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THE EPAXIAL MUSCULATURE OF SIREN, AMPHIUMA,
AND NECTURUS (AMPHIBIA)

- WALTER AUFFENBERG !

SyNopsis:  Almost all of the studies dealing with the trunk musculature of
urodeles have been restricted to the hypaxial series: In this study the epaxial
muscle mass of three genera (Siren; Amphiuma, and Necturus) have been examined.
The entire dorsal, muscle mass is divided .into three main units on the basis of
fiber attachments. Each unit is in turn provided with several distinct fiber tracts,
dérived from a primitive and simple myoseptal system. Thqsc; minor complexi-
ties are described in regards to approximate size, direction, and attachment in the
three genera studied. All three genera have a similar arrangemient in the more
superficial fiber tracts. In régard to the deeper tracts Necturus is most primitive.
Siren -and Amphiuma illustrate certain specializations involved in allowing these
genera to bend their body vertically to a greater extent than is normally possible
in members of this class. The specializations are apparently mdependent]y de-
rived. .The abandonment of myoseptal attachments and intervertebral systems
more well developed are examples of such specialization:

INTRODUCTION

Studies of musculature in the urodeles have been restricted largely
to the branchial, hypaxial and appendicular aréas. The main reason
for this is that their epaxial trunk musculature has generally been con-
sidered to be a mass of fibers which, if oriented at all, were so com--
plex and interlaced that no serious attempt was even made to study
the fiber tracts. Thus the epaxial complex is generally referred to
as the “dorsal muscle mass.” Certain authors (Nishi, 1916; Francis,
1934; et al) recognized several subdivisions within the entire com-
plex, but- the units they described were very broad and not clearly de-
fined in terms of fiber attachments.

During a study of Receiit and fossil vertebrae of a number of sal-
amanders it became obvious that in the Sirenidae these elements are
quite distinctive. They differ markedly from other urodelé vertebrae
in a number of ways, and particularly in the shape of the neural arch.
In no other known living amphibian is the posterior portion of the
arch shaped inito a horizontally-oriented V=shaped notch with its apex
directed anteriorly. The two raised arms of the V have been termed

* The author is an Associate in the Florida State Museum, Assistant Professor
of Biological Sciences, and curator in vertebrate paleontology of the University
of Florida -Collections. His most important contributions deal with the fossil
‘history of small amphlblans and reptiles. Manusciipt submitted March 31,
1959.—FEp.



|
|
254 BULLETIN FLORIDA STATE MUSEUM Vol. 4 1

the alliform processes (Goin and Auffenberg, 1955). These processes
are presumably formed by bony outgrowths of the dorsal surface by
the neural arch itself, rather than by an upturning of the posterior
edge of the neural arch. As a result, the roof of the neural canal
is complete and forms a “fHoor” between the thin vertical V=shaped
alliform processes. This condition is so singular that isolated fossil
vertebral elements of this group of salamanders are easily recog-
nized, which has recently permitted the extension of the known
fossil history of this group to the Lower Cretaceous (Goin and Auffen-
berg, 1958).

The peculiar structural features of the vertebrae of this family of
salamanders led to the present study. The unusual vertebral processes
of the Sirenidae suggest that the epaxial muscle fiber tracts are prob-
ably more complex than those of most other living urodeles. The
complexity and yet distinctiveness of the fiber tracts suggest: that
much might be gleaned from a study of the “dorsal muscle mass” of
other urodéles as well. For comparative purposes the epaxial muscle

. complex of Amphiuma and Necturus were also studied.

Most of the problems associated -with a study of. this kind are
related to the necessity of studying only fiber direction and attach-
ments. There are no -clear demarcations between muscle masses
in the nature of delimiting fascicular connective tissue. Muscles de-
limited by fascia are found only in the appendicular and branchial
areas. In Siren these have been studied mainly by Wilder (1891)
and Maurer (1892). o

A -particularly bothersome point when dealing with only fiber
direction is that it is almost impossible to establish homologous rela-

_ tionships. For this reason the various epaxial fiber tracts are not
_named with respect to possible homologous structures in higher verte-
brates. The entire dorsal muscle mass is easily divided into a number
of units based on fiber attachments. FEach unit is in turn provided
with several distinct fiber tracts, derived from a primitive and simple
myoseptal system. These specialized minor complexities in the fiber
tracts are describéd in regard to approximate size, direction, and at-
tachments, and are designated by a simple letter system. This avoids
the problem of homologues for the present, and still allows for a
“terminology” necessary for comparison with the epaxial system of
other urodeles. The following data were obtained from the dissection
and partial maceration of three adult specimens of Siren lacertina
and one adult each of Necturus maculatus and Amphiuma means.
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Epaxiar. TRuUNK MUSCULATURE : -

Three: main subdivisions of the epaxial muscle mass can be dis-
tinguished in each of the genera examined. Each division need not
be of equal importance, or of equal distinctness. These are: (1) inter-
myoseptal fibers, (2) myoseptal-vertebral fibers, and (3 ( ) intervertebral
fibers.

i ; V-4
V-6 AL
TR y /L wes | Mv-2

sv ,g__‘

Figure 1.—Epaxial fiber tracts in Siren lacertina. (IM) Intermyoseptal fibers,
(IV) Intervertebral fibers, (MV) Myoseptal-vertebral fibers, (SV) Subvertebrahs
complex, (TR) Tramsversus. -

Intermyoseptal Fibers

SmeN.—Figure 1. This is not only the most superficial of the
main fiber tract divisions in the urodeles, but the most extensive one,
covering the largest part of the dorsal surface of the body. It evi-
dently represents the most primitive group of the three divisions.
Fibers from this division extent out distally to all parts of the dorsal
area and attach to the inner surface of the skin, making’ it somewhat
difficult to remove. The myotomal septa attach proximally along the
upper edge of the alliform processes and distally to the skin. In the

“region above the vertebrae they billow out to present a surface con-
cave posteriorly, convex anteriorly. Laterally the myotomal septa
undulate in a regular pattern. Muscle fibers run longitudinally and
connect adjacent septae. As a group these fibers form thick muscle

- segments that compose much of the subsurface musculature of the

entire postcranial epax;ial area. The myotomal fibers run caudocraniad
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and aré not evenly distributed, but tend to occur in groups or tracts.
'_I'hesev tracts are only slightly separated from one another.

Figure 2.—Epaxial septal arrangement and fiber tracts in Amphiuma:
Abbreviations as in Figure 1.

¢

Amrpaiuma.—Figure 2. As in Siren the inteimyoseptal fibers cover
the entire external part of the epaxial compléx. Fiber tracts run from
septum to septum, with many fibers attaching distally to the internal
surface of the skin. The myotomal septa are considerably more com-
plex than in Siren. Each septum attaches antériorly to the postero-
dorsal surface of a transverse process. Distally the septum attaches
to the undersurface of the skin. Between these two points of attach-
ment the septum billows out posteriorly. Medially it is attached to
the sharp ridge on the dorso-lateral surface of'v each neural arch, a
structure quite characteristic of the vertebrae. of Amphiuma (Fig..
92). To this ridge is attached another septum, vertical in position, and
close to the neural spine dorsally. Anteriorly it attaches to the lat-
erally expanded posterior raised portion of the neural arch. Within
the pocket formed between this septum and the lateral surface of the
vertebra a series of fiber bundles run from one septum to another, or
from. the vertebra to the septum. Some of these will be discussed in
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more detail below. In addition to the interseptal fibers in thls small
pocket, other fiber bundles run between the more obvious main sep-
tae laterally. As in Siren, all of these fibers run antero-posteriorly.

The additional septunmi described above is fairly difficult to find,
particularly in wet specimens. . The structure is more readily observed
when dry. It also becomes more. obvious after a short period of mac-
eration. After-its discovery in Amphiuma it was searched for several
times without success i both Siren and Necturus. Figure 2 shows
the complex septal arrangenient and fiber tract attachments in Am-
phiuma. .

Necrurus.—Of the three genera examined, the dorsal muscle mass
is simplest.in Necturus. The interseptal fibers are extensive as in
Amphiuma and Siren. As fewer fibers run distally to attach to the
undetside of the skin in necturus, the dermis i§ more. easily removed
than in the other two genera examined. The septa are loosely attached
to the underside of the skin. Medially they are attached to the pos-
terior edge of the neural arch of one vertebra, the connection then
extending posteriorly to the succeeding vertebra along the dorsal sur-
face of its transverse process .and thence distally dorsal to the rib,
“ where it joins the main horizontal septum. Dorso-laterally the epaxial
portion of the septum billows out posteriorly as in the ‘two other
genera examined. The septae and their connecting fiber tracts are
more similar to those in Siren than in Amphiuma. This is particularly
tiue of the septal system. '

Myoseptal-Vertebral Fibers .

Dorsal to the vertebrae, and ventral to the interseptal fibrous tracts
are a'more complex group of fiber tracts which are of more concern
for purposes of the present study, here termed the myoseptal-verte-
bral fibers. It is the complexity below the interseptal fibers which

is of most interest as regards the epaxial musculature of the sirenid
salamanders. _ '

Siren.—(Figure 1) Only three tracts have been recognized as
having attachments with' the myotomal septa at one end and the
vertebrae at the other. These tract\s are as follows:

MV-1—The vertebral attachment for these fibers is at the postero-
-lateral edge of the transverse process. Here the fibers coalesce with
some intervertebral fibers running from one transverse process of one
veitebra to the transveéise process of another vertebra. The fibers run
posteriorly from the transverse process to attach near the upper edge
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of the septum, near its confluence with the skin, and lateral to the tip
of the transverse process of the succeeding vertebra.

MV-2.—These are septal to zygapophysial fibers, running from
the posterior edge of the postzygapophyses posteriorly to the myo-
septum of the succeeding vertebra.

MV-3—Fibers belonging to this group run froin the superior sur-
face of the dorsal lamina of the transverse process posterioily to near
the distal edge of the myoseptum of the same vertebra.

Ampriuma —(Figure 2.)

MV-1.—The fibers of this group, as in Siren, run from the trans-
verse process of one vertebra to a myoseptum. In Amphiuma the
fiber tract runs from each septum posteriorly to the -antero-dorsal
surface of the transverse process of the succeeding vertebra and an-
other set running anteriorly to the postero-dorsal surface of the trans-
verse process of the preceding vertebra.

MV-2.—These are fibers which attach at one end to the septum,
and at the other end to the zygapophyses. As in the MV-1 tract,
the MV-2 tract in Amphiuma seems to be quite different than those
found in Siren. The fibers are attached at ome end to the dorso-
anterior surface of the prezygapophysial process; but run anteriorly
to .the posterior surface of the preceding septum.

Amphiuma has two additional fiber tracts that apparently do not
occur in Siren. These are: '

MV-3.—This is a series of fibers running from the anterior half

. of the lateral surface of the neural arch to the posterior surface of
the septum of the preceding vertebra. '

MV-4.—Fibers from this group make up a long tract running from
the lateral surface of the neural spine and the adjacent part of the
neural arch to the anterior surface of the septum of the succeeding
vertebra.

Necturus.—The myoseptal-vertebral fibers in the epaxial area
of this genus are very simple compared with those in Siren and Am-
phiuma. ' ‘ i

MV-1—0f all the tracts of this division in Necturus this is the
most well developed. The fibers run from the postero-dorsal surface
of the transverse process of one vertebra posteriorly to the anterior
- surface of the succeeding septum, and from theé posterior surface of
this septum to the antero-dorsal surface of the succeeding transverse
process. Thus fibers run anteriorly and posteriorly to each septum
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from the precedi,ng and succeeding transverse processes, as in Amph-
iuma. ) _

MV-2—This tract is also fairly well dé;/eloped in Necturus. As
in" Amphiuma the fibers run from the lateral surface of the neural
arch and the neural spine, as well as from the dorsal surface of the
postzygapophysial process, anteriorly to the preceding septum.

No fiber tracts corresponding to the MV-4 series could be discerned
in the dissection of Necturus. The MV-3 group in Necturus is simply
represented by modified, more anteriorly placed and slightly differ-
ently oriented fibers of the MV-2 series.

Intervertebral Fibers

These fibers are apparently the most important of all of the groups
for comparative purposes. Some of the fracts seem closest to what
might be considered homologs of epaxial muscles in the higher verte-
brates. Certain functional analogs are rather obvious in some cases.
It is certain that developmental homologies cannot be more than
casually suggested at the present time. Several main tracts have been
recognized in all three genera studied.

Siren.—(Figure 1.)

1V-1.—The fibers of this series begin near the, medio-anterior dor:
sal surface of the projected anterior upper edge of the neural arch.
The fibers thence continue anteriorly, connecting to the posterior-
surface of the entire length of each of the arms of the V-shaped alli-
form processes (Figure 1). Apparently the increased length of this:
tract is involved. in providing greater mechanical efficiency, presum-
ably in moving the body up and to the side. In action. the tract must
be similar to the multifidus muscle of some of the reptiles with a pos-
teriorly extended neural arch, as is found in the snakes. There is no
reason to suppose that these ‘units are homologous, since the multifidus
attaches to the upper posterior surface of the neural arch, whereas the
tract in Siren attaches at the anterior upper surface.

IV-2.—This is a rather large fiber tract connecting adjacent verte-
brae by running from the dorsal part of the entire neural arch of one
vertebrae, including thé anterior surface of the alliform process, an-
teriorly to the floor of the alliform process and the posterior edge
of the preceding vertebra. In action it must be very similar to the
intervertebralis of higher vertebrates and s probably a true homolog
of this muscle.
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IV-3—Certain fibers which become interlaced with those- of the
IV-2 series originate on the prezygapophysis of the next posterior ver-
tebra, to insert with the fibers of IV-2 on the alliforin process. These
fibers can thus be said to span one vertebra, but the fibers are so in-
extricably interwoven with those of the IV-2 series that they can

“hardly be termed a distinct tract in themselves. Furthermore, not all
of these fibers continue to the allifoiin process, some of them seem-
ingly attaching to the upper surface of the adjacent vertebra cranially.
In action the outer fibers of the IV-2 and those of the IV-3 series prob-
ably have an action very similar to that of longissimus complex of
some of the reptiles. -

IV-4—This fiber tract is a sinall one, attachmg at the one end to
the cranio-distal end of the transverse process, in the slot between
the dorsal and ventral laminae of that process, and at the other end
to the caudal border of the postzygapophysis of the adjacent pre-

" ceding vertebra. ‘ _

[V-5—This is a fairly large fiber tract connecting adjacent trans-
verse processes. At one end of the fibers are attached to. the cranial
edge of the ventral lamina of the next posterior vertebra. From this

_ point the fibers run anteriorly to attach along the dorsal surface of
the dorsal lamina of the transverse process of the next vertebra. Other
fibers run from the anterior edge of the ventral lamina of the trans-
verse process of a posterior vertebra and run anteriorly to attach along .
the entire posterior edge of the transverse process of the proceeding
vertebra as well as the adjacent part of the centrum of the 'same ele-
ment,

Anmpuiuma.—(Figure '2.)

IV-1—In Amphiuyma this series is very much modified from the
condition observed in Siren. The fibers are attached much more dor-
sally and medially, covering the lateral surface of the anterior part of
the neural spine as well as the adjacent dorso-lateral part of the neu-
ral arch. From these areas the fibers run anteriorly to the posterior
portion of the postzygapophysial process. The fibers run antero-
laterally. They appear to be modified -intervertebralis fibers, and
probably function in much the same manner.

[V-2—The fiber tract designated as the IV-2 series is very similar
to the same series in Siren. The fiber direction is antero-posteriorly.
They attach along the posterior edge of the neural spine and the ad-
ja,c,e,nt arch, and extend posteriorly to along the entire lateral sur-
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face of the neural spine and the éntite dorsal surface of the neural
arch.,

The series designated as the IV-3 and IV=4 tracts in Siren have
not been found in Amphiuma. However, several other groups have’
been distinguished which seem to be lacking in Siren.

IV-5—As in Siren the fibers of this tract run between adjacent
transverse processes.

IV-6.—This series is not found in Sirei. In Amphiuma it forms
a very large group, with the fibers running from the large anterior
surface of the higlily keeled postzygapophysial process to the pos-
terior surface of the vertical keel on the next vertebra anteriorly.

1V-7.—The fibers of this tract also seem to be missing in Siren;
or are so modified that they have not been recognized as yet. They
do not form a very important or large group of fibers. The tract
attaches at one end to the anterior sutface of the prezygapophysial
buttress of one vertebra to the posterior portion of the transverse
process of the preceding vertebra.

Necrurus.—The intervertebral series in this genus of salamandets
is: very much siinpler than that seen in Siren or Amphiuma. The IV-1
and IV-2 series are inseparable, no difference in fiber direction being
obsetvable. The entire mass of fibers run from the posterior surface
of the neural spine and postzygapophysial buttresses postenorly to
attach along the entire dorsal suiface of the neural arch. As discrata
units the IV-3 and. IV-4 seemn to be completely missing in Necturus.
The IV-5 series is present; running from transverse process to trans-
verse process in a manner very similar to that found in Siren and
Amphiuma. - An IV-6 tract is present, but is much less obvious ‘than
‘in Amphiuma. The IV-7 series seems to be completely lacking_ in
Necturus. .

Hypaxiar TRUNK MUSCULATURE

Maurer (1892, 1911) and others have dealt extensively with the
muscles of this series. These publications will not be reviewed here.
Howeveér, cértain features of the details of some of these muscles have.
not been previously described. Maurer, Noble (1931) and others
have discussed the general evolutionary and functional significance
" of the variability of this series in the urodeles, but the matter is
obviously not as clear as might be desired. As Maurer (1911) has
pointed out considerable parallel development has occurred in the
evolution of certain features of the hypaxial complex. Its evolution
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seems dependent on body form, phylogeny and function. The im-
portance of each of these has not been clearly delimited.

The fiber tracts composing the muscle mass immediately below
the vertebrae are more complex in terms of attachments than previous
workers have indicated. These tracts make up a large part of what
Maurer terms the “subvertebralis complex.” More specifically it is
part of what he described as the M. subvertebralis medialis.

This small proximal portion of the subvertebralis complex differs
considerably in the three genera examined during the course of the
present study. In some cases these differences seem quite basic.

In Siren the deeper intervertebral fibers of this complex can be
separated into two series. In one series the fibers run diagonally
from the lower surface of the transverse process both anteriorly
and posteriorly to the lateral surfaces of the centra of both preced-
ing and succeeding vertebra. Another series of fibers run longitudi-
nally from the body of one centrum to the body of another preced-
ing or succeeding céntrum. An even more superficial group of fibers
extends from -one septum to another. This is the group which is
seen when the animal is eviscerated preparatory to dissection of ‘the
internal hypaxial muscles. o

In Amphiuma these three groups of fiber tracts are present -and
as well developed as they are in Sirén. In addition a fourth group
appears as a modified intercentral fiber tract. Each tract of this
group extends diagonally from the basipophysial process of one verte-
bra anteriorly to the antero-lateral surface of the centrum of the pre-
ceding element. This group is quite superficial and can be seen
after the animal is eviscerated dand without dissection.

In Necturus the system is generally somewhat more simple than
that in Siren and Amphiuma. Diagonally directed fiber tracts extend
anteriorly and posteriorly to the lateral surfaces of the centrum from
both the transverse processes and the myosepta. A third series runs
longitudinally from myoseptum to myoseptum.

Lateral to this immediately subvertebral medial complex in Siren
is an almost transversely directed series of fibers which is not strongly
segmented, and which covers a large part of the internal dorso-lateral
wall. This has been termed the transversus (Maurer, 1892). Lateral
to the large transversus in Siren is another series in which the fibers
run more or less transversely. This is the M. obliquus internus which
covers most of the area ‘of the lateral wall. In Amphiuma the sub-
vertebralis complex is more obviously split into two distinct series;

e.; that which is immediately subvertebral in position, the medial
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portion of the subvertebralis, and a very large more lateral portion,
the subvertebralis lateralis. The latter covers inost of the area en-
compassed by the transversus in Siren. Ventro-lateral to the sub-
vertebralis complex in Amphiuma is a completely unsegmented trans-
versus, more lateral in position than in Siren. In Amphiuma the
obliquus internus can only be seen by reflecting the transversus, Nec-
turus is similar to Amphiuma in this particular regard. However, the
transversus is located more laterally, and the lateral portion of the
subvertebralis is much larger in Necturus than in Amphiuma.

DiscussioNn

The fiber tracts of the epaxial muscle mass in urodeles are de-
scribed in as much detail as is possible at this time. It is assumed
that increasing complexity of fiber tracts is a condition advanced
over that of less complex systéms. All three of the genera studied
show a similar arrangement in the more superficial intermyoseptal
fiber tracts. In regards to the deeper tracts, Siren is quite different
from the two other genera examined. It illustrates a fair complexity
in the fiber tracts, particularly of the intervertebral series. Fiber
tracts running from the prezygapophysial processes of one vertebra
to the postzygapophysial processes of an adjacent vertebra, and
tracts running from the transverse process of one vertebra to the
postzygapophysial process of another vertebra are examples. Of the
three genera examined Necturus is decidedly the most primitive in
its epaxial fiber tracts. The deeper intervertebral portions of the
complex are simply ai extension of the metameric myotomal system
onto the vertebral elements, with but very slight modification. Amphi-
uma illustrates a very specialized condition, but oneé quite different
from that found in Siren. This is well shown by the great complexity
of the septal arrangement medially. In addition, there are certain
specializations in the intervertebral fiber tracts, such as the develop-
ment of a series of fibers connecting the prezygapophysial buttress
and the transverse process. Presumably the function is the same as
in the specialized transverse process-postzygapophysial tract in Siren.

The epaxial muscle complex is one which is seemingly most im-
portant in rajsing certain portions of the body as a concave arc. It
is probably much less important in lateral bending, which function
is presumably shared (in a more primitive condition) in conjunction
with the hypaxial complex. As the vertebral column became more
dorsally located in the cross sectional area of the body these muscles
played a less important role in lateral undulations, The more snake-
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like urodeles, such as Amphiuma and Siren are quite capable of bend- ~

ing the body vertically to a great degree. Presumably the specializa-
tions which allow these forms to bend in this plane involve specializa-
tions in the epaxial musculature. These specializations would involve
at least a partial abandonment of myoseptal attachments. The inter-
vertebral systems would become more developed. This is illustrated
by the epaxial musculature of both Siren and Amphiuma, forms with
a similar body form and mode of locomotion. However, certain basic
differences between the two indicate that the arrangement is inde-
pendently derived in the two genera. The epecializations in Amphi-
-uma can more easily be derived from the primitive cond1t10n in Nectu-
rus than can those of Siren.

Concerning the hypaxial musculature, the deeper portions of the
subvertebralis complex is basically similar in all three genera, except
for the strong basipophysial attachments in Amphiuma. These fibers
are apparently important in bending the body down and to the side.
In Siren a series of fibers running from the small anterior process on
the ventral lamina of the transverse process to the side of the centrum
of the preceding vertebra apparently function similarly.

The lateral hypaxial musculatire is quite different in the three

genera examined. It is simplest in. Necturus. The muscles in this_

area in Necturus are not highly specialized for.forming an arc of a
short radius. In the snake-like forms, such as Amphiuma and Siren,

the loss of segmentation in some of the muscles of this complex ap-

parently provide greater mechanical efﬁcuancy in this type of move-
‘mernit. As has been pointed out by Maurer (1892) Amphiuma is most
specialized in this regard since beth the transversus and obliquus
externus superficialis are unsegmented. In Siren only the transversus
is unsegmented, and then only partially so. The better development
of more lateral epaxial intervertebral muscles in Siren may take over
this function. In addition, Siren possess a rectus lateralis, a muscle
presumably very important in lateral motion in other forms: This
muscle is lacking in Amphiuma. According to Maurer Siren possesses
fewer muscle layers in the body than do certain primitive forms.
- This reduction is thought by several workers to be one of the main
.themes in the evolution of the hypaxial series. Amphiunid possesses
* miore layers, but is specialized in other ways. '
The present study on epaxial ‘musculature and Maurer’s and
others’ work on the hypaxial musculature. show that Amphiuma and

Siren have parallel development in muscle evolution probably in-.

fluenced by similar modes of existence. The differences in these

-
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structures between the two genera seem to be basic and support the
widely held concept of their distant relatlonshlp
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