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INTRODUCT ICN -

The present work is 2 part of the Investiiga-
tion being conducted in the laderatory of Evolu-
tionary Marphology in tha Zoological Academy of
Sciences, in the Academy of Science of the USSR,
1t deals with the problem of the erigin of terres-
tial vertebrates which "pertains toc tha most
complex and intersating divisions of phylogeny
and relates to many general questions of avelu-
tion" (Schmalhausen 1964). In these investiga-
tions by methods of comparative embryclogy wa
studied a sariea of systems of organs with the
goal of explaining the transformation which took
place in the couraa of ths evolution of varta-
bratss from the ancestral Tatrapada to contam-
porary Amphibias The morphobiologic and the
functional analysis (with the addition of data
from palaontnlogy) permits vs to understand the
adaptive significance of the tranaformations in
organization, and thus to point out and explain
the basic directions of evolution {n the lower
Tetrapoda. The latter point is particularly
significant aince there are now two mutually
axclusive theories on the erigins of the
Tetrapoda., According to the theory of mono-
phyletic arigin of the terrestriusl vertsbrates,
the Tetrapoda arese a3 a single branch fraom
the rhipidistian crassopterygian fishea. All
of the variations in extinet and extunt forms
is based upon their adaptive radlietion into the
terreatrial and. aerial sphere of life. On the
other hand, the majority of advacates of the
theory of polyphyletic erigin of the Tetrapods,
which was worked out primarily by the Swedish
palsontological achool, considar that thosa
amphibisns which have tails snd legs wrosa from
one of the branches of Rhipidiatie, f.e.y the
Poralepiformes, and the tailless amphiblan,
Gymnophiona, and all the amniotes arcae from
anothar branch, the Osteolepiformes.

Our present work deals with the evelu-
tion of the hyobranchisl apparatus in the
larvaes of Amphibia and investigates the trans-
formation which took place fn the course of
develapment of the lower Tetrapods. By tha term
hyohranchial apparatus, we mean that coemplex of
morpholegic structures which occupiea the area
from the Bycid to the last gill arch inclusive,
and all the muscles connected tharewith. Onto-
ganesis of this morphofunctional zystem is con-
cluded at the stage at which the larval hyo-
branchial apparatus is functioning and its
morphogenesis ceases before metamorphosia, The
svolution of the hyobranchial awpparatus in the
larvae of Apphibia we # single unit in connec-
tion with its functien, which has not been in-
vesiigatad by anyane prior to this tine, should
be intereating for two reasonsi first, from thae
time the vartebrates came up to dry land the
basic direction in the svolution of adylt
Amphibia has consisted of their adaptation to
the terrestrial and aerial spheres, The larvae
of moat Amphibia have cantinued to live in water.
The study of the hyobranchial apparatus In Ehe
larvae hence gives us material which is more
faverable for explaining the arigin of thia

syat#m in amphibia. Second, such investiga-
tion can shad light not only on the origin
of tha hyobranchial apparatus in the larvae
of the extant Urodela and Anura byt also on
those processes which led to the structures
sasn in Racent foerms,

The problem in the present dissertation
is the explanation of the following questions:
1. Whet function or functicns does the hyo-
branchial apparatus fill In the larvaes of
Anphibia? 2. How is this function manifestisd,
in other words, what is the mechanism of
action of the hyobranchial apparatust 3.

How did the evolution of the hyobranchlal
appartatus take place in connection with ita
functiona? 4, What waa the origin of the
mechanism of action for thia system?

The resclution of the principal questions
was facilitated by the fact that in the
literature ths functions and in part the
meghanism of action for the hyobranchial
spparatus of fish, primarily Teleostai, have
bean deacribed. The construction of tha hyo-
branchial apparatus is known for both fishes
and the lzrvae of amphibians to the degree
that homalogy of the ma jority of its ele-
ments is no longer in doubt. Also, the®
basgic features of the phylogenetic connec-
tions of the lower tetrapods have also been
explained. In addition, the mechanism of
the expulsion phase of the buccal pump ha=z
haen reconatructed by M. M. Yoskoboanikov,
(1932} and |. |. Schmalhausen, (1964), The
mechanism for the suetion phase in the res-
piration of crossopterygian fish is facili-
tated by the movemanta of the hyobranchial
apparatus, the structure of which was des-
cribed by Jarvik {1954, 1963, 1967).

MATERIALS AND METHODS

Larvae of four families of Urodela and
six families of Anura were investigated.
Fellowing is a List of species {Ranodan
slbiricya, Hynobiyg keyserlingii, Ambystom
apey Iritytys cristaiys, T. ris, '
Pleurodeles waltlii, Saigmgndra macylasa,
Nectupys sp., Protsys ghquineys, Lenopys
laevis, Bombina bombira, 8. orientalis,
Pelobates fuscus, Rena Lemporaria, R.
gggylenta, Bufo bufo, B, wiridis, Hyla
arbores, H. Iggonicas. The structure and
develapnant of -the hyobfanchial epperatus
was studied in slide preparations and in
¢ saries of sections from which were made
wicropl.s’ographs, sketches, graphic and
plastic reconsirvctions, Four hundred and
twenty=thres larvae at various stages of
development were examined with morphologic
methods, Analyais of functions and of the
mechanism of action of hyobranchial appara-
tus was carried out on the basis of obser-




vations of living larvee as well 83 with the
help of electrical excitation of individual
muscles (in large axolotls). To observe the
movemsants of the hyobranchlnl apparatua living
larvas were placed in a chamber with a mirror
_ bottoms A binacular microscops was focused on
the reflection of the base of the oropharyn-
geal cavity through which the gqntours of the
cartilage and muscle were visibleé through the
skin, Through a large numbar of cbservations,
a clear picturd of the movements of the hyo-
branchial apparatus was compilad. Ln additicn,
absarvations wars made on the movement of the
hyobrnnchlal apparatua in the fry of pike and
in additian three series of sections frem the
larvae of Neocgratodus and Protopterus were
studied as well as preparations of skulls of
negtanic stegocephalid (Dvinosayrys prinus
Amalitzki No. 39, 40, 41 and I
hg:g;) from the ccllection of the Plleonto-
logical Museum of the Acadamy of Sciances of
the USSR,

CHAPTER 1

THE EVOLUTION OF THE HYOBRANCHIAL APPARATUS IN
THE LARYAE OF URODELA.

All Uradslan larvae which are "waiting
predators” generally feed on zacplankton,
The prey is captured at a distance with the
aid of a stream of water which is induced by
dapression of the base of the org-pharyngeal
cavity and opening of the meuth. Upon eniry
of the pray the gill arches are closed by
the gill flaps. The depression of the floor
of the oro-pharyngeal cavity occurs by the
action 'of the hyobranchial apparatus. The
constriction of M. stsrnohyoideys elicita z
retraction of the copula. The hyoid, which
is suspended from the skull on two liga=
ments, then turns due to the presence of the
free moving hyocopulatory artieylation with
its anterior or forward end downward. The
gopyla ia lowared simultanecusly without
changing its herizantal position. The for-
ward portion aof the base of the orp-pharyngeal
cavity is consequently depreased, At the same
tima the M. ceratohyoideus sxterior, a muscle
which at this moment has a point of suppart on
the hyoidal arch and is fixed by the contrac-
tion of M. sternchyoideus and by poeition of
the hyoid ligaments, is ¢contracted. The
poaterior, (i.e., dorsal) and of the
gseratobranghiale [ extends ventrally but its
action extends to all of the gill srches so
that the ventral and dorsel ands of cerato-
branchiale are united by zzrtilaginous
ridges =-- junturae proximu.es and gomissyrae
lerujnales. During the action af the M. -
cergtohvoidoys exterior tha back portlon of tha
floor of thae oro-phlryngsal cavity ia deprassad.
A similar action is seen in all of tha forms in-
vestigated, except for Proteys anguineys, in
which M. siernghysideys, because of iis greater

developmant and mors extensive area of attach-

ment to tha mucilaginous floor of the oro- .
pharyngeal cavity, may act both on the fer-
ward portion of the floor of the oro-pharyn-
geal cavity, by means of the turn of the
hyeid, and on the floor of the gill regiony
thus it sharply strengthens the whole action
of depreasion. After the prey has entered
the mouth the jews close. During the action
of the hyobranchial apparatus the floor of
the oro-pharyngeal cavity begins to rise and
pushes alnost all of the water which entered
the mouth during the capture of the prey
through the opening gtll alit. This lifting
movement takes place more alowly than the
movement of depression, The M. intermandiby-
larig posterior and the Mp. i ide i
antepjor and pogterior play a primary role in
this movement, DOuring their contraction the
floor of the oro-pharyngesl cavity swells apd
at the same tima rises. The M. intermandiby-
laris nggigg_gg has a point of attachment on i
the lawer jaw, the M, interhyoideys anterior

on tha posteriar end of the garatofivale and

through the above ment:oned llgaments onto the !
skull, and the M.

is connected on the end of ceratobranchiale |
which is connectad with the skuyll enly by metns
of the M. lovator arcus branchialis 1, In

the motion of lifting the Mm. lovatores arcuum
branchialum al=c play a role and they extend
upward to the dorsal ends of the gill arches
end the Mm. subarcuales pbi. I, 11l facili-
tate a protraction of the cepatobpranchials.

A significant rola in the described movement

is played by M. geniohygideus, which in pyll-
ing the copula defines the movement of the
hyeidal arch to its ariginal pesition. The
protraction of the copula duriag the action

of the M. geniohyaiders is cenditioned by

tha fact that it rests on the symphysis of the
lower jaw, which is fixed at this moment as

a consequence of the contraction of M.
intermandibylaris anterior.

The ingestion of foud takes place at the
end of the upward motion of the floor of the
oro-pharyngeal cavity. At this time the gill
arches close under the action of M. fransversys
yenirglis ¥, The pressure of the water re-
maining in tha oro-pharyngeal cavity haa in-
creased dus to the lifting of the floer, and
the containad food goss to the region of lower
pressure, that is, to the esophagus whence it
is swallowed. The M, subarcuslis ceot.
sarves as 3 ginergist in this motien, and this
nuscle in fixing the gill arc.es to the
hyoidal craates a point of support for the H.

yentralis (V.

This mechanism for the capture of food
i3 used by the larvae of all Ureodela investi-
gated. We ware not able to observe the
movemants of the hyobranchial apparatus which
are sspecially connected with breathing. The
external gills, organs for gas exchange in the
larvae of Urodela, move independently of the
hyobranchial apparatus; movements of the latter



assist the capture and swallowing of foad_but not
breathing. The mechanism of action of this sya-
tam is based on rotation of the hyoidal arch in
the sagittal plane. We were able to ghow that
the machanism for depreasing the floor of the
oro=pharyngeal cavity derives from the chcal
pump and this is also true for the machanism of
raising the ¥loor of the oro-pharyng?al cavity.
Gonsequently, the mechanism for respiratory
motions in the anceators of the terrestriel
vertsbrate was transformad into a mechanizsm for
the capture of food by the larvae of Urodela.
This conditionad a high degrea of homology of the
hycbranchial apparstus in fish and the larvae of
tailed Amphibia., Nonetheless, it was mainly the
loss of the breathing function that determined
the majer sequential transformations of the hyo-
branchial apparatus, a8 shown bath in a gompari-
son of the larvae of Urodela with fishes as well
as in comparisons of tha larvas of the in?esti-
gated speciaes one with wnother. Already in
Rhipidistia the reduction of the dorsgl regions
of the gill arches (pharyngeal and op|brnnch|a1]
is connscted with the transition to pulmonary
respiration (Schmalhausen, 1964) and this re-
duction in the larvas of Urodala is supplemented
by a raduction of ventral elementa. In all of
them the fifth arch has completaly disappeared
(in the Proteidze, the IV arch as well) and

the hypo-slement of the IV arch alse disappears,
the hypo-elemsnts of the 11l arch are reduced

(a rudiment of the hypobranchigle Il is found
anly in the larvae of Hynobiidae 2nd Crypto=
branchidae) and evan 11 (in Proteidas}. This
proceas led to the disappearance of tha poater-
ior gill slits, In tha larvae of Urcdela thare
ara three slits which are situated betwsen

and il, Il and i1, (Il and IV geratobranchialia
(in the Protsidae two slits remein between ! and
Il, and Il and [T1). Thus the most posterior
gill arch in the fish which iz located batwaen
the i¥th and Vth arches {in the Proteidae the
praceeding one as well) and the moet forward
slits between the hyoid and the first gill arch
are reduced, The pasition of this arch is
occupied by the ceratphyoideys exlerior as a
homolog te the M. opercularis in fishes.

The reduction of ths hyobranchisl apparatus
eceurs together with several changes associated
with the parfection of the mechanism for tha
capture of food. First of these was a modifica-
tiea of the mavement most responsible for this
process, namely the deprassion of the Tloor of
the oro-pharyngeal cavity. The union of the
urchyale and bagibrapghiale from independsnt
elements of the hyobranchial skeleton in the
Rhipidistin to a single gopula in the larvae Jf
Urodela facilitated a bettsr transmission of tk-
action of My. sterno- and gensohyoidei to the
hyoidal arch. The trznsformation of the M.
gpercularis into the M. ggratohyoideus exterior
and the associated appearance of gommissucae
terminalis in the larvas of Urodela created a.
possibility for depressing the poaterior part of
the floor of the oro-pharyngeal tract.

The mechanism for Lifting the floor of
the oro-pharyngeal eavity remained virtually
unchanged; apparently the speed with which
water is expelled through the gili slits does
not have great biological significanca, since
the capture of food is not determined by this.
The perfection of the mechanism for clesing
the gill slits during the captuce of food is
connactad with the differentiation of M.

ig rect. !¥. Jn the larvae of

Hynobiidae, this muscle has ona concavity which
extends from the fourth to the firat gill arch
and it is thus s common constrictor of the
gill slits. In the larvae of Ambystomidae
and Salamandridae Lhere are two supplemen-
tary portions of the M. rests
I¥ which unite the !¥ arch directly with Il
and 11, Greats on the ventral ends of
ceratobranchiaslia serve to strengthen all
thres parts,

The reconstrustion of the hyobranchial
apparatus driven by the need for perfection
of tha prey captive mechanism is moat olearly
seen {among the investigated forms) in the.
Proteidae. Here a progressive development of
the M. sternobysideys and . seratohyoideus
extarior facilitetes a strorger depression of
the floor of the oro-pharyngeal cavity than
is possible in the larvae of othar Urcdela.
The extension of the area of support of M.
sternohyoideus on the soft floor of the oro-
pharyngeal cavity was made possible by the high
degree of reduction of the gill arches. The
distinctiveness of the structure ard mechanism
of action of the hyobranchial apparatus of
Prateidas js explained by the particular biclogy
of this blind cave form which is required to
feed on very mobile and quickly moving Crus-
tacea. There is time for a proteid to make
only ona ingesting movement, at the moment the
tip of the snout touches the prey, and this
movement must be strong enough to promote a
higk probability of capture.

ft is thus evident that differances in
the c¢onstruction of the hyobranchial apparatys
are insignificant among the investigated forms.
The larvae of higher families (Ambystomidae
and Salamandridae) are only distinguishad
from the larvae of the primitive families
{Hynobiidse) by the disappearance of the rudi~-
m?nt of hyobranchizle 11) and by the acquisi-
tion of a more highly differentizted appara-
tus for closing the gill slits. Only in the

" Proteidae was there a more significant recon-

struction of the hyobranchkiel apparatus. Thua
the stability in the construction of this sys-
tam corresponds to the stability of the
mechanism for the capturs of food.

Comparative embryological investigation
of the hyobranchial apparatus of Urodelan
larvae permitted ua to estimate its evolutio n-
ary development, i.e., the establishment of
the basic qualities of organization which
dafine the above mentiored mechanism of action.



The nessnchymal lzyers of the arch of the hyo-
branchial skeleton in the larvae of alT Tthe in-
vestigated forms initially resta in a transverse
position. Then, to the degree that there is re-
location of the stomadeum from the ventral side
of the embryo to the end of the snout (in active-
ly feeding larvae the mouth is terminal), the
hyeid and the gill arches change their position.
As & result they are sityated obliquely with re=
lationship to the longitudinal axis of the body

tha dorsal end af each arch is lgcated signifi-
cantly mora caudal than the lower). This creaates
the poasibility of turning of the hyoid arch in
the sagitial plane and at the aame time the whole
machanism of action of the hysbranchial appara-
tus,. .

Parallel with the change in pasition of the
arches, the hyobranchial skeleton differentiates
and the muscles which control It develop further.
The copula forms in the medial part of the floor
of the oro-pharyngeal caviiy., ln the majority of
the forma investigated it arose imnmediately in
the form of a single element, Only in Ranodon
aibirfcup at one of the siages of developmant
were we dble ko dlscover a branchial segmental-
like formation of the copula, which is en-
counterad anly in Acanthodii (Watson, 1937).

The hranchisle basaliy already fuse in the fol-
lowing atage. This showa that the svelution of
the basalia elements of the hyabranchial skele-
ton involvad fusion rather than reduction. This,
ay well as the fusion of the bagalbranchislis
and yrohyale during the transition from fishes

to tetrapode, facilitated a better transmisaion

of the action of the M. gternohyoideuys to the
hyoid arch. .

ln the initially continuous mesenchyme for-
nation of the hyoid and gill arches independent
conters of cartilage are differentiated and
these correspond to the later division of the
arches into hypo- and carato- alements. DOuring
the early siages of development of hynobiid lar-
vee the hypohvalig lie under the edge of the
jae This bend disappsars as in the
“Rhipidistia (Jarvik, 1954, 1963), and the hyoid
asaumas a dafinite form for the larvas of
Urodela. In the larvae of Ambystomidas and
Salamandridae the hycid is formed directl
without the above mentioned curve., Commissyrae
termipales which unite the posterior ands of the
[ arise e&s outgrowths from these
after the gill arches have been complately
formed, that is, their development occurs by
means of positive ansbolism, extensions of the
final stages of development of their cgrgtobran-
chiali. These alements of “he hyobranchial
skaleton are diatinctive only for the larvae of
Amphibiaj the elements are naw formations,
and henca not homologous to ths epibranghia of
fish as suggested by Fox {1954). By means of a
positive anaboliem the supplementary portions
of M. subarculariy rect., IV and of the crest
which serve for their strengihening have also
developed in the larvae of the higher Urodela.
The reducsd paris of the hyobranchial apparatus

(4th and 5th gill slits, hycbranchiale (11)

evolved through negative amabolism, Conse-

quently, the eveluytionary transformation of the
hyobranchial apparatus in the larvae of Urodele
which are connected with the loss of the breathing
function took place by means of a negetive anabol~-
ism and the tranaformation which conditionesd the
parfection of the mechanism for food cepture, by
maans of the positive moda of phyloembryogenasis.

CHAPTER 1t
THE HYDBRANCH|AL APPARATUS OF THE STEGOGEPHAL I0S

The atudy of the structure of the hyobran~
¢hial skeleton in the stegocephalids was re-
stricted to representatives of Labyrinthodontie
(groups which are considered to be the anceators
of Anura). In the literature thare is infor-
mation on the structure of the hyobranchial
skaleton of representaiives of one family of

Lepospondyli ( -eoetin and four fami=
lies of Labryinthodontia (Dyinosaurys, Platyceps,
i is, Micropholis, Branchio-

 d
saurys})s All of theas ategocaphalids are neotenic
forma and poasess larval structures of the hyo-
branchial apparatus.

The number, form, and cerrespondence of ele-
ments of the hyobranchial apparatus {with the
exception of the well-developed i
11l in series of representatives from both groups]
were the same as in the larvae of Urodela. The
arches of the hyobranchial skeleton were always
situated obliquely with respect to the longitudinal
axis of the body. In Dvinosayrus tha hyoid was
syspended by ligaments from the skeleton {Bystrov,
1938, 1999). Epibranchials wers absent in all of
the above mentioned stegocephalids. There were
three gill slits, the same nuymber ae in the lar-
vaa of extant Urodela (the first and the last gill
slits of the ancestral tetrspods were absent).

In addition, evidenca of external gills was found
in goms stegocephalids, Dyij was alse
noted to have external gills iBystrov, 1938).

The similarity of the structurs of the 'hyobran-
¢hial skeleton in both the larvae of stegocepha-
lids and tha larvae of extant Urodela presumes s
similarity in their mechanism of action., The
presence of extarnal gills indicates that the hyo-
branchial apparatus of stegocephalids as well as
of the larvae of uradelana serves for the capture
of foods Thus, we were able to explain that de-
spite variations among the several representa-
tives, the hyobranchial apparatus of the lervae
of Labryinthodontia and the larvae of Lepospondyli
waa constructed and functional on the same prin-
ciple as that of the larvae of the extant Urodala.

CGHAPTER 111

THE EVOLUTION OF TRE HYOBRANGHIAL APPARATUS IN THE
LARVAE OF ANURA

I. I. Schmalhausen (1964} has suggested that
the hyobranchial apparatus af tadpoles was formed
under conditions of rapid flow of mountain streams




poor in zooplankton, The following asseciated
characteristics appeared in the larvae of Anura:
an apparatus of 1ip cartilage which szrves for
the capture and chewing of the growing plantg
that serve as basic feed, & long convolutad in-
tastine which is suitabla for the digestion of
this food, and an external gill concavity which
facilitates the acquisition of a streamlined
body form. The origin of the laat item caused
loas of the external gills and the davelopmant
of hidden homelogous gills situated on the gora-
i as in fishes. We wers not able
ta ¢bserve the motion which spscially serves for
breathing., For this reason the mechanism for
the tranaport of food, evan though thare are
pscul iaritiea imposed by the davelopment of

concealad gllls

Such zn interpretation of the function of
ths hyobranchial apparstus in the tadpoles is
confirmed by the absence of gilla in the larvae
of Xgpgoys laevis and by the abgervation that
the motlion of the hyobranchial apparatus serves
only for the transport of food.

Tha large food masses entering the mouth in
dispersed condition require a change in the motion
pattaen of the hyobranchizl apparatus. In tad-
poles, as distinet from the larvae of Urodela,
ingaation oceurs by means of frequant oseillations
which are not of great amplituds. These oscil-
lations ¢reate a weaik constant atream of water
which facilitates the transport of food into the
interior of the oro-phtryngaal cavity, Faod is
not captured at a distence. In none of the in-
vastigated forma do the oscillations of the hyo-
branchial apparatus occur in the sagjttal plans
as in the larvae of Urodela, but rather in the
tranaverss plane.

The depression of tha floor of the ore-
pharyngeal cavity takes place during the motion
of the ja and the gill chambers
(gn:nggbcggghiglia; with the medial edges down-
ward. The M. grhitghyoideya and M. suspensoria-
byoideys draw the lateral ends of the hycid up-
ward, Ceratohyalia turn in the geoquadrate ar-
tieulation which aervas as the only connection of
the hyobranchial apparatus of %adpoles with the
skull, Ouring this turning, the medial eands of
the ceratohyals, which are spread and thickenad,
are depressed; topether wiih the copyla ! pars
reunjeps ond gopulae !l which are situatsd along
the medial lLine of the body., The Mp. levaiores
arcyym branchigliym also contract, drawing up-
ward the back and posterior regrona of the gill
chambers, As a result, the latter turn-and the
hyobrenchial disc which is furthermore connected
immovesbly with gopula |1 is depressed. The
forward region of the ventral wall of the eso-
phagus in the tadpoles of Phaneroglossa is con-
nected ta the poaterior region of tha hypobran-
chial disc. For this reason, the e¢sophagus opens
whean the hypobranchial disc is depressed. As a
result of the complex of described motions, the
entire median region of the floor of the oro-
pharyngeal cavily curves upward and the waler
which has poursd-in through the oral apening

" are raised.

carries the elemants of food from the lip cartilage
into the depths of the cavity. Ouring the deprea-
sion of the oro-pharyngeal cavity the gill arches
close due to the contraction of Mm., conskrictores
branchiales, i.e.,, the oro-pharyngeal cavity is
isolated from the external gill chamber. The
latter chamber i3 isolated from the ocutside

by a dropping of the walls of its efferent canal
and this well plays the rele of a valve. The re-
turn movement of the ig with the madial
ends ypward;:takes place during the action of M.
interhyoideus apterior. This musecle contracts

and at the same time lowsra the lataral ends of
the hyaid. Together with the medial ends of the
ceratohyalia, the pars reuniepns and both ¢opulae
However, the H. intarhyoideus
anterior drews the ends of the hyoid not only
ventrally but caudally gs well attempting te join
them horizontally.

Bopuls | is hindered by this movament and it
supporta the medial ands of the cerztohyals.,
§imultanecusly with the contraction of the M.
ipterhyoideys anierigr, the Mm, subsrguales reeij
and gbliqul contract and turn the gill chambers
with a movement which is counter to the movement
of depression. The simultaneous contrmction of
the above mentioned muscles raises the median
portion of the floor of the oro-—pharyngesal cavity.
With this a stream of water carrying food material
changes its directioh and enters the gill slits
while the particles of food are retained due to
the presence of a spacial filter apparztus.

In the larvee of Phaneraglossa the filtered
water exits through the gill slits into the ex-
ternal gill chamber, swesping over the gill
branches in the process., Ouring the next intake
pulsa the retained food material is drawn intc the
esophagus, while the next lifting of tha buccal
floor causes the water to be filtered sgain,

After entsring the external gill chamber the laat
batch of water ie expellad. Thus each successive

_drop of the floor of the oro-pharyngeel cavity will

cause Lhe water that enters into the esophagus to
be furthar enriched by the food particles which
remained in the oro-pharyngeal cavity during the
previous alevation of its flaor.

The mechanism of zction of the tadpole hyo-
branchial epparatus is characteristic for all the
investigated forma. It is remarkable that one
cannot detect elements of the breathing movement
of fish in it. The external gill concavity thus
does not participate in the pumping of the water.
{n contrast to the condition in fishes the water
is not sucked through the gill slits but passes
them passively. The two-cycle rump of the larvae
of Anure thus works as a one cycle pump in the
larvae of Urodelas Investigation -: che w.togene-
sis of the higher hyobranchial apparatus in anuran
larvae permits us to explain the particular fea-
tures of itz senstruction and function which are
connected with the changa in the plane of esecil-
latien. As in the urodelan larvae the mesenchymal
formations of the arches of the hyobranchial
skeleton are initially positioned in the trans-
verse plene. The same complement of elements of




the hyobranchial skeleton. develops in tadpeles
as in urodelan larvae. The aingle new element
is copyla 1. Shortly after the arches are laid
down the formation &f the long convoluted in-
tastine begins. The latter literally forces the
heart into the region of the hyobranchial appa-
ratus, changing its configuration and the entire
course of its further development. The hyo-
branchial skelaton meves somewhat rostrally,
consequantly the hycid comes in contact with
the quadrate cartilages. At this spot the
vadrats articulation develops. Gepyla Il
?we succeedad in showing the homglogue of the
copula in urodelan larvee) having leat the possi-
bility for growing caudally remains arrested as
a short cartilags throughout the entire lapval
lifae of Anupra, of a size squivalent to that
sean in the early stages of lsrval development
in the Urodela.

I and || approach one
ancther and fuse. In the larvae of Phanero-
glosaa the mouth remains ventral until mets-
marphosis. Consequently the arches of the
hyobranchial skeleton retain their initial
trangverse pogition. Tha change of configura-
tion and topography of the hyobranchial skele-
ton ob3erved in the anuran larvae must then have
arisen as a result of a deviation from the
course of development characteriatic for the
vrodelan larvae. This deviation apparently re-
sults from intaractions in forming the intestine
and the heart and the lack of any tendency by
the mouth to translocate. In tadpoles the:
hyobranchial apparatus then acts differently as
the plane of ita oscillation changes (since the
arches lie in a transverae position rotatien of
the hyoid in the segittal plane cannot lower the
floor of the oro-phiryngeal cavity). It must bs
emphasized that this deviation arcse by means of
a2 changed construction in correlated mutual re-
lationships {co-adaptation) of tha hyobranchial
apparatus with the organs surrcunding it. The
transformation of the hyobranchial apparatus took
place not 2s a result of direct adaptation to the
changed character of the food but indireetly, be-
caugse of a changs in other organs.

Tha deviation described above determined all

further svolution of the hycbranchial apparatus.
noted in the beginning stages of .

development of the hyoid under the edge by the
geratohvalia (as in the hynobiid larvae) do not
change their position, but spraad out and fusa
forming the pars reyniens, which is not carti=-
laginous but remains prochondrial for the en-
tire larval 1ife. Consequently the pars
:juuusni (which arises as the rcsult of deviatian
in the developmant of particular to
the larvae of Uredela) is the homologue of thesa
alements of the hyobranchial akeletons and is not
basal as believed by the majority of investiga-
tors. The pars reynisns Serves as an «lastic
connection betwsen the geratohyslia when these
move in the transversal plana. Gopyla i which
possesses tha most primitive construction in
pelobatid tadpoles Eit is lacking in tha tad-
poles of Xenopyg laevia) arose in the process of
evolution of the larvae of Anura of arcolaxis and

has ro homolague among the ancestors of the
tailless amphibians. The remaining alementa of
the hyobranchial skaleton in the larvae of Anura
ara changed becayse of a deviation evolved by .
means of positive anabolisms The transport of
dispersed food material required an intrease in
the amount of water circulated through the oro-
pharyngeal cavity, With this a propertional in-
crease of the madial parts of the ceratohvalia
occurred, leading to the restructuring of the
ceratobranchialia of the gill chambers and the
fusion of hypobranchialis into a broad disk.
Among the forms investigsted, the tadpoles of
Discogloasidae and Pelobatidae are more primitive
in several structures of the hycbranchial sygtem
than are the tadpoles of the Ranidae, Bufanidae
2¢nd Hylidae. Maximal spreading of the hyeid and
the gill chambers is noted in the tadpoles of X.

*lasvisj the latter characteriatically faed an

decaying matter and phytoplankton and hence re-
quire increasad amounts of water to pass through
the oro-pharyngeal tract.

The transformation of the hyobranchial skele-

ton is paralleled by the transfcrmatlon of its
nuscylature. The M. exterior, which
lowera the cerstobranchialjg in the larvae of
Urodela, disappears. New muscles develop, namely
the Mm. orbjits and suspensofic hyoides. The Ha.
lavatores arcuum branchialium sxpand znd in the
tadpoles of X. laevis may even fuse into a single
muscle layer, The Mm, consirictores branchiales
develop in anuran larvae as a result of the
development of Lhe conceeled gilla and the re-
duction of the gill flaps (which in the larvae of
Urodala close the gill slits during the intake of
water into the orp-pharyngeal tract cavity). The
presence of these musclas in the tadpoles of X.
laguis attests to the fact that gill breathing has
in this species disappeared for a second time,
The development of Mm, ¢ branchiales,
which close the gill slits, is the sirgle charac-
teristic that conditioned the unification of the
functions of breathing and food transport in the
hycbranchial apparatus of Ladpolaa.

The muscles which participate in the raising
of the floor of the oro-pharyngeal.cavity have
bean subjected to just ms great a transformation,
The M. ipterhvgideus posterior is well expressed
in tha larvaa of Pelobatidse, but absent in g
series of investigated forms. The M. id
anterier is wide in the larvae of Urodela; but -
appears as & narrow atrip in connection with the
transverse. location of the hyoid in the larvae
of all the Phaneroglosea.
it is again broad, The M. intermandibularis
aoterior and M. geniochyoideus which determine ‘he
protraction of the hyoid and ¢opula in the larvae
of Urodela zre in tadpoles kept from this
function by ‘he lLyob: . ¢hial apparatus, and in-
atead participate in ths mechanism of actien for
the 1ip cartilage. The Mm. subarcyales obl. Il
and |11 ara indepandent in the larvae of Urodela.
In tadpoles {with the exception of thwse Hyla)
they are fused into a single muscle and in X,
ldaevis they furthermere lose their confection with
the copula. The evoluticnary transformations of

In the larvas of X. laevis



the musculature of the hyobranchial apparatus of
tadpoles oceurred primarily through poaitive ana-
bolism whieh could be clearly traced in a whole
series of instances, The tranaformstion of the
M. iptermandibularis pogierior and M. sternochyoid-
#ys occupies a particuiar place. Thesa muscles
play a leading rols in tha mechanism of action
for the hyobranchial epparetus in the larvae of
Urodela, but do not funetion in tadpoles; for
this reason they are always incompletsly developad
although they have not disappeared completsly in
any of the investigated forme. The preservation
of the primordfa for M, iniermandibularis posi-
erigr and M. sternohyoideys is explained by the
fact that they induce movements of the hye-
branchial apparatus in adult Anura (A. S.
Severtzov, 1961), Consequently ane observes

not a redyction but a retardetion in anuran
larvas, a temporary restraint in the develop-
nent of thess muacles which is elicitad by

“their exclusion from the machaniam of action

of the larval hyobranchial apparatus and by

the necessity of preserving then for future
function, Speaking more generally, retarda-

tion may begin when any component is excluded
from the funetioning of the provisional or
temporary system aven though the component is
prasarved for functioning at subssquant stages

of ontogenssia. Tha offered conception to a
certain degras axplains the adaptive signifi-
cance of ragulated retardstion in entogenesis -
a very little studied class of heterondr|e.

Thus in the larvae of Anura a mechanism of

action of the hyobranchial apparatus is developed.
Tha evolution of tha latter proceeded primarily
by means of pesitive modaas of phyloembryagepe-
85,

GHAPTER 4
HYCBRANGHIAL APPARATUS OF RHIPIDISTIA

In the investigation of mechanisam of action
of the hyabranchisl apparatus in the larvee of
Amphibia, the elzborats descriptions and recon-
atructions of the structure of the hyobranchial
apparatus of Rhipidistia (Jarvik, 1954, 1963,
1967) giva us the possibility to reconstruct the
mecharism of action for this system in the
cressopterygian fishes and also to weigh the
apgumants in favor of the theory of polyphyle-
tic origins of the tetrapods advanced by Jarvik.
The structure and location of the pulmanary discs
in &lyptolapis and H ius (Porolepiformes)
and in Eysthenopteron foueolepiformes) is such-
that they condition the mability of the flaor of
the oro-pharyngeal cavity and hence the rising
and falling movements that assure the oscilla-

- tion of the hyobranchial appa-aius. T structurs
of the hyobranchial skeleton of Eyathenopteran
and in particular of §lyotolepia is similar to

the stiructure of this system in the larvae both

of the stagocephalids and of the extant Urodala
the most important shared characteristic is

the oblique or slanting location of tha hyoid

and gill arches which shows that the oscillations

of the hyobranchial apparatus must have taken place
in the sagittal plane during the action of the M.
i ). DConsequently the mechanism of
action of the hyobranchial apparatus in Rhipidis= "~
tis, which served primarily for breathing, was
similar Lo such mechanisms in the larvae of the
stegacephalids and-the larvae of the extant Urodela,
but not in the larvae of Anura., One of the argu-
ments used to substantiate the theory of the
polyphyletic origin of the tetrapods advanced by
Jarvik {1963, 1967) is based on his hemology of
8 saries of elements of the hyobranchial skelaton
of Eysihenopteron and the larvae of Anura. In
his opinion the sublingual pivet is homelogous
te gooyls I, the basibranchiale | to gopula Il
and the hasibranghjale (1 to the nedian fissure
of the hyebranchial dise. The cited homelogous
features allowad Jarvik te come to the ¢onclusion
that the hyebranchial apparatus of the larvae of
Anure developed on the busis of the structure of
this system in Eygthenoptergn. We succeeded in
showing that of the homelogous features advanced
by Jarvik only the comparisen of bggibranchiale -
I in Eysibenopisron and of the basal elsments of
the hyobranchial skeleton of the tadpolee gopula
Il was justifieds Copyla | is a new formation
which is characteriatic only of the larvae of
Anura [see chapter 3) and the medial fissure of
the hyobranchial disc arose during the process of
the proliferation and fuslon of the hyoohranchia-
lia ard does not have anything in common with
the basal elemants. MNor is it possible, as
presumed by Jarvik, to reconstruct the muscula-
tyre of the hyobranchial apparatus of Eusthengpteran
using the correapondences to analogous muscles
in the larvae of dnura; all that is further em-
phasized by this is the similarity of the forms
compareds The muscles of the hyobranchiel appara-
tus of the {adpoles 2re highly changsd as a result
of the orlgin of & new mechaniam of action, The
presance of a sublingual pivet {which is not
known in any of the extinct or contemporary forms)
and a series of other characteristics in the con-
struction of the hyobranchial skeleton attest to
the specinlization of Eusthenopteron. Thus the
structure of its hyobranchial apparatus cannot
be considered as a prototyps for the structure of
thia system in the larvae of Anura and it is not
posaible to confirm or establiah the theory of
the polyphyletic eorigins of the tetrapods by
means of such compariscn. :

CONGLUS | ONS

In summary we must characterite the basic
factors which determine the transformation of the
hyobranchial apparatus and its svolutionary trends
in tha larvae of Amphibia. The avelution of the
hycbranchial apparatus in the larvae of stego-
cephalids and the larvae of the extant Urodela
is characterized by the loss of its funetion
in breathing and its perfection as a mechanism
for prey capturs. The loss has permitted the re-
duction in a series of elements of the hyo-
branchial skeleton and the disappearance of
several gill openings, as well as several




progressive transformations of the hyobranchial
apparatus. The high evelutionary atability of
this apparatus is explalned by the fact that its
action permits the animal to capture prey at =
distance; it thus represents the perfection of
the basic function of feeding. Both reduction
and prograssive transformation of the hyobran=
chial apparatua are most noticeabls in tha
Proteidss, in which only two pairs of gill
openings are preserved, Theoretically reduc-
tion might be expectad 1o have proceedad fyr-
ther 1n the urodelan larvea, 3ince only the
single anterjor pair of gill openings is
necessary for expulsion of water from ihe
oro=pharyngeal cavity. However, tha hyo=
branchial apparatus c<anrnot be reduced further,
The complate loss of gill openings, obaerved in
soma adult Amphibia, would if carried out in all
stages mean a basic transformation of the mechan-
ism of hyoid action, Thus the tendency for & re-
duction of the hyobranchial apparatus in the
svolution of urodelan larvae is offsat by the
need to perfect its action in other functiens,
The hyobranchial apparatus in the larvae of
Anura aresa by modificatlon of the hyobranchial
apparatus in the larvae of stegocephalids and
was formed secording to tha same principle as

in the larvas of axtant Urodala. The appear-
anca of the bresthing functior in the hye-
branchial apparatus of the tadpoles seems to
have had no effect on ita evolution. The
transformation of this sysiem toak place as & -
result of a change in the correlated conpsc~
tions of the hyobranchial apparatus and the
argans surrounding it in the ontogenesis of
anursn larvae, The deviation which is defined
or determined by a change in the area of oseil-
lation for the itadpole hyobranchial apparatus

ig a most important factor which determined its
further svolytion. [t seems to have lad to

the parfaction of a new mechanism for action,
that is to a proliferation of cartilege and a
corresponding reconstruction of the musculatura,
The moat extreme axpreasion of this tendency
among the forms is the construction of the hyo-
branchial apparatus in the tadpoles of the
speciens Xenopys laevis, In all of our work, the
data obtained on the ontogenssis and the morpho=
lagy of the hyobranchial apparatus in amphibian
larvas and the comparison with the structupe of
the hyobranchial apparatus of stegocephalids

and crossoptarygian fiahes confirm the theory of
monophyldtic origin of the Tetrapoda,

la our investigation of the svolutien of
the hyebranchial apparatus in amphibian larvae
we examined the evolution of the caenogenetic
system, i.e., the complex provisional or tempor-~
ary adaptations which serve only in the course of
the larval period of Lifs. At the time of meta-
morphosis, the hyobranchial apparatus becomes
subject to the basic marpho-functional recon-
struction. The mecharism far the eveluticnary
transformation of temporary iraits has not
previcusly been investigated. The proota
gathered from our work that embryonic adapta-
tion evolved by meana of phyloembryogenesis.
They also let us extend the boundaries of the

theory of phyloembrycgenesis, HNow il can be said
that not only the characteristics or traits of
dafinitive organization but alsc of smbryonic
edaptation are subject to the ordered manner of
development which was determinad by A, N. Severtov,




