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Eend Jurio 4, 

111 a p p e r '  on the cartilage plates which are developed in tlis 
region of the lateral line of shad, I called attdntioii to tlic evi- 
dence of the concrescence of the anterior body segments, iind 
tho following notes are an outliiie of some of the results ob- 
b i n d  while studying the effect of such concrescence on the in- 
tornnl skeleton. 

Beginning with the anterior vertebral elements we find that 
the  cpipleurnls have disappeared, the ribs and epicentrnls of the 
same segments htwe coalesced, and pnssitig forward are crowded 
closely together in the region of tho osoccipitals and opis. 
thotics ; while the cpineurals are similarly crowded against tho 
posterior part of the oxoccipitals and the supraoccipitnl, upon 
the epiotics and the pterotics, and agninst the pnricto-frontal 
ridge. 

The centra of the corresponding vertebrm have either entirely 
dieappeared, or have united with tho basioccipital. The lateral 
walls of the skull, which are formed by the bones of the ear 
capsules, are very thick, as is also the suprnoccipital. 

Tho parietal bones are wanting, and in  place of them is seen 
on each side of the skull a large foramen which opens directly 
into the brain cavity. On top of the skull an each side is tr 

deep depression extending laterally into the suprnoccipital, 
epiotic and ptorotic hones. The outer lateral and posterior part 
of the depression deepens, forming a pit which burrows down 
into the exoccipital bone. I n  some specimens I could pass' IL 

bristle down through this pit into the brain cavity, though in 
most of the specimens emmined there ~'iil6 no connection. 



11. Frontnl. 
b. Suprnoccipitnl. 
c. Sphenotic. 
11. Prootic. 
d' Auditory Cnpsule. 
e. Rnsioccipitnl. 
f .  Pterotic and Opisthotic 
g. Epiotic. 
h. Exoccipitnl. 
i. 

1 .  Pnrietnl fornmen. 
2. 
3. 
4. 
6. 
6. 
$. 
8. Cavity in 1)asioccipital. 
0. Exit for r n p s .  
10. Exit for seventh ncrws. 

Cartilnginous rib-like rod, ccttnclled to mcnibrnu~ioiis wnll of cn\<tj' in 
bii9i-occipitnl 

Depression renching down into cxoccipittil. 
Fncet for nnterior head of the Iiyoriiirndibulnr. 
Fncet for posterior lieitd of liyomnndil~ulnr. 
Fornnieii Icuding into nnterior nuditorycllamber. 
Smtill fornnlrrl leading into siinie chnmber (not described in text). 
Fornmen in ptcrotic, lending into snmc clinmlier. 

The liyornaiidibular articulates with the skull by two liead4 
widely separated, the posterior bejug much elongated and in 
aome specinlens showing :I dirifiioii into two parts. A s t u d  
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mernbrunc bonc’ lying between tho heads of the  Iiyomnndibular, 
contnins n cnnal which comml?nicatcs with n foramcu lying 
p ~ t l y  i n  the splienotic, and partly in the pterotic and opistliotic. 

‘l’liis foramon opens into a jn rge  chamber lying in the prootic, 
the sphenotic, pterotic, and opisthotic, irnd opcniug below into 
t h e  brain cavity. It contains a large membrnneous snc, which 
receives n brnncli from the oigh th ncrvc. I n  the pterotic, just  
bcneath tho post-temportil is a l ~ g e  foramen opening into this 
chtrmbor, and cornmunicnting also with t~ cnntrl i n  the niembraue 
bones of tlie pectoral arch. The prootks are co-ossificd i n  tlic me- 
dian line and form tho anterior part of the floor of tho cranium. 
In the centre of each bone is n largo osscousct~psulc contiiining n 
mcmbraiieous sac, which receives n bwnch from the eighth 
nerve, the bniiich passing through nn oblong slit i n  tho cnpsalo. 
This slit, is tlic only opening tha t  I could find commnnicatiug 
wi th  the interior of the  capsule. This capsule and thc  chiumber 
described nbovc, with their contents, I s h d l  designate as tlic 
mlerio? auditory rtpl)aratus. 

Covering the c~ipsulc nearly, if not outirelj, is a plate of cart- 
ilage whicli extends bnckwlird 011 the  floor of the crnninrn to tlie 
occipital forgmcn. It is perforRtcd for the p;issage of tlic c r m -  
i d  nerves, nnd gives off, proceaes in the slitrpe of cartiIa,’ wnoua 
rods, which pass into thc bones of the ciir cupsulo with the ex- 
ception of the prootic aud sphenotic, with which they liavo no 
connection. Similar processos completely surround the  occipital 
foramcn. 

1’0 tlie bnse of tho cartilage plate on cnch side is attticlied 8 

membraneous sac, containing a n  otolith. The  SQC is lodgcd in 
a cavity in thc  basioccipitnl. T h e  ext.crna1 Ibteral wall of the 
cavity is, in most of the specimens, of meinbrnnc only, and close- 
ly applied to it, on the  outer side, is t( rib-like rod of cartiluge 
which piisses downward and backward, mceting its fellow below 

’ 

’ This bone probably represents the squamosal of higher types. The 
membrnne bones of the pectornl arch in the Teleosta, and probably in all 
fish, may be derived from laternl line scales. The operculnr apparatus 

probably derived from sirnilnr scales. 
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tlic dorsiil iiort:r in front of thc mtcrior cxtrcmity of tho riir 
bliidder, w i t h  wliicli it is cohiiectcil.' 

'i'lic ciirtiluginons procesfies wliicli pms out from tlic cartilago, 
plnte on tlic crirniiil floor, lire occasionnlly continuous with it, 
bu t  i n  niost. ciiscs tlicy articn1iit.e with it, mid with ciicli other 
in sonic instiinces. Sonie of the process arc iloublo, othors are 
rudimciititry. \i'licn rcmovcd from tlic b6iies in  wliich thoy nre 
imbedded, tiicy present, with some modificntioiis, tho foi-m of 
tlic rncnibrniicous Inbyrintli' of other fish, m d  in conscqiicncc, I 
hiive designiitcd tliem, with the niembrrtncous sac nttnchcd to 
thc cnrtiluge pli!tc ns thcpostorior nuditory nppnrntus. By cnrc- 
rill csnniiniit.ion, I nni sntififiec~ tha t  tile cartilage plate nnd its 
~ ~ O C C E S C S  represent neiird nrclies :mil cpiccntriil~, iind that the 
crowding togetliar of the iriitcrior body segments lliis resulted in 
:t conlescence of the anterior vcrtebrnl elements witIi tlic pos- 
terior cixniul bones, nnd a consequent modification of tlic orig- 
inal auditory app;irntus :tiid thc  formntion of :i sccoiiduy one on 
t,he priniitivc type. 

'l'he ihsorptiori or non-developniciit of cnrtilnge iii the pro- 
cesses above described would give us n membmncous labyrinth 
of the usnnl type, :ind tlie mimner in wliicli such n structure 
could bc formed ig t,hiis strongly indicated. Such :m origin 
would give good reason for regarding the miditory appnrnt,us of 
the  Cyclostomatn 11s tlic most primitive known among vertc- 
brrites. 

-- 

J The coiiilucction betxvwn the air blndder nnd the nnditory nppnrntus 
Y t y r n H  to be very priniitive in tile Slind, and is very interesting, The mod- 
ificntioil of the nnditory nppnnrtns will be denlt mitli in greeter dctnil in 
connection with a description of the nervous Rpsteni now in prepnration. 




