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The adductor mandibulae in Elaphe
and related genera (Serpentes: Colubridae)

Bartosz Borczyk

Abstract. In this paper I describe the jaw adductor musculature in colubrid snakes that formerly belonged to the genus
Elaphe Fitzinger. The group studied shows a high level of homoplasy, and particular lineages exhibit a mixture of
advanced and primitive characters. The presence of the levator anguli oris in this group is questioned.

Introduction

The head anatomy of snakes has been a subject of
numerous studies and the trigeminal musculature
has attracted significant attention (e.g. Haas, 1973;
Rieppel, 1980; Zaher, 1994). However, most of
these studies have been purely descriptive and the
comparisons were on a family rather than generic
level. There are only a few studies dedicated
to comparisons of closely related species, of
Thamnophis (Cowan and Hick, 1951; Varkey, 1979),
Heterodon (Weaver, 1965), Entechinus, Opheodrys
and Symphimus (Cundall, 1986).

In this paper I present preliminary results of my
studies of the jaw adductor musculature of Elaphe
and its allies. I describe the jaw adductors and
present their evolution based on a recently published
reconstruction of their phylogeny. Also I discuss the
‘levator anguli oris’ problem.

Materials and methods

I studied the following species: Coronella austriaca (IZK 400-
403), Elaphe dione (ZMB 31427), E. quatuorlineata (ZMB
63769), E. quadrivirgata (ZMB 66114), E. schrenckii (1IZK
362-363), Gonyosoma oxycephala (1ZK 331-333, MNHUWr
unnumbered specimen), Lampropeltis getula (BB 008, IZK 385-
386), L. mexicana (IZK 394) L. triangulum (IZK 358, MNHUWr
unnumbered specimen), Oreocryptophis porphyraceus (ZMB
48053), Orthriophis taeniurus friesi (BB 042-043, 1ZK 365-366),
Pantherophis guttatus (BB 015-016, 044), Zamenis longissimus
(I1ZK 338, 364), Z. situla (IZK 384, MNHUWTr 2 unnumbered
specimens). The institution abbreviations are as follows: ZMB
— Museum flir Naturkunde, Humboldt-Universitat, Berlin, IZK
— Laboratory of Vertebrate Zoology Collection, University of

Laboratory of Vertebrate Zoology, Institute of Zoology,
University of Wroclaw, Sienkiewicz Street 21,

50-335 Wroclaw, Poland

e-mail: borczyk@biol.uni.wroc.pl

Wroclaw, MNHUWr — Natural History Museum, University of
Wroclaw, BB — author’s collection.

The homologies of muscles were established on the basis of
their aponeuroses and topography. I follow the terminology
proposed by Zaher (1994). The phylogeny I used in this studies is
based on the recent papers by Rodriguez-Roblez and De Jesus-
Escobar (1999), Helfenberger (2001), Lenk et al. (2001) Utiger
et al. (2002, 2005) (Fig. 1). Character states were analyzed using

McClade 4.03 software (Maddison and Maddison, 2001).

Results

The studied taxa show a typical colubrid pattern of
the adductor mandibulae (fig. 2 a, b), as described by
Albright and Nelson (1959). The main differences
are the sites of origins, insertions and the aponeurotic
pattern. The only two muscles that do not show
variation in the studied group are the superficialis
and profundus parts of the adductor posterior.

The main variation of the musculus adductor
mandibulae externus superficialis proper involves
its aponeurotic pattern and insertion sites (fig. 2
¢). This muscle passes in postero-ventral direction
and curves around the mouth corner behind the
Harderian gland. In this area this muscle is tightly
covered by tissue in the mouth corner, although there
are no fibers inserting there. The externus adductor
superficialis inserts either via its aponeurosis only, or
via aponeurosis and directly to the compound bone.
I haven’t found any divisions of this muscle in the
studied specimens. Musculus adductor mandibulae
externus medialis shows variation in the pattern of
its subdivision by the quadrate aponeursis. In some
cases this muscle is undivided, divided in two, or in
three slips by the quadrate aponeurosis. These slips
are clearly distinguished near the muscle origin, but
in the ventral part they become indistinguishable.
Musculus adductor mandibulae externus profundus
shows interspecific variation in the origin. The
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bodenaponeurosis is reduced, but present. Musculus
pseudotemporalis shows variation in the pattern of
origin, which can be on the parietal, parietal and
occipital or parietal and postorbital.

The externus adductor medialis evolved from
undivided or divided (2 subdivisions) conditions, and
both scenarios are equivocal. All North American
forms I studied have this muscle subdivided in two
parts, and some of the Euro-Asiatic species, too.
Taking into account the early divergence of Euro-
Asiatic and North American lineages (e.g. Utiger
et al. 2002), I suggest the primitive character state
for this group is the subdivision of this muscle in
two parts. The Nearctic species retain the primitive
condition, and some Palearctic species have evolved
independently the undivided condition or subdivided
on three parts several times. The broad aponeurotic
insertion of superficial externus adductor is the
primitive condition. The North American forms,
except L. triangulum, show a tendency towards
a narrower insertion on the compound bone only
(type II and III). Such reduction is also seen in not
closely related C. radiatus, E. dione, E. schrencki
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and Z. longissimus. The hypothesis of the primitive
condition of the insertion of superficial externus
adductor only via its aponeurosis or the insertion of
superficial externus adductor via aponeurosis and
directly to the compound bone requires the same
number of steps, but the first condition is more
common among the studied taxa.

I cannot say which lineages of the studied group
are more morphologically conservative. All studied
species show a mixture of primitive and advanced
characters, both myological and osteological
(Borczyk, unpublished data). To resolve this
problem more species have to be studied and more
characters used.

Discussion

The adductor mandibulae of the studied colubrid
genera is highly variable, which may reflect the
adaptive plasticity of this group. However, most of
the variations involve changes in relative position
and shape of origins and insertions of this muscles,
but it does not produce any major changes in
muscle arrangement. It is possible that the observed

Zamenis longissimus
Coronelia austriaca
Pantherophis guttatus
Lampropeltis mexicana
Lampropelfis getula
Lampropeliis triangulum

Zamenis situla

Figure 1. The phylogenetic relationships of studied species. The phylogeny used here is based on the recent papers by Rodri-
guez-Roblez and De Jesus-Escobar (1999), Helfenberger (2001), Lenk et al. (2001) and Utiger et al. (2002, 2005).
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Figure 2. The jaw adductors of Elaphe schrenckii (1IZK 362). A) The skin, Harderian and labial glands and quadrato-maxillary
ligament removed. B) External adductors and adductor mandibulae posterior superficialis removed. C) Schematic representa-
tion of the three basic types of aponeurotic insertions of the adductor externus superficialis. Abbreviations: a.aes — aponeurosis
of superficial external adductor; aes — m. adductor mandibulae externus superficialis proper; aem — m. adductor mandibulae

externus medialis; aep — m. adductor mandibulae externus profundus; app — m. adductor mandibulae posterior profundus; cm

—m. cervicomandibularis; Ipg — m. levator pterygoidei; pg — m. pterygoideus; pst — musculus pseudotemporalis; q.a — quadrate
aponeurosis; V2 — maxillary branch of the trigeminal nerve; V3 — mandibular branch of the trigeminal nerve.

a.aes

differences in the origins, insertions and aponeurotic
pattern are of little functional significance, and thus
are easy accumulated during evolution. The direction
of the fibers is similar in all studied species, and
factors favouring the parallel fibers arrangements
can limit greater variability (Cundall, 1986).

The posterior adductors are constant in their
arrangement. [ suggest that the reason is space
constraint. They originate on the antero-ventral
part of the quadrate, and insert in the mandibular
fossa (the superficial posterior adductor) and the
profundus posterior adductor inserts on the medial
part of the compound bone. Anteriorly, these
muscles are constrained by the mandibular branch
of the trigeminal nerve and profundus external
adductor. The space constraints are believed to limit
the arrangement of muscles near the mandibular
articulation (e.g. Elzanowski, 1993).

The lavator anguli oris (LAO) is a problematic
muscle in terms of its homology with the lacertilian

a.aes

LAO as well as its homology among snake taxa
(Zaher, 1994). The lacertilian LAO originates on
the edge of the lateral temporal fenestra and inserts
on to the rictal plate. The snake LAO originates
on the parietal/postorbital and inserts to the rictal
plate (Rieppel, 1980 McDowell, 1986). Underwood
(1967) reported the superficialis inserting on the
lower jaw and lower lip or rictal plate in Coronella
austriaca, E. quatuorlineata, Z. longissimus but
I have not found any insertions on the rictal plate
and only in the smooth snake (Coronella austriaca)
I found the insertion on the lower jaw. Also in E.
quatuorlineata studied, there was no insertion of
superficialis on the compound bone. This suggests
a polymorphism in the attachment of this muscle.
I have not found any fibers inserting on the rictal
plate in the studies species, as the muscle inserts
via its aponeurosis. In some cases the adductor
superficialis inserts directly on the compound bone
and via its aponeurosis. In addition, this muscle
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does not form any slip distinct from the rest of
the muscle. The distribution of character states of
insertion of the superficial external adductor shows
either the multiple origins of this condition or a loss
in closely related species.

Acknowledgments. My departmental colleagues Prof. Andrzej
Elzanowski and Dr. Lukasz Pasko kindly reviewed earlier
versions of the manuscript. I thank Dr. Rainer Giinther (ZMB),
Prof. Andrzej Witkowski and Andrzej Jablonski (MNHUWr), for
making the specimens available for dissection. This study was
supported by the Polish State Committee of Scientific Research

(KBN 2P04c 085 28).

References

Albright, R. G., Nelson, E. M. (1959): Cranial kinetics of the
generalized colubrid snake Elaphe obsoleta quadrivittata. 1.
Descriptive morphology. J. Morph. 105: 193 —237.

Cowan, I. McT., Hick, W. B. M. (1951): A comparative study
of the myology of the head region in three species of
Thamnophis. Trans. Roy. Soc. Can. (Ser. 3) 45: 19 — 60.

Cundall, D. (1986): Variations of the cephalic muscles in
the colubrid snake genera Entechinus, Opheodrys, and
Symphimus. J. Morph. 187: 1 — 21.

Elzanowski, A. (1993): Interconnections of muscles in the
adductor mandibulae complex in birds. Ann. Anat. 175: 29
—34.

Haas, G. (1973): Muscles of the jaws and associated structures
in the Rhynchocephalia and Squamata. Str. 285 — 490 w:
Gans, C., Parsons, T. S.: Biology of the Reptilia. Vol. 4.

Helfenberger, N. (2001): Phylogenetic relationships of Old World
ratsnakes based on visceral organ topography, osteology, and
allozyme variation. Rus. J. Herpet. 8 (supplement): 1-64.

Bartosz Borczyk

Lenk, P., Joger, U., Wink, M. (2001): Phylogenetic relationships
among European ratsnakes of the genus Elaphe Fitzinger based
on mitochondrial DNA sequence comparisons. Amphibia-
Reptilia 22: 329-339.

Maddison, D. R., Maddison, W. P. (2001): McClade: analysis
of phylogeny and character evolution. Version 4.03. Sinauer
Associates, Sunderland Massachusetts.

Rieppel, O. (1980): The trigeminal jaw adductors of primitive
snakes and their homologies with the lacertilian jaw
adductors. J. Zool. (Lond.) 190: 447 — 471.

Rodriguez-Roblez, J. A., De Jesus-Escobar, J. M. (1999):
Molecular systematic of New World lampropeltinine snakes
(Colubridae): implications for biogeography and evolution of
food habits. Biol. J. Linn. Soc. 68: 355-385.

Underwood, G. (1967): A contribution to the classification of
snakes. Br. Mus. (Nat. Hist.). London.

Utiger, U., Helfenberger, N., Schitti, B., Schmidt, C., Ruf, M.,
Ziswiler, V. (2002): Molecular systematics and phylogeny of
Old and New World ratsnakes, Elaphe auct., and related genera
(Reptilia, Squamata, Colubridae). Rus. J. Herpet. 9: 105-124.

Utiger, U., Schitti, B., Helfenberger, N. (2005): The oriental

Fitzinger, 1843 and

classification of Old and New World racers and ratsnakes

colubrinae  genus  Coelognathus
(Reptilia, Squamata, Colubridae, Colubrinae). Rus. J. Herpet.
12: 39-60.

Varkey, A. (1979): Comparative cranial myology of North
American natricine snakes. Mil. Pub. Mus. Publ. Biol. Geol.
No. 4.

Weaver, W. G. (1965): The cranial anatomy of the hognosed
snakes (Heterodon). Bull. Flor. State Mus. 9: 275 — 304.
Zaher, H. (1994): Comments on the evolution of the jaw
adductor musculature of snakes. Zool. J. Linn. Soc. 111:

339 —384.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


