
Anatomy. - "On the temparary Presence af the primary Mauth-apening 
in the Larva af Amphiaxus, and the Occurrence af three pastor'aZ 
Papillae, which are prababZy hamaZagaus with thase af the Larva af 
Ascidians." By J. W. VAN WIJHE. 

(Communicated at the meeting of November 28. 1925). 

The dorsal organs of the Amphioxus-Iarva. especiaIly the chorda, the 
.nyotomes and the nervous system exhibit also in the adult animal so many 
primitive features that in comparative morphology they constitute the basis. 
on which our knowledge of the skeletal-, muscular- . and nervous system 
is founded. 

By the even segmentation of its muscles. and the (dorsal as weIl as 
ventral ) peripheral nerves Amphioxus affords living evidence of the 
primary segmentation of the head of the higher anima Is. though it may 
be ever so much involved in obscurity during their development. 

Leaving details out of consideration morphologists are fairly agreed as 
to the significance of the dorsal organs of the larva of Amphioxus. 

This accordance is far to seek with respect to the ventral organs in the 
anterior part of the body. as far as the posterior border of the pharynx. 

The reason is that in this reg ion of the body organs pass across to the 
right side. and conversely also parts belonging to the right side can be 
found on the left area. 

It is not surprising. therefore. that unpaired morphologicaIly median 
organs will appear to have shifted to the left area. whereas of a paired 
organ the antimere can be observed for some time in the topographical 
(apparent) median plane. 

A similar displacement from left to right. and from right to left does 
not take place with the abovenamed darsaZ organs. However. in the 
myotomes and peripheral nerves of the right side we do observe. relative 
to those of the left side. a slight move caudad. 

Among the ventraZ organs a similar slight move is also seen in the giIl-slits 
of the right side relative to those of the left. A much more pronounced 
displacement can be observed of the posterior portion of the mouth-opening 
dUling the larval growth of the Amphioxus. When this opening has 
reached its maximum at the outset of the metamorphosis. its posterior 
portion is found opposite to the fifth gill-cleft. and the anterior part of the 
left postoral papilla goes on pari passu with it. 

These phenomena also. but especiaIly the passage of organs of the one 
si de of the body to the opposite side we re ever. and are still confusing. 

To possess same knowledge of the morphologicaIly ventral medianline is. 
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therefore. of prime importance for the morphological significanee of the 
organs in the anterior part of the body of the Amphioxus larva; we do 
not mean only of the ventral medianline of the skin. but also of that of 
the intestine. . 

In the higher animals both lines lie in the region of the pharynx in the 
topographical median plane. which is at the same time morphological median 
plane. The two lines run parallel and are consequently similar in shape. 

In the larva of Amphioxus on the contrary the two lines fall outside the 
topographical median plane. which is at the same time the morphological 
median plane only for the above-named dorsal organs. Both lines also 
follow their own course and differ largely as to shape. 

Before indicating their course it will be found desirabIe first of all to 
describe the occurrence of three epidermal papillae in the Amphioxus larva. 
Of these three the anterior one is unpaired. while the other two 
form a pair. 

Larva with a single open gill-slit : 
This slit is the foremost of the left row of gill-slits which occur in the 

period of larval growth orderly arranged in a caudal direction. At the 
beginning of the metamorphosis they amount not to 11 or 15. as is 
generally believed. but to 18 and probably to 19 1). as I find. 

The gill-cleft of our larva disappears during the metamorphosis and of its 
antimere on the right side of the body even the rudiments are lacking. 

But though. as to its function. it is the first in the row during the larval 
growth. morphologically it is the second. as it is preceded by a paired slit 
that has lost the gill-function and the left antimere of which is represented 
by the mouth-aperture. lts right antimere is the club-shaped gland. This 
gland has retained and developed the pouch-shape. which is originally 
peculiar to all gill-slits (gill-pouches). The intestinal orifice of the club
shaped gland lies high up on the right side. not far below the chorda. The 
skin-orifice is found on the left side of the body. where it must have shifted. 
This place is of some significanee for the localization of the morphological 
median line of the skin in this part of the body. The skin-orifice lies on the 
posterior margin of the anterior unpaired epidermal papilla. not far below 
the pointed anterior termination of the mouth opening and slightly more 
directed towards the rostrum. 

The wall of the clubshaped gland consists of three kinds of cells. so that 

I) The metamorphosis starts with the appearance of the anterior 6-9 gill-pouches on 
the right. as entoderm-thickenings in the right boundary fold of the intestine along the 
truncus arteriosus. This phenomenon is attended with the occurrence of the rudiment of 
I or 2 cirri (the hindmost of the later oral skeleton) and the incipient formation of the 
atrium by the concrescence of the right-. and the left ventral finfold . 

WILLEY (1891) has discovered that during the metamorphosis the left gill-slits are 
reduced to 8 or 9 by the disappearance of the posterior slits. while also the first slit 
perishes. 
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three divisions can be distinguished in it ; 1°. a proximal. long and broad 
secernent portion with high granular cells; 2u. a long narrow duct, with very 
flat cells, and 3°. a small piece inserted between the other two divisions. It 
has the shape of a ring, from which a piece has been cut. This opening is at 
the back of the ring , 50 that here the secernent ceUs and those of the efferent 
tube are contiguous. 

From a morphological point of view th is smaU central division (see 
Fig. 1) is quite interesting, because its ceUs cannot be differentiated from 
those of the epithelium of the giU-slits. Each cell is provided with a long 
flagellum, extending far into the efferent tube, but not projecting from the 
fine skin-orifice. 

The secernent-, and the central-divisions of the clubshaped gland are 
undoubtedly products of the entoderm, but the efferent tube is presumably 
an involution of the ectoderm. A similar but much shorter ectodermal 
involution is also found at the skin-orifice of the true gill-clefts. 

In the vicinity of the mouth our larva displays three papillae, made up of 
enlarged ectodermal cells. The front papilla is unpaired; it lies on the left 
side of the body, right in front of the mouth. The other two are paired. They 
are located behind the mouth. I shall call them the right, and the left postoral 
papillae. The position of the left papilla is apparently median (i. e. in the 
topographical (apparent) median plane) . It is on its way backward, for it 
is already advanced below the first gill-slit, while in an earlier embryonal 
stage KOWALEVSKY (1867, Fig. 24) figured it in the region of the 
clubshaped gland. 

lts position enables us to recognize it, when the larva turns the left side 
to the observer, as weU as when it presents the right side. It is composed only 
of one longitudinal row of about 7 ceUs. 

lts antimere, the right papilla, can be seen only when the larva turns its 
right surface up. At a high focus of the microscope it can be recognized in 
the region of the clubshaped gland under the posterior half of the vaguely 
visible mouth. It does not shift, but is soon seen to grow for some distance 
in a rostral direction and much farther caudad. 

The mouth has already elongated caudally and previously lay before thc 
spot now occupied by the papilla. This spot on the right surface of the body 
is found in the same region where in an earlier stage also the left papilla lay 
in the topographical median plane, according to KOWALEVSKY's figure , 
alluded to before. 

These three papillae functionate in the larval stage of development, but 
perish even as the clubshaped gland during the metamorphosis. In my 
preparations they secrete a substance and are to be considered as 
eutaneous glands. 

The anterior unpaired papilla is situated, as already stated, right in fron~ 
of the mouth. lts upper margin borders on the orifice of the pre-oral organ 
(in which HATSCHEK'S groove), and at its posterior margin the fine euta
neous orifiee of the clubshaped gland can be observed under the anterfor 
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part of the mouth. The papilla retains this position all the time of its 
existence. 

It is approximately circular and is formed by a single layer of enlarged 
epidermal cells, each provided with a long flagellum. On the outside it is 
covered by a layer of flat epidermal cells. This covering pos se ss es one large 
or several small perforations for the passage of the flagella . The secretion 
of the papilla clots inside the covering layer, during the fixation of the 
larvae, into one clump, in which the flagellate threads appear as boundaries 
of palissadeshaped cells. Wh en now the free projecting part of those 
threads has got lost , which may happen during the fixation, we might believe 
that GOODRICH (1917, Fig. 7, 8, 9, pos), was right in calling the papilla 
a sense organ. 

In the larva with a single gill-slit it is by far the largest of the three 
papillae. Hitherto it was generally believed to be the only papilla in the 
vicinity of the mouth, for its discoverer, HATSCHEK (1881, p. 80) mistook it 
for the one alrcady described by KOWALEVSI(Y (1867) . HATSCHEI( says of 
this papilla in the live larva; "die Geisslen derselben schlagen mundwärts", 
so it will have to convey to the mouth not only its own secretion, but also 
that of the clubshaped gland and of the groove of HATSCHEK. 

These secretion-products will come into play in the process of ad hes ion 
and transport of food-particles . 

Before long the right and the left papilla grow markedly in a caudal 
direction along the long axis of the larva. Now wh en in the later stages the 
right, and the left finfold have made their appearance, on ei th er side of the 
body the ipsolateral papilla advances for\vard on the finfold in situ 1) . It 
th en forms in the epidermis of that fold a longitudinal cell-band with 
strikingly large, round cells, that we re figured by LANKESTER and WILLEY 
as early as 1890. 

I never see the band extend the whole length of the finfold. It does not 
reach the region of the posterior gill-slits and accordingly is never found in 
the portion of the fold that is situated behind the pharynx. 

MAC-BRIDE (1898) has no doubt seen the right papilla in the young 
larva , but he is mistaken in considering it as the rudiment of the finfold, as 
also LANKESTER andWILLEY did. He says (I. c. p. 606): "the first 
recognisable trace of the future fold on the right side is an epithelial 
thickening in the anterior region of the pharynx . This thickening .... .. is 
recognisable even at the end of the embryonic period." 

However, the papilla differs organically from the finfold. It appears very 
much earlier and its prolongation on the fold is a secondary phenomenon. 

In a larva with 3 gill-pouches the posterior end of the right papilla has 

I) It is desirabIe not to speak of finfold before an excrescence of the mesoderm (of the 
somatopleura) has appeared in it. 
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reached the anterior margin of the 1 st gill-deft. The lelt papilla now lies 
beneath the 2 gill-pouch. 

In a larva with 6 gill-pouches there is not yet a finfold. The anterior 
termination of the right papilla has grown up to the base of the snout. 
wh ere it is found also in older larvae during their period of growth. lts 
posterior border reaches as far as the posterior border of the first gill-slit. 
which it overhangs. 

The lelt papilla lies beneath the 4th gill-slit still in the topographical 
median plane and consists of a row of about 14 cells extending longitudinally. 

The right finfold has appeared in a larva with 10 gill-pouches. It is still 
short and extends from the 1 st to the 4th gill-pouch. lts anterior termination 
at the posterior border of the first gill -slit . already bears the posterior end of 
the right papilla. The lelt papilla row lies beneath the 5th gill-slit. 

In larvae with 14 to 18 gill-pouches every papilla has established itself on 
the finfold of its own side and grows further in caudal direction. forming on 
that fold a longitudinal cell-band. 1) 

GIBSON (1910) also found the cell-bands on the finfolds of Amphioxides 
and described them (1. c. p. 228-229) . He considered them to be sense
organs homologous with the lateral organs of fishes . But he could not find 
a nerve. 

In the larva of Amphioxus the large round cells do not resembie sense
organ cells but mucous cells. I see on the surface of the cell-band a coating 
of flat cells with a po re for every large cel 1. Prom these pores mucus can 
be seen to be secreted (the term mucus being taken in the most general 
meaning of a somewhat viscous substance ). 

The mucus-secretion. however. seems to occur only at long intervals. 
Eor several larvae have to be cut. before it can be identified. It may be 
also that the mucus gets lost in the treatment (see later on). Cilia or 
flagella are absolutely lacking. which constitutes the difference between the 
paired and the unpaired papilla. while also the secretion-product of the 
unpaired papilla will undoubtedly be of a different chemical composition 
from that of the cell-bands. 

lt is interesting to read in this connection the description given by 
KOWALEVSKY (1867 p. 7) of the (left) papilla. which was discovered by 
him. but which later authors could not identify any more. He found it in 
an embryonal stage. in which the mouth has just broken through as a 
small circular opening. In fig . 24 (l.c.) it consists of two somewhat enlarged 
successive cells. each with a large appendix projecting outwardly. His 
description runs as follows: 

··An der unteren Seite unweit vom Munde bilden sich zwei kleine Warzen. 
auE welchen man zwei lange. längsgestrejfte Tastfäden Eindet; bei der 
Behandlung mit Essigsäure ergiebt es sich. dass diese Tasthaare aus zusam
mengeschmolzenen langen Cilien bestehen ... 

I) In these larvae the anterior termination of the left papilla is as a rule found In the 
regioD of the 6 gill-slit. 
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In my judgment these apparent tactile cilia are composed of "mucus", 
which generally gets lost. This accounts for the fact that among my 
numerous preparations of larvae with one gill-slit I could recognize only 
once a long thread at the papilla ; and that it has escaped the notice of the 
observers af ter 1867, also on account of its smallness. 
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Fig. 1 en 2. Amphioxuslarvae with one gill-slit. 

Fig. 1, a larva seen from the right side of the body, with some organs of the left side, 
looming through at a deep focus of the microscope. 

Fig. 2, another larva seen from the left side, with some looming organs of the right side. 
dkk intestinal orifice of the clubshaped gland; hkk its cutaneous orifice; kk the gland 

itself; in fig. 1 its centra I division is represented as a small black spot; ko first gill-pouch; 
lp left papilla ; m mouth; md ventral median line of the intestine; mh ventral median line 
of the skin; op unpaired papilla ; po preoral organ; cp right papilla ; th thyroid. 

We are now in a position to establish more accurately the peculiar course 
of the morphologically ventral median line in the skin of the larva with 
one gill-slit. 

With a slight deviation at the anal opening this line coincides with the 
topographical median-line of the tail and the larger part of the trunk behind 
the gill-slit. A little way behind this slit it bends dorsally round to the 
right side, to move anteriorly across the slit. 

At the anterior margin of the slit it must again bend ventrally (Fig. 1 mh) 
in order to pass between the right and the left papilla. It now reaches 
again the topographical median-plane to continue on the right-side of 
the body (Fig. 2). Two places can be established where it has to pass: 
1°. between the mouth and the cutaneous-orifice of the clubshaped gland ; 
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20. the unpaired papilla which is destitute of an antimere and consequently 
must be morphologically a median organ. In this way the line reaches the 
preoral organ, it does not matter to us how it runs farther forward 1). 

When tracing the line from this place backwards it follows a spiral 
course which begins at the preoral organ on the left side, passes between 
the mouth and the skin-orifice of the clubshaped gland, and th en continues 
on the right side some way beyond the gill-slit. Af ter this spiral course it 
bends round ventrad behind the slit , and advances caudad in the topo
graphical median-line. 

The shape of this line has a relation to the spiral movement that the larva 
presumably makes in swimming along, at the same time turning to the left :!) . 

As the larva develops, the form of the line changes only at the back of the 
gill-intestine. As known, here a new left gill-pouch arises every time 
topographically medianly. 

The morphological median-line must then turn dorsally on the right side 
of the body behind each new gill-pouch é1nd subsequently overlap anteriorly 
the row of the gill-slits. 

The course of the morphologically ventral median-line of the intestine is 
simpIer than that of the skin. In the region between anus and gill-intestine, 
it exhibits not hing particular just as the skin-line. Here the topographical 
and morphological median-plane coincide and the median-line of the 
intestine is indicated by the vena subintestinalis, which in some places is split 
into two or more venae. 

At the back of the gill-intestine this vein bends dorsally along the last 

1) Different opinions will be entertained concerning the further course of this !ine according 
as the preoral organ and the ventral coelomic vesicle of the snout are, or are not considered 
as antimeres. 

I have advocated the second view, but the first has been generally received. In this 
connection it would import us to know whether the (left) preoral muscIe is innervated by 
a left or by a right (ventral) nerve (n. oculomotorius). 

When the muscIe is innervated by a [eft nerve, it would lend support to my conception. 
The coelomic vesicle of the snout and the preoral organ (right- and left entoderm-sac of 
HATSCHEK) are then, in the embryo', only apparently antimeres. but are Iying morpho
logically median, the one before the other. just as in the later larva. Then the morphological 
ventral median !ine in our larva with one gill-s!it. bends from the opening of the pre-oral 
organ abruptly ventrad towards the topographical median !ine. with which it nearly 
coincides and runs to the point of the snout. 

If. however, the preoral muscIe is innervated by a right nerve (which in th is case has 
to cross the inferior si de of the chorda) the more generally adopted view will be the 
right one. Then the morphological median !ine of the skin runs from the primary mouth
opening (see bel ow) bet ween the two "entoderm-sacs" in a dorsal direction as far as the 
level of the chorda. From this point it continues on th is level, ever keeping on the left 
side of the body, towards the extremity of the snout. 

2) This movement. discovered by HATSCHEK (1881. p. 37) in the embryonal stage. was 
also noticed by FRANZ (1924. p. 6) in the adult anima\. In swimming along this animal 
most often (not always) turns from right to left. This form of move~ent is called by 
FRANZ "Rechtsrotation" . a misleading term. In the metamorphosed animal the movement 
is brought on by muscular contraction, in the embryo by the sweeping of the Bagellae. 
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gill-pouch, as truncus arteriosus. The truncus 1) then passes on the right 
side of the gut anteriorly across the intestinal openings of the row 
of gill-slits. 

It can be traced here as far as the posterior margin of the clubshaped 
gland, wh ere it ramifies into a number of fine branches (this ramification 
beg ins as a rule already before it reaches that posterior margin ) . 

In the gill region the morphologically ventral median line of the intestine 
behaves similarly to that of the skin. 

Both lines run on the right side of the body above the row of gill-slits. 
But towards the rostrum there is an end of all analogy. Here there are 
two spots to establish the course of the intestinalline: 1°. the place where thc 
dght, and thc left arm of the thyroid border upon each other; 20. thc 
place of the primary mouth-opening, which we shall discuss on a later page. 

When elongating the line in the direction of the rostrum along these 
spots (Fig. 1 m d) it will be secn to keep on the right side of the body, 
with the exception of a slight curvature at the extreme anterior portion of 
the intestine tending to reach thc place of the primary mouth opening. 

Since 1893 I have advocated the concept ion that the mouth and the 
clubshaped gland of the Amphioxus larva must represent the first pair of 
gill-pouches, homologous with that of the larva of Ascidians :!). But then 
in the phylogeny of Amphioxus there must have existed in front of th is pair 
a primary mouth-opening. This opening I supposed to be (not without 
hesitation. but there was no alternative ) the opening of the preoral organ, 
although this organ has been severed from the intestine already in al1 
earlier embrY0nal stage. 

Nearly a twelve mouth ago, however, I found in a larva, of the growtlz 
periad. with 15 gill-slits, a fine perforation of the intestine on the boundary 
between the unpaired papilla and the outlet of the preoral orgal1. lt gives 
entrance into a duct , which widens like a funnel towards the lumen in the 
anterior part of the intestine. This duct is filled with a slimy mass, in 
which flagelIa are distinguishable, directed towards the intestinal lumen. 
The slime has most likely been derived from the preOl'al orgal1 . 

In the longitudinal section of the duct (in a series of transverse sections 
of the iarva) its perforation had also been cut through, which is about 
the size of that of the clubshaped gland. The skin-perforation of this gland 
is of about the size of a cell-nucleus of the surrounding tissue. 

Now I could also identify the opening of the duct in preparations, in 
which the duct had been cut obliquely; still. only in a limited number 
cf 5tages, viz. in larvae of the growth-period with 12 to 15 gill-slits. It 

I) On transverse sections thc truncus arteriosus lies on thc inferior margin of the right 
boundary fold of the intestine. 

2) BALFOUR (1881. p . 6) alread) reports that some workers suspected that the mouth 
of the Amphioxus larva was a gill-slit . 
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was lacking in larvae with 16 and 18 slits, also in larvae of the period of 
the metamorphosis. 

Whether the opening exists already in younger larvae than those with 
12 slits, I could not weil make out. In larvae with a single gill-slit it was 
still c10sed at the indicated place, and according to GOODRICH'S (1917, fig. 
7, 8, 9) figures this is likewise the case in larvae with only few gill-slits. 

In accordance with its position at the most anterior part of the intestine 
in the morphological median line of the skin, the opening under 
consideration must be the postulated primary mouth of Amphioxus. 

It must be homologous with the mouth of the higher animais, as weil a~ 
with that of the Tunicata, and not only the paired papilla, but also the 
unpaired lie morphologically postoral. 

The unpaired papilla is situated in the mandibular reg ion ; I have, . there
fore, termed it the mandibular papilla in an earlier paper. 

The Amphioxus larva does not lend support to the hypothesis that 
the "preoral intestine" of the embryos of the higher animals should be 
of a particular, morphological significance, unless we understand by it e.g. 
the rudiment of the adhesive organ of the larvae of Ganoids, which may 
be homologized to the preoral organ of Amphioxus. 

But the Ascidians are on account of their embryonal development much 
more c10sely related to Amphioxus. This relationship is still noticeable in 
the larva of Amphioxus with a single gill-slit (cf. VAN WIJHE 1914). 

The position of its three papillae is postoral 1) relative to the place of the 
primary mouth-opening, just as the three papillae of the larva of the 
Ascidians 2 ), according to KOWALEVSKY'S figure (1871. fig. 35). This 
larva also has an anterior, unpaired (median) papilla, whereas the other 
two form a pair. 

The Ascidian larva sticks firmly and permanently to the papillae. 
The habitat of the Amphioxus larva seems to be chiefly the sea bottom. 

The question, which I cannot answer, now arises whether the secretion of its 
paired papilla (in a later stage that of the glandular stria on the finfolds) 
may perhaps serve to attach the larva there for some time. It will then 
detach itself again by means of the contraction of the lateral muscIe to 
swim away. 
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