 
fibl'l's insl'l't on t.1l<' tongll<' sh!'ltth itsplf, and no tibl'ps W(,I'P dpfillitply H(,(,11 to join the 
!/1'flilJ!ml'!l('(/!i8. It ap,;('al's from :\ld)o\\,pll's tpxt (1!l72, pp. 2;')2, 2ii:l) that this muscle 
ma \' pOiSsi hly eorrespol1d to at least some of thl' fi bres labelled 'I~IA l' ('inter­
ma~dibulltris anterior, pars anterior' 8ensu McDowell) in his fig. 21. 
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In tht' tl'll(' pythons (i.e. not ('(I/(Illf1ri(l) pxamint'd thp ill/a arisps from thp tip of 

~It'("kd's (·artilagt'. mo,.;tly or l'ntirely antt'rior to tIl(' origin of the f/I'nioU/1J88U8, and 
pa";";l'''; po,.;tt'riorly dosl'iy parallpl with tIll' f/fniouI1J88118 to an inSl'ltioll on thl' oral 
nlll<'(Nl. jll,.;t lat('1"111 to tIll' antprior part of till' tongliP sheath adja("pnt to tlw position 
of it,.; oml ,qll'rtlln' (IJill"i" (I 1111'111 i4ill "". fig. :l). In '~"jlidiff" 1II1'11I1I1i('/'jllia/lls Illll<'h of 
tht' ol'igin of till' mlls('It' wa,.; mon' l'll'arly dOl'sal to that of thl' fJl'lIilifllli88118, and the 
III 11,.;,,1(, wa,.; t h II"; rnon' dO";l'ly adja('l'nt to thl' W'lIilifml"lll'llli8. In A sjlirl iff'8, Liasis and 
/'/lfllllil ,,(111/(' a "l'I'Y fl'w tihl'l'''; ,~pp('al'l'd to ('ontinllt' po,.;tl'riody PH,.;t tIl!' major 
in,.;ntion to join tilt' !/fllillfml'hl'll/is. In /,ill"i8 (/1I/('fhi8fillll" a vl'ry fi·\\, oftlll''';l' fihres 
tlll"llt'd 'llltt'ro-nlt'diall\' again from a poillt po,.;tl'l'O-latt'rnl to til(' lal'ynx, to fan out 
0"1'1' tIlt' po,.;tl'l'iol' !'xt;'Plllity of tlw.ll. dilaflir lar!llIyi", (thll"; :-;ollll'w'hat n'spmhling 
till' i WWl't ion of t Ill' .11. prof f(ll'llir 10 r!l"Yf'lIs of( 'apnophidia, :-;l'P hplow). In contrast to 
till' rt'POl't of Frazzt'tta (1!1(i1i. p. :?·W). with rl'f!'rt'Ill"l'to Pyfhon n/()/II"'I,~and P. sflme, 

ill 11OIlt' of Illy t" n'p :-;pl'l'inH'ns of I' . . ,dllll' (from st'pamtl' IOl'alitips) did the 'iflUl join 

till' Imll""''I",,II'' lm/lIl'hillli" po,.;t(,l'iody. 
TIll' ill/II ofp",tholl,.;difii·r,.; from tht' Illll,.;,,11' f(Hulll ill til(' 'low!'I" Hl'lIophidiH noted 

a hon' in i I,.; gl"t'a tel' dt'\"l'lopnll'1I t alld t.'·pi('a lIy in it,.; gn'att'r I'X I H)SIl ro vPlltmlly (i ,e. 
it,.; ('(Hll''';'' is Illo,.;tly nH'dial to. ratlll'1' than dt,(,p to, tht' YflliIiU/Ii""1I8). 

III ('I//II/II/ri" and IllI,,.;t hoa,.; ('xalllilll'd (r,'jlil'mll''' 1"1'1I1'h,.i([. fig.~) a sllIall musde 
,.;i mila r in it,.; ,'011 1''';1' lot Ilt' il/lll of pyt hOIl"; is fOil lid . wi t h a major i nSI'rl ion on thp oml 
m w,o,.;a la t t'ral to till' antl'rior l'nd of t he tongut' slll'ath (and o('l"1tsionally asso(,ia tpd 
wit h tIll' la t ('ml ,.;ul.1 i ngual gland). (; i h,,;oll ( I !HHj), d(':-;('I'i bing tIll' Ilt'ad III usd('s of liw 
,'ol/.'ll,.i,.,o,., dol'l' not app{'IlI' to n'l'ognisp this parti('ular lI1us('Il', hilt I am ulwprtain of 
this in tht' abs('lll'P of illustration; tht' mU";l'Il' in Illy spel'inwlI of this spl'eips was 
mthN poorly dcfilH'd. In Bo/ynia the origin i,.; mostly dorsal to that of the 
!/l'liioU/oss/ls. r n ('III11/oia asper. TropidlijJlli" m.'lmallfn.~i8 and T. haf'fimll18, tlw origin 
is t'ntirt'ly dor,.;al to tht' fl('lIioU/088118 (and to thl' fr"i()t"fl('hm/i.~ in 'l'ropidliph'is). In 
Tfflpidophis thl' lilliI'd£' is 1'l'latin'ly thin and wNtkly d!'vploped, it was not found at 
all ill 7'm,.h.'l/If)(/ hO/l/l'lIw'ri. In ea/lIlmrin and tlIP rt'lllaining hoas tIl{' ol'igin is ventral 
or \"('11 t n )-nlt'( I ia Ito t hat of t Ill' fl(' II i1lU/088 118. In Blill f'fJ1I81 rirlllr a nd A' /I I/N'If'8 ifill riitlls, 

a fl'w oft Ilt' IIl1tpriOl"lllo,.;t film's han' a lI11'diall insl'rtion on thl' po:-;t('rior portion ofa 
lIIodl'ratd\' dl'\"l'lop('d ('onlll'l'tivl' tiS:-;IIl' ridgp pfl's('nt on till' vl'l1tml slll'iiw(' of the 
oral lIIul·(;,.;a lll'tWl'l'1I tlw wid('ly Sl'parable tips of the man<iihll's. [n A'pil'rate8 

1'(,III'IIri(/ :-;Ollll' slightly del'per fil)J'(~s, pos!t>rioriy assoeiatpd with the lateral sub­
lingual gland. div!'rt Ollto tllP l'idg{'. This struetul'P, tpr'mpd the 'intermal1dibular 
ligall1l'lIt" hy Cowan and Hick (11l;)I) or the 'inh'r'ramal pad' by Lal1w'bartel 
(I !lm-nt, i,., wpakly de\'e/opt'd in python!': ami most boas but typi('ally well developed 
in Capl1ophidia. III s(>veral sp(>cies (e,g. A'Jiil'raf(',~ Nml'Im:a, Haminia madagasrarien-

8i8) a \'Ny ft,\\" illln fihres ('olltimlt'd posteriorly to join the geniofrarhealis. In most 
spl'l'ies. sonl{' fihres, not c1:arly spparab~e at the origin, diver~ed posteriorly to join 
tllP f/I'"ilifl/li8S118. resernbhng thp medIal lH'ad of the genwglo88u8 frequent in 
Cal'llOph idia. III (lu/f/haria alld ('fta rillfl. t h('se ti bn>s, were more closely associated at 
tlH'ir origin with til!' Inrg!'l' lall'ml Iwad of tfw {f('IUlifl/(),~8I1,~. 

t TIll' fiH"lIH'" tl'nn i~ u,.;!'d IlPn', ,!ut ir,1 it "l'r,~' gl'lIt'r:d.n~alllll'r; I.lt'rhal''' Ii distirll'tioll ~hould 
1)(' madl' hd\\"('I'n t IH' tough ('onn('!'!rv!' trs~lI(, eirrl'ctly JOllllng the tips of the mandihles in Rome 
IOW('I' HI'llOphieiia (e.g. C!llilldroplti8) , lWei thl' more ('Iongate "tmc'tuft' (not strictly a 
ligamt'nt) lying mainl," in the .~()f~ ti:;sllt's ,of the ~(~or of the mouth in most forms with 
pronolln('('ei intt'fmandihular kll1esls (e.g, Cl1t'nOphldra). 

""1!¥WiJi ,tt ,Z;;UC.2J£ QiUiUW4IiJ""t Qm JilCk; 4£$2.#'1444* .4:.Pi.'$'U:4$4JJ4~: 
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A 

Ima 

B 

Frc.3. Lia .. ,i.s all/lillis/illlls. In B of thi;; and thr rr lllaining figures . the imp.a and /b arp 
reflected together latrrall.\· from th,'ir mid -line attuehmcnt. X Olt' the roul"se of tht" 
relath'ely broad undi\' ided illw. largely expo~ed mrdial to the 00/ (shown in A), and 
compare with the di\' ided ill/a of sub~equent forms. As in figs. I and 2, a segmpnt is 
remo\-ed from both the glr and IJgl (the latter reflected at its origin) . Abbreviations listed 

under fig. I . 

A 

imp.a I b ima .p Ima .• 

B 

ISh "11 

l<'w . -l. 8/li,-/"{//18 ff I/I"h rill . ('0111 pan' wit Ii fig. :l . n Ild notl' /lpn' t Ill' prp~t'I1('l' of a di vi(lt'd III/{( , 

with a jillr.' jJlIs/nior (illla .p), \\'ho~r po~tt'riur mid -li nl' attaehmt'nt i); shan·d with the 
imp.1I and tb , ano a par8 anterior (ill/a.a). Tht' latter is simi lar in it", course to the:' 
undivided illla of python,.., but typically ha~ the origin (on the dentary) supertieial to 
that of the (JOl. A: in figs. 1- 3, [l, segment is removed from both the otr and gg/ . 
Abbreviations listed under fig. I . 
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III .·lI'rodlOrdllsjalY1IIifIlS alld ('/II'l'sydrlls Yl'mWlllflls a rather more bulky musele 
1lI'i:,w,; frolll the tip of tilt' dl'lltar~·. Like ('al'nophidia. but ulllike otlwr HprHlphidia 
(wit h till' P'\ I'ti,\ll'xl'ppt ion of sOllle lal'gp boas. Ilotl'd abovp), the film's of this muscle 
han' a nlOl'l' alltpro-nwdial illSl'l'tioll onto a well-den'lop('d intpl'IllILndibular 
ligallH'llt. III ('olltmst to all pXalllill(,d ('aellophidia. alld appan'lltly uniqup to 
.. j('ro(,//lJrrlIl8 and ('hl'l'8ydrll8. this liganll'llt is not a singlt' Ilwdiall st.nldlll·(', hut is 
tll,t'ply hiflllrate postpriorly. 11'1\1'1'(' it I' o rills two pamsagittal portiolls. This lIIay be 
('oJ'l'l'iatt'd with till' sp('cializt'd nWlltal alld rostmll'('giolls (S('t' Srnit.h. IO..J.:l. p. l:l2. 
for liglll'!' of IH'ad). A risi IIg from the postt'l'ior plld of ('adl arlll oft Ill' ill tl'l'IIlILIldi hular 
liganlt'lit aI'!' two thin ballds of lIIusl'ie tiiJl'l's that l'IIn postpriorly to join the 
(/uli(}U'osSII.' (as a IlwdiallH'ad) alld til(' U('lIiofmdmtfis (with sonw fibl'l's to the oml 
lIIul'osa), Also a risi II\.( from this positi 011 aI'(' a fpl\' fi hl't's IHwillg an inS('ltioll si milar to 
t hat of t Ill' ill/II of pyt hon,; and 10\\'£'1' Hl'llOphidia. alld to that of the more antprior of 
the t\\'{l portions of the ill/a (,;pl' helow) of CullllJ([ria and boas. Thus although tlwir 
nll'ioll'; attal'illlll'nts are similar to thosp of other Henophidia, the ima (allterior 
portioll) fihrl's ill a('J'(H'llOl'dids radiatp from thl' promillPnt, but lar'gl'ly pair'('d, 

illkl'\llHlldihlllal'liganH'lIt. 
III ('at'liophidia (e.g. Xell ol'hl'lIphis pismtol'. fig. ;i), thl' antprior-Illost musdl' 

tihl'l''' arising frolll the tip of eal·h delltary insl'lt 1'lItin'ly on a single mediall 
intl'l'I11illH I i Inrla I' ligallwllt. This I iga llH'nt would seell1 to be a furthpr d('\·pJopm~lIt of 
tIlt' stl'udure (fn'lJuf'ntly serving as an origin for the lateral sublingual gland 
'('ollstrit'tor<). found ill, e.g., p~·tholls alld boas. Sinec somp large boas show all 
in('ipicnt c!H'lIophidian statf', alld sil\('p the larg('ly pain'd ligament in aeroehordids 
a ppears to be assm'iatf'd wit h thp spp{'ializeci mentalrpgion. it is perhaps rnor't'likl'I,\' 
that the cll'I'OehOl'did statp is a derivative of tIl(' eaenophiciian state rather than a 
pl'l'('ursor of it. Also. in a single ..J.('fodlOrd 118 (from Thailand, JH1XH I !)6().12), tiwl't' 
\\'a,.; found a sillgle median liganwnt. appearing identieal to that of Caenophidia. A 
third alte\'llatin' is that they may Iw indeppncient derivations from a boid eondition, 

Silll'(' in ('at'llophidia t Ill're is.ty pil'ally a single median intermandi bular ligament. 
tht' origin ofea('h nwdiallll'ad of the !jfllioUfosSIIS (wlll'n 1>resPllt) are dose togpther ill 
tIll' lIIid-liIlP. at tIll' postprior t'xtrernity of that ligament. Film's similar' to th!' 
po:.;fprior film's that in many HPllOphidia are asso('iated with the !}pniotrarlieari8 ar(' 
prl'sl'nt in tIll' Ca!'lIophidia that Itav(' bet'n a(kqllately examinpd. and all-lo ar'isp 
frolll the postl'l'ior ('lid of tIl(' liganll'llt, III ('ontl'lls! to H!'ll(lphidia. induding 
AI'J'(Il'horr/lIs. tlH'sP latter tibres in ('IlPllOphidia am r·platively shorter. do not join tht' 
rl"lIillfl'nc/mtfis. ,wei ins('l't partly Oil tlw oral mlH'Ol-ia and partly over the M. dilator 
larYllyis of tltl' illtrinsil' larYllgl'al /lllls('IIIat.\It't'. and/or thp adjaeellt portion of the 
tl'lwlw<I, TI\('se tibl'('s appeal' to ('OITP";P()J\(\ to thp M. prntral'l()r "1/'lJllf/I'U,~ d(,l-Ieribeu 
!>,. I\ardollg in ('mfll/IIS and gloplil' (J!172). and A!lki8imr/olt (Inn). Thp name used 
b~' I\ardollg (kri\'('d from tltP illitial d('s('r'iption of Ka"'st.l'Om (J!);i2,lIot SCplI). Both 
1\;ltltOI'S lIoted tlH' Hh,.;('n('(' of till' II1l1s('h' in tilt' hl'TlOphidiall l'Jmrina. Himill1" fibrps 
that ills!'rt " .. , Oil tIll' hlH'cal nH'lIlhnu\(' alld/or til(' ('artilagillOirs ring sllrl'OlInding 
tl\(' glottis". W('I'(' d('sl'l'ihpd in 'I'hflJlIIIOJlhi8 by Cowan and Hi('k (11);;1, p, :IO). Slwh 
tihn's also 0('('111' ill Op/ll'llIir!l8 «'lIlldall 1!l74, p. I:U), Itli ills('rtion on t.he laryngt'al 
rq.rio/l "'as IIot I't'pol't(,d, hilt is pl't'SPllt ill It SIJl'('ill\('1I of ().I1(''''/I''i.~ <'x<tmillt'd 
(P('I'SOIHtI ohsl'rvlttioll). A pmtml'ior fal'lJU-(/1'I/8 i~ ('ollsil-lklltly P"('SPIlt., alt.hough 
fl'l't)lll'lIt I,\' qUitl' thin alld ob~('ur('d hy ('onne!'tive t.iI-lSIW, in all ot.lwr· Caenophidia 
px,Ulli Ill'd ill tIll' pn'sPllt st IIdy. 'I'ltil-l HI IIsde may funetion, with the yen-i()trafheali.~, to 
prot met the larynx and anterior part of the traehea clear of the prey during 

dpgllltition. 

4I iA\ZII+AbI?$I$Q;;;e UJj;aL! J._)i4.mA;gga;$liUniimM'J4!q:4*ljiaU_'4.444$'~': 
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FIG. 5. .I. enorhropliis pisc%r. Xote the presence of a di\'iclecl irnn . with the in;;ertion of the 
ima.o onto the single po~tel"O -median exten~ion of the intermandihular ligament (ill/I) . 
ll1 B. a ~egmC'nt ofthe ill/a.a is remo\'ecl on the animals' right. fn (' the trachea is exposNl 
don<o-lat ral to the tonguf'. note the pr('senc of a pro/roc/or 10 r!l II (JP 118 (711) : most other 
Illusc.le", includillg the lateral head of thE' flUi (fml.l) and g/r, art' I'C'Tnoved. Abhrc\' iat ion~ 
lis\t'd umlt'r fig. I . 

[n ('afnharia. all boas , a('l'o('hol'dids (not pythons 01' remaining Hcnophidia) , and 
Caenophid ia . t hr i /JIa is d iv ided ill to t\\'o port ion;; ; t1w po rs anll'rior and pats pos/erior 
(of Cowan and Hick J!).,)I). The single ima of Anifills , C.'ylindrophi8, uropeltids , 
X olOpe1/is , LOXO('PnlIIS. and pythons . has a C:01l1'. r corn'sponding to that of the ima, 
pars (w/Prior of those fOl'm's with a divided ill/a (exl'ept tha.t the insertion is modified 
ill a('roc:hordios and Caenophidia). The pars pos/priol' arises from thr d('ntary 
su pl'l'ti('ia I to t he yell io(]los8l1s a.nd/or yenio/ ral'lmdis. and pass('s postero-medially to a 
\'('ntml mid-line insrrtion ill as. oriation with that of the tmll8ver,ws bra nrhiafis and 
the ill/erma ndibl/fari8 posterior. a nd to a variahl(' cxte'nt on the' skin of the 10w('1' jaw. 
I n ~Oll1e' Caenophidia. the antrrior-most ti hJ'e'~ may in;;('rt on th(' postPrior extremity 
of 1 hl' illtl'l'Il1I.llIdiblilar ligamt'nt. TIH' major ins('J'tion of the' jJ(U8 p08lP1'io)' i;; ItlWttys 

lit a ilIOn' ~lIpl'J'ti('ial le\' ('1, alld laJ'gely or I'nlirPly po:-;tl'J'iol', to that of the por8 
111111 rior (I hl' In iteJ' i 1l;;('I't i ng mort' dl't'ply , on the oml m lI(,O~!l, in ('all/1m ria a nd boas; 
OJ' on tIll' illtt'l'nllwuibulal' ligallH'llt in Cl:ll'nophidia). III most (,U;;('s tlw two ima 

portions are mol'o 01' les~ oonfluent at tlwir origin on the dentary. In some 
Caenophiuia the pars anterior and pars posterior are not clearly separate, e .g ., 
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Albright and XeJ:.;on (llI,illa) reganl tlH'SP tihres as a singh~ musde ('pan; ('utaneo­

nHlIHlillularis') in /<;I(//,hl' ohsolffll. but tht' t\\'o portions art' dt'ady spparahle in the 
rdatpd ('ul/lhl'/' l'i,.irl~fllll·/l8 (pt'rsonal ohst'I'\'ation). \\'hen tlll're is a supt'rfieial 

al'l'('araIH'(' of a single lllus('lp. a dp;\r division is fr('<{uen!ly {(lUnd upon dpppcr 

diss('('j ion, En'n if H i'l{'ar d i"ision is 1I0t found t h(' t\\'o di fli'n'nt n'gions of ins{,ltion. 
al'pl'Opriat(' for \,;\('h portion. an' still lllaintaiIH·d. Tht' singlp mUs('le of SOliII' 

('a('nophidia is lllorpflOlogi('ally ulllikl' tIll' single musi'll' of pythons alld lowel' 

I/('nophidia. I 1H'li("'(' that \\'IH'I'(' it do('s o('('ur ill' ('Il(,llOphidia. it is dIll' to a 

s('('oIHla ry fusioil of I h{' h\'o port ions. 
'I'll(' 0111." nol a 1 d(' d('pa rt 111'1' fro III I h(' ty pi'('al ('a(,lIoph id iall ('ondit ion I'n('oullt{'rpd 

in t 1)(' 111'( 'S(,lIt st udy O(·(·u rs ill /)1("//111'1/ is. II {'n' till' i /JI(/ is si ngh,. alld the insl'rtioll 
rl's('1ll bit'S I ha t of t h(' i 11111. Jlll /,s }J1Io';tl'J'iu/' of 01 Iwr (';wnoph idia (and wi t h sOIll<' tihl'l's 
Oil tot h(' h ,,'oi d lingua 111I'O('('s"; i II one s p('('i nH'n), 1'h{'r{' is no a II t\'ri or port ion i nsprt i ng 
on I Ill' int(,I'IlHlIHliilular ligalll{'nt, This lllus(·I(' was (it',wrih{'d hy Gans (1!);i2. p, 22;~) 

thus, "a pair of lllus('It's runs frolll th{' lo\\'{'r sUlfa('p of the dentaries' tips and 
at t;u ,h('s t (' 11)(' ,.;k i II 1'( ,Ids 1)( 'I \\'{'('n I IH' Ii rst I Hli I' of dl in sh i('lds at t hei I' poskriol'll1ost 

poi II I of.i ulwl iOIl ". TIll' ill tl'rllla nd i hula I' liganH'lIt and asso('iatpd su hi i IIgual gland 
. ('Ollst ric ,to rs' a J'(' ,'(' ry pl'O/Il i 111'11 t . a nel, UIII i kl' the si t uat iOIl in ot Iwr ( 'l1l'no ph id ia, are 
eXI)()s('d (in v('nlral "i('\\') in th(' mid-lilH' 1)('1\\'('('n thl' right and I{'ft illlfl, Tlw ima 

fibr('s an' n,latin'''' long. and lil' Iwady ill a longitudillal plane, 
\' ('ry pl'O ba hly i Ilt' / hiS!! )iflt i,H'olHlit ion is r{'lati'd to t IH' ('gg-pati IIg habits of t IH'SP 

sna kl'S. Tht' la('k of t II!' t,"pie'ally short and Iwady I rans,'('I'Sl' i /1/(/ .})(1(8 (1Iltl'l'ior Ii Im's 
(t hat in ot 1r('1' ('al'llOphidia appl'ar 10 fi)/'/n onl' I'('straint on tht' ext.ent to which the 
ilia lid i hIt',.; ('an s('panl It' fl'om t'a('h ot Iwl'), would p('rha ps allow til<' longl'r fi h,'{'s of the 

I'l'nwilling ill/II porlion to swing opt'n into a llll'('hanieally advantagt'ous transverse 

plane' as thl' tips of the mandihlps an' sJl/'l'ad widely apart ,during Pgg ingt'stion. 
Thl' /)a8,1/lI/'/tis condition is almost certainly dpriv{'cl in relation to other 

C/lenophidia. The condition to be found in Ela('hisiodon, a possible relative of 
/)11 ".'I} 1t!1 i" (j{os('n hl'I'g and (:ans I !l7H). hut very scan'e in ('ollpctions. is th us of some 

intl'rc'st, 
Thl' variations in the eondition of tllt'irna, and protraflor laryngeu,~ recorded 

aboy(' ('all ill' ('xprc·,.;spd as tIH{,(, sellarate ('hal'lwt.f'rs, as follows: 

('harlll'll'/' A: divil'ions of the ill/a 
Stat(' I, undividpd inlll pi'psent: typically weakly developed, mostly deep to the 

fll'lIi(Jfll().'w(,~ (,X('('pt. e,g .. /,II.rorPIII1I8. wlwre t.hp ima, is partly expospd medial to 

tl)(' fll'lIill!ll(88118); Anilill'~, ClIli II dropkis , Loxo('emn,~, Melarwphidium, 

J )II! t.'/ 11"'('1 I' II /'118. X ('I/(J }lI'lt i,~. 
Stat(':2. ulldi\'i(!t·d ima IH'p,.;ent; b('ttc'I' dpveloped, mostly exposed medial to the 

Ilelliofl/o,"ISI18: A,"Ipidite8, Liasi". Python, 
~tatl';J. ill/a divided into j!1l rs anlerior, with a deep insertion cOI'responding to 
t,hat of tIlt' ulldivided -ill/a of otlwl' forms (modified in aeroehOf'dids and 
('a(,llophidia. s{'(' ('JUI/'Il/'ler /1). alld pars j!o,,1 I' rio/' , wit.h a more supt'lficial 

inl'('/'tion: ('a/Ilha,ria, boas. aeroehordids, Caenophiciia (except Da8ypelt'i8, see 

aho""). 

Cliam/'ll'l' U:' insl'rtion of ima, pars arill'l'ioJ' 
Statl' I. ill/II. P(IIW anterior inSl'rts entirely, or almost entirely, onto the oral 
nnll'o,.;a. h(,tween the lateral ,.;uhlingual gland and the anterior portion of the 

tongue sheath: Calabaria. boas. 



488 B. C. Groombridge 

~tak 2. il/Ia. par.s auttrior inserts into the postero-medial portion of the 
intt'l'Inandihular liganwnt (pain'd in aerochordids); acrochordids, Caenophidia 
(pxcPpt /)as,l/pdli8. see p.48i). 

Cha/'lll'll'l' (': JI. prolral'llir lal',l/llf/l'II8 
!-itatp I. pm/wl'lol' Illl'yn.{j(-1I8 absl'nt (or fih!'ps possihly ('OITPsponding to the true 
jil'u/nll'/ol' lal',l/IIUfIlS. pntir('ly, or mostly, joining the Ylmiotrad'l'.ali8); all taxa 
(,X('l'pt ('1H'nophidia. 
!-itntp 2. pmlral'/ol' IUI',l/II!}I'1I8I)1·l'sl'nt. its fihre,; ,;('parate from til<' f/('/tilitradwillis; 

( 'apnophidia. 

i{pgarding tilt' distrihution of statl's of Charadpr A (divisions of tlw ima), the 
group,; of taxa sO pl'Odu('cd are of intp)'('st tirstly in purely plH'llt'tie terms. The taxa 
pos,.:p,;sing a thin pars lllllp/:iol' only a)'(' those indnded by :\leDowell (1!l75) in his 
,;np('rfalllily Anilioidt'u. appan'ntly dl'filwd on a 1<tIW'ly pht'netie basis. Tnif' 
pytlwns. a pilt'nl'tit'ally \\'1'11 dt'filll'd group (Sl't' l'ndpl'\\'ood l!Iili), shan' a similar 
('ondition (If thl' /1111'8 a II Il'I'ili 1'. in that it i,; 1lI0l'l' distindly dpvf'lopt'd than ill th(' 
'anilioi(\',' (.'1'11811 :\It-DO\\,l'lI IBioi). 

Thl' pht'lwtic dith'rpm'p bl'twppn p~-tholls and ('al(1liaria, and till' I'Psl'mblalH'P of 
the lattl'l' to boa,;. "'mild gin' indpp('lld('nt sllpport to Clldt,I'\\'oO(l's rpt'pnt 
('\a,.:,.:iti('ation of Iwid,; (I Oili). hast'd largely on a nunH'ri('ul plwnetie approat'h, in 
whi('h ('(110"(1l'i(( i,.: :"pparatl'd from the Pythoninat'. This diffp)'('n('p is also eonsistl'nt 
with l'nd('f'\\'ood's dadistie alTang(>lllpnt (I fliH, p. 1(8) in which Calabaria is placed 
intermediate Ill'i.\\·ppn pythons (pl'imitin') and boas (mort' dpl'ived); and with the 
present author's study of the superficial palate (Groombridge 1979) in which 
respt'1'I ('nllllil/ria diffprs from python,.: and rpsem blps Eryx and Charina among boas, 

I ntI'I't',.:t would hI' furth('l' t'nhanced. f(JI' thost' ('oll('el'lled with snakp phylogeny, 

WPI'(' a ('Iadisti(' arrangt'llwnt of tlws(' ('h<1I'1\('t('r statps possiblp. This requires 
making a dl'('ision on the primitive to dt'rived polarity of the charaeter state 
tnln,.:r;>I'Illations: this mu:"t be a matter foT' some d(~bate, but I suggest that a 
T't'a';OImhh, initial hypotlwsis ('an b(' put forward. 

OIl(' pl'Opo,.:al. appal'pnt ly SUppol't('d by Langphartel (I HuS, pp. 76, 77), would be 
tllllt the ('a('nophidian l'ondition (~tate 3). which O!:(~UI'S in the gl't'atl'st number of 
spP('iel"'. is til(' most primitin'. J suggpst that the opposite eonclusion may be better 
8UppOl'tNI by available eyid('nce, nan1l'ly that State I, (presenet' of a thin undivided 
i/l/(/), i,; the pl'imiti\'p statl', whilt' th£' taenophidian state is th~ most derived. 

!-i('ol('('ophidia s('em primitive to otht'r ('xtant snakps in posspssing a eommon 
fO!'aIlH'n for til(' maxillary and mandibular hralwllt's ofthl' trigpminal. inlaeking an 
Ilnt('ro-IIl('dian pillar of thp frontals hetw('cn the oIfaetory tra(~ts (MeDowell I H()7), 
and in la(,king an antNiol' toot}wd ramus of the palatine. The intermandibular 
mus('h's of !-i('ol('('ophid ia diff('r f!'Om t hosp of all ot 11('1' snakps, and in general are more 
lizard-likp (Langt'ilartel IflfiS, p,8(i, McDowell 1!}72, pCI'Sonal ohservation). They do 
hO\\'('\'pl' po,;,.:('s;'; It \'Ny smalllllll,;(,It' sOlnt'what ,.:imilal' ill its cOllrse to the undivided 
ill/II of 10\\'('1' If I'noph idia slwh u,.: A II il i 1/8 and {'!JI/m/mph 18. It il' Villy deep in 
posit iOIl. and ()\·t'r1ain hy th .. ":lIpl'l'fi('ial t I'Unsvt'rsl' tll/I'l'Il1fullliIJIIlari8 slips. I a.m 
1I1l('Pl'taill at 11I'pspnt ifit is til<' 'SUIIH" lllus(~1(1 (furtlwl' work on s('oll'tophidian throat 
1ll1I,.:!'!t.S is ill progn>ss), PerlHtps the subsequel1t joint aneestr'y of Hel10phidia and 
('apnophidia pal'lsl>d thro\l~h a l'hasl' in whieh the antel'ior' parts of the super1icial 
iultmUliulilJIIla.ris were lost (assuming they were present in the aneestry of snakes as 

'I 
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a wholt-). po""ihl~' in ('onlledion with burrowing. TIH' pxtant henophidians that lack 
\'PIY di"tind inteJ'lnandihular kine"i,; art' al,;o tho"p with a very thin individeu £ma 
(e.g. A lIili /I.,. ('.'/Ii IIdJ'O})his . .11 fia lIo}",iri iI/III). and an' adapted t;> a varying degree to 
hUITO\\'ing hahit,;, TIll' i ilia of Ht'llOphidia and ('aenophidia may have been 
progn'""in'ly de\'eiopt'd during "uh"t'l)ul'nt aboveground radiations with l'mphasis 
on til!' ingl,,,tion of laq:w "izp pn'y itl'lll". 

TIll' "lIgg(,,,tion that thl' pn'''I'Ilt'1' of It thin IIndivid!'d illin is primitive for 
Hl'llOphit! ia ,lilt! ('apnophidia i,; ha,wd largl'ly on t hI' fad that A nil ill". (,yli III/ mphi8, 
Lo.I'O",'/11I/s . .\l'lio/)/l/i8. and uropl,ltid". I)('tw!'l'n them 111,,0 "how "<triou" "tutes of 
otlll'r dJal'Hctl'l''' that art' fn'<jlll'lltly intl'rprl'tl'd Il'; »rimitive (Bpllairs and 
l'lld('J'\\'ood IIl;I\. Ham' 1!l;I;~. HiI'PIll'IHlii.l'ndprw()od Hlli7), and whidl in,;onH' 
1'11"<''' 1'<'';<'lllhk "tat<',; Sl'l'n in tl)(' latl' ('r!'tal'pOll'; fo"sil/>inil!lsia (Eslps, FI,ltzzt'tta, 
IIlld \\'iliiaill" I!liO). Boa" !In' Illon' d<'ri\'pd in I'p"pl'd of s('vpml ('haml'!l'l''; 
(Fl'Hzzl'lta Wi,I, l'nd('l'wood ~!lili), inl'iuding til(' sllp('rtieiltl »alMI' (Ol'oomi>l'idge 
Wi!)): t hi" "lIgg<'''t,; t hn t pos';l'""ioll of a pn 1'8 ]iosll'l'i()r may bp It dpl'ived state also, 
p\'t hOIl" an' illt('I'IIl('diatl' in th<' habuH'1' of s(>vl'l'Ill ('harad(>I'H, and app!'lu' to bp 
iI;tl'I'Illl'diate al,,<> in l1's»('('t of til<' illla, 

Thl'l'e i" 110 t'l'idl'IH'e to "lIggl'"t that a pars ]HJ8ll'l'i(),. has appl',u'ed in more than 
011(' lilwag<': thl' PI't'';l'Il('(' of ,In illla. jilll'S PIJS INi()1' would thlls qualify as a 
~y n:t ponlol'phy d('lllOn,.;! rat i IIg t hl' ll1ollophyly of t 1)(' gl'Ou p ('om po,;pd of ('ala haria, 

boa". i\('I'O(,hol'<li(b. alld ('lIcllophidia, 
.-\t It'a~t two majol' aitl'l'IHltil'c" to thi,; proposal an' po~sihl(' ifif iH sugg(>stp<i that 

til<' ('lll'llOphidian "tatp (~tatp :~) i,; actually tlw lI10st primitive. This would imply 
eith<'1' that tho,,(' taxa laddllg til<' pars p()sl('l'i()r al'(~ monophylt'tit' (Sfrt811 Hennig 
I !lIili). if t Il<' 10';" O('('UlTl'd only on('e; or that m ult ipll' los,..;ps have oecUITl'd ill difft'rent 
lineage", Tht' fOl'lllt'r llltel'lliltive is not suppo/'kd by otlwr l'videllcl" although it is 
1I10"t pal'"ill1olliou" in J'(',;ped of til<' imn: tilt' lattl'1' appears to be the strongt'st 

OppOlH'lIt to the pl'Opo"pd "!'!ll'IlH'. 
Tho,;e taxa with both pOl'tiolls of the £mn also typicalIy show diHtinet or V(,I'Y 

pl'onolln('pd illtel'llllUldihulal' killt'"is (although this is seen in pythons also). 
;'lId )0\\'1,11 (Wi:!) hit,; tt'rnwd ",., the X -shappd figure " . formed by the partes 
llH'diall''' (= inll'I'IIlflllllililllnd8 antNt()r. pars ])(J81I'fi()r) alld partos posteriol'l's" (= 

illl('/'/I/(lIldilJIII(/l'is poslerior, pilI'S IIl1lerior) , tlw 'intennandihlllar' ehiasma', He has 
made the intl'I'Psting Hllggl',;tioTl that the intt'rmalldihullLl' chiasma is of funetional 
sigllifi{'allee, in ('olmcptiol1 with tilt' prpsenee ofint('rmandibular kinesis, in unilateral 
pn'y inw,,;tion (Gan,..; I!lH)), Ho\\'{'v{'r. this particular formation of the intt'r­
IlHllldihllla I' ehia"ma can not. as hI' slIggpsts (p, 2;14), ill' diagnostic of Alethinophidia 
(= HpllOphidia pili'; CaellOphidia) Hin('p in L().r()('I'mll,~, python~, and other taxa 
lackillg a pal's pIN,lerior, the antprior part of tht' chiasma is formed solely by the 

I rIllI"I'('I'SII8 lira l/('hi((lis, 
\rith I'('gal'd to ('hanwtl'l' B (ills(>l'tioll of til(' imn. parsllnterior), tIl(' !-Iugg{'stcd 

poln I'i ty of t 11<' ('ha nH'!t'I' st at<> t,l'Itl1sfol'llmt.iol1H iH ha:-;ed Oil till' !-lame ki nd of 
HI'<'IIIIl<'lIt liS fill' ('ham!'!!'r A, .\('I·()('hordids ,;hal'(' with (~Iwnophidil\ tlw il1sprtion of 
th; illlli. pl/,." 1/1I11'I';o/, onto lill intpl'lIHlIldihulltr ligaflH'nt. ) HUggpst that t.his iH the 
d('l'in,d statl' Oil tlw groullds that this parti(,"hu' c()nfigul'atioll of tht' anterior 
illh'I'IlHtlldihular musl'il'S is found l1owlwr!' d,;p among ~quamata, and (krived states 
of s('\'{'I'1l1 othl'!' ('hara('tl'I's abo ()(,I'UI' ill Caellophidill, (Underwood 1!)67, McDowell 
Wi5. Hal'duway and Williams l!17ti), The la!'gC'ly paired condition of the inter­
mandihular ligament in acroehol'dids has probably arisen Heeondarily in association 
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with ",p('('ializations oftlw mental and rostral regions. and J'(,latl'd aquatie habits; it 
Jllay altprIlatin'I~' lit' a pr('cursor of till' (·at·llOphidian single liganwnt. Howf'vpr the 
signiti(·ant fl'atlll'P that a('('odlOrdids and ('aPllOphidia share is til{' shift in tht' 
in";('rtion oftlw )I(II'S all/erior. Tlwr(' is no ('vid('IH'e to indi('att' that thi" has o('('urred 
twi('(': til<' shift in in"prtion of thp j!flrs (III/prior off' till' oral Illll<'Osa. onto til<' 
inlt'l'lllillldihlllar liganll'llt. woilld thll" h(, a "ynapolllOl'phy d('lIlon"tmting th(' 
Ill onllphyly Ill' ill To(·hord ids and ( 'at'llo ph id ia. As Ilot ('d 11 ho\'(·. ,., ,.,.,)('I/fJrd 1/8 la('ks till' 
t n I<' .11. jim/ m(/or /(1 r!J /If//' 1/8. Th (' .II. jiml/'lldor (11(((d 1'111 i is also a hSl'nt. (/I Itas 10:11). 
thi,.; 1ll11,wl!' i,.; lik('wi,.;p ah";Pllt ill all othpr Ht'IH)phidia that have h(,PIll'xamilll'd. It is 
present in all ('nt'nophidia l'Xalllillt'd (induding xpnodt'rlllatinps, pl'l'sonal ohst'I'V­
Mion. and otlwl' IOWN ('al'llophidia): t his point has al,.;o hpl'n IlOtpd hy Md)owl'1I 
(19i5. p. 19). Aerochordids have a simple form of (~ostal cartilagp like Scolt'eophidia 
and ot 111'1' II l'llOphidia: all (\U'Jlophidia PXalllil1l'd show a (jprived state (Hardaway 
and \\'illiams l!li6. Pl'rsky. Smith and Williams WiG). Thus in laeking thp ill. 
]!m/rarlor 1rtrYII!fl'118 and .II. j!ru/m,./or qlladrati. in ha\·ing simplp costal eartilag£'s, 
and prilllitin' statps of sPH'ral otlwr dliU'ac!{'l's (l'nd{'l'\vood 1!)(i7). AI'roflumill8 

rda ins a Il<'nophidian grade of organization. :\Iany asp{'ds of its anatomy art' uniq ue 
and pl't'uliar. and 11I'ovid{' no information on aflinitips (e.g. throat musdps, 
Langehart{'l I!lIiS: supt·rfi(·ial pulate. Groomhridgl' l!li!!; mobile fl'Ontal-pariptal 
joint. ~kJ)O\\{'1I I!li.i. p.-H. ('olltirn1t'd ill InlXH 1 !lIili. 12). 

TIlt' ,..y II1l pOlllorphy SU!!W,,..u'd a bon' (,..h ift in jlf//'8 (llIiprior insert ion) is th us of 
:-;oll1l' signitit-alH't' ill indicating tlIP e1adi~ti(' position of aCl'Oehordius. namely, 
nlOnol,hyly wit h ('al'llOphidia. 1:wo ot Iwr a pparpntly dprivpd conditions shared with 
('al'nophidia IlHly bl' lIotl'd. Firstly. tIl<' 1)I'PS{,llCt' of spines 011 tlw Iwmipl'nis. abs£'nt 
for all Ht'nophidia othPl' than aerodlOrdids (but absent, probably secondarily, from 
scatt{'n'd (·aenophidian taxa. and 1)I'('st'llt ill a vpry fpw ~('olf'('ophidia). Secondly. the 
form of the hyoid apparatus, with dos!'ly parallpl cornua and adpmssed M. hyofllo8Si 
founn only in al'rochordids. Caenophidia. and two of til(' 'tropidophiine' boas 
(7'ral'hyhn;, and 'l'ropidojllti8. set' addt'lHlum in Groombridg{' 19i9). 

'I'll<' t'ladisti(' rl'lationship of tropidophiilJl>s and ('IWllOphidia is an art'a of 
considprab(P intprest (:\Id)owdl W75. p. 15. Undl'rwood Win, p. li2). both these 
work{'rs sllggt'st that. (iPspitl' many points of respmblanel', !lIP two groups do not 
shn 1'(' an illlnH'diatt' ('ommon al}(,t'stry. TIl<' Il,duetion ('1'mpidophi8). or apparent loss 
(7'rrtrh!lh(}(I). ofthl' illla. par8 at//nior. is not ilH'onsistt'nt with this vif'w. This would 
indi('ntp that tIl<' sharpd. and almost ('{'rtainly dl'rivt·d. resl'mblulw{' in thl' hyoid 
apparatus of tll<'se two groups. although d£'tailC'd. is a parallt'lism. If 'this 
intC'l'prdation is ('OITt'd. tlH'n the form oftht' hyoid appal'atus may he of somewhat 
I{'ss signiti<'lllH't· in arguing for IwrodlOl'<lid--Ca{,llo l'hidia affinitips. If. as sugp;e~tpd 
h{'n'. H('I'(whordids and ('at'nol'h idia /ill'lI1 a mOll0l'hyltot ie (8(,11811 H I'll nip; I!lIi6) 
grollp. til<' high 1'1'01'0l'tioll of pril~liti\'l' ('hal'lll'tpr stat·(·~ l'C'iailwd in Iwro"'IOI'dids 
WOllld indi('at(' that, tlH's{' snakes dlvt'rg{'d V('I'Y {'arl,\' f!'Olll tIl<' l'OllllllOll ItIW('stl'Y of 
tlH' grollI" l'llIkrwood (I !l(ii. p. Iii) has 1'!'I'viollsly mis(,d tIll' possihility that 
Ill'rochonlids " ... HI:!y ha\'{' SOHl<' r{'laUon to the origin of th!' ('Iwllophidin fl'OJn 
Hpllol'hidian HIl(·('stors". IH ('olltrast. :\k()O\\"I·1I (UIi.i) sllgP;t'sts that at'l'(whordids 
and hi" ·Hllilioid:·' an' ('IIIs!'ly !'I·lntpd. whilt' Dowling (!!Ii;). p- 11m) suggt'sts thM t1w 
group a!'l' n'ally na/riciH!' 1'lwn0l'hidiltIlS. Although tht' 1'01'111('1' \1I'ollflsnl al'P('ars to 
d{'s{'rv{' ('onsid!'ratioll. tIl<' lattN is lIot supported by any significant l'vidmlCe. 

A possihlp additional d(,rivNl chamet{'r state (in the trunk mwwulature), shamel 
by a{'ro('hordids und Caenophidia was noted by Malnate (WH, p, 229), "with the 
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exception of ('h!l"sydflls (.-\I'f'()('hordidat') PJ'P"WIl<'(' of till' .l!. Imn8I'NsliliYf!flf!li­

IIIiys(,I'8 appl'ars to hI' r!'strid!'d to the advanced snak('s". Howpvpr, the di/fPJ'ing 
interpretations of .-\utl'l'lIht'fg (I!HiIi. p. LiH). and Uas(' (W7·!. pp. IO!l, 110). suggests 
t ha t t h i,; 1'11<\ rad (-I' (holllology. 11I·t'st'n(·('/ahs(·Il<'!'. and rplationshi ps of till' 111. 
1m 1/8/'I'I'Sf) 11".'111(/1/11 pliys!'lIs ) I't-q II i r('s ni t i('al I'('-('xalll i natioll. 

A tift h d(-rin-d stat I' shar('d hy aCl'Ol'hol'dids and ('I\('llOphidia. is thp ahsPllee of 
p('lvil' v('stiges. This is a 'Io,;s' statl' alld so (',\I1I1Ot IJl' gin'lI gn-at signiti('I\IH'P, alld is 
,,;('('n 1'1,,(-\\h(-I'(' alllollg Ht'IHlphidia ill Ul'Opl'Itids (8.S.). XUlOpl'flis, and BoIYt'riillae. 
H(}\\'t'\·('r. tlH' hypotllPsis of aCI'(whordid-{'a!'llOphidia mOllOphyly would ilav!' the 
virtll!' of parsimollY in I'('qlliring 011(' It'ss loss of p('lvi!: v(',;tig!'s during snake 

p\'olut iOIl. 
,rith rt'gard to ('hamdl'l' (' (.11. prolml'lor /(lI'YII(f('I/.~), this musc·lt', ill its t,vpil'al 

form. (){'('\II'S onl.\· in ('aPllophidia. Thp a('l'OdlOrdids mak!' p('rhaps the dosest 
approal'h to tlw (',wllophidiall ('ondition; as in s('vt'l'al hoids, fihl'es appan-ntly 
hOIllOlo).!OIlS to th!' Ilrolral'lnl' "UNII!!!'II" of ('aPllflphidia joill til(> gC'lIiotnwht'alis 
po,;tprioriy. but ill ;t!·rt)('honlids many film-s also ins!'rt :-;Iightly IlIOrt- IlIll<'ri(!riy, Oil 
tilt' orallllU('osa alld tradH'lI. III thl' ('lIl'lIophidia !'xamilwd, tht' IlIlIsdt' illst'J'tl'! mol'O 
antl'riorl~' st i II. 011 tht' larnyx (alld fn-q lIt'nt lyon adja(·t'nt portions of tilt' t radH'u and 
oral 1ll1l('O"a). TIlt' pn-s(>n('(' of this musde is mthel" surely a derived ~tatp, and a 
probahly ,;ynapoll1orphy of the \'arious eaenophidian linpagl's. Only a ~,mall sample 
of Cacllophidia ha\"e heen eheekcd for thi~ musele, and some variations are to be 
t'xpt'd!'d in sU('h a large and diverse group, but the species examined are 
taxolloll1i('ally widespread enough to suggest that the absence of the muscle in any 
eaenophidian is likely to be seeondary. 

On the presence of a M. geniomyoideus in snakes 
'I'll<' .11. rJ!'lIi!)lIIy()idl'II.~ was dcfilll'd by Camp (Hl2:l, p. :17:l) as "a cutaneous 

attadllllPllt of till' forwal'd pal't oftht, f/l'fli()y/o8,m8." This Illusele typieally originates 
at tlH' 1l1<llldi hular sylll physis and shortly has a median insertion on tIl(' skin near the 
tip of tlH' low!'r jaw. I t may not I){' dearly spparate f!'Om the depper fII'ni()(JloS8118 near 
t Iw origi 11. t· pOll ('(mt mdion. tht' (Jl'lIiomyoidl'lIs would pl'e:-;uma bly tt'ml to d raw the 
soft tissues of the intelTamal rpgion antf'l'o-dorsaIIy. How this mu~de acts in 
eOOl'dination with otlJPI' throat ml1s('lt,s is unknown, as is its adaptive signifieance. 
Tlw pn'st'lH'e of this muscle was one of the features used by Camp (l!l2:3, p. :326) to 
eharaet('J'izp his superfamil.v Anguioidea. Haas (1960) deseribes a yeniomyoidells in 
the anguimorph Shilli8ullrus. ~IeDowell (1972, p. 224) suggests that a muscle 
dp"wrilH'd b.\' Sondhi (1Il;5:3, p. 172) in Vamlw8 monitor (= V. benyalel18is) may be a 
gl'lIiofll!loidells: ){eDowell (p. 21~) als(~ dpseribes a yeniomyoideulJ in Lanthanotus 
l!orneetl8i8. Thl' PI'PSPIH'e of a (fl'tllOmyoldeu8 Illa~r thus be eharaeteristie, not only of 
Ilnguioids. but all Angllimorpha. ('amp (I !l2:~, pp. :W2, 4;)4) raises the possibility that 
hi,; fII'lIiolllyoir/1'1I8 i,; tIl(' sam(- as til(' 'intpI'maxillal'is' of snal<f's; tht" lattpl' musde, in 
:';OJlH' ('al'I1Ophiclia at least. cOITt'sponds to the ima. pa 1'8 anll'rior of the present paper. 
~I('l>(l\\ (·11 (1!1i':?) gops fllrth('l' than ('amp and spP('ili!'ally icll'lltiHf's a r11'lIiomyoidP.lt8 

in ';lIlIk!-". 'I'll(' pn'selll·t' of this IIIw·wlp in snak!'s, otll('l'wisl' known only in 
anguilllol'ph lizard", would ha\,(' intl'l'estillg phyloW-lwti<: implieations. 

Work in pl'OgJ't'ss on the th.roat museles of Seoleoophidia indieates that the 
'gpniomyoideus' dt"scribed by McDowell in Anornalepis a8pilw8'U8 and Leptotyphlops 
Iillmilis is probably the JlJ. transversus branrhialis. In my specimens (Anornalepis 
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II/I'.ril"Olio. III'/;ninihophis jfnl'Olfflllil1llllls. Lill/yph/ops lenlfl:ii. Lfp/O/yphlops h/l­
IIlili8. L. IIIII/Toft'pis. L. III rt £i 1/1 118. L. 1II1'''II/1)I(,I"IIIIIS) the musdt' in (!lIPstioll dol'S I/O/ 

han' all allterior origin from the mandibular ,.;ym phy,.;i,.; (as ~11'I)owt'1I indic'atl's I H72. 
pp. 2;~·L 2:~0). but al'ist's mort' ch'ply. from thl' latpml sublingual gland. The 
AI/IIII/IIII'pis rt'~1Ii/loSI18 ('xarnilwd by ~lc·j)O\\"('1I lIlay bt' atypic'al in this n'sppd. r 
would id{'lIti(\" this IIIU,.;!'I(' as til<' /mlls/wrSII8 hmlll"hiali8. 'I'll(> muse\e in 
~{'ol{'{'ophidia clitfl'l's from that of otht'1' ,.;lIakps ollly ill that"it pass('s latl'ml to the 
rtt'lIi(}UIIlS811.'I hut lIH'dial to til(' W·lIi(}/m!'hNllis. in,.;tpad of latpral to both; al"o the 
ills('l'tioll (although varying alllong the ~('olPc'ophidia) is not usually ill the \,plltml 
mid-lillt'. but ,,;ollH'what 11101'(' latt'm\. 1I10,.;t film's appal'l'ntly tl'l'lllillatillg h(,l'ly, in 
tht' fa,,{'ia aroulld thl' otlll'r throat mu,.;l'!l''';, alld with "onw diffu"e C'lltalleous 
{'olllH'c·tioll". TIlt' 'gpniomyoidl'us' of Jld>owell in 1'YJ!h/OJl8 he states is the 
'intpl'llwxill1ll'is' figun'd by ('am pill T. !'o/lyes/1I8 ( = T. j)JHli'lrtiIlS nmYfsI1/8). Neither 
tlH' origill or ill"t'I'tioll of thi" lI1u"dl' {'()l'n'''poIHI with thost' of an anguimol'ph 
!f/'lIillllly(}idI'/IS. tIl(' only points of n'''t'lllblalll'(, 111'(' that both mu"c·lps art' short and 
OC'{'UI' ill tl1l' n'gioll of tht' nHllulihular "Yll1phy"is. I {·,tn SC't' 110 firm gl'ouIHls for 
c'ollduclillg that tIll' mw,w\c' ill TYI)MIIIIS is a 1JI'lIilllll/lllirieI18. 1'YPlt/()P8 also has a 
/mll."'I'r8118Imlll!'hinlis like that of othe'r ~eolec·ophidia. 

'Id){lwt'll (I Oi2. p. 2;i2) d!,,,cTillC''' a lllu,wlp in L().rtWPJIIIIS hil'ol()l'. initially callp(\ 
till' ·int('rlllaxillal'i,,·. hut then icklltitil'(\ a,.; thp 'gl'llioll1yoiclpuH', and lalJC'lIl'd as sw·h 
(,(DIY') in his fig. 21. This mu"dp ('ollid !lot be found in tht' thn'p spec'imens of 
L(}.rn("I'/II/I" himl(}( t'xamilJ('(\ in tilt' pn'sPllt ,.;tudy (fig. 2.). Thpl'l' is 110 rnu"dp pr(,";l'nt 
who,,1' film'" originatp ", .. at thl' I'xtn'llll' tip oftllC' jaw ... ('0\'1'1' tlw vPlltl'ollwdial 
sUl'fa{'(' of thl' gellioglossus Ilwclialis" (till' major. latera\. hpad of thl' yl'rtioyio88118 of 
"Ilakps). alld rUIl "longitudinally to an in";Pl'tion on thp ,.;kin in the vieinity of the 
mental groovp ". There is a band of tendInous connprtive tissues linking the tip of each 
dentalT with the skin of the lower jaw, with a somewhat similar tourse, hut this is 
hard": to Ill' eonfused with musde fibres, and is of virtually constant (wcurrence in . . 
snakt's. 

~k \)owdl also fil!\Il'ps a musell' lal)('IIc'd 'U;\I Y'. for (J('III:mll.'loili('1I8, in the 
l'l\{'llophidiall /Jil/d(}II/ii" }1I1I11'I111118 (his tig. 22). III this ('asp tlll'l'(' is 110 (jlwstion ahout 
the {'xiAtelJ('{' of the muscle, it is the musele hert'in termed the ima, pars anter1:or, in its 
t\" pic'al c'lwllophiciian fOl'm (t'.g. X /'1/1whmphis. fig. Ii.). I t would apppar from the text 
(l'f ~ollclhi (\!I.iS. p. I H..J.) that thi:-; is tIll' nlllsl'!p Ill' tt'rms 'intC'nnaxillal'iH', but his 
figun's HI't' c1iflieult to mateh. The 'intt'rmHxillariA' of Camp, in 7'!lphlop,~, has a 
AU pNfic-in I I'('''t' 111 hlal\C'1' to tIl(' 'i!lt(,l'lI1ltxillal'is' in Cat'nophidi,a. Th is sli p is not 
PI't'''l'llt ill ot 1ll'1' ~(de('ophidia. I do not c'onsid!'I' t his III U:-;e\P to lip homologous to the 
('ac'!lophiclian illln, })(/1"8 nu/nior, this is t'vi(iPnt from the Allggt':-;tiom; made in the 
pI'('\'ious "PetiOli. TIlt' lateral attaehmpnt. in tl1(' spPC'imen:-; examined hpI'(), is not to 
till' nllllHlihlp. but to tIll' ol'!11 mlwosa latpral to the late'ral Rublingual gland, partly 
('onc'palt'd hv the mandihle. In ('nPI1Ophidia the ima. ]JaroS antPrior ar'isps from the 
mllndiblt'. '1;11(' llwdial attachlllt'nt. also diffpI's ill (lI,tail f!'Om that of Ca£mophidia, 
Tlwl't' a!'t' s('\'Nltl otlH'!, majo!' flifft'rPI](,('S in the thl'Oat mwwulature, and, in general, 
1'YI)hI(}118 and ('!t('flophidill stand at. op(lo:-;ite extrpml's of the rang(' of snake 

Jl1o!'phology. ." . 
In sllllllna!'v, the 'gPJllOmyo)(leus of MeDowell (1!172), as reportt'd III snakes, 

appears to b(: I't'pl't'sented by the transversus bra1u,!tiali8 in Anomalepis and 
LeptotypItlO}J8; by the 'intermaxillaris' in Typhlops (probably not the homologue of 
the 'intermaxillaris', or irna, pars anterior, of Caenophidia); to be absent in 
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Lo.I'O('(·IIIII" 'Jil'O'lir (whel'e it is ~lIppo~f'dl.v pl'e~ent in additjon to the undivid(·d ima 

I'l'portt.d hen'in): and to \)(' n'prt'~pntt·d by the illla, Pflt'S all/PI'ior in Capnophidia. 
I f Illy i Iltt'l'prd a t iOI1~ a!'{' {'orl'pd, :\Id )owell i~ pl'Opo~ing the plaboJ'a te hypo­

tlll'"i" that tht' allgllimol'ph (/f'lIiolllyoidf'1I8 is l'('pl·p~ellted by at It'a~t thl'pe diffprent 
illdi\'idllallllw-wlt'~ ill dith'l'ent gI'OIlP~ of ~Ilak('s.l would sllggpst that 1I1lIt·~,.; a priori 

('olllnlitkd to all angllilllOl'ph origin of sllakp,.; (which I'PJllllill~ It tlll'or,\' for 
('ow,i(kratioll), tlwJ'(' i~ 110 l'ea~OIl at pl'(,~l'llt. to Il('('('pt that (IllY 111\I~('I(' fOlllld in 
"Ilak('~ is hOlllologoll~ to tl\(' !/l'lIi(}III!/IJiriI'1I8. I do Ilot wi~h to illlply that any givt:'11 
Illll~dl' of ,.;Ilakt',.; i,.; ddinitf'ly lllil hornologou~ to tilt' !/l'/liOIll.ljoid('((.~, but ~illlply that a 
IllOJ'(' objeC"tin' lloIllPIl('latl))'(' lIlay aid fllrtlwl' in\'l'"tigation by Ilot giving the 
illl pn·s,.;ioll t ha t IIlIl,.;clt:' h()rnologip~ art' al I'lwly wt'll-l',.;tahlisht'd. ClIlldall (11)74. 
p. I 7:?) ha~ prt'\'iollsly eXI)I'pssed ~ome reservations about jleJ)owelI's interpretation 
of t h(',.;(' Illll,wl('~. 

It \rolrld Il(' (h'~irahlp to dptPl'milw tllP illllPl'Vatioll of till' (Jl'niotll.yoiri(,1l8, alld its 
hOlllologll('" a" "lIgg(·"tpd b.\· jl!'! )0\\'(·11 i II ~nltkl's, A pl'Ohlt·m. a~ :\1 (. J)ow!'ll poi nls out 
( I !Ii:? p. :?:?Ii). i" t ha this 'gl'1l iOl1lyoid('II~', ill SO Ill<' (';t('lloph id ill at ll'a~t , is illlH'rv a ted 
di"tal to all alla~tomosis bl'twPt'n It l'alllll~ of the trigl'millal emt'rging from the 
mandiblt .. and tht' hypoglo,,~al. Thus innervation eannot be dl't('I'milwd by gl'Oss 
d i""p(,! ion. () IIi te po""i hi." t hi" allast ()mo~i,.; i~ not j)J'psent in all cases. C ntil such 
infnl'll1iltion i" anlilahll'. intt'rpl'l'tHtion~ (as givell hel't') IIlU~t be based primarily on 
tht' topographi(·al J'(·latiollships of tl1<' Illll~de slip~ (·on(·(,I'Ill'd. 

1\'l'hap~ gi\'ing sonw sllpport to one of jlei)o\\'('ll':-; ('andi<lat('s for a snake 
'(T('niolll\'oi()PIl~', is t Iw ohsPl'\'ation that the 'genioglossus portio minol" of ~ondhi ,.. . 
(I!I;,)H, p. 172) in raral/IIS bellyarn/sis, identified by :\IeDowell (19i2. p. 224) as a 
(fPlliolllyoiril'II'" i" very similar in its eO\ll'se to the undivided ima of pythons and lower 
Henophidia rt'ported abo\'e, The musele (preselwe confirmed in V. b(mgalensis and V. 
f.rrtlllhl'lllalil'lIs) ari~es from the dpntary immediatply antNo-medial to the 'major' 
portion ofthp flfll;O!lloSSll8 and passes postero-medially to insprt on the oral mucosa 
jllst antl'l'ior to a point ventral to the oral opening of the outer tongue sheath. The 
ins(,rt ion i~ t h liS not primarily cutaneous as in other anguimorphs. but dppper, and in 
fad ('Io~l'h' rt'st'mhlps that of the ima of pythons and lower Henophidia. Other elose 
"illlilariti(:~ bt't\\'('('n Vural/lls in parti('ular (among anguimorphs), and snakes, 
ilH'lud(' tl1(' morphology of thp tongue (jlcJ)owell !H72). and the presence of a 
tl'lwlwal protractor Illusclt' (!IPliiolrad/p(lli.s of snak('~). However. j-leDowell himself 
statl's (p. :?Ii;'») that" rutalillS is not so dose to the tm!' ance~try of snakes as is 
Laill/wilo/IIS". This would suggest that the 'genioglossus portio minor' or 
'(f('ni()Il1\'()id('u~' is not homologous to the snake ima. The argument of Underwood 
(\ 970. p: nO), that snak{'s divt:'rgf'd fl'Orn the basal Rquamat.a befo/'(' any extant lizard 
group, would imply t hat any sueh similarities. not pl'imitive to Squamata in general, 
art' t\l'\,plopl't\ in parallel in snakf's and the lizard group in question. 

I-iondhi (J!l:i8. p. 186, and fig. II) also describes a 'portio minor' in 'Natrix' 
(= .\1'IIIII·hrophis) pismlor; in thi~ ('a~t' it appt'ar's t.o he the t.ypieallatl'1'I11 hpltd of the 

1/(' II i of/fossils. 
It 1l1:1 \. a 1,,0 1)(' 110tpd hcrt' t ha t a (If /I i(JIII !/(Jidf'1I8-li kp m IIsel!' i~ 11I'csent in the 

apparclltiy 1101l-angllilllorph lizard /)if)(lll/u8 f/OI'w'(Jllillea. This was 1I0t n'pol'tl'd by 
(:as(' (I !)(is). I t i~ pr{,~l'nt in both ~pt'eimpns examilwd Iwre, The muscle ari~es dose to 
thl' lIlalldibular symph'ysi~. jll~t. slljlPI·ti(,ial to t.1l(' (Jf'lIioUlo88118, and runs posterior'ly 
for It VNV short di~tance before inselting, superfieial to the anterior-most inter­
/IIa fld ib((f~lri8 fi hres, on the skin of the lower jaw. This muscle thus conforms to 
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('Hm p's original usage of til!' tt'l"m fl"niolll.!loiriI'1I8. The prt'spnce of this musele may 
indicatp that DilHlill1l8 has affinities with thp anguimorph lizards. As a rather mOl:!' 
prohahlp alternati\-e. if til!' mus(·le in Dil)(1t1ll18 is not homologous to the anguimorph 
(/('/lilllll!l()irlt'1I8, it would tend to diminish the signiticanee of a somewhat 
(J!'lIi()III!l0irlt'//s-like mus(·le in some snakes. 

Conclusions 
'I'll!' major poneiusiolls to Ill' drawn from the ahove observations and diseussiolJ 

are thl' following. 
(I) 'I'll!' nllHwle on'ulTing in Cylilldl"Ophi8 maclllalus and C. rllfll8, identified by 

Lang!'h<l rtl'l ( I !luS) as till' i ilia (i IIt/'l"lI/(/ IIdilmla ri8 a nterior), is actually t Iw Ira nsvl'rl"Ju.~ 
brallchlalis (81'11811 Cowan and Hi('k )!);il). 

(~) Tlw III w.;(·le O("(,lII"ring in LO.rocPNlII8, idpntifil'd hy :\Ie Dowpll (1072) as the 'pars 
nwdialis' of the illw (= 111111, }lars }losterior) , i:-: <wtually the 11'(/.1/8/.'1'/"8118 bralU'kiu1i8. 

(:l) The pn'selH'e of ('lH'nophidian-type ill/a film's in Cylindropliis mal' Illat liS. as 
figul'l'd hy Lullosl'h (I !l:~:~, fig. ~u). could not he {'ontimwu in the foul' speeimens 

l'x<lminl'd. 
(-J.) ,lllllill8. ('!llil/rlm/lltis, 1.11.1"111'1'111118. J/I'/llIlIIph idill III , /)/atYP/N'lrurIl8, and 

.\('IIII/II/ti8. po:.;:.;!':.;:.; a 1'l'latin·I," thinlllwwll' with a <I('I'P in:.;el:tion. hl'l'P eOllsidl~r('d to 

n'pn':';('nt tIll' ill/a. on till' gl'Otlnds of it" \"l'ry dww (,('Sl' III bhuH'l' to thp ima of pythons 
Ilnd tilt' <lntl'riol' pOl'tion of til(' ill/o of boas. 

(;i) Pyt hons pos,;!'ss a sii"n ilar III tls(,I(', al:<o iden t i fi(·d as t1w ima., hut it is typi(,ally 
bett!'1' dl'\'eloped, ilion' distind, and more t'xpos!'d supl'rfieially, 

(6) The irna is divided into two portions in the remaining Henophidia (Caiabaria, 

bOilS. al'J'(whol'did:-:) and ('aenophidia. In Ca/aharia and boas, the antP!'ior portion 
(ill/a, pars (Interior) retains thl' sanll' ('oUl'se as tilt' entire undivided ima of pythons 
and lowl'!' Henophidia. The posterior portion (ima, pars p08tl'l'ior) has a more 
Slll)('rfi('ial insertion in the v('ntral mid-line with other elements of the inter­
mandibular mus(·ulature,. many fibres here attaching to the skin. In some 
('aellOphidia ttl(' two portions are more or less fused, but always retain the two al'eas 
of insertion (exl'ept in /)OS!Jpe1II:S, where a singll' Illuscl{· resembling the i'ma, pars 

jl1U4f'1'inr) is pn'sent. 
(i) In IH'I'o('hordids and (,aenophidia. t IlP i lila, par8 antnior is relatively hulky, 

and insert:.; 011 a lIH'diall longitudinal illti'l'll1allclilJlllar ligament, not on the oral 
II1U('osa (as in Henophidia exel'pt aeroehoruius). This ligament is typically divided 
postC'riody illto two parasagittal portions in a(,roehordids. 

(H) It is suggested that (a), the presence of an ima, pars poslerior, and (b), the 
inspl'tion of til(' ima, IJors anlnior onto an illtennandihular Iiganwnt, rna\' be 
",\"lIa pOlllorphies indi('a t i ng the ll1onophyly (a). of the group ("om posed of Calab~.l/'ia, 
boas (.d.), acroehordids. and Caenophidia, and (b). of the group composed of 
Il('ro('hordids Illld CaellOphidia. 

(!I)..\ typinll J/ .1,roIJ'llt'lorl((r.'llif/l'1I8 (not joining thf'flPlliotral'/lf'{t/is postpl'iol'ly) is 
fOllnd onl," in ('aenophidia. ~imilal' lihn's 0('('111' in lllallY Hl'lIophidia (pl'OminPllt in 
l\('I'()(,honlids, and pn's('lIt inlllany hoids). hilt 1)('('OIlIl'nlOl'C' 01" I('ss ('ollflta'lIt with the 
fl I'IIiotJ'lll'lit'llli8 postt'l'iol'l,Y. Till' 11Il's('n("(' of a tl'lH' l'rolral'ior larynlJf'u,~ may well be a 
synapoJllOl'phy of the variolls eat'nophidian lineagt's. 

(10) Thme apparpnt inno\'ations, the divil-;i(in of the ima into a pars anterior and 
]Xl rs posterior, the shift in insertion of the im.a, pars anterior on,to an intermandibular 
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liga nll'n t. and t hi' ditft'n'n t ia tion of a pmt f(lrt()r la ry"!/I' 1/8, lIlay ('onstit utt' progress­
in' illlpro\'\'nll'/Ils to til(' typi('al snakl' modI' of 'unilatpral' f(,(,ding. 'I'll(' tirst two of 
tl1(''';(' nlOtiifil'ation,.; appl'ar to bl' fundionally ('ol'l'elated with tht' d{~vplopment of 
intt'rlllH ndi hula I' kilH'"is. and many ";1'1'\'(' to ('nhan('p ('ontrol 0\'1'1' th!' position of each 
nllllU"; of tlw nHlndihll'. )'t·i<ltin' to tl1l' otl\('r, during Ill'!'." ingt'stion. 

(I I ) Thl' proposal of :\Id)owpll (I !l72), t hat an anguimorph M. (Jeniomyuiriell8 is 
pl't''';I'nt ill ";1 HI kl'''; , i,.; not at/t>quatl'iy supportl'd by a\'ailable evidpnee. 

(12) A ,.;mall !/l'lIiontyoidl'lIs-likl' muscl{, is present in the non-anguimorph lizard 
IJilll//I/iIS 1I1I1'lIl'fI11il/l'a. 

Summary 
~Olllt' new ob"elTations and intt'l'prl'tatiom; are 'made concPl'ning eertain 

interlllandihular mu~df'~ in snake,.;. 
A III u,,('le o('('uITing in ('.1/1 i lid f'(J ph i8 and LI,.l'fJl·p III liS . previously identified as part 

oftlw .II. illt(,/,II/(/lIdihlllari.~ alltl'l'ior (IH'rein abhn'viated to ill/a), i" aetually the Jl. 
I ra IISI'(,I"~IIS Imulrh ial i., (.>if' 11.'111 ('O\\'al1 and H ide I !);i I ). A dpep!'r nlllsdp found in th('se 
taxa i,.; hen' ('oll"idt'l'f'd to n'IlI·(',.;t'nt the ill/a: this mus(·le i" also p)'{'st'nt in A lIilills, 

Xfll(Jjw{li8, and uroppltic\s (Jlr-fflIIIJjJhidl//III, P{Il/YjJ!t'l'fJ'III'//S) , whert' the imn had 
h('{,11 rl'ported as ab"pnt. TIl(' ima ha" a similar (·otlr~e, but is typically largeI', in 
pythons. III ('II{a/Jlui(f, boas. <1('I'O('hordid,;, and ('llPllopilidia, tll(' ima is typieally 
di\'il!t'd into two portions, tht' pa rs a /lINilJr and j){lr8 jJIJ8 Irrl()J'. It is propost'd that this 
t'ondit ion i,.; a synapomorphy of tlwse foul' groups. 1 n at')'ochonlids and ('aenophidia 
(except IJas,l/jJl'llis), till' par8 allff'rior is fully df>\·plojJed and inse[·ts morc anteriorly, 
onto an intt'l'mandibular liganwnt. It is proposed that this condition is a syn­
apoJllorphy of tlwse two groups. In act'Oehordids the ligament is deeply bifUl'cate 

posterioriy. 
TIl(' J/. jJm/ratlor larynyell8 is absent from all Hf>nophidia examined, but present 

in all Caenophidia. It is suggested that insufficient evident'f> is available to accept the 
proposal that a ol/. yeniOlnyoidell8, homologous to that found in anguimorph lizards, 
is pl·p,.;pnt in snak!'s. A (jI'JliumyojdflI8-like musele is T»'psent in the non-anguimorph 
lizllrd I )ihllill//S IIOI'af'(1II inea. 
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Appendix: Specimens Examined 
SCOLECOPHIDIA 

A i/oi/wl"j,i" 1I}('.rira 1111. I !l2!Ui.1 AI. 
lid Ii/ill/hol,hi" jlal'lJlerlltina/u8. fi;i. JO.ti.l. 
1..1' p/o/if JIMoj'" IIUil'l-o/l'jli". I !104.(i.:lO.5. 
I •. 11/1I.l'ili/llS. IlIon.H.1.2.t2. 
/,. /11/1/11111/1'0/11/8. SII.lI.:!O.1 :1. 
L. 1111111 iIi". S:!.II. Li.:!O. 
LilJ/.'Ip/dOjI8 /r'/'III'/di, I !liili.I.1 (i.:l.t. 
T.'IJI/dolJ8 1I1/!IOII'}}"is, J!);)!l.1.4.76. 
T. ',i/JI'IJ/lii, H.iA . .t. I. 
T. jJlIJl('/aI1l8, 1!)75.ilOS, and unregistered specimen. 
T .. ~dtle!ldii. HI65.35, 96.9.7.2. 
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HEXOI'HIDIA 
.·/rror/iordIl8 jo/'(/lIifIl8. 1!1l:UO.:II.IS6. \!)i4.3H65. 11.13.1.2, 1974.3860, 1966.12 .. 
...I//i/ill" 8'·.I//llh. !);).:?:W..J.. and U111,pgistercd specimen . 
• ~sl'i(!i/,s 1I/,/rIl/O"II"I11//('" I!l:~r.I:?2.2. 
/Jw ("{)lIs/rir/lir. )!IO-!.IO.:W.:ll. 
8o/Yl'I"ia /l1II//om ril/a/a. !lti.3.2ti.2. 
('II/II/mfill l"I'ii/harri/i. IHtii.1 Li. 1!l69.515. 
('/I/ltlilill IISI" r. !Hl.i.:?-!.:~. 
('hl/rillfl ho/llil'. !l-!.:~.-!.;i. 

('/IfTs!ldr/(8 I/rlllIlI/llll1s. l!li-!.:IS63. 
('!I/illriruphis 1//(/f·II/a/lIs. 1!l:ILi.:l1.l. 1905.3.2;).76,97.10.20.18,52.9.13.266. 
('. rllfll8. J!):l:I.I:?;i.:I. 1!l:IS.H.S.1. 
l-.'"i(I'III(,8 "I'lIrllrill, l·m.S.:?:!.I. 
r,'ry.r JUI'/(/II". !Ii. \O,:?S,;i:l!I, 
f,'IIIII'I'/(" III II rill 118. !li,i.:?:!.:W. 
I-.',ri/i/"'II ,,/111'11/11. 1!177,:W!1. 
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A previously unreported throat muscle in Scolecophidia 
(Reptilia: Serpentes), with comments on other scolecophidian 
throat muscles 

B. C. GHOO~IBRIDGE 

D('IHtrtnwnt of Biological Seienees, City of London Polyteehnic. 
Old ('astlt' Strt'et, London EI 7~T 

Introduction 
A r('('('nt inn'stigation of e('ltain anterior thl'Oat muscles in IWllophidian and 

raenoph idian snakps n'\'palrd sonl{' variat ion of possible phylptir signifieanee 
(UJ'()omilridge Illi9 b). This study was ext<'IHied to the S{'oleeophidia. wherp 
obst'J"\'at ions \\"('re made on se\'pml sp('('ies (sp(' Apppndix: material examinf'd). 

TIH' primary purposp of this pa per is to rl'port till' IlI'('Selwl' of a thl'Oat musde in 
s('olp('ophidian snak{'s. that appears to he abspnt from all other extant snakes 
(although a po,.;sibl(' homologue is pn',.;ent in di\'('J'S(~ lizards). Thi,; finding fmther 
wi(iPn,; till' aln'ady ('onsiderahle morphological gap b(,t\\'e('1l S('olecoph idia and other 
snak!',; (Il('noph idia pillS ('aPllOphidia of Pnd!'rwood (1f)(j7); Alpth inophidia of 
Hotl"'tpttt'l" (HI;,);,)) and :\1('Do\\,pll (I!Hi7. 1972. IOU)). TIH' possibl<~ dadistic 
signifi('al}('p of til<' 11I'PSt'Il<'(' of this IIlllse\(> in Seoleeophidia is dis('ussed. In a 
su b"id iary sp('f ion. son1(' difi'erpnees arp notpd betwepn my observations, and repOIts 
in the litpratlll'f'. rt'garding pertain other scoleeophidian throat museles. Langebartel 
(lfHiS) lIlay be ('on suited for a genprally useful aceount of snake throat museles. 

A previously unreported throat muscle in Scolecophidia 

Of)."I'1' I'f1 / i () 1/" 

For t hI' purposps of dis(,II~~ioll the IH'W mu~('h' i~ hpl't, termpd the (11'niomuro8nlis, 

Although tll<'rl' lIlust he sOIll(, l'l'hll'tall('p to add 11 furthl'l' nalll<' to thl' myologi('al 
litNatlll·('. thl' prohlt'"1 ofholllology rl'lllaillS ull:-><'ftlt'd alld it thu~ ~p('ms advi~nbll' to 
u:-;(' II n!'w and purl'ly (ks('ri pt ivp tpl'm for til<' III II:->('Ip in S(,o!PI'oph id ill, Tho IlI'(i:->ent 
name i:-; dt'ri\'(,d from till' fact that tht' mllscle ari~(':-; from the genial region of the 
lower jaw, and in:-;erts on the ventral surfaee of the mucosa of the floor of the oral 

cadt\'. 
Til(' (!l'l/i()I/I/1rrJ8("i,~ i:-; prespnt in all Sroll'eophidia. examined, and arises in most 

('a:-;I's din'l,tly frolll til<' po:-;tl'rior vpntl'o'lllpdial I'!'gion of the dentnry (and adjaeent 
angllial' lind/or :;pll'nial). Sl'(' fig. I (/,('p/o/lIp/dOP8 II/d"flo/pnI/.1/8; tIl(' (JI'niml/.l/l'o8a1i:s, 

'o~r in figlll'l'. pass!'s Ilnft'rioriy dl'('p to th(' Hngular). and fig. :~ (1I1,llllinf/lOpIti8 

,/fIIl'IIII'l'lI/il/lI/II,"). III tlw 'l'!IIIMoPS spP('il's examilll'c1 (fig, :!. 7', jllIlU'fflfl/8), it arises 
lIIainl~' fl'Olll the an!PriOl' portioll oftlH' ('om pound hOIlP, The rl'lativ('ly wider origin 
of till' !l"lIirJlllllt'IISlr/is is alway:; illlllll'diatl'ly po:;t('rior to that ofthl' (f('ni()/ra.l'/u'"lis. 

In sOIllP ('II:;I'S (II . .t1al'()/l'l'lIIiIlUfIl8) th('st' two :-><'Is of Il1l1s('lt, fibrt's app<'ar to be 
('ontinuous with padl other just at tlwir origin along the mandible, in other cases 
(l-illfyphlojl,,, fernetzii, Ll'p/otyphlop,{ lIIelarwtel'mu8) tht're is a dear divh·;ion between 
the two, while in others (Anomalepi8 rnexicana, T. pu.nrtatus) there is a distinct gap 

11022-29:13;;9/1306 0661 S02·00 {) 19.9 Taylor & Franei. Ltd 
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FIG. 1. Lepfofyphlops melrlllofermll.~. All figures are semi-diagrammatic. The mandible, oral 
mucosa. and ll1u"eIE'~ of thE' throat !"('gion are ~hown in ventral view, after removal of the 
skin and otlwr structures .. -\ntt-rior is toward till' top of tilt' pagt'. Thl' portion of the 
figlln' to the h'ft of til!' nll'di<ln lill!' (tll!'ltnilllal"" right side) isa mOI"Sulll'rfieial view, the 
portIOn to tire left oft Ill' nll'diull lilll' is a d""pt'l' V il'w. w ith o\"l'I'I~'ing Illuselt,,, remon'd or 
('ut and rl'flt'l'fl'd. ~oh': ('I'rtain II1USI·!t·" app('aring in t1H' figt",(,s are l'efelTNI to in the 
t(')(t. hut al'l' not fonnally 11Itll1('«1 thl'l"!'ill. ane! ar'l' not Jj"tprl ill tlw abhrt.'viations below; 
till's!' an' lll11sci,'s A. B. L. :\1. X. Y. Ahhl"l'\'j,lt ions for all fig, ,,·('s: C. cOlllpound hOlw: D. 
dt'ntary; {;(;. [jfllio(111J88118: U(;H, hyoid p<)l'tion of !11'lIivy/rJ8.'1118: UHI. GH2, GH:t 
supt'rli~'ial. middl{', dl't'p, slips of !II'lIiIJh,llIJidfll~; (;H L, latl'ral h('ad of y('niohy()ideu.~; 
GH:\1. tnt.dial hl'ad of !ll'lIioh!/lJidl'lI.'1; f:HT, tl'lIClon of attachult'llt of !rniolt!l0idel/.,~; 
GT\{, [jl'ltiofrarMali8: H, h;"oid; HTI{, h!Jofrarltmli8; IMI. 1M2, 1:\13, IM4, pOI,tions of 
the intermandibillari.s: 0:\1, ventral surfaet' of oral mucosa of mouth floor; OS, 
oesophagus; Q, quadrate: R. ribs and assoeiated muscles; Re, lateral sublingual gland, 
enclosed in C'onstriC'tor mllseles; TB. tran,n'er,SU8 branchial is; TR. trachea. 
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A prpyiously unreported throat muscle in :-koleeophidia 

ht'tw('!'n tllP two mu,wlps. "'hah'\"{'r til!' dq.(J"(·p ofs!'paration h('tW(,(,1l th(' !/enio/ml'­

II/olis and W'lIillllll/("()slllis on til<' mandihl!'. till' two mll"('I('" "lIh"(·qlll·ntl.,· din'rgt' 
frolll ('adl ,)tlH'r. ;\,.; in all "nak!'". tlw Wllin/melll'alis rllns post('I"O-llwdially to ill,,!'rt 
Oil till' 1I11 fl'ri orm o"t pa rt of t hI' t!"lll ·lwlI. In all "llak!'s ot Il!'r than H('ol('( 'oph id i a, t h !'re 
i" 110 1ll1I,,!'!!' inlllll'diat!'ly po"h')"(J-lat!'ral to th!' Ul'!lill/l"fI("ltl'llIi,,: in H('ol('("ophidia the 
W'lIio/llI/("l)solis O('('ur" in thi" po,.;ition. and forms a hroad. hilt thill. "Iwd of rwar­
parnlll'llllu,,(·I(· fihres fanning Ollt to ins!'rt OYI'I' tllP Ilth'ral portion oftlw 1ll1H·o,.;a of 
til<' floM of thl' oml (·a,·ity. This laft'ral r('gi(1I1 of tl\(' oral (·Il\·it~· has a sOIIl('what 
pOlldl-lik(' fill·lll. Th(· /'(")1/IJ/Yl'h/IIII8 sp!'("i('s !'xltlllirwd hpr(' had all addit iOllalllllls!'h~ 
in"l'l'ting on tilt' laftoral and dor"al (i.e .. illlnwdiat<'iy v!'lltml to tlw hasp of tIl(> 
hrairH"a,..l') ";lIl'fa('('''; ofthi,.; lat!'ral portion of til<' oral cavity. This additional II1l1s('lp 
takl'''; origin. with fihres of th(' lakral (·o,.;tal) Il('ad of thl' lah'ral portion of the 
!Jflliolt!lllilliIl8. and ()(·(·a"ionall.,· sonl!' post('rior film'" ofth!' Ity(J/ml"///'(t!i.~. f!"Orn til<' 
laIPral ";lIrfi\(·p of til<' ankriol' !'xtr'l'lllity of till' rih ('ag!' (,.;(-,. mlls<"i!' 'X' in fig. I). 

In T!/lilIIIJIIS and /.I")I/II/!II I "'01 I". til!' ankrior' part of tlH' It/III/md/I'I/!i" PIl";"pS 
diagonall.,· h('tw('cn til<' po"t('rior' portioll" oftlw fll'lIi(JIIIIII'(J.,,"i.~ and f/filio/rw·ltf'1I1is. 

"ujlt'rfi('ial to tlH' fill'nwr' alld dc('p to the lat tpl' (fig'" I and :?). In til!' IInolllalppidid" 
pxamirlPd. tlw h!lo/ral'/t('(flis pn,.;,,!'s supt'rtieial to the W"lIiOIllIl("()8flfis. but apppars to 
in tl'n\"t'11 \"{' with tilt' 1j1'l1i()/m,.h('(/Ii,~ at th!'ir dual in,;prtion on till' tra('h(·a, or 
(/ll'llIlill/lwphis .fi(l/·IJ/rl'lIIillft/I(8) pa",;!'s mostly supertieial to tht· in';(>l'tion of the 
yellio/m('lteofi8. In T!lphloJl8 }JlIl1r/aflls, a prominent blood vessel was also sec-n to pas,; 
Iwtwl't'll tIl(> fie 1/ iii/II II ('osafis and gf niof rarhpali8, Sll perth-ial to the former and deep to 

the lattPr. 
In T!Jph/OJl8 the genimnllf'osafi,~ is innervated by a twig of the same braneh of the 

XIIth ('mnial nelTC that also inrH'rvatps the (Jenio/ra('healis and (Jenioylo88u8 (details 
of irulprvation ('mIld not bp ck,tl'rmilH-d with cPrtainty in the othl'r. Illuc-h ,;maller, 
SeoIl'cophiciia l'xamilH'd). Thl' [Jl'liioll/.w'()"alis ean thu,; be assignl'd to the 
hypobranchial-"pinal group of throat musrles (Edgeworth I n:35, Langebartel 19H8). 
This group abo include,.;, among other:';, the [JPnio/raf"hpafis, (JpnioUfo88'11S and 
(ff'llioliyoidpIl8 (,mandibulohyoideus' of l\IcDowell (1972), and including the 'cerato­
mllndibularis' of Langebartl'l (InnS)). 

Both Langebartel (l9()1'S. 120. for Lio/!JJlh/o]!S (f,fhiro.~f/'1:8). and :\leDowell (1972. 
2:35, for Anmllall'pis a.~}Ji?W81lS), state that the gmiofral'/tpalis (the 'mandibulotra­
('healis' or 'genioglossus latl'ralis' of :\1('l)owell (1972)) is unusually well-developed, 
This was not the ('ase in the speeimen~ ('xamined here, the yeniofra('healis is a rather 
slender strap-like muscle, as in other snakes; perhaps these authors noted the wide 
adjacent origin~ of the genio/I'f1('/tealis and geniomurosalis on the mandible, but did 
not tract' the separate insertion of the latter muscle, Certainly, the (Jeniornucosali8 is 
thin and rather easy to oyerlook. unless first seen in one of the larger Typhlop8 
species. for example, 

Di8(, 1I.~si()n 

In ol'd('1' to assess the pos,;ible systematic SIgnificance of the presence of the 
yenio//ll/rlJ8oli" in Seoll'cophidia. some introductory remarks on the relationships of. 
and within. the group an' Ill'('pssar',\', 

TIll' thr!'t' families of s('olt'cophidian snakes (Anornalopididae, TyphloJ>idae, 
Leptotyphlopidae). are dead)' distinguislwd from all other' extant ~makes by many' 
charadersta"tl's (that are not found in the same combination, and usuall.v not at all, 
in other snakes). These states include the following: small to minutt~ adult size 
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(relatin' to tlw size I'IUlge of otlwr sna"ps). eylindri(,al hody form (hC'ad not distinet 
fl"0111 trullk). tail extl'l'111ply short. ahs('n('p of Plllargpd ventml >il'alps, mouth short 
alld \'('ntml ill po>iition (collnt('rsunk I)(·hind >illout). p.n' pxtr('IIll'!y reduced, hrille 
ahsellt (l'.\"t.I)('lwath Iwad s(·ah's). "inglp tyPt' ofvi>iual (:C'll (rod) in retina (l'nd('l"\\'ood 
I!lIii). gl'lwral ('on"tnH'tion of hrainnt,..;p pleDo\\"PlI HHii), la('" of kilH'si>i I){'twppn 
hOlll''''; ofSllOUt and frontal,..;.la(·" ofladllY111al forilllwn (.\I(·f)ow('lll!li4. i)), quadmtl; 
slanting antero-vPlltrally fro111 it" pl"Oximal arti('ulation (as oppo,..;pd to vertieal or 
p(l,..;tel"O-\"('ntrall~·). ,..;qllamo",d (al,..;o tNnH'd tahlllar or >illpratplllpoml) vp"tigial or 
it hs('n t. no tp('1 h on pa la I in(' or pt prygoid. ont' t hymlls hody (u,..;ually two in other 
sllake,..;) Oll ('a('h ,..;ide alltl'rior to Iwart (l'lldpl"\\'ood I!Hii), right and Il'ft systemic· 
,UThe,..; joill IInt('rior to tip of \"('ntride (Brongpr"';llla I !1.iS), li\'{'r di\'idpd into 8Pvpral 
01' many loll!''''; (l"ndt'lwood I!Hii). la('k of Il'ft ovidud (exeept Liolyplt/op8 and 
1'.'Ip!tl()jJhis. Hohb and Smitli (I !}(iIi)) , lal'k of neuml spines. 

In addition. mem\wr,..; of tIl(' group are unwmal among tmakes in that they 
sp('('ializt' in ,..;mallsoft-hodied arthropod,..; a;; a food ,..;our('e, frpquently ants (including 

IHITIU' and pllJliH') or tennitp,..; (,..;pp, e.g .. Punzo I!li4). 
The pn'''';PIH'e of the !/fni()/II/1/"{J.wt/i8 in S('ole('oplridia deady ('on t rihute,..; further to 

tlrl' already ('on"idprahlt' morphologi('al gap i>dween S('olpcophidia and other 

snakp". 
D(',..;pite till' faidy ,..;trong W'IH'ral phelH'ti(' l'l'",;(·mhlal)('('. th('('(~ al'f' ,..;onw funda-

lIlt'ntal difii.'rpn('p" \)('t\\,p('n thp thn'e ,,('olp('ophidian familip>i. Thpsc differenec>i 

in\'ol\'{'. in parti('ular. til<' forlll of tht' upppr and lowpr jaw appal'l1tus and tht'ir 
dpntition (Haa" 1!l:1O. 1!)lj~. I!WS. Li"t I !ltili) , the form oftlw hyoid appLtmtu>i and 
H>is()('iat('d mu,,!'!('" (Langphartt'l I !HiS. ,\1<- Dowt'll I !li2), and the morphology of the 
pituitar~' ~Iand (Saint Giron~ l!liO. IRI. 1!l4). The"e diffp!'(·llcc>i. combined with the 
ob",;pl'\'ation that ",;p\'pral oftllP ft'atul'f'" "hared hy ~cole('ophidia (P.g. consolidation 
of (·t'rtain >ikllll plpll1ent:-;. "hort tail, lac:k of neuml >ipines) can be interpreted as 
pamllpl adapti\'p lI1odifieatioll>i for burrowing (and when seen in other snakes, are 
usuallY "P(,11 ill hurrowPl's. t'.~. IIl'Opeltid>i), have It'd seveml workers to question 
\dwt Ir'N tIl<' ~(:oll'('oph idia do ill fiH't I'Pprps('nt a stl'ietl)' monophyletie group (8ensu 

H!'llnig J!lIili). 
Li"t (I!llifi. i);') ~lIggP,..;ts that two ha"i(' lilwagp>i ('an he di~('(~I'ned in snake 

phylol!('n.,·. a group fOI'llH'd of anolllah·pidids and typlllopids, on Ollp hand, nnd a 
grollp fill'llH'd of Ipptotyphlopid" and rPllIaining >inakp", 011 tllp oawr'. By this 
intNprdation. thp S('olp('ophidia do not form a monophyh,tie group. This division is 
ha"pd primarily on the natllre of the jaw appamt,u,..; in the diff(mmt seolec:ophidian 

familips. 
III hoth t,\'phlopids and anoll1al('pidid>i the C'ompolllld hemp is rather elongated, 

with a long I'dro-artiC'ullLl' pr'o!'!',.;,.;. 'I'll(' dentary is mueh reduC'{'d, extremely ~o in 
t."phlopids. 'I'll(' IUlO!lIalppidid~ typic'ally l't'tain a v!'r." few dentar." teeth, the~e are 
IIh"pnt in typhlopids. Thl'rp nHl~' he a tm('p of intra-mandibular kinesis in some 
HnolllHI<,pidids. bllt tIl(' mandihle i>i rigid in typhlopids. B,\' (·ontm>it., in Ipptotyph­

lopid,..; th!' ('(llllPOIIIHI bOlW i>i \'PI'Y llllH'h r'pdll<'p(1, hilt, tlw qlladrat!' is pxtr!'mC'ly 
plongat!' (t h(' di>ital portion is ilwlillPd IInt('riol'ly in all ~('ol('('ophidia). '1'1)(> dpntary is 
,..;hol'l hu t d('( 'P and pI'O\'i( h,d IV i t h :-;('\'('ral t('d h. ,LlTa ng('d ina IH'ur trun"V(,I'>iP row 111 

tIl<' fl'Ont ofthl' lowe!' jaw. Intm-mandibular' kilw>iis il'l extremely well developed in 

h'pt()typhlopi(/s. 
Although 'tIlt' palato-maxillary al'eh diffe!'lS in dptail in typhlopids anti anomalep­

idids, in bot h the maxilla is of a similar form, and is highly kinetic. Romewhat similar ! 
I 
" 
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.-\ pre\'iously unrepc)rted throat musde in ~colecophidia 665 

to tIlt' delltal'Y tpl'th in !£'ptotyphlopids, the short tooth row is in a Ilear trallsverse 
po"itioll, B~' ('ontra"t. in It'ptotyphlopids tlw maxilla is redU('f'd, immobile, and 
without t<'l'tli. 

To "lIlllmarizt" in all groups of:-;l'olt'('ophidia ont' 1'1t'llwnt ofeitlwl' the upp<'r or 
low!'r ja\\' i" highly kilwtic', with a "hOl't alld Iwar tran,,\'el'se row of tet'th, In 
typh lopid" alld a llollHtlppidids th is <,1(,111(,11 t is the lIlax ilia, ill I<'ptot yph lopids it is the 
delltal'Y, III all group" tIl!' oppo"illg <'II'lIll'llt in th(' otlwl' jaw (thp ch'ntllry in 
typh IlIpid" alld alllllllal<'pid id", t hI' IIlIlX ilia ill Il'ptot y ph lopicis) is i 1lll1l0hih', or Ill'arly 
,,0, alld \\'ithllllt tl'l'th, or with \"t'ry li'w tpt'tli (alllllllllll'pidids), I-laas (I!I:W, I!lH4, 
I!HiH) alld Li,.;t (I !hili) lIla,\' ht' ('oll"ultpd for fllrthpl' dl'tail:-;, 

Tht':-;(' two typ<':-; of jaw lIlorphology would app('ar to suggp:-;t alternative 
din'r,!.!:l'llt :-;tl'lltPgil'''; for tlw intakt> of :-;lIlall ill\'Pl'tt'ill'llt(' pre'y itt'llls, TIH' signific'ant 
poillt i" that it ,,('('m,.; ratlH'r implall,.;il,l(' to dpri\'(~ thl' It'ptotyphlopid typP of jaw 
appamtu:-; from til<' typhlopid-allomalppidid t~'pe (or vi('p V('l'sa) , It is diffic'lIlt to 
t'oJlI'Pi\'1' of a po,.;,.;ihl<' "I'it'din' forc'(' to driv<, ";1lC'h a shift. \rllilp hoth tyP(':-; app('ar to 
he deri\'t'd "tat 1',,;, n'latin' to otllt'l' ~«uallla.ta, tlil'y s(,pm to hi' dl'l'in'd ill diffi'J'('nt 
tiirl'l'tioll" fl'Olll a hypothl'ti('al 11''''';-lIlodilit'd <lll('(':-;tmi limn, IlId('p(1. Haa:-; (I!)(iS, 
I:!O) :-;tat(':-;, "tll<' mandihulal' !'ham!'t('r:-; alOlH' ('xdllcle any I't'lation:-;hip between 
'I\ph lopid" (Haa" illC'hldpd anolllalppitiid" in thi" taxon) and Lpptotyphlopid:-;", 

Ih- contra"t, Langebal'tel (I !)(iH. tig, l!l) ha:-; propo"l'd, primarily on tlw hasis of 
the h'yoid apparatu:-; and a,,:-;(wiatl'd 1Il1ls!'il''', that the initial didlOtomy in snake 
phylogt'ny \\,11" \)('tWt'pn anollud<,pidi<b, on the (Hlt' hand, and a group formed of all 
other "nake", on the otllt'r. Tlw tWxt di('hotomy was bpt.\\'pt'n the eommon anet'stry of 
typhlopids and It'ptotyphlopid", and that of the remaining snakes, By this 
intt'rprt'tation also, the ~('olt'~'ophidia are not monophyletie (sen.su Hennig 19(j6), but 
the ciifft'rent character complex :-;uggests a different grouping of the seoleeophidian 
familie,.;, 

Tht' diffel't'twt's in the hyoid apparatus between typhlopids-Ieptotyphlopids, and 
Illlolllalt'pi<ii(b, may not be quitt' as fundanwlltal as Langebal'tel suggested. He 
pl'Opo,.;ed that tht' hyoid apparatus is dl'riw'd from diffel'ent vis('eral arches in 
difft'J'('nt group:-; of "nakes: t'ither the hyoid an'h, tIll' first bran('hia!, 01' seeond 

branch tal. \)('ing l't'fH'P:-;PII H·d. Typlt lopi(klq)t,otyph lopids (fir:-;t branc'h ial), ami 
anolllalt'pidid" (hyoid an,h), wpre :-;aid to differ in this I'l'speet. l\1('Dowell (1 !li2, 2:l2-
4) pointl'd out that the ('ompo:-;ition of tlw hyoid apparatus should not be decided 
~olt'h' on the ha"i" of its shapp ('on"itit'l'l'd in isolation), and that the musele 
Ilttadlll1pnt" in both group:-; al'(' tho:-;p of the first hranchial areh in other ~quamata, 
HI' ('OI1!'llI<ipd that tIlt' hyoid IlPPl1l'atus most pl'Ohably includes first hl'anchial arch 
deri\'at i\'e" in hoth gI'OUP" (I...angt'hartel includt,lS the jaw and hyoid arches in his 
'bram'hial' "t'l'it'~. i,e, the pntire vis('eml areh series. so the second branehial arch of 
Langeilartel i:-; the hyoid I1rch of McDowell and the present paper), 

lk:-;I'itp thi:-; 1'('-intl'l'I)f'ptation of tIlt' composition of tlw hyoid in t,yphlopids­
I<'ptotyphlopid:-;, alld allOlIlILIt'pidid:-;, :-;onll' :-;tl'ikillg dim'J'('IH'I'S I'('maill bl'twP('lI the 
t\l'ogJ'()III''' ill it" fOl'!ll, po:-;it ion, II lid 11l1I;'('lIlatllJ'(' (Lang(,bal't('IWIiS, Li~t I!Hili), For 
('XliII 1 pi!', \In iq III' tot ,\"ph l0l'id~-I!'pt ot y ph lopid:-; IIlllong ,,"ak!'~ (and pl'Obahly U II i'lllll 
amollg nil t hI' jn \\,I'd \'prt<'hrat(':-;), i:-; til!' n'lat i\,t'ly fILl' po:-;t!'I'ior lo('ation of thl' hyoid, 
and til!' ('on:-;l'qIlPnt ~I<'ndl'r und t'lolIgat(~ form of tho fll'nioh!l()idl'118, with its 
tendinous origin 011 the mandible. According to CllrI'Cnt criteria for detel'mining the 
polarity of a transformation series (Kluge 1976, 21-25), this is rather certainly a 
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clerin'd state. The prohll'm is whetlwl" the state was uniquely del"ived (a syn­
apomorphy). or dprivI,d in paraJlf~1 ill typhlopids ancl in leptotyphlopids. 

This problem POllid perhaps Ill' "C'solvt'd more rl'adily if the unique typhlopid­
leptotyphlopid h.\"C)id and mus('ulature could bl' s(,l'n to have som!' ("lear adaptiv(' 
sign iti ("<l II ('1'. Possihly tl)(> important mOl"phologi("ul eharaett·r ii< aetually not the 
poskrior position of till' hyoid itself. but the fad that the h!l()!I1o.~8i, arising from the 
hyoid ('ornlHl (and forming most oftlw body oftllP tong-up). art' thpl"l'hy ('onsidpmbly 
Ipngtlil'n('d. The hY()Ulo8si are about twil"t' as long, in rf'lativt:' iPnns, as thosp of 
anoll1alt'pidid". ] f tilt' assumption is madp that a long-t·r g\"Oss mus(·If' llH'ans long-(~r 
individual Illuspjp fibres. thl'n given tlH' same proportion of :-;hortening during 
eontradion as an ah"olutt,ly short!'r muse\e (and if otlwr parametprs remain 
eOllstant). the longer mUs('lp t'an bot h shortt·n fa:,;tpr and shorten over a greater 
absolutf' distan('e (Bock I Hi 4, 1 i 4-1 rlO). If the:,;e two properties are adaptively 
im'olnd in tongue function in typhlopid:,; and leptotyphlopids, there may be a 
greater probability that tlwir unique hyoid apparatus and musculature has indeed 
evoln'd in paralll'l in the two groups. How('\'('r, this is i-ipe('ulation, there is little 
e,'iell'IIP!' currently anlilaldt· on f('('ding mdhodi-i and tongue function in 
S("olel"ophidia. Typj(·ally in snakes the tongup has n, roll' only in olfaetion, via 
.}aI"Obson·8 organ. and it is difficult to suggPI't the signifkanl"e oflonger hyoglo88'i in 
these <:in·Ullll'tan("l's. 1'o,.:sibly tht'~' would faeiJitatt' greatl'f tongue protrac-tion, a 
longer are of movement of tll(' tongue tip,,; thl"Ough the air, and more rapid retraction, 
bearing the colleded ,,;cent partieles. It may be significant for this suggestion that 
certain hig-her snake~, with a 'parallel type' hyoid, also appear to have relatively long 
hyoyl()8si: howen'r, in this ('a,,;l' the anterior portion of the hyoid remains in the 
standard p()~ition. but the origins of the hyoglossi have been extended posteriorly by 
the relati,'ely long parallel hyoid cornua. 

The hyoid apparatus of anomalepidids is of a very different form ('.M' type of 
Langebartel (1068,8)), that is also unique among snakes. It is in the usual squamate 
position, not displaee<il)osteriorly. This form of hyoid would also seem to be a 
cieri,-ed 8tate, if ;\IcDowell is corn'ct in rejecting Langebartel's suggestion that the 
anomalepi<iid hyoid apparatus is formed soldy of hyoid arch derivatives. When a 
lizard hyoid includes an '~1" shape eomponent, this appears to be formed from the 
hyoid an·h: if the anomalepidid 'M' shape hyoid apparatus is formed from first 
branchial arch derivatives, it cannot be a primitive state retained from a lizard 
an('e~try. 

Also present in typhlopids-Ieptotyphlopids is a muscle running anteriorly from 
the ventral midline (anterior to the heart) to the hyoid. Langebartel identifies this 
mus("l!' as the 8Ieruoli//oilieIl8. If this i~ thp correct homology, then the presence of this 
mU:5de, found in lizards and other vertebrates, but in no other snakes (Langebartel 
I9tiS), would be a shared primitive state (a i<ymplei<iomorphy), having no bearing on 
the question oftyphlopid-Ieptotyphlopid monophyly. However, since the presence 
of this muscle is cOIwlated with other, almost (,ertainly derived, states of the hyoid 
and its lIlus('ulature (noted above), the possibility may be raised that the 
'st{'rnoh"oidpus' in this group is not strietly homologous to the muscle of the same 
nltllW ill' lizards. and is a <It'rived :,;tate. This is a ma,ttpr that requires furdwl' 

('oJllIHu'atiw' study. 
(\'rtaill othl'!" apparently t\prived charaetpr states in<lieate the same grouping 

(typhlopid" plus leptotyphlopids) as the evidence of the hyoid apparatus and its 
musculature. By itself the latter complex should perhaps be given less weight in a 



:\ preyiou,.;ly unreported t hmat Illu,.;dt' in S('ol('('ophidia 

(,lad i"t i(' ana Iy"i,.; than t hI' ('\. id('I}(,!' of till' ja w a ppa I'a t u,.;, II o!pd ahm'!', '1'11(''';(' 
(,haradt'I'''; inl'illd!', 10";" oft Ill' Ill'll/III' /1/1'I'!HJlJilh'i 11111"1'1<, (I'faa" Wi:l), alld 10"" ofa 1'1'('(' 

1'('topll'l'y,!!oid (Li"t WWi. l-l W 1I0!!''' a po""ihility that tilt' !'('toptl'l'ygoid ha" 
hl'('Ollll' fu,,('d in difli'J'('nt po"ition" ill typhlopid" alld ill J<.ptotyphlopid,,), 

A" dOl'" Lall.~('hal'tt'1. .\k/)o\l'dl (Wi-l. Ii) also ""gg('''t'' that typhlopid" and 
Il'ptot~'phlopid" "hal'l' a ('Ol1lll1on all('I'"try 1I0t it"t'lf "han'd with Hlloll1al('pidid". 
primal'ily ha,,('d on hi" inlt'l'pl'datioll ofthl' hyoid and it" Inu"('ulatul'(' (.\I('/)m\'('11 
Wi:!, l!li-l). III ('ontl'1l"t to Lanw,hal'!!'1 (al"o to Li"t, alld lIaa,,) lit' app!'lll'" to illlpl~' 
((',,~, I!ltii, H!lO) that til!' S('o!t'('ophidia an' II "tl'idl,\' llloliophylt'ti(, grollI', 

III l'!'''P('I·t of thl' hyoid apparat"" Hlld 1l""IH'iakd nl""I'1I'''. hoth typldopid,,· 
l!'ptot,"phlopi(Is alld anolllah'pidid" a PPI'Il I' to "how dt'l'in',J "tak", ill n'lat iOll to othl'l' 
Sqwllllata. bllt dl'l'in,d in dilrl'l'I'nt din'dions, It st'l'lll" impla""ibh' to (kl'i\'(' OIl!' 
condition f!'Om tilt' otlwl'. ratlll'l' than frolll hypoth(,tical It,,.;,, modilil'd pl'imit.ive 

lill'lll'" 
Thl' "it ua t ion ttll!"; (,1I)('l'g(''' t ha t t Ill' two maj or dramd!'1' ('0 III ph~x('s among 

S('oll'('ophidia. that app('al' 1lln!'nahh, to datli"t i(' inlt-l'pl'l'Iation. indil'att' dilli'n'nt 
grouping": 11 llIonophylt'l i(' grou I' fill'llll'd of Typhlopidal' plu" Anoma!t'pidida(' (ja \I' 
appara t u,,). 01' a lllonophylPti(' gl'Ou p f(Jl'Ill('d ofTyphlopidal' plu" Lq)totyph lopidal' 
(hyoid and it,.; ll1u"l'ulatun-), The tran"forlllation "t'l'ie" Pl'opo"pd for 011(' dlara(·ter i" 
not ('ongl'upnt with that IIl'opo"pd fi)1' the otlwr. 

If til!:' polarity of till' tran"fol'lllation" in the,,!, eharaetl'l' eompll'xes is intpI'IJI'l'It'd 
('orreeth'. t\\'o ,.;olutions are po,.;sible; pitlH'r til(' !'(-"ernblall('e ill t/w jaw app,lI'atus. or 
in the ilyoid and its mus('ulature. \\'a,.; derived ill paraliel (in typhlopids and 
anomalepidids. or in typhlopids and leptotyphlopids. respl'ctively). If parallelism is 
'rejected. the t\\'o major alternative" impl.v either that the leptotyphlopi<i type of jaw 
apparatus was dt'l'ived from the typhlopid-anomalepidid type, or that the anomalep­
idid hyoid was derived from the typhlopid-Ieptotyphlopid condition. There seems to 
be no basis on wh ieh to preft'r one of these alwrnati ves to the others. Various 
subsidiary eharaet('fs do not appC'ar to resolve this conflict, Therefore either new 
eharal'lt'T's 01' new intt'l'pretations are n-quired to elari(y the problem of the dadistie 
relatiollships among tlw fiilnili{'s of Seoleeophidia. 

This probh-m is c1osl'l~' ass(J('iah-d with the faet that, despite a rather striking 
gl'lH'ral plw,wtie re";l'mhlalll'e. thel'l' is no strong ('vidl'I1e~~. subje('t, to an unambigu­
ous (·Iadistie intl'qll't-tation. that the Scolecophidia form a monophyll,tic group 
(sPriSIi Hennig 19()(}). Most eharaeter states oceurTing frequently or consistently 
within ~('olecophidia are either probably primitive for all l'makes (rectal caeeum 
presellt, J/, intermandiblllaris portions transverse in position. laek of frontal 
pl'Ocps"es bet\\'('en the olfadory traets. undivided trigeminal foramen), or are of 
ull('l'rtain polarity (the yenilltlllll'o.wtli8. Sl'e IIdow; "IWlt systemic' ar('hl's), OJ' their 
c1adisti(' signiti('alwe is sOl1wwhat t'omprornised sinee similar states oe('ur sporadi­
('all\' in otlwl' "nakes (singl(- rod-like visual c{-lIs also in the ul'Opeltid Rhirwphi8 
(Ba~lIIwister I!lOS): Ipft oviduet also Vt'stigial in til(- eaellophidian Tan/ilia (Clark 
l!)iO): two thymus bodil's instl'ad of four in se Vt'ra I nOIl-s('oll'eophidian taxa 
(B()('klllan l!liO) , Also. ('Pl'tain appar<'ntly "ignifi('ant dIlU'IWU'I'" are found to vary 
within tlr(' S('olce'ophidia (ipft ovidu(·t not vt'stigial or abs('nt., but normally 
d('\'plop<,d, in sOJll(' anomall'pidids (Roilb and Hll1ith I!lfiti). However, a probably 
dl>rived stat<', the rnultiloi)('d <.:ondition of the li\'er, has iwen found in all 
Seolecophidia examined (Underwood ton7, Robb and Smith 19(6). 
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~I(·Do\\"ell (H16i, {mOl imggpst~ that the ventral ('ndo~ure of the braincase was 
completed indepemlently and in different ways, in the Seolpcophidia on olle hand, 
and in remaining snakes on tilt' other. However. it se{'ms equally po~sihle that both 
gelwral typps of hraim'ase ton,.;trud iOIl WPI'{' derivpd from a common aneestl'Y, with 
a completdy pnclosed braincase. among tl)(> earlipst snakp,.;. \rhile in some respe(~ts 
the scolecoph idian braincase is ,"pry probably primitin' to that of othl'l" snakes, the 
position of till' optic foramen within tlU' frontal may be a spcondary state, derived 
within tl)(' group (as is alnlOst ('(,Itainl)' til(' ('asp in uroppltids (Undl'I'W()Ot! )!Hii, ()4 )). 

(h'eralL although therp rnay not lip {'\'PII 011(' ehara<'ter that ean, with cOlltidpTlce, 
lip propo"l'd as a synapoll1ol'phy of till' familips of Seolecophidia. tht' phenetic 
respmhlalll'e is stl'Ong pnough on'r s('\'('I'al dlaradprs (Robb and Smith [HUH, ()-i; 

Underwood I!Wi. 5S--60) , to support tIll' distinct suspicion that the S('olecophidia are 
in fact a monophyletie group. The combination ofpl'imiti\'p with unique or unusual 
eharaeter states, sugge,.;ts parly din'rgenee from a ba:-:al make stock. 

It should be noted that if tIll' Seoleeophidia are not monophyletic, LuI, comprise 
two I inl'agps of s<'para te illl lIwdiat(' ItIH'pst I'Y (whatp\'pr ('Olll hinat ion of farnilil's), one 
of whi('h is llIore dosPly rplated to otl)('1' snakes. tlwn pither all the resemblanees 
between these two lilwages (that an' not primitive for snakes in general) must have 
bel'n derin'd in paralll'l. 01'. the ('0Jl111l011 an('l'stry of all snak.·" passf'd through a 
's('ole('ophidian' gradp of organizati(H). The problem of tlw cladistic· relationship of 
the families of S('oll'('ophidia to e<ll'h other. and to other snakes, is thus a most 
fundanwntal OTll' in tl)(' inn'stigation of snake phylogpny. 

Unfortunately. thl' charadeI' 'prespnce/ab~enee of tlw yeniont'Ul'o.salis', does not 
contribute any unambiguou:-: evidence toward the solution of this problem. In 
phenetiC' terms, the eharacter eiearly distinguishes Scolecophidia (muscle present), 
from other snakes (musele ab~ent). In eladistic terms, the polarity of the character 
states is sllbjeet to some uncertainty. 

This uncprtainty arises from douLt about the homology of the musele. There are 
two major hypotheses to be considered. Firstly: was the yeniontuco8alis derived, 
within snake,.;, from the ('losply adjac,pnt and near parallel geniotral'hl'aiis? The 
gelliotral'hl'ali,~ i;;; a musele unique to snakes, and was itself very probably derived 
from a portion of the genioylo88u8 of other ;;;qllamates (among the latter, Varanu8 
alone has a fJeniotracheali8-like muscle, almost cl'rtainly a parallelism). If the 
geniomll(,()8ali8 is regarded as a division of the geniotracheali8, then the geniomuco8alis 
must have been derived within snakes. Secondly: does the geniomlu'o8alis represent a 
lateral portion of the genioglo88118 (oflizards), inserting on the muC'osa of the floor of 
the oral cavity, sueh as is found in diverse lizards? The snake geniotrarhealis would 
then represent a further division of the ancestral form of (Jenioylo88I1S. 

The former alternative would imply that the ~colecophidia are a monophyletic 
group, if the gl?niomll('o8alis was uniquely derived (a synapomorphy) in their 
immediate eommon alleestry. The latter alternative would imply that the geniornu­
rmlalis is a rP1ained primitive featUl'e (a symplesiomorphy), not providing any 
information Oil whpthpr the ~('ole('ophidia al'l' monophyletie or not, and that other 
sllllk!'s sharp it (krin,d statl', tl1<' ailsl'n('p (loss) of th(' rnusl'le. 

I'I'I'S('l1t l'V id<'l1(,(, suggl'sts that the lattel' hypothesis is somewhat more likely to 
be ('OI'I'pd· 

<lnanamuthu (19:17) reeorded a lateral portion of the (Jenioglo88u8, with an oral 
insel'tion, in several genera of lizards; Anoli.s (Iguanidae), Sitana, Galotes, and Draco 
(Agamidae), Cahrita (now referred to Ophisops; Lacertidae), and Varanu8 

I 
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A previously unreported throat muscle in ~('olecophidia (i(i9 

(\'arallidap), ~kDo\\,l'1l (l!li~) foulld a ,;ill1i/ar eondition in OrrrllfJllfJ/1I8 [Jar/o!}i 

(An!!uida('), and 1/1'/r)(lel'lI/a (H('/od(,l'matidal'), i{it'ppl'/ (pNS, eomm,) found sueh an 
illsertioll ill Illo,;t oflllan~' anguilllol'ph ,;pP('ip,; l'xalllilH'd, A similar oml illl'('I'tioll of a 
portion of tht' fII'lIi()Y/IJS.'W8 a/,;o oe('UI''; ill tlw IlmphislJapniall l/i})('8 NlJlalint!atll8 

(Ht'llou,; l!lii, -tSli), TId,; ('orHlitioll is thus fOllnd within both a~walalJotan and 
autill'<,htlglo';"lIll lizal'd", Ilnd wit hill a III ph i"hat'llian,.;, 

Oil tIlt, oth!'l' h,lIld, 110 ';Udl ill>'l'l'tioll Wits J'('por,tt'd ill S}I"('1Wr/IIJ/ hy Haas (IHi:J, 
:1I0), ill ('/1'1111.'111111'11 (lgullllidnp) by Opll'i('h (l!l!)(i), 01' illll('Jflid{/I'/Y/II,~ (Ut'kkollidllc) 
by (:Il;lIlilllluthu (I!l:li), 
, ()n'rall, it thu,; s('pm,; po,;"ild(' that all oml ill';Pl'tion of a lah'ral portion of the 

!/l'lIio!I/".'ISII.'I i" a pl'imitin' ,;tat<' 1'01' lizanb. This is Oil tlw ground,; that it is of 
lI'idc"llJ'('ad O('('UITt'Il('P alllOng tilt' ,;ampll' u\'llilahlt', ('oll,;('qut'ntly, it il' most 
par,;inlOniou,; Oil pre,;ent t'vidt'n('l' to suggl'st that til(' (JeniOtlil/l~()8a./i.~ of 
S('oil'eoph idia l't'pre,;pnts a lati'nl! port ion of till' an ('pst ral ';'Iuamate (JI'niO[Jlo88U8, 

\\'ith all oral ins!'rtion. By thi,; illtt'l'pl't'tatioll, tIll' !JI'f/i/)IIIIII'Os(/li,~ is pl'irnitivt'ly 
pn',;t'llt ill ,;Ilak(,,;. 

Tit i,; "ug!!!',;t ion eal'l'i!''; s('\'(,I'al illl "li('llt iOIl,;; that ot hpl' pvid(,Il('p is ,;t ill l'p(f1lil'('(l 
to tit'llloll,;t t'a tp tilt' lIlonophyly of ~('olp('oph id ia; that sllak(',; ot hN than 
S('olt'('ophidia ,.;han' a dpl'in>d ,;talP, 10';'; of tIlt' (j/'niIJIIIIII'o"alis (in addition to those 
all'l'ady }l1'O}lo,,;('d. ";('t' fig. Win Uroolllhl'idgp. I!Ji!la); and that the [JflliIJ({I{Js.w,s of 
lizards would ha n' heell 1't'!H'e,.;t>n t('d ill the parlie,;t snakp,.; lIy thl'ee di,.;tind portions, 
the lIl'uilJlI/088118 (of sllakp,;). tht' III'ni()tmtlleali8, and tIl(' g('ni/}mlu~o8ali8, 

Howe\'er. it should bl> pyjdl'llt from the above eonsidpl'ations that the deeision as 
to whether the presem'e of the (JI'niolllllfo8aiis is a primitive 01' derived state for 
snakes, rpmains very finely balanccd. 

Enm though the presenee of the gl'lIiIJflllI('osali8 may possibly be a primitive state 
for snakps, its retention in Seoleeophidia may be as,.;oeiated with the specialized 
fepding habits of the group. As notpd above, these snakes feed largely or entirely on 
small arthropods. such as ant,.; and termites. Certain authors have suggested an 
apparent 'suction' eompol1t'nt in the feeding process, either in draining the 
abdomillal contents of termite,; (Lrptotyphio}J8 phf'no]Js (Smith 195i)), or in 
,.;wallowillg whole prey items (Typlt/lI}Js (Haas Wf)..J., ..J.(»)). Perhaps the geniof//u­

('()8a/is is s~meh()\\' involved in production of this suction action, the muscle 'X' in 
iA'jilot!lph/ojJs (see Ob,;ervations, and fig. 1, this paper) may also be involved here, 
Alternatively, tIl(' genioillll('o8aiis may aet to pull the oral mucosa anteriorly over the 
prey, in conjunetion with highly mobile jaw elements (maxilla in anomalepidids­
t~·phlopids. dentary in leptotyphlopids) simultaneously pushing the prey posteriorly 
into the mouth and pharynx. 

Comments on other throat muscles in Scolecophidia 
During tIlt' course of this study, several differences have emerged between my 

findings regarding eertain throat museles, and published descriptions (in some cases 
of other s('ole('ophidian species), These differences are set out below, with associated 
disl'u,;"ion, with the objPct of gaining a broader view of conditions within 
:-i('ole(·ophidia. 

(I) Contrary to Langebartel (l9f)S, 79-80), in the anomalepidids examined here the 
liyotrac/lR.aiis does not arise from the floor of the oral cavity; the fibres of this muscle, 
although closely applied to the oral mucosa, continue posteriorly to attach to the 
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di"tal portion of tlw f('('U1TPnt arm of the hyoid (fig. :3. 'HTW). 
An origin Oil tIll' hyoid i" tIl{' mo"t u"ual. and probably primitivl'. pattpl'll in l 

snake,,: tIll' anomalt'pidids han' thi" typieal pattprn. ('ven though the hyoid itself is \ 
of a ulliqu(' form. ~ 

In IA'I'/u/!l1ddol's tlip po,.;h'rior pOI·tion oftli(' II!lo/ml'liN/lis i" attat'lll,d to tlH' floor 

l
of thlp f(~nld ('a\·i.t,~, a~/Lallr-(trf~'blllrh'JI'/:(I:I,:(~I'tl'dl' (I,t, 1i "I' .i,oi~II:I'd 1H'~'e by. jjll).n'~ of til(' II~tend J 
WI\( 0 t II' Uffl/Ofl!l(/I( ('118 19. ,'.. "\ aIH " .). H'W J,; an JI)( 1st IIwt tt'll< 1I10US i 

ra plH' at t h i" j unct ion. A band of ll1usde ti Ill'pS (,ont inul'" posteriori,\' fl'Om th is point. t 
to o\'prlit' til{' lateml "urfa('p of tl1(' dh,,: this lIlusde is ('Olllpos('d largt'ly of I; 
!/illiuh.'luiill'lIS fihrp,,;, hut ill "Ollll' ('as('" (a" in tlip Sp('('illlPll figllf'{'d). SOIll(' h!Jo,( 

trathl'lllis film's a 1";0 apP('1l1' to ('ontillllP Ollto tlil' rihs. Bt'('ause ofthi,,; intpnnixillg of t 
till' two 1II11"dt'", it was Ilot always pos,.;iblt' to ddt'l'Inine wlwther the ltyotradteali8 j 
actually tt'nninated Oil tht' OI'al IllUl'o,.;a, or o\'er tht' ribs. t: 

In T.IIph/op" the origin of tlw liyotra('heali8. as noted by Langebartel (H)(j8, 80), t 
lit's on'r tht' lateral surfa('(' of tIl{' antl'rior rib cage. t 

\rith I'l'gard to tIll' origin oftlw h!Jotrar/ir>llli8. hoth IA'ptot!Jph/()jJ8 and Typh/OfJ8 
appt'ar deri\'l'd in relation to anomalepirlids and other snakes, but show different 
deri\'cd ,,;taU's (although the T!lphiop8 state ("ould be derived from a Leplol!lphioP8-
likl' prp(·lIr,.;or). 

(2) :\I('[)()\\,dl (1972, 2:W) found thr('(' ,.;eparatE' slips of the r}f'nilJh!JoideIl8 (hi:> 
'mandibulohyoideus') to run I)('twccn the hyoid and thE' mandible in Annmaiepis 
aspirlO8118. interdigitating with three trans\'erse "lips of the intermandiblllaris (all 
pa""ing between the mo,.;t "uperficial and thl' second slips of the yeniohyoideus), By 
contrast, in all the anornalppidids examined herE', although there are three distinet 
mu,,;r1e slip" attaehing to the hyoid posteriorly, antE'riorly there are only two regions 
of attachment. The sE'cond and third yeniohyoidpII8 slips (fig. 3, 'CH2' and 'GH3') 
conwrge onto a common tendon ('G HT') inserting on the manclible. A further 
differenC'E' in my matE' rial i,.; that the anteriormo;;t of the three intermandibularis slips 
(fig. :3. '1:\1:3') was certainly deep to the l'ntire yeniohyoide,1I8. 

ThE'"e appaJ'ently trivial point" are nott'd here only heeause the homologies that 
:\lcDoWE'1I suggests for the i ntermandilJIIlaris slip;;, and the re;;ulting terminology, are 
largely depm<ipnt on th(, nature of the interdigitation of the inte,rmandibularis with 
the yeniuJ,YIJidf'lIs. Thi,,; intpnligitation does not appear to be of a l'onstant pattern in 
all anomalepidids, Then' may also be intrageneric or intraspecific variation in this 
pattPrn. On the right side only of the Anomalrpis examined here (A, mexitana), a 
very thin tplHiinou,,; ('onl (no musC'lc fibres) was found to diverge from the eombined 
'GH:!' plus 'CH3' tendon alld pass deep to 'IM:1' onto the dentary, This condition 
thu,,; make,.; "OIlW apPl'Oa('h to that deseribed by l\feDowell for A, a8pino8u8. 

In the accompanying figures, I have numbered the interrnandib'Ulari.s slips in 
posterior-antNior sequen(~e ('IMI, 2, :3, 4'), without making a definite commitment 
011 thpir hOJl)ology to those ill lizards and other snakes. Of these slips in 
Sl'ol('('ophidill, 'Oil' iN IIniqllP to anomalepidids, 'IM-t.' is unique to typhlopids, hut 
'DI:!' alld 'BI:f oC('UI' throllghout. 

It is appl'Opriat!' to notl'ht'I'(' that mu,.;dE' 'Y' in S('oll'('ophidia (figs. ),2 and :1) is 
virtually idl'nti('al, and probably homologous, to tIll' inlrrmalUlilJlilari8 anterior of 
othl'l' "nllkl's: in pal,ticular, a,.; it oceurs in anilioids (8f'nS11 I{('i ppel 1H77) and pythons 
(sPt' GJ'(}OIl1 bridge 1970 b, for dis('ussion of this musele in snakes other than 
Seoll'cophidia), By this interpretation, the portions '1M2' and 'Il\13' of the 
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A pre\'iou"ly unreported throat muse'le in ~eolpeophiclia 671 

,.,('olt'('ophidian illll'/'II/GlldiIJIIlllris an' pl'Obably homologous to the illli,rmandiblilari8 
pnsll'l"io(, jillrs }1()Slf'rif)r and )lars IlI/INio,., r(',;pt'<'ti\'('ly, of otlH'r snakt's. 

~colt'('ophidia apP('iH primitin' to otlwl' snak(,s in n'spl'('t of ~t'\'('ml ('haradpl' 
stat!'s, 0111' of which is til!' IlI'('St'I1('t' in :-Icol('!'ophidia (as ill rt'lJ1aining Squamata) of 
rdat in'I,\' hroad portion,., of til!' illlf'r/l/llllllilJIIlllris, Iwady tmnsV\'I'S(' ill position. If 
~l'oll'('()phidia an' primitin' tn otht'r snakl's, unci if (as sugg!'stl'd h('n') mw,wll' 'Y' is 
al'tually hOlllologous to th(' illll'/'l//l/wlililllari8 (wir'rior of .-\ll'thinophi<lia, this would 
i III P I~' t hat "0 nl<' port ion" of t h (' i II II'/' /1/(/ I/(/ililllll ris of:-lcol('('oph id ia ('I ;\11 , I :\14') hit vo 
IWl'nlo"t in oth!'1' "nak('" (ifl'ith('I' an' Hl'tuall~' pl'imiti\'l'ly 11I'(,"l'n(' in :-i('ol!'(~ophiclia), 
"onw portion" ('DI:?, Dl:f) han' ht'('onH' I't'dll('('d and diagonal in position, while a 
further portion ('\") has b(,l'n pnlar-gt'd and modi/it'd within Alethinophidia. 

'I'hl'''(, lIloditi('at ion,.; may well have o('('ulTt'd during a shift to the 'unilateral' prey 
ing(,,,tion mt'l'ililllisll\ ((jans I flU I ), ('hamt'lel'i"tie of most Alethinophiclia, with the 
!'OITt'latt,d formation b~' til!' int('rlllillHlibuiar' rnusele,; of the 'intennandibular 
chiasma' (\1('\)()\\'('1lIni2, :?,,)4: (;I'oombridgt' Ininh). 

(:n :'Ill'[)<l\\!'Ii (In.:?, :?4:?) ,,\a\(',; that " .. , in both 'i'yp/dnp., and IA'plol!/ph/o}Js", the 
rll'lIioh!!uir/fIl8 (hi" 'malldihulohyoidplH,'), if tra('ed posteriorly fmm its attaehnH'nt 
on tlw mandihll' i:,; found to didde into "". a dorsolateral head, ari"ing from t.he 
lateral "urfiu'p of tl'llllk muscles, and a vl'ntl'ollwC\ial head, that ('xtenc\s ba(~k to til(' 
regioll of tht' hyoiJralldlium". 

Th('I'!' Wil" al'tllally no such 'dol'sola tt'ral head' in any oft Ill' typhlopid:,; examined 
hcrt', nol' ill tho"l' n>ported b~' Langebartel. The musde in 'l'yphJops wit.h a po"terior 
attal'!lIlll'nt similar in po:-;ition to that of the lateral head of the geniohyoideu.s in 
1A')lluIYllh/OPS, i" ill fact tlIP hyolrG{'lleali.s (compare 'l'yphlop.s, fig, 2, 'HTR', with 
Leplul!lPh/oP8, fig. I, 'GHL '). The geniohyoidells in Typ/dOp8 is a very slender muscle, 
fi't'<' oft hp adja!'t'n! muscles, that runs directly posterior to attaeh to the hyoid (itself 
far \)lwk from til{' head), 

.-\,; not(>d by :'II ('Dowell (11)72), anomalepidids appear primitive among snakes 
(and in general terms, resemble lizard:,;) in having more than one separate slip of the 
yeniohyoidells arising from the hyoid. Thl' most superfieial of these (fig. 3, 'GH1') was 
found to attaeh largely by a very thin aponpurosis over the lateral jaw musculature 
in my material. rather than dir{,(,tly to the mandible. As noted above, in my 
spe('illll'ns the "P!'OlHI and third portions of the yeniohyoideu8 were found to join a 
('ommon tendon in,;erting on the mandible, There is a strong resemblanee to 
Typh/o]Js and Lep/nlyphlups in resp<'ct of this form of insertion, in partieular to the 
lattN in that the medial (typil'al) and lateral (costal) heads of the geniohY01:deus in 
Lep/olyphlops have a similar relation to each other as do the seeond and third 
portions of the yeniohyoideu8 in anomalepidids (fig. 3, 'GH2, GH3'). Perhaps the 
'GH3' was left behind, with posterior migration ofthehyoid, to form the lateral head 
of the {/eniohyoidells in Leptolyph/op.s (fig. 1, 'GHL'), but was lost in Typhlops 
(regardless of whpther Typh/vps and Leptotyph/vps are strictly monophyletic), 

Rnakes other than anomalepidids show a derived state in having only a single 
portion of the ljeniol1yoidell8 (with a lateral head in LeptvtYl'h/op8), The differenees 
between l'yphlops and Leptotyph/ops on the one hand (having the hyoid far posterior, 
with the geni~hyvMe1l8 very elongate and slender, and inserting on the mandible by a 
narrow tendon), and the remaining snakes, on the other (having the hyoid in the 
standard squamate position, with the geniohyoideus short and broad, occasionaIIy 
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FIG. 2. Typhlops punrtatus. For key to abbreviations see under fig. 1. 

partiall~' subdidded, with a wide fleshy insertion along the mandible), suggests the 
possibility of parallel simplification from the lizard-anomalepiclid condition. 

(~) "'ItI'llI'l' (J!)~Ii, :3), dps('I'ihilll-{ a sp('cirnl'n of .·llIomah'pis (J.~pifl(),~II.~, f('polted the 
{H'PSI'Il('!' of two lIl\lsc/<'s aUnehinl-{ to till' posh·rior of t.h!' hyoid, One musde, 
" ... illsprts on til{' posterior hOl'clt'r of th(' horiwllt.al portion and on the median 
surf,II'(' of t ht' poskrior pro('pssns. It ext('IHls (~alldad to a ('U tan('ous origin", \\' 111'111'r j. 
identified this rnusde as the 'sternohyoideus', but Langebartel (l!HiH, 66-69) quite 
ponvirH'ingly interprets it as an extension of the costo(:utane(JU8 superior, A second 
muse/e, that Warner identifies as the orrwhyoideus, ",., inserts on the posterIOr 
margin of the bend and runs posterolaterally to its cutaneous origin". 
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A preyiously unreported throat mnsele ill Scoleeophidia 
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FlO. 3. Helmilllh~)'piti/J .flul·o/ermillalus. For key to abbreviation see under fig. l. Muscle A, 
shown transected here, extends posteriorly to a cutaneous origin. 
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On the other hanc!. ~1('Dowell (IH72, 2:W), df'seribing a spl'eimen of the same 
SPf'('il'S, rf'portpd two diffprpnt layer's of muself' (his 'omohyoidpus-sternohyoidpus 
('olllplpx') attac'hing to tilt' poskrior of the hyoid. "(1) the mol'f' superfieiallayel', 
mUl'h tIll' bl'Oadl'r. insl'r'tpd along Illost of til(' Ipngth of the first c'pratohrarwhial, 
originating fmlll til(' sl1I'fa('t' of tIll' Illusdps of thl' vprtcbl'llP (tho dorsallwad) and 
frolll til<' t'xtpr'nal sUl'facl' of tl1<' Illusc'h's of tIl!' ribs (the \'I'ntml ht'acl); (2) a deeper 
and Illll<'h naITo\\'('f layt'r, originating on tIl!' skin oftlw belly Iwal' tl](' midline and 
inSl'rlt'd Oil tht' nH'dial portion of tht' tirst c'('mtobralH'hial". 

Thf' sit ua t ion in til<' SPPCillH'1l of .-l T/Olllflltpi8 exam illPd Iwl'(' (A. ml';):imnn) is 
almost the sallw a" that rpportpd by \\'anwr, and dol'S not COITPsponri to that 
rpportt'd hy ~I (, Dowell. Thl' rnaj or d i ffpr'l'ncp fl'OlI1 t he ac~count of \\' Ill'l1t'r, is that her 
olllohyoidl'lI.'! was represpntt·d by two distinet portions in my sppc'illlon. 

A n'I·.\' similar situation was al"o found in lIellllilllh()lJhis .firwoll'rndllnlu8, 
Typhlophi8 sqll(lIl/08US, and LioIYl'hlr'jJ8IfI71l-I;;ii, and is "hown in fig. :~. ~Iusde 'A' is 
til{' ·stpl'l1ohyoid(·us· of \\'al'llPr. IlllHwlf'S 'L' and '~r am tht' two portions in the 
positioll of tlw olllohyoideu8 of \\'al'l1<'r. Howe\'PI', in thes(' spec'ins, an additional 
rnus!'!e ('Jr) was found to I'IlIl bdwt'('n tlw hyoid (Iat('ral palt of the horizontal 
portion, and rnul'h oftlw rest oftlw ('ol'llua) and the region ofthp tips ofthp ribs. This 
mu,;('lp i,; vpry "imilal' to the ('f)81()lIIanriiolllori" of Langphal'tpl (HHiS, ()8), as 
repn'sPllt('d in t h o,;e sna kps la('king a 1If1I1'O('O"/Ollla Ildiblll" ris ('(jlll f ,]('X (of \\'Ii ieh it is 
a ('ompOIU'nt). [could not positively di"tinguish thi" mu"ele in A nonwlepisUlPxiwna. 

The apparently at~'Jli('al condition rf'pol'ted for ~IeDowell's specimen of 
A no ilia II' pis a8pi no,slls ('om hined with Langebartel's iden tificatioll of the 'ster­
nohyoideus' in anomalepidids as part of the f'oslo('ulaneOU8 811periur), indieates that 
some doubts may he justified rpgal'ding ~IcDo\\,f'Il'" interprf'tation of these museles. 
(5) :\lcDowell (IOi2, 242) ;tatf's that the ne'Urocostomandiouiari" complex (see 
Langebal'tpl 1068.(3) is pn'spnt in Typhlops and Leptolyphlo)Js. Sinr~p thp nellro­
"Oslolllllllriibtllaris i" a {'omposite ll1usele. an anterior eomponent of whi('h is the 
(Jl'lIi()hyoideIl8 (inc:\udf's the 'ceratomandibularis' of Langebartel), I do not see how 
the nellro('o.~/ol/landiblllaris can logically be described as present in TlIPhlop8 when 
the yeniohyoidell8 is aetually entirely independent of adjacent muscle elements (as 
ju"t noted above). 

~[('DO\\'{'l1 (I Oi2, 2-1-2) suggpsts that the dorsolaterallwad of the geniohyoideu8 in 
Typhfop8 and Leptotyphfo)J8 (as stated abovp thf' 'dorsolatpral head' is actually not 
prpsent in T!Jphlop8) , " ... appears quite homologous with the dorsolateral head of 
the olllohyoideus-sternohyoideus ('om plex of A nomal" pi8 , .. ". I have already 
sugg<'stnd abovf' that MeDowell'R noncept of the 'omohyoideus-sternohyoideus 
complex' dOl'S not appear to be valid throughout anomalepidids (certainly not in the 
forms examined here, nor in A rwmalepis aSpin081l8 according to \Varner's account). 
Aceordingly, I do not accept that the 'dorsolateral head' of the yeniohyoidws in 
Leplotyphlops (fig. l. 'G HV) is homologous to the 'dorsolateral head' of the 
'ollloh.\'oic!ellt'-t'tpmohyoidplls complex'. Furtlwl'mol'e til(> supposed 'neurocot'to­
mandihulal'is' that MeDowell c!ps('r'ihps in thpse forms has no rostomarulibulari,~ 
C'Oll1pOIlt'nt, as o('c~lIrs in tlw typic'al npl//'O('o8fo!llondiIJIIlaris. 

I ('olwludt' that, eontmry to ~IeI>O\\'('1l (i!Ji2), the neuro(,()8iomandihulari8 i:" not 
pret'l'nt in either T!lpMop8 or IJeptolyphlop8. 

(6) l\IeDowpll (I Hi2) has suggested that a muscle homologous to the yenimllyoide.U8 
of anguimorph lizards is also to be found in snakes. I have expressed some 
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l't',,;pl'\'atioll" ahout thi,.; pl'opo"al el"l'whel'e (Gl'oomhridgp 1!)7H II), Tht' figures 
pr()yided in the pl'p"pnt papPI' "how that thp 'geniomyoideus' of ~I('j)owcll in 
fA'jJ/ol,llJd"o/", alld anomalppidids dol'S not attae,)} ant!'riorIy to tlw dpntary as 
:\kDoII"plI illdi,'a(p,.;, hut to til(' latl'ml sllblingllal glalld (ellelma'd in c,on:4rietor 
mil""!"" 'S(" ill tilt' figtll'c,,), alld i" ycry probahly i<il'lItieal to t.he trafl8vpr,~//.8 

b/'lll/t'hill/is of otlH'r "lIak,',,;, TIIP 'gPlliomyoidplls' of :\Ie\)owoll in 'I'YI'h/ol)8 is the 
lllll"dp heJ'(' lal)('lIed 'DI·r (tig, 2), 

:\!Cj)()lI"plJ "how" tlIP 'gl'niomyoidt'lls' (/ransl'erslIsbran('liia/is) in fA'pfolyphlojJs t,o 
han· t\\'o J'f'giolls of insprtion (his fig, 17). on(' lalwllpd 'U~IY', the oilH'r labelled 
'DIP', [n the L('jJiolyph/ops examined Iwre, th{~ l11useie (fig, 1, 'TH', in "itl/. on 
animal',.; right. defipl'fed anteriorly in dpt'per vipw of animal'" left) dol'S not divide 
po"tt'rioriy. and tlw illsprtion dol'''; not (,Ol'I'PSPOlHl to ('itlwr of thost' indicated by 
:\[eDowPlI. Tlw musrip arises fmm the latt>ral sublingual gland, turns superficially 
(lateral to the (Jenioy/o88118 but medial to the (Jpniofra('hea/i8) over the 'IM:r, to a 
dilJ'II";{' ,'utanpOllo' in:-;ertion, In othpr words the 'G"Y' plus 'DIP' of MeDowell 
COI'J'('''POIHj to the 'TB' 01' fralis/'frS/IS hmil('li£II/i8 of the I))'('spnt papPI', Since thE 
1lI11"l'i(' dol''' not att,l('h to til(' dpntal'Y in Ll'pf()f!lP/do}Js. it is l'athl'l' unlikely that it 
sern's to Hl'X tlIP intramandibular hingp a:-; :\lrDowell suggests (l!}72: 2:3!)) , I could 
not definitely ich'ntify an," mUsc'lp film's (as oppo:-;t'd to connt'etive tissue) in the 
position of tho"p lallC'lIed 'DIA I' in :\I(,DoweIrs fig, 17. 

III Ll'plo/yph/ops I/lfJXimll8 and L. II/clanoff'rmll8 (other Lep/olyphlops speeies not 
('hpcked). but not 7'yph/ojls or aJlomalt'pidids. the lrans/:er,sIi8 bra:tU'hiaHs appears to 
dividt' into two portions at its origin on the lateral sublingual gland, The major 
portion forms the typieal fran81'erSII8 bran('hia/is, The seeond pOl'tion remains deep in 
position and becomes applied to the oral mueosa, it then runs posteriorly and latero­
dorsally around the oral mucosa and ('omps to overlie the mucosal insprtion of muscle 
'X', The origin of this deep portion is shown (unlabelled) in fig, 1, immediately 
posterior to the reflected trarl.8CerSII8 brandialis ('TB') on the animal's left side, 

The t,.ailSI.'('I'S//S bran('hia/is in Typh/op8 and anomalepidids differs from that in 
LpJlI()fyph/o)Js and all other snakes, in that (in the speeimens examined) it passes 
medial to musc'le 'Y' (see the figures, musele 'Y' is pJ'Obabl,v homologous to the 
illfel'lI/lI 1111 i{wln 1'18 anfpl'iol' of snakes oth('r than ~eoleeophidia), This may possibly be 
a derivpd statt', 

In all snakes other than Scoleeophidia. th\' transversus branchialis passes lateral 
to the (Jem:oglos81l8 and its probable derivative, the geniotracheali8, The possible 
homologue of the Iransver8us bran('hialis in some lizards ('mylohyoideus anterior 
superfieialis' of Camp (l!}23)) also passps lateral to the (Jenioglossu8 (the geniotra­

('hea/is is absent in lizar'ds. although a probable analogue is present in Varanus), In 
Scoleeophidia the transvers//s b;atU'hialis passes lateral to the genioglossus, but 
medial to the yeniotrachealis, This may be a derived state, 
(i) In Lepfot.'lph/ops thNe is a mmwle that would st'('m, by its general position, to be 
a portion of the IlpnioY/088118 (and is labelled 'UU H' in fig, 1), This muscle arises 
anteriorly from the same median tendon as the typical portion of the genioglossus 

(that inserts along the sidt's of the tongue), but just po,.;terior to the origin of the 
lattel' mu,;cle, It pa~se~ posteriorly, elosely ensheathing the typieal yenio(l/o8Si and 
the h!lO(J/088i, to three rt'gions of insertion, A median portion attaehes to the lingual 
p['()('ess of the hyoid, and two latemi portions curve around the roots oftht' hyogios,'fi 

to attach to the hyoid cornua, Langebartel (1968,51, and fig, 10) includes this muscle 
with the genioglossus, As noted by Langebart~l, this muscle is unique to 
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Lt pilJiyplt1op" among snakps, In L. IIItlanoienll1l8 a few fihres of this musdp appeared 
to ht' ('ontinuous with those of the 8iernohyoidw8 (of Langebartt-I) around the (]istal 
tip of thl' hyoid ('Ol'llWl. This musc'lp is in the appl'Oxilllate position of that labplled 
'X(,:\( I.; ill :\(c'Dowell's fig, Ii, of L, hlllllih8 (and apparently identified with the 
sieJ'/whyoidf'lls of Langphal'lPl), I alll lIIl<'C'l'tain if it is til(' san\(' mus<"ip Iweause not 
only did til(' situation in the IA'pilli!/phlop" e'xilmilwd hC'w not ('OITl'spond with 
:\1(,I)O\\'(·II's dt's('ription (Wi:?, 2-l:?), but tht' mus<"i(' was certainly not preS('nt in the 
Typh/oJis sIH'('inlt'ns PIc-Dow!'11 "tutps that his 'X(,:\I L' is prpsent in both gC'npra), 
Ait hough t hC'J't' may pprhaps hl' sonw quest ion as to til(' homology of the 
s/erllohyoid!'II" of Langebal'tpl, th .. spc('illH'ns ('xl1mined here were itllJl1d to cor­
!'pspond quite dosely with his dc'sc'ription (l!JUH, ()!~70), 

Conclusions 
:\ throat lIlust'I(', pl't'spnt in S('ol('('ophidia but abs!'nt in other snakps, is I'ep()f,t!'d 

I)('I'!' f<lI' tilt' ti I'st t inlf', Th is tIlu>w/c', th(' w'niIJ/IIII/'II"ali8, arise'S on the malld ible 
illlllll'diatt'ly postC'l'iol' ttl till' !/!'lIiIJ/I'llr/mlli" and passps poste'rioriy, Iwal'ly parallpi 
wit h tilt' 1<1 tt!'1' Illus<"ie, to a hroad and th ill insert ion O\'C'I' the til Iwosa of tlw latl'ral 
part of tilt' tiOOI' of the mal ca\-ity, This muscle is possibly homologous to a lateral 
portion of til(' Wl/iIiU/o",,",''; (of lizitl'ds), with an inseltion on thp oI'al mucosa, as is 
f(Jlllld in di\'C'l's(' lizards, By thi,; intel'pl'l'!at ion it would hI' primitively prest'nt in 
snakes, and snakes other than SC'olp('ophidia show a derivf'c.l state, the absente (loss) 
of tlw f/(,lIi(J/I/1/1'osa1i8, An ulteI'l1atin' pl'Oposal is that it is derivpd, within snakes, 
from the {jf'lIio/ra('hfalis (its('lfprobahl~' derived from the fjl'ni()f/{()8.~118 oflizards; only 
raral/lls among lizards has a (Jpm:o/racheali8-like muscle), By this inteI'pretation, 
that on present evidence appears less likely than the former, the Scolecophidia would 
share a derived state, 

Ewn though the f/Pniolllll(,()8ali8 may be a retained primitive state, it may have 
been retainpd in assoeiation with the unusual feeding habits, and meehanisms (as far 
as known), of thl' Seolecophidia, 

J f til(' !/f'1I iIJ/II II ('o,wdis is a retained primitive state, its presellC'e in Scoleeophidia 
pl'()\'id,'''; no infol'mation 011 thl' mOllophyl,v (8/'118/1 HC'nnig I !)(i(j) , OI'otIH'!'Wise, oftht' 
group, {'UITent evidl'JH't' (mo,.;tly hitSI'd on phl'lH'ti(' simularitit's) indicates that the 
S('olp('ophidia are likely to 1)(' monophyletie, but a strictly e1adistic approach to 
antilabll' ('haracters does not allow a moI't' definitp ('on<"iusion, 

Tht' IWW ohservations and intprpI'ptations prespnted here indieate that, in respect 
of tht' throa t museles, the three families of Scoleeophidia are abtlUt equaUy distinct 
from t'a('h other (in plll'netie t(>I'I11S), each family having its own spt of peculiarities, 
The prt·eise arrangement oJ the interrnaruliblilaris, the geniohyoideu8, and the 
liy()fral'''ealis, is different in t'ach family, This contrasts with a distinct impression of 
gellel'alunif()rlllit~- in throat musculature throughout the Alethinophidia (with the 
eX('C'pt iOIl of till' i 1I/(,I'It/a II dilJIIla ri8 a II/erio/', (l room hridgp W7n h), 

!loWl'\'C'I', all S('o\c'('oph idia d iff!'r f!'OIll Aid h illoph idia ill sC'vC'I'a1 ('hamders ofthc 
throat 1I1us<"i('S: th(' illft'/'lIlfIlldifJII/o/'i" IllUS('!c's /H'C' hI'oad ulld tl'IUlSV(,I'SP in positioll, 
lIot fiJl'Jllill).! all 'illt('J'IIIIIIHlihulltJ' ('hiasllllt': til(' u,·nioh!loidell.<, wl1l'th!'I' t'ingl!', or 
ha\'illg 1\\'0 OJ' tlm'(' portiollS, d,)('s 1I0t ha\,(' It hroad silll-rip (01' partially divid!'d) 
tipshy ills(,I'tion alon~ tilt' mnndibll'; thl' nf'II/'O(,()8/0/llanrliIJIIlftr!:8 is absent, but 
prl'sent in Alethinophiciia (t'x('cpt anilioids, ,W'n.~11 Ril'ppel (W77)): the fJenirnfluro.~ali8 
is present: the transt'er8U8 branl'ltiaris passes medial to the aenio/rarhealis, The first 
three of these are rather certainly primitive to the corresponding states in 
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Alethinophidia. It is more eautiou,.;ly suggpsted above that the presence of a 
{JtniulllllrIIstl/is i,.; primitive. The la,.;t state may b(> derivpd, wit.h Alt·thinopllidia 
ha\"ing tIll' primiti\"e ,.;tatp. '/ransl'eI'8118 branrliiali8 pa,.;,.;ps lateral to yrnio/rarheali8' . 

\\'ithin :->(·ol(,(·ophidia. L('plol!lJihlop.~ i,.; generally the most. diver'gent form, with 
four unique (krin,d ('hara<'tt'r ,.;tates: fJl'llilll,l/08Sl18 with ,.;ppal'1lte portioll in,.;er'ting on 
h~"oid: pn''';t>Il('(' of III u,.;dp . X'. pa,.;,.;ing f!'OlIl latl'ml ,.;udiH·(, of ribs (atta('hnl('nt. ,.;hared 
wi t h t hl' la t ('ra I lI('a<1 of t 11('!l1' lIio/t!loir/I' 118) to tIlt' latpraf and dorsal Sll rfa('e of t.he oral 
IllU('O";,1: IJ'IIII,"'I'J'SIl" bra IIdl i((/i., wit hit d('t'p pOl'tion also ins('rting on tlw oral mucosa; 
pn''';l'n('(' of a latt'l'af (·o,.;tal) Il('a(~of tilt' (Jf'lIi()}I!I()idI'I18. 

""ith r('f(,I'l'n('p to the throat mus(·h,,.; and hyoid apparatus, til(' only dearly 
d('rin'd !'Iwral't('I' stat('s ,.;han,tJ Iwtween only two of the threp s(~ole<:ophidian 
falllili(',.; (ancl tlHl,.; e1adi,.;tieally significant within the group), are ti10sC shan'd by 
T!I ph/o fJ''' and 1.1' pln!.III}"'0}ls. Ppl'ha p,.; t h('se are better tr!'atl'd as a single derived 
c-haradt'r (·OIllpl!'x. rather than as s!'llaratp state,.;. This (~om)lfpx invofvps the far 
po,.;t('riol' po,.;ition of til(' hyoid. with ('onsl'«(llt'ntly ('fongatl' (11'ili{J/t!Joiril'1I8 and 
h/luU/o",,,l/s. Also a,;s(wiat('d in this ('ompl('x is the I"·(,SI'II(·('. uniqu(' alllong slIak!'s. ofa 
llIu,.;('''' ft'l'IIwd the ·stpl·nohyoidl'I.IS· hy Lang('ilartl'1 (ImiS. liB "ill). If this is the 
(,OIT(,('( hOlllolog~', thi" is a rl'tailwd primitive ,.;tatC'. hut thl' (,olTelation with the 
otfwl" dl'l"i\"l'd statps raise,.; the possihility that the 'l't£'l'llOhyoideu,;' is not homolo­
gous to that of the ,.;ame namt' in lizards. and i,; itl'e1f a derived state. Another 
a,.;,;ocia tl'd f('a tun' i:-; t ha t. a('('ol'(hng to Langphartl'1 (l!lfiH, ;').1), tl)(' Ii.IJO(llo88i in these 
two gl'llt'nl a 1'1' by fa I' tlJ(' hulki('st amollg snakes. It would be of great intpl'Pst to have 
sOllie ('xpl'rillH'ntal infol"mation 011 flllH'tional aspp(·ts of this C'haractel' eOlllplex, or 
ind('Pt/ on any a;o;peC't of ;o;('o\e('ophidian feeding mpehanisms. 

The .\nomalppiclidap appear to he gpnprally primitivp to other Seoleeophidia in 
some (·harat'ters of the throat musC'ulature. as in certain other charaeters (e.g., teeth 
retailwd in hoth upp!'!' and lowpr jaws; l('l'a/or pterlJ(Joidei retained; posterior 
ext{'n,;ion of postorhital. probably I'ppn';o;pnting a \'I'stige of the jugal areh, retained 
in A.lIlIl/la/I'Jli.~. Haas (lfInS)). The ':\I'-shape hyoid is of a form unique among 
Squama ta (if it ill!'ludC's first bralH'hiala!'('h elenwnts, as appears probable after the 
argument of :\Id)owpll (lBiZ. Z:J.1)). and is thus likely to be a derived state. This 
perhaps mise,.; tlw qupstion whethpr any of the musdes attaching to the hyoid have 
l)(,pn lllodified in a,.;,.;oeiation with thi,; transfOl'mation. 

From a taxonollli(' vil'wpoint. it lllay 1)(' notl·d that a primary division of extant 
,;nakl''' into two taxa of (,qual rank. Seol('(~ophidia and Alethin0phidia (as currently 
u,.;pd by :\ld)owt'11. I fIiZ, l!)i.1). would not only refieet, in purely phenetic terms, t.he 
extent of the morphologieal gap between Hcolecophidia and other snakes (based on 
the throat mu;;culature, ineluding the (Jeniorrtucmlalis, and on various characters 
notpd above and bv Robb and Smith, )lcDowell, and Underwood, op. cit.); but may 
also refle(·t, in elarlistic terms, a basic dichotomy in snake phylogeny (as far as this 
('an hI' dt'tpl'llliw'd on available evidence). 

Summary 

.\ throat lllllS(·fl'. pn'';('llt in :->('()f('('ophidia but allsl'nt ill otlll'l' l"lILk!'l'. i,.; 1'(~pol·t(~d 
hpJ'(' fi H' till' ti I'l't tinw. Th is IllUS(·I<, IHISS!'S fl'Otn tIl<' /.(t'll ilLl l'!'gioll of t hI' lower jaw to 
thl' lllU('o;o;a of till' floor of til<' ol:al ('Iwito\" TIlt' IH'('('is!' homology of thp musele is 
1I11(·('l'taill. In 'J'Y/J/tlO}J8 at least, it appears to rt'ceh'c hypoglol'sal innervation, and 
("all thus be assigned to the hypobranchial-spinal muscle group. It may have been 

.1.:-; .11. 2x 
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li'iS B, (', (;1"00111 bridge 

derin'd frolll a lateral portioll ofllH' Ul'lIiIJUI{)88118 th.l.t ill~I'I-t~ Oil till' floor of the oral 
c'<\\'ity, a~ i~ fillllld in di\'('r~(' lizHrd~, 01' it lIIay hav(' 1)('('11 dl'rin,d from tlw ~Ilakp 
IJI'lIiu/((/I'/II'1I1i8, Pr('~('llt e\'idl'llc'e telld~ to favour 1111' fornH'r hypoth('~i~, \rhill' tlw 
{'\'olu I iona ry origin of t II<' ~c'ol('c'oph id in n l11u~dp 1'('lllaini< ulldl'lU' a rH'W IIIl.IIW is 
n'q 1I i n'd, it i~ 1l<'1'1' h'1'IlH'd Ill<' rr /I i()I/II/(·o.wili", aft 1'1' I hI' l'l'gioll~ of origill and 
ill~l'rl iOll, 

:-\OIlH' major prohlellli< of i<c'olC'('ophidiall phylogellY an' di~c'u~~('d ai< a hac·kgl'Ound 
10 1'I'llIa I'k~ Oil I Iw po~~ihlc' dad ii<t ic' illl plic'at iOlli< of t Iw pn'i<l'lWI' of t Ill' (!I'll /()IIIII('OS(tli" 
ill :-;c'olc'c'''ph idia, 'I'll<' c'oll('llI~ioll i~ l'I'ac'l)('d that alt hOllgh I hI' mll~dl' furl her 
c'clIIIl'ihlllt'" 10 til<' (,oll~id('rahll' plwlll'tic' gap l)('t\\'1'1'1I Hc·ol(·c·ophidia and otlwl' 
~lIakl'''. \\"hill' it,.; homology n·mailli< lIIwl'l'tain the YNtiollllf('wm1i" i~ of limited 
~igniti('allc'(' in Il. dadi,.;tic· analy,.;i,.;, 

XUIlH'l'OlI~ point:.; of ditrl'l'enee are noted hetween my obs!'rvations on various 
i<c'olc'c'ophidiall throat 1l111~c·le,.;. and ob,.;t'r\'ation~ I'q)()rtl'd in tht' Ii tl'l'I1tII r('. 
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Appendix: Material examined 

All spt'eimens examined are in the collection of the British jluseum (Natural 
History), 

Anomall'llididae 
AIIO/l/(/ll'jl1:s ml'.1:irana. IH2n.6.1.41 
11 fIlii i III /wjJIiis ./fm·nlerminal //8, 65.1 0.6.1 
Liul!llJ!dops Iprnf'i;;ii, W;5(U.16.34 
T!lJih/upliis Sqltalllo"'18. !)!).5.7.1 

Ll'ptol ."I)h \opidal' 
1.1' p/o//IIJ/tIojls pmini, I n,n .1.2.87 
L. II/fI"rolepi8, I 904.H.:W .• 5 
1... IIIflXiIJlIIS. WOu,6,1.242 
L, IIIrlanolenll//8, 8H.II.20.13 
1... Iiu)}fi/is, 82.11.15.20 

Typhlopida(> 
RrlJllp/III/.'Iph/()ji8 auslm/is, 1974.750 
R, bi('ol()r, I flM.IO.i ,til 
T/IIJldo/,.'i (I JlrJ"ll'usi8, I !);ill.IA.75 
T. bilmmii, Oi>AA.1 
T. /uJilbrirali8, 19:32.11.11.21-22 
T. pUlU'lalus, 1075.568, & unreg.spec. 
T. s('h/I'{felii, 1965.35,96.9,7.2 
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