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NTRODUCTTION:

The following paper covers the results so far obtained
in the study of the ossification of the skeleton of the common

small-soaled sucker (Catostomus commersonii, Leseur).

Up to the present, very little work has been carried
out on the skeleton of this fish, other than of a taxonomic na-
ture, and accordingly, it has been found advisable to include
desoriptions of the adult skeleton, and also to record observa-
tions from a dissection of several adult fish.

With regard to the skull, it was not found possible
to describe its ossifications clearly without an acourate know-
ledge of the chondrooranjum, and the first part of the paper is
glven over to a description of the chondrooranium as it was found
in two stages, which were reconstructed. The details of the
cartilaginous precursors of the rest of the skeleton (branchial
apparatus, girdles, etc.) are sufficiently clear in the trans-
parent preparations.

In covering such a wide fleld, as the entire skeleton
of one fish, it is not possible, at the same time, to enter into
theoretical considerations, without making the paper too long

and ocumbersome.



MATERTIAL: AND METHODS ¢
oya—

The observations recorded were mede on a series of

larval suckers (Catostomus commersonii), comprising part of

& oollection of larval stages of the fish of the southern part
of the Province of Quebes, made during the summers of 1930,
1931, and 1932,

The fish were taken at different times from two lo-
cations, a single haul from each giving a short series. The
later stages were completed by fish from various other loca-
tionss 1In 1956, 8 single.haul gave & series of from l.2 to
l.7 cmse; iIn 1931, a second series of from 2.0 to 2.5 ams.,
and later in the season, a speoimen of 5.1 cmse (Circ.ld yrse.).
In 1932, an earlier series of from 1.0 to l.4 cms. was taken..

Serial section of 1le¢0 = 1,4 and 1.8 ams., and alizarin
preparations of specimens le¢0 = 1le2 = 163 - 1e5 = 1le6 = 147 =
R2e0 = 2.4 = 2,5 = 2,9 and 5,1 oms., Were made. In addition,
in order to check the stabllity of various skeletal features,
Alizarin preparations of twenty specimens, renging in length

from 2.2 to 3¢5 cms., Were madee



According to Batson (!}, tie specificity of certain dyes for bone
has been known for = long timees e records two early observetions on the
vital staining of bone as the result of animals feeding upon madder. The
earliest i1s that of Laevinius Lemnius in 1581, His findings were re~discovered
by Belchier (-} in 1735, 3Subsequent to this, the subject was virtually un-
touched until recently, when 1t vies found that the active stalning substances
were prindipally Alizarin, and to a lesser extent Purpurin.

With the introduction, by Spalteholtz and Schultze, of methods for
preparing transparencles, a new field ves- opened to anatomists, Prior to
these techniques, the greater part of emhbriological studies, and the study
of the osteology of small forms, hzé been carried on mainly by means of gross
dissection, maceration, and drying, or else by means of cross-sections and re-
constructions,

The new technigues enabled the making of direct observations upon
various parts as & whole and without loss of immediate relations, The prin-
cipal difficulty lay in the fact that the majority of structures in a specimen
so treated were of a very close refractive index and as such, it was difficult
to make then out clearly. DNaturally, it was far easier to examine bone end
bone growth, and so this became the principal use for the technique. But
even in this case, thefe remalned difficulty, especially in the observation
of early centres of ossificetion, and the practice of employing stzins specifie
for bone was introduced,

The earliest attempt at stainiﬁg in this connection seems to have
been by Schultze who employed Potassium Tichromate in his fixatives, This
is washed out of the tissues and, when the specimen was treated vith iotas-
sium F;droxide, the bones became stained a brown colore Bardeen was also

early in edvooating the use of Alumcochineal, which stzined both the bone

and cartilage.



Later, Alizarin became employed generally, having been introduced again by
Spalteholtz {(—}. Batson,ﬁllkmade a study of various salts of Alizarin and
also of severel other stains, arriving at the concluslion that the presence
of the anthraguinone group was not essential for the stalning of bone.

It would appear that Dawson,(4),was the first to introduce the
combination of Alizarin staining and the Schultze method of cleecring, though
many workers had been using this stain with the Spalteholz method and also
with Lundvall's teﬁhnique. Dawson's method, however, employed Mall's modi-
fication of Schultze and not the original technique.

This combination of stein and clearing techniques is that vhich the
author has been employing, and, with care, it has given generally excellent
results, even though applied *o a wide range of objectsy from young fish
larvae 1 cm., long,up to mammal embryos 33" longe PFPreparations of an adult
smeltx(o.mordaxjx5" long have been made with successe Also it has been
possible to prepare newts, both larvae and adults,and a frog.

The process consists In converting the tissues into their metapro-
teins by the controlled use of Potassium ﬁydroxide,and infiltrating the trans-
lucent tissues so produced with glycerine in order to obtain @ high refrac-
tive index, and so increase the degree of transparency.

It may be readily understood, as was found by Strong,(17), that
any fat present will tend to saponify owing to the presence of the KOH, and
as such, it will not become transparent., Strong, working with large mammal
and bird embryos, was able to overcome this difficulty by simply dissecting
away such fat from the specimen during the time that he was treatiné ite
DawSon*(l} },has introduced the treatment of the specimen before clearing with
a wash of acetone, and so removing the fat quite readily. Since Dawson was
working with material preserved in alecohol, 1% was guite logical for him to

remove the acetone wash by alcohol washes,



In the case of formalin materizl it did not seem necessary to run speclmeus
up to strong alcohol in order to remove the acetone; but, practicclly, 1t
was found that good results were only to be ottained by doing thise

Even when this treatment was carried out, it was found thzat oc-
casionally there remains a substance which'will not clear.

Miller g:z% has noted this in mammelien embryos, and simiiar petches
were found 1n.chidk embryos by the writers In the latter cass these were lo-~
cated In the neck, alongsice of the vertebrag,and along the ventral wall of
the stomach.

The Dawson prrocess falls into three stages:

le~ Clearing by KCH
Ze= Stalning
3o~ Infiltration with glycerine

Clearing by Potassium ";droxlce is carried on in two definite steps.
Firstly, before staining, the specimen i1s placed in a solution of 10 in water,
and left there until the tissues have undergone the sction of the alkali and
reached such a point that they wiil not take up the stain; ond secoﬁily; alfer
staining, the specimer 1= placed ir a mixture of KOH,3lycerine and water,{iall's
solution), both to complete the clearing and to form the first stage in the
glycerine seriese

The conditions under which the process is carried out may bhe varied
to a great extent, dependling upon the type of preservative, the delicacy of
the specimen, and the amount of time avallable, Deperding upon the strength
of the KOH soiutions employéd, the length of time during vhich they are sllowed
to act, and also with the freguenoy with which the solutions are changed, so
may the clearing process be speeded up and the best results he ctill obtained,
The majority of writers, (Schultze, 17all and Strongk recommend strengths of XKCH
from 1% to 3% for the clearing of material preserved in alcohol, and Nall

recommends a strength of 10% for formalin preserved material. It has been

found best to stay within this range, solutions in excess of this usually producing



maceration too easily. It is obvious tha* the greatest speed is produced by
leaving the specimen in the stronger solutiorn as long as is safe, since cleaf—
irg will proeéed very slowly in liall's; but the danger in this is that the pro-

~ess may go So far that maceration will set in, and once this has started a
good preparation cannot be obtainede The case is the same where it is at-
tempted to clear alcoholic specimens in 109 KOHe On the other hand, when the
specimen is small and delicate, eeZe,fish larvae, it is best to reduce the time
In this stronger solution to one of hours only. All that is reguired 1s‘ta
leave the specimen until the tissues have undergone sufficient change not to
take up the siain.

Obviously, it is almost impossible to glve any criteria by which the
length of time in this solution can be determined, In the case of large ob-
Jects, it has been found sufficlent to leave them until any pigmentation has
commenced to turn dbrown and fade; but in the case of small material, this is
far too long, snd it has been generally found sufficlent to leave them only
until they show a slight degree of transparency, sbout similar to that produced

- by clearing in Zylol. Lemmelian embryos, snd other forms in whlch some part
is smaller than the rest, present their own difficulties in that the wrist and
hands will proceed far more rapidly tﬁan the rest, and in such cases, it is
necessary to control this stage with respect to such regidns.

After the preceding treatment, the specimens are moved into the stain-
ing solutions Batsom (| )!employed a staining solution of about 1:2000, and
used this prior to clearing. However, he was employing the Spalteholtz method.
He found that such & solution almost invarisbly e&lse stained ti:e tissues other
than bone, and had to decolorize in acid solutions. Tonig's method was similar
to this. Dawson recommends the use of 13:10,000 parts‘ofrstain in 17 KOH, and
;eaving the specimens in this solution until the bones were suffiqiently stained.

Apparently, he found that the bone would continue taking up the stain from weak

solutions until sventually they were brilliantly colorede



1 have been unable to obtaln such results, and have found it far better to
employ a stronger solutionaﬁlzz,ooo). Such a strength does not seem par-
ticularly liable to stain the tissues, and will give very brilliant results
with only 2 short period of time, Subsequent to sisining, the specimen is
moved into Mall's solution. This 1srmade up of water 79 parts; giyceriné.
20 parts, =nd KOH 1 part (by weight); and the specimen should be left iﬁ this
until no further change takes place. All traces of pigment should have dis-
appeared, the bones stand out clearly, end only the outlines of the viscers
be visible. Large specimens, especizlly mammael embryos, will not attain
this degree of clearnesss

Both Mall l“ l)’a.nd Strongx(l‘])‘advise transferring the specimen bhack
into solutions of KOH from 3% to 5% in order to speed up this step; but the
danger of maceration setting in at thils stage 1s great; and also, the removal
of glycerine from the tissues glves rise to the possihility of the specimen
falling to pieces from its own welght.s When it appears that 1lall's solution
does not seem to be takigg any further effect, the final stage of running up
to 100% glycerine mey be undertakene The glycerine both completes the clear-
ing process,by introduecing a medium of high refractive index into the tissues,
and also, by its high viscosity, affords & support to the specimen, It has
proven satisfactory to transfer specimens from Mall's into 504, then 75%, $0%
and finally into 100% glycerine by easy stagess 100% glycerine acts as the
fiml mountemt, and in this the specimen has regained sufficient strength to
allow of its being freely handled, dissected, if desired, and 4 may even be
lifted clear of the glycerine without danger,

Observations may also be made upon the insertions of various musecles
in trensparent preparations. Even in a good prararstion with the light cut
down to a sultable degree, it is possible to make out much of the nature of

simple cartilaginous structures; and with a still lesser degree of light, it

is possible to observe the insertion of various ligaments into some of the bone:,



Occasionally, usually with the smallest specimens, for some un-
known reason, after several months, at least three, certain ohahges take
place in some of the specimens and the muscles become apparent. In such
cases, the specimen is generally fuined as a transperency; but, when used
in conjunction with a good preparation, much information regardinz the re-
lation of musele to verious bonecs can be ohtzlincde.

In one case, wher= two specimens of the same size were taken through
the treatment together, in th: same receptacle, one of these specimens ex-
hibited this change in = very short time, while the other, iden*iczl with it
in &1l wers, bho'l havirz been fixed toge*her, =nd lzept together all the time,
has not yet altered slthough the two ware nrepared about a year arce.

There are several points to whieh special attention must be called:
le= In all cases it is best to emnploy lzarg: quantities of scolutions, and to
meke freguent chenges, This crplies espoelally in the earlier stages,
Here, a dense “luld collects on the bottom of ilc wessel, =nd 1f this is
not cleared away it will rapidly cause the specimen to become brown.
For the same reason it is best to use fresh KCH each time, and glso to
turn the speclmens over freyuently. It is often nest to change solutions
twice deily. With careful observance of this it has not been necessary
to employ any bleaching =gent such as Kallq§?1},?dvises.
2e= Uhile the objects are being cleared, they hecome extremely delicate, and
if carelessly handled will fz11 to pieces under their own weight. This
condition gradually becomes worse until the infiltration with glycerine
is commenceds In some cases it is necessary to employ a cradle of
glass-wools,
3e= Mammal embryos need to be-skinned and eviscerated. Skinning can be best
performed after the specimen has been stained, and then there is less

denger of destroying any of the bones,



4.- Attentlon can agzin be called to the danger of maceration Setting in..
The onset is so rapid, and the courséi;xtremely short, thatrspecimens
can be lost in a day. It is best guarded against by making the duration
of the first stage in KOH as short as possible,and relying ﬁpon.Mall's

to do the greater part of the clearinge
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THE CHONDROCRANIUM -

Serial sections of three larval stages, 1.0 ams.,, l.4 cms., and
l.8 cms., were prepared at 1lOu. The two earlier stages were stained with
pioronigrosing the later, with Ehrlich'!s haematoxylin, and eosin. From
these, four reconstructions of the chondroerania of the two early stages
were prepared, - latsrai crd a Jorszl view of each, by the graphic method.
This was dcne primncily o obiain o better working knowledge of the regional
formations of the chondrocraniur, thzrn could be obtained from the transparent

preparations.

An attempt is also made to point out the similarity between the

development of the chondrocranium and the bony skull.

General Description:-

The two stages selected for reconstruction are significent in that
they represent two important phases in the history of the chondrocranium,
the earlier stage belng one of formation; the later, of disintegration.

The floor is typically teleostean, being composed of fused trabeculaey
(quﬁFig.Z[,(trabecnla go~mnis), before the hypophysis, and paired paraéhord—
alia,(Pav)ybehind 1t. The posterior end of the trabecula communis is split
and the halves diverge about the basicranial fenestra, and soAfonn the anterior
and antero-lateral walls of the fenestra merging almost indistinguishably
behind into fhe parachordals, which complete the posterior portion of the wall,
The anterior end of the trabecula communis is broadened and forms the ethmoidal
platee. The parachordals, on elther side of the notochord, extend leterally
to form the floor of the otic regione(Fig. 5)e

The ethmoidal plate%(gth.p. Fig.Z)*bears a dorsal, median ridge?
(Mesethmoid Mes. Fj.g. 10), and four lateral extensions *gpaired g‘t.?m*.oid cornua,

;(g%h:c.)gin front, and paired ectethmoid processes‘(gcteth.)‘behind). iFig.2).



il.

The otic capsulesl(aud.c)*are attached ventrally to the ventro-lateral
extensions of the paraehordalsl(iig.5), and extend dofsally, enclosing the
eary to meet over the brain and so form part of the roof of the chendro-
oranium, ( tectum synoticumj‘(t.s., Fige4). Posteriorly, they are fused with
the postvagali(pila occipitalis*('];‘fbccd ),'cartilages. " These latter also
meet over the brain end form the tectum posterius,(tep. Fige2)s The
anterior edges of the otic capsulss are continuous with the reduced sphen-
oidal regions%(alisphenoid, post-orbital cartilages ,gFig.l Post-orbe))o
From tﬁe dorsal surface of this cartilage, two barsdQQQﬂQQ¥b£$&%S]§ngﬁF;
proceed forwards, looplng over the eyes, and joined anteriorly with the
posterior portion of the dorsal extensions of the ethmoidal plate,(Fige3).
Immediately behind the level of the pineal body, the two bars are Joined,

over the brain, by the epiphysial‘bar,!eph.b. Figel)s

STAGE 1,(Figs. 1 and 2.

Ethmoid Plate:-

The anterior end of the trabeocule communis is broadened out
~laterally to form the ethmoid plate, and supports the olfactory organs gnd
the olfactory lobess The ventral surfece exhibits the anterior contiﬁua—
tion of the ventral groove of the trabecula communis. The groove flattens
out before reaching the anterior edge of the plateQ(Fig.Q)*so that the ven-
tral surface of the plate 1s slightly concave posteriorly, snd flattens out
- gradually forwardse Two lateral extensions, the ectethmolds, extend out-
wards from thehplate below the olfactory organs, and curve slightly upwards
at their distal endsa(Fig.l). Prae~ethmoldal cornue are not yet developed;
and the palato-pterygo-quadrate bar is not attached to the ethmoidal plate,
but extends forwards below its lateral borderi(Fig;B). The olfactory lobe
extends just beyond the level of the ectethmoidal processes; and only a very

short olfactory tract is present. Anterior to the olfactory bulb, there
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is a slight elevation of»the mid-dorsal line of the plates This is the
mesethmoidal ridge((mesx Figsel & B}, and is only slightly developed.
The olfactory tractAjNJ, Fig.zlgis éhort, and pésses directly into the
olfactory orgen. Therevis-no oarﬁi}aginous olfactory foramens

Trabeculsaes (tggﬁ.

The trabeculae cranii are fused to form the trabecula communis,
the condition found in the typlcal tropybasic chondrooranium common to the
mejority of the teleosts. Posteriorly, the two trabeculae are separated,
and pass around the hypophysiasl fenestra, as previously desoribed. Fusion
of the two is complete at the level of emergence of the optioc nerve from
the brain. In the fused region, each trabecula 1s roughly elliptical in
cross~-section, each ellipse Inzying with its major axis in an obligue, dorso-
ventral plane,so that the dorsal pole is more medial than the ventral.
Fusion of the two trabeculae takes place along the contiguous maréins, and
the trabecula communis comes to be concave on the dorssl, and convex on the
ventralgysurfacess As previously mentioned, this ventral groove is carried

forwards onto the ventral surface of the floor of the ethmoid plate where it
'flattens out and terminatés.

Parachordalias— (Para.).

In this stage the parachordals do not entirely envelop the cranial
end of the notochord, and sa solidvbasal plate is not yet formeds Anteriorly,
they are fused almost indistinguishably with the trabeculse, a slight, though
sudden, chenge in size and in direction of the barsy forming the wall of the
basioranial fenestra, may be taken as distinguishing the two portions of the
basis cranii from each other.

lMorphologically, the parachordals are divisible into two regions,
(Swinnerton)yan anterior mesotioc region, principelly concerned in the sup-

port of the ear, and auditory capsule; and an occipital*(post—vagal)tregion.



'3,

The post~vagal portion of the parachordsls is applied to the side
of the notochord, almost enveloping it anteriorly; but, posteriorly, tapering
off against the dorso-lateral surfacess Dorsally, the post-vagal reglon is
confluent with the occipital region of the chondrocranium,(pila occipitalis).
The anterior portion of the post-vagal parachordal is invaded by the saccular
portion of the ear, forming the cartilaginuous recessus sacculi,(Rec.Sacg,
Figse 1 & 5)e The invasion has not proceeded fary in this stage. The
emergence of Nex marks the anterior limit of this region, and also hinders
the fusion of this portion of the parachordael with the audltory capsulee.

The mesotic region is given over to the support of the auditory
capsules In this stage the fusion is not complete: end a large anterior
fasioapsular, and a smaller posterior baslecapsulary fenestrae are presentg
(Ant.b. and Postebe FenesFigse 1 & 2). The two fenestrae are separated
by the large basiocapsular oommissurei(Mes.com.,Fig.l), which i1s formed by
the growth laterally of the ventro-lateral surfaces of the parachordals,
the ventral growth of the auditory capsule, and the fusion of the two,(Fig.5).
A stronger, anterior basicapsular oommissure‘Q(Ant.Com.,Figs. 1l & Zhais also
present, oclosing off the anterior end of the anterior basicapsular fenestrae
A smell growth of cartilage has taken place ventrally from tre posterior
edge of the otlc capsule, in front of the emergggg vagus nervee This is
also fused with the parachordal, and may be considered as a posterior
basicapsular commissure. The anterior basicaepsular fenestra is present
below the ampulla of the anterior, vertical semi-circular canals(Fig.s);
the posterior, in the region of the utriculus of the ear,

Anterior to the mésotio-basicapsular commissure, the paracﬁordals
become increasingly oval in section, and increasingly massive. Bevond the
anterior end of the notochord, their section changes to a blunt-wedge-shape,

the apex down, ard obliquely inwards., The flat end of this wedge becomes

extended dorsally and outwards to fuse with the anterior end of the
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auditory ocapsule, and form the anterior basioapsular commissure,{(Ant.com.).
This is the reglon of the greatest development of cartilage suppdrting the
auditory capsule. In between the parachordesls, anterior to the end of the
notochord, is the posterior basioranial fenestra,(Pbst. Fen.yFigeR),distin-
guishable from the anterior‘!hypophysial,(Ant.fen.)),1n that it is filled
with acrochordal tissue‘(Figs. 6 & 7)e The parachordals in front of the
anterior commissure, rapidly assume an oval section, become more and more
divergent, and then merge into the trabeculae, |
The anterior region of the parachordals is considered as that part
enterior to the anterior basicapsular commissure,(Swimnerton). A strong
ridge, marking the anterior boundary of the ear, is present and extends up
along the medial surface of the anterior basicapsular commissure. Immediately
anterior to this ridge, the extermal rectus muscle crosses the parachordal.
Auditory Capsule: (Audecaps.,Figs.l & 2),and its relations to the canals.
The auditofy oapsule 1s composed of a wall moulded sbout the lateral

parts of the ear, snd fused incompletely below with the parachordals., A
shelf projeots below the external horizontal semi-circular cansl. There are
three connections with the parachordals as mentioned above; a strong but narrow
anterior cbmmissure; a weaker, more extensive, mesotic cmmﬁissure; and e small
and weak posterior commissuree.

| The mesotic commissure iIs the most extensive of the three, and is
connected with the greater part of the lateral wall, serving to protect the
utriculus,(Fig.2). In form, it 1s a thin, cartilaginous plate. The anterior
commissure is muoh thicker in section, though not very extensive, and is con-
tinuous with the anterior portion of the capsule, Its thickness appears to
have been developed in comnection with the articulation of the dorsal end of

~
the hyomandibular cartilege with the under surface of the postorbital carti-

lege, (Fig.7), Which 1s fimly fused with the anterior end of the capsulee
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The posterior commissure is represented only by a small growth of carti-
lage from the ventral edge of the capsule between the foramina of the
glossopharyngeal and the vagus.

The glossopharyngeal foramen has been formed by the growth of the
ventral edge of the capsuleg(Fig.2). Posteriorly, the wall is fused with
the occipital arch, so forming the anterior, posterior walls and the roof
of the foramen of the vagus. The floor of this latter foramen is formed
by the dorsal surface of the recessus saccull,(parachordal}, (Fig.5).

The posterior and anterior portions of the capsule are moulded
about the lateral surfaces of the snterlior and posterior vertical canals,
respectively. The pbsterior end of the ws1ll is continued dorsally =snd
ends in a flat plate forming an incomrleté roof to the brain cévity, anterior
to the tectum posteriusy (Fige5).

Running along the greater part of the wall of the capsule, medisal
to the external horizontal cenal, there is a heavy ridge of cartilagse,
roughly rectangularlin section and placed at on oblicue to the horizontsl
planey (Fige6)s The lateral angle df this ridge is continued below the ex-
ternalﬁhorizontal canal as a shelf, with its edge turned dorsally about the
lateral surface of the canal, so that the cansl is almost entirely closed
1n,(Fig.l)o This plate is fused with the wall of the capsule both in front
and hehind. The dorsal edge of the rectangular cartilege 18 extended as
the dorsai portion of the wall, and aiong‘with the ventral angle forms the
wall of the capsules The medlal edge serves as a support for the two ver-
tical canals, The anterior vertical canzal passes along the medial, dorsal
surface of this cartilage, which gradually extends more medially to form a
small shelf, Anieriorly, in retuming to the utriculus, the canal passes
doﬁn between the plate and the wall of the capsule; and the plate is con-
tinued forwards, unattached at the anterior end, and lA\ying medial to the

canale



The condition for the posterior vertical canal 1s very similar.
The canal runs for a very short distance along the medial surface of the
rectangular cartilage, and then loops over it; the cartilage becoming re-
duced to a small rod. The posterlor continuation of this rod expands
dorsally to form a vertical plate which 1s fused to the wall and appends
from 1t,(Fige 5). Posteriorly, the plate soon loses its attachment to the
wall and continues back as a short, freely ending, rod qf cartilsage,
Pbst-wggg; regions(Oocolpital)y (Pil.ocec.).

In this stage the ocoipital ardh;!pila ocelpitalis), is complete,
and eadh'half meets in the mid-line above the medulla oblongata, so forming
the tectum posterius1(t.p,31g.3); which is the only portion of the roof
formed; the tectum synoticum not having yet developed. The anterior por-
tion of the pila ocoipitalis is fused with the posterior portion of the
suditory capsule; and so forms the roof and posterior wall of the Vagus
foramen ,(Fige.2).

The commencement of the backward growth of the tectum posterius
has already taken place, and it wbkeady extends nearly as far back as the
.posterior end of the parachordal, 'N. spinalis I emerges over the postvagal
portion of the parachordal posterior to the pila occipitalis,(N.Sp.I.,Fig.l).

Sphenoldal region:(Post-orbital),(Post-orb.).

The anterior end of the auditory capsules are continued forwerds
into the sphenoldagh(pbst-orbital)gcartilages. These are heavy, solid bars
of cartilage, roughlyy a2 right-sngled triangle in section, with the apex
dorsal and the right-angle at the ventral lateral corner, so that the latersl
surface of the cartilage is verti?l,(Fig.?). Anteriorly, the dorsal surface

of the sphenoidal region tapers off and is continuous as the supra-orbital

barsy (Figel).

b
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From the median, ventral surface, a cartilaginous process (the
prootic cartilage (Pro Come.) passes obliquely down and medially towards the
parachordal. This bar separates the emergé;z roots of the trigeminal and
facial nervess In this stage it feils to meet with the parachordale

Along the middle line of the ventral face is articulsted the hyo-
mandibular cartiiage, its dorsal end fitting into a slight groove (Hy.Fige7).
A fine oanal plercing the body of the sphenoidal cartilage obliquely from the
laterﬁl to the medial surfaces, appears to indicate that this cartilage has
been developed from an anteriorly projected portion of the face of the auditory
capsule; and that the supra-ofbital cartilages have been developed from the
dorsal surface of this structure, and have, only later, become fused onto the
antero-dorsal aspect of the otic capsules, The canal contains the'btic
brench of N. V1l

The hyomandibular muscles have £;eir origin alorg the latersl,
and medial, ventral angles of the sphenotic cartilage.

Supra-orbital barss~ (Se0. Fig.l)

The supra=-orbltal bars are present as anterior continuations dorselly
of the anterior (post-orbital) cartilage of the auditory capsules in the form
of vertical plates of cartilage. In proceeding forwards, these plates rapidly
decrease in height, from the bottom up, until they assume a circular section,
when they become twisted to extend out laterally in the horizontal plane, and
assume an elliptical section. In the region of the eplphysis, they are con-
verted into plates concave on their upper, convex on their IOWér, surfaces,
and extend suddenly medially to meet the epipﬁysial bar (Fig.2). Anterior
to this, there is a growth downwards of the medial edge (Fige.8)4 and still

more snterior the bars become egaln rounded in section, and pass into an

™

area of rapid chondrification.
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The bars follow very qlosely the lateral outlline of the braln,
and lay in close relationship to it (Pig.2), at the same time bounding,
though more remotely, the dorso-medial aspect of the eye.
Epiphysial Bar: (Epeb.) (Fig.2).

The epiphysial bar is only poorly developed, snd is represented by
a small, irregular strip of cartlilage connecting the supra-orbital bars over
the brain with which it is in very close relationship being moulded to its
outliné, so that the bar itself 1s curved convexly. The bar is also curved
in the horizontal plane, its juﬁctions with the supra-orbital hars beilng more
anterior than the center section, The enterior edge is concave, and closely
applied to the posteriof surface of the pineal body (Fig.l).
Anterior gyodome: (Antemyo.) and the obligue mﬁscles.

Both zr anterior =nd = posterior.myodome are present in Catostopus.
The anterior myodome in the adult (Fig.ll) is present in the form of a canal
running forwarls from the anterior end of the orbit, dorsal to the parasphenoid.
| Laterally,'the canal is expanded by excavations in the medial surface of the
ventral portion of the prefrontals {ectethmoids); and two bony plates, medizally
projected, from this bone above the groove from: each side, meet in the mid-line
to»form the anteriér portion of the roof. The posterior portion of the roof
1s formed by an anterlorly projected plate, fromr the orbitosphenoid, below
the brain, meeting with the posterior edge of the rlates previously desecribed.
The oblique eye-muscles enter this canal, passing obliquely forwards to the
mid-line, and take their origins from the dorsal surface of the expanded end
of the parasphenoid, and from the walls of the canal. Several afeas Bomd)
where the bones do not meet are present. These are all completed by con-
nective tissue membranes. A small blood-vessel {opthalmic artery?) pemetrates
between the two muscles on each side.

In the earlier stage, Which was reconstructed, the condition is very

similar (Fige2)e. As the trabecula communis pssses forwards, slightly anterior



lﬁ.

to the middle of the eyeq the membrane forming the floor of the craniasl cavity,
becomes detached from it, and a cmnsl is formed between the two, which extends
as far forwards =s the exit of the olf=ctor; rerves from the cranial cavity
where it is'obliterated. The anterior portion of tihis canal is the anterior
myodome, and is quite short, The superior obligue muscle seems to take its
origin from the membraneous rcof of.the cenal (the floor of the cramial cavity).
The inferior obligue takes its origin from the dorsal surfzce of trabecula com-
munis. Both origins are iﬁ the form of alflat,broad sheet continuous aecross
the mid-line, and pass simpl;” backwards and 6utwards to become inserted into

the eye-ball above and below its equator,

Posterior myodome and recti muscles: (Fige2).

The posterior myodome, developred in relation to the origin of the
recti muscles, is a canal continued buaciwards below the hrein-case to terminate
blindly in the body of the basloceipital. In the adult it may be readily
divicded into an antefior and a posterior portion. The posterior portion is

'exténded into the body of the basioccipital, below the cavum sinus impar, and
its roof, wal%s, and floor are formed by this bone. The anterior vortion hss
its roof formed by horizontal plates, projected medially from the prootic and
meeting iﬁ the mid-line, These plates also form the floor of the cranial
cavity for this region. The walls are formed by ventral extensions of the
prootics::yertical plétes, and by the lateral edges of the parasphenoid, with
whieh they meet, The floor is formed by the parasphenoide

Immediately anterior to ihe middle of the horizontal plates of the
prootic, there is a vertical elevation in the mid-line of the parasphenoid
(Fig.1l). This is connected dorsally with the prootios by processes which
extend posteriorly and laterally from its posterior, dorsal edge, meeting
with anterior continuations of thé horizontal plates of the prooties which

are extending forwards to meet with the_alisPhenoids.
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This vertical pillar marks the posterior division of the itwo canals by bone.
Behind this, the canals of either side are divided only by a vertical sheet
of conneotlive tissue, which reackes from the floor to the roof of the canal
and extends its entire length,

The relations of the muscles to the cansl are relatively simple. |
Only the external and the internal recti musocles are continued into the canalg
the former extending its entire length, the latter taking origin on the
parasphenoid, Jjust posterior to the anterior edge of the prootice. The exter-
nal rectus muscle has its origin on the basioceipital. Both of these muscles
are contained in a conneoctive tissue sheath, in which they can move freely.
The sheath of the external rectus muscle also extends about the muscle down
to the foot of the myodome, and pésses laterally to that of the internal rectus.
The inferior rectus muscle arises from the connective tissue between the top
of the vertical pillar of the parasphenoid, and from the alisphenoid, There
is also a second origin, the muscle arising from a part of the sheath of the
internal rectus. The superior rectus has a very similsr origin, in that it
arises fran the lateral edge of the parasphenoid, Just anterior to the verti-
cal pillar, and also from the dorsal surface of part of the sheath about the
external rectus. The two latter muscles, in passing to their insertions,
eross each other between the external and internal recti.

The commencement of this condition is found in the first specimen
reconstructed (Fige2), the superior and inferior reoti muscles taking their
origin from the floor of the chondrocranium, actually from the posterior ends
of the trabecula communis, wﬁere the trabeculae are divided about the anterior
basicranial fenestraes The external and internal recti muscles are zlready

in relation to a definitely formed myodome,
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The posterior myodome is well-formed, though its walls and roof
are still mostly membraneous.s The roof is formed solely by the membrane
forming the floor of the cranial cavity; its floor, partly by the ossifying
parasphenoid, mostly by connective tlssue; and the lateral wall, by the pre-
facial commissure, and the emerging roots of Nns.v and vii (Fig.7).
Posterior to this, the canal runs between the two anterior parachordals, and
passes into the heavy acrochordal fissue of the interparachordal (posterior
basicranial fenestra) space. MNe.rectus externus continues back along the
floor of the space so formed, passes dorsally over the ventral tiﬁi;;:}acial
(prootic) commissure, and the emergé;g roots of Nns.v and vii, into the cenal,
where 1t runs back between the hypophysis and the anterior paraohordals, Cross~
ing over the latter just anterior to the mesotic ridge, end so comes to man
along their medlal surfece, where the muscle flattens out into the horizontal
plane to extend to the mid-line as a flat band traversing the posterior basi-
cranial fenestra through the zcrochordal tlicssue to the muscles' origin in the
acrochordal tissue ebout, and just anterior to the tip of the notochord (Fig.2)e.

Lerectus Internus has its origin nearer to the anterior end of the
myodome, arising from the membraneous roof of the cansl, and runs directly
forwards to cross over the dorsai surface of the divergent, posterior end of
the trabecula communis of its side, and then continues forwards immediately
lateral to the trabecula communis, The emerging N.1i loops over this muscle,
and appears to restrain it to the medial position (Fig.8). Immediately
anterior to the optic nerve, the muscle is bent diréctly outwards and inserted
into the‘eye—ball (Figsl).

STAGE II ~ illustrated hy Figse 3 and 4.

The principal changes from the previous stage has been the completion
of many regions, and the commencement of disintegration of the trabeculae and

the parachordals.
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A considerzble amount of ossification, especially along ths base of the
skull has taken placee.
Ethmoid Plate (Ethepe).

The ethmoidal region has become completed; the ethmoidal plate having
expanded underneath the olfactory organ, by a filling in of the angle between
the ectethmoidal processes, and the lateral border of the anterior portion of
the plate. So that now there is almost = complete shelf of cartilage below
each olfactory organ, which is relatively much smaller than before (eof. Tigs.
1 and 3). From each of the antero-lzteral corners, & large ball-like ocarti-
lage has developed {ethmoidypre-ethmoid cornua (eth.c.f.f) and the anterior
end of the palato-pterygo-quadrate cartilage now articulates with them. The
anterior portion of the brain has '"retired" from the greater part of the dorsal
surface of the ethmoid, and a large mesethmoidal elevation has been formed
(Fig.10)e This is present in the form of = vertical plate raised along the
1d-line of the ethmoid plate, with the sides concave, and the dorsal surface
roundeds Posteriorly, the dorsal surface is eiongéted by two bars 6f carti-
lage, which roof over the top of the clfactory foremen and meet with similar
cartilaginous rods, the anterior ends of tre supra-orbitalbar;,and the doraal
ends of the planum antorbitale, From the posterior surface ~f the ectethmoids,
a bar passes outwards, upwards and slightly backwards to meet with the end of
the supra-orbital bar of that side. The foramen closed off by the latter
bar {(Pleant. Fige.3), and the one from thé mesethmoid, is the olfactory foramen,
a portion of which is elso present on the floor (solum nasi) of the ethmoid
plate. The ventrsl groove, is still present on the ventral surface of the
floor of the ethmoid plate.

Trabeculae (Tr.).

The trabecsulae are practically the same as described before. The

principal change is the disintegration of their'conneotion with the para-
pos teriotly

chordals, and they now present two relatively shorter split ends.
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The superior and inferior recti muscles remain attached to their posterior
eWiprical
endss The ventral poles of the anteriogﬁportions are much further developed

ventrallye.
Parachordalis: (Pard)).

Ossifiocation of the parachordals has already commenced, Poster-
iorly, the sacoulus has invaded, and expandéd, the ventral pert of the para-
chordal to form the large recessus saccull (Fig.3)s A more dorsal portion
of the perachordal remains untouched by the sacculus, and tapers off poster-
iorly along the dorso-lateral surface of the notochord (Peparse. Fige3).

The cartilage, applied against the lateral aspect of the notochord,
and forming the medial wall of the recessus, 1s replaced by bone. This has
also taken place to some extent in the roof, and median portion of the floor;
and ,1n the region of the foramen N, E only the lateral wall remains unos-
sifieds Anterior to the ductus transversus, which joins the two sacculi over
~ the notochord, a feature of the Plectospondyli, in’the region of the glosso-
pharyngeal foramen, the parachordals are unossified, meet over the top of the
notochord, and rapidly become massive, increasing in size as the notochord
diminiShes, until they come to form the strong cartilaginuous, basal plate
(Bas.pe Fige4), laterally continuous with the auditory capsules. The middle
region of this plate (pronotochordal plate) forms the roof over the myodome
(interparachordal space)s The walls of this space are forméd by two ventrally
directedridgea‘ééz;btmm under-surface of the basal plate, which represent
the original parachordals. The floor is formed by the parasphenocids The
branchial skeleton articulates with the ventral edge of these ridgese. The
pronotochordal plate becomes free.from the parachordals =2nd is continuous
forwards a short distance between them, to terminate behind the pituitary

fossa (Fige4)e Anterior to this, the parachordzls extend forwards a short

distance to end sbruptly after having diverged slightly abeut the posterior

portion of the hypophysial fossae
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The fusion with the auditor; capsules is practically complete,
and the anterior and posterior basicapsular fenestrae are slmost obliterated.
The posterior basicapsular fenestra is represented only by the forasmina of
the glossopharyngeal and vagus nerves which are separated by a strip of car-
‘tilage; the anterior, only by a small spsce where the anterior cardinal vein
1s pressed closely against the wall of the cartilage asbout the lower portion
of the ear (hidden in Tigse 3 and 4 by the overhang of the articular facet
for the opercular bone). No distinction can be made between the mesotie and
the posterior basicapsular commissures, The anterior comﬁissure i1s recog-
nissble by the traces of the mesotlée ridge, which is very small, and restriocted
to the dorsal surféce of the parachordal (Fige4).
Auditory capsule: (Aude.caps.) and relations of cartilages to canals.

Chondrification of the auditory capsules is completed. Ventrally
they are completely fused with the parachordals; dorsslly, tke two capsules
meet over the top of the brain and form a relatively extenslive roof {tectum
synoticum) (Fige.4)s The relation of the canals and the cartilages sur-
roﬁnding them is very similar to the conditior described in the earlier stages.

The external horizontal canal runs in é completed tunnel of car-
tilage open to the cranial cavity only at its anterior and posterior ends
oslx. This tunnel has been completed by the growth of cartilage up the sideg
of the canal from the upturned edge of the shelf described in the previous
stage, and its fusion with the wall dorsally. The roof is also formed over

the posterior vertical canal. The outer surfsce indicates the mouldiﬁg of

the cartilage about the canals (Fige3)e

The anterior and the posterior basicapsuiar fenestrae are oblit-
erated, as mentioned, by the downward growth of the ventral portion of the
wall, and its fusion with the parachordals. The only remnants of the posterior

fenestre are found in the foramina of the glossopharyngeal and vagus nerves,
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The mesotic ridge, which in the earlier stage followed the anterior
basicapsular commissure, is very small in this stage, snd principally confined
to the dorsal surfzce of the parachordal {(Fig.4). The mesotic, and posterior

cormmissures are continuous and protect the lateral aspect of the eer by a thin

sheet of cartilage,

wall
At the level of foramen N.x. the lateral =e@ben of the capsule 1is

thiokened and slightly ossified in the reglon of the origin of the levator
branchise muscles {(ef. Fige5). Anteriorly, this thickening is continuous
with a vertical plate of cartilage suspended from the inner side of the capsule
medial to the posterior portion of the posterior vertical semi-circular cénal,
which plerces it further forwards as it comes to the lateral position. The
plate immediately decreases in size be&ond this point, until it is only a
small ridge of cartilage on the inner side of the capsules Prior to piercing
this plate, the posterior vertical canal runs a short disﬁance along the medial
surface of the ridge just described,

Anteriorly, at the level of the returm of the anterior portion of
the external horizontal canal to the cranial cavity, the ridge expands ven-
trally to project slightly below thé anterior vertical canal, and soon
broadens medially to form a short shelf supporting the curve of the external horiye
canale The canal plerces the anterior end of the shelf which is continued

forwsrds only by a short, smell rod of cartilage on the medisl side of the

canal ,uncomected anteriorly.

Post-orbital cartilages: (Post~orb.).

The condition of the post—orbital cartilages is very similar to

that in the earlier stage.

The principal feature in the growth to this stage, has been the
development of the prootic commissure into a flat plate separating the foramina

of the facial, and the trigeminal nerves {Fige3). The anterior cardinal vein

passes medially to this commissure, entering onto the median surface of the
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cartilage by a notch formed in the angle between the top of the commlssure
end the cartilage forming the roof over the facial foramen.

There is no indication of any completion of this bar by its fusion

with the parachordal,

Supra-orbital Cartilages: {Se¢0.) and epiphysial bar,

The anterior end of the suprea-orbital bars, on either side, has
chondrified as far forwards as the posterior end of the ethmoidal plate and
i1s continuous with the posterlor edge of the dorsal surface of the mesethmoid,

“having fused with a baokwardy'extensioh of the dorsal portion of that carti-
lage above the olfactory foramen, and also with the dorsal end of the upturned
lateral portion of the ectethmoid,

The ventral plate, developed zlong the ventral surface of the supra-
orbital bar to only a slight extent in the earlier stage, is now relatively
much larger, snd extends down e short disfance below the dorsal margin of the
eyee (Fige3)e

The epiphysial bar is still a ourved bar, with the convex surface

| dorsal; but 1s relatively much larger. The plneal body havingﬂ;etire&‘from
the intimste vosition it held previousl;y with the front of the bar, it has

- , fhe Latlev _
now been possible for &ede to stralighten out, and even to develop samevhat
forward from the level of the fusion of the bar with the supra-orbitals. The

posterior border is convexly curved,

Post-vagal region:{Pil. oce.).

The condition of the pila occipitalis is similar to that found in
the earlier stage. Fusion with the posterlor c¢isz of the auditory capsule
is more complete and is continuous wnto the dorsal surface of the chondro-
cranium, sd that the tectum posterius, and the tectum synotlecum form a single

unit (Fige4)e The ¥eotum posterius is now extended back to the neursl arch

of the vertebral complexe
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Myodome : and related siructures.

The form of the anterior myodome is very similar to the condition
found in the esrlier specimen, The trincipal change has been in connection
with the growth of the mesethmoid cartilage. The anterior end of the canal
now runs beneath the posterior end of the mesethmoid cartilage, which is
separated from the ethmold plate for z short distance, and overhangs the
canal, The roof over the anterlor end is elso formed by posterior extensions
of the plenum orbitale, from its ventral edge (Fige.4). Between the blind
end of the canal, and the region of origin of the muscles, there s a mass
of connective tissue, besring the same relation to the canal and the muscles
as the acrochordal tissue in the posterior cansal.

The chondrification of the walls,‘and roof of the posterior myodome,
mark the major change between this stage and the preceding one, The roof is
formed by the basal plate, and its anterior continuation ir the form of a
tongue. The walls are composed of the ventral ridges (parachordals) of this
plate, and their anterior continuations, the parachordals about the hyporhysial
fenestra. The ossification of the parasphenoid forms the floor. (Otherwise,

the condition is similar to the earlier stage, though the canal 1s much longer.
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ADULT SKULL:

The adult skull of Catostomus has not been completely described,

In general features, the neurocranium closely resembles that of
a typical Cyprinid. The floor is formed by the basiooccipital, parasphenoid,
and vomer; the roof, by the supraoceipital, parietals, frontals and mesethmoid;
the walls, by the eplotics, exoocoipitals, prootics, pterotics, sphenotics,
orbitosphenoid, alisphenoids, and the ectethmoids (Figsll).

Of the bones forming the base of the skull the parasphenoid is the
largest, extending from near the posterior extremity of the skull, forwards
to articulate with the posterior, ventral portion of the mesethmoids Pos~
teriorly, it overlaps the anterior end of the basiocoipital; anteriorly,it
lays between the vomer and the ventral surface of the ectethmoids. Dorsally,
it articulates with the prootic, orbito-sphenoid, and ectethmoid. Its an-
terior end interdigitates with the posterior end of the mesethmoides The shape
of the bone grades from a strongly, V-shaped bone posteriorly, to a flat,
elongate plate in front, the transition occurring at the level of the front
end of the prootic, where there are two lateral projections, one on either
side, with which the pharyngobranchials articulate, In the mid-line, at this
same level, there is a short, dorsal elevation on the parasphenoid, extending
to the level of the base of the cranial cavitye. The dorsal end of this ele-
vation is slightly expanded and is connected to the anterior edge of the prootics
by smell bars of bonee Similar bridges Jjoin it to the alisphenoids. This
elevation marks the anterior end of the posterior myodome, and the level at
which the membrane, extending around the brain in earlier stages, is attached
to the base of the neurocraniume The expanded foot of the orbitosphenoid

rests on the dorsal surface of the anterior, flat plate of the parasphenoid,

anterior to this elevation.

The basioccipital (Basi-occe), is relatively complexe Posteriorly,

1t presents the usual facet for the articulation of the first vertebra,
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Ventrally, it is continuous as two vertical, flat, triangular plates of bone,
suspended by their apices on either side of the mid-line. The ventral edges
of these plates are bent laterally, and curl up dorsally, to form a large,
curved triangular bony plate (Mastice), which is highly fenestrateds The
posterior angle of this plate is continued back almost to the level of the
anterior face of the transverse bony septum formed by the vertebral complex.
The dorsal angle is connected, secondarily, to the basioocipitalifjust below
the line of its articulation with the exocoeipital, by a delicate bony bridge.
This fenestrated, bony plate supports a horny pad against which the pharyn-
geal teeth aot. The dorsal surface of the basioccipital is slightly exca=-
vated to form the floor of the cavum sinus impar (CeSe.i. Fig.28)s. The body
of the bone is i1tself excavated and serves as the posterior portion of the
posterior myodomes Anteriorly, the basioceipital interdigitates with the
perasphenoid; the dorso=~lateral surfaces articulate with the exoceipitals,
and to a very small extent with the prootice.

The vomer (Voe), forming the anterior portion of the floor, is a
triangular bone, with the apex situated anteriorlye The mid-line is convex,
and the parasphenoid and posterior portion of the ventral part of the mes-
ethmoid are contained in a groove formed on its dorsal surface. The base of
the triangle is extended posteriorly in the mid-line. The lateral angles
articulate with the ectethmoids. The anterior end, apex of the triangle,
bears a lateral cup-like extension (Voeor.) on either side into which are
fitted two balls of cartilage with which the palatine cartilage articulates,
The dorsal surface, above this apex, 18 extended upsards by a plate of bone,
which fits around the ventral projection of the anterior end of the mesethmoid,
completing the outline of the anterlor end of the skull,

The exoceipital (Exoce.), 1s a large, four-sided plate forming the
most posterior portion of the wall of the neurocranium, and, in the absence

of an opisthotic, is applied to the posterior and postero-lateral aspects

of the ear,
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The posterior portion forms the lateral border of the foramen
magnum, and is continued dorsally, to form its dorsal border, by s narrow plate
of bone which, on meeting its fellow, is turned posteriorly and continued back,
forming an incomplete roof (Ex.br.),;: Yi,:he spinal canal, to meet the anterior
edge of the expanded foot of the neural plates This formation almost excludes
the supraoccipitel from the dorsal margin of the foramen magnume

The lateral surface of the exocoipital is pierced by the foramen NexXe
Foramen Neoix i1s located between the prootic and the exoccipitales On the
medial aspect, below the foramen N.x, a plate extends towards the mid-line,
where it meets its fellow to form the roof over the cavum sinus impar, The
plate does not extend beyond the anterior end of this cenal, and the dorsal and
ventral portions of the ear are connected through the gap between the anterior
end of this plate, and the similar plates of the prootic. (Figel3).

Posteriorly, the medial surface is slightly gouged to form the floor
of the recess containing the pesterior vertical canal.

Dorsally, the exocoipital articulates with the pterotic, epiotioc,
and the supraoccipitale.

The prootic (Proot.) a flve-sided plate of bone,forms the anterior
portion of the lateral wall about the ear,.

On its medial surface, it is grooved for the reception of the an-
terior vertiocal jand extermnal horizontal canals, forming the floor of their
recesses.s A vertical plate, extending slightly into the cranial cavity,
represents the anterior limit of the otic cavity,

A plate extended medially from the lower portion of each prootic
forms the roof over the posterior myodome (Fig.l3).

Slightly posterior to the anterior edge is the foramen N.vii. A
weak bony bridge closes this off from Foramen N.v, Which is present between

the alisphenold and the prootic, which meet above it and form the top and

sideg of the foramen,
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The floor is formed by an anterior continuation of the medial plate which

meets the alisphenoid.

In addition, the prooticf articulatesventrally with the parasphenoid,
and basioccipital; posterliorly, with the exoceipital; dorsally, with the pter-
otic and sphenotice.

The pterotic and eplotic form the postero-dorsal angle of the neuro-
cranium, both extending onto the roof and the wall,

The latter (Epiot.), is a flat bone, ciroular in outline, with the
usual processes for the articulation of the post-temporale Present on the
posterior aspect of the skull above the exoceipital, the epiotic roofs over
the top of the curve of the pesterior vertical canal, and articulates with the
exocoipital, supraoccipital, parietal and sphenotic.

The pterotic (Pter.) is typical in having the large, posteriorly
directed process, and in forming the posterior portion of the fossa in which
the hyomandibular articulates., The medlal surface, along with that of the
sphenotic, 1s hollowed to receive the external horizontal canale.

A ridge’elevated on the dorsal surface of the pterotic,articulates
with the lateral edge of a portion of the parietal which is lifted above the
surface of the skull. The other,posterior edge of this plate of the parietal
artioulates with the dorsal edge of the epiotiot:;£:2h2¥tended above the sure
fece of the skulle The structure so produced forms s large, deep canal, the
pterotic forming the floor and anterior wall; the epiotic )thef posterior wall;
and the parletal)the roofe Melevator arcus palatini posterius takes origin
in this canal. |

A smell bone is present on the posterior angle of the skull, con-
necting the ventral surface of the pterotic process to the exoccipital,

This bone could not be homologised with any element in the typical chondro-

craniume. It is not in relation with the ear, being shut off from the otie

cavity by the exocelipital.



The sphenotic (Sphen.) is simple, forming the antero-dorsal portion

of the wall about the ear. The medial surfsce is recessed for the anterior
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vertical, and portion of the external horizontal canal9, The anterior portion

of the fossa for the articulation of the hyomandibular is formed by this bone

By extending as two plates, it also forms the posterior portion of the roof of

the orbit. The sphenotic articulates with the pterotio7fronta.1,alisphenoid

and prootice.

The orbitosphenoid and alisphenoid form the wall of the neurocranium

in the orbital region.

The alisphenold (Alis.), is a simple plate of bone, filling in the
region of the wall of the skull between the orbitosphenold and prootic,
Dorsally, it articulates with the frontal, and the sphenotic; snd to a very
slight extent with the prootic above and below the foramen Ne.ve The latersal
surface 1s highly fluted.

The orbitosphenoid (Orbito.) is V-shaped in cross-section, with the
foot expanded and resting on the parasthenoids Each arm of the V is a plate,
reaching dorsally, on elther side of the cranial cavity, to articulate with
the frontals above; the slisphenoid behind; and the eotethmoid in front.

The ventral oonfluence of the two plates in the formation of the foot of the
V, 1ifts the floor of the cranial cavity away from the parasphenoid.

The ectethmoids (Eot.) form the anterior portion of the wall of
the neurocranium. Each i1s a curved plate of bone, with an expanded medial
end articulating with the mesethmoid, frontal, and orbitosphenoid, above the
anterior myodome; and the vomer, parasphenoild and mesethoid, below. N.1 emerge
through a space left between the anterior surface of the ectethmoid and the
posterior surface of the mesethmoide The dorsal portion forms the anterior

section of the roof over the eye; the ventral, the solum nasi.
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The mesethmoid (Meseth.) an unpaired bone, closes the oranial cavity
anteriorly. It may be divided into a vertical and a horizontal portion. The
vertiocal portion is expanded ventrally, articulating with the vomer, paras-
phenoid and ectethmoide Dorsally;it is continued as the horizontal plate
forming the roof over the olfactory organ.

The roof of the neurocranium is formed by the small supraocccipital,asd
parietals; the large frontals extending laterally to form the middle of the
roof over the eye; and to a small extent by the horizontal plate of the mes-
ethmoide A small fontanelle is present, extending from the anterior edge of
the supracoccipital, forwards to the level of the middle of the eye, where it
i1s closed by the meeting of the anterior portion of the frontals in the mid-
line.

Ossification of the chondrocranium may be divided into thres stages;
the first, that involving bone formation on the base; the second, the forma-~
tion of centers in correlation with the articulation of various elements to
the chondrocranium; and finally, the third, the appearance of centers appar-
ently forming in oconnection with the maintenance of the form of the head,

In these respects, the course of development of the skull closely follows
that of the chondrocranium, though earlier stages of the latter are needed to
establish a canpletely identiocal course for bothe

The actual details of bone formation will not be dealt with, having
been thoroughly studied, in the closely similar Amiurus, by Kindred and Mc.-
Murriche. The following description is concermed only with the order and
regions of appearance of bonee

Ossification of the base of the chondrocranium commences with the
appearance of two centers, the baslocolpital and the parasphenoid.

The former first appears in the formstion of a ring of bone about
the anterior end of the notochorde Later, this center expands, invading the

region of the floor of the auditory capsule.
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The parasphenoid appears as a weak development of bone in the subtrabecular
groove reaching from the level of the ectethmoidal processes back to end as
the floor of the basicranial fenestras The formation of the lateral process
for the articulation of the branchial skeleton colncldes with the second stage.

The secondary centers are more numerous, appearing most markedly in
the postorbital and the anterior regions in connection with the articulation
of the hyomandibular (Fig.l2).

The centers of the sphenotic and pterotic develop on the side of the
chondrocranium; the former appearing along the anterior face of the post-
orbital, and the ventral face of the root of the supraorbital cartilages, also
extending slightly over their other surfaces; the latter develops on the sur-
face of the portion of the auditory capsule surrounding the external horizontal

canal,.

In addition, ossification of the prootic commences principally on
the anterior basicapsular commissure, also extending back over the antero-
ventral portion of the capsule.

A second area, the posterior end of the chondrocraniuﬁ, shows the
formation of secondary centers in the development of the large exoocipital
center, This appears principally about the postero-lateral portion of the
wall about the ear, and also extends up the pila occipitalis onto the tectum.

Anteriorly, the center of ossification of the vomer becomes est-
ablished below the ethmoldal plate in the anterlior continuation of the sub-
trabecular groove (FigelOe Voe.), in a similar fashion to the parasphenoid.

A mesethmoid center forms on the anterior face of the mesethmoidal
cartilage, correlated with the development of the suspension of the premaxilla.

The epiotic and ectethmoids, which develop relatively late, belong
in the second group (Fig.l5).

The appearance of the third type of center is correlated in time

with the expansion of the second centers over the surface of the chondro-

oranium (®ig.14),



34

The first of these to appear is the fromtal (Fig.l2), followsd closely
by the parietel and supregceipital, soon leading to the formmtion of & bony
roof over the oranial cavity {Fig.l5).

The alisphenoid and orbitosphenoid belong to this last group.

The similarity between the formation of the chondrocranium and the
beny skull has been pointed cut. A ocomparison of Figs. 1 and 12 shows & re-
markable similarity in the distridbution of cartilage and of bone. The presence
of bone in the ocoipital region, about the ventral and ventro-lsteral aspeots
of the ear; in thes postorbital region; and along the supreorbital bar, as well
as the presence of bone along the floor of the neuroorsnium, olosely resembles
the distribution of cartilage in the early chondrooranium.

The second chondrooranium reconstructed compares in s similar fashion
with the stage of the skull shown in Fig.l4; the two representing further ad-
vaneod oconditions of the mrevious stages. Various modifications are intro-
dueed in the later skull through the adoption of speocific features by the devel-
oping larva, &.g., the mesethmold bone and vomer do not correlate very closely
with the mesethmold or ethmold cartilages.

This similarity is also found in the ossification of the hyoid and
branchial areh skeleton, where the cerato-element is the first to chondrify,
and also to ossify (V.i., Figs. 16 and 17).



L,

The Splanchnocranium and its Development:

The hyomendibular (Hyome) is a rod-like bone extending from the
dorso-lateral edge of the otic region ventrally and curving slightly anteriorly,
to articulate with the symplectic and quadrate bones, The dorsal end 1s
enlarged and bears three tubercles; the two most anterior articulate with the
sphenotic, and the pterotios; the third, forms the facet with which the oper-
cular bone articulatese A plate, partially closing the anterior end of the
branchial chamber, extends medially from the anterior edge of the more dorsal

portion of the bar,. This plate is articulated with the metapterygoid by 1its

ventral edge.
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The separate sympleoctic bone (Sympl.) is roughly triangular in out-
line, the apex pointing down and forwards, end is situated in an elongate, V=
shaped cut in the postero-dorsal portion of the guadrate. The dorsal edge,
base, is in contact with the ventral end of the hyomandibular, and also with
the metapterygoide The posterior and anterior edges are firmmly attached to
the quadrate.

The quadrate (Quad.), the most ventral of the three bones attaching
the mandible to the anditory region of the skull, has the typical forme The
posterior edge continues up behind the symplectic to meet the foot of the hyo-
mandibular. The dorsal surface posteriorly articulates with the metaptery-
goid; the anterior portion articulates with the pterygoide A thin plate of
bone (Ptery.) extends the anterior edge forwards.

The metapterygoid (Metapt.) is an extensive, vertical plate of bone;
the dorsal portion bent medially to form the posterior portion of the incomplete
bony floor of the orbit from which the large meadductor mandibulae takes origin,
The posterior edge 1s deeply grooved and is connected to the hyomandibulare

The pterygoid (Mesopt.) resembles the metapterygoid and formes the
enterior portion of the orbital floors, It articulates posteriorly with the
metapterygoid; ventrally with the anterior portion of the dorsal edge of the
: quadrate; and snteriorly, with the posterior extension of the palatine bone,

The latter bone is highly modified in connection with the peculiar
form of the mouthe When viewed laterally, several prominent processes are
seen; an antero-lateral, from which a ligament reaches forwards to the dorsal
end of the maxilla; an antero-medial, which artioculates with the vomerine
cornu; and a large posterior process, articulating with the mesopterygoid and
the pterygolid.

In the early larva (Figel6), the hyomandibular, sympleotiec, palatine,

pterygoid and quadrate bones are all represented in cartilage.



a <,

The hyomendibular cartilage (Hyom.cart.), appears to be continuous
with the sympleotic (Sympl.), the whole forming a rod, the ventral end of
which 1s strongly bent anteriorly, and lays along the medial surface of the
heavy quadrate cartilages Dorsally, the bar is thickened to end as a broad,
articular head, bearing three large tubercles, the anterior two (Ant.hyom.)
for the articulation with the chondrooranium; the posterior,for the artiocu-
lation of-the opercular bonees The foramen.N@%I; is quite obviouse. The
articulation of the lateral end of the hyoid bar (interhyal ?), enables a
distinction to be made between the hyomandibular and symplectic regionse

The palato-pterygo-quadrate bar extemds from the level of the pos-
terior edge of the hyomendibular forward to articulate with Meckel's cartilage,
as a broad, heavy plate of cartilage. Beyond this, it is continued by a
slender process (Pal.cart.)e.

The lower jaw is formed by the typical Meckel's cartilage (Meoke
cart,) in the form of a heavy, triangular plate, articulating by a groove in
the base with the quadrate region of the palato-pterygo-quadrate carfilage.
Anteriorly, the apex ocurves towards the mid-line, and is joined to its fellow
by a ligament.

The centers of the ossification of this portion of the skeleton
are well established in the second preparation, (Fig.l?].

On the hyomandibular, an extensive formation of bone has resulted
in the dorsal end of the cartilaginous rod, below the articular tubercles,
becoming enveloped by bone. Bone from this center extends, partly over the
facet with which the operculum srtioculates; and also, into the comnective tis-
sue which up to now has served as the origin of the me adductor mandibulae, to
form the medial plate of bone. The lower end of the rod, (Symplectic, Sympl.)
also shows a distinet center. The quadrate cartilage has a development of

bone in the ™neck", behind the articular facet, also extending along the ven-

tral and,anterior edgese
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A small "metapterygoid" center is present on the dorsal edge of the palato-

quadrate plate, remote from the more anterior pterygoid centers

The dentary (Dent.) 1s well established, enveloping much of the
anterior portion of Meckel's cartilage. Posteriorly, the latter is also
encased by the development of bone forming the articular, A distinet angular
cartilage, already showing signs of ossification, is present and attached by
a ligament to the anterior end of the interoperocular,

The third stage selected (Fig.l8) shows a very marked advance over
the previous, the most interesting feature appearing in the formation of the
hyomandibular bone separating the cartilage and the still cartilaginous
articular facets,

The hyomendibular, interhyal and symplectic all converge to meet
by cartilaginous tips. The symplectic is alresdy situated in a deep groove
in the quadrates

The quadrate, metapterygoid and pterygoid are all well ossified.
The latter two extend medially below the eyee« The membraneous anterior plate
(Pteryes) of the quadrate is rapidly ossifying.

The palatine cartilege has bhecome ossified and shows the extreme
modifications found in the adult. The articular faocets are still cartila-
ginous.

The dentary is enlarged and shows much of the adult form.
Posteriorly, it fuses with the articular., Meckel'’s cartilage also shows a
fragnentation into two parts, articular and distal portions, similar to that
found in the hyomandibular. In this case the two parts of the cartilage are

separated by the formation of the articular bonee.
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The skeleton of the hyoid arch is typicale [Laterally, each end
is connected with the hyomandibular by & small interhyal bone, which also
articulates by its medial end with the lateral end of the vertically flat-
tened epihyal. The medial end of the latter, in turmn, artioulates with the
ceratohyale The other extremity of the ceratohyal is V-shaped, and in con-
tact with the anterior and posterior portions of the hypohyal elements. The
latter, present as two separate bones, articulates medially with the basi-
hyal, and with the ventral urohyal.

The whole bar, in the adult, forms a strong, inflexible unit,
movable only at the lateral and medial ends, and, in this respect, shows &
marked variation from the subsequent gill-bearing arches,

bo~provienslimentioned, The branchiostegals articulate with
the epi-, and cerato= hyal elsments,

(Frg.re),

In the earliest preparation, the arch is simple, being repre-
sented only by two cartileginous bars: a small, poorly defined, lateral
element (interhyal); and a longer, stronger bar, remresenting the undif-
ferentiated epl-, cerato-, and hypo- hyal segmentse The latter bar serves
as the origin of the m.genio-hyoideus, and may be recognized accordingly
as the fused epihyals (lateral) and the ceratohyal (medial) portions. The
remaining medial end of the bar represents the hypohyal.

The interhyal is in contact with the junction of the hyomandi-
bular and symplectic cartilages.

The basihyal is continuous posteriorly with the basibranchial,
and is already expanded anteriorly.

Ossification first appears, about the time that the opercular
bones commence to form, by the development of s ring of bone enveloping the

ceratohyal portion of the bar; and, to a smaller extent, in the region of

the anterior surface of the anterior portion of the hypohyal element,
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(Fis-r8),
Slightly lategA.all the operocular bones being well established,

ossification appears about the epihyal portion of the bar and the posterior
portion of the hypohyal.

It is not until quite late that the interhyal cartilage becomes
enveloped by bone; and even in the adult, a large portion of this element
remeing cartilaginous.

The urohyal develops in membrane directly to its adult form; the
ossification of the anterior, articular facets occurs relatively late.

The condition of the skeleton of the branchlal arches in the adult
is similar to that of the late larva (Fig.20).

Four typioal arches are presents A fifth arch is rudimentary and
bears the pharyngeal teeth (Phy.dent).

Bach typiocal arch has the usual segments, viz. pharyngo- (dorsal),
epi-, cerato-, and hypo- (ventral), branchial elementse. The pharyngo-
branchials are modified in the articulation of the arches to thé base of the
gkulle The first and fourth are cartilaginous; the second and third weakly
ossifieds The first pharyngobranchial 1s small and joins the dorsal region
of the arches tc the lateral process of the parasphenoid. The second and
third pharyngobranchials are rectangular and are pierced by nerve foramina
(Fige20)e The second is situated between the enlarged dorsal end of the
first epibranchial and the anterlor faoce of the third pharyngobranchiale
Its distal edge articulates with the medial end of the epibranchial of its
arch. The third pharyngobranchial possesses a long anterior edge in contact
with the posterlor edge of the second. The shorter, distal and posterior,
edges articulate with the epibranchial, and the fourth pharyngobranchial
respectively, The latter cartilage 1s roughly triangular in shape, and a
portion of the anterior side makes contact with the third pharyngobranchiale.

The base articulates with the epibranchial of the same arch.
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A small cartilage situated on the posterior edge of the base of the fourth
pharyngobranchial may represent sz vestigial portion of the fifth arch.

The epibranchial of the first arch differs from the others in
having the medial end expanded. This expanded end takes over, at least in
part, the function of a pharyngobranchial. The epibranchials of the second,
third, and fourth arches are similare The second is larger than the other
two.

Each of the epibranchials when viewed from in front shows & double
curve, On the dorsal portion of this curve 18 a small, dorsal process for
the insertion of the levator muscle of the arch.

The ceratobranchials of all four arches are similar in form, each
being the largest bone in its aroch.

The hypobrsnchiasls exhibit a gradation in sizee. The hypobranchial
of the first arch is the longest, and is ossified; that of the second, inter-
mediate between the first and thirde The latter is very small and unossified.
The hypobranchial of the fourth arch resembles that of the thirde

The medial ends of the hypobranchials artioulate with the basi-
branchiale The latter is mostly cartilaginous in the adult, having only two
small ossifications, an anterlior, between the articulation of the hypobranch-
jals of the first and seocond arches; and a posterior, between the second and
third.

The fifth arch is articulated ventrally with the posterior end of
the basibranchiale Dorsally, it is connected to the ventral end of the fourth
epibranchial by & rod of cartilage.

(Fig-t0)

In the youngest specimenafhe branchlal arches are very complete,
only the ceratobranchials ((erstow), and the hypobranchial ( Hyp-b4 of the first
arch being presente The lateral end of the ceratobranchials is in a state

of rapid chondrificatione The mediel end of the second appears to be frag-

menting to form the hypobranchial,
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The basibranchial (Pssi4~) is unsegmented and continuous with the

posterior end of the basihyal.

The rudimentary fifth arch is presente Ossification has commenced,

enveloping the cartilsginous rod of the arch with bone; several teeth are

formed.

Subsequent development leadsto the addition of the dorsal elements

and differentiation of the ventral (Fig.19)e.

The epibranchial and the pharyngobranchial cartilages are formed,
and already exhibit rudiments of the adult form.

The first and last pharyngobranchials are present only in carti-
lage; the third has begun to ossify. The seocond is most peculiar in still
being only procartilage.

Ossification of the epibranchials has commenced on all. Esch bears
to some extent the dorsal projection, over which bone is beginning to spread
from the epibranchial centers The medial ends of the fourth epibranchial
are elongated posteriorly by cartilaginous processese

Bypobranchial cartilages have appeared between the medial ends of
the three anterior ceratobranchials and the basibranchiale Ossification has
commenced about the mld-region of the anterior two hypobranchials.

The basibranchial is separated from the basihyal, and shows two
centers of ossification as found in the adult, The portion of the basi-
branchial, posterior to the articulation of the fifth arch, is distinet from
the anterior portion.

The fifth arch is strongly ossified and bears many teeth, each set
in a small cupe The typlecal flatness of the teeth 18 Just developing. The

cartilaginous rod, about which the bone is formed, is still present,

Later development rapidly leads to the condition found in the late
(:'1-\32.6),
larva’\ and in the adulte.
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The four common opercular bones, the operculum, preoperculum, sub-
operculum, and interoperculum are present, as well as the branchiostegalse
These bones serve to support the flap forming the flexible wall of the branchial
chamber{¥ig.18}.

The opercsulum (Operce), is an extensive, thin plate of bone support=-
ing the greater part of the flap, and extends between the posterior border of
the dorsal end of the hyomandibular and the anterior face of the cleithrum.

It 1s roughly triangular; articulating by a facet on the apex with a tubercle
on the posterior border of the hyomandibular. The apex bears a distinet pro-
cess (Latepro,), which passes forwards laterally to the hyomandibular and into
which the ligament of medilator opercull is inserted. The dorsal edge of the
triangle is concave; the base, convex. The snterior border, which is verti-
cal, is strengthened, being thickened into a ridge.

The preoperculum (Preope), 18 an elongate, thin plate of bone, the
ventral portion sharply bent forwards,filling an angle left between the front
edge of the operculum, and the posterior border of the hyomendibular to which
it is fimly bound. It 18 oontinued anterior to the foot of the latter, pass-
ing laterally to it and extending forwards, partly below the sy;plectio and the
quadraté which it incompletely covers, almost to the level of the articular
facet of the latters

The interoperculum (Interop.) completes the remaining portion of the
angle between the anterior border of the operculum and the branchiostegalse
Anteriorly, it continues forwards below the symplectic and the quadrate,medial
and ventral to the foot of the preoperculum, almost to the articular facet of
the quadratees The anterior end 1s connected to the angular bone of the jaw

by a strong ligament.
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The suboperculum (Subeope), 8lso an elongate, thin plate of bone
complgtes the area of the lateral wall of the branchial chamber between the
ventral edge of the operoulum, and the branchiostegalse In form, it closely
resembles a large branchiostegal; but differs in that its anterior end is

related to the interoperculum.

The branchiostegals (Bre.) complete the ventral portion of the wall.
Only three are present. The first articulates with:géihyalz the second and
third, with the ceratohyale. The articular end of the third is rod-like and
strongly bent inwards; the outer surface of this ocurved portion being in con-

taoct with the posterior border of the ceratohyal.

The operculum is the first of these bones to ossify, appearing in
an early stage as a bony cup fitting over the posterior tubercle of the hyo-
mandibular cartilage (Fige.l6), and continued back into the developing oper=-

cular membrane as a short plate of bone,

No intermediate stage was found between the sbove and the condi-
tion illustrated in Fig.l7.

In the latter, the operocular plate has become expanded considerably,
and shows signs of very rapid ossification. The preopercular, interoperocular,
and suboperocular bones are present and show similar signs of extremely rapid
formation. The first branchiostegal is well formed; the second less so; and
the third in the early stages of bone formatione

Subsequent development is slower and uniform.

The formetion of these bones gives the impression that a sudden burst

of ossification has taken plaocee
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The mechanism of the jaws has been described by Edwards ( ( )5
and the extemal features, during the translocation of the jaws from
the terminal position to the ventral, by Stewart (¢q).

The changes in the skeleton during this movement are illus-
trated by Figs. 17 and 18,

In Fige 17, the premaxilla (Pmex), is present as two irreg-
ular splinters of bone lying one on either side of the mid-=line, along
the edge of the mouthe These represent the ventral portions of the
adult premaxill;. The maxilla (Mx.), 8lso appears as an irregular
bodye The insertion of the meadductor mandibulae(Lige.addemnd.), into
the latter marks it as being the anterior edge of the adult maxillae
A short, median, artiocular rod is presente.

Subsequent differentiation of the palatine cartilage, and
the formation of the rostral cartilages (Rost.cart.), carry the jaws
away from the anterlor end of thé neurocraniume The down-—growth of
the 1ips is coincident with the ventral growth of the premaxillae.

The maxillae rapidly assume the adult forme.
In the strong ligament joining the premaxillae to the an-

terior border of the skull, a bony rod (Med.rcd). developse
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Vertebral Columm:

48 in all Plectospondylous fish, there are three distincet reglons
in the vertebral column of Catostomus.

The most anterior of these, the "vertebral complex" represents the
fixation of the immediately post-occipital vertebrae to the back of the skull,
forming o stable unit enabling the function of the Wererlan ossiocles in iso-
lation from the general bod;” movements (Fize 1l)e  Behind this is the tinieal
abdominal region, without a completed haemal arch, and with the basiventrals
unfused to the centra (Fige. 30} ; and posterior to this again, the caudal portion

of the column, with the completed haemal arch (Fig. 26), terminating in the
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pecullarly modified last vertebra, supporting the tail fin (Fig.34).

Between the two latter regions, there is a transition in form of
the vertebral attachmentss From the typiezl abdominal vertebra, with its
distinctly separafe basi-ventral (basal étump {Basiv, Figs30)), bearing the
head of the rib, there 1s a sudden change to vertebrse with the basal stumps
fused to the centra (about vert. 23), and extending further laterally, carry-
ing the head of the rib out with the tip.
| With the termination of the abdominal cavity posteriorly, the
basiventrals.are able to meet in the mid-line,forming the haemal arch, and
are continued ventrally, by ossification of the haemal spihe, in the medlian,
ventral longitudinal septum (Fige.23). A gradient in size and shape of the
articular elements extends the full length of the vertebral columm., The
zygapophyses of the vertebrae immediately posterior to the vertebral complex
are relatively immense in size, especially in the case of the anterior
zygapophyses (Fige 1ll). Proceeding posteriorly, there is a rapid decrease
in size, until ir the caudal vertebrae the zygapoprhyses are greatly reduced
( compare Figs. 11 and 34).

This may be translated into terms of mobility of the regions of
the body #swtwrrecg, when 1t is seen that the vertebrae of the anterior ab-
dominal region, immediately posterior to the vertebrel complex, also exhibit
a tendency towards the immobility shown in the complex itself,

The anterior four vertebrae are, as stated sbove, highly modified
in correlation with the presence of the Weberian ossicles, to form the
"vertebral complex". The following description is of these bones in the
adult (Fig. 11).

) The first centrum (Vert.1l) is highly compacted, and is present in
the form of a thick plate of béﬁeqsandwiched between the articular facet of

the basioceipital {Basitocce), and the second centrum {VewétwRy,
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The latter has lost its individuality, end is fused with the third centrum,
the two together, forming a large, strongly constricted body, similar in ap-
pearancg to a typical, constricted centrum. The fourth céntrum (Verte4) is
also large, and highly constricted, and, éxcepting for its size 1s quite
typical. The fifth centrum is the first rib-bearing centrum.

The ohly appendage of fhe first centrum is the seaphium (Stapes
(Seaph.)), & scoop-shaped bone, circular in outline, with its concave face
medial, articulating with the dorso-lateral surface of the centrum by & short
process from its ventral edges Tris is considered as being the modified
neural arch of this centrum (Wright, etce)s The lateral portion of the
posterior border of the first centrum is slightly indented, the transverse
process of the second centrum articulating wit:: the first in this notche.

The fused second and third vertebrae support the intercalarium
(incus (Interc)), considered as being the modified neural arch of the second
centrum; and the tripus {malleus (Trip.)), the transverse process of the third
centrums The second centrum also possesses a large transverse process,
(Basivel), which extends into the lateral, longitudinal septum from the an-
terior edge of the body of the fused centra. The base of this transverse
bar articulates with the dorsal edge of the anterior plate of the ventral ap-
pendage of the fourth vertebra, The intercalarium is present in the fom of
a slender, slightly curved rod, articulating medislly with the dorso-lateral
surface of the anterior border of the large body formed by the fusion of the
second and third centra.

The tripus articulates with this large centrum immediately posterior
to the base of the transverse bar. This element, forﬁing the posterior bone
of the Weberian chein, 1s triangular in shape, with the two sides concave, the
base convex, and the posterior angle extended backwards to come into contact
with the enterior end of the alr-bladder, It articulates by its apex with

the centrume
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Dorsally, the second and third centra retain their neural arches(NkU%l,
each arch being an extensive bone fused with the dorso-lateral aspect of
the centrum, and exterding its full length.e The dorsal edge of each of these
arches 1Is fused with the expanded foot of the neural plate, which roofs over
this portion of the spinal canal. A lateral projection of each of these
bones roofs over the canal céntatning the Weberian ossicles anteriorly, and
posteriorly respectively,

The elements'of the fourth vertebra are somewhat simplere A
similar dorsal arch is present, wlthout the formation of the lateral platef'
the plate leying close to the body of the centrum and fused with the dorsal
portion of the ventrel appendage of this centrum. T™e dorsal ¢nd of this
arch supports the posterior end of the roof over the vertebral canal.

The ventral appendage (Pro.4) of the fourth vertebra is highly
developed. It consists of e strong bone directed laterally, passing over
the top of the space about the tripus, and turning ventrally to pass dowm
the medial surface of the zbdominal wall. MNedially, from the upper half
of this bone, a plate extends into the mid-line, vhere it over-laps its
fellowe The dorsal portion of the plste slopes forwards below the tripus,
and articulates with tﬁe base of the transverse process of the second centrume
So this appendage comes to form the 1ncomp1éte roof, wall, and floor of the
foramen through which the posterior end of the tripus passeses The medial
wall of this foramen is forméd by a sm=2ll, thin, flat hone, 2 ventral con-
tinuation of the base of the basiventral, medial to the tripuse This lat-
ter bone is fused distally with the angle of the median, verticsl plateg
where it bends forwards. The distal end of the vertical hone is also ex-

pandzd and interdligitates with its fellowe

As mentioned above, the roof over the svinal cord is formed by the

expanded foot of a stirong vertical plate of bone {Neuws ple),supportcd by

the dorsal elements of the third and fourth vertehrae.



bl.

This plate is continuous anteriorly with a second bone, similar to the expanded
foot offthe former, bu%t lacking the vertical plate. ™i:z anterior bons is at-
tazhel to the front edge of th= foot of the neural plate and by a weak hridge
to the first centrum, The anterior border is notched, and the posterior ex-
tensions of the dorsal edge of the exoccipitals pass into this notch.

The first crpearance of bone in the ossificatibn of the vertebral
column is the formation o:/szries of narrow rings sbout the anterior end of
the notochord, rosterior to the region later forming thc basioccipital where
an elongated ring of bone forms at the same time on the notochord, leaving only
the tip frees 1Yore rings are formsd rapidly behind these, until the ertirec
length of the notochord is ringede Each ring is separeted from its neigh-
bours by an intervertebral space (Int.a. Fig.2l), at first relatively wide.

Even before this process of the ringing of the notochord is com-
pleted, ossification of the neural arches of the anterior vertebrae has begun.
(Compare Mgse. 21 and 27} TFollowing the course of osgifica*ion in a typiecal
vertebra, {the 33rd and 34th), possessing comrleted haemal and neural arches
in the adult, it is found that after their first appearance each ring begins
to expand slowly, enveloping more of the notochord, and the intervertebral
space becomes correspondingly diminished. | At about the same time that this
encroachment on the notochord commenoces to slow down, ossification of the arches
sets in (Fig. 22).

The neural (Neur.) and haemal (Haem.) arches are at first repre-
sented only by two pairs of short pegs of cartilage, situated on the dorso-
lateral, and ventro-lateral surfaoces of the notochord, amterior to the spinal
nerve, /These, the basi-dorsal and basl-ventral elements, become ossifled
and are represented in the adulte The basi-dorsal and basi-ventral cartilages
come to be present on the anterior edge of the osseous rings, and scon begin

to ossify (Figel2)e
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At first, their crowth is simply dorsal and ventral respeetively; but, with

the onset of ossification, they commence to slope,badkwards (Fige.<3) ari thslr
tips curve in towards the meiian line (Fig. 24).' The base of cach is at first
circular in sectione Soon afterwards, a development of bone, in the form of

& vertical plate, from the znterior edze of the huse of the dorsal el=:zuts
converts the base into a thin.plate from the anterior edge of which the anterior
gygapophysis is formed /1%, Z5), _These become opposed to the ﬁosteriof
;zygapophyses of the immediztely anterior centrum, previously “cveloped from
simple, vertical rlates of bone the posterior edge of which growing z:;;;rds
comes into closer relationship witiy the adjacent antegior zygeporhysise Growth
of the two brings them into contzot, iater, excepting in the case of the more
antefior abdominel vertebrae, there is s slowing down of the rate of growth

of the zygapophyses, end & corresponding decresse in their relative size in

the adult skeleton (eof. Figs.v25 and 26).

Shortly before this, constriction of *le centra has commenced, end
in dorsal and lateral views, there is shown e bulging of the tlssue of ths
intervertebral space (Figs. 23 and 24},

Further developmént is relatively simple. The rings appear to con~
tinue their_encroachment on the intervertebral spaces until the latter become
éﬁite narfow. At the same tine, strorig constriction of the miidle reglon of
the vértebra begins and there is a gradual adoption of the typlcal hour-glass
- shapes {Fige25)s The tips of the haemal and neural erches come together in
the mid-line, and the arches are continued ventrally and dorsally respectively,
in the ventral and dorsal median longitudinsl septa by ossification of the
haemal and neurﬁl spines (Haem. spe and Neur. spe. Fig. 25). In the abdominal
regidn, the ventral arch is not closed. The basiventrals become ossified as
lateral projections of the centra, and bear at their distal ends the héads of

the ribs which have ossified before (Figs. 27 and 28), as cups of bore envel-

oping the distal end of the cartilage.



The ribs (Pleur. £ Fige29) o0ssify in the medial portion of the cone-
nective tissue septa between the musoclese 0Ossification of the basi-ventral
to form the basal stump (costiferous pedicle), taskes place subsequent to o8-

sification of the ribv (Besdw. Fig.30). No cartilaginous precursor of the ribdb

was found.

In the anterior region, the basal stump, as mentioned before is not
fused to the centra, and is small. Posteriorly, the fusion of the stump to
the centrum tekes place early, and the extension of the stump, carrying out
thg heﬁd of the rib, oceurs simply ir *the conrcetive tissue in which the rib

ossifiese.

In 2 very eerly larval stage, it was possible to - distinguish twelve
very faint rings of bone on the notochord behind the future basioccipital
regions Of these, the first four alread; showed a distinct size differehtia-
tion. The first ring, the smallest, being only half the size of any of the
others; the second, was slightly larger, but not aé long as any of the more
poéterior ones; the third, and fourth, were of almost equal size and about half
as large again a2s the subsequent ringse

No intermediate condition was found between the above and the follow-
ing stege where the complex is well established.

(\/e—rf'-l)
In the latter {Fipgse. 27 and 28), the first centrum_ is smaller than

N
the rest, and the ventral surface being shorter than ths dorsal, the posterior
face is sloping. ©No trace of a basiventral element is present; but dorsally,
the very 1arge,concéve scaphium articulates by 2 small ventral process with o

small cartilaginous " tubercle {Art. cart. Fig.27), situated on the dorso-lateral

surface of the centrum,

(VerF.2)

The second centrum,is slightly larger, and)having the bottom surface
longer than the dorsal, the anterior face slopes in the opposite direotion to

that of the posterior face of the first centrum to which it is opposed,
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A basiventral pfocess {Trans. pro. 2 - Fig.28), is present and ossified as an
elonzate, flat plate extending into the lateral transverse septume A shori
ventral process is zlready formed from the ventral surface of the proximal end
of the process (Vent. proe2 - 71g.28)s¢ The intercalariur artiaulates with a
small cantilaginous tubercle on the dorso-lateral surface of the centrum, and
extends laterslly as a sm2ll, irregular rod of bone.

The third centrum differs from the preceding in that both articular
facets are vertical. A neural arch (basidorszl) is ossified on t:c dorso-
lateral surface, firmly attached to the centrum, and =vtended dorsally to con-
tasct with the base of the heavy cartilaginous, rsural vlate, The basiventral
is present in cartilage, and articulstes with the zpex of th= t ipua. A slight
constriction of the centrum hzc already teken nloce (Verts3 - Tige28)e The
tripus has assumed its typiccl form.

The fourth cen*rum 1s similar to the third, the articular facets are
both vertical; and it has & neural arch [Naur.4). e baesiventral ~lconernt is
fimly attached to the %odly of the centrum, «nd is alre: v hichly me?ifleds
Laterally, it extends as = rod of boneg over the tripus, tcrmin=t!ns shortl;
afterwards. Attached to 1ts lateral eni there is = hone (Pro.4 - Fle.27),
repidly ossifying in mevbrane and commavrahle to i Hlonr:l rib pascsing forverds
and downwards about %he lateral surface of the =snterior end of the air-bladder.
A process (Med. proe. 4 - Fig.28) 1s also “ormed from the ventral surfecce of
the proximal end of the basi-ventral. This latter bons extends directly
ventrally, passing medial to the postsrior end of the tripus, along the mididle
of the anterior fcce of the zir bledder.

The roof over this portion of the vertebral cauzl is forrzd v a
large mass of cartilage situated in the median,dorsal, longitudinal septum.
(Neur. carte -~ FMg.28)e The base of this cartilzge is confluent wi*h the

dorsal ends of the neural arches of the third and fourth vertebraees
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Seven centers of ossification are established,with an eighth develoring later.
Four ofrthese, represent the expansion of bone from the bases of the neural
arches, up the arches themselves and onto the base of the cartilage (Fige.28).
The remalning three, are 7ivided into two lateral ceenters, one on either siie
of the erterior end of the neural cartilage; and the third, a large median
center developed over the Jorsal surfsce of the posterior portion of the car-
tilages The latter =lso extends cdorsally into the septum by the formation

of a median, vertical :lste {later the neural plate).

In the atove stage, the three ossicles are connected b 2 strmg
ligament (Lige. Fig.27), running “rom the anterior tip of thé tripus to the
lateral end of the intercalarium. From the latter, it extends to the lateral
surface of the scaphiume The relations of these three elements are already
the same as in the adult; the shape alters only slightl;; but the relative
size changes 1ﬁmease1y. (Compare Tigse 28 and 11).

By arnrlying pressure to ti:e dorsal surface cf the head, above the
posterior fontanelle, in these preparations, it is possible to cause movemént
of the chain of ossiclese. This is illustrated in Fig.27, where the right-
hand ossicles are drawn in the normal position; the left-hand, in the vosition
they assume when pressure is applied.

Further oséification of this region proceeds rapidly; especially in
connection with the development of the basiventral elements, The lateral ro-
cess of the second centrum expaends further sideways, increasing simply in size.
The ventral process, suspended from its base, extends down and s1lightly pos-
teriorly in the form of a rod of bone with its distel end expandede. The latter
comes into relation with the anterior surface of the anterior vrojection of the
pleural rib of the fourth vertebra (Fig.29)s The dorsal element, the Iinter-
calarium, does not change, excepting for the ossification of the hasiilorsal

cartilage supporting it.
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The pleural rib of the fourth vertebra becomes greatly enlarged,
grow;ng ventrally, and expanding medially towards the mid-line, so forming
the large plate across the anterior end of the alr-bladder. The two plates
so formed, later meet in the nid~line, as described, and overlepe The medianly
suspended rod from the proximal end of the hasliventral becomes fused to this
plate by its distal end and completes the bony circle about the tripuse The
anterior surface of the bone is extended forwards by the formation of a plate,
which artieulates, and later fusés with,/gizg;ggierior surface of the distal
portion of the ventral prbjéction of the base of the transverse process of the
second vertebra. There 1s a striking ochange in relative size of this latter
rod between the condition in the larva and in the adult {Figs. 30 and 11).

The-neural arches of the third anc¢ fourth centras become expanded by
the formation of anterior and posterior platess A lateral plate 1s also formed
from the base of each, roofing over the csnal containing the elements of the
Weberlan chalin,

The neural plete increases in size, The two antero-lateral centers
become expanded towards the mid-line, where their edges meet, forming a bridge
of bone zhove the backwardly directed process of the dorsal surfece of the ex-
ocolipitelse. The last center of ossificetion to develop, forms in the mid-line,
between the anterior and the median.ossification:. The partial fixation of the
vertebrae immediately posterior to the complex, is bfbﬁght about by the forma~
tion of large anterior and posterior zygapophysese The latter develop nor-
mally; but the former are ossified in .definite ligaments {Fig.29)e The liga-
ment joins the posteriér edge of the neural plate to the anterior edge of the
more proximal portion of the arch of the fifth vertebra; or in the case of more

posterioy su7 face ,
posterior arches, from the #dp,0f the immediately anterior spine to the proximal
portion of the mext posterior (Fige29)e So thet i1t woulld seem that the large
anterior zygapophyses are not strictly comparable to those of the more posterior

vertebrae,
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Median and peired fins:

In the early l=arvel fish, median fins of local extent are not present;
but are represented by an embryonic structure, the median fin-fold,

"he median fin-fold commences mid-way zlong the hacl, znd nusses pos-
teriorly around the end of the notocrtord, ont- the ventral surfzce, running *
vhole way along the median, longitudinal line. Cn the ventrnl surfoce, 1t
does not extend arterior to th2 anus; and is to he distirmuishzd from *the rem-—
.nant of the “olk—sac“t**"H is very similer to it ir asrrearsnce, and structure,
even.being surrorted by horny rays. With later davelormont, thore commences s
growth of local zrescs of the “in-fold, defining thz odult, medinn fins.

The coniitien, on hatohing, of the paired fins s uite 21ff:zr-nt,

The pectorsl fins zre form=<, and are relatively 1mmense, belng used in the
mzintenance of halincc; the »clvices ar= not inticatad,

An essemtizl foaturs of the rmorrtology of the “in-folis, In connection
with the formztior of their sleleton, 1Is that they represent out-pusiirs of the
skin, =xd contain wesoblastlc *issue. On the outcr curfrce of *his layer of
~mesoblastle *1ssue are formed the bowr structures supportin: Lhe Iin-mecbrane

Woats - Al ot

itself. The oartilazinous struztures supporting the fir are forwmad inside *iis

layer of corn-stive tissue. In the ecsrl:r sita~z, throughout tle crzziter part of

the medicn fin-fold 1tself, there is a for-ution Q{ delicete, hommy “1hrisg

vwrizh support it (actinotrio-ti), Coincident witl the developmant of local areas

of the fr-foli, there i1s = slicht inerecse in size of thesz actinotrichi; but as
the fin grows the actinotrichi do not isvelop rapidly in lpnbth, and are carried
out with the growing edge of the fin {(Fige32)s Their function of surnerting the
fin is then taken over by = new structure, the lepidotricki,

T:e lepidotrichi (bonJ fin=rays) are paired cimilar structures, each
developing on the surface of the connective tissue, as mentionedes cistally,

the two opposed lepidotrichi become closely approximated; proximelly, the feet
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by which each is articulated with the supporting skreleton of the fin are sep-
arated and each articulates with the side of a radial. In form, cach lepido~
“rich Is an elongated plate of boney composed of many segments, each segment
being reotangﬁlar with its long axis in the axis of the ray; and curvéd so that
it presents 3 concave medisl asnd s convex lateral face. Distally, the greater
nunber of the rays, with exceptions as pointed out later, are branched, and.are
so enabled to spread over the grecter increase in area found in the distal por-~
tlon of the fins., Although the two lepidotrichi composing a ray are so close-
ly approximated distally, nevertheless, each retains its individuality through-
out 1ts length, and may be readil;y separated from its fellow.

The rays of = region show = close correlation in lewts with the dis-
tance from the hase to the edge of thz fin along the axis Cuseribed by thre rzy,.
The gresoter the latter, the greater the former, and the conversee This 1s also
shown, &t least in the stages prepered, in the length of the individual segments
of a ray. If of two rays, one lg the longer; then =11 its segments are longer,
though the differehce in length is often very minute. The most proximal, the
foot~bearing, segment is the longest in a ray; and 111uétrates the same length:
differentiation,

This feature of rays, and their segments, has heen developed during
their growthe Growth of a ray proceeds closely with the growth of the fin,
and 1s carried ong both by addition of more segments slightly longer than the
more proximal, and also by a gnifprm growth of the segmentis already laid downe.

Distal branching is brought about by the establishment of two plates

per segment, in place of the one ordinarily formed; not by the division of

existing plates,
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Caudal 7in: {(Figs. 31 é;a 34),

The embryonic formation of the caudal region results in a structure
in which the posterior end of the notochord, continued back in a straight line,
supportsiby actinotrichl, the posterior portion of the mcdian fin-fold, which
passes around it from the dorsal to the ventral surf:rceses {Fize3l)e Owing
to the presence of the sir-bladder, and the development of the head (Ky’e,l{)
the balance of thz early larva is upset, and the head sinkse This places a
new strain on the muscles of the back, as they endeavour to maintein the head
In an erect posture. This strain, transmitted along the back, finally affects
the posterior end of the notochord, resulting in its dorsal flexure (Fig.3l).
With this there is a consequent decrease in size of the cnichordal lobe; the
hypochordal lobe becoming the principel fin-membrane of the tail, It is in
this latter region that lepidotrichi first appear.

The last vertebra of the vertebral column is highly modified in the
support of the hypurals (Fige34)e It ma be divided into two portions; an
anterior, similsr iﬁ form to the anterior half of a centrum and bearing a typ-
ical neural arch, wifh anterior zygopophyses but no spine, t%= latter being
represented by = radial bone, connected to itkle dorsal ends of the arch by a
ligament; and a posterior portion in the form of two elongated, thin pl=tes of
bone, laying along the sides of the old terminal portion of the notochorde The
former portion supports msinly the hypursls of the lower,}dbe and the lattery
the hypurals of the dorsal,lobesof the hypochordal portion of the fin (Fige33).

The primary ossifications of this region, appear in the formation of
two ridges along the lateral aspect of the forsal surface of the notochord
(Uro. Tig.32)s On the ventral surface, slightly lster, cssification of the
regions of articulation of the headSof the hypural cartilages takes places

These two centres are soon joined by the formation of a ring of tone

around the body of the notochord itself (Last.ocent. Fig.SE),'extending back as

far as the articulation of the head of the fifth hypural,
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Qccasionally, it is found to arise in two parts; the one, anterior, surporting
tﬁe sixth, seventh and eighth hypurals; the other, the fifth. In this case,
the twb rings are joined only by the dorsal, longitudinal ridges.

From the anterior ends of the dors=l ridges, shortly after their os-
sification, the neural arch of the hemi-centrum (last vertebra} is formed, and
soon develops the small, anterior zygapophysis( ater to be lost,

The neurel spines of the last two, somestimes three, vertebrae
(liodeneuresp.) differ in their formatlon from the neursl snines of the rest of
the vertebral column beine developed as cartil=age “ones. T™ais 1s considered
(Goodrié%j{ as being 'he result of the fusion of the rcdlials of this recion
with the neﬁral cspine.

Tr'o very common anomalous conc!tlons are showvn in Tigs. 38 anid 7l
The condition stown in Tire23 1s the vresence of three rairs of neural arches
on the last hemicentrum. The rest enterior 1t in very c=lose relationship te
the "spine" ossifying in cartilzoe -hove ite The secon? =nd *hird processes
are remote from the single cartilage (Rad.) above thaor.

There is no corresponding anomaly on the ventrsl surface, und this
can only te taken as z demonstration of the Ziversityr o th= formation of the
neural arches, commonly found elsevhere in the vertebrsl column, ard not as an
indication of the inclusion of another vertebra into the lest heriocontrum.

The total number of vertebrae in this casevwas tre tinieal 46,

The seocond anomaly {Fige32), 1s interesting in th=t there is the for-
mation of & neural =rch end spine without a correspondirg formation of a centrum,
or a haemal arch.

In the adult (Fig.34), there are eicht bonss (hypurals) supporting,
and conunecting, the rays of the caudal fin between ths two major rays (v.i.)‘
of the hypochordal lobe to the axial s“2letone The most rosterior, morpholog-

fcally of these is the smallest, and is splint-like, lying just below *he

posterlor end of the urostyle,
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Along with tle second, third, amnd fourth,hypurals,'the flrst does not articulate
with the last bone. In form the second, third and fourth illustrate a »rad=-
1ent»from the splint-like first to the elongate, plate-like form of the fifth.
This last is firmly attached to the lcst centrum, in the angle formed by the
urostyle and tre sixth hypural. The sixth, seventh and eighth are all flat

and elongate, tending to be trianguler in outlinese. The sixth 1s fused with the
posterior end of the hemicentrum, as mentioned. The seventh and eighth are
fused together at their proximal ends and attached to the ventral surface of

the body gf the last centrums

A prominent, lateral wino is present on either site of tre bise of
the elghth hypural. From the anterior face of the seventh ané eighth hypurals,
thin plates extend into the adjz=cent tissues.

The rest of the rays, i.e., the rudimentary rays, are supported by
modified neural and haemal spines, mentioned before as being pre-formed in
cartilage, |

The hypural bones are formed by the ossification of seven, flat plates
of cartilage (Hyp.oart. Fige32)e No cartilaginous precursor for the first
could be found.

The hypural cartilages are laid down in a series, commencing with the
more anterior. (Fig.3l). The anterior three, those supporting the veniral
division of the tail, are laid down in the early stages of the dorsal Tlexion
of the notochord. The rest do not form till sometime later, Trhe lack of a
cartilaginous precursor for the first hypural may simply represent an abbrevi-
ation in development, similar to many of the membrane bones of the skull,

Norman (17).

At its first appearance, each cartilage is rod-shaped, later develop-~

ing a2 knob-like, proximsl end. Excepting for the first and second, vhich are

irreguler, the distal end grows rapidly and soon flattens to a vertiecal plate.
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The proximal end expands into a large, flat articular surface in contact with

the notochord. Immediately distal to the artiocular head, there is a constric-

tion, ciroular in seotibn {the neck). The cartilaginous seventh and eighth
hypurals become proximally fused and firmly attached to the ventral surface of
the 1ast centrume The sixth also becomes strongly attached to the last centrum,
and so forms an angle with the urostyle in which the fifth becomes attached
(Fige33). The remalining cartilages show a slighter degree of relz=tionship to
the urostyle =s they are posterior in position, so that bf this group only the
fourth is in any dééree closely related to the urost;lee.

Ossification of the hypurals takes place about the same time as it
begins in the lepidotrichi and the centrum,

Bone first appears In the neck region of the more snterior hypurals,
and spreads rapldly distally, leaving the growing distal edge frees. Ossifi-
cation of the articular foot ocaurs slbwly! but is completed refore that of
the distel end. Fusion of the sixth to the lzst centrum does not take plsasce
until late.r

The vprominent lateral wing of the eighth hypurel is formed by ossi-
fication of the proximal end of the hypural cartilageﬁkwhich 1s cttached to the
centrum by two small rods of cartilage {basiventrals), one on either side,
formed shortly after the hypural cartilage has chondrified between the latter
and the notochofd, and so does not form ir the fashion of a typical haemal arch.

The-first appearance of lepidotrichl is in the ferm of palred, long,
flat, thin plates of bone (Fige.32), extending out towards the periphery of the
fin, where they come into contact with the actinotrichi.

Growth of these rays 1ls by the =ddition of further segments, and also
by the growth of the previously formed segments.

| Almost with the first sppearance of rays, the hypochordal lobe takes

on the typical homocercal lobation; and the rays mey be distinguished as those

supporting the ventral and the dorsal lobes of the hypochordal fin, and an
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Intermediate, the central region. The rays of the central region, from their

inception, grow slower than those of the two other regions, =2lthough appearing

.

at the same time.
(Maj- 727

Two rzy’s, one at the “order of ezoh lo»=, become much largsr than
the rest, and are also distinguished by a failure to braﬁch- ™e one, in the
dorsal portion of the fin, is relatively constant in its 23 peot articulation
with the urostyle; the other, not so corstont, may crtisnlate with *ho haemal
spine of the last tyvpical v=rtebra, or with *he last hymural. Tush of thoss
rays is longer then zny other snd z2lso thicker ir section. Between the two,
there is a gradient in size an? the shope of the =rticul-r fFeat oreding to the
opposite condition, fourd in the roys of the centsr wortion of *ha fin. The
fest of tre major rays differ fror those of the mor~ central in that they ar,
longer and rmere slender, zar® alsqﬁ}ack rreminent literz1 tutercles Zeveloped
for the insertion nf ths fascia in

wvieh the ppome>ie muscles terminuts,

ro
Dorsal fin (Firs. 35 s 38),

The dorssl sni oral fins become 3ztinzt from the longitudinal fir-
f0ld at zbout tLz samz time; the Tormer _rizinm slir 4l before the latter,

Q .
and developing much faster, its component parts becomimg differentiated earlier,

I
),
Hy

The t:73iecl radlal of the dorsal fic of the 27ult is composed o
three narts: a proximal (Fro.segs Wig.zel, dagger-shaped portion cxtending down
between the neural spines in the dorsazl longitudinal sertum; = Tortir, rod-
lize, medlial segment (Medageg.) artienlating vith the distal end of the formcr;
end a distal, globular segment, with a posterior rreoccss articulatins with the
medial process of the ray.

In the eariy larva (Fig.35), these elements czre representec h - *wo
chondrifications; the more proximal corresponding to tl:ic proximal plus the

medial segments {Proxecart.), in *he form of a vertiecal, lirhtly curved rod

extending from the level of ths btuse of the immecdlately cnierior ray veatrally,

back to the level of the foot of its own ray <orsally; and = distal se: oment
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corresponcing to the distal segment in the zdult, in the form of =& “all of
cartilage, which <oes not chondrif; until slightly later than the proximsal,
and theﬁ forming ss a ball gf—sesnatdblesd betiicen the fcet 0f the ray it later
supportse |

Ossification of the radizl commences =zbout the lower three~quarters
of the proximal cartilage, as a ring, lesving the proximal tip frees A
second center oé ossificetion involves the remaining quarter, and is distinet
from the first ringe The dorsal tip is also left free (Fige37)s These two
centers co not fuse, and a fragmentation of the radial cartilage takes place
forming the two more proximal segments of the racdial,

QOssification of the distal serment differs in that two ceniters de-
velop, one on either side of the dorsal surface. Trom e:zch of these two
centresg a roa of bone is formedg'exteﬁding back dorsally to the medial process
of the foot of the ray (Fig.37).

Later develorment is vrineipally in the forﬁation of bony plates on
the anterior and posterior surf:ces of each radizl, These plates form first
on the aniefior radials (Fige37), from the upper end of the ossifying proximal
segment, The later growth of these nlates gives the typical dagger-shape to
the proximal segment.

The anterior two radials (Figse 3T an? 39) are peculiar in not pos-
sessing median segments, The first supports the rudimentary rays and the
first segmented ray (Maj.rﬁy). (Fig.S@). The snterior plate of this radial
is relatively immense, serving as the origin for the large, anterior erector
muscle, the posteriér plate is not developed. In the aﬁult, the three aenterior
radials are firmly fused distally,

o The first lepidotrichi appear in the middle of the future fin (Fig.35}
and ﬁith later growth, extra rays become develcoped both before and after those

first formede
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In the larva#hkewe the fin extends. between the eighteenth and the twaenty-
Tourth vertebrae; in the memyp late larval stage, which is nearly the same as
the adult, the fin extends between the fourteenth and the twenty-fourth, énd
a total of fifteen or sixteen lepidotrichi are formed (Fig.37).

Of these lepidotrichi, the first three, though sometimes only two,
rays are rudimentary end unsegmented, These rays are firmly fastened to the
first segmented ray, which is notable in not being branched. The subseqguent
rays are normal, excepting for the last two, which are complete rays differing
from the rest only in that both articulate with the distal element of the last
radial, |

-~ When first laid down (Fig.35) cach ray possesses a distinct foot in
the form of an expansion of the proximal segment, The feet articulate with
the distal segment of the radial. The form of the foot, as the length of the
rey itself, exhibits a gradient from the heavy, large, triangular plate forming
the foot of the first segmented ray to the small expansion of the laste The
feet of fhe rudimentary (unsegmented rays), also exhibit a cdefinite fdrm.

Each foot bears in some degree,. three processes; a median, extending
medially below the ossified posterior extension of the distal segment of the
radial of the immediately anterior fin ray (Med.pro.f}Fig.BB), and serving sas
an axis about which the ray rotates during efeotion and depression; an anterior
(Antepro.) in fhe form of a tubercle, extended slightly latersally from the
anterior end of the foot end serving for the insertion of the ersctor muscle
of the ray; and a posterior (Postepro.), an extension of the nosterior =ngle
of the triangular foot to form a process into which the depressor muscle is
inserted (Figsf 36 and 38). In addition, there is slso a ligament running
from the anterior proeess back to the anterior edge of the dorssl surfacze of

immedvalely postie~ior
the ossification on the distal element (Lig.,Fig.SB). This lctter apparently

serves to prevent over-action on the part of the erector muscle,
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It 1s further interesting to note that, although the more posterior:
rudimentary ray has a fdot similar to that described (Fige36), the erector
muscle is inserted upon the‘anterior face of the ray itself.

Anal fin: (Fige39)

Thé similarity of the osteology of the two median fins is remarkable.

The snal fin does not become differentiated from the median fin-fold
until about five rays are developed in the dorsal fin, when the region of the
median fin-fold between the vertebrae thirty-fourth and thirty-eighth commences
growing rapidly, and chondrifications of the radial cartilages commence.

This reglon develops immediately behind the anus, and zs usual is only sup-
ported at‘first by aoctinotrichi., By the time that six radials have been
formed, the ossecus rays begin to de#elop. These first_develop in the middle
region of the future fin,at 2bout the same time that the Jistal segments of the
enterior radizls commence to chonirify as small balls of cartilage situated
between the feet of each developing ray.

With the development of one more radial, thé adult number of seven
is attalned; and with the formation of lepldotrichl anterior and rosterior to
those 1laid down a2t first, the adult number of ten rays 1is arrivea ate of
these rays, the last two share the greatly enlarged distal segment of the last
radial. The first segmented ray shares the énlarged distal elzrent of the
secdﬁd radial, which appears to be elther fused with, or in very close relation
to that of the first redial, with the two unsegmented rays.

By the time that the rays are present in their full number, the feel
form three processes similar to those developed on the feet of the rays ofvthe

as 1M \‘t\g dorale
dorsal fin, which bear the same relations to the distal ends of the radlals
The depressor and erector muscles zre similar in fom, origin and insertion to
the muscles found in the dorsal.

In the adult, the two anterior radials are fused distally.
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Frorm the tosterlor surface of the medial, and proximal scpments of
the last radial, a bony rlate extends Backwards into the septum {Ter.ple Fige39)e
Bridges ( ) ) considered this to be the remnents of the radial which should
have developed in the support of the last fin-ray. No cartilogs corresponding
to this plate was formed. 4 similar plate is attached to the lzst radial in the
dorsal fine. Chondrification of the radials is similar ir both fins. Ossi-
fication of the mediai, or of the distal segments of tie radials of the anal
fin was not found in the series; but, in the late larval stage, the median
segments are strongly ossified, - The distal segment is not ossified even
in this late stsgece {Fige39).

The first threec radials do not possess a median segment,

In the last stage prepared, it is evident that the dorsal fin is
ruch further advanced with regard to its ossification than the anal fine

From the sbove desoription of the anterior rays and radials of the

dorsal and anal fins of Catostomus, it would appear t¢=t they are highly de-

veloped, for the erection of the fin.

With this in mind, ithe simple experiment of separatins the rays of
the dorsal and snal fins to the base was performed on a specimen of N.cornutis,
the medial fins of which afe similar in essentials to those o the CatostomusSs

At first, the anterior rays were separated from the rest of the rgys
of the fin, by careful division of the fin-membrane behind the major ray, in
both the dorsal and the anal fins. Erection ¢f the fin was very little im-
peired, though the anterior rays were brought more intc the erect line, than
were the fest. Latér, it was possible to observe that the erect position of
the posterior portion of the fin was not maintained; the fin would be erected

to a maximum, and then slowly fall back into = semi-erect position. t the

same time, the anterior rays would be erected fully and maintain tha* position.
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Later, the anterior (rudimentary and major) rays were completely ocut
awaye No further effect upon the erection of the fin was observed.

After several days, the fish carried the dorsal fin in the semi-erect
position nearly all the time. The effect on the anal fin was not nearly so
marked, |
Pectoral girdle and fin: (Figs 40 - 43)

The pectoral girdle is divisible into two components; & primary girdle,
formed by the ossification of a cgrtilaginous precursor; and a secondary girdle,
formed in membrane.

In the adult, the primary girdle is composed of three bones (Fig.42),
the dorsal scapula (scap.), in the form of a slightly curved, rectangular plate
of bone, pierced by the readily recognizable "scapular foramen" (SocapeFor.)s the
large, ventrsl coracoid (Cor.), a strongly curved plate of bone, articulating
with the ventral border of the socapula; and a thin, curved, elongated plate of
bone, the mesocoracoid (mesoc.), articulating ventrally with & tubercle formed
by an elevation on both the scapula and the coracoid where they are in contact,
and dorsallyawith the socapula alones The curved mesocoracoid loops over the w.
adductor profundus,

The medial surface of the primary girdle articulates in a groove a-
long the posterior aspect of the coracoid of the secondary girdle,

The radials articulate with the lateral edge of the primary girdle,
by speocial "glenoid" facets. The most lateral facet serving for the articu-
lation of the enlarged, first ray of the dorsal set, is located entirely on
the scapula. The more medial facet is situated on the combined edge of the
scapula and the coracoid, at the point of their contacte

The secondary girdle is composed of & series of three bones, the two
most dorsal being in contact with the skulle The third, the cleithrum, is by

far the largest, and supports the primary girdle.
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The oleithrum (Cl. Fig.43), the most ventral element, extends from
behind the skull downwards behind the branchial chamber, forming the posterior
wall and the posterior portion of the floor of this chambere, This formation
1s brought about by the presence of two platese The one plate (Ant.pl.), lays
below the posterior end of the chamber; the other extends laterally to form
the posterior border, The primary girdle artioculates in the groove formed by
the Jjunotion of the posterior and the anterior platese

The supra-cleithrum (Supeole.), the second element of this girdle, is
situated at the dorsal end of the cleithrum, and articulates with ite Dorsally,
it articulates with the post-temporal, and also the pterotic process. In form
it is a rod of bone with a deeply grooved posterior surface. The dorsal end
of the cleithrum rests in this groove.

The post-=temporal (Poste.®.), usually a Y-shaped bone, is present in

gitostomusﬁ only as a small,curved splinter of bone, extending between the
dorsal end of the supra-cleithrum, and the eplotie process of the skull.

A fourth element, the post-oleithrum (Post.cl.), 1s also assigned to
this secondary girdle. It 1s present as an elonga.ted rod of bone extending
back in the septa above the base of the fine Anteriorly, it artioculates with
the posterior plate of the cleithrum‘by an expa.nd.ed.~ foote

Ossification of the primary pectoral girdle does not commence until
relatively late, bone first appearing in connection with it at about the time
that the post-temporal of the secondary girdle begins to ossify.

The primary girdle is, however, early represented by a definite
cartilaginous formation. In the youngest specimen (Fige40), it is present in
the form of a Y-shaped cartilage, articulated by the tip of one limb (Soape
oa.rt.)’ with the posterior surface of the dorsal portion of the cleithrum, and
by the tip of the tail-pliece (COr.oa.rt.)ﬂ with the posterior surface of the

transverse foot. The third limb extends posteriorly below the base of the

fin.
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The surface of the angle between the tail-piece and the dorsal 1imb is not
in contact with the cleithrume A large fenestra is present at the junction
of the three 1limbs. The base of the fin lays along the full extent of the
dorsally directed limb.

Subsequent growth leads to the filling in of the space between the
cleithrum and the anterior, vertical surface of the structure just deseribed
(Fige4l)y This growth also results in the formation of the scapular foramene
The angle between the two limbs is slowly filled, until the whole assumes a
somewhat triangular shape.

The formation of a heavy, extensive plate of pro-cartilage (Procarte.
rad.)aialong the posterior surface of this triangular cartilage, carries the
base of the fin back, away from the dorsal limb of the girdle. (1"3~4“)°

Fragmentation of this latter "plate" begins, soon after it has be-
come established,at the ventral border and proceeds medially. The fragmen-
tation is produced by the formation in the plate of large, elongate fenestrae.
The ocartilage on either side of each aperture remains as the radial,

On the medial aspect of the coracoid, and scapular cartilages, two
small, cartilaginous tubercles develope These later become joined by a curved
bar of cartilage (mesocoracoid bar)e Shortly afterwards, ossification of this
bar commences at the end in contact witﬁ the scapula, and extends rapidly over
the baxhkuntil the full length is ossified. This occurs before ossification
of the scapula, or of the coracoid7is completed. (Fig.43).

Ossification of the scapula, and of the coracoid begins at the same

oo tersor

time at the surfacegrinmsentestnmibismbis=reiinda).

The ventral tubercles supporting the mesocoracoid, becomes ossified
by extensions from both centres (Fige42).

As in their formation from the cartilaginous plate, the lateral radials
become ossified first; and ossification of the medial ones does not take place

t1ll much later (Fige43).
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The first ossifiocation in the secondary girdle is that of the clei-
thrum notable in being the first ossification in the pectoral girdle, and one
of the first two ossifications found in the development of the skeleton.

In the youngest specimen, the cleithrum is represented by a vertical
rod of bone formed in the first myoseptum (Myos. Fi.g'.40)115 behind the ocoipital
region of the skulls The ventral end of this bar is bent sharply in and down-
wards to approach its fellow below the pericardial cavity. At the same time,
the ventral portion curves slightly forwards. Ossification in this early
stage 1s present only in the region of the base of the fin,

The form of the bar soon becomes altered by the extension of several
plates of bone into the surrounding connective tissues (Fig.4l). From the
posterior surface of the ventrel half of the vertical portion of the bar, a
plate of bone (Postepl.), extends baock in the vertical plane. From the
anterior surface of the lower portion of the cleithrum, and from the anterior
surface of the foot, a plate is formed extemding below the posterior portion
of the branchial chamber (Anteple)s The resulting formation appears as though
a rotation of the bar had taken plaoce.

Further development of the cleithrum involves msinly a continued
growth of these plates, and their extension into the connective tissues, so
forming the origin for the many muscles of this regione. A posterior expansion
of the ventral plate forms and roofs over the primary girdle.

Slightly later than the plates commence forming on the various sur-
faces of the cleithrum, the ossification of the second element begins. The
supra-cleithrum (Supecle.), first appearing as a slender, flat rod of bone, ex=-
tending between the posterior aspect of the auditory capsule backwards to cross
the lateral surface of the cleithrum (Fige4l), later develops two plates, one
extending ventrally, and the other, medially, forming an angle into which the

dorsal end of the cleithrum later slips.
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The dorsal end of the supra-cleithrum is at first in contaoct with
the posterior edge of the auditory capsules Later, with the development of

the pterotio, the dorsal part becomes closely applied to the pterotic process,

and in doing so becomes strongly curved.

The post-temporal is the last to ossify, appearing as a short, flat,
elongated bone reaching from the epiotic proeess to the medial surface of the
supra=cleithrume

The peculiar post-cleithrum ossifies in membrane just above the base
of the fin, and first forms ’slightly after the time that the commencement of
plate formation on the oleithrum occurs,in the form of an elongated strip of
bone," not yet connected anteriorlye. The formation of the foot is a later de-
velopment, occurring shortly afterwards (Fige43)e.

The rays of the peotoral fins differ in the nature of their artiocula-
tion from the ocondition found in the median finse. In place of two similar
sets of lepidotrichi, one on either side of the radials, there are two distinct
types, e.‘;gosterioz"' and an ;nteriox\: set.

The feet of the lepidotriochi of the posterior set are much the simpler,
and terminate in distinct, strongly curved hooks, which bend into the base of
the fine The outer curve of the hook articulates with the end of the radial.
There is also a flat, medial projeotion laying along the base of the fin from
each foote

The foot of the first ray articulates direotly with the edge of the
socapula, in a special glenoid facet. In addition, this lepidotrich is highly
developed, and for greater part of its length extends around onto the dorsal
edge of the fin. (Fiy-43).

The feet of the anterior set differ from that of the other set in

that they are bent, not into the base of the fin, but along the surfaces

Each lepidotrich bears a large plate extending from the anterior edge of at
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least the proximal segment71nto the fin over to the medial surface of the
opposite lepidotriche Rays first appear along the dorsal edge of the fin at
the time that the post~temporal commences to ossifye.

A very small ball of cartilage, a vestiglal radial, lays between the
feet of the first ray. Some time after ossification of the ray has taken place,
this becomes fused onto the medial surface of the foot of the first lepidotrich
of the posterior set, and forms the facet with whioch this ray is articulated
to the scapulas The details of the fin musculature were not definable.

Pelvic fin:

The form of the adult pelvic girdle is relatively simple (Fig.47).It
1s composed of two similar bones, one on either side of the mid-line, only con-
nected by the meeting of the medial ends of the transverse posterior portion
(Pelved. ).

Each half (basipterygium) of the girdle may be divided into two parts;
the first, an anteriorly directed rod of bone (Pelveproe.), extending from the
lateral end of the transverse portion forwerds and slightly medislly; the
second, a transverse, heavy bar of bone (Pelvic bar, pelvebe.), extending to
the mid-=line. The former does not meet its fellow; the latter, meets the medial
end of the similar bar on the'other sidee The obtuse angle,iformed between
the bar and the process, is filled by a bony plate (med.pl.hifwhieh fragments
distally and is continued forwards in the form of two fluted, plate-like processese

These three units serve for the origin of the adductor, and abduotor
muscles of the fin,

The posterior border of the transverse bar is irregular, bearing
several large tuberocles dista.llyi developed in connection with the articulation
of the radlals. On its dorsal surface, there is also a slight tuberole
(Dors.tube)e. The latter elevation serves for the insertion of a strong liga-

ment which stretches aoross the dorsal surface of, and connects the two halves

of the girdle holding them together,
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Artioculating with the posterior edge of the transverse bar, a8 menw
tioned above, are the radials (distal pteryglophores)e Only three radials are
oresent, the lateral two of a simple, somewhat ovoidal shape; and a third, a
ball with the posterior surface elongated in the form of & rod.

The pelvie girdle first appears in the form of an elongate rod
(Pelvicecarte Fig.44) of cartilage on each side of the mid-line, situated at
the base of each of the pelvic fin-buds. The anterior end of the rod is ap-
proximated to the mid-line; but slopes gently away from it as it proceeds pos-~
teriorly. The posterior end of this rod becomes expanded, and the broad,
posterior face of this expansion is rapidly carried back to form a broad, flat
plate, the posterior edge of which comes to support the early lepidotrichi.

The actinotrichl of the early larval fin are supported by the lateral border
of the pelvioc process (Fig.44).

Rapid growth medially of the broad hinder end of the cartilaginous
rod soon leads to the formation of a transverse bar (Pelveb. Fig.45), and the
developing leplidotrichi become restricted in their articulation to the posterior
edge of this bare

Ossification of the girdle commences slightly later than that of the
lepidotrichi, and develops rapidly over the greater extent of the pelvic carti-
lage, leaving, however, the tips and outer e@ge of the angle of the bar free.
(Fige45)e In addition, there is a rapid formation of bone in membrene, which
forms a large plate (Medepls. Fig.45) filling in to some extent the obtuse angle
between the transverse bar and the pelvie processe This plate extends forwards
rapidly and soon becomes divided into several smaller, thinner plates, the medial

edges of which become coarsely serrated and meet, interdigitating with the

ﬂwee
similar form%tion of the other side (Fige46). The t»ae processes so formed
5 Pa v- b
(felv.pro.Aand Med.pl.) serve as the origin for the adductor and the abductor

muscles of the fin,



1

The free,cartilaginous, medial ends of the transverse bars grow to-
wards the mid-line, and at the same time become expended posteriorly (¥Fig.46).
The anterior portion of this expanded, medial end later serves as the artiocular
surface in contact with the medial end of its fellow; the posterior portion of
the expanded end becomes flattened, and plate-~like, with the medial border ser-
rateds The latter part serves for the insertion of the infracarinales musclee.

The lateral asngle, formed by the medial development of the posterior
portion of each bar, remains free from ossifiocation for some time, and develops
several tubercles, Ossification of this region commences with the formation
of bone about the bases of the tubercles, and the slow covering of them, and of
the outer edge of the angle, only as:éomewhat later developmentg. The median
plate later becomes fluted by the extension of the plates into the connective
tissue about each of the musoclese The long anterior rod becomes solidly os-
sifled, and forms the pelvic process from the surface of which the long, and
the short abduotor muscles take origin.

Three radials form along the posterior edge of the transverse bar
which is sculptured to receive theme The more lateral two (Radel.Rad.2 -
Fig.4l), are represented by simple, ovoidal cartilages, which lay Setween the
feet of the lateral seven fin-rays. These two radials ossify very slowly,
no signs of thelr ossification being found in any of the stages prepared; but
in the adult, they are represented by two small bones, in similar relation to
the feet of the fin-rays as in the larva.

The most medial, the third, radial (Rad.3), is to be distinguished
from the preceding ones, both on account of the fact that it is the first to
ossify and on account of its shape.

This radial first appears in the form of a ball of cartilage, from

the posterior surface of which there extends, along the medien edge of the fin,

an elongation, in the form of a bar of cartilage (Fige.45). Ossification of

this bar of cartilage soon commences (Fige46), and is the only sign of og8sificaty
- on
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of the radialia found in the prepared specimense The bone is later extended
by the formation of several plates of bone along its sides.

The relations of this process of the third radial to the rays is
similar to those of the "umf to the lateral surface, both extending along ;;;
edge of the fin,

The relations of the radials in the pelvic fin of the adult is sim-
ilar to the condition found in the earlier stagese

A small, curved, somewhat rod-shaped bone, slightly heavier at the
distal, than at the proximal, end, is present at the base of the lateral border
of each fin. This bone (Ilium, Fig.451%'18 distinct from the fin-rays in not
being paired in either fin. The proximal end of the bone generally extends
into the myoseptum of the rib attached to the sixteenth vertebra; but is not
attached, nor in contact with, the end of the ribe As the bone extends medially
to the base of the fin, it is strongly bent, so that the distal portion comes
to lay along the lateral border of the first ray (Fig.45)e The bone lays
quite superficially in the body wall, the medial portion passing laterally and
posteriorly to the posterior end of the abduetor longus musocle,

Ossification of the 1lium is in membrane, and commences slightly
later than the chondrification of the radials. The rays of the pelvic fin
develop in the typical fashion.

In the adult, the rays show two distinct types, closely similar to
those found in the pectoral finse The two sets may be convenlently called
’dorsaf and.;entraf;

The foot of a laterally situated ray of the ventral set is strongly
bent towards the mid-line of the body. At the angle so formed, a Weak process
is given off which extends into the base of the fin, articulating along the
posterior border of the radiale. The border of the medially directed process

o~

is developed into a strong ridge into which thehgbduotor brevis is inserted.
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The feet of the rays forming the dorsal surface (dorsal set) do not exhibit
such an acute angle of flexion; the foot is slightly longer; and the intemmasally
directed process is stronger, and articulatﬁgé in the same way as the ventral
set,

A gradient in size and form of the feet is exhibited in both sets,
the maximum development being found in the feet of the more lateral rays. The
feet of the inner, more medial rays are poorly developed in comparison to the
condition ;g:the lateral rays. 1In the ventral set, the median process is only
present 1n the more lateral three or four rayse No absolute proof that the
more lateral rays were the first to develop was found; but (Fig.44) in the

case 1llustrated it would appear that this was so.

0000000C0000000
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Several microphotographs are included at the enf of
the figures,These were prepared by Mr.P.J.Croft,Seceretary of
the Montreal Camera Club,in the pursuit of his hobby.He has
kindly consented to their inclusion inj this thesis,

I am further indebted to Mr.Croft for the time

and labour he has expended on the prenaration of the photo-

grephs of the figures.

The first microphotograph is of the head of an
early larva,l.4 cms. stage,and shows clearly the distribution
of bope in a skull of this size.,Cf.Figs. 12,17 and 19,

The second, and third show the skull and vertebreal
complex of a 2.0 cms. stagesThe skull is shown in a focus slight-
ly below the surface.Cf.Figs.l14,15,18,and 20,The third shows
very clearly the relation of the modified rib of the fourth

centrum to the anterior end of the air-bladder.Cf.Fig. 30,
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SUMMARY:

l,- Two stages in the development of the chondrocranium
of Catostomus commersonii are figured and desecribed.

2e= A description of the skull and its centers of ossi-
fication is given.

Se= A close similarity is found between the formation of
the chondrocranium and of the skulle.

4,=- The cartilaginous and bony splanchnocrania and the
development of the latter are described.

Se= Ossification of the cartilaginous visceral arches is
found to resemble their formation in cartilagee.
Both processes exhibit a serial development, differ=-
entiation commenecing anteriorly.

6e= The vertebral column and Weberian apparatus and the
ossifications of the two are given. The latter is
typical in its formation from the elements of the
anterior vertebrae,

Ossification of the vertebral colum and subsequent
differentiation commences anteriorly and spreads back-
wardse

7e= The skeleton and its ossification are described for
the caudal fin. A serial development of the hypurals
is found in both their chondrification and ossification,
the anterior hypurals forming first,

B8e= The skeletons of the anal and dorsal fin are typical.
A detailed description is given of the nature of the
feet of the rays and their articulation with the radial
elements, and is found similar in both fins,

9,= The development of ossification in the radials does not
follow the sequence of their chondrification.

10.~ The skeleton of the paired fins and its ossification are
desoribeds A close similarity is found between the
feet of the rays of both.

ll.= Three radials are present in the skeleton of the pelvice
fin,
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EXFLANATION OF FIGURES

BA

The first four figures are recomstructions of the chondrocranium

prepared by the graphic method.

dissections,

employed only to indicate the presence of bone,

Many of the other figures were made from

In all figures, excepting the first elevem, stippling has been

used as shading,

In the first four, it is

Al)l sketches of the transparent preparations were made in outline

with a camera-luclida, and filled in under a binocular mioroscope.

Fige I = Graphic reconstruction of the lateral aspect of the chondro-

Fige 2 =

Fige 3 =

Flg.4 -

Fige 5 -

Fig.é-

Fige 7 =~

Flgoe-

Fige 9 =~

Fig. 10 -

Fig.1ll =~

cranium of a 1,0 om. larva of C. commersopnii. X 100,
Reconstruction of the dorsal view of the same stagees X 100.

Graphioc reconstrusction of the lateral view of the chondro-
cranium of a l.4 om. Stagee X 50.

Reconstruction of the dorsal view of the same spscimen as
Fige3de X 50.

Transverse section through the region of the posterior end
of the auditory capsule of the 1.0 cm. stage. X 40.

Transverse section through the region of the anterior end
of the aunditory capsule of the same stage as Fige5e X 40.

Transverse section through the post-orbital region of the
same stage as Figebe X 40,

Transverse section through the middle of the orbital region
of the same stage as Fig.5¢ X 40,

Section through the anterior end of the ethmoid plate of the
same stage as FigebSe X 40.

Trangverse section through the anterior end of the ethmolid
plate of the l.4 cme larva. X 30.

Lateral view of the adult skull, and anterior portion of the
vertebral column. X 13.

Fig.12 - Lateral view of ossifying skull of early (l.4 ams.) larva.

Surface view. X 30.



g4,

Fige 13 = Formation of floor in otic region of a 1.4 cms. larva,
dissected end viewed dorsally. The for. n. IX is in-
correctly labeleds X 30.

Fige 14 - Lateral view of the skull of a late (3¢5 cms.) larvae
X 15 surface view.

Fige 15 = Roof of same stage as Figel4, disseoted and flattened
X 15.

Fige 16 - Splanchnocranium of a l.1 cms. larva, dissected out and
viewed dorsally. Flattened preparations X 40.

Fige 17 « Suspensorium, operocular apparatus, and hyoid arch of an
early (l.4 oms.) larvae Disseoted, flattened and drawn
from the medial surface. X 25,

Fige 18 - Suspensorium, opercular apparatus, and hyoid arch of a
3e4 oms. stage. Dissected and flattened, Medial view,
X 12,

Fige 19 - Visceral arches of l.4 cms. larvae Dissected, flattened,
and viewed dorsally. X 25,

Fige 20 = Visceral arches of a 3.5 oms. stages Dissected, flattened,
and viewed dorsallye. X 10.

Fge. 21 - Lateral view of the thirty-third and thirty-fourth vertebrae
of a 1.4 om. larva. X 45,

Fige 22 - Lateral view of the same vertebrae in a 1.4 ame slightly
more advanced larvae. X 45.

Fige 23 - Lateral view of the same vertebrae in a 1.6 om. larva.
X 20,

Fige 24 - Dorsal view of the same vertebrae shown in Fige 23 X 20.

Fige 25 = Lateral view of the thirty-third and thirty-fourth verte-
brae in a 2,0 oms. specimen. X 20.

Pige 26 =~ Lateral view of the thirty-third and thirty-fourth vert-
ebrae of the adult, showing the reletive size of the
various elementse X 2.

Fige 27 - Dorsal view of the anterior vertebrae of an early l.4 om.
larvae X 60.

Tige 28 = Lateral view of the same region shown in Fig.27. X 60.
Fige 29 - Lateral view of the same region in a 1.6 om. larva. X 6Q.

Fige 30 - Lateral view of the anterior region of the vertebral
column in a late larval stage (2.0 cms.). X 18.
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Fig.

Fige.

Fige

Fige

Fige

Fige.

Fige

Fige

Fige

Fige

Fige.

Flg.

Fige

3] -

32 -

33

34

35

37

38

39

41

43

45

47

Lateral view of the elements of the caudal fin of &
Iﬁol cm8 e lam. X 45,

Lateral view of the caudal fin of a slightly later stage
le4 oms, X 45.

Lateral view of the caudal fin of a 2,0 oms. specimen. X 20,

The terminal vertebrae supporting the caudal fin of the
adult. X 13,

Lateral view of the early dorsal fin found in a l.6 cms.
larva. X 25,

The enterior radials and rays of the late larval, 5.1 oms.,
spscimen. X 10,

The dorsal fin of a 2.5 cme larva. X 18.

The radial and eighth ray of the dorsal fin of the 5.1 cms.,
specimen. X 20.

Anal fin of the late larval stage (5.1 cms.)e. X 12.

Lateral view of the peotoral fin and girdle of a l.1 cmse
larva., X 90.

Lateral view of the pectoral girdle and fin of a slightly
later larva (le4 oms.)e. X 45,

Postero~dorsal view of the primary girdle of the adult.
X 1z,

Pectoral girdle and fin of the late larval stage (3.5 cms.)
viewed from above. X 25.

Ventral view of the early pelvic girdle and fin in a 1.7
omse larvae X 45,

Dorsal view of the pelvic fin and girdle of a 2,0 cms. larvae
The dorsal lepidotrichi of the left fin have been removed to
expose the radial cartilages. X 45.

Dorsal view of the pelvic girdle and fin of a 3.5 cms. larva.
The lepidotrichi forming the dorsal set of the left fin have
been removeds X 25,

- Dorsal view of the pelvic bone (basipterygium) of the adult.

X l.
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IND F1GSe 1 - 10:
Ant.b.fen., anterior basicapsular fenestra; A.c.ve., anterior vens cava;

COM v 1 56YYe

Ant.com., enterior basicapsular femesetrs; Ant.fen., anterior basiocranial
fenestra; Ant.myo., anterior myodome; Antevert., anterior vertical semi-
oircular cansal; Aude.caps., auditory capsule; Bas.p., basal plate;

Cer., cerebellum; Dien., diencephalon; Ecte.eth., ectethmoid process;

Ephebe, epiphysial bar; Etheor., ethmoid cornu; Ethepe, ethmoidal plate;
Extehoriz,, external horizontal semicircular cansl; Exterect., me external
rectus; Fe.b., fore-brain; Inf. rect., me¢ inferior rectus; Interect., intermal
rectus muscle; I.obe, internal oblique muscle; Lat.wall., lateral wall about
the external horizontal canal; Leve.br., levator branchiae muscle; Med.pe,
cartilage plate medial to the externmal horizontal canal; Mes., mesethmoid
elevation; Mes.com., mesotic commissure; Mes.r., mesotic ridge; M.o. medulls;
Nel=—=NoX; oranial nerves; Nespel, first post-vagal nerve; Ntc., notochord;
Oe.l., 0lfactory lobe; Olf.for., olfactory foramen; Olf.org., olfactory organ;
Opel., optic lobes; Paleb., palatine cartilage; Pare,, parachordal; Pil.oco.,
pila ocoipitalis; Pineb., pineal body; Pit., pitulitary body; Pleant., planum
antorbitale; Poste.befen., posterior basiocapsular fenestra; Post.fen.,
posterior basicranial fenestra; Post.orb., postorbital cartilage; Poste.vert.,
posterior vertical canal; Pepara., posterior portion of posterior parachordal ;
Pro.com., prootic commissure; Rece.sace, recessus sacculi; Senas., sclum nasi;
Se0e, Supraorbital ocartilage; tepe, tectum posterius; Trab., trabecula communis;

Trab.groove, trabecula groove; t.s., tectum synoticum; Ut., utriculus.
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TO 11 -~ 20;

Addemnd., m.adductor mandibulae; Alise., alisphenoid; Ang., sngular;
Ant.b.fen., anterior basicapsular fenestra; Ant.2yg., enterior zygapophysis;
Art.hyome, articular end of hyomandibular; Artic., articular; Artemx., artioc-
ular portion of maxilla; Basi.br. (Bsbre.) basibranchial; Basihy., Basihyal;
Basi-occ. basgioccipital; Basiv., fa.siventralg Bre., branchiostegal ray;
Brepro., branchial articulation; Cerato-br., ceratobranchial; Cerato-hy.,
ceratohyal; Dent., dentary; Dors.pro., dorsal process of epi-hyal; Eot.,
eotethmoid; Epi.br., epibrenchial; Epi.hy., epihyal; Epiot.(Epi.) epiotic;
Ex.br., exoccipital bridge; Exe.0cc., e€xoccipital; Fenev.vii, etce(For.n.vii)
foramen N.v etce; Front., frontal; Hyom., hyomandibular; Hypebr. hypobranchial:
Hypohy., hypohyal; Int.car., foramen internal carotid artery; Intero,,
intercalerium; Interhy., interhyal; Interop., interoperocular; Lat.pro.,
lateral process of operculum; Lige.ademnd., ligament of adductor mandibulae
muscle; Ligedileoperce., ligament medilator operculi; Mastic., masticatory
process of baslococipital; Meckecart., Meckel's cartilage; Medi.oss., median
ossification; Med.pls, median plate of hyomandibular; Med.rod, ossification
of ligament supporting the premaxilla; Meseth., mesethmoid; Meta.pt.,
metapterygoid; Mxe, maxilla; Neur., neural arch; Neur.pl., median plate in
dorsal septum; Operce, operculum; Orbito., orbitosphenoid; Pal., palatine;
Para. (Paras.) parasphenoid; Par., parietal; Paras.r., median elevation on
parasphenoid; Phary.br. pharyngobranchial; Phy.dent., Fharyngeal teeth;
Pemx., premaxilla; Post.befen., posterior basicranial fenestra; Postezyge.,
posterior zygapophysis; Preope, preoperculum; Proote, (Dpro.) prootioc;
Proecom., prootic commissure; Pro.4, process of fourth centrum; Proe.cart.,.
proocartilaginous pharyngobranchial; Pter., (Pterye.) pterygold; Pt.qeb.,

palato=-pterygo=-quadrate bar; Quad., quadrate; Rece.sas., recessus saccull



31.

Rost.cart., rostral cartilage; Scape, scaphium; Sphen., sphenotic; Sup.o00sc.,
supraoccipital; Sub-ope, subopercular; Sympl., sympletio; Tripe., tripus;

Vert.l -~ 4, vertebral centra l-4; Vo., vomer; Voe.or., vomerine cornu.
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ANDEX TO FIGS. 21 - 30:

A.Be, alr-bladder; Ant.cart., basidorsal, centrum 2; Ant.lat.oss,
(neur.plel), anterior lateral ossification of neural cartilage; Antemed.oss.
anterior median oesification of the neural cartilage; Antepleproe4y anterior
continuation of the ventral process of the fourth centrum; Ant.zyge., anterior
zygapophysis; Basid., basidorsal; basiocce, basiooccipital; Basiv., basi-
ventral (Bev.); Cent., centrum; Cr.cav., oranial cavity; Ceseis., cavum sinus
impar; Dors.bent., dorsal longitudinal septum; Dors.lig., dorsal longitud-
inal ligament; Exocc., exocoipital; Exocc.pl., median plate of exoccipital
roofing the ce.s.i.; Haem., haemal arch; Haem.S8p,, haemal spine; Int.a. inter-
vertebral space; Interc., intercalarium; Inter.cart.,, "interspinous cartilage";
Lige, ligament connecting the Weberian ossicles; Lige.Zyg., ligament pre-
ceding the ant.zyge. of the anterior vertebrae; Mastioc., masticatory processs
Med.o0ss8., medien ossification of neural cartilesge; Med.pro.4, median ventral
process of the fourth centrum; Neur., neural arch (3,4,etce.); Neurecart.,
neural cartilaginous roof; Neur.pl., dorsal plate of neural cartilage;
Neurespe, neural spine; Pleur., pleural rib; Post.zyg., posterior zygapophysis;
Pro.2, (Trens.pro.2), (and 4), basiventral elements of centra 2 and 4¢;
Rec.sac., recessus sacoculi; Rib.vert.5, pleural rib,fifth centrum; Sac.,
sacoulus; Seaph., scaphium; Tect.syn., tectum synotiocum; Tripe., tripus;

Vente pro.2, ventrsal process second vertebra; Verte.l,2, etc., centra of

first, second vertebrae, etces



B 9.
INDEX TO FIGSe 31 - 34:

Aot., actinotridhi; Anteple., anterior plate; Haem., heaemal
arch; Hyp. cart., hypural cartilages; Last.cent., terminal "centrum®;
Haemes 8p., haemal spine; Late.wing, lateral process; Maje.ray., major
unbranched ray; Neur., neursl arch; Ntec., notochord; Rad., "radial";

Ruderay., rudimentary ray; Uro., urostylee

INDEX TC FIGSe 35 = 39

Act., actinotrichi; Ant.pl., anterior plate; Ante.pro., anterior
process; Depem., depressor muscle; Dist.seg., distal segment of radial;
Erect.m., erector muscle; Lep., lepidotrichi; Lig., ligament; Majeray.,
major, unbranched ray; Med.pro., median process; Mede.oss., ossifying
median segment; Med.seg., median segment of radial; Post.ple, posterior
plate; Postepro., posterior process of foot of ray; Proxecart., proximal
cartilage of radial; Prox.oss., proximal ossification of radial; Rad,,

radizl; Ruderay., rudimentary raye.



INDEX TO FIGS. 40 = 47:

Act., aotinotrichi; Ant.pl., anterior plate; Art., articular
portion of transverse bar; Cl., cleithrum; Cor., coracoid; Core.cart,.,
coracoid ocartilage; Dors.lep., dorsal set of lepidotrichi; Dors.tub.,
dorsal tubercle; Exocc., exocceipital; Foot., transverse portion of
cleithrum; Glen.f., glenoid fossa; Latepl., lateral plate; Lepe,
lepidotrichi; Maje.ray., major, unbranched ray; Med.pl., median plateg
Mesooce., mesocoracoid; Mesoce for., mesocoracoid foramen; Myos., myoseptum;
Ntc., notochord; Otio reg., auditory capsule; Pelvebs, pelvic bar;
Pelve.cart., pelvic cartilage; Pelve. pro., pelvic process; Poste.cle.,
post=cleithrum; Poste.lepes, posterior set of lepidotrichi; Poste.occemyo.,
first post-ocoipital myotome; Post.pl., posterior plate; Post.t.,
post=-temporal; Pro.cart.rad., procartilaginous radial plate; Rad.l,
Rade.2, etc., radials; Rece.sac., recessus sascoull; Scap., scapula; Scape

for., scapular foramen; Supecl., supracleithrum; t.s, tectum synoticum;

Vente.lep., ventral set of lepidotrichi.
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