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THE PrROBLEM OF THE VERTEBRATE HEAD.

By H. V. NeaL.
Knox College.

Two of the most important morphological conceptions of
the nincteenth century are attributed to the poet Goethe—onc,
that a flower is a modified branch and its organs metamorphosed
leaves—the other, that the head and trunk of vertebrated ani-
mals werc once composed of like segments which by slow
adaptive change have become to a considerable degrec unlike.
After a century of probation no morphologist of today ques-
tions the truth of the former conception. The truth of the lat-
ter, however, is still debated and the attempt to compare a
hcad segment with a trunk segment in vertebrates constitutes
what is now known as the ‘*head problem.”

Since neither head nor trunk can be regarded as primitive
in their present condition, probably a more correct statement
of the problem would be as follows; Was the vertebrate head
like the trunk, primitively segmented; if so, were these seg-
ments serially homologous with those of the trunk; and how
many have entered into the composition of the head? So far
as I am aware, no one doubts that the vertebrate head is seg-
mented. That it is so, is indeed clearly evinced by such seri-
ally repeated organs as ncuromeres or segments of the central
nervous system, nerves both dorsal and ventral, somites, vis-
ceral clefts, visceral arches and aortic arches.

But while the great majority of the morphologists who
have expressed an opinion on the question have concluded that
Goethe's conception is true and that head segments are serially
homologous with trunk segments, a few have been led during
recent years to regard the head, or at least its anterior or pre-
otic part, as onc suz generis.  This conclusion has been reached
partly by the recognition of the considerable differences be-
tween head and trunk metameres and the organs of which they
are composed—differences which seem too great to be merely
differences in the degree of specialization and partly also by the
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conflicting evidence and conclusions, both as to composition
and number of cephalic segments, of those who have advocated
the prevalent morphological opinion. Of the differences stated
by them I shall speak later. The confusion in, and, as must be
admitted, generally unsatisfactory condition of the literature
bearing on the head problem, is in my judgment attributable in
great part to the fact that the observations of investigators have
been confined often to a single species, often to a single organ
system, while their conclusions deduced from such limited ob-
servations have applied to the phaylogenesis of the entive vertcbrate
lhead ! That such methods are inadequate for the solution of
such a difficult problem scems in view of the many divergent
opinions too obvious to need insistence here, and I venture to
predict that some time, if not now, it will seem strange that a
morphologist should assume, or seck to demonstrate that the
serial parts of any single organ system, whether neuromecres,
or nerves, or somites or visceral arches, or epibranchial ‘¢ sense
organs,” or what not, are the cssential criteria of head seg-
ments. In my opinion, plylogenctic conclusions concerning the
metamerism of the head bascd upon the study of a single animal
or a single organ system nced to be ‘< controlled and confirmed
by the study of other organ systems in the same ammal. The
solution of no problem requires a broader knowledge of compar-
ative embryological and anatomical facts.

3

Fig. 1. Diagrammatic representation of the cephalic metameres in Selachii,
showing the component organ systems and their relations to one another.

L. X1, cephalic neuromeres (segments of the central nervous system); a,
Miss Platt’s ¢ anterior” somite; r-72, van Wiihe's first to twelfth somites ;
7'-81, first to eighth visceral clefts; add., abducens; ao'-¥, aortic arches, first to
eighth; ¢A., chorda; dors. o, dorsal nerve; ¢p, zag., epibranchial portion of
vagus nerve; fac., facialis nerve; glossuph. (g/s.), glossopharyngeus nerve; Ayp.,
hypophysis ; ., mouth ; med. lat I, mediolateral line; neur, (4.}, neuromere ;
ocm., oculomotorius; olf., olfactorius; ophth. prof. (p/.), ophthalmicus profundus
nerve; of., otic capsule {ear); post/rem., posttrematic branch ; practrem, praetre-
matic branch; 7. /at. vag., ramus lateralis vagi; ». #nt. vag., ramus intestinalis
vagi ; som., somites (van Wijhe's) : 58.1%, spinal ganglia first to third; frock.,
trochlearis ; vent. ao , ventral aorta; went. nv., ventral nerve ; visc. clefts, viscer-
al clefts ; wag.!3, vagus ganglia first to third (dorso-lateral series}; wse.® third
visceral arch, The arrow marks the posterior termination of the cranium in
Squalus. All neuromeres anterior to this point are included in the cranium.
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Holding this view, I have recently’ made an attempt to
solve the head problem, and while my observations were made
primarily upon the nervous system in Sclachian embryos, my
theoretical conclusions have been controlled by the study of
the actual relations of other organ systems and also by the
study of embryos of all other classes of vertebrates except
Reptiles.  'Whether or not I have come nearer a solution of the
head problem than have many of my predecessors, depends, I
am convinced, on whether or not I have adhered with greater
fidclity than they to the principle above enunciated. 1 regard
my results as in great part a confirmation of those of van
Wijhe ('82) and valuable as such.

First, as regards the zafure of cephalic metameres, I con-
clude with the majority of investigators that they are serially
homologous with trunk metameres, although the homology is
today but partial. To my mind, the diffecrences which have
been considered as objections to this view by certain morpholo-
gists, such for example as the fact that (@) visceral elefts and
arches are confined to the hecad region (Gegenbaur); that (4)
excretory organs are confined to the trunk region ; that (¢) there
are no somites in the head, at least in its pre-otic portion,
(Kastschenko, Rabl, Froricp); that cephalic nerves and spinal
nerves cannot be compared by reason of the fact that (4) ceph-
alic dorsal nerves receive cellular material from the skin, while
spinal dorsal nerves do not; that (¢) cephalic dorsal nerves are
mixed, while spinal dorsal nerves are sensor in function; that
(/) cephalic dorsal necrves extend lateral, and spinal dorsal
nerves median, to the somites; that (g )—at lcast some—ceph-
alic dorsal nerves have component sensor fibers which innervate
latcral line organs, while in spinal nerves these are wanting ;
that (%) in one and the same occipital metamere there can be
found (1) a ccphalic dorsal nerve, (2) a spinal dorsal nerve, and
(3) a spinal ventral nerve and that therefore spinal and cephalic

! Nrar, H. V., ’98, The Segmentation of the Nervous System in Squalus
acanthias—A contribution to the Morphology of the Vertebrate Head. Dull.
Mus, Comp. ZooOl. Harvard Univ., Vol. 31, No. 7, pp. 145-294, with nine
plates.
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dorsal nerves cannot be of the same kind ; and other léss im-
portant differences by no means outweigh the evidence of simi-
larity of head and trunk segments.

As a mater of fact some of the differences alleged above
do not actually exist. Many, is is noted, apply to the nerves,
and these have seemed so great that even Gegenbaur, the early
champion of the present morphological conception of the ver-
tebrate head states ('87) that he is no longer able to consider
cephalic and spinal nerves as homodynamous. With our pres-
ent knowledge, however, that in Amphioxus two kinds of
nerves, viz. dorsal mixed nerves whose motor fibers innervate
splanchnic musculature, and ventral motor nerves which inner-
vate somatic musculature, are found in each segment of the
body except the first; that in Craniota both of these kinds of
nerves appear in the head as well as in the trunk ; that a pairis
to be found in each trunk metamere (in Petromyzon unconnect-
ed as in Amphioxus), and in some head metameres, I am una-
ble to regard the actual differences between cephalic and spinal
nerves as fundamental in character.’

The differences which appear are, in my judgment, to be
expected in the case of the nervous organs in such highly differ-
entiated structures as head and trunk. Furthermore, the fact that
the bounds of head and trunk in the vertebrate series are not
definitely fixed; that they are variable; that there is an un-
broken continuity throughout head and trunk of such essential
components of metameres as neuromeres, nerves, somites, vis-
ceral arches, visceral clefts, and aortic arches, is evidence suffi-
cient to warrant the general belief in the serial homology of the
segments in these two regions. So far as I can see, no objec-
tions to this view apply to the pre-otic region which are not equal-
ly applicable to the post-otic region. If the segments in the
one region are serially homologous with trunk metameres, those
in the other region are also. I shall be obliged to refer the

1 The evidence both histological (Lenhossék, Kalliker, Ramoén y Cajal) and
physiological (Steinach and Wisner) given in the last decade, seems to establish
conclusively the fact (rendered a prior7 probable by the evidence from Amphi.
oxus) that spinal dorsal nerves are like cephalic dorsal nerves mixed in function.
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reader for further grounds for my conclusions concerning the
nature of head segments to the more extended paper referred
to above.

. P . ; -", .
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Fzg, 2. Diagram of Selachian head, showing the cephalic metameres and
their components, lateral aspect, based upon the study of Squalus acanthias.
Upon the basis of the results of Kupffer, Miss Platt and others a distinction is
made in the representation of dorsal nerves between dorso.lateral and medio-
Jateral (epibranchial) ganglia.

Secondly, as regards nmumber and composition of cephalic
metameres my conclusions have been summarized in Figs. 1
and 2. There are in vertebrates five pre-otic, one otic and
(in Squalus) five post-otic cephalic metameres. The number of
post-otic segments whose vertebral components fuse into the
occipital region of the cranium of vertebrates is variable, The
estimate of the number of pre-otic segments is based chiefly upon
the evidences that in this region of Squalus embryos neuromeres
and somites numerically correspond, and are in some cases con-
nected by motor nerves. For a more extended presentation of this
evidence I again refer to the longer paper ('98). Briefly sum-
marized, the composition of cephalic metameres from the first
to the last is as follows:

MEeraMeRE 1. Newromere, neuromere 1 (primary forebrain
vesicle) ; dorsal nerve, olfactory (motor component lacking—in
correlation with the want of splanchnic musculature) ; ventral
nerve, absent in corrclation with the absence of somatic muscu-
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lature ; somite, ‘‘anterior”” (Miss Platt's); wisceral cleft and arch,
hypothetical ; aortic arck, hypothetical.

METAMERE 11.  Newromere, neuromere 11 (primary mid-
brain vesicle) ; dorsal nerve, ophthalmicus profundus (motor
fibers absent in Squalus, but present in some vertebrates); ven-
tral nerve, oculomotorius; somite van Wijhe's 1st; visceral arch
and cleft, hypothetical ; aortic arch, hypothetical.

MEeraMere 111, Newromere, neuromere III (Hinterhirn) ;
dorsal nerve, trigeminus ; ventral nerve, trochlearis; somite, van
Wijhe's 2nd; wvisceral arch, first (mandibular); visceral cleft,
(bounding anteriorly the ventral portion of the segment) usur-
ped by mouth ; aortic arch, first (mandibular).

METAMERE IV.  Newromere, neuromere IV ; dorsal nerve,
hypothetical (absence correlated with the absence of a visceral
arch) ; somute, van Wijhe's 3rd; wentral nerve, abducens; wvisce-
ral cleft and arckh, hypothetical ; aortic arch, hypothetical.

METAMERE V. Neuromere, neuromere V ; dorsal nerve,
facialis (the acusticus a specialized sensor branch); ventral nerve,
abducens; somite, van Wijhe's 4th (which together with the 3rd
forms in Torpedo the m. rectus posterior, Sewertzoff—rudimen-
tary in Squalus); visceral cleft, first (hypobranchial, spiraculum);
visceral arch, second (hyoid); aortic archk, second (hyoid).

METAMERE VI.  Newromere, neuromere V1, dorsal nerve,
glossopharyngeus ; wventral nerve, abducens ; somite, van Wijhe's
sth (myotome absent in Squalus; forms first myotome of the
lateral trunk musculature in Petromyzon); wvisceral cleft, 2nd
visceral (1st branchial) ; visceral arch, third (1st branchial);
aortic arch, third.

MEeTAMERE VII.  Newromere, neuromere VII (the last of
the neuromeres having a lateral thickening. See Fig. 1); dorsal
nerve, vagus' ; ventral nerve, abducens; somite, van Wijhe's 6th
(myotome rudimentary in Squalus); visceral cleft, third (second
branchial); visceral arch, fourth ; aortic arch, fourth.

MeraMere VIII.  Neurowere, neuromere VII1; dorsal
neyve, vagus®; ventral nerve, hypoglossus (anterior root, rudi-
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mentary) ; somite, van Wijhe's 7th (myotome, first myotome of
lateral trunk musculature in Squalus) ; visceral cloft, fourth; vis-
ceral arck, fifth; aortic arch, fifth.

MEeTAMERE IX.  Neuromere, neuromere 1X; dorsal nerve,
rudimentary (unites with vagus in Squalus); ventral nerve, hy-
poglossus, second root; somite, van Wijhe's 8th (forms first
segment of hypoglossus musculature); visceral cleft, fifth; vis-
ceral arch, sixth; aortic arch, sixth,

MEeTAMERE X. Neuromere, neuromere X ; dorsal nerve,
first spinal (represented by a rudimentary ganglion in Squalus
embryos) ; ventral nerve, hypoglossus; wvisceral cleft, sixth; wzs-
ceral arch, seventh ; aortic arcl, scventh.

MEeTaMERE X1, Newromere, neuromere X1 ; dorsal neroe,
second spinal (rudimentary ganglion in Squalus embryos); exn-
tral nevve, hypoglossus ; somite, van Wijhe's gth; wisceral cloft,
seventh ; visceral arch, eighth; aortic arch, eighth.
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