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Poeding méchanisms and the avelutlon of plethodontid

zalamandaras.

The tongue pad of plethodantid salamandars 1iss at the
anterior tip of the cartilaginous hyobranchisl skelston,

The skelston connista of a median banibranchial and bileteral
radial cartilages, first and second ceratobranchisla,
epibranchiais and ceratohyals, A median lingual cartilage
may also be presant. Movemsnt of thess elemonta, save tha
eeratchyals, affects projsction snd retraction of the pad
during the feeding sequence,

Projection is mecoxplished by contraction of the paired
aubarcualis rectus I musclee, Théss muscles are apirally
wound sbout the tapsrsd splbranchisls, On contraction, a
force is gensratsd on the spibranchials to propel tha
akeleton from the mouth, Retraction is aceomplished by
the paired rectus cervicus profundus tuncles. Thess muscles
run uninterrupted in the ventral body wall from the pslvis
to the antarior tip of the banibranchial. At rest they
are colled or pleated in the gular region., During pro=
Joction, they uncoll and, waon extended, contract to raturn
the tongus to the mouth,

Although the skeletal elements ocould be projected in
the rest poaition, thooretical advanteges are gained by folding
the ceratobranchials and spibranchials to the midiine during
projectlon, Theae include a greatsr efficiency in aiming, s

larger field of projection, and a decreass in surface mres
subject to vissous friction, Serial reconstructiona of tongues
in various stagss of projection ahow that the mkeleton ia
indesd folded. During projection, the ceratobranchials are
mowed to the midline bahind the basibranchisl., The flexibls
epibranchials follow, The rosult is & linearly eompact pro-
Jectils with tha tongue pad at its anterior tip,

The arrangemsnt and numbers of muscles and relations of
tha skeletal slements place limitatlona on the akelston for
movement, Analysis of theas limltations indicates that the
okelaton cen be folded only by indirectly forcing the
caratobranehiala to the midline on n rigild track, Purther
analysis sbows the track would need to be In the form of

a traotrix: \f—
[ 1-322 dx
y= x .!

whars {a} ia the length of the ceratubranchial riding on the
tractriz, HNessuramenta on partially to ccmpletely projscted
tonguas validatad this concept. ZHerial reconatructions show
that the anterior slips of ths subarcualis reotus I muscles
form the track aa they procecd anterc-medlally from thair

spiral insertions to their origin on tha ceratohyals, Using
a tragtriz for folding theoreticaily gaina the animal the

ability to move the tongue pad at & conatant velosity during
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the accaleration and deceleration phases of projection and
retraction.

Prematurs unfolding of the ceratobranchials during
the feeding asquance is prevented by o simpls looking
mechanisa, A ligament running from the anterior tip of
ceratobranchial I to the lingual cartilage acts in a manner
analogous to the radius lever in m vice grip, preventing
spreading.

apecializations far inaressed projectiocn distance
inelude loss of the genloglossus pmascls and loes of intsgumen-
tary sttachments, The length of the basibranchial and diameter
of the subarcualis rectus I muscle ars comparabls in all
animals regardleas of the projsction distance, Incremasd
projection distance ix gained by longthenlng the «pibranchiale,

Certain featursa of the systam involve specializations
for increasad sfficlency. As epibranchials increass 1n length
in a lineage, second cerstobranchials tend to shorten, This
catt be sxplajined by analysis of movements aleng the track,
The aystom should fold rapidly, for folding places the ma jor
slements 1o & position of saximum sfficliency for force
transminsion, In addition, theee proportiocnal changes
theoretioally increasa projection apsed,

Comparative studies permit sorting of the plethodentid
genera into funotional and phylogenstic groups, This
sorting ia based on detailed analysis of structurs and
relative proportions of skeletal slsmenis, preasnce and
abaence of skeletal elements and muscles, and structurs
and arrangesent of muscles, Various arrangsments of akelatal
sléments and muacles are interpreted in functional terms,

and common patterns of function and organization smerge.

Theoretically, the movable portions of the hyobranchial
apparatus oan fold in- two ways. In ons the first ceratobran-
chial moves along the track in & mere or lses planer path,
and the second ceratobranchisl and basibranchial buckle.
Thia 1s found in hmidactyliine genera, Ths gther pattern
is for the second ceratobranchisl to move along the track
in a planar path, in which cass the first cemtcbranchial
and basibranchial buckle, This oocurs in bolitoglossine
gonera, A number of proportional and muscular changes
characterize thess altsrnative adaptive pathways,

Tongue freedom (loss of antericr musculsr and cutanesous
attachmenta} has svolved independently in groups having the
distinetive folding patterns. In both groups thars are
forma which have the charmeteristic folding pattern of that
group, but which rotain an anterior attachment, The folding
patterns ars fundamental diffarences betwean the groups and
evolvaed prior to the acquisition of tongue fresdom,

Tongue pad atructure and function 1a also aubject to
variation that is of phylogenetic significance, Por siamplse,
in the bemidactyliine geners with fres tongues the basiradlalls
15 a dominant pad muscla, and the interradialis ls abaent,
whils ths reverse i3 true in bollitoglossines,

Hemidactylium possesses & combinaticn of characters

which suggests that it hes the most generalized tongue in the
subfamily Plsthodontinas. It retaina an sgquatic larval atages
and has s distinct larval hyobranchial apparatus, in eon-
trast to the situation in members of the tribes Flethodontini
and Bolitoglossini, 1t is the only plothodontid genus which
han both a basiradialis and an interradiaiis musels, and 1t
has & relatively gensralized anterior basibranchisl, Its
tongue is sufficlently different from that of other hemidacty-
1iines as to raise questions concernipg the current tribal
leve]l taxonomy of the family, FPerhaps Homidactylium should
be placed in a soparatse tribe, with the remaining members of
the currently recognized Tribe Homidactyliinl being trans-
ferred to a new Tribe Euryelini, This tranafar would make
poasible » phylogeny of the Subfamily Flethodontinas in which
fras tonguea ewvolved twice, and direct develpopment only onecs,
Lunglesaneas has been s key factor in the evolution of
extreae tongue projeactisn spacislizations in sslamanders.
The use of the hyobranchial apparatus as & force pump, fo
111 the lungs, imposer dselgn constraints that kesp the
aystem relatively gensralizsed in most salamandera, Those
spociss with tongues spaclalized for projection (for exampls,

Rhyscotriton, Sslamandrina, Chicglosse ant many plethodantida)

have without sxceptlion "esxaped” this constraint by beconing
lungless, and this ovenl has been highly sigrificant in the
svolution of tongus speciaslization and terreatriaslity in
anlamanders, (Supported by Hational Hdeience Foundation
@rant QB 17112),
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