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INTRODUCTION

In connection with the work which is being done by the Biologiesl
Board of Canada on the 1life histories and particularly the feeding habits
of fishes of the Canadien Pascific Coast, it was considered advisable that
some attention be given to the structure of the digestive tracts.

Preoparatory work on the structure of the tracts of soms of the more
common speecies was begun at the Pacific Biologieal Station, situated at
Nenainmo, British Columbia, in July, 1924, The purpose of the work was to
determine the structure of this important system, to seek a relationship
botween the strueture of the tracts of various speeies and the type of food
used by each, and ultimately to continue the investigation along physiological
and biochemieal lines, to determine the digestive renctions carried on in the
various regions of the differently constituted tracts,

As a beginning, tracts of several species, inecluding the five mentionsd
above wore collected and preserved for histological sectioning during the
summer of 1924, During the following winter, the sectioning and study of
these five spocies was eontinusd in the Biologieal Department of the University
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of Toronto.

o the Biologieal Board of Canada, which made possible the collsction
of material, to the Honorary Advisory Couneil for Scientific and Industriel
Researeh, which made possible the contimmation of the work, @md to the Depart-
ment of Bilology of tlﬁ University of Toronto, in whose laboratories much of the
work was done, I wish to express my indebtedness,

To Dr, W.A, Clomens, director of the Pacific Biological Station, who
has sided in every way in the procuring of material, and to Dr, W,H, Plersol,
who hes directed my work while in Toronto and assisted me whenever possible,

I wish to express my sincorest thamnks,

METHODS

In the preservation of the tracts, the strictest atitention was given
to having the material sbsolutely fresh, In faet, in all cases the fish were
obtained slive, killed, and the tract Lmediately excised and placed in the
fixative, Thus no time was allowed for postemortem changss to take place in
the tissue, nor for autho-digestion of the mucous surface t0 bogin, Pre-
cautions against the latter must always be teken in preserving digestive tis-
suss, and particularly those of fishes, whose digestive secretions are, as a
ruls, extremely active,

Zenker's fluid wes the fixative used throughout, The usual procedure
of washing, removing the mercury salts and dehydration was followed, and the
material kept till ready for sectioning in a mixture of equal parts of aleohol
95%, glyesrin, and distilled water, which was found to be a very satisfactory

modium,



mMMmu wore examined with the use of the binocular
mieroseope, ﬁnh meterial was also teased and macerated when desirable.
Transverse and longitudinal seetions were cut throughout each of the tracts,
particular care being teken to obtain longitudinal sections of all the transi-
tion regions, The sectioning was all done by the paraffin method.

The stains conmonly used were Hssmatoxylin and Tesin or Orangs G, Van
Giesen's Aeld Fuchsin end Pieric Acid mixture, whils for determining the dis-
tribution of mucus and mucus producing cells Mayer's Muci-Hasmatein or Toluidine
Blue were found particularly satisfactory. !

Histological work was done only on the regions from the oesophagus to
the rectum inclusive,

JXPROLAGUS COLLIEI - Ihe Ratfish

ANATOMY

The tract of Hydrolagus colliei consists of four clearly marked regions,
viz, the oral eavity, the ocesophagus, the intestine, and the rectum, Isypdig,

1851, described the tract of the closely allied species, Chimsera monstrosa,
as consisting of san oral cavity, a mid region, and an eanal part, He did not
consider the ossophagus as an entity, but deseribed thw mid region as consist-
ing of stomnch and intestine, Neuville, 1901, gives a diagrem of the intestine
of the same species, and ealls that region of the tract leading into the
intestine the "tube pylorique”. hm at least, this region is
definitely oesophagus and leads directly into the intestine. GSections show
nothing whatever to indicate the presance of a stomach,



The tract passes dtnclth from the pharynx to the anus without coiling,
In a mals specimen 46 em, long the lengths of the various regions were as
follows: buccal cavity and pharynx - 7 ., oesophagus - 2,7 om,, intestine
- 9 em,, Tectun - 2,5 om,

The region of the jmua‘ofmm and the intestine is marked
by a slightly thickened ring around the tract, as well as by a great inecrease
in dismeter, The poush (Bursa entiema) found in the intestine of Chimeers just
pos terior to the junction region is slightly represented in lydrolagus, but
does not differ histologically from the wall of the remainder of the intestine,

The large bils duet enters the right side of the intestins sbout 8 mm,
from its amterior end, and the smallor panereatic duct enters about 6 mm,
dorsed to it. The intestine is enlarged in its middle region. The region of
the attachuent of the spiral valve is clearly visible as a darkened depression
on the outer surface of the tract, As in Chimsera, the snterior part (about
two-thirds) of the valve is much like a simple typhlosole, but in the posterior
region it becomeghpiral, making sbout three camplete turns, It ends sbruptly
with the end of the intestins,

Thy intestine narrows into the rectum which is smeh smaller in diameter,
and leads directly to the smal opening.

'HISTOLOGY
The Ossophagus.
The surface of the cosophagus mhows numerous longitudinal folds, In
the contracted state they may be quite irregular. The wall is comparatively
hoavy, Towards the posterior end the folds becoms deeper and much more regular,
At the junction of the oesophagus with the intestine the folds gradually break
up into villi,



The wall of the ooaophhgun consists of four coats, viz., mucosa,
submucosa, muscularis and serosa,.

The mucosa consists of a layer of epithelium resting on a definite
basement membrane, and a tunieca propria. The epithelium is of the stratified
squamous variety and is from 10 to 15 (or even 20) cells thick. The cells of
which it is composed are, for the most part, large, heavy-walled, and poly-
gonal in shape., They have large nuclei which are normally irregularly rounded
or ovoid in shape, and comprise about half the volume of the cell, The cells
of the basal germinative region are smaller, have smaller nuclei and thinner
walls, and ;ro elongated in their vertical diameter. Towards the surface the
cells may retain their polygonal shape or they may become flattened, their
shape evidently varying much with the degree of distemsion of the walls of
the tract, The nuclei may become shrunken and flattened or saucer-shaped
and pushed towards the basal side of the cell by the mucoid material formed
in the cytoplasm of the upper side of the cell. This material gnv; an excel=-
lent mucus reaction with Mayer's !hoi-haenntein and with Toluidine Blud. The
exposed surface of the epithelium may be covered with a ;mr of cells which
are evidently dead. They are much flattened and have heavy walls. The cyto-
plasm has disappeared, probably to bcc;no a part of the thickened wall., The
nuclei are contracted and flattened, show no definite strueture, and stain
darkly. The result is a dense, more or less cuticular layer over the surface,
composed of the remains of these dead cells, and affording additional pfotoetion
to the underlying cells.

Beneath the epithelium is a definite, though thin, basement membrane.
It‘appoarn quite clear and structureless, but neclel may be found at irreghlar

intervals applied to its lower surface.



The tunica propria consists otc.a layer of fairly n-put. connective
tissue under the basement membrane. Passing away from the epithelium it
becomes looser in structure and gradually changes into the submucosa with
no definite line of demarcation between the two.

There are no glands of any kind in the ocesophagus.

The submucosa is composed mainly of loose conneetive tissue, It forms
a framework for the folds of the mucosa, tilnn.g the rauon between it and
the muscularis. In the submucoseere mumercus large blood and lymph spaces,
lined with very thin endothelium, or having no definitely cellular walls,
ﬁuvhr walled blood vessels are also scattered throughout. Iarge bundles
of nerve fibres may be found particularly in the roqln near the muscularis.

The muscularis consists of an inner longitudinal and an outer circular
layer. Both layers are well developed and are about equal in thickness (6 -
12 ¢ells). The b@lu of fibres are commonly not packed closely together,
but may have a fairly loose structure with connective tissue seattered between
them, The fibres of the two layers are of the striated variety throughout.

Outside the muscularis, the serose is a layer of lovse connective
tissue, carrying blood vessels and bundles of nerve fibres. These latter
are very noticeable in all the sections and particularly those from the anterior
part of the cesophagus where they may be so numerous as to form a discontinuous
layer around a considerable part of the eirc\nroro'nu of the tracte The bundles
are arranged longttudu;ly. for the most part, and gradually become smaller
towards the posterior part of the oesophagus. A very thin layer of pornami

epithelium surrounds the connective tissue layer,



The Junction of the Qesophagus and Intestine.

The transition from the ocsophagus to the intestine, while it appears
to be more or less gradual to the unaided eye, is in reality quite abrupt,
a8 a longitudinal section of this region shows. The stratified epithelium
of the oesophagus ende abruptly and the columnar epithelium of the intestine
is continuous with its basal layers. The upper layers overhang the transition
point as a projecting shelf,

The submucosa is quite continuous, showing little change other than the
gradual appearance of a few non-striated muscle fibres scattered through it.

The striated muscle layers of the oesophagus pass posteriorly slightly
beyond the point of transition in the epithelium. The inncr longitudinal
layer tapers off quite graduslly in this region and disappears. The outer
eircular layer is continued -ughtiy beyond the longitudinal layer and tapers
off to end somewhat more abruptly. The smooth muscle of the intestine appears
gradually as scattered fibres in the outer part of the submucosa. Sections
of the extreme anterior end of the intestine, then, will show an outer eir-
cular and inner longitudinal layer of striated muscle fibres ocutside the

regular smooth muscle layers of the intestine.

The Intestine

The internal surface of the intestine is covered anteriorly with
closely packed villi varying in size from .0 to 1.5 mm. in length, and from
B to 5 mm. in diemeter. Posteriorly, particularly where the course of the
valve is spiral, the surface of the wall becomes arranged in a series of
grooves or fine folds, having & direction transferse to the longitudinal

axis of the tract. These grooves are quite regular and uniformm for a distance



of 1 to 5 em. from the region of the attachment of the valve to the wall,
They become zig-zag, then, and gradually break up into villi,

In sectien the intestine shows four coats comparable to those of the
oesophagus.

The mucosa consists of a single layer of eciliated columnar epithelium,
in which are uattérod many mucous goblet cells, a basement membrane which is
not always distinct, and a tunica propria, which like that of the oénopham
gradually merges into the submucosa. The epithelial cells are very tall and
narrow and appear polygonal or eylindrical in cross section, those from the
posterior end of the intestine being considerably taller thean those from the
anterior end. The lateral walls are very indistinct, and are perceptible only
with difficulty even under great magnification., The walls of the exposed ends
of the cells are comparatively heavy and eiliated, and the terminal bars show
clearly. The eilia are extremely fine and short and can be seen cleady only
under very high magnifications. Cilia are to be found over the entire surface
of the intestine, The basal ends of the cells are usually tapered and pass to
the basement membrane between the smaller cells of the germinative region of
the epithelium. The nuclel of the epithelial cells are e¢ylindrical in shape,
with rounded ends and show a2 definite nuclear memdbrane, They lie in the lower
part of the ¢ell, their upper ends usually reaching to about the mid region
of the cell, _

The mucous goblet cells ippur at the very anterior end of the intestinal
epithelium and are scattered throughout, In the anterior and middle regions
of the intestine they usually show the typical geblet shape when distended
with secretion, but towards the posterior end where the eplthelium becomes
heavier, the pressure of adjoining epithelial cells is evidently much greater

and the mucous cells show little lateral distension even when filled with



secretion.

The submucosa forms a bed on which the mucosa rests, and a framework
for the villi, and serves to carry the nerves and bleod vessels supplying
the mucosa. It is cenpoéed of connective tissue with occasional mooti\ muscle
fivres scattered througﬁ it. The blcod vessels in tho suter part of the sub=-
mucosa are mostly definitely walled, but in the villi they break up into
extremely fine vessels, many with no definite walle other than those formed
by the closely netted fibres of the connective tissue.

The muscularis is composed of three layers, viz., an inner longitudinal,
a middle circular, and an outer longitudinal layer., The inner longitudinal
layer is thin, and in many tramsverse sections does not form a continuous coat,
but may be represented in parts by only & few smell bundles of longitudinal
fibres inside the eircular layer. Occasional fibres may be seen branching from
its inuer side into the submucosa. On the outer side it is separated from the
¢ircular muscle by a layer of connective tissue about oq}ttl in thickness to it~
self,

The middle layer is .the most uniformly developed. It is quite continuous
and complete throughout the length of the intestine, though it mey vary much
in thickness. In the posterior part of the intestine it divides into two layers
of which the outer oue is the heavier, Between the two parts there is a wide
band of loose connecctive tissue in which is embedded the distal parts of a
series of glands, of which mention will be made later.

The outer longitudinal layer, again, varies greatly in its degree of
development. It may be a complete continuous layer, usually not as heavy as
the cirecular layer, or it may be quite irregularly developed, being in one

part of its circumference as thick as or thicker thgn the eircular layer, while



in another part there may be only a few scattered fibres, &r gaps may be
found where it ia entirely absent. |

The serosa consists of & layer of loose connective tissue, carrying
the blood and nerve mpplj for the tract, and is branded on its outer side
by a thin peritoneum, ‘

The spiral valve ies formed by the infolding of part of the wall of
the uxte-ti.ni. In this the mucosa, submucosa, and two inner muecle layers
take part., The outer musele layer tekes no part whatever in the valve structure.
The mucosa and submucosa are continuous and idemtical with those layers of the
wall of the tract. In the region where the valve joins the wall, the direction
of the muscle fibres may become somewhat confused, but in most sections it may
be seen with little difficulty that the inner longitudinel and middle eiroular
layers continue into the valve, keeping théir same relutive positions with
respect to the mucosa, dnd their same directions with respect to the axis of
the tract.

In the valve the two parts of the circular layer are separated by a
layer of loose connective tissue, which in the thickened region along the free
edge of the valve becomes almost mucous in nature. This connective tissue
layer carries the blood vessels which supply the valve, and shows also many
large lymph spaces and scattered mus¢le fibres. WwWhat appears to be a large
lymph sinus passes the entire length of the valve through tho centre of the
thickened free edge.

The June¢tion of the Intestine and Rectum.
In this transition ngion.tho villi gradually disappear, as also do the
folds or grooves of the mucosa, and the larger longitudinal folds of the rectum

appear.



There is again an abrupt change from the columnar $o siratified
epithelium, just as the opposite was the case in the transition from the
oesophagus t0 the intestine. In this case, however, the ctratified epi-
thelium, as would be expected, does not overhang the colummar, but rises
gradually from it.

The submucosa is continuous with little or no pereeptible change.
Posterior to the point of the transition in the epithelium the inrer longi-
tudinal and the inner portion of the eircular muscle layers dbecome scattered
and gradually disappear. The glands which will be deseribed later in con-
nection with the rectum are continuous throughout this region. The outer part
of the circular muscle gradually becomes much heavier, and the outer longitud-

inal layer shows & lesser and more gradual inerease in thickness.

The Rectum

In the rectum the epithelium is stratified. Posterioriy it is con-
tinucus with that of the external surface of the body, The submucosa becomes
somewhat thinner., %The ¢ircular muscle layer is heavy, particularly posteriorly
wvhere it forms the anal sphincter. The longitudinal layer disappears towards
the posterior part of the rectum.

The stratified epithelium is not of the ordinary squamous type, as the
superficial cells do not become flattened but rather remain cuboidal, with the
exposed wall thickened and staining darkly.

A series of about 5 or 10 groups of elongated and many-lodbuled glands
lie embedded in the wall of the tract and form a more or less continuous
glandular layer just inside the circular muscle layer of the anterior part of

the rectum. They extend anteriorly from their ducts, so that approximately

their distal half lies in the wall of the intestine where it divides the



circular muscle layer into an innbr and outer portion, The glandular region
is about 15 mm, long. The structure of one of these groups is as follows:

At the base of & fold of the mucosa is a pit into which a number of
ducts, usually about 4 to 6 empty. The stratified epithelium of the rectum
desgends into the pit. Its upper layers are continuous with, and gradually
change into the epithelium of the ducts, which are composed entirely of
mucous-secreting eells. The lower layers underlie this mucous epithelium
for some distance, then gradually disappear. This pit, then, may be considered
as the primary duct of the gland and the ducts which enter it as the secondary
duects. These latter at once turn anteriorly and proceed more or less parallel
to one another, branching, or rather dividing irregularly, and it soon becames
impossible to consider any one of the branches as the main duct for the group.
They may all, then, be considered as secondary ducte. Thesze in turn again
break up into fine branches which radiate in all directions, and ultimately
lead into, or terminate in pits lined with serous secreting cells. The serous
pits in turn, may also consist of 2 or 5 or even more forks, v

The structure, then, is a series of long ducts, lined with mucus-
secreting cells, branching profusely and irregularly, and ultimately serving
$o collect the secretion produced by the many lobules of serous glandular
tissue.

The serous tubules in cross section show about 8-12 e¢ells around their
eircumference. The cells are cuboid in shape, with fairly large round nuclei
placed centrally. The lateral walls of the cells are scarcely perceptidle,
and those of the basal and exposed ends of the cell are very thin., Adjacent

tubules are separated by a thin connective tissue membrane.



The cells of the ducts are elongated and have definite, clearly
visible walls. The nucleus is, as a rule, pressed to the base of the cell
by the droplets of secretion which fill the greater part of the space within

the cell.
PLATICHTHYS STELLATUS - The Starry Flounder
ANATOMY,
The tract of P. stellatus shows five definite regions, of which the

lengths in a specimen 48 em. long were as follows: buecco-pharyngeal cavity

« 11 em., oesophagus and stomach - 10 cm. (3.5 + 6.5) intestine - 38 cm.,

rectum - 6 ¢m. The measurements of the cesophagus and stomach are given to-
gether, as it is impossible to detect any definite point of junction when
viewing the external surface of the tract. Internally a region of gradual
transition is distinguishable, and in the specimen measured this showed the
cesophagus to be about 3.5 em. in length, and the stomach therefore, about 6.5
ome ?ho oesophagus and stomach pass posteriorly in the dorsal part of the

body cavity. The junction with the intestine is marked by a constriction and
the wall of the intestine immediately becomes much thinner and the tube greater
in diameter. From the pylorus the intestine passes ventrally and turning
dorsally becomes eeuidonhly coiled before joining the rectum. The large

bile duct is short and enters the ventral side of the intestine (about 1 em. from
the pylorus in the specimen measured). The junction of the intestine and rectum
is also marked by a slight constriction and the diameter of the rectum is again
greater than that part of the intestine to which it is joined. In keeping with
the lateral compression of the fish, the redtum is also flattened and the anus
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is an elongated slit. In the specimen measured the anus was 1l cm, from the

mouthe.
HISTOLOGY,
The tract throughout its length shows four layers, viz., mucosa,

submucosa, muscularis, serosa, Considerable variation in the arrangement and
structure of these parts is found in the different regions of the tract.

The Oesophagus.

The oesophagus when contracted, is thick-walled.s It is, howeger,
capable of great distension and to provide for this the mucosa is thrown
into deep longitudinal folds. These primary folds, in turn, have their sides
again thrown into a number of smaller irregular secondary folds (usually 5 -

8 on each side of the primary fold).

The necessity of this provision for great expansion is readily under-
stood because the food of this .spuiu consists chiefly of erabs nd clams or
other molluscs, often large in comparison with the size of the fish, and which
are as a rule ingested whole, This fact elso accounts for the highly mmcous
nature of the oesophageal epithelium,

The epithelium of the ocesophagus is an active mucus-producing tissue,
When fully functioning it appears, under a low magnification, to be composed
almost completely of goblet cells. To correctly interpret the structure, a
portion of the epithelium which is not actively secreting must first be
observed. In such a region it is seen that the structure is pseudo-stratified
in nature., The cells are tall and c¢losely compressed, Their lateral and basal
walls are very thin, but that of the exposed end is heavy, The nuclei are
normally oveid, but may be spindle-shaped, due to the latersl pressure. They
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are scattered at various levels, usually being so arranged as to allow the
cells to fit together as closely as possible. Clearer spaces appear in the
middle and upper parts of the cell where the seeretion is being formed. In

a region which is in an active state of secretion, the structure is more
difficult to determine, owing to the fact that the cell boundaries are very
indistinet and the nuclei are irregularly scattered and mis-shapen and may

be more or less cbscured by the droplets of secretion fomming within the

ecells. However, by following along the epithelium from a portion which is
quiescent to a portion which is secreting actively, it will be seen that as
mucus is formed in the middle and upper parts of the eell, it forces the mucleus
to the lower part and causes it to become flattemed. The mueus foming in this
way and rising to the exposed surface in a mumber of cells in close proximity
to one another, forces the intervening cells downward and distorts them inte
irregular shapes. The nuecleus is usually involved in the distortion, becoming
more or less rounded or irregular in shape.

The submucosa is quite typical, consisting mainly of fibrous connective
tissue carrying blood vessels, and also mmall scattered groups of longitudinal
muscle fidbres which have evidently wandered away from the muscularis. The
blood vessels are small and scattered nd. mostly comparatively heavy walled,
but a few sinuses may be observed which are bounded only by the network of
connective tissue fibres.

The submucous tissue in the folds of the tract is not very extensive,
being merely emough to support the mucosa and carry the necessary blood and
nerve supply. The basement membrane is very slightly developed, A denser
region immediately under the epithelium may be oo:'utdorod as representing a
tunica propria. It mdunlly merges into the typical submucous structure
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without showing any definite line of demarcation,

The muscularis consists of an inner longitudinal and an outer eir-
cular layer, The fibres are of the striated kind. When the cescphagus is
contracted both layers appear comparatively heavy. The outer eircular layer
is quite uniform in development, but the inner longitudinal is more irregular.
It may be heavily developed in parts of its circumforence, where its bundles
may extend in a scattered manner through the overlying submucosa, reaching,
in some cases, into the longitudinal folds. In other parts it may de very
thin or even discontinuous. v

The serose is a very thin connective tissue layer - little more than
is necessary to support the blood vessels and nerves which supply this part
of the tract, The peritoneun consists of a single layer of thin, flattened

cells.

The Junction of the Oesophagus and the Stomach,.

Towards the posterior end of the oesophagus the secondary lengitudinal
folds decrease and disappear, and the primary folds are continued into the
much heavier longitudinal folds of the stomach.

The transition point from the oesophagus to the stamch is marked chiefly
by the cessation of the actively secreting epithelium of the oesophagus and
its replacement by the colummar epithelium of the stomagch, Occasional large
goblet cells may be found in the anterior part of the stomachic epithelium, so the
transition is not altogether an abrupt one.

The gastric glands appear almost immediately after this tramsition region,

The submucosa is continuous with little or no perceptible

change , other than a slight increase in the blood supply, particularly in the

number of sinuses, and the appearance of the gastriec glands in the upper part



w l7 =

of the tissue.

In the museularis, on the other hand, there are definite changes in
structure, The muscle fibres change from the striated to the smooth veriety
and the relative pu_tﬂa of the two layers becomes reversed. Both layers
also become less heavily developed.

‘ The outer eircular musele of the ocesophagus continues as a heavy layer
for some distamce beyond the trensitional point of the epithelium and ends
abruptly. The striated fibres of the inner longitudinal layer in this regiom
gradually become replaced by smooth fibres, the tmwo kinds mingling consider-
ably in the transition. Posterior to the cessation of the striated efreular
muscle of the oesophagus, the longitudinal layer is left as the outer muscle
layer of the stomach, and the cireular smooth musele layer appears inside.

In this transitional region the longitudinal muscle layer may split
and surround & small quantity of circular muscle which is composed as a rule,
of intermingled smooth and striated fibres. |

In short, there is in the muscularis a region where there is an inter-

mingling in regard to both ih- kind and the direcotion of the fibres.

The Stomach.

The internal surface of the stomach has a darkened brownish tint in
its anterior and middle regions, but this is not evident in the pylorie part.
The whole inner surface of the stomsch is thrown into longitudinal folds,
much heavier than those of the cesophagus, and which may have a zig-zag course
“~ the orgen is contracted. In the pylorti region they become smaller. To
tﬁo unaided eye their surfaces appear guite smooth, but under a medium nagni-

fication they are seen to have a netted appearance., This is due to the presence,
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over the ﬁnlo surface, of innumerable small pits or furrows. They are very
narrow and usually 2 to 6, or even more, times as long as they are wide, and
may give off short branch furrows on either side. no'.mm glands empty

into the bottom of these pits.

The epithelium of the stomach is simple and colummnar, The cells are
tall and narrow and e¢losely pressed together. The lateral and basal walls
are distinet, but extremely thin. The exposed wall is heavy and very finely
eiliateds The nuclei are ovoid or more elongated, depending on the lateral
pressure cn the cell, The eytoplasm is quite uniformly granular, or may be -
more dense noai the free end vor the cell.,

The gastric glands are of the compound tabular type. Their ducts empty
at the bases of the pits of the epithelium, there being usually from £ to 6
to each pit. The columnar epithelium of the surface lines the pits and may |
descend a short distance into the duct of the gland, It is shortly replaced,
however, by olear micous cells, The duots may divide into fram £ to 4 branches.
The distal end of each duct is continued into a small number of tubules (usually
2 to 4) which are lined with serous seereting cells,

The mucous g¢ells of the ducts are comparatively large and cuboid. When
filled with their mucous seeretion, they stand out very elearly in the sections.
Their walls are quite definite and the nucleus can usually be observed flattened
against the base or cormer of the cell.

The lumen of each tubule is very small in diameter, m serous cells
forming their walls are much smaller then the mucous ecells of the ducts. They
are cuboid or slightly flattened and have extremely thin walls. The cytoplasm
is finely granular and stains demsely with eosin, Their nuclei are comparatively
large and rounded and rest in the lower part of the eells., ZXach tubule is



surrounded and separated from its neighbors by a very thin sheet of connective
tissue.

The submucosa is quite typical of this kind of tissue., Thin walled
blood and lymph sinuses are somewhat more numerous than in the oesophagus.
Smooth muscle fibres are scattered throughout, particularly in the region
near the mucosa.

The two muscle layers are continuously developed throughout the stomach
region., Anteriorly the two layers are of about equal thickness, The outer
longitudinal layer is fairly uniform over the whole organ, but the inner
eircular layer gradually increases as it passes towards the pyloric and where
it may be several (6 to 8) times as thick as the longitudinal layer, and where
it takes an important part in the structure of the valve of the pylorus.

Junction of the Stomach and the Intestine.

The junction of the stomach and the intestine is marked by a well
developed pyloric valve. The large folds of the stomach cease at the begin-
ning of the valve structure, and are replaced by much smaller ones, which pass
over the valve and on its posterior side graddally break up into the zig-zag
willow-like structure of the intestine.

The gastric glands disappear shortly before the beginning of the
pyloric valve., The valve itsels is a simple elevation of the wall of the
tract in which the mucosa, submucosa and eircular muscle sake part. The
epithelium is continuous over the valve, the beginning of the intestinal mucosa
being marked by the appearance of goblet cells near the distal end of the valve.
The submucosa is continuous without change. The cireular muscle, which is

already a heavy layer at the posterior end of the stomach, is still more in-



‘@reased under the base of the valve and gives off a branch which extends nearly
to the distael end of the latter and acts as a sphineter for its control. FPos-
terior to the base of the valve the heavy muscle layer changes very abruptly to
the much thinner intestinal layer, which continues from its outer part. The
outer longitudinal muscle is continuous throughout the region, but becomes some-
what reduced in thickness. A portion of the inner side of the longitudinal
layer may be carried a short distance into the valve and probably acts as a

dilator to cpen the valve and allow the passage of food material.

The Intestine.

The wall of the imtestine is much thinner than that of the ocesophagus
and the stomach. Its muccsa is thrown into numerous narrow longitudinal folds
vhich follow a regular zig-zag course throughout its length. The fact that the
folds are partially interrupted at each of the zig-zag turns gives the impres-
sion at first, that the structure is really that of leaf-like villi. These
inter-ruptions, however, do not usually pass to the base of the folds which,
therefore, are continuous, and the structure is not one of villi, though it
no doubt represents a step towards their development. The sides of the folds
are again much folded in the plane perpendicular to the wall of the intestine.
The result is that a maximum Mnt of surface is presented to the food material
in the tract. The folds gredually decrease in size as they pass towards the
pectorlar end of the intestine,

The mucosa of the intestine consists of simple colummar epithelium with
many goblet cells scattered throughout. As in the oesophagus & region of the
sub-epithelial tissue immediately under the epithelium is more compect than
that farther removed, and may be considered as having the function of the tunica

propria of the higher vertebrates. The epithelial cells are closely compressed



when the tract is contracted and the nuclel are arranged between the middle
and basal portions of the cells. The cytoplasm is gquite uniformly granular.
The lateral cell walls are extremely thin, while the basal walls are more
distinct. The wall of the exposed end is heavy and very finely ciliated.

The submucosa is quite typical of this kind of tissue, It forms a
thin fremework for the folds of the mucosa, and is a comparatively thin layer
between it and the muscularis.

The muscularis consists of an inner eircular and an outer longitudinal
layer, and is conptiatinly heavy. Both layers are developed quite uniformly
throughout the length of the intestine. The inner eircular layer is much the
heavicr of the two. The two layers of m&clo are separated by a thin layer of
connective tissue in which are imbedded the larger nerves supplying the

intestine.

Junction of the Intestine and the Rectum

The transition from the intestine to the rectum iz also marked by a well
developed circular valve. At the beginning of the valve structure the zig-zag
folds of the intestine become replaced by numerous marrow, straight, longi-
tudinal folds, which come to an end at the free edge of the valve. The surface
of the posterior side of the valve is similar to that of the rectum,

Longitudinal sections of the region show that the structure is nearly
identical with that of the pyloric valve. The mucosa is contimuous over the
vhole surface with no change in its intimate structure. The rest of the
structure resembled s0 closely that of the pyloric valve that further deserip-

tion is unnecessary.

The Rectum.

The surface of the rectum is slightly folded or undulating, and has a



"pebbled" appearance due to its being covered with short, closely packed villi.
At’ its posterior end there is again a valve developed.

The mucosa and submucosa of the rectup are practically identical with
that of the intestine., The ecircular muscle, which is comparatively heavy through-
out the rectum, is much increased at its posterior end to form the anal sphincter.
The outer longitudinal muscle does not extend as far as the eircular, but to-
wards the posterior end it becomes scattered and disappears,

Posterior to the nivo the goblet cells disappear from the epithelium
of the mucosa and this columnar epithelium is shortly replaced by an abrupt
change into the stratified mucous epithelium of the epidermis,

LEPIDOPSETTA BILINEATA - The Two=-lined Flounder
ANATOMY o

~ Anatomically lLepidopsetta bilineata differs from Platichthys stellatus
chiefly in having a series of four caeca given off from the anterior end of the
intestine. |

In a specimen 27.5 cm. long the various regions measured as follows:
bucco-pharyngeal cavity - 4 em., oesophagus - 1.7 cm., stomach - 5 cm.,
intestine -~ 29 om., rectum - 1,8 om., caeca - each about 2 oem.

The short oesophagus,leads into the larger stomach, which passes back-
ward and turns ventrally to conform with the shape of the body cavity. The
Juncetion of the oesophagus with the stomach is marked extermally only by an
increase in diameter of the latter. At the pylorus the stomach again narrows
and leads into the intestine, the junction being marked by & slight constriction.

Almost immediately three of the intestinal cseca are given off - one



dorsally and two ventrally. Between the two ventral eases the bile duct
enters. The fourth caecum is given off venttally behind (1.3 cm. in the
specimen measured) the others. ‘

The junction of the intestine with the rectum is again elearly marked
by & slight depression encireling the tract. The rectum is slightly greater

in dismeter than the intestine,

HISTOLOGY.

The Oesophagus.

The mucose of the oesophagus is longitudinally folded as in Platich-
thys, but the secondary folds are not so marked.

The epithelium resembled that of Flatichthys in that it is pseudo-
stratified and mucus-secreting. Since the longitudinal folding is not so
great as in Platichthys, the c¢ells are not so much compressed laterally, when
the tract is contracteds The cells are heavier-walled than those of Platich-
thys, and the mucus-seereting function is not nearly so well doulopod;
consequently the pseudo-stratified appearance is noio regular throughout.

' There is no definite basement membrane. The tunica propria is, as
in Platichthys, composed of closely-packed connective tissue fibres and it
gradually merges into the loocser structure of the submucosa,.

‘ The arrangement and structure of the layers of the musculeris is
similar to that of Platichthys, except that the imner longitudinal layer is
less developed and disappears before reaching the posterior end of the oceso-
phagus.

The serosa, like that of Platichthys, is very thin.
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The folds of the cesophugus pass grafually into the lomper loneitudinel
hludtheum 'nwnoondars folds ﬂiuype&randthnmmbm
typically pitteds o

Microseopically the transition fron ocesophagus to stommch is not elearly
marked but is more or less gradual, It 18 trus there is an abrupt chamge :
fron the pseudo-stratified mueous epitheliun of the oesophagus to the »M
epithelium of the stomach, b\nw oom are seattored for some distance
into $he Batter, |

The gastrie glands 4o not appear ‘rer sore Alstence bayond this mon
of trensitloa in the epithellum, them they appear graduallys The submucoss
is, of course, sontinuous throughout with little or mo 'ehugo.

Tie infer longitudinal muscls disaspears, as befordhentioned, before
the stomach is rocched, The outer eircular layer on the other hand, is continued
a consideruble dist&me inte the shomach, forming the anl: nuseular eoat for
about She firset quarter or thivrd of its length, It tapers off more or less
gradusily, and with a slight mingling of the tvo'undsict ﬂm,w thinner
W apoth nusele of tma storaeh continues fyram it, The outer longitudinal
layer of anmcoth siusole appears as seatterod fibves in the ecomective tissue d’
the serosa, ®lightly smtericr to this region, a.na from the point where the eire
culay smooth musele beglns it forms a definite, tm thin layer,

The Stonach,

The stomaeh differs little in strusture from thet of Platichthys,
Throughout the greater part of its wall are imbeddod glands practicelly identie
eal in structure with these of Platishthys. nm.m.ummu
mm»mu,mmmmmmnmum
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grows of 11l-developed glands, craduslly ineveasing in nusber and size 411
‘the normal development is roccheds thmmwthom
‘the glands graduslly disappesr in a sinilar manner.

mmmsnmwmmmtcm

The muscle laycrs aro quite unifomly developed threughout the greater
part of the crgam, the imner eireular layer being frem twice to three times
uwummeM(mmmnmm
of 8 to 10 colls), Towards the pyloric and the eireular nusele incrcases more
ebruptly then in Plabtohthys. | |

The larger nerves supplying the organ ave imbedded in the eomneetive
tissue layer which separates the two parts of the misoularis,

Junetion of the Stomeoh and the Intestine.

' The stomneh becomos much narrowed posteriorly where it passes into the
intestine, Moiano‘tcuhthomtormnwmlcnheuh
Platichthys, but th wll of the tract booanes mioh thicker and fimer, dus,
as will be shom later; to @ grest increase in the thickmess of tho eiveular
mwm. The larpglongitudinal folds become eorrespondingly mmller and
probably gradunlly change into those of the intestine,

The pits of the stomuch are econtinued to the transitimmal region, al-
though the gastric glands disappear before this point is recched,

The transition fron stomangh to intestine is marked ehiefly by the appoar-
ance of a great rroportion of goblet cells in the epitholiwn and a grest ime
eroase throughout the region, in the development of the civeular muscle, which
foms a pyloric sphineters The longitudinal layer gives off frem its inner
 5ido, fibres which pase inte the eivoular layer and serve to dilue the tract
when necessary for allowing food material to pass, Pmu'io:'tbthiarcglm



- 26 -

it 18 a mueh thinner layer. The submucosa begomes much reduced,

The Intestine, Rk |

The micosa of the intestine is arrenged in zig-sag folds, muoh as in
Platichthys, The folds thengelves, however, are ecmperatively heavier and
deoper tham those of Platichthys,

The epitheliun of the imtestine {s restisally idsatical in strusture
with that of Platichthys, It is eciliated and highly mucous, The submueosa
{6 yodusal alnost 40 & ninimwn, OF Ahe Swe metls layors, {he Sinar etrwular
is again wosh the heavier, This layer is particularly well developed fwom the
boginning of theintestine to the region just beyond the posterior ventral
eaecun, :utwmmmrnauu.»ﬁtﬁmnth-m
xmmwmmmwmumxbcm Posterior to
the cascum nmenticned, ummuwmuwm-m.xmou. The
outer longitudinal layer is very thin , belng for the most part only 2 = 4 ce}ls
in thiclness, It foms, however, a continuous wnbroken coats

The Caeca.
The surfaces af the cacca are like that ofthe intestine, except that
the folds are comparatively marrower and deepar, and show more tendency to branth
and join with one anocther, , , ’ ,
mmwumWMMmemwm
intestine from which they branch,

Junction of the Intostine and the Rectum,

The function of the amall intostine and the rectun is marked as in
Platichthys, by a well developed valve, The folds of the intestine ave con-
tinued over the valve into the restum.
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In the valve structure the mucosa, submucosa and ¢ireular musele take
part, There ave no fibwes passing from the outer longitudinal layer inte the
mmmuwm«mcmm“'msummw/
The eireuler msele, howevor, passes iato the valve, but quickly disappears as
such and gives rise to a strusture composed of intermingled groups of fibres,
sove having a oireular, others a radial direetion with resyeet to the longdtudinal
axis of the tract. : '
The Rectum |

_mw,mnm.mmatnmwtmmﬁu
mntmtmnm«mmtuﬁ, continuous with those of the small
intestine, When distendod, the large folds, of course, disappears

,mmmammumamnﬂcmmatmm
intestines At the posterior emd the goblet sells gradimlly dfssppear from the
eolumar opitheliuws, which also loses its cilla and ic replaced by the mucous
epitheliun of the siin,

mmmummmmml.

Both layers of the museularls are much inereased in the rectun, cah
being 2 to 3 tines as Shick as in the smell intestines Posteriorly the longie
tudinal layer graduslly disappears, while the eireular layer, as in Platichthys,
15 mush ineveased, forming in smal sphinstor,



ANATONY ,

Tho treet of Cymetogaster aggregatus is characterized by the absence
ntnuu-nh. n.mwmm-(um)u-mwm
Mmmmnfmuas Whﬂty Jm.mﬂm
-.'Iu..intwuno m‘.,nuu 2 omg

From the pharynx the tract makes & single loop and leads to the Teetum
mmnuummmmwmmim'.

The jwiction of the smell intestine and Pestum is marked exteriorly :
by & slight constriction, | '

HISTOLOCY
The Oesophiagus, ‘ ‘

The imer surface of the oesophagus is folded longitudinally, The
folds are numarous but not deep, and their free eodges are arranged in amall
lobules, or pimple-like elevations, :

'mullmwathomw.m:m'm”-
cularis and serosa, : ‘

The mucosa consists of an epitheliun with a definite basement membrans
and a tunica propria. The epitheliun is thieck and highly mucus-seereting,
and appears, when aetive, to be composed alrost entirely of boglet cells, It
18 pseudo-stretified in nature, The oslls are large and élongated, with elearly
marked wallss The muoled are comparatively smell and usually erowled into the
lover part of tho cells by the seeretion, It 1s evident that there must be mmeh
erosion of the epitbolimn by the feod Meterial, Thé vast prodietion of mirus
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for the lubrication of the surface suggests that the food must be very rough
in neture - whieh, in fact, is the case, The fact that new epithelial sells
mmmmgmimumgmmmmummmw-
gosts that constant renewal is necessary. In addition to the destruction of
eells by evosion, it is also quite probuble that the cells do not regenerate
after they have produeed and discharged their seesetion. In many nlaces the
mwamawnummundw.mnumm v
flatenning of the surfoce eells that is usually found in this kind of epitheliwm,
The explanation would secs to be that the epitheliws heve has discharged its

seoretion and been eroded, Shen has bosn replaced from the gemilnative reglon
ummmmmmmmmmmwsmum. '

Seattered throughout the mucous epithelium are small fslands of mone
m,wm(mmmmm)_mtmm The boundaries
«mumuthmmmmumm.wwmh
extremely thin, The wall of the exposed side of the eells is slightly heavier,
mm\ummmm,mmw@mm
situated in the lower part of the eell, The boundaries of these islands are
sharply merked, there being mo indication of a gradual transition from their
coluwmar struetwre to the normal pseudo-stratified structure of the cesophagus,

A definite basement membrane supports the o,w»nu;

The tunica propria may be considered as being represcnted by the more
cocpact sonneotive tissue imedistely underlying the epitheliwm, It cradually
becaués looser in structure and merges into the submucose without any definite
line of demareation, , |

The submucoss s quite typieal of this kind of tissue, It is highly
w.am.mmn.utmmaanmmmmmmm
ummmmormmMmmm. AMMU“



ummmemmwmm&m
connestive tlasus,

he musoulsris ¢onsists of an imer longitudinal and en outer eirewlar
laor, The imner layor is comparatively. thin, bt 16 o contimuons though nob
& conpact cost, mnﬁmemm.mu ulso somevhet loosely constzuoteds

Wnuammmmmmumamm

ing part of the wall, mmmyum&m.mu
mmuuummm«mmm:«mm
of the wally mmmmeemmmmvm
mmuammmmmum.mmum
!lllbﬂlllltﬂfll!ﬁh‘ll&ﬁ‘nﬂiliOllﬂt
Juetien of the Oosophogus and the Intosts.
In this region the folds beeore sualler and gontinue into the folds of
the intestine, '

: qummmmmmmm
nmwmawrmmmmmamm
mummwm’&ummm
epithalium of tho istestine, Ia tho epitheliun of the extreso posterier pert
cmmm:-mmmm mmmmm-
'mmmmmm Both layers of stristed mscle continue neme
-mmmmnmemmmmmm The inner
MWWMMM.M%WWM: e
namamummm. mwmmmm
of smooth intestinal muselo appears imodistely ufter the tomination of the '
emﬂﬁ-mammmmammumwm
layer, The inuer eireular smooth layer bepins abruptly e short dlstance peste

eriorly,



The Intestine,

The folds of the intestinal mucosa are not as heavy as those of the
oesophagus, In the antericr region they are very irregularly arranged, bub
mamm:mmemmmmtuymummdm
course, which is contimued to the posterior ends The wall consists of the four
usual layers, It is thin - so thin, in fact, that the epithelium Mmm
w(mmwmmmmmn)dzutmwmmu.

The mucosa consists of a colwmnar epitheliun resting on a M
basement membrane, The structure underlying this, and which is omdinarily to be
considered as representing the tunica propria and the submucosa, is so thin thet
it seenms of doubiful walue té subdivide it inteo two separate regions,

The epithelium is of the simple colwmar eiliated variety, with goblet
eells scattered throughout, The cells are tall and narrow, with oval muclei
iying in & regular order in the lower halves of the sells. The wpper halves of
the cells are guite uniformly finely gramular, The lateral cell walls are extremely
thin, while those of the exposed ends are heuvier and provided with very fime,
short and wnifors cilia,

In mmerous rogions throughout the intestind, the epithelium, in the sections
W.mmmmuemmmma.mmmumm
from it by protein food meterial which had been absorbed by the epithelial cells
and passed throuch them mueh more quirkly than it could be absorbed =nd errried
away by the lymph stream. So grest was this "ballooning® frequently, that the
epitheliun was rupturod and the food material could be seen passing back into the
lumen of the tract through the Fupture, This phenomencn is evidently identical
with that observed by Macallum (1924) in guinea pigs and Pabbits, The ebsorbed
material was distinetly visible as small, closely packed droplets, filling the i




space inside the "balloon®, Irnmediately under the base of the epitheliws
mmmgm«ummmmmum.m‘mmnnm«
ing seperate from that of its neighbors and producing the appearance of & very
fine honeyconh, ‘

A5 stated before, 1t 1s of dowbbful worth to try to distinguish tuniea
mumm.umswmm‘mumtmﬂm“gi
in structure, It is highly vaseular, the larger blood vessels and sinuses :
causing & local expansion of the layer, and indecdbf the whole of the surrounde
ing wall of the trast, in onder to accomodate them, Tho meshes of tho eone 4
 nestive tissua are Move or less completely £111ed with levsosytes, The twé

nusele layers are together slightly thicker then the submucosa, Both layers
'mqaz-mmmwmww.tuw'M
layer being slightly the heavier of the two,

Tho seross d1ffere 1ittle £rom that of the reglon of tho cosophagus,

Junction of the Intestine and Rectum,

mmmm«nwmmm«umu.
mm.uxm-»-mmwm:oMammmmm In
mmmammwmmmmwm.'mmum'um
tinuous over the surface without chamge. The submmcosa is, of course, con-
timous, The misele of tho valve is mostly eivoularly directed, but at the
m:tmmsmu.thmmmdmwmmv
 end etroular fidres, Tho muselo structure 18 econtimuous with the eiveulsr
layer of the wall of the tract. Ammmmnmfxummw-
tmmuu:.nlnmm.



The Rectum,

The folds of the reosa of the rectum are practically identieally
the same as those of the Mm.mmnmm'uwxwm; .

Histologically the rectun is like the intestine, exeept that the
layers, with GM‘Menotﬂnopuhonm,mnnm_uymh
thicknoss, The opitheliun boeomes thinner in the posterior part, the eolls
gradually beeoming shortoned and euboldals nmu;wm“pomcm-,
ition from this to the strefified epitheliun of tho outside of the body. The
goblet cells gradually disappear, as does alse the previously well developed
basenent mesbrane, The submucosa begomes thisker and there is a slight fne
erease in the eireular musele, which, however, becomes thimmer again before it
mmwlmmmmthepomcmuimhmapnm
mmmmmmmmum.n@uuppm gradually,

TARNIOTOCA LATERALLS = The Blue Peréh

ANATOMY o

Anatomically the tract of Taeniotoca lmteralis is practically identical
dmmaww.wm.mmwmm.

HISTOLOOY

The Oesophaguse

The oesophagus is much folded logitulinally and the folds also have
the pimple-like elevations along their free odges. Histologleally it is
practically the same in structure as that of Cymitogaster, the epithelium,
however, beine comparatively heavier, Islamds of eolwmar epitheliwm are alse



‘n‘“»

prosent in the rogular pseudo-stratified epithelium of the cesophagus, &nd
in these 1o ealls are comparetively taller and narrower than in those of
Cymatopaster, and thelr nuclel are not so uniformly arrangeds The other

layers are arranged as in Oymatopastor,

Junction of the Ossophagus and the Intestine,

In the region of the junction of the cesophagus and the intestine
tholmgitud;mlfametfholidlwmtwawu
3 or 4 en, are replaced by e band of finger-like villi projecting into the
lumen of the tract, These villl arve about 25 mmy in diameter and 1 mm, in
length, Histologically they do mot differ from the normal structure of this
region, Posterior o this band of villi the smaller folds of the intestine
appoears .

The transition from cesophageal to intostinal epitheliwn is sbrupbs
The basement membrane which is extremely well developed in the cesophagus
becomes much less so here, There is a slight inoresse ipthe subwepithelial
tissuwo, The inner longitudinal musele disappears as in Cymetogaster and the
w‘m&«umwnmm.mv. The inner eire
mm‘mormmmmuw-mwm.orm
within the posterier end of the ecireular striated muscle. mmmw.nu
mnhotthti&ﬂinowumothﬂhrnmtwwmn@tm
mm«mmmmmmh.mmmummm
ﬁlm‘

The Intestine,

mmt“orth.mmmhmvmwmm—n
mhruto@wit%wm“huﬂm&mam
bone" woave.
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munaatmmm»ummummmm
mmwwunamnnamw. mwm ,
18 not mearly as pwonowneed as in the cesophagus, e Subeepithelisl tisous
1s thicker and & denser portion near the epitheliun oen be eonsidered as the
$unica propris, geeduslly merging into the sudmuoosds _ 3

In the actively absowbing intestine the epitheliun may be separated
fron the basement mesbrane mot caly in small "balloons® but over large areasy
and the intervening spase filled with absorbed food materiul,

mmremMMMnmzwmmmmmw
developed unifornly throughout, mm«mmu"mum
snuumﬁxuznommsmmi.atuwmarmmu
thiek as the epituelimm, throushout the prester pirt of tho intestine,

Junetion of tho Intestine and the Rectun,

The junction of the inmtestine and the reetwn is marked by a valve
and an fnerease in the thickness of the wall of the Feetwn, The folds of
the micese. are continuous and bogome slightly heevier in the roctus, The
. avrangement of the layers in the jumction region 1s us in Cymatogasters

The Rectum,

The anterior part of the restw: is like the intestine in structure,
m-ﬂm‘dmmmmuwmmwm
by absorbed feod material,

Posteriorly, utmmwu.mmmumummm
mzmmmmmm.amuu-«mmm It
1s replaged abruptly by the stratified epithelium of the outer surfsce of the
Yolys The sub-opitheliml tissuo gredually diseppears, The eireuler miwsele
is mch inevoased at its posterior end to form an anal syhinoter, and the
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outer longitudinal layer begomes mzmmmwm
© tdasues of that part of the body wall, end disappeering,

Gole, .7, 1901, nmmu.m plaices Liverpool Narine Biology
Comuittoe Memoires, VIII,

m!a.h 1851, mmu-wmua-mmw mh.
Anst. Physiol, Wisce Ned. 1851, 105 PPe 241-2724

m, A8, 1924, mmmwimarWMuwmmm
Mugosa, Jour, Brit, Assoc., July 1924, :

; m,mmxtmummuumwtm‘
wgousxi..) Bulls Soe, Phu-m Parise 1901. Sexs 3,
e .

: muu.mx. 1893 mmvm m?mm. Colls loms 300,
M : m"’. Sere 5; ppe 081-082,

1874‘ qumml'mm :
. osseux le :m.m.mm. }4 30,
: pre 61 - 73. '
Mm.nos. wbuuaavmmmmmrmm
Lam, Soce Hist, “to Mm. 1508. 21, PP lP’lo:
Yung, BJs 19144 La digestion chez loe mm. irche
B ‘ m,m:.m.dm.‘ 9144 38, ppe TL = 724

_# Yo seen by writer,





