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1 N T ROD U C T ION: 

The following paper oovers the resul ts so far obtained 

in the study of the ossification of the Skeleton of the oommon 

small~soaled suCker (Catostomus oommersanil, Leseur). 

Up to the present, very little work has been carried 

out on the skeleton of this fish, other than of a taxonomio na­

ture, and aocordingly, 1 t has been tound advisable to inolude 

desoriptions of the adult skeleton, and also to record. observa­

tions tram a dissection of several adult fish. 

With regard to the skull, it was not found possible 

to describe its ossifications clearly without an ao~te know­

ledge of the cilondrooranium, and the first part of the paper is 

given over to a description of the chondrooranium as it was found 

in two stage~which were reoonstructed. The details 01' the 

cartilaginous precursors of the rest 01' the .skeleton (branohial 

apparatus, girdles, etc.) are suff'io1ently olear in the trans­

parent preparations. 

In oovering such a wide field, as the entire skeleton 

01' one fish, it 1s not poSSible, at the same time, to enter into 

theoretIcal oonsiderations, w1 thout making the paper too long 

and oumbersome. 



X.A .t. E R IA L: AND METHODS: 
== -

The observations recorded were made on a series ot 

larval suckers (Ce.tostomus oonmerson11), comprising part ot 

a collection of larval stages of the flsh of the southern l8rt 

of the Provinoe of Quebeo, made during the stmmers ot 1930, 

1931, and 1932. 

The flsh were taken at different times from two 10-

cations, a. single haul from each giv~g a short series. The 

later stages were completed b.y fish from various other loc&-
• 

tiona. In 1930, & single haul gave a serles of frcm 1.2 to 

1.7 ams.; tn 1931, a second series of from 2.0 to 2.5 ams_, 

and later in the season, a. speoimen of 5.1 ems. (eire.1i yrs.). 

In 1932, an earlier series of from 1.0 to 1.4 ems. was ta.ken •. , 

Serial seotion of 1.0 - 1.4 and 1.8 <Xns., and alIzarin 

preparations of specimens 1.0 - 1.2 - 1.3 - 1.5 - 1.6 - 1.7 -

2.0 - 2.4 - 2.5 - 2.9 and 5.1 oms., were made. In a.ddltion, 

in order to cheCk the sta.bility of various Skeletal features, 

Alizarin preparations ot twenty specimens, re..nging in length 

from 2.2 to 3.5 ems., were made. 



Aocording to Batson {I 1, t::e SPeoiflo1 ty of certain dyes for bone 

ha.s been known for 2. long time. He records two early observations on the 

vital staining of bone as the result of animals feeding upon madder. The 

earliest is that of Laevinlus Lemnius in 1581. His fln~ings were re-discovered 

by Be1ahler K in 1735. Subsequent to thls, the subject ,\"laS virtually un-

touohed until recently, when it Vias found that the aoti ve staining substanoes 

were principally Alizarin, and to a lesser extent Purpurin. 

Wit~ the introduction, by Spalteholtz and Sohultze, of methods for 

preparing transparenoies, a new field it'as· opened to anatomists. Prior to 

these techniques, the greater part o~ Er:1'br:l'ologioal studies, and the study 

of the osteology of small fo~~, r~d been oarried on mainly by means of gross 

dissection, maoeration, and drying, or else by means of cross-sections and re-

construe,tions. 

The new tecmniques enabled the mal:ing of direot observations upon 

various parts as a whole and without loss of 1mmediate relations. The prin-

oip;l.l di ffl cuI ty lay in the faot that the major! ty of structures in a specimen 

so treated were of a very close refraotive index and as sutih, it was, diffioult 

to make thex out olearly. Naturally, it. was far ea.sier to examine bone end 

bone growth, and so this became the prinoiIBl use for the teClhn1que. But 

even in this case, there remained difficulty, especially in the observation 

of early centres of ossification, and the practice of employing stains speoifio 

for bone was introduoed. 

The earliest attempt at staining in this connection seems to have 

been by SChultze who employed Potassium TIichromate in his fixatives. This 

is washed out of the tissues and, when the speo1men was treated \':'1 th I~tas-

slum l~"droxide. the bones beoame stained a brown color. Eardeen was also 

ea r11 in advocating the use of Alumooohineal t which stained both the bone 
1\ 

and oartilage. 



+. 

Later, Alizarin beoame employed generally, having been introduoed again by 

Spe.l tehol tz (--J. Batson').,(' )~ made a study of various sal ts of Alizarin and 

also of several other stains, arriving at the conclusion that the presence 

ot the anthraquinone group was not essential for the staining of bone. 

It would appear that Dawson~(~)~was the first to introduoe t~e 

combination of Alizarin staining and the Sohultze method of clearing, though 

many workers had been using this stain with t~e Spalteholz method and also 

with Lundvall' s technique. Dawson's method, however, employed Mall's modi-

fication of Schultze and not the original technique. 

This comb1~..ation of sta.in and clearing techniques is tha.t vrhioh the 

author has been employing, and, with care, it has given generally excellent 

results, even though applied to a 'Side range of objects, from young fish 

larvae 1 em., long,up to mammal embryos 3tt long. Preparations of an adult 

smel t~ (O.mordax)J{ 5" long have been rm.de wi th suocess. Also it has been 

possible to prepare newts, both larvae and adult~and a frog. 

The prooess consists in converting the tissues into their metapro­

te1.ns by the oontrolled use of ?otassium 1~ydroxide-,and intil tra.ting the trans­

luoent tissues so produoed with glyoerine in order to obtain a high refrao­

tive index, and so inorease the degree of transparencrJ'. 

It m8lf be readily understood, as was found by Strong~(l7) t that 

~ fat present will tend to saponify owing to the presenoe of the KOR t ~~d 

as such, it will not become transparent. Strong, working wi th large mammal 

and bird embryos, was able to overcome this difficulty by simply disseoting 

away such fat from the specimen during the time that he was treating it. 

Dawso~(4 ),has introduoed the treatment of the specimen before clearing with 

a wash of aoetone, and so removing the fat quite readily. Since Dawson was 

working with material preserved in alcohol, 1: ~ .. :as quite logica.l for him to 

remove the aoetone wash by aloohol washes. 



In the case of formalin material it did not seem necessary to run specimens 

up to strong al cohol in order to remove the acetone; but, practicu.l1y , it 

was found that good results VIere only to be obtained by doing this. 

Even when this treatment was carried out, it was found th~t 00-

oasionally there remains a substance whioh will not clear. 
(t~) 

Miller f~ has noted this in mammalian embryos, and similar patches 

were found in ohick embryos by the wri ter. In the latter case these were 10-

oa.ted in the neok~ alongside of the vertebrae
J

anc1 along .f:,he ventral wall of 

the stomach. 

The nawson process falls into 'tr_ree stage~: 

1.- Clearing by ROE 
2.- Staining 
3. - Infiltration w1 th glycerine 

Clearing by Potassium -': "d.roxic'..e 1s carried on in two defini te steps. 

Firstl~r, before staining, the specimen is placed in a solution of EOII in water.# 

and left there until the tissues have undergone the E:.ot1on of the alkali anc:. 

reaohed such a point that they will not take up the sta,in; sn1:. seoC~1:ily, f~ft~l' 

stai!lin~, the speoimer. 1'~ placed 11: a mixture of KOH,glycerine and "'18. ter.JI (1:.a.1l t s 

solution), both to complet,e the Qleari:r€ an':" to form the first stage in the 

glycerine series. 

The O"ondi tions under \'!hich the process is carried out rnay be varied 

to a great extent, depend.ing upon the type of preservative, the delicacy of 

the specimen, ani the amount of time available. Depending upon the strength 

of the. KOE solutions employed, the length of time during vihioh they are allo'wed 

to aot, and also y-:1 th the fre~uenoy v:i th which the solu ti ans are (:hanged, SO 

~ the clear! ng pro cess be speeded up and the bes t results be s ti 11 ob t~-1.i ned. 

The majority of wrlters1 (Schultze, fl:all and Stronglt.recomrnend strengths of KCH 

from 1% to 3% for the clear1ng of material preserved in aloohol, and :Mall 

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

found best to stay within this range, solutions in exoess of this usually proCucing 
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maceration too easily. It is obvious that the greatest speed 1s produced by 

leaving the specimen in the strongersolutio~ as long as is safe, sInce clear­

lr.g will proceed very slowly in IIIal1 fS; but the danger in this is that the pro­

eess m~ go so far that maoeration will set in, and once thIs has started a 

good preparation cannot be obtained. The case 1s the same where it is at­

tempted to clear alcoholic speoimens 1n 10% KOH. On the other hand, when the 

specimen 1s small and delicate, e.g.Jfish larvae, it 1s best to reduce the time 

in this stronger solution to one of hours only. All that is re~ulred is to 

leave the specimen until the tissues have undergone sufficient change not to 

take up the stain. 

Obviously, it is almost impossible to give a~ oriteria by whiCh the 

length of time in this solution can be determined. In the case of large ob-

jects, it has been found sufficient to leave them until any pigmentation has 

commenced to turn brown and fade; but in the ease of small material. this is 

far too long, and it has been generally found sufficient to leave them only 

until they show a slight degree of transparency, about sirnil~r to that produced 

by clearing in Y~lol. Marnrne.lian embryos, and other forms in whi ch some part 

1s smaller than the rest, present their own difficulties in that the wrist and 

hands will proceed far more rapidly than the rest, and in suoh oases, it is 

necessar.l to oontrol this stage with respeot to su('h regions. 

Atter the preoeding treatment, the speo~ens are moved into the stain-

ing solution. Batson~( I ).employed a staining solution of about 1:2000, and 

used thi s. pri or to olearing. However, he was employing the Spal tehol tz method. 

He found that such a. solution almost invariably else stained t}-:8 tissues other 

than bone, and had to deoolorlze in aoid solutions. Tonlg's method was similar 

to this. Dawson reoommends the use of 1:10,000 parts of stain in 1% KOH, and 

leaving the speoimens in this solution until the bones were sufficiently stained. 

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

solutions until eventually they were brilliantly colored. 



1 ha.ve been unable to obtain su <il results, and have found 1 t far bett.er to 

employ a stronger sclutionA(1:2,OOO). SuCh a strength does not seem par-

t10ularly liable to stain the tissues, and will goi ve very brilliant results 

with only a short period of time. Subsequent to staining, the specimen is 

moved into Mall's solution. This 1s made up of water 79 parts; glycerin, 

20 parts, andKOH 1 part (by weight); and the specimen should be left in this 

until no further change takes place. All traoes of pigment should have d1s-

appeared, the bones stand out clearly, and only t~e outlines of the visoera 

be visible. Large specimens, especielly mammal embryos, will not attain 

this degree of clearness. 

Both Mall 1.( II ) ,and StrongJt(I 7} .. advise transferring the specimen back 

into solutions of KOH from 3% to 5% in order to speed up this step; but the 

danger of maoeration setting in at this stage 1s grest; and a.lso, the removal 

of glyoerine from the tissues gives rise to the pOSSibility of the s.peoimen 

falling to pieoes from its own weight. When it appears that ~~all's solution 

does not seem to be tsk1~ any further effect t the final stage of running up 

to 100% glyoerine ~ be undertaken. The glycerine both completes the clear-

ing prooesssby introducing a medium of high refractive index into the tissues, 

and also, by its high visoosity, affords a support to the specimen. It has 

proven satlsfactor,r to transfer specimens from Mall's into 50%, then 75%. 90% 

and finally into 100% glyoerine b,y easy stages. 100% glyoerine aots as the 

final mountaet, and in this the specimen has regained sufficient strength to 

allow of its being freely handled, disseoted, if desired, and " may even be 

lifted clear of the glyoerine without danger. 

Observations m8\Y also be made upon the insertions of various muscles 

in transparent preparations. Even in a good pr~T'ar2.tion wi th the light cut 

down to a suitable degree, it is possiblE to make out muoh of the nature of 

Simple cartilaginous struotures; and with a still lesser degree of light, it 

1s possible to observe the insertion of various ligaments into Some of the bones. 



Occasionally, usually 'wl th the smallest speoimens, for some un­

kno~n ~eason, after several months, at leest three, certain ohang0s take 

place in some of the speoimens and. the musoles become apparent. In S".1ah 

cases, the specimen 1s generally ruined as a transparency; but, when used 

1n conjunction with a Good preparation, muoh information regardin~ ~he re­

lation of musole to ve.rious bO:l8s can be ol't.~inGd. 

In one case, where two specimens of the same size were taken through 

the treatment together, in t~2 se..-ne reoeptacle, one of tJ-;.ese spec:mens ex'" 

hlbited this change in E~ veri' short time, w:' 1 ile the o+·!~er, i6.ell~ic:=-~1 '.'lith it 

in all y:a:rs, he f:.}-, havl::-:.s been fixed tege+her, dlld ~,:ept to;,ether all tl16 time t 

has not yet al tered al though tl'!.G two ,[Jere ~;repared about a year 8.2'0. 

There are several points to vJ}~ich speoial attention rrustbe called: 

1.- In all ca.ses it is best to e:nploy 1S-i'[;8 ~uantl ties of sol'~tionst anj to 

rnak e fre \.l uen t ch ange s. ~his c.:=-pllGS esp'':;oially in the earlier stages. 

Here, a dense :"lu1d collects on the bottom of ~1:2 ~:osselt snc. if this is 

not oleared away it 'tNill rapidly cause the speoimen to become brown. 

For the same reason it is best to use fresh KCH each time, and also to 

~. 

t~r.n the speoimens over fr8~uently. It is often hest to ohange solutions 

twice daily. With oareful observanoe of.thls it h~s not been necessary 

to employ any bleaching afent suoh as ~,!all ~{lJ } .... a.dvises. 

2. - \~'hile the objeots are being cleared, the: r heoome extrernely delicate, and 

if carelessly handled will fall to 1)1eoes under their o~':n weibilt. This 

condition gradually becotres worse until the infiltration ~:'Jith glycerine 

is oornmen oed. 

glass-wool. 

In some oases it is necessary to employ a cradle'of 

3.- Mammal embr,yos need to be Skinned and eviscerated. Skinl1ing oan be best 

:perfonned after the specimen has been stained, and then there is less 

danger of destroying ~r of the bones. 



4.- Attention _~~again be called to the danger of maoeration lett1ng In.~ 
so 

The onset 1s so rapid, and the course~extremely short, that specimens 

can be lost in a day. It is best guarded against by making the duration 
. 

of the first stage in J[OH as short as possible,and relying upon M~ll 's 

to do the greater part of the clearing. 

000000000000000 



Tim CHCNDROCRANItW:-

Serial seotions of three larval stages, 1.0 ans., 1.4 ems., and 

1.8 ems., were prepared at lO~. The two earlier stages were stained with 

pioronlgrosln; the later, with EhrliCh's haematoxylin, and eosin. From 

these, four reconstruotions of the chondrocrania of the two early stages 

were prepared, ~ 18,t'3ral C,~~d 8. -:crss..l view of eaoh, by the graphio method. 

This was done prL-:~:..:..':'ly to o1::'·tr).in ~;. better working knowledge of the regional 

formations of the ohondrocraniUl'1', tl~.~_:C. could· be obtained from the transparent 

preparations. 

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

development of the ohondrooranium and the bony skull. 

General DesoriptiOA:-

The two stages selected for reoonstruotion are significant in that 

they represent two Import~nt phases in the history of the chondrooranium, 

the earlier stage being one of formation; the later, of disintegration. 

The floor 1s typioally teleostean,being composed of fused trabeoulae~ 

(Tr;b;F1g.2).J (trabe~,o.l~,- o0:"";-rl'_·r.~_slJ before the hypophysis, and paired parachord-

The posterior erid of the trabeoula oommunis 1s split 

and the halves d1 verge about the basicranial fenestra, and so fonn the anterior 

and antero-lateral walls of the fenestra merging almost indistinguishably 

behind into the parachorda.ls, which complete the posterior portIon of the ,\18,11. 

~he anterIor end of the trabecula communis is broadened and forms the ethmoidal 

plate. The parachordals, on either side of the notoahord, extend laterally 

to form the floor of the otic regIon,,(Fig. 5). 

£: 
The ethmoidal plate\(~th.p. Fig.2),bears a dorsal, median ridg~ 

. . I! 
(Jl\esethmold,Mes. Fig. 10) t and four lateral extensions .(paired Itl1rr:old oornua, 

. 8 E 
Ce1ihr.c.)~ in front, and paired eotethmoid prooesses,{.cteth.)t behind). ~Flg.2). 



The otIc oapsulesl(aud.o)~are attached ventrally to the ventro-lateral 

extensions of the paraohordalsJ.,(Fig.5) , and extend dorsally, enoloslng the 

ear. to meet over the brain and so form part of the roof. of the chendro-

\I. 

cran1um~(teotum synotloum).(t.s., Fig.4). P~steriOrlY, they are fused with 
Pd.· . 

the postvagal~(pila ooolpltallsA( •• oocJl,aartllages. These latter also 

meet over the brain and for.m the teotum posterius,{t.p. Fig.2). The 

anterior edges of the otio ce.psules are oontinuous wi th the reduoed sphen-

oidal regions~{alisPhenold, post-orblta,l cartilages~Fig.l Post-orb.). 

From the dorsal surfaoe of this carti lage J two bars ~naG-rb-1A~t1:1&.s.~~~. 

prooedd forwards, looptng over the eyes, and joined anteriorly with the 

posterior portion of the dorsal extensions of the ethmoidal plate~(F1g'.3). 

Irrrn.ediately behind the level of the pineal body, the two bars are joined, 

over the brain, by the epiphysial bar~(eph.b. Fig.l). 

STAG~ l,(Flgs. ~ and 2). 

Ethmoid Plate:-

The anterior end of the trabeoula oommunis is broadened out 

. laterally to fonn the ethmoid plate, and supports the olfaotory organs and . 
the olfactory lobes. The ventral surfaoe exhibits the anterior oonttnua-

tlon of the ventral groove of the. trabeoula oommunis. The groove flattens 

out before reaohing the anterior edge of the plate4 (Fig.9).So that the ven­

tral surfaoe of the plate is slightly ooncave posteriorly, and flattens out 

gradual~ forwards. Two lateral extensions, the ectethmolds. extend out-

wards from the plate below the olfaotory organs, and curve slightly upwards 

at their distal ends~(F1g.1). Prae-etbmoidal oornua are not yet developed; 

and the palato-pte~go-quadrate bar 1s not attaohed to the ethmoidal plate, 

but extends forwards below its lateral border.(Fig.9). The olfaotory lobe 

ex"'ends just beyond the level of the eotethmoidal prooesses; and only a very 

short olfaotor,y traot 1s present. Anterior to the olfaotor,y bulb, there 



1s a slight elevation of the mid-dorsal line of the plate. This 1s the 

mesethmoidal r1dge~(mes\ Figs.l & 51. and is only slightly developed. 

The olfaotor,f traot4(~' F1g.2)~lS ~hort, and passes direotly into 
I 

olfa.otory organ. There is no oartVaginous olfa.otory foramen. 

Trabeculae: (t~~. , It 

the 

The trabeculae cran11 are fused to form the trabecula communis, 

the oondl tion found in the t7Pioal trow-basic chondrooranium cornmon to the 

majority of the teleosts. Posteriorly, the two trabeculae are separated, 

, ~ . 

and pass around the hypophysial fenestra, as previously desoribed. FUsion 

of the two is oomplete at the level of emergence of the optio nerve from 

the brain. In the fused region, eaCh trabeoula is roughly elliptical in 

cross-section. eaCh ellipse ~~ing with its major axis in an oblique, dorso-

ventral plane,so that the dorsal pole is more medial than the ventral. 

"-Fusion of the two trabeoulae takes plaoe along the contiguous margins, and 

the trabeoula communis oomes to be ooncave on the dorsal, and convex on the 

v e.nt ral, surfaces. 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 terminates. 

Parachordalia:- (Para.). , 

In this stage the paraChordals do not entirely envelop the cranial 

end of the notoChord, and a solid basal plate is not yet formed. Anteriorly, 

they are fused almost indistinguishably wi th the trabeoulae, a slight, though 

sudden, change in size' and in direction of the ba.rs\ fonning the wall of the 

basiorania.l fenestra,. may be taken as distinguishing the two portfons of the 

basis oran11 from ea.oh other. 

~rphologloal~, the paraohordals are divisible into two regions, 

(Swinnerton),an anterior mesotl0 region. prinoipally conoerned in the sup­

port of tlie ea.r, and audltory capsule; and an OOOipltalt(post-vagallo:reglon. 



, ~. 

The post-vagal portion of the paraahordals is applied to the sIde 

of the notoOhord, almost enveloping it anteriorly; but, posteriorly, tapering 

oft against the dorso-lateral surfaces. Dorsally, the post-vagal raglon is 

oonfluent with the oooipital region of the chondroaraniumJ(pila oooipitalis). 

The anterior portion of the post-vagal para.chordal 1s invaded by the sacoular 

portion of the ear, forming the cartilaginuous reoessus saoculit(ReC.SaOe, 

Figs. 1 & 5). The invasion has not prooeeded far, in this stage. The 

emergenoe of N.x marks the anterior l~it of thIs region, and also hinders 

the fusion of this portion of the parachordal With the auditory capsule. 

The mesot10 region 1s given over to the support of·the auditor,y 

oapsule. In this stage the fusion is not oomplete; and a large anterior 

basloapsular, and a smaller posterior basioapsular~ fenestrae are present_ 

(Ant.b. and Fost.b. Fen.,Figs. 1 & 2). The two fenestrae are separated 

by the la~e basioapsular oomm1ssuret(Mes.oom.,Fige1l, whiCh is formed by 

the growth laterally of the ventro-lateral surfaoes of the parachordals, 

the ventral growth of the aud1tory oapsule, and the fusion of the two,(]1g.5). 

A stronger, anterior basioapsular oormnissure t (Ant.Com." Figs. 1 & 2 ),,15 also 

present, olosing oft the anterior end of the anterior baslcapsular fenestra. 

A srneJ.l growth of cartilage has taken place ventrally from tre posterior 
ihg 

edge" of the otio oapsule, in front of the emerg~ vagus nerve. This is 

also fused with the paraChordal, and may be considered as a posterior 

basioapsular co~ssure. The anterior basioa~sular fenestra 1s present 

below the ampulla of the anterior, vertical semi-circular oonal,(:Fige6) i 

the posterior, in the region of the utriculus of the ear. 

Anterior to the mesotiobas1capsular oommissure, the parachordals 

become increasingly oval in section, and increasingly massive. Beyond the 

anterior end of the notoohord, their section changes to a blunt-wedge-shape, 

the apex down, and 0 b11 quely inwards. The flat end of this wedge becomes 

extended dorsally and outwa.rds to fuse wIth the anterior end of the 
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audl tory capsule, a.nd form the anterior basloa.psular commissure ,(Ant. oom.). 

This 1s the region of the greatest development of cartilage supporting the 

auditor.y capsule. In between the paraohordals, anterior to the end of the 

notoohord, is the posterior basioranial tenestra,(Fbst. Fen.,Fig.2).distin­

guishable from the anterior.Jhypophysial,(Ant.fen.)),ln that it is filled 

with aoroohordal tlssue.(Figs. 6 & 7). The paraohord.als in front of the 

anterior conmissure, rapidly assume an oval section, b-eoome more and more 

divergent, and then merge into the trabeculae. 

The anterior region of the paraohordals Is considered as that part 

anterior to the anterior baslcapsular oommlssure,(Swlnnerton). A strong 

ridge, marking the anterior boundary of the ear, is present and extends up 

along the medial surfaoe of the anterior basioapsular oommissure. Immediately 

anterior to this ridge, the extemal reotus musole orosses the :parachordal. 

Audlto£1 Capsule: (Aud.oaps.,Figs.l & 2),and its relations to the canals. 

The auditory capsule is oomposed of a wall moulded 1i.bout the lateral 

parts of the ear, and fused inoompletely below wi th the parachordals. A 

shelf projeots below the external horizontal semi-oiroular canal. There are 

three connections wi th the parachordals as mentioned above; a strong but narrow 

anterior comndssure; a weaker, more extensive, mesotio commissure; and a small 

and weak posterior oommissure. 

The mesotic oommissure is the most extensive of the three, and 1s 

connected with the greater part of the lateral wall, serving to protect the 

utrloulus,(Fig.2). In form, it 1s a thIn, cartilaginous plate. The an t eri or 

commissure is muoh thiCker in sectIon, though not ver,y extensive, and 1s con-

tinuous wi th the anterior portion of the capsule. Its thickness appears to 

have been developed in connection wi th the articulation of the dorsal end of 

the hyomandlbular cartilage wi th the under surface of the postorb1 tal carti-

lage~(F1g.7). Whioh Is f'innly fused with the anterior end of the capsule. 



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. 

f ~. 

The glossophar,y.ngeal foramen has been formed by the growth of the 

ventral edge of the capsule,(Flg.2). Posteriorly, the wall is fused with 

the oooipital arch, so forming the anterior, posterior walls and the roof 

of the foramen of the vagus. The floor of this latter foramen 1s formed 

by the dorsal surface of the recessus sacculi,{paraOhordal),(Fig.5). 

The posterior and anterior portions of the capsule are moulded 

about the lateral surfaces of the anterior and posterior vertical canals, 

respectively. The posterior end of the wf.ll is continued dorsally and 

ends in e. flat plate forming an inoorr:::lete roof to the brain cavi ty, anterior 

to the tectum posterlus, (Fig.5). 

Running along the greater part of the wall of t.he capsule, medial 

to the external horizontal canal. there is a heaV"J' ridge of cartilage, 

roughly rect~~gula.r in ~ect1on and placed a.t ~n oblit;~J.e to the horizontal 

plane" (Fig.6). The lateral angle of this ridge 15 continued below the ex-

ternal horizontal oanal as a shelf, with its edge turned dorsally about the 

lateral surface of the canal, so that the canal is almost entirely olosed 

in3{Fig.ll. This plate is fused with the wall of the capsule both in front 

and behind. The dorsal edge of the reotangular cartilage 1s extended as 

the dorsal portion of the wall, and along with the ventral angle forms the 

wall of the capsule. The medial edge serves as a support for the two ver­

tioal oanals. The anterior vertical canal passes along the medial, dorsal 

surface of this cartil~, w);doh gradually extends more medially to fom a 

small shelf. Anteriorly, in returning to the utriculus, the canal passes 

down between the plate and the wall of the capsule; and the plate is oon­

t1nued forwards, unattached at the anterior end, and l~ing medial to the 

canal. 



The oondltlon for the posterior vertical canal is ve~ similar. 

The canal runs fo r a very short dis tanoe a.long the medial surface of the 

reotangular oartilage, and then loops over it; the cartilage beoo~~ng re-

duoed to a small rod. 
".. The posterior oontinuation of this rod expands 

dorsally to form a vertical plate whi oh is fused to the wall and appends 

from it,(F1g. 5). Posteriorly, the plate soon loses its attaChment to the 

wall and continues back as a short, freely en~ng, rod of oartilage. 
A. 

Post-v. region: (Oooi:pi tal); (Pil.ooo. l. 

In this stage the oooipital aroh~(plla ocolpitalls)~is complete, 

and each half meets in the mid-line above' the medulla oblongata., so forming 

the tectum posterlus1(t.P~~g.2), whioh is the only portion of the roof 

formed; the tectum synoticum not having yet developed. The anterior por-

tion of the pila oooipitalis is fused with the posterior portion of the 

auditory oapsule; and so forms the roof and posterior wall of the vagus 

foramen,(Fig.2) • 

The oommencement of the baokward growth of the teottUtl posterlus 

has already taken plaoe t and 1 t ... J rRa dir extends nearly as far baok as the 

_posterior end'of the paraohordal. N. spinalIs I emerges over the postvagal 

portion of the paraohordal posterior to the pila ocoipitalis.,,(N.SP.I.,Fig.l). 

SphenoIdal region:{Post-orbltal),(Post-orb.). 

The anterior end of the auditory capsules are oontinued forwards 

into the Sphenolda~(post-orbital)_cartllages. These are heavy, solid bars 

of cartilage, roughly, a right-angled triangle in section, wI th the apex 

dorsal and the right-angle at the ventral lateral corner, so that the lateral 

surfa.oe of the oartila.ge is vert;p.l,(Fig.7). Anteriorly, the dorsal surface 

of the sphenoidal region tapers off and is oontinuous as the supra-orbl tal 

bars, (Fig.l). 



From the median, ventral surface, a cartilaginous process {the 

prootio cartil~e (Pro Com.) passes obliquely down and medially towards the 

parachordal. TIli s bar sepirates the emerg~ roots of the trigeminal and 

faoial nerves. In this stage it fails to meet with the paraohordal. 

Along the middle line of the ventral faoe 1s artioulated the hyo-

mandibular oartilage, its dorsal end fitting into a slight groove (BY.Fig.7). 

A fine oanal piercing the bo~ of the sPhenoidal oartilage obliquely fram the 

lateral to the medial surfaces, appears to indicate tha-t this cartilage has 

, ,-

been developed from an anteriorly projeoted portion of the face of the auditor,y 

capsule; and that the supra-orbita,l oartilages have been developed from the 

dorsal surfaoe of this struoture, and have, only later, beoome fused onto the 

antero-dorsal aspeot of the otic capsules. 

-branoh of N. m. 
~ • 

The canal oontains the otic 

The hyomandibular musoles have their origin along the lateral, 

and medial, ventral angles of the sphenotic oartilage. 

S;u.pra.-orbital bars:- (S.O. Fig.l)/' 

The supra-orbltal bars are present as anterior oontinuations dorsally 

of the anterior (post-orbi tal) oarti lage of the audi tory oapsules in the form 

of verti09.1 plates ofca.rtilage. In prooeeding forwards, these plates rapidly 

deorease in height, from the bottom up, until they assume a oircular seotion, 

When they become twisted to extend out laterally in the horizontal plane, and 

assun1e an elliptioal section. In the region of the epiPhYsis, they are con-

verted into plates oon~ave on their upper, oonvex on their lower, surfaoes, 

and extend suddenly medially to meet the epiphysial bar (l1g.2). Anterior 

to this, there is a growth downwards of the medial edge (Fig. B) , and still 

more runteriorthe bars beoome again rounded in seotion, and pass into an 
t'" 

area of rapid Chondrifioation. 



The ba.rs follow very closely the In teral du tline of the brain, 

and lay in close relationship to it (.F1g.2) f at the same time bounding, 

though more remotely, the dorso~edlal aspeot of the eye. 

EplpPysial Bar: (Ep. b.) (Fig.2). 

The epiPhYsial bar is only poorly developed, snd is represented by 

a small, irregular strip of oartilage conneoting the supra-orbltal bars over 

the brain with whioh it is in ver,y close relationship being moulded to its 

outline, so that the bar itself is ourved oonvexly. The bar Is also ourved 

in the horizontal plane, its junctions Vii th the supra-orb! tal ba.rs being more 

anterior than the oenter section. The anterior edge is ooncave, and closely 

applied to the pes terior surfaoe of the pineal body (Fig.l). 

Anterior rwodome: (Ant.royo.) and the oblique ITru.scle·s. 

Bo,th 2!l anterior and 8 posterior myodome are present in CatostQIDUS. 

Ii". 

The anterior myodorne in the adul t (Fig.ll) is present in the form of a oa..'rlal 

runn1 ng for.varJs from t'-:e anterior end of the orbit, dorsal to the paraspl1snold. 

Laterally, the canal is expanded by exca.vations in the rredial surfaoe of the 

ventral ]Ortlon of the prefrontals (eotethmoids); and two bony plates. medially 

projected, fran this bone above the groove from 8&ch Side, meet in the mid-line 

to form the anterior portion of the roof. The posterior portlon of the roof 

is fonned by an anteriorly projected plate, from the orbitosphenoid, below 

the brain, meeting with the posterior edge of the ~lates previously described. 

The oblique eye-musoles enter this canal, passing obliquely forwards to the 

mid-line, e.nd take thei r origins from the dorsal surfaoe of the eXlJanded end 

of the parasphenoid, ,and from the walls of' the oanal. Several areas Eaa'-$ ., 

where the bones do not meet are present. These are all oompleted by oon­

neotive tissue membranes. A small blood-vessel (opthalmia arter.y?) penetrates 

between the two muscles on each side. 

In the earlier stage~ whl~h was reconstructed, the condition is ver,y 

similar (Fig.2). As the trabecula oommunis paases forwards, ~lightly anterior 



,,-

to the middle of the eye, the membrane forming .the floor of the cranial cavIty, 

beoomes detaohed from 1 t, and a canal is fanned between the two, vfblch extends 

as far forwards s.s the exit of the olfs.ct or~" nerves from the cranial oavi ty 

where it is obliterated. The anterior portion of t.li.is canal is the anterior 

myodome, and is qui te short. The superior obll\iue musole seems to take 1 ts 

origin from the membre.neous roof of the cana.l (the floor of the cranial oavity). 

The inferior oblique takes its origin from the dorsal surfsoe of trabecula oom-

munis. Both origins are in the form of a .flat, broad sheet continuous across 

the mid-line, and pass SiIT'pl;.,r baokwards and outwards to become inse~ted into 

the eye-ball above and below its e~uator. 

Posterior myodome and reoti musoles: (Fig.2). 

~he posterior myodome t developed in relation to the origin of the 

reoti musoles, is a oanal continued bn,ekwards below the "brein-oase to terminate 

blindly in the bo~ of the basiocoipital. In the a.dult i.t ~ be readily 

divided into an anterior and a posterior portion. The posterior portion 1s 

extended into the body of the basioooipital, below the cavum sinus impart and 

its roof, walls, and floor are formed by this bone. The anterior portion has 

its roof formed by horizontal plates, projected medially from the prootio and 

meeting tn the mid-line. These plates also fo~ the floor of the cranial 

cavity for this region.. The walls are formed by ventral extensions of the 
o...1t 

prootlos~Avertloal plates, and by the lateral edges of the parasphenold, with 

whioh they meet. The floor 1s formed by the parasphenoid. 

Immediately anterior to the middle of the horizontal plates of the 

prootio, there is a vertical elevation in the mid-line of the parasphenoid 

(Fig.ll) • This is oonnected d.orsally wi th the prootlos by prooes ses v"hioh 

extend posteriorly and laterally from its posterior, dorsal edge, meeting 

with anterior oontinuations of the horizontal plates of the prootics whioh 

are extending forwards to meet with the allsphenoids. 



This vertical pillar marks the posterior division of the two oanals Qy bone. 

Behind this, the oanals ot either side are divided only by a vertioal sheet 

of oonneotive tissue. which reaches from the floor to the roof' of the canal 

and extends its entire length. 

The relations of the musoles to the oanal are relatively simple. 

!LO. 

Only the external and the int ernal reot i mus·oles are oon tinued into the canal, 

the former extending its entire length, the latter taking origin on the 

parasphenoid, just posterior to the anterior edge of the prootio. The exter-

nal reotus musole has its origin on the basioooipital. Both of these musoles 

are contained in a oonneotive tissue sheath, in which they can move freely. 

The sheath of the external reotus musole also extends about the musole down 

to the foot of the myodome, and passes laterally to that of the internal reotus. 

The inferior reotus muscle arises from the oonneotive tissue between the top 

of the vertical pillar of the parasphenold, and from the alisphenoid. There 

is also a second origin, the musole arising from a part of the sheath of the 

internal reotus. The superior reotus has a. very similar origin, in that 1 t 

arises fran the lateral edge of the parasphenold, just anterior to the verti­

cal pillar, and also from the dorsal surface of part of the sheath about the 

external reotus. The two latter muscles, in paSsing to their insertions. 

cross each other between the external and internal reoti. 

The oommencement of this condition is found in the first specimen 

reoonstructed (P1g.2). the superior and inferior reoti musoles taking their 

origin from the floor of the chondrooranium, aotually from the posterior ends 

of the trabecula oormnunis, where the trabeoulae are divided about the anterior 

baSicranial fenestra. The external and internal recti musoles are already 

tn relation to a defin1tely formed myodome. 



The pos terior rrwodome is well-formed, though 1 ts walls and roof 

are still mostly membr.aneous. The roof is formed solely by the memb~e 

forming the floor of the cranial oavity; its floor, partly by the ossifYing 

parasphenold, mostly by oonneotive tissue; and the lateral wall, b,y the pre-

faoial oommissure, and the emerging roots of Nns.v and vii (Fig.7). 

Posterior to this, the canal runs between the two anterior parachordals, and 

pas sas into the heavy aorochordal tissue of the interparaohordal (posterior 

basioranial fenestra) space. ~.=.reotu~ externus continues baok along the 
or- t-\\t 

floor of the space so formed, passes dorsally over the ventral tip~prefacial 

\,"" ~ 
(prootic) oommissure, and the emerg~ roots o~ Nns.v and vii, into the canal, 

where 1 t runs back between the hypophysis and the anterior paraohorda.ls, oross-

Ing over the IE.tter just anterior to the mesotio ridge, and so comes to run 

along their medial surface, where the muscle flattens out into the horizontal 
t 

plane to extend to the mid-line as a. flat band traversing the posterior basl-

cranial fenestra through the aoroohordal tissue to the muscles' origin in the 

acroChordal tissue about, and just anterior to the tip of the notochord (Fig.2). 

~.reotus tnternushas its origin nearer to the anterior end of the 

myodome, arising from the membraneous roof of the canal, and rQnS directly 

forvlards to oross over the dorsal surfaoe of the divergent, posterior end of 

the trabeoula oowmunis of its side, and then oontinues forwards Im~ediately 

lateral to the trabecula communis. The emerging N.il loops over this musole, 

and appears t.o restrain it to the medial position (Fig. 8). Immediately 

anterior to the optio nerve, the musole is bent directly outwards and inserted 

into the eye-ball (Fig.2). 

-STAGE II - illustra.ted bX Figs. 3 and 4. 

The principal Changes from the previous stage has been the completion 

of many regions, and the commencement of disintegra.tion of the trabeculae and 

the paraOhordals. 



.:2 l. 

A considerable amount of ossification, especially along th'2 base of the 

skull has taken plaoe. 

Ethmoid Plate (Eth.p.). 

The ethmoidal region has become oompleted; the ethmoidal plate having 

-expanded underneath the olfactory organ, by a filling in of the angle between 

the eotethmoidal prooesses, and the lateral border of the anterior portion of 

the plate. So that now- there is almost a complete shelf of cartilage below 

eaoh olfaotory organ, which is relatively much smaller than_before (of. ?igs. 

1 and 3). From each of the antero-l~teral corners, a large ball-like oarti-

lage has developed (ethmoldrpre-ethmold oornua (eth.c.l.)) and the anterior 

end of the palato-pterygo~adrate cartilage now articulates with them. The 

anterior portion 0 f the brain Ms "retired" from the greater part of the dorsal 

surfa.oe of the ethmoid, and a large mesetlnnoidal elevation has been formed 

(Fig.IO). This is present in the form of ~ vertical plate raised along the 

~ld-line of the ethmoid plate, with the sides concave, and the dorsal surface 

rounded. Posteriorly, the dorsal surface 1s elong8.ted by two bars of cartI-

lage, which roof over the top of the olfactory foramen and meet with similar 

cartIlaginous rods t . the -anterior ends - of t~.!.e Supr8.-orbl tal bars,and the dorsal 

ends of the planum antorbitale. From the posterior surface 0f the eotethmoids, 

a bar passes outwards, upwards and slightly baokwards to meet wi th the end of 

the supra-orbita.l bar of that side. The foramen closed off by the latter 

bar (PI.ant. Fig.3), and the one from the mesethmold, is the olfactor,y foramen. 

a portion of which 1s also present on the floor (solum nasi) of the ethmoid 

plate. The ventral groove, 1s still present on the ventral surfaoe of the 

floor of the ethmoid plate. 

Trabeculae (Tr.). 

pr1nci];8l 

ahordals, 

The trabeoulae are practIcally the same as ftescribed before. The 

Change is the distntegration of their conneotion wIth the para­
r 0 ... t"~",(-O-i'r 

and they now presentAtwo relative~ shorter,spllt ends. 



The superior and inferior recti musoles remain attaohed to their posterior 
e"llirric:..:\\ 

ends. The ventral poles of the anterior portions are muoh further developed 

" ventrally. 

P,araoho rdall a : (Pa.r~b. 

Ossifioation of the parachordals has already cClmJ.enced. poster-

torly, the sacoulus has invaded, and expmded, the ventral .part 0 f the para.-

ohordal to form the large reoessus saoouli (F1g.3). A more dorsal portion 

of the paraohordal remains untouohed by the sacoulus, and tapers off poster-

iorly along the dorso-lateral surface of the notochord (P.pa):'S.. ,Flg.3). 

The cartilage, applied against the lateral aspect of the notoohord, 

and forming the medial wall of the recessus, is replaced by bone. This has 

also taken place to some extent in the roof, and median portion of the floor; 

-and ,in the region of the foramen N. ix only the lateral wall remains unos-

sified. Anterior to the duotus transversus, whioh joins the two saoculi over 

the notoohord, a .feature of the Pleotospondyll, in'the-reeion of the glosso-

phar,y.ngeal foramen, the paraohordals are unossified, meet over the top of the 

notoohord, and rapidly become massive, increasing in size as the notoohord 

diminishes, until they come to -fom the strong cartilaginuous,basal plate 

(Bas.p. Fig.4J, laterally continuous with the auditor,y capsules. The middle 

regIon of this pla.te (pronotoohordal plate) forms the roof' over the myodome 

(in terparachordal sPloe). The walls of this space are formed by two ventrally 
QV\. 

directed ridges"" ."-oD the under-surface of the basal plate, whiah represent 

the original paraohordals. The floor is formed by the parasphenoid. The 

branchial skeleton articulates with the ventral edge of these ridges. The 

pronotoohordal plate becomes free from the parachordals c~d is continuous 

forwards a short distanoe between them, to terminate behind the pituitary 

fossa (Fig.4). Anterior to this, the parachordals extend forwards a short 

distanoe to end abruptly after having diverged slightly about the posterior 

portion of the hypophysial fossa. 



The fusion wi th the audi to~r oa.psules is practioally complete, 

and the anterior ~~d posterior basioapsular fenestrae are almost obliterated. 

The posteriorbasloapsular fenestra is represented only by the foramina of 

the glossopharyngea.l and vagus nerves which are separated. by a strip of car-

tilage; the anterior, only by a small space where the anterior cardinal vein 

1s pressed closelyaga1nst the v.'all of the cartilage about the lower portion 

of the ear (hidden in Figs. 3 and 4 by the overr~ of the articular faoet 

for the operoular bone). No dis tinction oan be made between the rn8sotio 8-~d 

the posterior basloapsular oommissures. The anterior commis~~re is reoog­

nisable by the traces of the mesotib ridge, which is very small, and restrioted 

to the dorsal surface of the paraOhordal (Flg.4). 

Audi t,Ory oapsule: lAud. caps.) and relations of cartilages to canals. 

Chondrification of the auditory capsules is oompleted. Ventrally 

the:l are oompletely fused wi th the pe.ra.ohordals; dorsally, the two capsules 

meet over the top of the brain and form a relatively extensive roof (tectum 

synoticum) (Fig.4). The relation of the canals and the cartilages sur­

rounding them is very similar to the condition described in the earlier stage. 

The external horizontal canal runs in a completed tunnel of car­

tilage open to the cranial cavi t~r only at its anterior and posterior- ends 

Th1s tunnel has been completed by the growth of cartilage up the side~ 

of the canal from the upturned edge of the shelf described in the previous 

stage f and 1 ts fUSion wi th the v!all dorsally. The roof 1s also for.med over 

the posterior vertical canal. The outer surf£oe indicates the moulding of 

the cartilage about the canals tFig.3). 

The anterior and the posterior basloapsular fenestrae are oblit­

erated, as mentioned, by the downward growth of the ventral portion of the 

wall, and 1 ts fusion with the ~raohordals. The only remnants of the posterior 

fenestra are found in the foramina of the glossopharyngeal and vagus nerves. 



The mesotio ridge, which in the earlier stage followed the anterior 

basioapsular oOmmissure, is very small in t'Ms stage, and principally confined 

to the dorsal surfaoe of the paraohordal (Fig.4). The mesotio. and posterior 

commlssures are oontinuous and protect the lateral aspeot of the ear by a thin 

sheet of cartilage. 
\.IJ_" 

At the level of foramen N.x. the lateral ~i8'8~ of the oapsule is 

thlckened and slightly ossified in the region of the origin of the levator 

branchiae muscles (cf. Fig.5).Anteriorly. this thickening is continuous 

with a vertical plate of cartilage suspended from the inner sIde of the aapsule 

medial to the posterior portion of the posterior vertical semi-ciroular canal, 

which pierces it further forwards as it comes to the lateral position. The 

plate immediately decreases in size beyond this point, until it is only a 

small ridge of cartilage on the inner side of the capsule. Prior to piercing 

this plate, the posterior vertical oanal runs a short distance along the medial 

surfaoe of the ridge just described. 

Anteriorly, at the level c,f the return of the anterior portion of 

the external horizontal canal to the cranial cavity, the ridge expands ven-

trally to project slightly below the anterior vertical canal. and soon 

broadens medially to fonn a short shelf supporting the curve of the externa.l ho,,""y: 

canal. The canal pieroes the anterior end of the shelf which 1s oontinued 

forwa.rds only by a shortt small rod of cartilage on the medial side of the 

cana.l ,~oonne.oted anteriorly. 

Post-orbl tal cartilages: (Post-orb.). 

The condition of the post-orbital cartilages is ver,y similar to 

that in the earlier stage. 

The principal feature in the growth to this stage, has been the 

developnent of the prootio conmissure into a flat plate separating the foramina 
, 0 

of the faoial, and the trigeminal nerves (Fig.3). The anterior cardinal vein 

passes medially to this conmissure, entering onto the median surfaoe of the 



.1 Co. 

oartl1age by a notoh formed in the angle between the top of the oommls sure 

and the cartilage forming the roof over· the faoial foramen. 

There is no indication of any oompletion of· this bar by its fusion 

with the parachordal. 

Supra-orbltal Cartilage~: {S.O.) and epiphysial bar, 

The anterior end of the supra-orbltal bars, on either Side, has 

Chondrified as far forwards as the posterior end of the ethmoidal plate and 

is continuous with the posterior edge of the dorsal surface of the mesethmoid, 

. having fused wi th a baokward" extension of the dorsal portion of that oarti-

lage above the olfaotor.y foramen, and also with the dorsal end of the upturned 

lateral portion of the ectethmoid. 

The ventral plate, developed along the ventral surfaoe of the supra-

orbital bar to only a slight extent in the earlier stage, is now relatively 

much larger, and extems down e. short distanoe below the dorsal rre.rgin of the 

eye. (Fig.3). 

The epiphySial bar is still a ourved bar, with the convex surfaoe 

" dorsal; but is relatively muoh larger. The pineal body having retired from 

the Intirm te posl tion 1 t held previousl: r wi th the front of the bar, it has 
~e \atl~"" 

now beenpossi ble for ~ to stralghten out, and even to develop sr,menrhat 

forward from the level of the fusion of the bar wi th the s.upre.-orb1 tals. The 

posterior border is oonvexly ourved. 

Post-vagal region:(Pil. ooe.). 

The condition of the pila ocoipitalis is Similar to that found in 

the earlier stage. FuSion wi th the po sterior e::lp3 of tha and.i tory ca.psule 

1s more oanpleteand is oontinuous unto the dorsal surfaoe of the ohondro-

oranll.Un, ~o tbat the teotum pes terius, and the tectum sy"!l.otloum fonn a Single 

unit (Jrlg.4). The ~eotum posterius is now extended back to the neural arch 

of the vertebral complex. 



MYodome: and related struoture&. 

T~e fonm of the anterior myodo~e 1s ve~J sl~~lar to the condition 

found in the ea.rlier speoimen. The ~'rincip:l.l ohange has been in connection 

with the growth of the mesethmoid oartilage. The a..~terior end of the canal 

now runs beneath the posterior end of the mesetbmoid cartilage. whioh is 

separated from the ethmoid plate for a short distanoe, and overhangs the 

canal. The roof over the anterior end is also formed by posterior extensions 

of the planum orbitale., from its ventral edge (Fig.4). Bet.ween the blind 

end of the canal, and the region of origin of the musoles, there :s a mass 

of oonneoti ve tissue, bea.ring the sarne relation to the canal and the musoles 

as the aoroOhordal tissue in the posterior oanal. 

The ohondrific2.tion of the walls, and roof of the posterior rnyodome, 

mark the major ohange between this stage and the preoeding one. The roof is 

formed by the basal 'plate, and its anterior continuation i~ the form of a 

tongue. The walls are oomposed of the ventral ridges (parachordals) of this 

plate, and their anterior oontinuations, -t!1e paraohordals about the hypophysial 

fenestra. The ossifica.tion of the pa.ra.spherioid forms the floor. Otherwise, 

the oondition is similar to the ea.rlier stage, though the canal Is muCh longer. 



ADULT ~: 

The adult skull of Catostomus has not been oompletely desert bed. 

In general features, the neuroera.n1um closely resembles that ot 

a typical Cyprlnid. The f'loor is fonned by the basioccipital, parasphenoid, 

and vomer; the root, by the supraoooipital, parietals, frontals and mesethmoid; 

the walls, by the epiotios, exooolpitals, prootios, pterotics, spnenotlos, 

orbitosphenoid, alisphenoida, and the ectethmoids (Fig.ll). 

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 mesethmoid. Pos­

teriorly, it overla.ps the anterior end of the basioooipital; anteriorly,it 

lays between the vomer and the ventral surfaoe of the eotethmoids. Dorsally, 

it articulates with the prootio, orbito-sphenoid. and ectethmoid. Its an-

terior end Interdigitates with the poster1or end of the mesethmoid. The shape 

of the bone grades from a strongly, V-shaped bone posteriorly, to a flat, 

elongate pla.te in front, the transition oocurr1ng at the level of the front 

end of the prootio, where there are two lateral projections, one on either 

side, with which the pnar.y.ngobranohlals articulate. In the mid-line, at this 

same level, there is a short. dorsal eleva.tion on the parasphenoid. extending 

to the level of the ba.s e 0 f the oranial oavi ty. The do rsal end of thi s el e­

vation is slightly expanded and is conneoted to the anterior edge of the proot1os 

by small bars of bone. Similar bridges Join it to the alisphenoid. This 

elevation marks the anterior end of the posterior myodome. and the level at 

which the membrane, extending around the brain In ea.rlier stages, is atta.ohed 

to the base of' the neurooranium. The expanded foot of the orbItosphenoId 

rests on the dorsal surfaoe of the anterIor. flat plate of the parasphenold, 

anterior to this elevation. 

The basioooipital (Basi-ooo.). is relatively complex. Posteriorly, 

it presents the usual facet for the artioulation of the fIrst vertebra. 



Ventrally, it is continuous as two vertical, flat, triangular plates ot bone, 

suspended Qy their apioes on either side ot the rndd-line. The ventral edges 

of these plates are bent laterally, and ourl up dorsally, to form a large, 

curved triangular b~ plate (Mastio.), wh1ah is highly fenestrated. The 

posterior angle of this plate is oont1nued baok almost to the level of the 

anterior fa.ce of the transverse bo~ septum fonned by the vertebral oomplex. 

The dorsal angle 1s oormeoted, seoondarlly, to the basloooipi tal. just below 

the line of its articulation w1th the exoooipltal, by a delicate bony bridge. 

This fenestrated, bony plate supports a horny pad against which the pharyn-

geal teeth aot. The dorsal surfaoe of the basioocipital 1s slIghtly exoa-

vated to form the floor of the oe.vum slnus impar (C.S.1. Fig.28). The body 

of the bone 1s itself exoavated and serves as the posterior portion of the 

posterior ~odome. Anter1orly, the bas1000ipital interd1g1tates with the 

parasPhenoid; the dorso-lateral surfaces articulate with the exoooipitals, 

and to a very small extent with the prootio. 

The vomer (Vo.), forming the anterior portion of the floor, is a 

triangular bone, with the apex situated anteriorly. The mid-line is convex, 

and the pa.ra.sphenoid and posterior portion of the ventral part of the me8-

ethmoid are oontained in a groove formed on its dorsal surfaoe. The base ot 

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 (Vo.or.) on either side into whICh are 

fitted two balls of cartilage with whioh the palatine cartIlage articulates. 

The dorsal surface, above this a.pex, is extended upNards by a plate ot bone, 

whiCh tits around the ventral projection of the 'anterior end of the mesethmold, 

completing the outline of the anterior end of the skull. 

The exocclpital (Exooo.), is a large, four-slded plate for.mlng the 

most posterior portion of the wall ot the neurooranium, end, in the absence 

ot an opisthotic, is applied to the posterIor and postero-lateral aspeots 

of the ear. 



~O_ 

The posterior portion foms the lateral border of the foramen 

magnum, and is continued dorsally, to form its dorsal border, by a. narrow plate 

of bone whioh, on meeting its tellow, is turned posteriorly and continued baok, 
ove-r 

forming an inoomplete root (Ex.br.).~ the spinal oen a1, to meet the anterior 

edge of the expanded foot of the neural plate. This for.mation a~ost excludes 

the supraocc1pl tal from the dorsal margin of the foremen magnum. 

The lateral surface of the exoocdpital is pieroed by the foramen N.x. 

Fbramen R.1x is located between the prootio and the exoooipital. On the 

medial aspeot, below the foramen N.x, a plate extends towards the mid-line, 

where it meets its fellow to fonn 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 conneoted through the gap between the anterior 

end of this plate, and the si~ilar plates of the prootic. (P1g.13). 

Poster1orly, the medial surface is slightly gouged to form the floor 

of the reoess containing the pesterior vertical canal. 

Dorsally, the exocolpital articulates with the pterotic, epiotio, 

and the supraoccipital. 

The prootio (Proot.),a five-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 vertical,and external horizontal canals, forming the floor of theIr 

recesses. A vertIcal plate, extending slightly into the cranial cavity, 

represents the anterior lbnIt of the otio oavity. 

A plate extended medially from the lower portion of each prootio 

forms the roof over the posterior myodome (Flg.l3). 

Slightly posterior to the anterior edge 1s the foramen N.vll. A 

weak bony bridge closes this off fran Foremen N.v, whioh 1s present between 

the alisphenoid and the prootic, Which meet above it and form the top and 

sidel ot the foramen. 



The floor is formed by an anterior continuation of the medial plate whiQh 

meets the al1sphenoid. 

In addition. the prooiic~ artlculatesventrally with the parasphenoid, 

and basioocipital; posteriorly, with the exooolpltal; dorsally, with the pter-

otio and sphenotio. 

The pterot10 and epiotio form the postero-dorsal angle of the neuro-

cranium, both extendIng onto the roof and the wall. 

The latter (Eplot.), 1s a flat bone, olroular In outline, w1th the 

usual processes for the articulatIon of the post-temporal. Present on the 

posterior aspect of the skull above the exocolpital, the eplotic roofs over 

the top of the curve of the posterior vertical canal, and articulates with the 

exoco1p1tal, supraoocipital, par1etal and sphenotio. 

The pterotl0 (Fter.) is typical in having the large, posteriorly 

directed prooess, and in forming the posterior portion of the fossa in whlah 

the byomandibular articulates. The medial surface, along wi th that of the 

sPhenotl0, Is hollowed to receive the external horizontal canal. 

A rIdge,elevated on the dorsal surfaoe of the pterotl0,artlculates 

with the lateral edge of a portion of the parietal whIch is lIfted above the 

surfaoe of the skull. The other,posterior edge of this plate of the parietal 
Yne \al'"re1'"" 

artIculates with the dorsal edge of the epIotI0,,,also extended above the sur-

face of the skull. The structure so produced forms a large, deep canal. the 

pterotic formIng the floor and anterlor wall; the eplotI0,the posterior wall; 

and the parIetal the root. M.levator arous palatIn1 posterius takes origin 
') 

in this cenal. 

A small bone 1s present on the posterior angle of the skull. con-

necting the ventr.al surface of the pterotI0 prooess to the exooolpital. 

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

oranium. It is not in relatlon with the ear. being shut off from the otio 

cav1 ty by the exocc1pi tal. 



The s};henot10 (Sphen.) 1s simple, forming the antero-dorsa.l portIon 

of the wall about the ear. The medial surfaoe is reoessed for the anterior 

vertIcal, and portion of the external horizontal canal' 8l The anterior portion 

of the fossa for the articulation of the byomand1hl.lar is formed by this bone. 

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

the orbit. The sphenotio articulates with the pterotlo,frontal,allsphenold 

and prootIc. 

The orbltosphenoid and alisphenoid for,m the wall of the neurooranium 

in the orbItal region. 

The alisphenoid (Alis.', is a slmple plate of bone, filling in the 

reglon of the wall of the skull between the orbitosphenoid and prootlc. 

Dorsally, it articulates with the frontal, and the sphenotio; and to a very 

slight extent wlth the prootl0 above and below the foramen N.v. The lateral 

surfaoe Is highly fluted. 

The orbItosphenoid (OrbIto.) 1s V-shaped In oross-seotio~ with the 

foot expanded and resting on the parasPhenoid. Eaoh ar,m of the V 1s a plate, 

reaching dorsal~, on either s1de of the cranial cavity, to artioulate with 

the frontals above; the alisphenoid behind; and the eotethmoid in front. 

The ventral confluence of the two plates in the formation of the foot of the 

V, l1fts the floor of the cranial oavi ty away from the parasphenoid. 

The eotethmoids (Eot.) fo~ the anterior portion of the wall ot 

the neurooranium. Each is a curved plate of bone, wi th an expanded medial 

end artlculattngwith the mesethmoid, frontal, and orbItosPhenoid, above the 

anterior myodome; and the vomer, parasphenoid and mesethold, below. N.l emerges 

through e. s180e left between the anterior surface of the ectethmoid and the 

posterior surface of the mesethmoid. The dorsal port1on for.ms the anterior 

seotion of the ~of over the eye; the ventral, the solum nasi. 



The mesethmoid (Meseth.) an unpaired bone, oloses the oranial cavl ty 

anterIorly. It may be div1ded into a vertical and a horizontal portion. The 

vertioal portion is expanded ventrally, articulatIng wIth the vomer, paras-

pheno1d and ectethmoid. Dorsally, it is oontinued as the horizontal plate 
) 

forming the roof' over the olta.otory organ. 

The roof ot the neurooranium 1s tonned by the small supraoccipital,G.·ul. 

pariatala; the large frontals,extending laterally to fom the middle of the 

root over the eye; and to a small extent by the horizontal plate of' the mes-

ethmoid. A small fontanelle is present, extending from the anterior edge ot 

the supraooo1pital, forwards to the level of the middle of the eye, where it 

is closed by the meeting of the anterior portion of the frontals in the rndd-

line. 

Oss1f1cation of the Chondrooranium may be div1ded into three stages; 

the first, that involving bone formation on the base; the second, the forma-

t10n 01' oenters in correlation with the artioulation of various elements to 

the chondrooranium; and finally, the thIrd, the appea.rance of oenters appar-

ently forming in oonneotion wi th the maintenanoe of the fom of the head. 

In these respeots, the oourse of development of the skull closely follows 

tbat of the chondroor.anium, though earlier stages ot the latter are needed to 

establish a oompletely identical course for both. 

The aotual details of bone fonna.tion will not be dealt with, having 

been thoroughly studied, In the olosely sladlar Amlurua, by Kindred and Mo.-

Murrloh. The following desoription is oonoerned only with the order and 

regions of appearanoe of bone. 

Ossifioation of the base of the chondrocranium commenoes with the 

appearanoe of two oenters, the basioco1pl tal end the parasphenoid. 

The fonner first appears in the fonnation of a ring of bone about 

the anterior end of the notoohord. Later, this center expands, invading the 

region of the floor of the audl tory capsule. 



The parasphenoid appears as a weak developnent of bone 1n the subtrabeoular 

groove reaCh1ng from the level of the eotethmoidal prooesses back to end as 

the floor of the basicranial fenestra.. The fonnatlon of the lateral prooess 

for the articulat10n of the branohial skeleton coinoides with the second stage. 

The secondary oenters are more numerous, appearing most markedly in 

the postorbital and the anterior regions in conneotion with the artIculation 

of the hyomandibular (Fig.12). 

The oenters of the sPhenotio and pterotI0 develop on the side of the 

chondrooranium; the fonner appearing along the anterior face of the post­

orbital, and the ventral faoe of the root of the supraorbital cartilages, also 

extending slightly over their other surfaces; the latter develops on the sur­

face ot the portion of the sudi tory capsule surrounding the external horizontal 

oanal. 

In addition, ossification of the prootio oommeno~s principally on 

the anterior basioapsular oommissure, also extending baCk over the antero­

ventral portion of the capsule. 

A second area, the posterior end of the chondrooranium, shows the 

formation of seoondary oenters in the developnent of the large exooOipital 

oenter. This appears pr1nolpa.lly about the postero-lateral portion of the 

wall about the ear, and also extends up the pile. ocoipitalis onto the tectum. 

Anteriorly, the center of ossifioation of the vomer becomes est­

ablished below the ethmoidal plate in the anterior oontinuation of the sub­

trabeoular groove (P1g.l0. Vo.), in a similar fashion to the parasPhenoid. 

A mesethmoid center forms on the anterior faoe of the mesethmoidal 

cartilage, correlated with the development of the suspension of the premaxilla. 

The epiotio and ectethmoida, which develop relatIvely late, belong 

in the second group (Fig.15). 

The appearanoe of the third type of oenter 1s oorrelated in time 

with the expansion of the seoond oenters over the surfaoe of the ohondro-

oranium (Fig.l4). 



!he first of these to appear 18 the frontal (Flg.12). tollowed 0108817 

b7 the parietal and supraooo1pltal. 80011 lead1lrc to the formatIon ot a boD,-

root over the cranial oavl\7 (ftg.15). 

!he allaphaold aDd orblt.ospheold belong to this last group. 

!he a1.m11arl\7 between the formation ot the choDdrooranlum 8I1d the 

bfm¥ skull has been polllted out. A ooml,ar1son of Figs. 1 and 12 shows a re­

mazkable s1m11ar1t7 1n the distribution of oa.rtl1age and o't bone. 'the pres __ 

of bone in the ooolp1tal region. about the ".tral _4 veatro-lateral a.epeots 

of t.he earl In the postorbital region; 8Ild along the supraorbital bar. as well 

as the preaeno. of bone along the tloor ot the neurooranlum. 0108817 reaembles 

the dlstrtbution of car\11age In the early obondrt)ora.n1um. 

file s800M oholldroon!m1um reconstruoted comperes in a SimIlar faBb1-. 

with the stage of the skull ahoWD in Plg.l4; the two representing further ad-

vaneed ooDiltlons of the prev10us ste.gea. Various modif1cations are lntrQ-

duaed 1n the later Skull through \he adoption of speoific features b7 the devel­

oplDg la.rva. e.g.. \he meaethmoid bone and vomer do not oorrelale very closely 

With the meHtlaold or ethDold cart1lages. 

'fhls similarlty 18 also found in the OS 81 t1 cat1 on of the hyoid and 

branch1a1 areh skeleton, where the oerat.o-element 1s the f1rst to ohondr1~. 

aDd alao \0 osslt¥ (V.i •• Figs. 1& and 11). 



The Splanchnocranium and its Development: 

The hyome.nd1bular (Hyom.) 1s a rod-like bone extending from the 

dorso-lateral edge of the otic region ventrally and curving slightly anteriorly, 

to art1culate with the symplectic and quadrate bones. The dorsal end 1s 

enlarged and bears t~e tuberoles; the two most anterior articulate with the 

sphenotIc, and the pterotlos; the third, fo~s the facet with WhiCh the oper­

cular bone artioulatese A plate, partially olosing 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 metapter.ygoid by its 

ventral edge. 



The separate s1lnpleotic bone (Sympl.' is roughly triangular in out­

line, the apex pointing down and forwards, and is s1 tuated In an elongate, V­

shaped cut in the postero-<iorsal portion of the quadrate. The dorsal edge, 

base, is in contaot with the ventral end of the hyomandibular, and also wIth 

the metapterygo1d. The posterior end anterior edges are firmly attaohed to 

the quadrate. 

The qua.drate (Quad.), the most ventral of the three bones attaohing 

the mandible to the sudi tory region of the skull, has the typical fonn. The 

posterior edge continues up behind the sympleotio to meet the foot of the hyo­

mandibular. The dorsal surfaoe posteriorly artioulates with the metapter,y­

goid; the anterior portion artioulates with the pter,ygoid. A thin plate ot 

bone (Pter:y.) extends the anterior edge forwards. 

The metapter,ygoid (Metapt.) is an extensive, vertIcal plate ot bone; 

the dorsal port ion bent medIally to fom the posterior portIon of the inoomplete 

bony floor of the orb! t from which the large m.adduotor mandlbulae takes origin. 

The posterior edge Is deeply grooved and 1s conneoted to the hyomandibular. 

The pterygoid (Mesopt.) resembles the metapterygoid and forms the 

anterior portion of the orbital floor. It artioulates posteriorly With the 

metapter,ygold; ventrally with the anterior portion of the dorsal edge of the 

quadrate; and anteriorly, wIth the posterior extension of the palatine bone. 

The latter bone Is highly modified in oonneotion with the peculiar 

fo~ of the mouth. When vIewed laterally, several prominent processes are 

seen; an antero-lateral, from whlob. a ligament reaches fomarda to the dorsal 

end of the maxilla; an antero-medial, whioh art10ulates wi th the vomerine 

cornu; and a large posterior process, artIculatIng wIth the mesopte~goid and 

the pterygoId. 

In the early larva (Fig.lS), the hyomandibular, sympleotio, palat1ne, 

pter.ygoid and quadrate bones are all represented in oarti1age. 



The byomand1bular cartilage (~om. cart. ), appears to be oontinuous 

with the symplectio (Sympl.), the whole forming a rod, the ventral end ot 

which is strongly bent anteriorly, and ~s along the medial surfaoe of the 

heavy quadrate cartIlage. Dorsally, the bar 1s thiokened to end as a broad, 

articular head, beartng three large tuberoles, the anterior two (Ant.hyom.) 

for the articulation with the Chondrooranium; the posterlor,for the artlou­
\ 

lation of'~,the opercular bone. The foramen N.W is quite obvious. The 

articulation of the lateral end of the hyoid bar (lnterhyal 1), enables a 

distinotion to be made between the hyomandibular and sympleotio regions. 

The palato-pte17go-quad.rate bar extemds from the level of the 1'08-

terior edge of the hyomandibular forward to articulate with ~eokelts cartilage, 

as a broad, heavy plate of cartilage. Beyond this, 1 t 1s continued by e. 

slender prooess (Pal.cart.). 

The lower jew is fonned by the typical Meckel's cartilage (Meck. 

cart.) in the fo~ of a heavy, triangular plate, articulating by a groove in 

the base with the quadrate region of the palato-pte17go-quadrate oartilage. 

Anteriorly, the apex curves towards the mid-line, and is joined to its tellow 

by a ligament. 

The oenters of the ossification of this portion of the skeleton 

are well established in the seoond preparation, (Fig.l?). 

On the byomandibular, an extensive formation ot bone has resulted 

in the do rse.l end of the cartilaginous rod, below the articular tuberoles, 

becoming enveloped by bone. Bone from this oenter extends, partly over the 

faoet with whioh the operculum articulates; and also, into the conneotive tls-

sue whioh up to now has served as the origin of the m. a.dduotor mandibulae, to 

form the medial plate ot bone. T;;e lower end of the rod, (Sympleotio, Sympl.) 

also shows a distinct center. The quadrate oartilage has a development of 

bone in the "neck", behind the articular faoet, al so extending along the ven-

tral and,anterior edges. 



A small "metapterygoidtt center is present on the dorsal edge of the pala.to­

quadrate plate, remote trom the more anterior pterygoid oenter. 

The dentary (Dent.) is well established, enveloping much of the 

anterior portion of Meckel's cartilage. Posteriorly, the la.tter is also 

encased by the development of bone forming the articular. A distinct angular 

cartilage, alre~ showing signs of ossification. is present and attaohed by 

a lIgament to the anterior end of the interoperoular. 

The third stage seleoted (Fig.lS) shows a. very l18rked advance over 

the prevIous, the most interestIng feature appearing in the fo~ation of the 

byomand1 bular bone separating the cartilage and the still cartilaginous 

articular facets. 

The byomend1bular, interhyal and sympleotio all converge to meet 

by oartila.ginous tips. The symplectI0 is a1rea~ 8i tuated in a deep groove 

in the quadrate. 

The ~adratet metapter,ygoid and pter.ygoid are all well ossified. 

The latter two extend medially below the eye. The membraneous anterior plate 

(Ptery.) of the quadrate 1s rapidly ossifying. 

The palatine oartilage has beoome ossifIed and shows the extreme 

modifications found in the adult. The artioular faoets are still cartila­

ginous. 

The den ta.ry is enlarged and shows much of the adult form. 

Posteriorly, it fuses with the articular. Meokel's cartIlage also shows a 

f~entat1on into two parts, articular and distal portions, similar to that 

found in the hyomandibular. In this case the two parts of the ca.rtila.ge are 

separated by the formation of the articular bone. 



4-0. 

The skeleton of the hyoid arch 1s typioa.l. Laterally, eaoh end 

1s conneoted with the byomand.1bular by a small interbyal bone, whioh also 

artioulates by 1 ts medial end with the la.teral end of the vert1ca.1ly flat-

tened epihyal. The medial end of the la.tter, in tum, art1oula.tes wi th the 

oeratobyal. The other extremity of the oeratohya.l is V-shaped, and in con-

taot with the anterior and pos teJ'lor portions of the hypohyal elements. The 

latter, present as two separate bones, articulates medially with the basi-

bya.l, and with the ventral urohy'al. 

The whole bar, in the adult, forms a strong, inflexible unit, 

movable only at the lateral and medial ends, and, in this respeot, shows a 

marked variation from the subsequent gill-bearing arches. 

the epl-, and cerato- hyal elements. 
(FI'~. ,c,a), 

In the earliest preparation", the arch is simple, being repre-

sented only by two cartilaginous bars, a small, poorly defined, lateral 

element (intelhyal); and a longer, stronger bar, representing the und1f-

ferentiated epi-, oerato-, and hypo- byal segments. The latter bar serves 

as the origin ot the m.genlo~oideus, 8nd may be reoognized aooord~ly 

as the fused epihyals (lateral) and the oeratohyal (medial) portions. The 

remain1ng medial end of the bar represents the hypobyal. 

The Interhyal is in oontact with the junction of the hyomandi-

bular and uymplectic cartIlages. 

The basihyal is continuous pos teriorly with the basibranchial, 

and 1s alread1' expanded anteriorly. 

Ossification first appears, about the time that the operoular 

bone S oomnenoe to form, by the developnen t of a ring ot bone enveloping the 

ceratohyal port~on of the bar; and, to a smaller extent, in the region ot 

the anterior surtaoe of the anterior portion of the hypohyal element. 



4-1. 

( f;j.")} 

Slightly laterA all the operoular bones being well established. 

ossifioation appears about the epihyal portion of the bar and the posterior 

portion of the hypohyal. 

It 1s not until quite late that the interbyal oartilage becomes 

enveloped by bone; and even in the adult. a large portion of this element 

remains eartilaginous. 

The urobyal develops in manbrane direotly to its adult fonn; the 

ossifioation of the anterior, artioular faoets ooours relatively late. 

The oond1 tion of the skeleton of the branohial arches 1n the adult 

1s simila.r to that of the late larva (F1g.20). 

Four typioal arches are present. A fifth arch is rudimentary and 

bears the pharJngeal teeth (Phy.dent). 

Eaoh typioal aroh has the usual segments, viz. pharyngo- (dorsal), 

epi-, oerato-, and bypo- (ventral), branohial elements. 

brenoh1als are modified in the articulation ot the arohes to the base of the 

skull. The first and fourth are oartilaginous; ·the second and third weakly 

ossified. The first pharyngobrenohlal 1s small and joins the dorsal region 

of the arches to the lateral prooess of the 18r&sphenoid. The seoond and 

third pharyngobranohlals are reotangular and are pleroed by nerve foramina 

(Fig.20). The second is situated between the enlarged dorsal end of the 

first eplbranchla.l and the anterior faoe of the third :phal)7ngob~ohlal. 

Ita distal edge artiCulates wi th the medial end of the epibranohial ot 1 ts 

aroh. The third pbaryngobranoh1al possesses a long anterior edge in contaot 

with the po.stertor edge of the second. The shorter, distal and posterior. 

edges articulate with the eplbranQhial, and the fourth Pba~brandhial 

respeotively. The latter cartilage 1s roughly triangular in shape, and a 

portion of the anterior side makes contact with the third ~branCh1al. 

The base articulates with the eplbranahlal of the same arch. 



4:2 . 

A small oartilage situated on the posterior edge of the base ot the fourth 

pharyDgobra.nob1al may represent a vestigIal portion of the fifth aroh. 

The eplbranohlal of the fIrst arch differs from the others in 

having the medial end expmded. This expanded end takes over, at least In 

part, the funotion of a ~branch1al. The eplbranah1als of the second, 

third, and fourth arohea are Similar. The second is larger than the other 

two. 

Eaoh of the eplbranohlals when viewed from in front shows a double 

curve. On the dorsal portion of this curve 1s a small, dorsal process for 

the insertion of the levator IIUso1e of the aroh. 

The oeratobranoh1els of all four arches are similar in form, each 

being the la.~est bone in its aroh. 

The hy]obranOhials exhibit a gradat10n in size. The hypobranChial 

of the first arch is the longest, and is ossified; th~t of the seoond, Inter-

mediate between the first and thlrd. The latter is very small and unosslfled. 

The hy]obranahial of the fourth arch resembles that of the third. 

The medial ends of the hypobranohials artioulate wi th the basi-

b~chial. The latter is mostly cartilaginous in the adult, having only two 

small ossIfications, an anterior, between the artlcula~lon of the hy]obranoh-

1als of the first end second arches; end a posterior, between the seoond and 

third. 

The fifth aroh is articulated ventrally with the posterior end ot 

the basibranohial. Dorsally. it 1s oonneoted to the ventral end of the fourth 

epibranohial by e. rod of cartilage. ( l-',. ,eo) 
In the youngest spec1menl\ the branchial arches are very oomplete. 

only the oeratobranahials (Ce:rdro.b~). and the hypobranchial (H:yr·bi) of the first 

arch being present. The lateral end of the ceratobranchials 1s in a state 

of rapid chondrification. The medial end of the second appears to be frag-

menting to form the hypobranohial. 



The basibranohlal (~si.-b~) is unsegmented and oontinuous with the 

posterior end of the baslh1'al. 

The rudimentary fifth aroh 1s present. Ossification has oommenoed, 

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

fonned. 

Subsequent development lead~to the addItion of the dorsal elements 

and differentiation of the ventral (Fig.19). 

The epibranohlal and the phar)'ngobranohial cartilages are formed, 

and already exhlbl t rudiments of the a.dul t form. 

The first and last pharyngobranohlals are present only in oarti-

lage; the third ha.s begun to ossify. The second is most peculiar in still 

being only procartilage. 

Ossifloe.tion of the eplbranohlals has oonmenced on all. Each bears 

to some extent the dorsal projeotlon, over whlah bone 15 beginning to spread 

from the eplbranohial oenter. The medial ends of the fourth epi brano.llial 

are elongated posteriorly by oartil~inous processes. 

HYPobranchial cartilages have appeared between the medial ends of 

the three anterior oer,atobranchials and the baslbrsnChial. Ossifioation has 

oonmenced about the mid-region of the anterior two ~pobranchlals. 

The basi branchial is sepu-ated from the ba.s1hye.l, and shows two 

oenters of ossification as found in the adult. The portion of the basi-

branohial, posterior to the artioulation of the fifth aroh, is distinct from 

the anterior portion. 

The fifth aroh is strongl,y ossified and bears many teeth, eaCh set 

in a small cup_ The typical flatness of the teeth is just developing. The 

Gartilaglnous rod, about whioh the bone is formed, is still present. 

Later development r.apidly leads to the oondition found in the late 
(l.:, .1.~), 

larva" and in the adult. 



4-4· 

The four common operoular bones, the operculum, preoperculum, sub­

operculum, and interoperoulum are present, as well as the branohiostegals. 

These bones serve to support the flap formIng the flexible wall of the branchial 

ohamber{J1g.18). 

The operculum (opero.) t is en extensive, thin plate of bone support­

ing the greater part of the flap, and extends between the posterior border ot 

the dorsal end of the byomandibular and the anterior faoe of the olei thrum. 

It is rougbly triangular; articulating by a fa.oet on the apex Wi th e. tuberole 

on the posterior border of the hyomandlbular. The apex bears a. distinct pro­

oess (Lat.pro,), which passes forwards laterally to the hyomandibula.r and into 

which the ligament ot m.d1lator operouli is inserted. The dorsal edge ot the 

triangle is concave; the base, convex. The anterior border, which 1s verti-

oa1, is strengthened, beIng thiokened into 8. rIdge. 

The preoperoulum (Preop.), is an elongate, thin plate ot bone, the 

ventral portion sharply bent forwards)fill~ an angle left between the front 

edge of the operoulum, and the pos terior border of the byomandlbular to Whioh 

it is fI~y bound. It i8 oontinued anterior to the foot of the latter, pass­

ing laterally to it and extending forwards, partly below the symplectio and the 

quadrate which it incompletely covers, almost to the level of the articular 

facet of the latter. 

The Interoperoulwn (Interop.) completes the remaining portion ot the 

angle between the anterior border of the operculum and the branchlostegals. 

Anteriorly, it continues forwards below the sympleotic and the quadrat,.med1al 

and ventral to the foot of the preoperoulum, almos t to the artioular facet of 

the quadrate. The anterior end 1s connected to the angula.r bone of the jaw 

by a strong ligament. 



The suboperoulum (Sub.op.), also an elongate, thin plate of bone 

completes the area of the lateral wall of the branchial chamber between the 

ventral edge of the operoulum, and the branohiostegals. In fO~t it closely 

resembles a large branChlostegal; but differs In that its anterior end 1s 

related to the Interoperoulum. 

The branch10stegals (Br.) complete the ventral portion of the wall. 
t'~e. 

Only three a.re present. The first arti aula. tea wi th"epihyal; the second and 

third, wi th the ceratohyal. The articular end of the third is rod-like and 

strongly bent inwards; the outer surfaoe of this curved portion being in con-

taot wi th the posterior borcier of the oeratohyal. 

The operoulum 1s the first of these bones to OSSify, appearing in 

an earlY stage as a. bony cup fitting over the posterior tuberoleof the hyo-

mandibular cartilage (Fig.16), and continued baok into the developIng oper-

oular membrane as a short plate 0 f bone. 

No intermediate stage was found between the above and the condl-

tion illustrated in Fig.17. 

In the latter, the operoular plate has become expanded conSiderably, 

and shows signs of very rapid ossification. The preoperoula.r, interoperoular, 

and suboperoular bones are present and show similar signs of extremely rapid 

formation. The first branohiostegal is well for.med; the second less so; and 

the third in the early stages of bone formation. 

Subsequent developnent is slower and unifQrm. 

The formation of these bones gives the impreSSion that a sudden burst 

of ossification has taken plaoe. 



The meohanism of the Jaws bas been desoribed by Edwards (~); 

and the extemal features, during the translooe.t1on of the jaws fran 

the terminal pos1tion to the ventral, by Stewart (''1). 

The changes in the skeleton during thi s movement are 1llus-

trated by Figs. 17 and 18. 

In Fig. 17 t the premax111a (BIl.x), 1s present as two 1rreg-

u1ar splInters ot bane lying one on either s1de of the mdd-line, alo~ 

the edge of the IOOuth. These represent the ventral portions of the 
-

adul t prema.xilla. The maxilla (Kx.), also appears as an irregular 

bo~. The Insertion of the m.adductor mandibulae(Lig.add.mnd. ) t into 

the latter marks it as being the anterior edge of the adult maxilla. 

A short, median, arti oular rod is pres en t. 

Subsequent differentiat10n of the pa1atlne ca.rtlla.ge, and 

the fonnation of the rostral cartilages (Rost.oa.rt.). carry the jas 

away from the anterior end of the neurocranium. The down-growth of 

the l1ps is ooincident with the ventral growth of the premaxillae. 

The maxillae r,apldly asswme the adult form. 

In the strong ligament joining the premaxillae to the an-

terior border of the skull, a bony rod (Med.rod). develops. 

410. 



Vertebral Column: 

As in all Plectospondylous fish, there are three distinct regIons 

in the vertebral column of Catostomus. 

41 

The most anterior of these, the "vertebral complex" represents the 

fixation of the 1rnmediately post-occipital vertebrae to the baok of the skull, 

fonning a stable unit enablinG the funct' on of the \Ve1
-1erlan 06s101e5 in iso­

lation from the general bod:, movements (Fig. ll). Behind this is the t~c:9ical 

abdominal region, wi thout a completed haernal arch, and 'rJi th the baslventrals 

unfused to the centra (Fig. 30); and posterior to this again, the caudal portion 

of the oolumn, with the completed haemal arch (Fig. 26), terrnir~ting in the 



peouliarly modified last vertebra, supporting the tail fin (Fig.34). 

Between the two. latter regions, there 1s a transition in form of 

the vertebral attaohments. From the typical abdominal vertebra, with its 

distinotly separate basi-ventral {basal stump (Basiv, Fig.30)), bearing the 

head of the rib, there is a sudden Change to vertebrae with the basal stumps 

fused to the oentra. (about vert. 23) t and extending furt.her laterally, carry-

iug the head of the rib out with the tip~ , 

Wi th the tennina tion 0 f the abdominal cavity pos teriorly, the 

basiventrals are able to meet in the mid-line,fonning the haernal aroh, and 

are oontinued ventral 4" t by ossification of the haemal spine, in the median, 

ventral longitudinal septum (Fig.23). A gradient in size and shape of the 

articular elements extends the full length of. the vertebral column. The 

zygapoPhYses of the vertebrae immediately posterior to the vertebral oomplex 

are relatively immense in size, especially in the case of the anterior 

zygapophyses (Fig. 11). Prooeeding pes teriorly, there 1 s a rapid deorease 

in size, until in the caudal vertebrae the zygapophyses are greatly reduoed 

(compare Figs. 11 and 34). 

This may be translated into terms of mobility of the regions of 

the bo~~, when it is seen that the vertebrae of the anterior ab-

dominal region, irrmediately posterior to the vertebral oomplex, also exhibit 

a tendenc.y towards the immobility shown in the oomp1ex itself. 

The anterior four vertebrae are, as stated above, highly modified 

in correlation w1.th the presence of the Weberian ossio1es, to fonn the 

"vertebral complex". The following description is of these bones in the 

adult (Fig. 11). 

The first centrum (Vert.l) is highly oompaoted, and is present in 

the form of a thick plate of borie sandwiched between the articular facet of 

the basioooipital (Basi~co.), and the seoond centrum ~~. 



The latter has lost its individuality, and 1s fused with the third centrum, 

-the two together, forming a large, strongly constrioted body, similar in ap­

pearance to a. typical, constricted oentrum. The fourth centrum (Vert.4) is 

also large, and highly constricted, and, excepting for i -t.s size is '1'.).i te 

typiool. The fifth centrum is the first rib-bearing oentrum. 

The only appendage of the first centrum 1s the soaphium (sta.pes 

(Soaph. ) ) t a S ooop-shaped bone, ci roular in outline, wi th i ts oonoo.ve faoe 

medial, articulatIng with the dorso-lateral surface of the centrum by a short 

process from its ventral edge. Tr'ls is oonsidered as being the modified 

neural arch of this oentrwm (Wright, etc.). The lateral portion of the 

posterior border of the first centrum 1s slightly indented, the transverse 

process of the second centrum articulating wi t::-: the first in this notoh. 

The fused second and third vertebrae support the intercalarium 

(incus (Interc)), considered as being the modified neural aroh of the second 

oentrum; and the tripus (malleus (Trip.)). the transverse process of the third 

oentrum. The second centrum also possesses a large transverse process, 

(Baslv.l), whioh extends into the lateral, longitudinal septum from the an-

terior edge of the body of the fused centra. The base of this transverse 

bar artioulates with the- dorsa.l edge of the anterior plate of the ventral ap­

pendage of the fourth vertebra. The intercalarium is present in the fonn of 

a slender, slightly curved rod, articulating medially with the dorso-lateral 

surfaoe of the anterior border of the large body formed by the fusion of the 

seoond and third centra. 

The tripus articulates wi th this large centrum inmedlately posterior 

to the base of the transverse bar. Thi s element, fonning the posterior bone 

of the Weberian chain, is triangular in shape, with the two Sides concave, the 

base oonvex, and the posterior angle extended backwards to come into contact 

wi th the anterior end of the air-bladder. It articulates by 1 ts apex wi th 

the centrum. 



Dorsa.lly t the se oond and third oen tra. retain their neural arches (rleuv.), 

eaoh aroh being an extensive bone fused wi th the dorso-lateral aspeot of 

the oentrQrn, and extending its fUll length. The dorsal edge of each of these 

arches is fused wi th the eXp3.nded foot of the neural plate, whioh roofs over 

this portion of the spinal oanal. A lateral projeotion of eaoh of these 

bones roofs over the canal containing the Weberian ossicles anteriorly, and 

posteriorly respeotively. 

The elements of the fourth vertebra are somewhat Simpler. A 

stollar dorsal aroh is present, without the formation of the lateral plate~ 

the :plate laying close to the body of the centrum and fused. With the dorsal 

portion of the ventre.! appendage of this oentrum. Ths dorsal snd of this 

arch supports the posterior end of the roof over the vertebral Ctmal. 

The ventral appendage (Pro.4) of the fourth vertebra is highly 

developed. It aonsists of e strong bone direoted. laterally, paSsing over 

the top of the space about the tripus, and turning ventrally to pass dovln 

the medial surface of the abdominal wall. ~:ed1ally. from the upper half 

of this bone, apIa te extends in to the mid-line, v:here it over-la.ps its 

fellow. The dorsal portion of the pla.te slopes forwards below the tripus, 

and articulates wi th the base of the transverse pro cess of tbe second centrum. 

So this appendage comes to form the incom~lete roof, Viall. and floor of t,he 

for.rumen thr~h whiCh the posterior end of the tripus passes. The medial 

wall of this foramen is fonned by a small, thin, ~ls.t bone, a ventral con­

tinuation of the base of the basi ventral, medial to the tripus. This lat­

ter bone is fUsed distally with the angle of the median, vertical plate4 

where it bends forwards. The distal end of the vertical bone is also ex-

pandsd and lnterdigitates with its fellow. 

As mentioned s.bove, the roof over ths s1'in9ol cord is formed by the 

expanded foot of a strong vertical plate of bone (Nett"-. :pl.),supportod by 

the dorsal elements of the third and fourth vertehrae. 



This pl~te 1s continuous anteriorly wi th a second. 'bone, similar to the expanded 

foot of the former, b~]..f; laoking the vertical plate. ':.'h1z ant.erior bone is at-

ta~~l(;G. to the front edge of th'~ foot of the neural plate and by a weak hrldge 

to the ~irst cent~. The anterior border is n.otched, nnd the posterior ex-

tensions of the dorsal edge of the exoccipitals pass into this notch. 

The first c.rpearance of bone il'i the os 51 fication of t.he vertebral 
a 

column is the formation ot/series 0: l1G.rrow rings about the anterior end of 

the notoohord, :posterior to the region later forming th'J basioccl.pi tal Yinere 

an elonga. ted ring of bone forms at the sarne time on the notoohord, leaving only 

the tip free. T\:ore rings are form'.::d rapidly behind these, until the er.:.tirG 

length of the notochord is ringed. Each ring is 13 epara. ted from 1. t s nelgh-

bours by an intervertebral spaoe (Int.a. FiS.2l). at first relatively wide. 

Even before this process of the ringing of the notochord is com-

pleted, ossifioation of the neural arohes of the ~nterior vertebrae has begun. 

(Compare Figs. 21 and 27 j • Fo11oYling the cou.rse of ossiflca't·ion in a. typical 

vertebra, l the 33rd and 34th), pos se sSing c"L1:;leted haemal and neural arches 

in the e.dul t, it is found that after their first a.ppea.re.nc~e eaah ring begins 

to expand slowly, enveloping more of the notoohord, and the intervertebral 

space becomes correspondingly diminished. At about the· same time that this 

encroachment on the notochord commenoes to slovr down, ossification of the arohes 

sets in (Fig. 22). 

The neural (Neur.) and haernal (Haem.) arches are at first repre-

sented only by two pairs of short pegs of cartilage, situated on the dorso-

lateral, and ventro-lateral surfaoes of the notochord, anterior to the spinal 

nerve. These, the basl-dorsal and basl-ventral elements, become ossified 

and are represented in the adult. The basl-dorsal and basl-ventral cartilages 

come to be present on the anterior edge of the osseous rings, and soon begin 

to osslt,y (Fig.22]. 



At first, their ~rowth is simply dorsal and ventral respeo~lvely; but, with 
-

the onset of ossification, they oommence to slope backwards (F:s:_Z3,) ar..d their 

tips curve in ,towards the mG~ian line (Fig. 24). The base of B~ch is at first 

oircula.r in section.' Soon afterwards, a development of bone t in the form or-

a vertical plate. frO::l the 2.n.terior ed:~e of the 'b~se of the dorsal el~:~2nts 

oonverts t~e base into a thin~plate from the' anterior ec?-ge of which the anterior 

qcapopbys1s is fonned C~-:'i;;3'. 25). These become opposed to the posterior 

zygapophyses of the immediately anterior oentrum, previously c-2veloped from 
tr.c.k­

simple, vertical plates of bone the posterior edge of which growing ~N~rds 

comes into closer relationship with the adjacent anterior zygapophysis. Growth 

of the two brings them into oontaot. Later, exaepting in the case of the more 

-
anterior a.bdominal vertebrae, there is a sloVling down of the rate of growth 

of the zygapophyses, G:nd a. oorr8sponding decree.se in their relative Size in 

the adult skeleton (of. Figs. 25 and 26). 

Shortly before thiS, oonstriction of the centra has commenced, and 

in dorsa"l and la.teral Views, there is sho-vvtl e.. bulging of the tissue of the 

intervertebral spaoe (Figs. 23 and 24). 

Further development is relatively si~ple. The rings appear to con-

tinue their encroao~~ent on the intervertebral spaces until the latter become 
- ' 

quite narrow. At the same tir:~e, strong constriction of the ml..iclle region of 

the vertebra begins and there is a gradual adoption of the typical hour-glass 

shape. (Fig.25). The tips of the haemal and neural a.rohes come together in 

the mid-line, and the arches are continued ventrally and dorsally respectively, 

in the ventral and dorsal median longitudinal septa by OSSification of the 

haemal and neural spines (Haem. sp. and Neur. ap. Fig. 25). In the abdominal 

region, the ventral arch is not closed. The baslventrals become OSSified as 

lateral projeotions of the centra, and bear a.t their distal ends the hea.ds of 

the ribs which have ossified betore (Figs. 27 and 28), as cups of bone enval-

optng the distal end of the cartilage. 



The ribs (Fleur •• Fig.29) ossi~ in the med~al portion of the con-

neotive tissue septa between the musoles. Ossification of the basi-ventral 

to form the basal stump (costiferous pedicle), takes place 5u8sequent to 08-

sifloation of the rib (Belt,. Fig.30). No cartilaginous precursor of the rib 

was found. 

In the anterior region, the basal stump, as mentioned before is not 

tused to the centra, and is small. Posteriorly, the fUsion of the stump to 

the centrum takes plaoe early, and the extension of the stump, carr.Ying out 

the head of the rib. occurs simply in t~e conr_ec"t,1ve tissue in wr.:.ich the rib 

ossifies. 

In a very e~rly larval stage, it was possible to' distinguish twelve 

very faint rings of bone on the notoohord behind the future basioocipital 

region. Of these, the first four alread~r showed a distinct size differentia-

tion. The first ring, the smallest, being only half the size of any of the 

others; the seoond, was slightly larger, but not as long as at\v of the more 

posterior ones; the third, and fourth, were of almost equal size and about half 

as large again as the subsequent I1-ngs. 

No intermediate oondition wa.s found between the above and the follow-

ing stage where the complex 15 well established. 
(Ve~t: I) 

In the latter (Figs. 27 and 28), the first oentruJIll\is smaller than 

the rest, and the ventral surfacebe1ng shorter than the dorsal, the posterior 

faoe is sloping. No traoe of a basiventral element 1s present; but dorsally, 

the ver,y large,conoave scaphium articulates by a small ventral process with a 

small cartilaginous "tuberole (Art. cart. Fig.27) t si tuated on the dorso-Iatera.l 

surface 0 f the cen truro. 
Cle,,1: ~} 

The second centrum"is slightly larger, andJhaving the bottom surface 

longer than the dorsal, the anterior face slopes in the opposi te direot:.on to 

that of t.he pes terior faoe of the first centrum to whioh 1 t is opposed. 



A bas1ventral process (Trans. pro. 2 - Fig.28), 1s present and ossified as an 

elongate. flat plate extending into the lateral transverse septum. A short 

ventral prooess is already formed from the ventral surfaoe of the proximal end 

of the prooess (Vent. pro.2 - 7ig.28). The intercalariur.: art1<~1J.lz.tes VIi th a 

srmll cartilaginous tuberole on the dorso-lateral surfs,ce of the centrum, and 

extends later!=tlly as a small, irregular rod of bone. 

The third centrum differs froPl the preoeding in th2..t both artioular 

faoets are vertioal. A neural arch (ba.sldorsal) is ossified on th~; dorso-

lateral surfa~e, firmly attaohed to the centrum, and ':!xtended dorsall~/ to con­

taot wi th the ba.se of the J:.eavy cartilaginous, neural plate. :::he basiventral 

1s present in cartilage, anj articuls. tes with the Qpe::: of t~1s tripus. J.i slight 

oonstriotion of the centrum hss already taken r,Li_ce (Vert.3 - 71g.26). TLe 

tripus has as sumed 1 ts typi (:.:':-.1 form. 

T"-;.e fourth oen~,rum 1s similar to the third, the articular facets are 

both vertical; and it has a neural are}, (N61lr. 4). f"1-;e be-siventral t~L-:;,T'.e'r-t is 

La"':era1ly, it extends as ~ rod of bone. over the tripus, tC~("'f::in~::_t~n.{~ s~ortl~­

afterwards. Attached to its lateral en,_~~ there is ::.hone (Pro.4 - Ji'ir.,87), 

l'"~l)idl,r ossifying i'" :ne"'r.hr·~:·'~e and c ........ ·:-,-,," .. ·:'~lA to; ,1-'iF"-" rib 1"'IRs~~ng f"or'~:c::rds _ ~ -'- at l.. - < •• J i...J ,-, "- ...... - ~ ~_\. ~, .... l - ._..... _- • - - .- .t"4~ _._ - ,_ _ . "-'"" • 

and do\~"tlWards about the lateral surfaoe of the s.nter'~or end of the air-bladder. 

A process (Me d.' pro. 4 - Fig.28) 1s also :.':'ormed from the ventral ~':~rf[;.oe of 

the proximal end of the basi-v~ntral. This 1a t ter bC"li1& extends directl~' 

ventrally, pa.ssing medial to the postsrior end of the tril)uS, alollg' the Y)"l:t::'~l.le 

of the anterior f£..oe of the airbledder. 

The roof over thi s portion of the vertebral cs:cf",l is f'or:rcd 1:;~~ a 

la.rge mass of cartilage situated in the rrtedian,dorsal, longitudinal septum. 

(Neur. cart. - Fig.28). The base of t.his oartilage is confluent wi f·l-:. tbe 

dorsal ends of the neural arches of the third and fourth vertebrae. 



Seven centers of ossii"icatlon are established,with- an eighth develol=ing later. 

Four of these, represent the expansion 0:' bone fl'or t~le ba.ses of the neural 

arches, up the arQhes themselves and onto the base of the cartilage (Fig.28). 

The remaining three, are ~ivided Into two lateral oenters, one on either side 

of the enterior end of the neural cartilage; and the third, a large median 

oenter developed over the dorsal surfaoe of the posterior portion"of tha oar-

tilage. The latter also ext.ends dorsally into the septum by the formati~,n 

of a median, vertlcall)ls.te (later the neural plate). 

In the above stage, the three ossicles are oonnected strong 

ligament (Llg. Fig.27), running :'ro:r: the anterior tip of the trlpus to the 

lateral end of the interoalarium. From the lutter, it extends to' the lateral 

surfaoe of the soaphium. The relations of these three elements are alrea~ 

the same as in the adult; the shape alters only slightl~r; but the relative 

size ohanges lrrrnensely. (Comp3..re ]'igs. 26 and 11). 

By applying pressure to tl::.e dorsa.l surface of the head, above the 

posterior fontanelle, in these preparations, it is possible to oause movement 

of the chain of oS sioles. This is illustrated in FiG.27, W~1ere the r1ght-

hand ossicles are drawn in the nor~Al position; the left-hand, in the position 

they assume when pressure is applied. 

Further ossification of this region proceeds rapidly; espeoially in 

conneotion with the development of the basiventral elements. The lateral pro-

cess of the second centrum expands further sideways, increasing simpl~· in size. 

The ventral prooess, suspended from Itsbase, extends dOVin and sliG'htly pos-

teriorly in the fon!l of a rod of bone VIi th its distal end expanded. The latter 

aomes into relation with the anterior surface of the anterior ~rojeotion of the 

pleural rib of the fourth vertebra (Fig.29). The dorsal element, the inter-

oalarium, does not change, exoepting for the ossification of the 1)asi lorsal 

cartilage supporting it. 



The pleural rib of the fourth vertebra beoomes greatly enlarged, 

growing ventrally, and expanding medially towards the mid-line, so forming 

the large plate across the anterior end of the air-bladder. The two nlates ... 

so fonned, later meet in the :nld-line, as desert bed, and overlap. The median1y 

suspended rod from the proximal end of the l~laslventra1 become~ fused to this 

plate by its distal end and oompletes the bony cirole about the trlpus. The 

anterior surfaoe of the bone is extended forwards by the formation of a plate, 
. (F1g.30) 

which artioulates, and later fuses with./the posterior surfaoe of the c-istal 

portion of the ventral prOjeotion of the base of the transverse prooess of the 

seoond vertebra. There is a striking ohange in relative size of this latter 

rod between the oondition in the larva and in the adult {Figs. 30 and II}. 

The neural arChes of the third and fourth oentra beoome expanded by 

the formation of anterior and posterior plates. A lateral plate is a.lso formed 

from the base of eaoh, roofing over the canal containing the elements of t}l,e 

Weberian ohain. 

The neural plate inoreases in size. The two antero-lateral centers 

become expanded towards the mid-line, where their edges-meet, forming a bridge 

of bone s.bove the backwardly ell reoted prooess of the dorsal surface of the ex-

ocoipi tals. The last center of ossiflcetion to develop, forms in the mid-line, 

between the anterior and the median ossificatlon~. The partial fixation of the 

vertebrae irrrnediately posterior to the complex, is brought about by the forma-

tlon of large anterior and post~rior z,ygapophyses. ~le latter develop nor-

mallYi but the former are ossified in .definite ligaments (Fig.29). The liga-

sent joins the posterior 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 
fosre't'lo'{ ~ \J-t' f-~,-e 

posterlor arohes, from the~~of the immediately anterior spine to t~e proximal 

portion of the aext posterior (Fig.29). So th~~ tit would. seem that the large 

anterior zygapophyses are not strictly oomparable to those of tee more posterior 

vertebrae. 
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Median and pal~ed fins: 
-, 

In the early 10.l:"v'E-l fish, mediah fins of local extent are not present; 

but are represented by an embryonic structure, the median fin-fold. 

~e median fin-fold oommenoes rnid.JNay ~long t.he h2.(~t-, 3lld :;::'fiS ses pos-

terlorly a.round the end of the notoc;ror'.:l, ont,:; the ventral surfa~e, running tl:"1e 

\':hole way along the median, lone1 tudinal Ii ne. On t~Je vent~'~_-"l surf&ce, : t 

nant of the ~rolk-sao ... \'::~l~ll is very sir:"'.il~·_r to i t ~!1 s.:C-Tearance, and structure, 

even being sU:9portec. h~" ho~r rays. 

growth 0 f local &re~.s of +'he ~in-fold.t defining 'tre 8.d111 t, medic.n fins. 

The c"·\n~ 1t ~ 0"'" .- ...... -. , • ..l.. .'..J. t 

The pectoral fins srr3 fom,sc" and are relatively immense, bei!"~ used in the 

'::lth t.hA for!':12.tiol'! ~~ their sl~eleton, is that they represent out-pJ.~!::..irE5 of the 

skin, sncl contain lli6sobla..3t::.c ~i ssue. 

itself. 

layer of corn'''0"tive tissue. In th8 

the medis..n fin-fold. itself, t1iere is a for':'C.tion ~ delicc .. te, "r"-Or!1:~ ~i':"rcs~ 

vf!··~lc:'J. support i t (actinotric~J.). Coinci:-1cn t ~.~!i -:.1. t:"le devel·:.pm~nt c·~ Ioeal [ .. reas 

of the ~in-fol'-l, tl-::ere 1s 2. sli~1;t incre~.se in size of t.~1SS:; a.ctinotrl(~l~i; but as 

tl'~e fin grows the actlnotrichi do not :5..e",elop rapidly in length, and are carried 

out v:1 th the growing edge of the fin {Fig. 32). r:"r-.. eir function of sU~Jr~orting the -.. 
fin 1s then taken over by ~'. new structure, t}:e lepidotri'~::i. 

Tl:e lepidotriohl (bony fin-ra.~l"s) are pa.ire·i similar 3tT"..1ctu.res, each 

developing on the surfaoe o! the oonnective tissue, as ment~oned. :;~stally, 

the two opposed lepidotrichi become closely approximated; proximally, the feet 
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by whloh eaoh is articulated VIi th tl:e supportine sl:eleton of the fin are 5ep-

arated and each articulates v'i th the side of a radial. In form, eaab. lepido-

~rloh is an elongated plate of bone .. coml:~osed of many segrrlents, eG.ch segment 

being reotangular wi th its long 3..'"(1s in the a.,. .. '{:i s of the ray; and curved so that 

it presents a ooncave medial and a convex lateral face. Jistal1y, the greater 

number of the rays, with exceptions as pointed out lr...ter, are branched, and are 

so enabled to spread over the greater inorease in area found in the distal por-

tion of the fins. .AI though the two lep1dotrlchl composing a ray are so 0105e-

ly approximated distally, nevertheless, each retains its individuality through-

out 1 ts length, and ~ be readily s·eparated. from its fellow. 

The rays of E:. region show a close correlation in le~:ictb T,':1 th the dis-

tance from the base, to the edge of t~'9 fin along the axis \;-'::scribed by ray_ 

The gres.ter the latter, the greater the fonner, and the converse. This is also 

shown, at least in the stages prepared, in the length of the individual segments 

of a ray. If of two rays, one is the longer; then all its segments are longer, 

though the differenoe in length 1s often very minute. The most proximal, the 

foot-bearing, segment 1s the longest in a ~; and illustrates the same lengt:l 

differentiation. 

This feature of rays, and their segments, has lJeen developed o.uring 

their growth. Growth of a ~ proceeds closely with the growth of the fin, 

and is carried on~ both qy addition of more segments slightly loneer than the 

more proximal, and also by a uniform growth of the segments already laid down. 

Distal branohing is brought about by the establishment of two plates 

per segment, in plaoe of the one ordinarily formed; not by the diviSion of 

existtng plates. 
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Caudal ,~ln: (Figs. 31 ~ 34). 

The embr.1onic formation of the caudal region results in a structure 

in which the posterior end of the notochord, continued back in a stra1ght lin" 

supports ,by actinotrlchi, the posterior portion of the median fin-fold, which 

passes around it from the dorsal to the ventral surf~ces. (Fig.31). Owing 

to the presenoe of the a.i r-bladder, and the development of the head ('<y I~, 11) 

the balance of tha early larva 1s upset, and the head sinks. This places a. 

new strain on the musoles of the back, as they endeavour to maintain the head 

1n an ereot posture. This strain, transmitted along the back, finally affects 

the posterior end of the notochord, resulting in its dorsal flexure (Fig.31). 

Wi th this there Is a oonsequent decrease in size of the e:;)ichordal lobe; the 

hypochordal lobe becoming the principal fin-membrane of the ta.il. It is in 

this l~tter region that lepldotriohl first appear. 

The last vertebra of the vertebral 00lumn is highly modified in the 

support of the hypurals (Fig.34). It :na,:r be divided into two portions; an 

anterior, similar in form to the anterior half of a oentrum and bearing a. typ-

loa1 neural arah, vii th antErior zygopophyses but no spine, v::) latter being 

represented by ~, radial bone, connected to t.he dorsal ends of the arch by· a 

ligament; and a posterior portion in the for.m of two elongate~, thin pl~tes of 

bone, laying along the sides of the old terminal portion of the notoohord. ~le 

former -portion supports mainly the hypurals of the lOVler,~lk c and the latter, 

the hypura.ls of the dorsal,lobe5o,f the hypoohordal portion of the fin (Fig. 33) • 

The primary ossifications of this region, appear in the ~0rm~tion of 

two ridges along the lateral aspect of the rlorsal surface of the notochord 

(Uro. Fig.32). On the ventral surface, slightly l~ter, ossification of the 

regions of articula~ion of the headSo! the hypural oartilages takes place. 

These two centres are soon joined by the forma.tion of a ring of tone 

around the body of the notochord itself (Last.aent. Fig.32), extending back as 

far as the artioulation of the head of the fifth hypural. 
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Oocasionally, it is found to arise in two parts; the one, anterior, supporting 

the sixth, seventh and eighth hypurals; the other, the fifth. In this case, 

the two rings are jo med only by the do rsal, longi tudinal ridges. 

From the anterior ends of the dorss.l ridges, shortly after their os-

slflcation, the neural aroh of the herni-centrum (last vertebra) is formec, and 

soon develops the small, anterior zygaPOP~lY'Sls", ls.ter to be lost. 

The neural spines of the l:::,-st two, so;r-etlmes three, vertebrae 

(~od.neur.sp.) differ in their formation :from the neural sr~nes of the rest o:f 

the vertebral oolumn beins- developed as cartil~ig'e bones. T'hi sis cons! -4 '2red 
1'1) 

(Goodric1;J, as be1ng ::he ',"esu.l"t. of t.r.:.e fU.sion .')f -i:·he r:-:.C-.l:::..1s of tIlis region 

','7i th the neural :-.plne. 

'I'TO very common anomalous conC'.:tio't}s are shovra in "'?igsolt 32 9.r.-1 :3U. 

The condition s1:ov.n in 1:;'1[;_ 33 1s t1:.r~ !J~P sence of three =-'~,"i rs of neural a.rches 

on the last hemicentrum. The flC:: t enterior 1;: in very (".1.os e reIn. tionshi.p tc 

the "spine" ossifying in c.a.rtl1:"8.'c ~'!Iove it,. 

are remote from the single ca.rtilage (Bad.) above t,1: '::T!O 

There 1s no correspcnd.1.ng anomaly on the ventrgl su.rface, 81.1':'1. t.!-":ls 

can only be ta.ken as a demo!'l..stratlon of the'::.ivers1ty 07~ t'l'~ fOrI:l'ltion of t~e 

neural arches, corrnnonly- found else"·;here in. the vertebral column, and not as an 

indication of the inclusion of another 'vertebra into t\e lc,-st h;3rTl.c,Jntrum. 

The total number of yertebrae in thl s Cs.s e V":::;'S t""e t~.rl)loal 46. 

The 3eoond anomaly (Fig~32)t is interesting in th3.t "tr.ere is tho for-

mation of a. 'neural, arch and spine wi tJ-:,out a corresponding for::'8t.~on of a centrum, 

or a haemal arch. 

In the adul t (Fig. 34) , there are eicht bOl'l8S (hypura.ls) S!) .. rportlng', 

and connecting, the ra.;.ts of the caudal fin between th0 two major F~S (v.i.l .. 

of the hypochordal lobe to the axial s1-'::31eton. The mo st fOS terior, morpholog-

loolly of these is the smallest, and is splint-like, lying just below +.he 

poster1or end of the urostyle. 
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Along with tr.e seoond, third, and fourth,hypurals, the first does not articulate 

'with the last bone. In' ·:ronn the seoond, third and fourth illustrate a. 

ient from the splint-like f1rst to the elongate, plate-like fo~ of the fifth. 

This last is finnly attaohed to the l&st centrum, in the angle formed by the 

urostyle and tr~e sixth hypural. The sixth, seventh and eighth ~re all flat 

and elongate, tending to be triangular in outline. The sixth is fused "Ii th the 

posterior end of the hemioentrum, as mentioned. The seventh an·:} eighth are 

fused together at their proximal ends and attaohed to the ventral surfaoe of 

the body of the last centrum. 

A prominent, l'J.tl3ral vlin~ is present on e1. ther sic'.e of tLe h~ise of 

the eighth hypural. ~o::~ the anterior face ~f the seventh anc. eighth bypurals, 

thin plates extend into the aC·.4·~oent tissues. 

The rest of the r~rSt i.e., t1~le rudimentary rays, are supported b~{ 

modified neural and haemal spines, mentioned before as being pre-formed in 

oartl1age. 

The hypural bones are formed by tht' ossification of seven, flat plates 

of oartilage (HYP.oart. Fig.32). No oartilaginous precursor for the first 

oould be found. 

The hypural cartilages are laid down in a series, commencing with the 

more anterior. (Fig.3l). The ant-ex'tor three, those supporting t~!.e ventral 

division of the tail, are le~~d down in the early stages of t.he dorsal flexion 

of the notoohord. The rest do not form till sometime later. Tte laok of a 

cartilaginous precursor for the ·fi rst hypural IrlBY' S imply represent an abbrevi-

atlon in development, similar to many of the membrane bones of the skull~ 

Nonnan (/l). 

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

ing a knob-like f proximal end. Exoepting .for th~ first and second, v:hich are 

irregular, the distal end grows rapidly and soon flattens to a vertical plate. 



The proximal end expands .into a large, flat articular surface in oontact with 

the notoohord. Immediately distal to the artioular head, there is a constrio-

tion, ciroular in seotion (the neok). The oartilaginous seventh and eighth 

hypurals become proximally fused and firmly attaohed to the ventral surface of 

the last centrum. The sixth also beoomes strongly attaohed to the last centrum, 

and so forms an angle with the urostyle in which the fifth becomes attaohed 

(Fig.33) • The remaining oartilages show a slighter degree of rel~tionship to 

the urostyle 1::.S they a.re posterior in position, so that of this group only the 

fourth is in any degree olosely rela.ted to the urosty·le. 

Ossification of the hypurals takes plaoe about the same ti~e as it 

begins in the lepldotrichi and ths centrum. 

Bone first appears in the neok region of the more enterior hypurals, 

and spreads' rapidly distally, leaving t~e growing distal edge free. Osslfl-

cation of the articular foot occurs slowly, but is completed hefore that of 

the distal end. ~~slon of the sixth to the lsst centrum does not take place 

until late. 

The :prominent la.teral wing of the eighth h:rpural 1s formed by oss1-

flcatlon of the prox~mal end ot the hypural eartilage~ which 1s Gttaohed to the 

centrum by two small rods of cartilage (basiventrals), one on either Side, 

for.med shortly after the hypural oartilage has ohondrified between the latter 

and the notoohord, and so does not form ir- the fashion of a typical haemal arch. 

The first appearance of lepidotriohi is in the form of paired, long, 

flat, thin plates of bone (Fig.32), extendi~~ out towards the per~phery of the 

fin, where they come into oontact v:i th the actinotrichi. 

Growth of these rays 1s by the s/!.di tion of further segments, ~d also 

by the growth of the previously formed segments. 

Almost wi th the first e..ppearance of r~s, the hypochord.al lobe takes 

on t.he typioal homooercal loba.tion;· and the rays II'la\V be distinguished as those 

supporting the ventral and the dorsal lobes of the hypoohordal fin, and an 



intermediate, the central region. The r~s of the central region. from their 

lnceptio~, grow slower than those of the two other regions, ~lthough appearing 

at the same time. 
(Maj- l'"t!'1)~ 

Two r2.~rS1\ one 2.t the '='order of e~>oh lO"D'::, become muoh larger than 

the rest, and are also distinguished by a f:.l5_lure to branch. 

dorsal portion of the fin, 1s relatively constant in i ts'-:irect articulation 

v!1't1:. the urostyle; the other, not so c:~r_st::~nt, ma~" ~.rti:;1!.lat8 7:it~·) ~.tG haemal 

spine of the last t~,"~ical vertebra, or v;: t~ t}:e last h.Y::;Jural. O-f'tn-'S::: 
"'- -" "wi 

rays is longer th?n ~J.n:r ot~E.r [:.nc .'llso thi cker 'ir section. Betv.'een the two, 

there 1~ a gradient in size Bn'.:l. the' s}-::~pe ('of of:he :::rtl~1J.l-:-~r f',~ ·"'t C'Y'::O r 1-ng. to +.he ..... -- ~-... _. -. - -

fest of tr-.:.c major ~:"S differ froP" those cf t l1e P.l('l!,~ central in tl'l.9..t t~.!.ey ar; 
~ 

longer and p'c!"e s lender ,.l~-~ :.1 s~le o1;~ ·~·::--C'r;;inent 1:~, t ~~r:~.l tt1'ter,:le~ 'S~V eloped 

ra 
~rsf11 fin (Fi,,? 35 ~ 38) .. 

The dorsD.l sni ':.r&l fins become ~~! ~til1,:;~ from the longi tud1nal :::r'-

and developing muoh faster, its component parts different1ated earlier. 

The t~ -;;l 0:.1 radlal 0 f the dorsal fir.. ("\ f the. 0..~ul t l'L S :-om.po s e:'i of 

three :93.rts: a proximal (Fro. seg. 1i1:tg. 381 t daggc!'-sha.:ped portion cxtcn:iins 10V.'ll 

" 
between the neural spines it t1; e c:.ors:.:~l longi tudina.l se~tum; s. s1~ort ;:';1', rOl~_-

li~·:e, medial segment (~ed.seg.) c..rtic1.llating \T.r~ tL. the distal en'J. of t.he for:::.ol'; 

and a distal, globular segment, If.'i th a posterior :11'OC8SS art ~ ('\111 ;:, t.:: '" ::"', 1',' -i t1- t,he _' ....... ~ - .... 1....... ,.--. __ 

medial prooess of the ray. 

In the early lc:.rva (Fig.35), these elements sre represente~ \;~ -1-'-;':0 

ohondrifi~9..tionst the more proxirr.al corresponding to t}~~· proximal plus the 

medial segments {Prox.oart.), it'. ~:-~e form of a v i3rtical, £lichtly cur'led rod 

extenCing from the level 0f the b[~se of the i:-:lrncdiately 2n-:.erior ray ve~:trally, 

back to the level of the foot of its own ray r::orsally; and E. distal seClilent 
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corresponding to the dis tal segment. in the .::..dul t, in the :::"orm of a "t0.11 of 

oartl1age, which (;.oes not chondrif~' until s11g.h.tly later than t~le proximal, 

and then forming tif: a ball If et"r~!llgj bet.rlaen the f(.~t o~ the ray it later 

supports. 

Oss1fication of tl'!e radial commences 8.0,:,ut tr.e lower three-,!uarters 

of the proximal cartilage, as a ring, leaving the proximal tip free. A 

seoond center of ossifi0ation involves the remaining quarter, and 1s distinct 

fran the ~i rs t ring. The dorsal tip is also left free (Flg.37). Those two 

centers 00 not fuse, and a fragmentation of the radial cartilage takes place 

forming the two more proxi!r'£l segments of the radial • 

. os 51 fica tion 0 f th e elis tal s ~[T':e~ t c.iffers in that two cent ers de-

velep, one on ei ther side of the dorsal surface. ~rom e~ch o~ these two 

oentres~ a roci of bone is forf:led~ extending back dorsally to the medial process 

of the foot of the ray (Fig.37). 

Later developi1eut is principally in the for!'<.:.tion of bony plates on 

the anterior and posterior surf~.:,ces of ea.ch radial. These plates fon~l first 

on the anterior radials (Fig.37), from the upper end of the ossi~~ing proximal 

segment. ·The later growth of these plates gives the t~~ical dagger-sl~pe to 

the proximal se~ent. 

The anterior two radials (Figs. 3'ft and 3ti) are peculiar in not pos-

sess~ median segments. The first supports the rudimentary r~·s and the 

first segmented ray (Maj.ray). {Fig.3'). The anterior plate of this radial 

is relatively immense, serving as the origin for the large, anterior erector 

muscle, the posterior plate is not developed. In the adult, the three snterior 

radials are firmly fused distally. 

The first lepidotrlchi appear in the ~~ddle of t~e future fin (Fig.35) 

and with later growth, extra rays beoome developed botl: before S:tl.J. after those 

first formed. 



In the la.rva~ the fin extends. between the eighteenth and the twenty-

fourth vertebrae; in the~. late larval stage, which is nearly the same as 

the adult, the fin extends between the fourteenth and the twenty-fourth, and 

a total of fifteen or sixteen lepidotriohl are formed tFig.37). 

Of these lepldotrlchl, the first three, though sometimes only two, 

I'a\YS are rudimentar"J and unsegmented. These r~s are firmly fastened to the 

first segmented ray, which is notable in not being brancheQ. The subsequent 

rays are normal, exoepting .for the last two, w:tich are complete rays differing 

from the rest only in that both articulate wi th the distal element of the last 

radia.l. 

When first la1 d down (1?1g. 35) each r~ pos sesses a 0.15 tinct foot in 

the form of an expansion of "the proximal segment. The feet articulate with 

the oj-is tal segment of the radial. The form of the foot, o..S the length of the 

ray itself, exhIbits a gradient from the heavy, large, triangular plate forming 

the foot of the first segmented ray to the small expansion of the last. The 

feet of the rudimentary (unsegmented rays), also exhibit a r..efinite form. 

Eaoh foot bears in some degree,. three processes; a median, extending 

medially below the ossified posterior extension of the distal segrnent of the 

radial of the immediately anterior fin ray (Med.pro. r,Fig.38) t and serving as 

an axis about which the ray rotates during erection and depression; an anterior 

(Ant.pro.) in the form of a tubercle, extended slightly lu.terally from the 

anterior end of the foot flnd serving for the insertion of the er'~ctor muscle 

of the ray; and a posterior (Post.pro.), an extension of the ?osterior angle 

of the triangular foot to form a process into which the depressor muscle is 

inserted (Figs. 36 and 36). In add! tion, t:lere is [\.1 So a ligament running 

from the anterior prooess back to the anterior edge of the dorsal surface of 
i ..,'''fI\ 4. c:l ,Oa re 't fO ~ r ~". ; o-r 

the ossification on theAdistal element (Lige,Fig.38). This lstter apparently 

serves to prevent over-action on the part of the ereotor musole. 



It is further interesting to note ~hat, although the more posterior 
. 

rudimentar,y ~ has a foo~ similar to that described (Fig.36), the erector 

muscle 1s inserted upon the anterior face of the ray itself. 

Anal fin: (P1g.39) 

The similar! ty of the osteology of the. two median fins 1s remarkable. 

The anal fin does not become differentiated from the median fin-foli 

until about f1ve rays are developed in the dorsal fin, when the region of the 

median ftn-fold between the vertebrae thirty-fourth and thirty-eighth commences 

growing rapidly, and chondrifioa. tions of the radial cartilages commence. 

This region develops iIl1Ilediately behind the anus. and s.s usual is only sup-

ported at first by aot1notriohi. By the time that six radials have been 

formed, the oueoue rays begin to develop. These first develop in the middle 

region of the future fin,?~t s.bou.t the same time th9.t the 1istal segments of the 

anterior ra.dials comm8'1"'J.ce to ohondrify as small balls of cartilage s1 tuated 

between the feet of each developing ray. 

With the development of one more radial, the adult number of seven 

1s attained; and with the forma.tion of lepidotriohi anterior and posterior to 

those laid down at first, the adul t number of ten rays is arrtved at. Of 

these rays. the last two share the greatly enlarged distal segment of the last 

radial. The first segmented ray sha.res the enlarged dist8.l eler:ient of the 

second radial, whioh appears to be e1 th.er fused wi th, or in very close relation 

to that of the first radial, with the two unsegmented rays. 

By the t~e that the rays are present in their full number, the feet 

form three processes Similar to those developed on the feet of the rays of the 
(1.<;' ''1\ t\\e cl.o~a\. 

dorsal fin, which bear the same relations to the distal ends of the l~dlals~ 

!he depressor and ereotor musoles are similar in fonn. origin and insertion to 

the muscles found in the dorsal. 

In the adult, the two anterior radials are fused distally. 



Frail the ?osterior surface of the medial, and proximal segments of 

the last radial, a bony plate extends baCkwards into the septum (Ter.~l. ?ig.39). 

Bridges ( ~ ) oonsidered -this to be the remnants of the radial v;hich should 

have developed in the support of the l~st fin-ray. No cartilsge corresponding 

to- this plate was formed. A similar plate is attached to the last radial in the 

dorsal fin. Chondrification of the radials is sjmilar ic both fins. OS51-

f'lcation of the medial, or of the distal segments of tbe 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 S + r- 0'e t".:c.',~_, • (Fig. 39 ). 

The first three radials do not possess a median seLment. 

In the last stage prepared, it is evident that the dorsal fin is 

rr.1J.ch further advanced with regard to 1 ts ossification than the anal fin. 

Fro!ll the above o-esoription of the anterior rays and radi:.lls of the 

dorsal and anal fins of Catostomus, it would appear t1-'et they are highly de-

veloped .. for the erection of the fin. 

With tbis in mind, ~i..ohe simple experiment of separatin= the rays of 

the dorsal and anal fins to the base was performed on a specimen of N.oor.nutis, 

the medial fins of whi.ch are similar in essentials to those 0-:' the CatostQrnus. 

At first, the anterior rays were separated from the rest of the rays 

of the "fin, by careful division of the fin-membrane behind the major ray .. in 

both the dorsal and the anal fins. Ereotion elf the fin was very 11 t tIe im-

paired, though the anterior rays were brought more into the erect line, than 

were the rest. Later, it was possible to observe that the ereot position of 

the posterior portion of the fin was not maintained; the fin would be erected 

to a maximum, and then slowly fall baok into a semi-erect"position. At the 

same time, the anterior r~s would be erected fully a~nd maintain tha~ position. 



Later, the anterior (rudimentary and major) rays were completely cut 

away. No further effect upon the erection of the fin was observed. 

Atter several ~s, the tish carried the dorsal tin in the saml-erect 

posi tion nearq all the t1me. The etfect on the anal fin was not nearly so 

marked. 

Peotoral girdle 8.lld tin: (F1gs 40 - 43) 

The peotoral girdle is divisible into two components; a prllIl8.17 glrdle, 

fonned by the ossification ot a Cfrtllag1.nou8 preoursor; and a secondary girdle, 

fanned in membrane. 

In the adult, the primary girdle is composed of three bones (Flg.42), 

the dorsal sO&p.ll.& (soap.), in the fonn of a slightly curved, reotangular plate 

ot bone, pierced by the readily reoognisable "scapular foramen" (Soap.POr.}, the 

large, ventral ooracoid (Cor.', a str~l, curved plate ot bone, artloulating 

with the ventral border ot the soap,lla; and a thin, curved, elongated plate ot 

bone, the mesocoraooid (mesoo.), artioulatlng ventrally with a tuberole tormed 

by an elevation on both the soap.lla and the coraooid where they are in contaot, 

and dorsally,with the scapula alone. The ourved mesoooracoid loops over the m. 

adduotor profundus. 

The medial surface ot the primary girdle articulates in a groove a­

long the posterior aspect ot the ooracoid of the seoondary girdle. 

The radials artioulate wi th the lateral edge of the primary girdle, 

by speoial "glenoid" facets. The most lateral faoet serving tor the artlou­

lation ot the enlarged, first ~ ot the dorsal set, 1s looated entIrely on 

the scapula. The more medial faoet 1s situated on the oombined edge of the 

soap.lla and the coraooid, at the point ot theIr contact. 

fhe secondary girdle 1 s composed of a serles of three bones, the two 

most dorsal being in contaot with the skull. The th1rd, the oleithrum. is b,J 

tar the largest, and supports the primar.y girdle. 



The 01e1 thrum (Cl. Fig. 43) , the most ventral element, extends from 

behind the skull downwards behind the branohial chamber, forming the posterior 

wall and the posterior portion of the floor of thls ohamber. Thls tor.matlon 

is brought about b,y the presenoe ot two plates. The one plate (Ant.pl.). lays 

below the pos ter10r end of the chamber; the other extends laterally to form 

the posterior border. The prima.ry girdle artloulates in the groove formed by 

the junotion of the posterior and the anterlor plates. 

The supra.-olel thrum (Sup.ol.', the seoond element of this girdle, is 

situated at the dorsal end of the cleithrum, and articulates wlth It. Dorsally. 

it art10ula tes wl th the post-temporal, and also the pterot1c prooess. In fom 

it 1s a rod ot bone wlth a deeply grooved posterior surtaoe. The dorsal end 

of' the cleithrum rests in this groove. 

The post-temporal (Post.t.) t usually a. Y-shaped bone, Is present in 

Catostomus, only as a smal1,curved spllnter of bone, extend1ng between the 

dorsal end of the supra-olel thrum, and the epiotlc proees s of the skull. 

A fourth element, the post-olelthrum (Post.ol.', 1s also asslgned to 

this seoondary girdle. It is present as an elongated rod of bone extending 

back in the septa above the base of' the fin. Anteriorly, 1 t articulates wi th 

the pos terior plate of the c1el thrum, by an expanded. foot. 

Osslflcation of the primary peotoral girdle does not commenoe untl1 

relatively late, bone first appearing In conneotion with it at about the time 

that the post-temporal of the seoondary glrdle begins to osslty. 

The primary girdle Is, however, early represented by a deflnl te 

cartilaginous formation. In the youngest speclmen (Fig.40), 1 t is present ln 

the form ot a Y-shaped cartllage, artloulated by the tip of one 11mb (Soap. 

cart.), wl th the posterior surface ot the dorsal portion of the c1el thrum, and 

by the tip ot the tail-plece (Cor.cart.)~ wlth the posterlor surface of the 

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

fin. 



The surfaoe of the angle between the tail-piece and the dorsal limb is not 

in contaot wi th the cleithrlD. A. large fenestra is present at the Junction 

of the three limbs. The base of the fin lavs along the full extent of the 

dorsally directed limb. 

Subsequent growth leads to the filling in of the space between the 

oleithrum and the anterior, vertioal surfaoe of the structure just desoribed 

(Flg.4l). This growth also results in the formation of the sce.p.llar foramen. 

The angle between the two limbs 1s slow17 filled, until the Whole assumes a 

somewhat tr1&DgUl.ar shape. 

~e formation of a heavy, extensIve plate of pro-oartilage (Procart. 

rad.)~ along the posterior surface of this triangular cartilage, carries the 

base of the fin back, away from the dorsal limb of the girdle. (1--,).4'). 

Fra~entation of this latter "plate" begins, soon after it has be-

come established,at the ventral border and prooeeds mediallf. The frBBD18n-

tatlon is produoed by the formation in the plate of large, elongate fenestrae. 

The cartilage on either side of each aperture remains as the radial. 

On the medial aspeot of the coraooid, and scapular cartilages, two 

small, cartilaginous t~beroles develop. These later become joined by a curved 

bar of cartilage (mesoooraooid bar). Shortly afterwards, ossification of this 

bar commences at the end in contaot wi th the scapula, and extends rapidly over 

the bar~ until the full length is ossified. This oocurs before ossification 

of the scapula, or of the ooracoid,iS completed. (F1g.43). 

Ossifioation of the scapula, and of the ooraooid begins at the same 
r0'1> re "'-/0 .,.. 

time at the,Asurfaoe.". IIp·.I· .'.k tiLl laRt '11). 
The ventral tuberoles supporting the mesoooraooid, becomes os sified 

by extensions from both centres (P1g.42). 

As in their formation from the cartilag1nou8 plate, the later.al radials 

become ossified first; and ossifioation of the medial ones does not take plaoe 

till muoh later (Pig.43). 



1'-
The tirst ossifioation in the seoondary girdle 1s that of the olei­

thrml notable in being the :first ossification in the peotoral girdle, and one 

of the tirst two os 8i fications found in the development of the skeleton. 

In the youngest speclmen, the cleithrtlD. is represented by a vertical 

rod of bone formed in the tirst ~oseptum {Myos. Fig.40)1i behind the ocoipi tal 

region of the skull. The ventral end of this bar is bent sharply in and daRn-

wards to approach 1 ts tellow below the pericardia! cavity. At the same time, 

the ventral portion ourves slightly forwards. Ossification in this earll' 

stage 1s present only 1n the region ot the base of the fin. 

The form of the bar soon becomes a.1 tered by the extension ot several 

plates of bone into the surrounding conneotive tissues (Flg.4l). From the 

posterior surface of the ventral halt of the vertical portion of the bar, a 

plate of bane (Post.pl.), extends baok in the vertioal plane. From the 

anterior surface ot the lower portion of the olei tr~, and from the anterior 

surface of the foot, a plate is formed extending below the posterior portion 

ot the branohial chamber (Ant.pl.). The resultir~ formation appears as though 

a rotation of the bar had taken plaoe. 

Further development of the oleithrum involves mainly a oontinued 

growth of these plates, and their extension into the connective tissues, so 

tonning the origin for the many musoles of this region. A posterior eX}:6nsion 

of the ventral plate forms and roofs over the primary girdle. 

Sl1Ejltly la.ter than the plates oonmenoe fonning on the various sur­

faces of the cle1t~, the ossifioation of the second element begins. The 

supra-olelthrum (Sup.ol.), tirst appearing as a slender, flat rod of bone, ex­

tending between the posterior aspect of the sud! tory capsule ba.ckWards to cross 

the lateral surfaoe of the oleithrwm (Fig.4l), later develope two plates, one 

extending ventrally, and the other, medially, fonning -an angle into Which the 

dorsal end of the clelthrum later slips. 



The dorsal end of the supra.-olel thrum is at firs t in contaot wi th 

the posterior edge of the auditory capsule. Later, with the development ot 

the pterotl0, the dorsal part becomes closely applied to the pterotic prooess, 

and in do1ng so becomes strongly curved. 

The post-temporal is the last to ossify, appearing as a short, flat, 

elongated bone reaching from the epiotic process to the medial surfaoe of the 

supra-cleithrum. 

The peculiar post-cleithrum ossifies in membrane just above the base 

of the ftn, and fIrst forma,sligbtly atter the t~e that the commencement ot 

plate tormation on the oleithrum occurs,ln the for.m ot an elongated strip at 

boneAlt not yet oonnected anteriorly. The formation of the foot is a later de-

velopnent, oocurring shortly afterwards (Fig.43). 

The r8¥s of the peotoral fins differ in the nature of their artioula-

tion from the oondi tion found in the median fins. In plaoe of two Similar 

sets 01' lepidotrlch1, one on either side of the radials, there are two distinct 
~ " ~ " 

types, a posterior and an anterior set. 

The teet at the lepidotrlahi ot the posterior set are muoh the Simpler, 

and terminate in distinct, strongly cu.rved hooks, Whioh bend into the base ot 

the tin. The outer curve of the hook artiou1a tes with the end ot the radial. 

There is also a flat, medIal projeotion ~~ng along the base 01' the tin from 

eaoh toot. 

The toot of the tirst ~ articulates dIrectly with the edge of the 

scapula, in a speoial glenoid tacet. In add! tlon, this lepidotrloh is highly 

developed, and for greater part ot its length extends around onto the dorsal 

edge 0 t the tin. (F~,. 4 ~). 

The teet at the anterior set ditter from that of the other set tn 

that they are bent, not into the base of the tin, but along the surtaoe. 

Each lepldotrioh bears a large plate extending from the anterior edge ot at 
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least the proximal segment,lnto the tln over to the medial surtaoe ot the 

opposlte lepldotrlOh. Bs¥s first appear along the dorsal edge ot the tin at 

the time tha.t the post-temporal oommenoes to ossity. 

A very small ba.ll of cartilage, a vestigial radial, lqs between the 

teet ot the first~. Some t~e atter ossification of the ra¥ has taken place, 

this becomes tused onto the medial surface ot the toot of the first lepidotr1oh 

ot the posterior set, and forms the faoet wi th whioh this ~ 1s articulated 

to the scapula. The details of the tin musoulature were not definable. 

PelvI0 tJp: 

The form of the adult pelylc girdle is relatlvelyslmple (Flg.47).It 

is oomposed ot two similar bones, one on either Side of the mid-line, only con­

neoted b,y the meeting of the medial ends of the transverse posterior portion 

(Pelv.b., • 

Each halt (baalpteryg1um) of the girdle Jll8¥ be divided into two parts; 

the firat, an anteriorly direoted rod ot bone (Pelv.pro.', extending from the 

lateral end ot the transverse portion forwards and slightly medially; the 

seoond, a transverse, heavy bar ot bone (Pelvic bar, pelv. b.), extending to 

the mid-line. The to~er does not meet 1ts fellow; the latter, meets the medial 

end ot the Similar bar on the other side. The obtuse angle, formed between 

the bar and the process, 1s filled by a bony plate (med.pl.) .. whIch fragments 

distally and is continued forwards in the fom of two fluted, plate-like prooesses. 

These three uni ts serve for the origin of the adduotor, and abduotor 

muscles of the tin. 

The posterior border of the transverse bar is irregular, bearing 

several large tuberoles distally~developed in conneotion with the articulation 

of the r.adlals. On its dorsal surfaoe, there is also a slight tuberole 

(Dora.tub.). The la.tter elevation serves for the insertion of a strong liga-

ment whioh stretches aoross the dorsal surfaoe ot, and oonnects the two halves 

ot the girdle holding them together. 



Artioulating wi th the posterior edge of the transverse bar, as men­

tioned above, are the radials (distal pteryglophores). Only three radials are 

9resent, the lateral two ot a simple, somewhat ovoidal shape; and a third. a 

ball with the posterior surfaoe elongs. ted in the torm ot a rod. 

The pelviO gIrdle first appears in the form of an elongate rod 

(PelvI0.cart. Flg.44) of oartilage on each side of the mid-line, 8i tuated at 

the base of each of the pelvio tin-buds. The anterior end of the rod is ap-

proximated to the mid-line; but slopes gently awe:y from it as it prooeeds pos-

terlorly. The posterior end of this rod becomes expanded, and the broad, 

posterior faoe of this expansion is rapidly carried back to form a broad, flat 

plate, the posterior edge of which comes to support the ea.r~ lepidotrlohi. 

The aotlnotriohl of the early la.rva.l fin are supported by the lateral border 

of the pelvio prooess (Fig.44). 

Rapid growth medially of the broad hinder end ot the oartilaginous 

rod soon leads to the formation of a transverse bar (Pelv.b. Fig.45), and the 

developing lepidotriohl beoome restrioted 1n their artioulation to the posterior 

edge 0 f this bar. 

Ossifioation of the girdle oommenoes slightly later than that.of the 

lepldotrlohl, and develops r,apidly over the greater extent of the pelvio oartl-

lage, leaVing, however, the tips and outer edge of the angle ot the bar tree. 

(Fig.45) • In add! tlon, there 1s a rapId tormation of bone in membrane, whioh 

forms a large plate (Med.pl. Fig.46) tilling in to some extent the obtuse angle 

between the transverse be.r and the pelvio prooess. This plate extends forwards 

rapidly and soon beoomes divided into several smaller, thinner plates, the medial 

edges of whIch beoome ooarsely serrated and meet, lnterdig1 tating wi th the 
ti,-t~e. 

slmdlar fo~ation ot the other side (Fig.46). The ~ree processes so formed 
, pa.I". b 

(~lv.pro.1\ and Ifed.pl.) serve as the origin for the adductor and the abduotor 

musoles of the tin. 



-'1~ 

The free,cartilaginous, medial ends of the transverse bars grow to-

wards the mid-line, and at the same time become expanded posterior17 (Flg.46). 

The anterior portIon of this expanded, medial end later serves as the artioular 

surface in contact with the medial end of Its tellow; the posterior portion of 

the expanded end becomes flattened, and plate-like, w1 th the medial border ser-

rated. The latter part serves for the insertIon of the infracarlnales muscle. 

The lateral angle, fonned by the medial development of the pos terior 

portIon ot each bar, remains free from ossifioation for some time, and develops 

several tubercles. Ossification of this region commenoes with the formation 

of bone about the bases ot the tubercles, and the slow covering of them, and ot 
(l... 

the outer edge of the angle, only as I\somewhat later developnen~. The median 

plate later beoomes fluted by the extension of the plates into the oonneotive 

tissue about eaQh ot the muscles. The long anterior rod beoomes solid~ 08-

sified, and to~s the pelvl0 process from the surfaoe of which the long, and 

the short abduotor muscles t&ke origin. 

Three radials form along the posterior edge of the transverse bar 

whioh is soulptured to reoeive the~ The more lateral two (Badel.Rad.2 -

Fig.4l), are represented b,y Simple, ovoidal cartilages, which lay between the 

feet of the lateral seven fin-rays. These two radials ossify very slowly, 

no signs of their ossification being found in ~ of the stages prepared; but 

in the adult, they are represented b,y 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 preoeding ones, both on account of the faot that it is the first to 

ossify and OD aooount of its shape. 

This radial first appears in the tom of e. ball of ca.rtilage, from 

the posterior surface of whioh there extends, along the median edge of the tin, 

an elongation, 1n the fOnD of a bar of cartilage (Fig. 45) • Ossification ot 

this bar of cartilage soon coumences (Flg.46), end is the only 81811 of 
- ossificat1on 



of the radialia found in the prepared speoimens. The bone 1s later extended 

by the :1'onnation of several plates of bone along its sides. 

The relations of this prooess of the third radial to the ravs i8 
.y " Q.~ 

simdlar to those 0:1' the ilium to the lateral surface, both extending along ..a. 

edge ot the tin. 

The relations of the radials in the pelvic fin of the adult is sim-

ilar to the condi tion found in the earlier stages. 

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 ea.ch fin. This bone (Ilium, Fig.45)1 is distinot from the ftn-~s 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 1s not 

a.ttached, nor in oontaot with, the end of the rib. As the bone extends med1a1l~ 

to the base of the fin, it is strongly bent, so that the distal portion comes 

to 1~ along the lateral border of the first ~ (Fig.45). The bone lays 

qui te superficially in the body wall, the medial portion paSSing laterally and 

posteriorly to the posterior end of the abductor longus musole. 

Ossification of the ilium is in membr.ane, and commences slightly 

later than the chondrification of the radials. The rays of the pelvio fin 

develop in the typical faShion. 

In the adult, the ~s show two distinct types, olosely similar to 

those found in the pectoral fins. The two sets may be conveniently called 
'r' ,\ ~ \' 

dorsal and vent ra.l. 

The foot ot a laterally 8i tuated ray of the ventral set is strongly 

bent towards the mid-line of the bo~. At the angle so formed, a. weak prooess 

is given oft which extends into the base of the fin, artioulating along the 

posterior border of the radial.. The border of the medially direoted prooess 

is developed into a strong ridge into which the abduotor brevis is inserted. 
1\ 



11. 

The feet of' the rays forming the dorsal surfaoe (dorsal set) do not exhibl t 

such an acute angle of flexion; the foot is slightly longer; and the internally 

e~ 
direoted process is stronger, and articulat!:Bg 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 f01md in the feet of the more lateral rays. The 

feet of the inner, more med! al rqs are poorly developed in comparison to the 
of 

oondition ~ the lateral rays. In the ventral set, the median process is only 

present in the more lateral three or four rays. No absolute proof the. t the 

more lateral ~s were the first to develop was found; but (P1g.44) in the 

oase illustrated 1 t would appear that this was so. 
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Several microphotographs are included at the end of 

the figures.These were prepared by Mr.P.J.Croft,Secretary of 

the Montreal Camera Club.in the pursuit of his hobby.He has 

kindly consented to their inclusion inYp this thesis. 

I am further indebted to Mr.Croft for the time 

and labour he has expended on the preparation of the photo­

graphs of the figures. 

The first microphotograph is of the head of an 

early larva,l.4 ems. stage,and shows clearly the distribution 

of bo~e in a skull of this size.Cf.Figs. 12,17 and 19. 

The second, and third show the skull and vertebral 

complex of a 2.0 ems. stage. The skull 1s shown in a focus slight­

ly below the surface.Cf.Figs.14,15,18,and 20.The third shows 

very clearly the relation of the modif:i.ed rib of the fourth 

centrum to the anterior end of the air-bladder.Cf.F1g. 30. 



SUMMARY: 

1. - Two stages in the development of the chondrocranium 
of Catostomus commersonli are figured and desoribed. 

2.- A desoription of the skull and its oenters of ossi­
fication is given. 

3.- A olose similarity is found between the fonnation of 
the ohondrooranium and of the skull. 

4.- The cartilaginous and bony splanohnoorenla and the 
development of the latter are desoribed. 

5.- Ossification of the oartilaginous visoeral arohes 1s 
found to resemble their formation in cartilage. 
Both processes e~b1t a serial development, differ­
entiation commenotng anteriorly. 

6. - The vertebral column and Weberian apparatus and the 
ossifloatiollS of the two are given. The latter is 
typical in its formation from the elements of the 
anterior vertebrae. 

Ossification of the vertebral column and subsequent 
differentiation oommences anteriorly and spreads baok­
wards. 

7.- The skeleton and its ossification are desoribed for 
the caudal fin. A seria.l developnent of the hypurals 
ie found in both their ohondrification and OSSification, 
th ant nor hypurals forming first. 

8.- The skeletons of the anal and dorsal fin are typical. 
A detailed description 1s given of the nature of the 
feet of the rays and their artioulation with the radial 
elements, and is found Similar in both fins. 

9.- The development of ossification in the radials does not 
follow the sequenoe of their chondrification. 

10.- The skeleton of · the paired fins and its ossifioat1on are 
desoribed. A close similarity is found between the 
feet of the r.ays of both. 

11.- Three radials are present in the skeleton of the pelviC 
fin. 
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EXiLANATION OF FIGURES 

The first four :figures are reconstructions of the chondrooranium 

prepared by the graphi 0 method. Many of the other f'igures were made from 

disseotions. 

In all ti~e8, exoepting the first eleven, stippling has been 

employed only to indioate the presenoe of' bone. In the first four, it is 

used as shading. 

All sketohes of the transparent preparations were made in outline 

wi th a camera-luoida, and filled in under a binooular mioroscope. 

Fig. I - Graphio reoonstruotion of the lateral aspeot of' the ohondro­
oranium of' a 1.0 am. larva of' C. oanmersonil. X 100. 

1l1g. 2 - Reoonstruotion of' the dorsal view of the same stage. X 100. 

Fig. 3 - Graphio reconstruotion ot the lateral view of' the ohondro­
oranium ot a 1.4 om. stage. X 50. 

Flg.4 - Reoonstruotion of the dorsal view of the same speoimen as 
Flg.3. X 50. 

:Fig. 5 - Transverse seotion through the region of the pOsterior end 
of the aud.1 t017 oapsul e of the 1.0 om. stage. X 40. 

Jig. 6 - Transverse seotion through the region of the anterior end 
of the auditory capsule of the same stage as Fig.5. X 40. 

Pig. 7 - Transverse seotion through the post-orbl tal region of the 
same stage as Fig.6. X 40. 

Fig. a - Transverse seotion through the middle of the orbltal region 
ot the same stage as Fig.5. X 40. 

Fig. 9 - Seotion through the anterior end of the ethmoId plate of the 
same stage as Fig.5. X 40. 

Pig.10 - Transverse section through the anterior end of the ethmoid 
plate of the 1.4 am. larva. X 30. 

Fig.ll - Lateral view of the a~ult skull. and anterior portion of the 
vertebral column. X 12 • 

Fig.12 - Lateral view of ossifying skull of early (1.4 ems.) larva. 
Surface view. X 30. 



Fig. 13 - Ponnat1on ot floor in ot10 region of a 1.4 ems. larva, 
dissected and viewed dorsally. The tor. n. IX is in­
correotly labeled. X 30. 

Fig. 14 - Lateral view ot the skull ot a late (3.5 ams.) larva. 
X 15 surfaoe view. 

Fig. 15 - Boof of same stage as Fig.14, disseoted and flattened 
X 15. 

Fig. 16 - Splanchnocranium ot a 1.1 oms. larva, disseoted out and 
viewed dorsally. Flattened preparation. X 40. 

Fig. 17 - Suspensorium, operoular appe.ra tus, and hyoId aroh of an 
ear~ (1.4 ams.) larva. Dlsseoted, flattened and drawn 
from the medIal surtaoe. X 25. 

Fig. 18 - Suspensorium, operoula.r apparatus, and hyoid aroh ot a 
3.4 ems. stage. Disseoted and flattened, Medial view. 
X 12. 

Fig. 19 - Visceral arohes of 1.4 ems. larva. Disseoted, tlattened, 
and vIewed dorsally. X 25. 

Fig. 20 - Visoeral arChes of a 3.5 ams. stage. Disseoted, tlattened, 
and viewed dorsally. X 10. 

Fig. 21 - Lateral view of the thirty-third and thirty-fourth vertebrae 
ot a 1.4 an. larva. X 45. 

Fig. 22 - Lateral view of the serne vertebrae in a 1.4 CIn. slightly 
more advanced larva. X 45. 

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

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

Fig. 25 - Lateral view of the thirty-thlrd and thirty-fourth verte­
brae in a 2.0 ems. specimen. X 20. 

Fig. 26 - Lateral view of the thirty-third and thirty-fourth vert­
ebrae of the adult, showing the relative size of the 
various elements. X 2. 

Fig. 27 - Dorsal view of the anterior vertebrae of an early 1.4 om. 
larva. X 60. 

Fig. 28 - Lateral view of the same region shown in Fig.27. X 60. 

Fig. 29 - Lateral view of the same region in a 1.6 om. larva. X 60. 

Fig. 30 - Lateral view of the anterior region of the vertebral 
column 1n a late larval stage (2.0 ems.). X 18. 



Fig. 31 - Lateral view of the elements of the caudal tin of a 
1.1 oms. larva. X 45. 

Fig. 32 - Lateral view of the caudal fin of a slightly later stage 
1.4 oms. X 45. 

Pig. 33 - Lateral view of the caudal fin ot a 2.0 ems. specimen. X 20. 

Fig. 34 - The terminal vertebrae supporting the caudal tin of the 
adult. X It. 

Fig. 35 - Lateral view of the early dorsal fin found in a 1.6 oms. 
larva. X 25. 

Fig. 36 - The anterIor radials and rays of the late larval, 5.1 oms •• 
specimen. X 10. 

Fig. 37 - The dorsal fin ot a 2.5 am. larva.. X 18. 

Pig. 38 - The ra.d1al and eighth ray of the do rBal fin of the 5.1 ems., 
specimen. X 20. 

Fig. 39 - Anal fin of the late larval stage (5.1 ems.). X 12. 

Fig. 40 - Lateral view of the peotoral fin and girdle of a 1.1 oms. 
larva. X 90. 

Fig. 41 - Lateral view of the peotoral girdle and f'in of a slightly 
later larva (1.4 oms.). X 45. 

Fig. 42 - Postero-dorsal view of the prIrne.ry girdle of the adul t. 
X 1t. 

Fig. 43 - Peotoral girdle and fin of the late larval stage (3.5 oms.) 
viewed from above. X 25. 

Fig. 44 - ventral v1ew of the ea.rly pelvic girdle and tin in a 1.1 
oms. larva. X 45_ 

Fig. 45 - Dorsal view of' the pelvio fin and girdle of a. 2.0 ems. larva. 
The dorsal 1epld.otricb.i of' the lett tin have been removed to 
expose the radial cartilages. X 45. 

Fig. 46 - Dorsal view of the pelvic girdle and fin of a 3.5 ems. larva.. 
The lepldotr1ohl forming the dorsal set of the lett tin have 
been removed. X 25. 

Fig. 47 - Dorsal view of the pelvio bone (basipte17g1um) of the adult. 
X 1. 
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INDEX; ':00 PIGS. 1 - 10: 

Ant.b.ten., anterior ba.sioapsular fenestra; A.o.v., anterior vena cava; 
C O"M 'W\ '" sea \I-If 

Ant. com., anterior basioapsular ~'It.I"J!I8.; Ant. fen. , anterior basioranial 

fenestra; Ant.m;yo., anterior myodome; Ant.vert' t anterior vertIcal semi-

oircular canal; Aud.oa.pa., auditory capsule; Bas.p., basal plate; 

Cer., oerebellum; Dien., diencePhalon; Eot.eth., eotethmoid prooess; 

Epb..b •• epiphysial bar; Eth.or., ethmoid oomu; Eth.p., etlmoidal pla.te; 

Ext.horiz., external horizontal semioiroular canal; Ext.reot., m. external 

rectus; F.b., fore-brain; Inf. reot., m. interior reotus; Int.ract., internal 

reotus musole; I.ob., tnternal oblique musole; Lat.wall., lateral wall about 

the external horizontal oanal; Lev.br., levator branohiae musole; Ifed.p •• 

cartilage plate medial to the external horizontal canal; Mes., mesetbmoid 

elevation; Mes.com., mesotio oommissure; Mes.r., mesotio ridge; M.o. medulla; 

N.I---N.X; oranial nerves; N.sp.l, first post-vagal nerve; Ntc., notoohord; 

0.1., olfaotory lobe; Olt.for., olfaotory foramen; Olf.org., olfaotory organ; 

Op.l., optio lobe.; Fal.b., palatIne cartilage; Para., paraohordal; Pil.ooo., 

pila ocolpl tali.; P1n. b., pineal body; Pit., pi tui tary bo<i1'; PI.ant., planum 

antorbltale; Post.b.fen., posterior basloapsular fenestra; Post. fen •• 

posterior baslcn.nial fenestra; Post.orb., postorbital cartIlage; Post.vert., 

posterior vertical 08nal; P.para., posterior portion of posterior parachordal; 

Pro.com., prootio oommissure; Reo. sao. , reoessus sacouli; S.nas., solum nasi; 

s.o., supraorbital cartilage; t.p., teotum posterius; Trab., trabecula. comnunis; 

Trab.groove, trabecula. groove; t.s., teotum synotioum; ut., utriculus. 



INDEX T2s Bas. 11 - 2p,; 

Add.mud., m.ad.duetor mand! bulae; Alis., alisphenoid; Aug't angular; 

Ant. b. fen., anterior basicapsular fenestra; Ant.Zyg., anterior zygapophysis; 

Art.hyom., articular end of byomandibular; Artle., artioular; Art.DDt., artlo-

ular portion of maxilla; Basl. br. (B. br.) baslbranchlal; Bas1hy., Basihyal; 
b 

Basl-ooc. basllooolpltal; Bulv., Jaslventral; Br., branohlostegal ray; 

Br.pro., branchial articulation; Cerato-br., oeratobranohial; Cerato-by., 

oeratohyal; Dent., dentary; Dors.pro., dorsal process of epl-hyal; Eot., 

eotethmoid; Epi.br •• epibranchial; Epi.hy., epihyal; Eplot.(Ep1.) epiotio; 

Ex.br., exocoipital bridge; Ex.ooo., exoocipital; F.n.v.vii, eto.(For.n.v11) 

foramen H.v etc.; Front., frontal; Hyom., hyomandibular; Hyp.br. hypobranohial; 

Hypohy't hypobyal; !nt.oar., foramen internal carotid artery; Intero., 

tntercalarium; Interby •• Interhyal; tnterop., interoperoular; tat.pro., 

lateral process of operoulum; ~g.ad.mnd., ligament of adduotor mandibulae 

musole; Llg.dll.operc., ligament m.dilator opercul1; Mastio., mastloato~J 

prooess of basiocoipital; Meok.oart., Meckel's cartilage; Medi.oss., median 

ossification; Med.pl., median plate of hyomandibular; Med.rod, ossifioation 

of ligament supporting the premaxilla; Meseth., mesethmoid; Metapt., 

metapterygold; Mx., maxilla; Neur., neural arch; Neur.pl., median plate in 

dorsal septum; Opero., operoulum; OrbIto., orbitosphenoId; Pal., palatine; 

Para. (Paras.) parasphenoid; Par •• parietal; Paras.r' t median elevation on 

pe.ra.sIhenoid; Phary. br. pharyngobranohlal; Hly.dent., Iharyngeal teeth; 

P.mx., premaxilla; Post.b.fen., posterior basioranial fenestra; Post.zyg., 

posterior qgapophysis; Preop., preoperoulum; Froot., (pro.) prootio; 

Pro.can., prootio oOImlissure; Pn.4. process of fourth centrum; Pro.oa.rt.,_ 

procartllaginous pharyngobranohlal; Pter., (Ptery.) pterygoid; Pt.q.b., 

pe.lato-pte17go-qua.dra.te bar; Quad' t quadrate; Reo.sao., reoessus saoculi 



Host. oe.rt., rostral oartilage; Soap., soaphium; Sphen., sIilenotlo; Sup. 000. t 

suprao oelpi tal; Sub-op., suboperoular; Symp1., symp1 etl 0; Trip., trlpus; 

Vert.1 - 4, vertebral centra 1-4; VOe, vomer; Vo.or., vomerine cornu. 



INDEX TO FIGS. 21 - 30: 

A.B., air-bladder; Ant.cart., basldorsal, centrum 2; Ant.lat.oss. 

(neur.pl.l), anterior lateral ossification of neural cartilage; Ant.med.oss. 

anterior median ossification of the neural cartilage; Ant.pl.pro.4, anterior 

continuation of the ventral prooess ot the fourth centrum; Ant. zyg. t anterior 

zygapophysis; Basld., basldorsal; basloco., basioooipital: Baslv., basl­

ventral (B.v.); Cent., centrum; Cr.cav., oranial oavity; C.s.l., cavum sinus 

impar; Dors.bent., dorsal longitudlnal septum; Dors.llg., dorsal longltud­

inal llgament: Exooc., exooclpl tal; Exooo.pl., median plate ot exoccipl tal 

rooting the o.s.l.; Haem., baemal aroh; Haem.ap., haemal spine; Int.a. inter­

vertebral space; Interc., intercelarlum; Inter.oart., "Interspinous cartIlage"; 

LIg., ligament conneoting the Weberian oss101e8; L!g.zyg., ligament pre­

oeding the ant.zyg. of the anterior vertebrae; Mastio., mastioatory process, 

Med.oss. t median ossifIcation of neural cartilage: Med.pro.4, median ventral 

process of the fourth oentrum; Neur •• neural arab (3,4.eto.); Neur. cart •• 

neural cartilaginous roof; Neur.pl., dorsal pla.te of neural ca.rtilage; 

Neur.sp., neural spine; Pleur., pleural rib; Post.z,yg., posterior z.1gapophysls; 

Pro.2, (Trans.pro.2), (and 4), baslventral elements ot oentra 2 and 4; 

Reo.sao., reoessus saoculi; Rlb.vert.5. pleural rib ,fifth centrum; Sac., 

saoculus; Soaph., soaphium; Teot.syn., tectum synotloum; Trip., tripus; 

vent. pro.2, ventral process seoond vertebra; Vert.l,2, eto., oentra ot 

first, seoond vertebrae, etc. 



INDEX TO FIGS. 31 - 34: 

Aot., aotlnotrlah1; Ant.pl., anterior plate; Haem., haemal 

arab.; Hyp. cart., hypural oartl1ages; Last. oent., terminal "oentrum"; 

Haem.sp., haernal spine; Le.t.wing, lateral process; MaJ.ray., maJor 

unbranohed ray; Neur., neural arab; Nto., notoohord; Bad., "radial"; 

Rud.ray., rudiment8.l7 ~; Uro., urostyle. 

INDEX TO FIGS. 35 - 39 

Aot., aotlnotriob1; Ant.pl., anterior plate; Ant.pro., anterior 

prooess; Dep.m., depressor musole; Dist.seg., distal segment ot radial; 

Erect .m. t ereotor muscle; Lap., lepidotri ohi; Lig' t ligament; M:l.j. ray. , 

major, unbranahed ~; Med.pro., median process; Med.oss., ossifying 

median segment; Med.seg' t me.dIa.n segment of radial; Post.pl., posterior 

plate; Post.pro., posterior process of foot of r8¥: Prox.cart., proxbnal 

cartIlage of ~dlal; Prox.oss., proximal ossification of radIal; Rad., 

radIal; Rud. r81" , . rudimen tary ray. 



qt). 

INDEX TO FIGS. 40 - 47: 

Act., aotinotrioh1; Ant.pl., anterior plate; Art., articular 

portion of transverse bar; Cl., oleithrum: Cor., ooraooid; Cor.cart., 

coracoid cartilage; Dors.lep. t dorsal set of lepldotrlohl; Dors. tub., 

dorsal tubercle; Exooo •• exoooipltal; Foot., transverse portlon of 

olelthrum; Glen.f., glenoid fossa; tat.pl •• lateral plate; Lep •• 

lepldotrloh1; Maj.ray., major, unbranched ~; Med.pl •• medlan plate, 

Mesoo., mesoooracoid; Mesoc. for., meaoeoracold forsmen; Myos •• myoseptum; 

Nto., notochord; Otio reg., auditory oapsule; Pelv.b., pelvic bar; 

Pelv.cart., pelvio cartilage; Pelv. pro., pelvio process; Post.cle., 

post-oleith~; Post.lep., posterior set of lepldotrioh1; Post.oco.royo., 

first post-occipital myotome; Post.pl., posterior plate; Post.t., 

post-temporal; Pro.cart.rad., procartilaginous radial plate; Rad.l. 

Bad.2, eto., radials; Reo.sao., recessus sacculI; Soap., scapula; Soap. 

for., scapular foramen; SUp.ol., supraolelthrum; t.a. teotum synotlcum; 

Vent.lep., ventral set of lepldotrlchl. 
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