
(Plates XX1X.-XXXII.) 

Read June  15th, 166.5. 

Ijztrodztction. 

‘rHAT both eyes of a Turhot, or of the Pleuroneclidze generally, are situated on 
one side of the head is a fact long interestiiig to  naturalists in connexion with the 
peculiatr habits of these animals. It also affords an interesting field for the anatomist 
and embryologist to ascertain what relation this asynimetry bears to the morphological 
pian of the fish-hcad in general. 

And indeed, if we merely look at the exterior of such a fish as the Turbot, the 
manner in which the transposition of the eyes has been effected is not very apparent. 
It is, it is true, easy enough to imagine that the mesial line of the top of the head has Been 
simply twisted over to one side, carryingwith it the eye of the opposite. But the dorsal 
fin, wliich stretches all along the back in what is assuredly the mesial line of the fish, 
extends also uninterruptedly in the smie straight line 011 t o  the head, beyond the eyes, 
and between the nostrils to nearly the end of the snout. I f  the mesial line of the top 
of the bead has been twisted, why has such a distinctly median structure as the dorsal 
fin not undergone the same process at its cephalic extremity ? 

Or we may imagine that, in early development, one of the eyes has passed bodily 
through the head till it Elas reached that side where boih are now found, and where it has 
formed for itself a new and anomalous orbit--a vim- which, it must be confessed, grates 
a, little against most of our preconceived morphological ideas. 

It is 
only by means of anatomical and embryological research that we can gain an insight 
into the true state of the case. 

Autenrieth is the olclcst writer 1 have found who alludes to  the subject anatomically, in 
a paper on the anatomy of the Plaice, published in the year 1800 *. His remarks on the 
osteology of the Plaice, however, are meagre ; and his theoretical conclusions must appear 
to us now-days absurd, for he accounts in the following manner for the position of both 
eyes on the right side of the head. PIe says, ‘‘ The examination of the skeleton shows 
us that the entire left side of the fore payt of the cranium is, in reality, wanting, and 

But from what we see on the outside of the fish we can only rashly speculate. 

;x: Bemerknngen iibpr den Bau der Scholle (PIeuronectes pbatessa) insbesondere, und den Bau der Fische, haaptsich- 
I n  Wiedemann’s ‘ Archiv fur Zoologie und ZOO- lich ihrcs Skelets im Allgemeinen. 

tomir,’ ‘d‘heil i. 1800, S. 47  e t  sey. 

Von Dr. J. PI. P. Autenrirth. 

VOL, xxv. 2 P  
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that nature, in order iiot t o  lose an eye, was necessitated to  put it into the llollow of 
the right cheek under the single remaining orbit.” 

Rosentlial (Ichtliyotomischc Tafcln, Berlin, 1812-1828), a little more rations1 in his 
ideas than Autenrieth, held the upper eye of tlic Floundcr to be that of the left 01’ now 
eyeless side, but accounted for its getting to the right side by su1)posiiig its being 
thrust through the head, and getting “ placed between the long proccsses of tlnc frontal 
bones after the manner of Cyclopcan malformations.” The view 11 liich oceLu.red to  hiin 
is then in accordance with the second theory suggested in the begiiiiiing of‘ this paper, 
hut i7Thich a careful examination of the osteology of a series of different species of fiat- 
fish will easily shorn to  be untenable. 

It is, howcver, to  i\lecliel* that we owe most of our previous knowledge of tlne sub- 
ject. He recognized correctly the hoil1ologies of the various cranial bones with those of 
the syminetrical fish, and was undoubtedly the first who saw clearly that, according to 
the first theory already mentioned, the two eyes of the flatfish are brought round to one 
side by a twisting process; but his notions as to  the prolongation of the dorsal fin 
dong  the head are unsatisfactory, as we shall see afterwardst. 

Van Benedcn, in 1553, published a paper $, the first in which, so far as I Iiiiow, noticc 
has becii taken of the development of the Pleuronectidz. I n  this paper he has de- 
scribed a young Turbot taken probably soon after its extrusion from the egg, and in 
which that stage of development does not, seem yet to have been reached when the cyes 
becoinc both placed on one side. “ I n  this young fish the iiiouth is perfectly synime- 
trical; the eyes are still on the two sides of the head, but the left is about to  pass over 
to  the right side ; the nostrils are still symmetrical. The rays of tlie dorsal fin only yet 
descend to the middle of tlie cranium ; afterwards they slretch on in fiont of the eyes ; 
but it is necessary first that the twisting of the head should have taken place on the 
vertebral To these observations he adds the result of some made “ o n  a 
Turbot of nearly adult size, in which the process of torsion is arrested when the eye has 
arrived at the middle line. The rays of the dorsal fin have not yet descended to more 
than in the embryo described ; the two sides are equally coloured.” I n  remarking upon 
this paper, I may say that here, for the first time, do we find distinctly announced tlie 
fact and doctrine that the dorsal fin is not primarily advanced so far forwards on tlic 
head as we find it in the fully developed fiatfish, but that it advances after the egc fins 
turned round, and then it proceeds straight forwards, regardless of the deviation of thc 
original mesial line of the head. Thus we are afforded at ready and rational explana- 
tion of the difficulty which met us at first, namely as to  how, if the middle line of the 
top of the head has been twisted over to one side, the dorsal fin, a mesial structure, has 
not followed that twisting. Van Beneden, however, is not the first t o  notice an occa- 
sional condition of the adult flatfish resembling that which he has described in his 

8 Syst. der vergl. Snatomie, Theil ii. : Halle, 1824. Meckel’s first observations on the subject appeared in a paper, 
L‘ Ueber die seitliche dsyrnmetrie im thierischen Korper,” in his ‘ Anatoniisch-ph! sioiogixhe Untersucliungen,’ Iialk, 
1822, a work which I have not had an opportunity of seeing. 

$ ‘( Note sup la Syrnhtrie des Poissons Pleuronectes dans Ie jeune Bge,” bli:1. des Sciences Satiirellcs, 3‘ a ( h ,  

xx. pp. 340-342. 

+ See p. 287, note. 
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embryo * ; but he semis to  iiie to he the first to appreciate the morphological - value of 
such phenomena. 

But very recently Stmistrap has revived the theory of Rosenthal, that the upper eye 
has passd tlirough the hf ld  to  the place it now occupies, and that this ‘‘ migration ” of 
one of the eyes has liad a much more important share in bringing ahout the ocular 
traiispositioii than any slight twisting that may have taken place +. Accordiq to  his 
1-icws, “The eye, at an carly stage, must have quitted its primitive position, and, 
directing itself upivards aiid towards the interior, pierced the vault of the craninm con- 
stituted above tlic eye by the frontal bone, and formed for itself a new orbit, whether on 
the internal region of the frontal bone of the same side or between the two frontals.” 
I n  support of this theory, he refers t o  the appearances presented by several very in- 
teresting young Pleuroncctidz, each about an inch long, brought from various localities 
in the Atlantic, and ckposited in the Museum at Copenhagen, and directs especial at- 
tention to  one in wliicli on(: eye sceins to  be arrested in the process of piercing the head. 
I n  addition, %!I. Steenstrup reniarks that the osteology of the head of the adult flatfish 
confirm his view of the process of ocular transposition in the embryo, Like Rosenthal, 
he compares the head of a flatfish to that of a Cyclopean malformation, and affirms that 
the position in which we find the upper eye is not honiologous with that occupied by the 
lower, nor with the orbit of  any other fish or vertebrate animal in general. 

I can only say that the results of my own investigations do not agree with those state- 
ments of the above-quoted distinguished naturalist. What the views are which I have 
adopted will appear in the following paper ; mcanwhile I will only remark that the ap- 
pearances presented by the cranium of the adult flatfish seem t o  me to be at complete 
variance with any theory that the two eyes of these aniinals occupy morphologically 
different positions from each other. I n  this communication I have named the bones 
according to  the nomenclature given in Professor Owen’s Lectures on Comparative 
Anatomy ; ’ but, in doing so, I do not wish to  be considered as committing myself to any 
of the general morphological ideas which may be associated with that nomenclature. 
Bones must, however, have names ; and so long as our iiivestigation does not trench on 
the general question of the homologies of the vertebrate skeleton, one system of names, 
provided it be widely known, may be used as advantageously as any other. 

I. 0 1 2  tJhe Cranium of the Plezworzectidg. 

I n  studying the cranium of the flatfishes, we must take into account the cartilage and 
meiiibrane, which form morphologically as integral a part of the skeleton as the bones 

* Cases of similar monstrosities or arrestments of deielopment had been previously recorded, by Donovan as 

t J. Japetus Sm. Steenstrup “ Om Skjacvheden 110s FIJ ndcrne, og uavnlig om Vandringen af det b r e  6 i r  
Saerskilt Aftryk at’ Oversigt over d. 

“ Observations sur le Ddveloppement des Pleuronectes,” par bf. Steenstrnp (Annales des Sciences Naturelles, Pariy. 

The former of these two papers, being writteri in the Danisli language, I have not yet read. 

“ Pleiironectes Cyclops,” by Schleep as “ Rhombus masimus duplex,” and by Yarrell. 

fra Blindsiden ti1 Giesiden tvers igjennend Hovedet.” 
K .  D. Vid. Selsk. Forhandl. i .  Nov. 1863. 

KjGbenhaYn, 1864. 

h-ov. 1364). 

2 P 2  
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themselves. It will also be necessary to compare the craiiiuiil and its parts with that 
of a symmetrical fish ; and, for this purpose, we niay sclect the cranium of the coininon 
Cod (Gaclus nzowluccc), a fish belonging to the same suborder (hnscanthina) of the Telostei 
as the Plcuronectidz. As a standard for such comparison this cranium will do very well, 
the differences between its plan of structure and that of the flatfish-skull being really im- 
material. 

I n  such a cranium (Plate XXIX. fig. 16) we find three principal parts, each connected 
with one great organ of special sense. 

1. A posterior cavity (z) containing the brain and organ of hearing, this cavity being, 
in the inacerated skull, widely open in front, and showing a “foramen magnum ” be- 
hind for the exit of the spinal cord. Into its composition enter the basilar, exoccipital, 
paroccipital, supraoccipital, petrous, inastoid, orbitosphenoid, alisphenoid, part of the 
basipresphenoid, and part of the mid or great frontal bones, also a considerable 
quantity of unossified cartilage. 

2. A middle or interorbital part (Y), consisting of part of the frontal bone above, part 
of the basipresphenoid below, with a fibrous membrane (the ‘‘ septum interorbitale ”) ex- 
tending vertically between them. This sepbum is formed by the coalescence of two 
fibrous laminae, which close to a considerable extent the anterior opening of the brain- 
case, and also complete a groove on the under surface of the frontal bone into a canal 
which continues the brain-cavity as far forwards as the nose, and lodges the crura of the 
olfactory bulbs. Note, that while the basipresphenoid below remains a narrow bar, the 
frontal bone above forms a large broad arched plate, which both contributes to the general 
stability of the cranium and forms very efficient roofs for the orbits. 

3. An anterior or nasal part (x), which contains no cavity, but presents two openings 
for the olfactory nerves-one on each side of a central mass of cartilage. This part of the 
cranium consists of four bones-the vomer below, the nasal bone above, and the txo  pre- 
frontals on each side, each of which is notched internally for an olfactory nerve. All 
these bones are supported by the central mass of cartilage already referred to. 

Another well-known circumstance in the structure of the skull of the Cod, as of other 
fishes, must be noticed, vie. that, when the individual bones are disarticulated, certain of’ 
them can be removed without in the least interfering with the primordial cartilage, of nrhicli 
a consiclerable quantity still remains. I n  the Cod these superficial bones, or “ Deck- 
knochen,” are invariably the vomer, the basipresphenoid, the frontal, the parietals, and 
the petrosals. The other bones are so intimately connected to the cartilage, that they 
cannot be separated without tearing it and carrying away pieces of it in their substance. 
They are the basioccipital, paroccipitals, exoccipitals, supraoccipital, mastoids, post- 
frontals, alisphenoids, orbitosphenoids, prefrontals, and nasal. 

Tiic only differences worthy of note between the general plan of the Cod’s skull as 
h Pil-en above and that in the flatfishes are, that the two halves of the single frontal bone 
in the Cod arc represented in the latter by two distinct bones, and tbat in the flatfishes 
tlic meml)rnnous interorbital septum contains no  tuhular prolongation of the brain - 
cavity. I n  the Pleuronectidae and in the Gadid= the relations of’ the bones to the 
cartilage are identical. 
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One of the simplest crania to  be met wit11 among the ~ ~ l e u r o n e c t i ~ ~  is that of tIlt1 

TU‘bot (Rl/ ,Oli lb!LS 7?ZGcXiI1LllS), O f  \Vhich illuStratiol1s are given in plate XxIx. fig$. 
1-7). somcw-hat pointed in front, 1)rcs~lts 
superiorly a lo11 yitudinal ridge (iig. 1, P) which, thougll coli1nlencing posteriorly in the 
lllidth h e ,  does not d i V i d C  the liead into two equal parts as it advances. 011 the coil- 
trafp, the anterior l);”t of the cranium is broader to  the left than to the riglit of this 
ridge, O r  of its S U p p O S C d  continuation forivads in a straight line ; and this happens both 
Imause the sltull anteriorly is aclually coi1sicleral)ly broader 011 the left than on the right 
side, and because the ridge itself deviates a little, though very slightly, towards tlle right 
side. Posteriorly w e  at 
once recognize the brain-cavity, wit11 its foramerr magnu~n for the exit of the spinal 
cord, and various otlier foramina for cranial iiwves. In front of the brain-cavity, and to 
the left side, is an oval orbit (B), mhieli lodges tlie upper cyc, the lower eye lying €rec* 
liciieatli tlie l o m r  lioiiy lriargin of that orbit. In  front of the orbit we recognize thc 
nasal part of thc cranium, with its two olfactory foramilia, one on each side of the central 
cartilage (A). 

On comparing this craniuni wit11 that o€ the Cod, we ollscrve that while in the latter 
the anterior and posterior parts of tlic skull are connected by two bars of bone-an 
inferior narrow one (basipresphenoid) aiid a superior flattened arch-shaped one (frontal) -- 
we have here three bars, the two upper bounding l~etmecn them the orbit for the upper 
eye. To the left of these two bars, which foims the lower boundary of the orbit and lies 
between the two eyes, I shall give tlie name iizterocziZcrr; and to  the other one, which 
bounds the orbit on the right side, and proceeds formard in tlie apparent middle line, I 
give the name pseudo-mesial. 

In  the Turbot and its congeners the eyes lie bcJth on the left side usually-the upper 
one in the orbit, the lower free beiieatli tlic lower niargin of that orbit, formed by 
the iiiterocular bar. As, however, in some other groups of flatfishes the eyes are usually 
on the right side, t o  prevent confusion I shall, in the description of the bones of the 
flatfish-head, abandon the terms ‘‘ right ” and ‘‘ left ” altogether, and use instead the 
terms ‘‘ eyed ” and “ eyeless.” 

Proceeding now to  dissrticulste the Turbot’s cranium, we find that posteriorly tht. 
bones are very little altered in their symmetry. 

BusioccipitccZ( 1 ). The long axis of this bone is soiiietvhat obliquely placed as regards 
the transverse plane of the disk on its posterior surface for articulating with the first 
vertebra, pointing a little towards the eyed side. 

This cranium, t1’unCatd behind and 

This ridge supports the cephalic continuatiolr of‘ llie dorsal fin. 

Exocc$itctZs ( 2 ). Very syiniiietrical. 
Parocc&tccls ( 4 ) .  The posterior projecting proccss is often longer on the eyeless 

Alisphenoids ( 6 ). Very symmetrical. 
3Iastoids ( 8  ). Very nearly equal in size and conforimtion. That of the eyeless side, 

Petl-osnls (16). These hones are much smaller than in the Cod, and lie quite super- 
That of tlie eyeless side is in the Turbot a l ~ a p  larger than the opposite one, 

side. 

however, is generally a little longer than that of the eyed. 

ficially. 
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aiid accordingly on the outsiclc of the sliull covers up more of the mastoid and exoccipital 
bones from view. 

The P o s t f i * o n t n l ( ~ ~ )  is longcr on the eyeless side, and its long axis curves a little 
round to  tlie eyed side. 

Pcti-iekils ( 7 ) .  As in the case of the postfrontals, the parietal of the eyeless side is 
uonsideraldy loiiger than its fellow. Tlie difference is best seen when the boncs arc: 
dim? iculatcd. 

The bones enulinerated in  the last paragraph show but little in regard to the spinmetry 
of the head. In those next to  be noticed, the indications are more decided. 

~nsi-23res21l~eizoicl ( 5 ). This bone is slightly bent tomards the eyeless side, a little 
behind its middle. The posterior 
flattcned part, which overlaps the basioccipital, is symmetrical. Tlie middle part presents 
above on cadi side an ascending laminar process or wing, wliich bounds laterally a 
channel lodging tlie origin of the eye-muscles, this channel, howcver, passing obliquely 
across the long axis of the bone from the eyeless towards the eyed side. The anterior 
part, which receives the pointed end of the vomer, is apparently twisted on its long 
axis up towards the eyeless side, this appearance being principally caused by a greater 
rlevelopment in a more vertical direction of that side of the bone. 

Orbitosplwnoicl (10). On the eyeless side this bone is longer than on the eyed side ; the 
direction of its axis also agrees with that of the eye-muscle canal of the basi-presphenoicl 
in  pointing obliquely across to the eyed side (see Plate XXIX. fig. 3), the part shaded 
with horizontal lines indicating the cartilaginous tips of the bones. 

The SzqwccoccipitccZ(3 ) presents a scale-shaped (‘ body,” forming part of the roof of 
the cranial cavity, surmounted by a very prominent ridge or spine. The flattened part 
is tolerably syiametrical ; its long axis, often slightly curved, points, however, to the 
eyed side ; hut the spine (p), though commencing posteriorly in the middle line, passes 
forwards, with a slight deviation towards the eyeless side, impinges on the frontal bone 
of that side, and, if continued further forwards, would pass quite by the eyeless side of 
the orbit. I ts  direction, though thus slightly deviating, is, however, nearly in the middc 
line of the top of the head. 

The supraoccipital bone is thus very unequally divided, the larger moiety being on 
the ocular side. 

If now, before we proceed further, we turn to Plate XXIX. figs. 2 and 3, we shall see 
that, although the basal keel of the cranium is continued forwards in nearly a slraight 
line, the long axis of the cranial cavity, which that keel underlies, points round to the 
cyecl side, anteriorly crossing that keel at an angle. This is well illustrated by the 
structure of the basi-presphenoid bone itself ( 5 ) where the eye-muscle channel, which 
is simply the lower part of the cranial cavity, crosses the long axis of the bonc. This 
also explains the reason why several of the cranial bones, as the parietal, mastoid, post- 
frontal, aiid orhitosphenoid, are longer on the eyeless side, simply because they have a 
longer extent to  traverse, as is illustrated in the accompanying diagram (fig. 1.) 

Notice also that, although the long axis of the supraoccipital bone follows the general 
twist of the cranial cavity in pointing towards the eyed side (indicated by the dotted 

(See fig. 3, Plate XXIX.) 

For description it may be divided into three parts. 



occipital, mhich also supports the cephalic prolongation of the dorsal fin, tlie i \ %  

1, name “ pseudoinesial.” 
\!< 

represented the cmrse of the iiiorphologicd middle line by a dotted line. That ,, _ -  ’ 
this is the true morphological middle line, and that the interocular bar is the @ (@ 
only and complete homologue of the frontal arch in the Cod, is proved simply ‘\, 
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thc interocular processes of the frontal bones, till tlley elid in the nostrils and front of tll(1 
snout. 

The main slime-canals, one for either side, wllich in tlic Cod pass betn-ccm the eytls 
over tlic frontal arch, here pass between the eyes along t,hc intcmcular bar, being ~11an- 
nelled out in the interocular proccss of its corresponding frontal bone. (See Part 111. 
of this essay.) 

But  hat, thei?, is tlic pscu'doiiwsial bar or bridge in the Turbot's cranium, if the inter- 
ocular lnar be the complete represeiitativc of the frontal arch in the Cod ? This me shall 
see 1)reseiitly. 

We now come to  the anterior or nasal part of the cranium, characterizcd by two 
olfactory foramina, of ~ h i c h  that of thk ocular side is more anterior than tlie other. As 
in the Cod, this portion of the craniuni consists of a central piece of cwtilage, support- 
ing four bones, the voiiicr below, the iiasal above, and the two prefroiitals, one on each 
side. 

The Cm+ilage.--This portion of cartilage (A, figs. 1-5), more extensive than the 
corresponding renanaiit in the Cod, appears as a very rudely cyuadrangular plate with a 
large hole through its middle, connected to bones all round its edges, save the concave 
posterior one, which is continuous with the fibrous septum between the cyes, already 
referred to. On each side of it an olfactory nerve passes to  its corresponding olfactory 
foramen in the direction indicated by the bristles in Plate XXIX. figs. 3-5. It there- 
fore indicates the morphological mesial plane of the anterior part of the cranium, and 
would he vertical mere it not for the tvisting over to oiie side which has occurred. It 
rests beneath 011 the basi-presplienoid and vomer; in front it supports the nasal bone 
(15), and laterally, round its anterior inferior angle, it is intimately connccted to  the 
prefrontals (14' & 14), one on each side. Above, the anterior extremities of the inter- 
ocular processes of the frontal bones rest on it, as follows :-A longitudiiial notch divides 
the upper edge of the cai*tilage into two unequal pointed processes (g & h, Plate XXIX. 
figs. 3-5). Of these, that of tlie eyed side (g), by far the largest, is lodged in a hollow 
on the under surface of the stout interocular process of the frontal of the same side, and 
supports also the posteriorly directed process ( a )  of the corresponding prefrontal (14) ; 
the other one (h) is sirniltirly related to the elid of the slender intcrocular process of the 
frontal of the eyeless side, but is not touched by its prefrontal, save at its very base. 
Now this notch, sepzrating those two processes, as it indicates the line of separation 
between the intcrocular processes of the two frontal bones, must likewise indicate the 
morphological middle line of the cartilage ; so that here we have a mesial cartilage, not 
only unsymmetrical in its position, but also in tlie development of its two sides, the 
greater development being on the ocular side of the fish. 

Yonzer(13). The posterior part of the vomer, Mihich fits into a groove on the lo-cver 
aspect of the basi-presphenoid, is more developed on the eyeless than on the eyed side ; 
on the eyeless side also the ala for articulating with the prei'rontal is larger, and projects 
more vertically upwards than on the oppositc side ; so that, like the anterior part of the 
basi-presphenoicl (p. ZGS), the vomer has slightly the appearance of being twisted up on 
its long axis towards tlie eyeless side. I n  outward form, howel-er, the head of tlie bone 
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which hears the vomerine teeth (Plate XYIX. fig. 2) docs not participate 11incl1 iii tIlis 
apparent twisting. 

NcclstcZ ( 1 5 ) .  This bone is tolerably sjxitiietricd as regards the tkwlop~lic~it  ol' its t n  (, 
sides. In  front it presents a deep transwrac iiotc11, a t  w h i ~ ~ l i  lmiiit tlic 1)onc: is sl;q;l,tlS 
bent, the concwity being towards tlie ocular sick. TVe IN\ e tlicn the nasal proiiiin(;llpc 
divided into two parts by the aforesaid notch, the upper ( i ,  jigs. 6 & 6, I%tc S X I s . )  
giving attacliineiit to  ligaments coiinc>ctecl with tlic maxillary boiies, ant1 coiztil1l~il~~ 
forwards the direction of tlie still obliqne iiiorpliologicd middle line ; tlw lon-er :inti 
anterior (h)  forming an articular ridgc, on wliicli the intcrmnsillary nodule of carti1;lgyb 
glides clown wards and u p m d s ,  and forwards and bacliwartls, as the j a m  opcn antf 
shut, eoiiicidcs in its direction with the pscucioiiicsid line also ; so tlltit the notch IIC- 
tween tlicsc two prominences of the nasal boiic is the point where the morphological 
middle liiie again returns to the apparent iiiicldlc liiie of the top of tlie lleatl (see 
Plate XXIX. fig. 1). 

The two p~@?-ontuZs are a t  oiice linown by tlic notch borne by each, aiicl which is COM- 

pleted into an olfactory foramen (c) hy the contiguous nasal hone. 
The p q f r o n t d  of the eyed side (14') is somewhat triaiigular iii shape ; anteriorly and 

to the inner side it presents the notch already spolieii of, articulates with tlic nasal bone, 
aiid touches the primordial cartilage. Below the olfactory iiotch it is extcnsidy con- 
tinuous with tlie p~imordial cartilage, and also sends clonm n proccss (c) which articulates 
with the corresponding ala of the voiiier. Opposite tlie olfactory notch, and on the outer 
side of the bone, is a prominence (e) to n-hicli the anterior suborbital b o m  of that side is 
attached ; and posteriorly a pointed process ( C L )  is seiit back, which articulates with the 
interocular process of the correspondiiig frontal bone, and rests internal1 y on tlic primor- 
dial cartilage wliich forms the anterior part of the '' septmii iutcrorl,itale '' (see p. 266). 

The pmfi.ontaZ of the eyeless side (14 )  is much larger, and of a rudely quadrangular 
shape. Aiiteriorly it is similarly related t o  tlie iiasal bone, aiid presents tlie same olfactory 
iiotcli that mc saw in the other bone. The same process (c) is sent clowiimarcls and for- 
wards to articulate with the voiner ; and a11 additional one (6) is sent don-iiw-ards and 
backwards to articulate with the basi-presphenoicl. But the great mass of the bonc 
projects backwarcis in a great flat quadrangular process (f), n.?iich, iiistcad of articu- 
lating with the interocular process of thc frontal of the cy less  side, as the posteriorly 
directed process (a )  of the other prefrontal docs ~vi i l i  its corresponding frontal, passes 
round tlie other side of the orbit, and, joining tlie csteriial angular process of tlie frontal 
of the eJ-eless side, forms, with it, the pseudomesial bar of tlic craniuni, which bounds 
the orbit on the eyeless side. 

The orbit which contains tlie upper eye, then, is boundcd posteriorly and 011 tllc outer 
side by the interocular process of tlic frontal of the ej-clcss side, at the anterior angle 1)y 
LZ small portion of primordial cartilage (s), 011 the iiiiier side by the external angular 
process of the frontal of the eyeless side aiid by the imsteriorly directed process (f) of 
the corresponding prefrontal. 

If 11 e now exaiiiiiie the prcfroiital bones in the Cod, tlie lateral aspect of one of \jThich 
VOL. SXV. 2 Q  
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is figured in Plate XXIX. fig. 16 (14)) and disarticulated in fig. 17, we shall find that the 
connexions of each bone are as follows :- 

1. It shows two processes (dc l )  going towards the nasal bone, with an olfactory notch 
between them (c). 

2. An anteriorly directed process (c) for the ala of the vomer. 
3. A posterior-inferior process (6) for articulation with the basi-presphenoid. 
4. A posterior-superior process ( a )  going upwards and backwards to  join the frontal bone. 
5.  A lateral process (e), tipped with cartilage, opposite the olfactory notch, to  which the 

anterior suborbital bone is attached. 
Now, on comparing the prefrontal of the ocular side in the Turbot with this, we find 

that everything corresponds exactly, save that the process (b )  for arliculation with the 
basi-presphenoid is wanting, the interval being filled up by mere cartilage. (Plate 

The prefrontal of the eyeless side, though it presents a large process (6) for articula- 
tion with the basi-presphcnoid, shows no trace of the process (a) for articulating with 
the interocular part of the frontal ; it does not touch it at  all. But what, then, is the large 
process f ? That it is not homologous with the process ( a )  projecting upwards and 
backwards in the Cod and in the other prefrontal of the Turbot, is evident from its bearing 
no relation t o  the olfactory nerve of its side, nor to the interocular septum. On the other 
side, the olfactory nerve runs close beneath the process a, as indicated by the bristle 
in Plate XXIX. fig. 4. It follows, then, that this process (f) in the prefrontal bone 
of the eyeless side is an additioiial process having no hoinologue either in the Cod or in 
the prefrontal of the opposite side in the Turbot. We may call it ‘( external angular,” 
corresponding with that process already described in the frontal of the same side, and 
which has also no homologue in the Cod or in the eyed side of the Turbot. 

And now we see what the nature of that bar of bone is, which I have called pseudomesial 
(p. 267), and which one is apt at first to think homologous with the whole or part of the 
frontal arch in the Cod and other symmetrical osseous fishes. Seeing that the true 
liomologue of the frontal arch in the Cod’s head has been reduced to a narrow bar, and 
twisted over to one side (p. 269), we have, in the pseudomesial bar, a secondary forma- 
tion destined to supply the place of the weak and displaced frontal arch in forming ;I 
strong and efficient bridge of connexion between the anterior and posterior parts of the 
cranium, and also to support the cephalic continuation of the dorsal fin. 

The cranium we have just considered is the least asymmetrical and most easily tin- 
derstood which I have met with in the Pleuronectidae. We shall now proceed to exa- 
mine and compare with it the crania of some of the other Pleuronectidz’ and note to 
what further steps the process of distortion proceeds, before finally generalizing on the 
changes which have taken place. 

The cranium of the Brill (Rhombus azdgccris) is nearly identical with that of the Tur- 
bot. But we must remark that the interocular process of the frontal of the eyeless side is 
proportionally more slender than in the Turbot, while the external angular process of 
the same bone is more pronounced, and forms more of the inner wall of the orbit, than 
in the last-named fish. 

XXIX. figs. 2, 4, 5 . )  
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I n  the group of flatfishes to  which the Flounders belong, we find the rays of the 
dorsal fin advancing only so far as the middle of the orbit ; and the eyes are normally 
placed on the right side of the head. There is also a very marked tendency for the 
mouth to become twisted towards the opposite side of the body to that on wllicll the 
eyes are placed. 

AS characteristic 01 this group, we first consider the cranium of the Halibut (H@po- 
glossiis vii Zgnris) (Plate XXIX. figs. 8-11). 

On looking at the under surface of the Halibut’s cranium (Plate XXIX. fig. g), we 
find thc basal keel pretty straight in itself; but when the liead is in &u on the end of 
the vertebra1 column, this keel points strongly to the eyeless side. In the occipital 
region the skull is apparently broader 011 the eyed than on the eyeless side ; this is due 
t o  a greater prominerice on that side of the mastoid ( a )  and exoccipital ( a )  bones ; the 
petrous (16)  is also larger. The middle line of the posterior aspect of the skull is also 
strongly curved, the convexity being towards the ocular side, and corresponds with a 
similar curve, to  be afterwards alluded to, in the spinous processes of the anterior ver- 
tebrz (p. 285). 

The basioccipital ( 1 )  is unsymmetrical, the middle line of the inferior surface pointing 
to the eyeless side, while that of the upper surface of tlie bone, indicating the twist of the 
cranial cavity, diverges towards the eyed side. The mesial vertical plane of the bone is 
therefore pushed over to the eyed side anteriorly. 

The basi-presphenoid ( 5 )  presents in 3 much more exaggerated form than in the 
Turbot the apparent twisting-up of its anterior part 011 its long axis towards the eye- 
less side; here, indeed, the groove in which the end of the vomer is inserted looks 
quite to that side. The axis of the entire bone points to  the eyeless side, as I have 
already noticed. 

Tliepostfrorztul of the eyed side (12) has the semilunar excavation, which, by a similar 
one in the alisphenoid bone, is completed into an articular cavity (D) for the head of the 
epitympanic, placed further forwards on its surface than on the eyeless side, so that the 
attachment of the suspensory apparatus to the cranium reaches further forwards on the 
former than on the latter side. This is important in connexion with the conformation 
of the bones of the face (p. 278). 

The orbitosphenoid (10) is larger on the eyeless than on the eyed side, and its long 
axis points considerably over towards the eyed side. In the view of the under surface 
of the skull given (Plate XXIX. fig. 9) the real size of this bone is not apparent, owing 
to  its concealment by the basi-presphenoid. 

The szqwuoccipital (3) shows in a more marked manner than in the Turbot the di- 
vergence of the morphological from the apparent middle line at the back of the head. 
I ts  direction is indicated by the red line in the figure. 

The parietal of the eyeless side ( 7 )  is broader than the opposite one, which latter, 
however, is often a little longer. 

Thefiontcd of the eyed side (11’) corresponds very much in shape W i t h  the Same bone 
in tbe Turbot. But that of the eyeless side (11) has its external angular Process much 

2 Q 2  
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more developed, forming moi'e than one-half of the inner wall of the orbit, while the 
interocular process is rcclucecl to  a iiicre curved spiculuni (m,  fig. ll), passing all round 
the outer margin of tlic orbit, closely applied to  the stouter interocular process of the 
other frontal bone. A ridge continued from the supraoccipital bone passes over the 
frontal of thc eyeless side, and on to  its external angular process; it supports the 
cephalic continuation of the dorsal fin. 

Anterior Part of the IIec~d.-TJ~c Cfwtiluge (Plate XXIX. figs. S-10, A) .-This is 
thinner and smaller than in the Turbot, but its shape and rclations arc analogous. 
Its upper border is divided by two notches into three very unequal processes, of which 
that on the ocular sidc, by far the largest, extends posteriorly, and supports the process 
(a) of the prefontal of the ocular side. Into the larger notch (9) on the ocular side is 
inserted the extremity of thc interocular process of the frontal of the same side ; and 
into the smaller notch (11) on thc other side is inserted the extremity of the correspond- 
ing part of the frontal of the eyelcss side, in the manner represented in Plate XXIX. 
fig. 8. This cartilage, then, as in the Turbot, is very unequally developed 
on its two sides, the side corresponding to the eyeless side of the fish ap- \-- 

F I ~  3. 

pcariiig as if quite atrophied-corresponding with the small size of the in- y \\'\ \ 

', '\ ' 
\ '\ '\, teroeular process of the frontal and the complete non-development of the 

process (0) of the prefrontal of the eyeless side (see p. 272). 
B o n w  (i~).-This bone appears twisted on its long axis up towards the eyeless side, 

as in the Turbot, but in a more exaggerated degree (see Plate XXX. fig. 3, where the 
vomer is seen from the front). Anteriorly it presents two articular facets ( p  & q, 

and looks more laterally than the opposite one ( 4 ) ;  a line bisecting 
the angle formed by these two facets would pass obliquely towards the 
eyeless side, as in the adjoining diagram. The lateral ala on the eyeless side, 
besides being larger, and directed more vertically upwards, is also directed ,, 
more posteriorly than the opposite one ; so that the bone, in addition t o  
being twisted on its long axis upwards and to the eyeless side, has that 
axis turned to the eyeless side at its extremity, as indicated by the dotted line in the 
diagram. 

Nasal.-The prominence ( k )  on which the intermaxillary cartilage glides is obliquely 
directed towards the eyeless side. The nasal bone in the Halibut is more expanded 
transversely than in the Turbot, and thus comes to enter into the boundary of the orbit 
(Plate XXIX. figs. 8 & 10,15 ). It is also apparent that this increase of size transversely is 
chiefly due to development on its eyeless side. 

Pre$*ontaZs (14!& ]4).-Theae are more nearly of the same size as in the Turbot, though that 
of the eyeless side is still a good deal larger than its fellow. I have already alluded to the 
fact that in the Turbot the proccss (a) of the prcfrontal of the ocular side, which articu- 
1:ttes with the interocular process of the corresponding frontal, is not at all dcveloped in 
the prefrontal of the eyeless side, an interval filled by cartilage (s, Plate XXIX. f i ~ .  1) 
being left betwccn the frontal and prefrontal anteriorly on that sidc. I n  the IIaliImt 
the prefrontal of the eyeless side, at the place where the process (0) should be given off, 

figs. 8, 9, Plate XXIX.), of which that on the eyeless side ( p )  is larger, Fig. 4. 

The full imporbof this will be seen when we consider the bones of the face. 
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is still less developed, and, the primordial cartilage in tllis region being less extensive than 
in the Turbot, a spacc is left in thc anterior wall of the orbit, which is filled up by a de- 
velopment from the corresponding side of the nasal bone. (Compare the bouildarics of 
thc orbit in Plate XXIX. fig. 1 and in fis. 8.) 

I n  the cranium of Platessu polu the interocular process of the frontal of the eye- 
less side presents a form intermediate between its condition in the Halibut and that 
in the Plaice, next to be described. It is continued between the eyes as a very slender 
spicuhm, much more delicate than the Corresponding part in the Halibut, and very apt 
to be broken off in disarticulating the skull. The external angular process of tile same 
bone is very largely developed, and, with the corresponding part of the prefrontal of the 
eyeless side, forms the pseudomesial bar of the cranium into an expanded and flattened 
vertical plate, apparently designed to support the curious series of ampullated mucous 
canals on the eyeless side of the head of this fish (see Plate XXXI. figs. 6, 7). The two 
frontal bones are represented in Plate XXIX. fig. 15. 

I n  the Plaice (Plntessa vulgcwis) the general form of the cranium is much the same 
as in the Halibut ; but some of the asymmetries indicated in the latter have run to ;t 
much greater excess. 

The keel, on the under surface of the cranium (Plate XXIX. fig. 13), is strongly bent 
towards the eyeless side,: and its anterior extremity is also twisted strongly upwards on 
its long axis towards the same side. 

The external angular process of the frontal of the eyeless side (Plate XXIX. fig. 14m) 
is similar to that in the Halibut ; but the interocular process (m) is almost completely 
non-developed, so that the greater part of the lomcr or external boundary of the orbit 
is formed by the frontal of the ocular side ; and this circunistance might easily lead a 
superficial observer to  imagine that the interocular process of the bone of the ocular 
side is homologous with the external angular of the opposite one. This seems to have 
been Rosenthal’s idea when he speaks of the upper eye being “placed between the 
two long processes of the frontal bones, after thc niailner of Cyclopian monstrosities ” *. 
But the untenableness of this idea mill be at once apparent if we refer to the series of 
frontal bones figured in Plate XXIX. figs. 7,11,14,16, and to the relations of the inter- 
ocular fibrous septum and olfactory nerves, which here occupy an exactly similar position 
to  what they do in the Turbot (p. 269). 

The prefrontals (14fk14, )  are fashioned much as in the Halibut ; that of the ocular side is 
pushed forwards somewhat in advance of the other (Plate XXIX. fig. 12). 

The nusul bone forms a large part of the orbital --all ; anteriorly it is much more de- 
veloped on the side corresponding to the eyeless side of the head. The ridge ( k )  on its 
anterior surface, on which the intermaxillary cartilage glides, is very obliquely directed 
towards the eyeless side (Plate XXIX. fig. 12, Plate XXX. fig. 7). Compare this 
with the direction of the analogous part in the Turbot (p. 271). 

Tamer. -The two facets ( p  4 ,  Plate XXIX. fig. 12) on the end of this bone, and on 
which the heads of the superior maxillary bones glide, are SO placed that the line bisect- 
ing the aiiglc which they form with each other passes very obliquely to the eyeless side, 



276 DR. TRAQUAIR O N  T H E  ASYMMETRY OF THE PLEUROXECTIDE.  

in the same directioii as the articular ridge above on the nasal bone. I n  consequence 
of this conformation of tlic nasal bone and vomer the long axis of the oral appa- 
ratus points obliquely to thc cyeless side, and when the mouth opens it is protruded in 
tlic same direction. 

The cranium of' the Plaicc, then, is more unsymmetrical than that of the Halibut in 
(See description of facial bones.) 

the almost complete non-dcvclopent of the interocular pro- Fig. 5. 
R. Nval 

Fossa. cess of the frontal bonc of the eyeless side; and, in conse- _- 
f ' O..r qucnce, the correspondins process of the other frontal forms L~Ei:fl ---..___ O f  

orbit. Tlic nasal bone eiiters more largely into the boundary 
of the orbit in front, and the process of twisting of the ante- 
rior part of the skull upwards towards the eyeless and down- 

axis of the keel of thc cranium towards the eyeless side, has 
proceeded to a greater extent. I n  the adjoining diagram tlie dotted line represents the 
apparent middle line of the head of a Plaice, the thick black line the axis of the keel of 
tlie cranium, and the thin black line the morphological middle line. 

The changes from the symmetrical type which have taken place in the cranium of the 
Pleuronectide may be summed up in the following propositions :- 

1. The mesial vertical plane of the cranium has become inclined over to the now bin- 
ocular side of the head, very slightly in the posterior part of the cranium, very much in 
the region of the eyes (so that the, original vertical interorbital septum becomes now 
nearly horizontal), returning in the nasal region nearly to its original vertical position 
in the Turbot, but never doing so in the Halibut or Plaice. 

2. I n  consequence of this, the middle line of the base of the skull remains still coni- 
paratively straight; while the middle line of the upper surface, diverging from the 
apparent or pseudomesial line, curves round between the eyes (which the turningover 
of the mesial plane has of course brought to one side), and returns to the middle in 
front. Having got in front of the eyes and nasal fossze in the Turbot, it again coin- 
cides, or nearly so, with the apparent middle line ; but in the Halibut, and still more 
so in the Plaice, the apparent and morphological middle lines, if produced, w o ~ l d  cross 
each other. 

3. In  the anterior part of the cranium, the parts on the eyeless side of the middle line 
of the base are, in all the Yleuroiiecticl~, more developed than on the ocular side. This 
is exemplified in the more strong development of the eyeless side of the anterior part of 
the basi-presphenoid, in the greater breadth of the ala OP the vomer on that side, in the 
greater breadth of the orbitosphenoid, and in the great development of the processes 
(c and b in the figures) sent clown by the prefrontal to  articulate with the vomer and basi- 
presphenoid. While, on the ocular side, the orbitosphenoid is narrower, the ala of the 
vomer is smaller, and the prefrontal does not articulate at all with the basi-presphe- 
noid. Kot only are those parts, on the eyeless side of the middle line below, more de- 
veloped than on the ocular side, but their development is in a more vertical direction 
upwards ; so that the whole anterior part of the cranium assumes an appearance as if it 

almost the whole of the external or lower boundary of the L . E Y ~ .  .-__.___ pa--- -1 @ 

i: 
4 wards towards the eyed side, as vell as the bending of the 
I 
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were twisted, up to the eyeless side, down tornards the ocular side. In connexion vith tlli.;, 
we must notice the greater elevation on the eyeless side of the olfactory foramen, and of 
the articulation to the cranium of the palatine apparatus and of the anterior subor lh l  
hone. 
4. On the top of the head the interocular parts of the frontal and prcfrontal boncs are 

inore developed on the ocular side. The interocular process of the frontal of the ociilar 
side is always much stouter than that of the other bone, and always articulates with n 

corresponding process sent back from the prefrontal. But the prefrontal of the eyeless 
side sends back no process to articulate with the frontal of the Same side, whose inter- 
ocular part, if examined in a series of flatfishes, gets smaller and smaller, till in the 
Plaice it seems alniost gone. The same condition affects the morphologically mesial 
plate of cartifage forming the anterior part of the interocular septum, which cartilage 
we have already seen to be chiefly developed on the ocular side. 

5. To accommodate the two eyes, now both on one side of the head, the anterior parts 
of the frontal bones remain as a narrow bar, never widening out into a broad arch as in 
the Cod and other fishes. Accordingly, to maintain the requisite stability of the cra- 
nium, a new Far or bridge of bone is formed (pseucloiiiesial) by the union of a process 
sent forwards from the anterior external angle of the frontal of the eyeless side with one 
sent back from the corresponding prefrontal. By means of this bar the upper eye 
becomes closed round by a bony orbit, whose boundaries in the Turbot consist of the 
interocular process of the frontal of the eyeless side, the external angular process of the 
same bone, the external angular process of the corresponding prefrontal, and a small 
portion of cartilage in front. I n  the Halibut and Plaice, however, the nasal bone comes 
t o  take part in the boundary of the orbit principally by a development from its eyeless 
side ; and in the latter fish, owing to the atrophy of the interocular portion of the frontal 
of the eyeless side, the corresponding part of the other frontal forms almost the entire 
external boundary of the orbit. 

6. The olfactory foramen and the place of suspension of the anterior suborbital bone are 
further forward on the ocular side, slightly in the Turbot, to  a marked degree in the 
Halibut and Plaice, in which latter fish the entire prefrontal bone is on this side 
pushed further forwards. The articulation of the epitympanic bone to the cranium, in 
the Halibut and Plaice, likewise extends further forward on the ocular side. 

7. The axis of the keel of the cranium, pretty straight in the Turbot, points, however, 
in the Halibut, and still more so in tbe Plaice, to the eyeless side. In the Sole, on the 
other hand, it is bent with the convexity downwards--a condition apparently connected 
with the peculiar mechanism of the jams in that fish. 

11. Bones of the Puce. 
Jaws. Palato-suspensory Apparatus. OpercuJap Appadus.-The bones of the face 

in the Pleuronectidx? are also ullsymmetrical, but in a much less degree than those of 
the cranium. Before proceeding to study tlleir asymmetries, however, we must take into 
account the following circumstances, which Seem to act as the conditions on which these 
asymmetries depend :- 
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1. The form of the jaws and the direction in which the mouth opens. These conditions 
vary somewhat in the different Yleuronectidean types. In the Turbot and Brill the jaws 
are 1)rctty symmetrically conformed, and the mouth opens nearly straight forwards, as in 
an ordinary fish ; whereas, in the Halibut and in tlie Flounders, thc jaws on the eyeless 
side are considerably stronger and more arched than on the eyed side, and the axis of 
the mouth, in opening, always teiids t o  point towards the eyeless side. I n  the Sole, on 
the other hand, it is by means of the strange conformation of the jaw-bones of the eyc- 
less side that tlie mouth is rendered chiefly effective on that side, the jaws on the eyed 
side being even (as is me11 known) perfectly toothless ; and we find, dependent on the pe- 
culiar shape of the jaws, variations in the form of the palato-suspensory apparatus of  
each side, wherein the Sole differs remarkably from the other Pleuronectidz I havv 
exaii tined. 

2. The flattened form of the eyeless side of the fish, and the more arched form of the 
ocular one. 

3.  The fact that the cheek of the eyed side must accommodate an eye, while the other 
side has been relieved of its corresponding one. 
4. The greater aizcl more vertical development on the eyeless side of the ala of the 

vomer, and of the corresponding part of the prefrontal ; so that the articulation of the 
palate-bone to  the cranium is higher on the eyeless than on the eyed side. 

5. The more anterior position of the parts about the olfactory region which belong to 
. the ocular side, so that the articulation of the palate-bone to  the cranium is further 

forwards on that side. In the Halibut, and Plaice this condition affects parts further 
back (see p. 273), so that the articulation of the suspensory apparatus is also further 
forwards on the eyed side. 

The symmetries of the bones of the face are not much altered in the Turbot and Brill. 
A greater degree of asymmetry is found in the Halibut and in the Flounders ; while the 
facial bones of the Soles are the most unsymmetrical of all. 

YzcrDot and Br2L-h the Turbot and Brill the mouth looks nearly straight forwards, 
and, in the movements of opening and shutting, the upper jaw-bones move em masse nearly 
straight forwards and backwards-a circumstance brought about by the nearly straight 
back-and-forward direction of the ridge on the nasal bone for the intermaxillary carti- 
lage, and by tlie symmetrical position of the facets on the vomer for the heads of the 
superior maxillary bones. The intermaxillary and maxillary bones are very nearly alikc 
in size on the two sides; the intermaxillary of the ocular side is a little loiiger, more 
arched, and furnished with more teeth than its €ellow. The head of the superior maxil- 
lary bone of the ocular side has a smaller articular facet for gliding on the vomer. The 
lower jaw is longer, and somewhat stouter on the eyeless side; the dentition is much 
the same 011 both suspensory and opercular apparatus. I n  the Brill we generally find 
that, the epitympauie and preopercular bones are slightly longer on the ocular side ; in 
the Turbot they are very nearly equal. But in both the Turbot and Brill the operculum 
and suboperculum are larger on the eyeless side ; the interoperculum is also broader, 
but illvariably also much shorter than on the ocular side, bccause, on the latter side, 
the articulation of tlic lower jaw is further forwards. The slightly greater breadth of 
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the opercular bones on the eyeless side, in tlieTurbot and the Brill, is the only circum- 
stance I know of in the ostcology of the face in the flatfishes which shows the least 
discrepancy with the principles laid down. 
P teiygo-pa la tiae A ~ J  ww tzts .-C ol*l*esl) onding wit11 the general flattened form of the 

whole fish 011 the eyeless side, and 1,ecaasc the clieek of that side has no eye to  accom1l10- 
date, the palate, cntopterygoid, and ectoptergoid lioncs are colisiderably flatter on the eye- 
less side ; while on the opposite side, t o  for111 the floor of a sort of orbit for the lower eye, 
the entopterygoid bone must arch considerably inn-ards. In  the Turbot and Brill the 
articulation of the lom-er jaw to the suspensory apparatus is on much the same level 
on both sides ; but we have seen that in all the PleuronectidE the attachment of the 
palate-bone to the cranium is higher on the eyeless side ; therefore the palate and ec- 
topterygoid bones, having more space t o  traverse 011 that side, are considerably larger. 
They are also much stouter than on the ocular side. The entopterygoid bones of both 
sides arc about the sane length; but that of the ocular side is rather the broader of 
the two. 

In  Plate XXX. figs. 1, 2, the palato-suspensory and olmcular apparatus of each 
side of Bhonzhzcs masiii~zcs are figured, the bones being num1)ered according to the list 
given at the end of this essay. 

I n  the Halibut (Z~~pogZossus 2121Zga1-i~) the facial 1)ones are asymnietrical on the same 
principles as those which operate in thc case of the Turl)ot abom dcscribed; but two 
additional circumstances connected with the j a m  exaggerate that asymmetry very con- 
siderably. 

1. The mouth seems to be twisted on its own axis, so that not only is the articulation 
of the palate-bone to the cranium higher on the eyeless side, but so is also the articulation 
of the lower jaw to the hypotympanic. (See Plate XXX. fig. 3, where the end of the 
cranium, with the attached palato-suspensory apparatus of each side, is seen directly 
from the front.) 

2. The mouth does not open straight forwards, but when the fish gapes it points ob- 
liquely towards the eyeless side, the upper jaw-bones, n-hen the mouth opens and shuts, 
gliding downwards and forwards, upwards and backwards, on the oblique ridge on the 
nasal bone and the oblique facets on the vomer already described (see p. 274). 

Accordingly we find the intermaxillary and maxillary bones a little stouter on the 
eyeless side ; the maxillary of the eyeless side is flatter, and has the tubercle for attach- 
ment of the tendon of the retractor maxillE muscle much larger, and situated lower 
down, than in the bone on the other side ; the convex facet on the head of the bone for 
gliding on the vomer is likewise larger. The lower jaw is a little longer, and consider- 
ably more arched on ,the eyeless side; its dentary bone is likewise armed on this side 
with a greater number of teeth. 

Suspensory amd Opercular Appurattis.-As in the Turbot and Brill, the epitympanic 
bone is larger on the eyed side; and the disproportion between the bones of the two 
sides is still greater, because the articulation of the lower jaw is lower down on the 
ocular side. And because that articulation is also further forwards on the ocular side, 
we have the mesotympanic, pretympanic, and hypotympanic longer on this side,-the 

VOL. xxv. 2 R  
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disproportion bekig, ~ O T V C T W ,  lcatll mm’r;d in the case of the mesotympanic. But in all 
the three boncs tlrcrc wwlcl hav:: I~cen still inore disproportion, were it not that the 
articulation G f  the epitymprfiic ?a the cranium extends further forwards on the eyed 
side (see 1). 273). h c l  bcc,ziim the articulation of the palate-bone to the cranium is 
further for1,vads 011 t h e  ocular si ile, vic have the entopterygoid slightly longer on that side. 
But that articulation of the palate-honc being much higher on the eyeless side, we have 
an increase in length and stoutness of the palate and ectopterygoid bones of the eyeless 
side, which ~vould litbve bmii still more iiiarked, were it not that the articulation of the 
lon-er jaw to tIic h ; - p o t p p ~ i c  is higlier on the side in consideration. 

Operczdtci- ~~~~7~c.l.ntus.--leoth 0x1 account of the more arched form of the eyed side of 
the head, and bccam: t h e  artioa!atiou of the epitympanic advances on this side further 
fern-ads, sci t h d  thc opcrc~tlar bones have more space to  cover, we find on the eyed side 
the operculv,m and subopcrculuni l a q p  in every way than their fellows of the eyeless side. 
Aiid bccausc of the more anturiw po’itioii of the ariiculation of the lower jaw on the 
ocular side, we find the interopmxtluil? longer on the same side. A combination of these 
two circums‘aiccs, togethcr ivliith t1i3 fact that the articulation of the lower jaw is 
lomor on thc eyed side, readers also t h c  preopercular bone of the eyed side larger in every 
way, the initreax in length bciiig, hovever, most marked in its horizontal ramus. 

In Plate XXX. fig. 3, I have f i p r e d  the cranium and palato-suspensory apparatus of 
the EIalibul, sccn directly from the front. Observe, on the eyeless side, the more ele- 
vated position of t,he olfactory foramen, of the attachment of the palate-bone to the 
crafiium, and of the troclilear arCicular surface for the lower jaw, and the general flatness 
of the palato-suspeusory appardus. 

I n  the Plliice (PZ&mcr oz:Zycc~~iss) the facial bones are constructed and arranged on 
exactly the same principles as those in the Halibut last described, but with some exag- 
geration of the asyiniizctries. Iiidced when a Plaice gapes, its mouth turns round 
tou ards the eyeless size in a most rcmarkable manner; and that side being undermost 
when the fish is sw-iiiiwing in its natural position, I suppose it is thereby better enabled 
to pick up fiwm the sex-bottom the small shell-fish, crustacea, and sandstars which are 
always abundantly found in its stomach when opened. The principles on which this is 
effected are the same as those 011 which the minor degree of the same sort of obliquity 
depends in the Halibut, and may be thus enunciated. 

1. The very oblique direction of the articular ridge on the front of the nasal bone, on 
which the cartilage supporting the interimxillary bones glides. I ts  direction necessitates 
these bones, when the mouth opens, to move downwards, forwards, and to the eyeless 
side. 

2. The great obliquity of the axis of the two facets on the front of the vomer, on which 
the heads of the superior maxillary bones, along with the interposed fibro-cartilaginous 
dislis, glide. Tlmt of the ocular side looks forwards rather than laterally; and a line 
bisecting the angle formed by the two facets would pass obliquely to the eyeless side. 
Accordingly, in their movements, the superior maxillary bones follow the intermaxil- 
larics in passing towards the eyeless side when the mouth opens. 

3. The iti’ticultttion of the lower jaw to  the suspensory apparatus is further forwards 
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on the ocular side, so that the direction in which the l o n r  j z w  works is towards the 
eyeless side. 

i n i ~ m t n n t  in coniicxion wit11 
the obliquity of the mouth. to  soy11(: 

extent smaller than that of the eyeless side. I:lL~*y 01 tilt cypd side js 
very much smaller than its fellow ; its asccntlinz pro:' 
to the body of the bone, which bears only 4-7 t w h ,  ~ ~ E i i l c  shc lionc d tho r:yeless side, 
stout and strong, with its ascending process, set at neady a 1*igi:5 an;;lc. to  its body, is set 
with 25-30 teeth or more. The lowet- jmkr of the or:ulw  id^, r:Lllir)~ flat, is slic~~ter than 
that of the eyeless side ; its dentary bone bears, l j h  clio cwm;imii!iing iiitcrmaxillary, 
only 4-7 teeth. The longer lower jaw of the cycklcss si(!c h:~s, 011 tlie otlicr hnnd,  its 
dentary part much curved and set with 25-33 teeth ; so J ~ t 1  ~ i o l  o~t!y does t h o  mouth, 
when opened, point to the eyeless side, hut that side of tlrc m ~ ~ i t l i  is MOYC arched and 
prominent, even when shut, and contains almost all thc tecth. 

In Plate XXX. fig. 4, is figured thc palato-susi?o!iroi~y and o p t  mdar appmatus of the 
ocular side of the Plaice, seen laterally ; and in Iig. 5 illat of tlrc cyc:!~-s sick. Fig. 7 re- 
presents the cranium and palato-suspe~2soi.y appzrat~s of 1xd1 : , L ~ c Y ,  seen csnctly from 
the front; while fig. 6 gives a view of the lo we^* jaw aiid opcrmlar appaiaatus of both 
sides, seen from below. 

(See Plate XXX. fig. 6.) 
4. The conforniation of the jaws theinselvcs is tllz;~ 

The supcrior ~II~XILI:XJT I ) O I ~ C  of I IIC ('2 ( h t l  hi(:(\ 

U L I ~  L'iic i ~ i t i ~ i l : :  

111. Om the Xiqer$ciaZ Puce-hones and oq$ tAe Disii~bb7diciz of the S / i r i~e -cnr~~~s .  
We have still to consider whether there he in tho  Plcuronc:atid:c m y  represent a t' ives 

of the supratemporal and suborbital ranges of loones, m d  of rh~st:  lmucs called hy Cuvicr 
'' nasal," by Owen " turbinal." 

d Kith a system of 
dermal tubular organs, the " or (' slirne"-cx?c?!s : nn.1 J;CII~C It will he necessary 
for us also to study the relations and arrangement of t?-cse can in ihe PleiwonectidlE. 

fo11cw-sY on  tlie whole, a 
very definite plan" ; and if we adhere to  the Cod as our standx_:I of cwnpnrisoii, we shall 
find how completely the plan of the arrangcmciit of the ~?iivc;-cm'11s in the Pleuronec- 
t idz corresponds with that of the same organs in the Cod, PI-4 1 1 ~ ~  !hat plsii has been 
modified entirely in accordance with the theory of thc T l c n r o ~  c ~ t  C"-+;:V i u l n  ;11~oady given. 

The Symmetrical Arrarvgernervt i m  the Cocl.--Thc plnx of ili;?: n.i*mngSomcnt I have 
represented in a diagram (Plate XXXII. fig. I). The rnuciis-cm: 1 of ilic Intcml line (a  n>, 

supported all the way along by peculiarly lnodificd S C F ~ C S ,  cx+clnds on to  the h a d ,  runs 
along grooves in the mastoid, postfrontal, and frontal h i e s ,  and l h ~ u ,  loclqcd in the 
b crrooved turbinal o g ) ,  terminates near the end of the svmt, and t9 iJ?e inner side of the 
nostril. On the surface of the frontal bone it forms a comm;csn~c ( P )  with its fellow of 
the opposite side. On its way, it gives off the folloming hroiwhcs *- 

* The arrangement of these canals in the symmetrical fish has ),?en dew-ibed hy 3Tcnro in his w o r k  'The Struc- 
ture and Physiology of Fishes explained and compared with thoqe of 'Iraq and other Animals,' Edinburgh, 1785 ; 
and also by Stannius in a paper, " Ueber die Knochen' des Seiterl]<anals der Fische," Froriep's Neue 'Natizen, Ed. 

In osseous fishes generally these bones are intimntcly CC;T?~; 

The arrangement of these canals on the heads of o 

xxiii. S. 97-100 (April 1842). 
2 R 2  
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1. The supra-temporal 1)r:Lneh (b )  at the back of the head, supported by the supra- 
temporal bones ( 7 2 ) )  indicated in tlie diagram in outline. 

2. The opercu~lo-mandil)llla1‘~1ar (c c), running in a groove, first in the przcoperculuin and 
then along the lower jaw, where it ends near the symphysis. 

3. Thc suborbital ( c l ) ,  supported by the suborbital bones (73’ ) )  running along beneath 
the eye, and terminating near tlie end of the snout, closc to  the end of the main canal, 
but to the outer side of the nostril. 

The A ~ ~ n u y c n ~ e i i t  i i ~  the Pleiti*oicectide.-In the genus R?~ombus (Diagram, Plate 
XXXII. fig. 2), the lateral canal of the eyed side (n’a’) pierces the suprascapular bone 
(so), then enters the first supratempornl bone, which bifurcates. The canal coming from 
the lower branch of the latter bone then enters the mastoid, passes from it to  the frontal, 
and, arriving at the posterior margin of the orbit, gives off a branch (e) to communicate 
mith the main canal of the opposite side. It then pursues its way in the stout inter- 
ocular process of thc frontal, emerges from it at the anterior margin at the orbit, and 
ends, to  tlie inner aspect of the nasal fossa of the ocular side, in a curved tubular ossicle 
( i d ) ,  which we at once recognize as the ‘( turbinal.” 

This canal gives off, on its way, the following branches, as in the Cod :- 
1. The supratemporal (b’), issuing from the upper limb of the tubular bifurcated first 

supratemporal bone, proceeds, supported in a series of about sixteen little tubular ossicles 
constituting .the rest of the supratemporal range, towards and along the base of the 
cephalic end of the dorsal fin, t o  beyond the middle of the upper eye, where it ends. 
These little bones have been indieated in the diagram by simple outline (72). 

2. The operculo-mandibular (c’), given off while the main canal is still in the mastoid 
bone, runs in a tube hollowed out in the prieoperculum and lower jaw-bones, and ends 
near the symphysis of the jaw. 

3. The suborbital branch (d‘), given off opposite the origin of the commissural branch (e) 
already referred to, runs in a series of about nine minute tubular ossicles (73’) under the 
lower eye, and ends, to  the outer side of the nasal fossa of the ocular side, in an ossicle 
much larger than the rest, which is suspended to  the prefrontal bone of the same side. 
The series of little ossicles is the suborbital range of bones ; the larger anterior one is of a 
triangular shape, elongated, and with the apex directed posteriorly; on its surface is a 
tube which lodges the terminal portion of the mucus-canal. This terminal portion, 
however, seems t o  be isolated and distinct from the rest of the suborbital canal. 

On this side, the arrangement is very plain, the main canal curving round between the 
eyes, following the morphological mesial line, while the supratemporal branch proceeds 
forwards according to the apparent or pseudomesial line, along with the dorsal fin. 

On the eyeless side the lateral canal is similarly related to the suprascapular and first 
supratemporal bones, and to the mastoid. The supratemporal branch proceeds forwards, 
with the dorsal fin, in the pseudomesial line; and the operculo-mandibular Branch is 
given off and pursues its course exactly as on the ocular side. But the main canal 
having entered the frontal bone, and arrived at the posterior margin of the orbit, it gives 
off a cornmissural branch to join that of the other side (e) already mentioned. It then 
passes between the eyes, lodged in the slender interocular process of the corresponding 
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frontal bone (eyeless side), till it ends in front of the orbit, and to  the inner side of the 
iiasal fossa of the eyeless side, in a " turbinal " ossicle ( w ) ,  which is longer than its fello.tv 
of the opposite side, 

We have thus the main stein of the niucus-canal of the eyeless side also following tile 
morphological middle line of the tol) of the craniuiii, crossing the pseudoiiiesial line 
beneath the cephalic part of the dorsal fin, and beiieath the supratcniporal canals of hotjh 
sides, and passing between the eyes sidc liy side with its fellow of the opposite side, alld 
with which, as in the Cod, it is connected bp a transverse coinmissurc. This arrangeniclzt 
we may also regard as additional evidence that tlie " interocular " bar in tlic Plcuronect 
cranium is the only and entire honiologue of the arch of the frontal bonc in the Cod and 
other fishes. 

But where are the suborbital canal and chain of lioncs of the side uiidcr consideration :i 
We have seen that a mucus-canal, contained in a range of minute bones (b' V ) ,  lies along- 
side the upper eye ; but we have aiso seen that this is the supratemporal hranch of the 
eyed side. From the point behind the orbit 
where the main stem of the eyeless side gives off its commissural branch, is given off in 
the opposite direction a branch (cl d)  running at first a little bacliwards, till it emerges 
from the frontal bone, when it turns forwards and proceeds, in the skin of the eyeless cheek, 
pretty closely alongside the pseudomesial bar of the cranium, till it ends in the outer 
side of the nostril of the eyeless side. This canal, enclosed in seven tubular ossicles ( i 3 ' ) ,  

of which the anterior one is largest, is undoubtedly the suborbital of the side on n hich it 
is found, and that which should appertain to  the upper eye of the flatfish, but situated 
on the other side of the head from that on  which its eye is now found ; aiid not only so, 
but between it and its eye we find the pseudomesial bar of the cranium, the cephalic 
extremity of the dorsal fin, and the suprateniporal canals and ranges of bones of both 
sides. In fact, the one eye has passed over t o  the now binocular side of the fish, leaving 
its suborbital range behind it, while the other structures before mentioned have got 
interpolated between the dorsal fin and the supratemporal canals proceeding forwards 
from behind, the pseudomesial bar being formed partly by a process sent back from the 
prefrontal, and by one sent forward from the froiital bone of the now eyeless side. It 
must be observed, however, that this suborbital canal of the eyeless side, though it has 
not followed its eye coinpletely round, is yet situated much higher on the side of the 
head than its fellow opposite ; indeed, as far as it is concerned, the turningprocess has 
proceeded SO far, and then become arrested. 

I n  the Halibut, in which I have examined these canals with some care, the arrange- 
ment is much the same. We find the main calla1 of each side curving round between 
the eyes, one contained in the interocular process of each frontal bone, in the same 
manner as is represented in the diagram of the Turbot (Hate XXXII. fig. 2). The main 
canal of the eyeless side, however, here pierces also the nasal bone, as shown by the 
two little openings in the bone 15 (Plate XSIX. fig. lo), thus confirming what I have 
already stated (page 274), that that part of the nasal bone entering into the boundary of 
the orbit in the Halibut and Plaice is a de\-eloplaent from the part of the bone apper- 
taining to the eyeless side. 

We must accordingly look for some other. 
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In  Plate XXXI. fig. 1, are represented the superficial facc-bones 011 the eyed side of a 
Halibut ; in fig. 2, those of the eyeless. On the ocular side observe the suborbital range 
( 7 3 ' ) .  extending along in direct relation to  its eye (the lonrer one) ; but with this pecu- 
liarity, that the anterior suborbital bone(7sr a), stout, ohlong. and pointed at both ends, is 
separated from the rest by an interval, and that the mucus-canal does not extend 
on to  it, but stops short at the preceding little tubular ossicle. Observe also the 
supratemporal range ( 7 2 )  following the direction of the dorsal fin, and cxtending along 
the upper side of the upper eye like a pseudo-suborbital range for it. The " turbinal," 
or 0s termimule (id), is also seen, and above it, lying on the top of the head, is seen the 
corresponding ossicle of the eyeless side (19). On the eyelcss side (fig. 2) observe the 
supratemporal range (721, following the direction of the cloraali fin ; and the suborbital 
range, lying on the cheek higher up than the corresponding range on the other side, but 
with no eye visible in relation to  it. On the top and front of the snout is again seen 
the turbinal ( 1 9 )  of this side. The anterior suborbital of the ocular side is a stout oblong 
bone, pointed at both ends, and articulated to  a process (+) of the prefrontal, opposite 
the olfactory foramen, and is also closely related to the anteriorly projecting process of 
the palate-bone. That of 
the eyeless side (73', fig. 2) is similarly related to the corresponding prefrontal and 
palate-bones, but is smaller, flatter, and perforated by the mucus-canal, which traverses 
the rest of the range. The turbinal of the ocular side is larger than the opposite one, is 
curved, flattened, and contains a branching canal. All the rest of the superficial face- 
bones of the Halibut are very delicate tubules, often showing lateral branchlets, through 
which little ducts pass to ramify in the skin and open on its external surface. As they 
get smaller towards the ends of the several ranges, they often cease to  be complete tubes, 
and appear like little scales with the edges folded up. As to number, these little bones 
are apt to be irregular. The supratemporal ranges generally consist of from twenty-two 
to  twenty-five ossicles each, and the suborbital of the ocular side of from seventeen to 
nineteen ; but two often supply the place of one. The suborbital range of the eyeless 
side, however, consists pretty constantly of nine bones-about one-half the number found 
on the opposite side. 

In the Plaice the arrangement has undergone a little modification (see diagram, 
Hate XXXII. fig. 3). The canal of the ocular side, as usual, extends between the eyes, 
and ends in its turbinal ossicle. The operculo-mandibular, the suborbital, and the supra- 
temporal branches are on both sides, similar to those in the Halibut; and so is also the 
cross commissure. But as the interocular process of the frontal bone of the eyeless side 
is non-developed (p- 275), the main mucus-canal of that side no longer extends between 
the eyes, but stops short at  the commissure. Anteriorly we find, to  the inner side of the 
nasal fossa of the eyeless side, a minute turbinal ossicle, containing as it were a little 
follicle, with two openings on the skin, this little mucus-cavity being in fact the remnant 
of the main canal of the eyeless side, but detached altogether from the rest by the atrophy 
or non-development of the intermediate portion. (For more details I refer the reader 
t o  Plate XXXI. figs. 3 and 4, and to the diagram, Plate XXXII. fig. 3.) 

This arrangement prevails in the genus Platessu, the interocular portion of the mucus- 

As already stated, it is not perforated by any mucus-canal. 
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canal of the eyelcss side having complctcly disappeared in all the species I havc ex- 
amined. I n  Plutessu Z i i ~ w ~ L i ( i  thc t u r b i d  ossicle of thc cyelcss side is about as small 
as in the Ylaicc; in P.JIes 

But the most remarknblc condition 01 tlie iiiucus-caiials in the genus PZutessu,, and 
indeed in the wliolc gro~iq) o i  ilatfishw as far as I know, is that secii in PZutessapola*. 
In this fish me have on tlic ocular sicic (Platc SXXI. fig. 5) nothing very peculiar to  
notice: the arrangeiiiem W C ~ M  to just 2s in the Plaice, excepting that thcre is no 
cross commissure. The suborbital sud supratenii~od boiies are very sizlall and dclicatc, 
and gencrally liavc not c l o s d  uvu;' hi) a; to form complete tubules. But on the eyelcss 
side the mucus-canals arc dilated into large, circular, flattened anipulla, the outline of 
which I have givcii in Plate XXXI. fig. 0. Thcae ampulla? arc twenty-six in number ; 
six of these arc situated oil the mtliri trunk, two 011 thc detached nasal portion, four 011 
the supratemporal branch, eight on the oprculo-man dibular, and six 011 the suborbital. 
The supporting bones of .chis systeiii are also peculiarly modified : the suprascapular, 
mastoid, frontal, aiid preopercular ~ O U C S ,  also iile lower jaw, are furnished with excava- 
tions for the support of' the ampulla bolmging to  the niain canal and tlic olmcular 
mandibular braildl. Thc supratemyoral bones (72) five in number, are very delicatc 
lamin= of bone pierced with many minute holcs (when macerated), their lateral edges 
folded in, and connected by a bridge X ~ Q S S  tlic middle, where the whole bone is con- 
strictcd. The hollow of each bone is iiiwdfore hourglass-shaped, and takes part in the 

it is a littic larger. 

support of two ampullx!, which commu&xte by tlie narrow part passing Fig. G. 
beneath the bridge aforesaid, as in thc LGjoining diagram. The 0s te9"mi- .,j--m ,/-- 

mule, or turbinal, has the same structure, as likewise have the five sub- 

part in the forniation of Ihrce ampulh.  I have said that there is no cross conimissure ; 
tlie branch (e) ,  on the ocular side, anahgous to  thc conimissural branch in the Plaice, 
ends almost iivmedicttely in a blind point on the eycless side ; the anterior ampulla on 
the main canal, indicated in dottcd outline in fig. 6, is situated more deeply than the 
rest, being partly overlapped by the ampulla beliiud, and by the anterior two supra- 
temporal ones in Iront. Tliis armngeimeiit may be regarded as ail indication of a corn- 
missure, but now is really efktecl. 

. 
orbitals, except the anterior one, which is  somewhat trigonal, and takes L., L- 

IV. Ye?~teSi*uZ Columia. 

The vertebral column in the Pleumicctidtr: is usually supposed to be quite symmetricaJ. 

The vertebral column of the Plaice disqhys the following peculiarities :- 
1. The mesial vertical plane of thc vcrkbrz  is curvecl, the convexity being toward the 

eyed side, the concavity towards the qwlcss. This is most strikingly seen in the anterior 
vertebra, such as the first, which I hzve rc1ircscntcci (Plate XXXII. fig. 6) as seen from 

I n  some it is not so, however, as I will presently point out. 

* The ampullated condition of the mucus-canals on the eyeless side of the head in P. pola has been already noticed 
OR the morphological arrange- by Dr. 3l'l)onnel in the ' T r a m  Royal lrish Academy,' vol. xxiv. Science, 1862. 

ment of these ampulle, he has, however, made no obsermtioris. 
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the front. The spinous process is seen to be strongly bent over tovrards the eyeless side; 
a similar curve is seen afyecting the middle line of the posterior aspcct of the cranium 

This condition gradually diminishes posteriorly ; but throughout the entire series of 
caudal vertebrae the superior and inferior spinous processes are set at a slight angle to 
each other, consequently the entire skeleton of a Plaice is convex on the ocular surface, 
concave on the eyeless. 

2. The transverse processes of most of the abdominal vertebm are unsymmetrical, 
slightly in their place of origin on each side from the bodies of their vertebrze, consider- 
ably so as regards the direction in which they proceed. Seen from below, these processes 
on the eyeless side arise a little further forwards on the bodies of their vertebrae, and 
project nearly directly outwards, sometimes even a little anteriorly ; while those of the 
ocular side are directed considerably backwards. The four anterior vertebrae and the 
thirteenth (last abdominal) are pretty exempt from this condition; but it affects the 
intermediate ones pretty strongly. Plate XXXII. fig. 8, shows the under aspect of the 
series of abdominal vertebrae in the Plaice, and how a line joining the tips of the trans- 
verse processes of one of the middle vertebrze of that series passes very obliquely across 
the long axis of the column. Again, when seen from before backwards, the transverse 
processes of the abdominal vertebrae project more vertically downwards on the eyeless 
than on the eyed side-a circumstance in accordance with the more flattened shape of the 
fish on the former side. The transverse processes of the caudal region, in accordance 
with the well-known greater development of the lateral muscle on the ocular side, are 
also more prominent on the same side. 

The vertebrae of the Halibut present the same sort of asymmetries which we have 
observed in the Plaice: some differences are to be observed in the Turbot and Brill. 
Here asymmetry is chiefly to be seen in the transverse processes, which agree with those 
of the vertebrze of the Halibut and Place in this, that those of the abdominal region are 
more directed vertically downwards on the eyeless side, and those of the caudal region 
are on the same side less prominent. But, when looked at from above or below, the 
transverse processes in the abdominal region are seen to.project more posteriorly on the 
eyeless side-a condition exactly opposite to that found in the Plaice. 

(fig. 5) .  

V. The Dorsal .%r&.- cor&Clwsh% 
The dorsal fin, it is well known, extends in all the Pleuronectidae all along the back, 

and advances forwards on the top of the head. Its advance on the head depends on two 
circumstances. 

1. A more and more oblique direction forwards of the anterior interspinous bones, 
till the first one, becoming horizontal or nearly SO, carries the anterior rays of the fin 
to opposite the middle of the upper eye (E@poglosszcs Plcctesscc) or to beyond both 
(Rhombus So lea, &c.). 

2. A bodily advance forwards of these interspinous bones themselves on the top of the 
cranium. 

In  the Sole only about five interspinous bones arise on the top of the cranium, and their 
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places of attachment proceed 110 further forward than the supraoccipital bone. But the 
anterior one is of considerahlc length, and, directed forwards, curving also a little down- 
wards, carries the anterior raj7s of the dorsal fin in front of the eyes and even of the mouth. 

112 the lIalibut and Plaice there are six to eight of these bones on the top of the skull. 
In their origins they have advanced from the supraoccipital bone on to the frontal of 
the eyeless side ; but the anterior one is not so long proportionally as in the Sole, and 
only carries the first rays of the fin to opposite the middle of the upper eye. 

I n  a specimen of thc Brill, I found ten interspinous bones on the upper aspect of the 
head, their cranial attachments advancing over the supraoccipital and over the frontal 
of thc eyeless side, till tlie anterior one takes its origin even from the prefrontal of the 
same side. This anterior interspinous bone carries the first r a p  of the dorsal fin to  
beyond the eyes, but not so far as in the Sole. 

We thus fiiid that in the Brill and in the Sole the dorsal fin has advanced along the 
head further than in the Halibut and Plaice: in the Sole this has been effected by an 
excess of the first method of advance, in the Brill by an excess of the second. The 
direction in which the fin advances is nearly straight forwards, in the same straight line as 
the middle line of the back, inclining only very slightly towards the eyeless side. It thus 
coinpletely disregards the morphological middle line of the top of the head, being sup- 
ported anteriorly on the pseudomesial bar of the cranium, and on the ridge extending 
on to  this bar from the centre of the supraoccipital bone. A part of the lateral muscle 
passes on each side on to the top of the head, along with the dorsal fin, and is arranged 
alongside that structure in equal disregard of the morphological middle line, as like- 
wise are the supratemporal canals. 

Kow, of this remarkable circumstance, there are only two explanations possible. Either 
the dorsal fin is in its original morphological position”, and the upper eye has passed 
under it, or the fin has advanced forwards from behincl after that eye has turned over 
from tlie side to which it originally belonged. To thc  latter view, which is indicated in 
the paper by Van Benedeii already quoted, I must, for the following reasons, give in my 
adherence. 

1. The structure of the cranium shows clearly that the transference of the upper eye 
is connected with the deviation, in the ocular region, of the original middle line of the 
top of the head over to  the now binocular side, and that the eye in question preserves its 
morphological relations to  the frontal bones and the neiglibouring structures quite intact, 
the view that it has migrated beneath any of the parts of the skull in the manner held 
by Rosenthal and Steenstrup being quite untenable. ryTo~v, the structures accompanying 
the cephalic end of the dorsal fin showing the same disregard of the morphological 

c 

* This was Neckel’s opinion, as may be gathered from the following extract from his ‘ Comparative Anatomy.’ 
Speaking of the interspinous bones on the top of the cranium in the Plenronectidze, he says, “This disposition is 
extremely interesting ; it helps to establish the analogy of the cranial bones with the vertebrse ; these accessory rays 
are placed in fact on the occipital and parietal crests in the same way as those of the trunk are situated over the 
superior spiiious processes.” (Op. cit. French edition, p. 312.) 

This Iiassage would indicate that Meckel had quite overlooked the fact that those cephalic fin-rays are not placed 
orer the morphological middle line. 
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middle line as the fin itself, it is hardly possible to imagine that middle line and one eye 
migrating beneath the superimposed parts without the symmetry of the latter being 
affected, had they been in their present position at the time that the supposed migration 
took place. 

2. All those parts accompanying the dorsal fin in the head show traces of having come 
from behind. That part of the lateral or body-muscle, which lies on the top of the head 
consists of the anteriorly reflected portions of muscle-segments posterior to the cranium. 
The nerves supplying the fin-rays and muscles in this region are derived from the dorsal 
branches of the first three or four spinal nerves, which turn forwards over the head from 
hehind. The supratemporal mucus-canals and bones, which, commencing posteriorly, also 
proceed forwards in defiance of the morphological middle line, are supplied by branches 
of the vayus nerve, which of course also turn round from the back of the skull and run 
forwards. Lastly, the blood-vessels supplying the fin-rays, &c., on the top of the head 
accompany the branches of spinal nerves already mentioned, and proceed to their desti- 
nation from behind forwards. 

3. The embryological oljservations of Van Beneden seem to favour the same view ; and 
I have already referred (p. 264) to the paper wherein he describes a young Pleuronect 
in which the two eyes were still one on each side, and the dorsal fin only yet descended 
to  the middle of the cranium. In the 
sumrney of 1863 I obtained, in dredging over a sandy bottom in the Frith of Forth, three 
young Pleuronectidx?, each about half an inch long, and apparently belonging to the 
genus Platessa. I n  two of them the eyes and dorsal fin were conformed as in an adult 
Flounder, but in the third (the anterior part of which is figured, Plate XXXII. fig. 9, 
magnified five diameters) one eye was nearly on the middle line, with, as in M. van 
Beneden’s specimen *, the dorsal fin stopping short behind it. 
4. The structure of certain malformations occasionally found amongst flatfishes also 

confirms the view I have adopted. These monstrosities are specimens of Pleuronectidae 
where the upper eye is found more towards the top of the head than usual, the dorsal fin 
not being fixed down by the side of it, but projecting above it, supported on a free pointed 
process. The most remarkable 
case I am acquainted with is one described and figured by Schleep $, occurring in a 
Turbot, which he calls Pleuromectes maximus duplex, thinking that possibly it might be 
a distinct species. Here the two eyes are still one on each side of the head; the right 
one, however, is higher than the left, and seems just about to make the turn, while the 
anterior part of the dorsal fin projects over the eyes supported on a free pointed process. 

I have seen cases of this condition both in the Turbot and Flounder (Platessa jlesus), 
though not in so exaggerated a degree as in  Schleep’s specimen. In Plate XXXII. 
figs. 8-9, are represented both sides of the head of such a specimen of P. Jesus, the mucus- 
canals being indicated by the shading in horizontal lines. The upper or left eye is seen 
to be situated on the top of the head, having, we may say, just turned the corner and no 
more ; while the dorsal fin presents the appearance already referred to. Here also, on the 

To this observation I may add one of my own. 

Maoy of these specimens have been already recordedt. 

* LOC. cit. 
2 Oken’s ‘ Isis,’ 1829, s. 1049. 

t See Yarrell’s ‘ British Fishes,’ FOI. ii, 
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eyeless side, the relation of the suborliital canal to the upper eye is very cs1JvioUs, 
the fin not having become interpolated betmeen them as in the perfectly dcvelopcti 
flatfish. 

These monstrous Pleuronectidzc may be accordiiigly defined as flatfishes in Tyhicll tllc 
turning-round of the upper eye to  the other side of the fish has been arrested mhcl, 
it has got about the middle of the top of the head, and in conscqnence tlle passag(’ 
forwards and tying down of the anterior part of the dorsal fin has also been stopped, or 
obviously it would cross over the eye instead of‘ passing by the inner side of it, as in the 
normal flatfish. It accordingly projects upwards and forwards on a pointed process oper- 
hanging the eye, as in the specimen figured. It is worthy of remark that all those ab- 
normal specimens are equally coloured on both sides, as if the animal, not having per- 
fectly acquired the characteristics of a flatfish, swam with either of its sides upwards 
and exposed to  the light at pleasure. In the case of Turbots affected with this con- 
dition, the bony tubercles also, usually characteristic only of the ocular side, are found 
equally distributed on the eyeless one. 

As we must consider those monstrosities to  be dependent on arrested developnient, the 
only developmental circumstances which we can safely infer from the appearances pre- 
sented are, that the upper eye turns round on the top of the head, and that then the 
dorsal fin advances past it. 

But the young PZagusie figured by Steenstrup would seem to contradict directly the 
above-advocated theory, and prove that the upper eye gets to  its present position by 
passing beneath the dorsal fin. In some of his specimens the transposition seems never 
to have taken place at  all; but the one which seems most fully to  justify his views is one 
where the animal seems to have three eyes, the eye of one side projecting also through 
a little fissure above that of the other side, which side becomes thus binocular. This 
appearance is so striking that one might readily be excused in thinking with M. Steen- 
strup, cc  Can we imagine a more striking demonstration of the passage of the eye across 
the head than an eye arrested in this position?” Another specimen described by him 
has an eye on each side of the head, but above the left eye is a little slit where the other 
should appear. 

Although it must at once be acknowledged that these observations are very remark- 
able, and not to be cast aside merely because they do not tally with our preconceived 
theories, yet it seems to me that considerable research is still required before we can 
accept these specimens as representing the normal process of development in all thc 
Pleuronectidae ; for the structure of the head of the adult flatfish seems to me most conch- 
sively to prove that the upper eye does not pass beneath or illrough any part of the bony 
cranium, and that the dorsal fin and its associated structures advance from behind,while the 
structure of the well-known c c  monsters,” and the observatioiis of Van Benden and also 
of myself on young Pleuronectidae, certainly indicate that in the genera n h o m h  and 
Plutessa, at least, the dorsal fin advances after the upper eye has turned round On the 
top of the head. 

But M. Steenstrup’s strange specimens certainly open UP the question whether there be 
any group of flatfishes in which, in the normal course of development, the dorsal fin ex- 
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tends forwards, and bridges over the upper eye before it has completed or even com- 
menced its turn. But, before a conclusive answer can be given to that question, much 
more extensive observations on Pleuronectidean embryology are necessary. 

Concludirzg Note. 
Since writing the foregoing Memoir, my attention has been drawn to a paper, on Steen- 

strup’s views on the obliquity of Flounders, by Prof. Wyville Thornson, in the ‘ Annals 
and Magazine of Katural History’ for the present month (May 1865). As far as can 
be gathered from the abstract of Prof. Steenstrup’s original paper, which Prof. Thomson 
has in the present communication afforded us, the learned Danish naturalist attempts 
no explanation on developmental principles of the singular “ double ” monstrosities 
occurring in flatfishes, and also questions the accuracy of Van Beneden’s observations 
already quoted. In his critical remarks on this paper, Prof. Thomson has expressed the 
same views as to the morphological relations of the eyes to  the two frontal bones, and as to 
the constitution of the pseudomesial beam or bar of the cranium, as those advocated in the 
preceding pages, though so far agreeing with M. Steenstrup as to consider that the 
‘‘ eye of the blind side actually passes from its own side of the head to the other side- 
at all events under the integuments and under the subcutaneous tissues, which contain 
the rudiments ef the dermal bones forming the support of the anterior border of the 
dorsal fin, if not actually through the head itself.” 

In  justice, however, to myself I may be permitted t o  state that the Memoir just 
concluded is hardly altered from that which formed my Graduation Thesis at Edinburgh 
in 1862, and which may be consulted in the library of the University there, where it is 
deposited *. The same views were also expressed by me in a criticism of Prof. Steenstrup’s 
paper in the ‘ Annales,’ read by me before the Royal Physical Society of Edinburgh, on 
the 25th of January of the present year, and about to  be published in the forthcoming 
part of its Proceedings.’ 

* The Medical Faculty of the University of Edinburgh awarded a gold medal to this Thesis, 1st August, 1862. 
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EXPLANATION OF THE PLATES. 

I n  all the following illustrations, the same numbers apply to the same bones. They are also the sanw 
as those by which Prof. Owen has distinguished the various bones of the fish's head in his Lcctrirec: 011 
Comparative Anatomy,' 

1. Basioccipital. 
2. Exoccipital. 
3.  Supraoccipital. 
4. Paroccipital. 
5 .  Basi-presphenoid. 
6. Alisphenoid. 
7. Parietal. 
8. Mastoid. 

10. Orbitosphenoid. 
11. Frontal. 
12. Postfrontal. 
13. Vomer. 
14. Prefrontal. 

15. Nasal. 
16. Petrosal. 
17. Sclerotal. 
19. Turbinal. 
20. Palatine. 
2 1. Maxillary. 
22. Inter- or pre-maxillary. 
23. Entopterygoid. 
24. Pterygoid. 
28 a. Epitympanic. 
28 6. Mesotympanic. 
28 c. Pretympanic. 
28 d. Hypotympanic. 

29. Articular. 
30. Angular. 
32. Dentary. 
34. Preopercular. 
35. Opercular. 
36. Subopercular. 
37. Interopercnlar. 
44. Rranchiostegal. 
50. Suprascapular. 
51. Scapula. 
52. Coracoid. 
72. Supratemporal. 
73'. Suborbital. 

PLATE XXIX. 

I n  all these figures the primordial cartilage is shaded in with horizontal lines. The numbers refer tc 
the list already given. 

Figs. 1-7. Illustrations of cranium of Turbot (Rhombus maximus). 
Fig. 1. The cranium seen from above. 

A. The piece of cartilage supporting the four bones of the nasal end of the cranium, and forming the 

B points to the orbit, bounded on one side by the interocular process (m) of the frontal of the eyeless 

c' c. The two olfactory foramina. 
11'. Frontal bone of the ocular side. 
11. Ditto of the eyeless side. 
14'. Prefrontal of the ocular side. 
14. Ditto of the eyeless side. 
e. A process on each prefrontal, to which the anterior suborbital is attached. 
f. A process of the prefrontal of the eyeless side, sent back to join the process (n)  of the correspond- 

ing frontal. 
m'. Interocular process of frontal of ocular side. 
m. Ditto of eyeless side. 
i. Process on the nasal bone above the apparatus of the jaw. 
k. Process on the nasal bone on which the intermaxillary cartilage glides. 
P. The ridge or spine of the supraoccipital bone, proceeding forwards in the pseudomesial line and i: 

anterior part of the septum between the eyes. 

side (11), and on the other by the process (f) of the prefrontal of the same side (14). 

Thus is the pseudomesial bar formed, and the orbit bounded on the inner side. 

little towards the eyeless side. 
The dotted line M L represents the direction of the morphological mesial line. 

Fig. 2. Under surface of the same cranium. 
D. Cotyloid cavity for the rounded head of the epitympanic bone. 
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Fig. 2 .  The same head as seen on the left or eyeless side. 
a a. Tubular scales of lateral line. 
72. Left supratemporal range of ossicles. 
73‘. Left suborbital range, thus situated on the other side of the head from its eye, and having the 

19. Left turbinal, or as termhiale. 
dorsal fin and both supratemporal ranges interpolated between. 

Fig. 3.  Sketch of the distribution of the mucus-canals on the right or ocular side of Platessa vulgaris, 
the Plaice. 

a a a a. The main canal, extending from the tail along the lateral line and along the head, between the 
eyes, till it ends on the inner or left side of the nostril, giving off on its way many little ducts, 
which open on the surface of the skin of the supratemporal branch, 6 by which branch, though 
usually simple, is here bifurcated. 

c c c. Operculo-mandibular branch. 
d d. Right suborbital canal. 
e indicates the cross commissure given off to join the mucus-canal system of the opposite side. It 

gives off a little duct to the skin at the posterior margin of the orbit, and then passes to the left 
side, beneath the cephalic end of the dorsal fin. 

Fig. 4. The same head, seen from the eyeless side. 
a a a a. The main canal as before, but stopping short at  the cross commissure ( e ) .  
6. Supratemporal canal, not so long as in the right side. 
c c c. Operculo-mandibular canal. 
d d  d. Left suborbital canal, still remaining on this side, while its eye has been transferred to the right side. 
a’. A small follicle or detached portion of mucus-canal, the representative of the nasal extremity of the 

main canal of this side, the portion intervening between it and the cross commissure having 
disappeared. (See also Plate XXXII. fig. 3, where this arrangement is represented diagram- 
matically.) 

e .  Cross commissure. 
E. Upper eye, a small portion of which is, in the Plaice, visible from the left side. 

Fig. 5. Sketch of the distribution of the mucus-canals on the right or ocular side of the head of Platessa 
pola. The same letters refer to the same canals as in the head of the Plaice, fig. 3. The 
commissural (e ) ,  however, ends blindly : thus there is in this fish no connexion between the 
canal-systems of the two sides. 

Fig. 6.  The left side of the head of the same fish, the mucus-canals being here seen to be dilated into 
large ampullae, which communicate with each other by small openings. Each ampulla generally 
sends only one little duct to the external surface of the skin. 

a a a a a a. The lateral canal and the series of six ampullae on the main canal of the head. 
a’, The part detached from the rest, and lodged in the left turbinal. 

b b 6 b.  The four ampulla into which the supratemporal canal is dilated. 
c c c c. The eight ampulla of the operculo-mandibular branch. 
dddd.  The six ampulla of the suborbital branch. 

It is the homologue of the little 
follicle marked a’ in the Plaice, fig.:4. 

Fig. 7 .  Skeleton of the left side of the head in Platessapoh, showing the bones supporting the ampul- 
lated mucus-canals. 

50. Suprascapular. 
7 2 .  The five supratemporal bones. 
73’. The five suborbitals. 
19. Turbinal ossicle, or 0s terminale. 
34. Prreoperculum j and 



DR. TRAQUAIR ON THE ASYMMETRY OF THE PLEURONECTIDB. 295 

89, 30. Lower jawy hollowed out to contain the eight ampullae of the operculo-mandibular canal. 
8. Mastoid ; and 11, left frontal : also hollowed, to support the ampullze of the main canal. 
14. Left prefrontal. 

Fig. 8. Sketch of head and fore part of body of a monstrous specimen of PlatessaJEesus; the mucus- 

Fig. 9. Anterior part of the same fish, but seen from the eyeless side ; the mucus-canals also indicated 
The lettering in both this and the preceding figure corresponds to  that in figures 

canals indicated in outline. 

in outline. 
3 and 4. 

PLATE XXXII. 

Fig. 1. Diagrammatic view of the mucus-canals and superficial face-bones on the head of the common 

a a a a. Mucus-canal of lateral line, estending along the top of the head, and ending in the turbinal 

6. Supratemporal canal ; supratemporal bones ( 7 2 )  also in outline. 
c. Operculo-mandibular canal, which has no communication with the main canal in the Cod (Munro). 
d. Suborbital canal ; 7.3: suborbital bones. 
e. Cross commissure. 

a’. Left lateral canal. 
h’. Left supratemporal branch, with the supratemporal ossicles indicated in outline. 
c’. Left operculo-mandibular branch. 
d. Left suborbital canal and bones. 
e. Commissural branch. 
a. Right lateral canal, crossing the head beneath the dorsal fin (which is indicated by the line D F), and 

beneath both suprateniporal canals, as it curves round between the eyes, side by side with its 
fellow of the left side. 

Cod (Gadus morrhua). 

ossicle (19), which is indicated in outline. 

Fig. 2. Diagram of the corresponding parts in the Turbot. 

b. Right supratemporal canal and chain of bones. 
c. Right operculo-mandibular. 
d .  Right suborbital canal and bones. 
19‘. Left turbinal, and 19, right turbinal ossicle. 
L N F. Left nasal fossa. 
R N F. Eight nasal fossa. 
D F. Line of dorsal fin. 

Fig. 3. Diagram of the corresponding structures in the Plaice. Here the eyes are placed upon the right 

afar. Right lateral canal, extending between the eyes all the way to the nose, where it ends in a well- 

b’. Right supratemporal canal and range of ossicles. 
d .  Right operculo-mandibular branch. 
d‘. Right suborbital branch and chain of bones. 
df .  Anterior suborbital bone of the right side, separate from the rest, and having no connexion with 

(I a. Left lateral canal, apparently stopping short at  the commissure (e). 
a+. A small detached portion of that canal, being in fact its nasal extremity. 

side. 

marked ‘‘ turbinal ossicle.” 

the mucus-canal. 

Owing to,.or at least 
coincident with, the imperfect development of the interocular process of the left frontal in the 
Plaice, the part of the left mucus-canal which should extend between the eyes in that process 
has likewise not been developed. 
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6. Left supratemporal canal. 
c. Left operculo-mandibular canal. 
d. Left suborbital branch and range of bones. 
e. Commissure. 
D F. Line of dorsal fin. 
R ~ri F. Right nasal fossa. 
L N F. Left nasal fossa. 

Fig. 4. Diagram of the top of the head in the Plaice, showing the manner in which the orbit is formed. 
The dotted line, D F, indicates the morphological middle line; the other dotted line, F H, shows 
the direction of the dorsal fin. The shaded parts are those parts of the original and symmetri- 
cal plan of the head which have become dewloped ; the parts of the same plan which have 
not become developed are indicated in dotted outline, while the parts in entire outline are 
additional developments. 

11’. Right frontal, with its interocular process (m’), 
11 .  Left frontal, its interocular process atrophied, while a new process (n) has sprung from its external 

anterior angle. 
1.1‘. ltight prefrontal, sending back a process (a) to articulate with the interocular part (m’) of the right 

frontal. 
14. Left prefrontal-the part a, in dotted outline, and corresponding to the process (a‘) of the bone of 

the other side, not having been developed, while a new process (f), not found on the right pre- 
frontal, is sent back to articulate with the process (n) of the left frontal. By the union of the 
process (f) of the left prefrontal and the process (n) of the corresponding frontal, the ‘‘ pseudo- 
mesial ” bar of the cranium is formed, and the orbit bounded on the left side. 

15. Nasal bone; the unshaded part indicates a development from its left side, which enters into the 
anterior boundary of the orbit, apparently pushing aside the left prefrontal. 

c c .  Olfactory foramina. 
R E. Right eye. 
L E. Left eye. 

Fig. 5. Posterior surface f cranium of the Plaice. The dotted line, M P, shows the curve of the mesial 
line in this region, the convexity being towards the ocular or right side. 

Fig. 6. First vertebra of the Plaice, seen from the front, showing how its mesial vertical plane is convex 
towards the right or ocular side. 

Fig. 7 .  Seventh abdominal vertebra of the Plaice, seen from before, showing the more vertical direction 
downwards of the left transverse process. 

Fig. 8. Abdominal vertebrae of the Plaice, seen from below, and showing the unsymmetrical obliquit? of 
the transverse processes from the fifth to the twelfth inclusive. 

Fig. 9. Anterior part of an embryo Flounder, magnified five times, showing the upper eye not yet fully 
turned round, and the dorsal fin not so far advanced on the head as we find it in the adult. 
The dorsal fin-rays are a little injured a little behind the head ; but about the ocular region 
there is not the slightest trace of abrasion to be seen, so that there is no reason at all to suppose 
that there any rays have been removed by violence. 

a. Line showing the natural size of the figured portion of the specimen. 












