
CHAPTER xiv

OROANS PROM TIlE MESODERM

T HE mesoderm appears as a distinct layer over the dorsal
s llface of the embryo at the time when the dorsal lip of the
blastopore is moving over the white hemisphere (Fig'. 25).
At first the mesoderm is in close contact with the endoderm,
particularly along the mid-dorsal line. The notochord soon
separates fro il the mesodermal sheets of each side by two verti-
cal furrows, so that from this time forward there are two latcral
sheets of mesoderm, separated in the mid-dorsal line by the

notochord (Fig. 26, E). Around the anterior and posterior
ends of the notochord, the two sheets of mesoderm are eon-

tinued into each other.

These sheets of mesoderii now rapidly extend ventrally.
This down-growth is brought about by additions to the ven-
tral borders of the sheets. The new cells that are added
come, probably, from the yolk-cells along the free borders of
the mesoderm; thc yolk-cells in this region dividing rapidly
form smaller cells that are joined to the mesoderm. 1 At the

time when the medullary folds appeal' outlined upon the SUl'-
face, the lateral sheets of mesoderm have extended ventrally
and to a certain extent have fused in the mid-ventral line.
The cells of each sheet of mesoderm are arrang'ecl over the
greater part of their extent into two layers; but on each side

of the notochord the mesoderm is somewhat thickened to form
the beginning of the segmental plate (Fig. 42); and in this

region there is, in the early stages of development, no distinct

arrangement of the cells into two layers.

1 According to some authors the ventral extension of mesodcrm results from
a proliferation of the mesoderm that is first laid down over the dorsal region,

but it seems to mc there is little ground for such an assumption.
14G
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Over the anterior end of the embryo and around the pharynx
the mesoderm forms a thin layer of cells, loosely held together
(Fig. 26, B). The iiesodenii over the dorsal sllface of the
pharynx and beneath the brain plate is represented by only a
single layer of somewhat scattered cells. Around the blasto-
pore there is a thick layer of mesodermal cells which is thickest
on the dorsal surface. In general, in the posterior region of the
body the mesoderm is thicker than iii the midclle and anterior
reglOns.

THE MESODE1ßIIC SOMr.rES

In the following stages of development of the embryo the
dorsal ectodermal plate is lifted up and rolled in to form the
central nervous system (Fig. 42). The mesoderm lying on

SP

FIG. 43. - Cross-section through middle of embryo. 1\1. Medullary plate. N. Noto-
chord. No. Nemal crest. PS. Primitive segment-plate. SO, SP. Somatic anei
splauchnic mesoderm.

each side of the notochord changes shape somewhat during this
time. It forms on each side a thick, nearly solid mass of cells,

the plate of the primitive segments or segmental plate (Fig.

42). The outermost cells of this mass, i.e. those lying nearest
to the dorsal surface, now show a tendency to arrange them-
selves into an epithelial layer. This layer is at first continu-

ous at the sides with the outer or somatic layer of cells of
the lateral mesodermal sheets. The two layers of cells of the
lateral mesodermal sheets (Fig. 42, SO and SP), the somatic
and splanchnic layers, often show a tendency to sermrate and
leave a cavity between them. This ccwity filled with fluid
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is the ccelom, or body-cavity, and is at first continued into the

segmental plate. The cavity in the segmental plate lies be-
tween the outer epithelial layer and the inner solid mass of

, cells.
~When the medullary plate of the embryo begins to roll in

to form the nerve-tube, each segmental plate begins to ureak
up transversely into a series of blocks or mesodermic soiiitcs.

The process begins first in the region
anterior to the middle of the embryo

(Fig. 43). The mesodel'nic somites
are at first somewhat irregular iii out-
line. The IÌrst well-marked somite lies

at about the level of the ganglion of

the vagus nerve. In front of this there
N are traces of another somite which is

partially broken up iiito loose mesen-

chymatous tissue. Stil further for-
ward, the series of somi tes is replaced

by loose mesenchyme. , In the frog the
number of herid-somites (or structures
corresponding to them) is uncertain.
A t first the priiii ti ve segments or
somites are not separa.ted from the

lateral sheets of mesoderm, but almost
immediately after the segmental plate has begun to brea.k

up transversely into somites, these begin to separate also

from the lateral mesoderm. This separation appears iirst
in the intersegmental borders. A t this time the medullary

folds have met to form rl closed tube. Posterior to the
fourth segment, the segmental plate is beginning to break

up into blocks, but these have, as yet, no sharply markcd

outer or ventral boundaries. The body-cavity of the laterai
mesodermal sheet is at first, as we have seen, sometimes con-
tinued into the cavity of the segmental plate, but when the

constriction of the plate from the lateral sheets takes place,
this communication (the communicating canal) is lost. Even

in the younger stages there is a differentiation of a peripheral
epithelial layer surrounding the dense central mass or kernel
of the somites. This peripheral part is represented on the
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FIG. 4:i. - Frontal section of
Bomliinator. (After GÖtte.)
1\S. l\Iesoblastic soliItes.
N. Notoehord. NC. Nen-
l'al crest.
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outer side of each somite by the entire somatic layer. Along
the ventral and median Loundaries of the somites a layer

ha ving a loose epithelial character ( mesenchyme) is also to be
seen. Thus the central mass which is to develop into the
myotome lies on the median side of the ccelom, and is wholly
snrrounded by an epithelial layer. Frontal sections show that

this layer can also be traced inward for some distance between
successive somites over both their anterior and posterior sur-

faces (Fig. 44).

"N ot merely is mesenchyiie produced by the thin peripheral
layer of the somites, but in anterior regions considerable por-

tions of the kel'els of the soiiites also undergo a metmnor-
phosis in this direction. Thus, if I be not mistaken, a somite

immediately in front of somite 1 has been wholly converted

into mesenchymatic tissue. The kernel of the succeeding so-

mite (somite 1) has given rise to a considerable quantity of

mesenchyme, and the process has been manifested, though to a
less degree, even in succeeding somites." 1

At the time when fonrteen pairs of spmites are present 2
the cells of the more

anterior somites have

Legun to differentiate
into muscle-fibres. The
cells of each somite elon-
gate in the antero-pos-

terior direction and
become cylindrical in
shape, and each extends
the whole length of its A

somite (Fig. 44, B).

Each cylindrical cell has
at first but a single nu-

cleus. Around the wall
of the cell a layer of fine
fibrillæ appears. The original nucleus divides and re-c1ivides

into many nuclei, which lie scattered throughout the celL.
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FIG. 44. - Frontal sections through the anterior

end of Bombinator. (After Witte.) c\., Shows
three gil-ponches (G), and mesoderii of
arches. B. Shows formation of mesodermic
somites (MS). PH. Pharynx.

1 :Field CDl).
2 :Four days after fertilzation of the egg, wheii three pairs of gils have

appeared.
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The development of the musculature of the head, limbs, and
ventral body-wall takes place at a later stage. A description

of the origin and development of these structures is beyond

the limit of the present account.

THE I-bAHT AND BLOOD-VESSELS

The heart appears at the time when the medullary folds have
rolled in, and have met along the mid-dorsal line; it lies Lelow
the pharynx, and anterior to the liver (Fig. 37, B). The meso-
derm in this region shows a tendency to split into two sheets
and, where the heart is about to develop, a cavity, a part of
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FIG. 45. -Three stages in development of heart. E. Endothelium. PE. Pericar-

dium. PH. Pharynx. W. Wall of heart.

the ccelom, appears between the sheets. A cross-section of the
larva (Fig. 45, A) shows on each side of the mid-ventral line
in the region of the heart the somatic and splanchnic layers

widely separated from each other. The ccelomic cavities of
the right and left sides are not continuous across the middle

line, but anterior and posterior to this section the cce!omic

cavity is found to be continuous before and behind with the

general ccelomic space on each side. j\ few scattered cells
lie in the middle line between the splanchnic layer and the

ventral wall of the pharynx (Fig. 45, A). These cells have
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been described as originating from the ventral wall of the arch-
enteron, and if so, have had a different origin from the other
cells of the heart.1

At a somewhat later stage of development the walls of the
ccelomie cavities of the right and left sides separate further

(Fig. 45, B). The splanchnicdityer thickens, and begins to sur-
ronnd the proliferation of scattered" endodermal cells." These
endodernml cells arrange themsel ves into a thin -walled tu be
stretching throughout the heart-region (Fig. 45, B). Subse-
quent development shows that this tube becomes the endothe-

lial lining- of the heart. Around this endothelial tube the
thickened splanchnic layers now begin to push in from the sides
between the tube and the lower wall of the pharynx. The tuLe
becomes finally entirely surrounded by mesoderm (Fig. 45, C).
The mesoderm from the sides that has met benerith the pharynx
forms the dorsal mesentery of the heitrt. The mesoderm around
the tube continues to thicken, and forms later the musculature
of the heart.

At first the heart has also a ventral mesentery formed by the
union of the walls of the cælomic cavities below it (Fig. 45, B),
but later the mesentery is in part absorbed and the cCBlomic

cavities become continuous below from side to side, forming the
pericardial chamber. The outer layer of somatic mesoderm

gives rise to the pericardium itself.
The tubnhir heart is attachecl at its posterior end to the

liver and anteriorly to the w~ill of the pharynx. It becomes
free ventrally and later also dorsally along the middle of its
course, and owing to an increase in length is bent on itself
into an (I-shaped tube (Fig. 39).

ìVhen the tadpole is 4§ mm. in length, we find a vessel open-
ing into the posterior end of the heart, the sinus venosus,

formed by the union of two large vitelline veins. These veins
h~tve appeared on each side of the liver-diverticulum and con-

tinue along the yolk-mass in a fold of the splanchnopleure.

They are supposed to carry to the heart the foocl-nmterial ab-
sorbed from the yolk. Iiito the sinus venosus empty also two

1 At least these cells have arisen from the yolk-cells after the ventral meso-
derm has been split off.
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FIG. 46, A. - AF. Afferent branchial vessel. AR. Anterior cerebral artery. CA,
CPo Anterior and posterior eonHnisSlll'al vesseL. i;:FI, EF:!, EF';3, EF'-l Effereiit
branchial vessels of the first, second, third, and fourth branchial ardies. El-I Ef-
ferent hyoid vesseL. E:I!. Efferent mandibular vesseL. G. Gloiins. O. Aorta.
P. Pronephros. Kl. Triinciis arteriosiis. S. Segmental dnet. (After l\Iarshall,)

13 - AF1, AF2, AFa. Afferent branchial vessels. AU. AUl'iele. CV. Cuvierian
vein. EFl, EF2, Ei.'3, EF". Effei'ent Iiranchial vessels. EI-I. Efferent hyoid
n,ssel. K\L Efferent maudibnlar vess01' G. Glomiis. H\'. Hc¡i:nie veins.
M\'. l\Iandilinlar vein. i\IY. Hyoidean n,iu. TA. Truiiciis arteriosiis. V. Ven-
tricle. (Aftel' MarshalL.)
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veins that have come do\vn from the dorso-lateralregion of the
embryo. These are the Cuvierian veins formed on each side
by the union of the posterior and anterior cardinal veins. The
posterior cardinals bring back the blood from the head-kidneys.
Around the head-kidneys these veins form sinuses that arc
enormously large. Each posterior cardinal also receives so-
matic veins from the posterior part of the Lody-wall. The
anterior cardinal veins bring Lack blood from the dorsal part
of the head-re(l'ion.b

In a larya 4J mm. inlengtli, the blood-vessels of the branchial

region have also appeared. The anterior end of the heart, the
truncus arteriosus, diyides into a right and left branch, which
pass forward and laterally toward the basc of the gill-region. In
the mandibular arch no vessels arc as yet present. In the hyoid

arch an il'egnlar space appears in the mesodenn. In the first
branchial arches two vessels appeal', a large efferent vessel (Fig.
46, for an older embryo) counected with the dorsal aorta, and a
smallcr afferent vesseL. The latter is at present without con-

nection. In the second branchial arch the conditions are like

those in thc first. In the third branchial arch only a small

efferent vessel has as yet appeared. No vessels are present
at this time in the fourth branchial arch. The dorsal aorta is
represented by ,1 paired vessel in the dorso-pharyngeal region.
Opposite the hyoid arch each branch of the dorsal aorta di-
vides into a dorsal and into a ventral braneh. The dorsal

branches meet each other behind the infundibulum, while the

ventral branch passes forward to end blindly (Fig. 46). The
two aortæ unite posteriorly into a single vessel at the level of
the pronephros (Fig. 40, A).

The condition of the blood-vessels shortly after the tadpole

has left its envelopes (it is then 7 mm. in length) is ilustrated
in Figs. 46 and 47. The heart has enlarged and is further
twisted on itself. The aortic LulL-portion and the auricular

~iid ventrieular portions are distinetly marked from eaeh other
Ly constrictions of the tuLe. The right mid left branches of

the aortic bulb have grown toward the gil-arehes, and the
afferent vessels of the first and second Lranehial arches 1m ye

united with the ventral aortic branches AFl and i\.F2. The
efferent branches, EFl and EF2, of the first and second bmn-
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chial arches have greatly enlarged, and the efferent and afferent
vessels are now also united to each other in each arch by small
vessels (Fig. 47) 01' capillary tuLes. The efferent vessels of
these two arches are also in coiiiiunication with the dorsal

aorta of their respective sides. There is thus established at

this time a circulation of Llood frOii the heart to the dorsal

aorta Ly way of the first and second branchial arches.
In the third and fourth branchial arches the efferent vessels

have (ippeared. In the third arch the beginning of an affer-
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FIG.4ì.-AFI. Afferent branchial yessel. C\!. Anterior l'mdinal yeiii. EFl, Effer-
ent branchial vein. G. Pneumogastric nerve. .LV. Inferior jugular vein. L.
Capillary loop connecting affcrent and efferent branchial ycssels. N. Notochord.
O. Aorta. P. Pericardium. PH. Pharynx. SUo Suckers. V4, Fourth yen-
tricle. (After MarshalL.)

ent vessel is seen (Fig. 46). In the hyoid arch blood-vessels

appeiir, as we have seen, at an early stage of development and
seem to correspond to those in the branchial arches, but after

developing' to a certain extent, they begin to degenerate. In
the mandibular arch no vessels have appeared at the time when
tlie larva leaves its capsule. Soon after this time a ì'essel de-

velops in this arch, and a small diverticulum arises from the
dorsal aorta (Fig. 46, 13, MV), and later the two vessels unite.

The ongm of the heart has been d~scribed, but as yet the
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method by which the blood-vessels are formed has not been
fully considered. The dorsal aorta is the fìrst vessel to arise.
A series of isolated lacunæ appeal' in the mesoderm along the
roof of the pharynx, aiid by opening into one another form

a pail' of longitudinal vessels. Vessels next appeal' in the
first and second branchial arches. Similar vessels arise later
iii the third and fourth branchial arches. In the hyoid and
mandibular arches the vessels appcar, as we have seen, later
still. These Lranchial blood-vessels originate in part as iso-

lated lacunæ in the mesoderm, and in part as outgrowths of

already existing vessels. For instance, lacunar vessels appear

in the mesoderm of the gil-arches, two in each arch. One
of these is the efferent lacunar vessel, and later connects \vith
a corresponding diverticulum from the dorsal aorta, and the
other lacunar vessel is the (ifferent vessel of the same arch.
This latter vessel grows ventrally towanl the diverticulum

from the truncus arteriosus and unites with it.
The walls of the blood-vessels are formecl directly from the

mesodermal cells around the lacume. "The blood-corpuscles

are free cells that have been left in the lacuna-spaces, or more
usually (Lre cells budded off at (L later stage from the walls of
the vessels into their eavities." 1 At fi.rst the blood-corpuscles

are simply spherical cèlls containing yolk-granules. Only after
the embryo is hatched do many of the corpuscles begiii to
acquire the shape and character of red bloocl-corpuscles.

THE Piw:~mPHIWS

The excretory system of the young embryo is represented on
each side by the pronephros and the se,/mentcÛ duet. \Vhether
the pronephros and duct arise in part from an early ingrowth
of ectoderm or whether they develop in situ from the somatic

mesoderm is perhaps stil open to doubt. Field ('91), who has
worked out most recently the development of the pronephros

and segmental duct in the frog, descriLes the organ as coming
entirely from the mesoderm. \Ve shall follow closely Field's ac-
count. The pronephros appears at a stage when the medullary

1 Marshall ('93).
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plate is first formed. It is ìvell marked at the time when the
medullary folds have rolled in, but have not yet fused. A
thickening of the somatic layer of the lateraliiesoderin near the

second mesoblastic somite marks the beginning of the prone-

phros (Fig. 48, A). At a later stage, the mesodermic thick-

ening Lecomes larger, and the anterior end arches oue i. toward
the cæloinic cavity, to form the first nephrostome. The ventro-
posterior part of the nephrostomal thickening is continued

backward as a thickening of the somatic wall as far as the
seventh somite, to form the segmental duct. A canalization
now takes place in the nephrostomal portion and in the seg-

mental duct. Three short tubes or canals appeal' in the
pronephric mass running outward from the cælom (Fig. 41).
Constrictions appear between the first and second, and between
the second and tliird canalized tracts (Fig. 48, B), and short

o
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FIG. 4S. - Three stages in the formation of the pronephros. (A and C after Field.)

hollow stalks are formed leading ventrally into the longitu-
dinal canal of the segmental duct.

A proliferation of cells from the somatic layer of the meso-
blastic somites, dorsal to the pronephros, gives rise to a cover-
ing of mesoderm for the pronephros, the pronepltic capsule.
A little later a protrusion of the splanchnic wall opposite to

the funnels of the pronephros forms the glomus (Fig. 47, B).

The glomus becomes filled with blood, ,ìncl seems to lmve a
direct connection with the dorsal aorta. The bulging portion
of the glomus protrudes into the ccelom, and its cavity is sepa-
rated from the cælomic cavity by only a single layer of cells.

At the time when the embryo is hatched, the duct of the
pronephros, the segmental duct, has fused with the wall of

the cloaca, and the lumen of the duct opens into the digestive
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tract (Fig'. 41). Presumably the pronephros is functionally

acti ve at this time. The arrangement of the tubes of the
pronephros, and their relation to the common tube or prone-
phric duct, is shown in Fig. 48, C. The three nephrostomes
open into three collecting tuLules, and these tubules have
elongated independently of one another. The Í-rst collecting'
tubule is short; the second is thrown into several turns and

opens into the pronephric duct a short distance from the first.
The collecting tubule from the third nephrostome opens some

distance behind the point of opening of the second. The seg-
mental duct is thrown into a series of turns bet\veen the Í-rst
and second collecting tuLules; and as it leaves the pronephric

region it takes at first a tortuous course, and then runs as (t
straight tube backward to the cloacal opening.

The posterior cardinal veins have appeared at this time, and
in the region of the head-kidneys tliese veins widen into a sinus
lying amongst the windings of the collecting tubules of the
pronephric duct. The glomus of each side reaching from the
region of the first to tliat of the third nephrostome, and lying
exactly opposite the nephrostomes, is well developed (Fig. 4G).

So far the description of the development of the excretory
system has Leon that given by Field. The same author adds:

"According to the account whioh at present receives the most
general acceptance, the pronephros first appears as iin outfold-
ing of the somatopleure in the form of a longitudinal groove.

The anterior end of this groove is destined to beoome the pronc-
phi'os, the remaining portion is constricted off to form the seg-
mental duot. Since the process of constriction advances from

Lefore Lackward, stages may be found in which (t oompleted
tube is continuous posteriorly with a mere gToove of the soma-
topleure. In the anterior region the groove remains in com-

munioation with the body-cavity, and grows down toward the
ventral surface of the embryo in the form of a broad pocket.
The slit-like peritoneal opening of this pouch closes through-
out the greater part of its length, leaving, however, two or
three regions of inoomplete closure, the fundaments of the
nephrostomes. "

"The nephrostomal tubules are formed by the fusion of the
walls of the pouch between two nephrostomes. The regions of



158 DEVELOPMENT OF Ti-m FIWG'S EGG (Cu. xiv

fusion. extend in vertical lines from the nephrostomal margin
of the pouch nearly to its ventral horder, where there is left
an unfused and therefore continuous longitudinal tract con-
stituting the canal which I have called the collecting trunk." 1
Field continues, "In opposition to this view, I would maintain:
(1) That the first trace of the excretory system consists of a

solid: pÌ'oliferation of somatopleure, the pronephric thicken-
iÙg; (2) that the lumen of the system arises secondarily; and

(3) that the pro 
nephric tubules do not appear in consequence of

the local fusion of the walls of a widely open pouch, but that

they are differentiated at an early stage from the hitherto
indifferent pronephric thickening."

The pronephric duct of the Amphibia arises, according to
one view, as we have seen above, from an evagination of 8oma-

topleiwe, its lumen being therefore a detached portion of the
body-cavity. A second view of the origin of the duct is, that
it arises from a solid proliferation of somatopleure. Field

agrees with the latter view. A thircl view maintains that the
duct is ectodermic in origin. Fielcl has sl\own, however, that

in the AmphiLia the excretory system develops most probably
without any participation of the ectoderm in its formation.

i "This view of the development of the pronephros, although suggested by

\Vilh. l\ÜlIer, was first described in detail by Goette for Bombinator, and was
later extended to other .Amphibia by the researches of FÜrbringer. It has been

entirely confirmed by \Vichmann, by Hoffmann, and stil more recently by
Marshall and Bles." (Field, '91, page 381.)


