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I. IxTRODUCTION.

TuE Symbranchii are a small group of eel-like fishes which
are generally placed near the Apodes in recent systems of
classification, though lack of sufficient anatomical description
and embryological material has made it ditlicult to determine
exactly their affinities. 'I'ate Regan, in his  Anatomy and
Classification of the Symbranchoid Kels” (9), derives them from
the Acanthopterous physoclists. The embryology of a Sym-
branchid has, up till now, not been investigated.

The following account deals with the South American
species, Symbranchus marmoratus, which long ago
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excited attention because, while possessing well-developed gill-
lamellze on each of the four gill-arches, and typical T'eleostean
aorbic arches, it yet spent a considerable part of the year
buried in the mud like a Lepidosiren (5). Probably correlated
with this habit of barrowing, and with modifications in the
respiratory processes during the dry season, is the single
median ventral branchial opening—a character which is
described in the name Symbranchus. Other adaptations
to this burrowing habit are probably the great length of the
gill-chamber—the branchial opening being sitnated com-
paratively far back—the vascular character of its lining, and
also its almost complete separation from the exterior. Several
members of this group possess accessory respiratory sacs, and
J. Miller, in his work on the Myxinoids, says: “ Hs wird
wohl das obere knde des Zungenbeins gemeint sein, denn
hier sehe ich bei Symbranchus eine blinde Vertiefung jedoch
ohne Sack, zwischen dem Zungenbein und dem obern Knde
des ersten Kiemenbogens.”

I have found the diverticulum referred to by Miiller in the
three adult specimens which I have examined—and indication
of its future position in the older larvee. An account of its
stracture will be given in the section on the alimentary canal.

The material for this work was obtained during an expedi-
tion to the Gran Chaco in 1907, when Dr. Agar made the
interesting discovery that the larva of Symbranchus has
very well developed pectoral fins. Hitherto the absence of
pectoral fins has been regarded as one of the characteristics
of the group. 'The material consists of eggs and larve
preserved immediately after they were taken from the uest,
and also of specimens reared under artificial conditions in
tanks and dishes of water. In the latter case it was possible
to record the rate of growth after hatching.

Dr. Agar has given an account of his expedition in his paper
on “Spermatogenesis of Lepidosiren paradoxa” (1), and
to his field notes I am indebted for all the details relating
to the nest of Symbranchus, the collection of the eggs, the
habits of the living creature, while what I say regarding
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“movement of the fins” is taken verbatim from his notes.
I should like to take this opportunity of thanking Dr. Agar
for placing this unique material unreservedly at my disposal,
and for the kind interest he has shown in the progress of the
researcl.

My best thanks are offered to Professor Graham Kerr, in
whose laboratory much of the work was done, and who has
helped me throughout with constant advice and criticism.

[ am greatly indebted to S* Veronica, S.N.D., for her
artistic illustrations.

Symbranchus, ltke many fishes and amphibians, exhibits
the phenomenon of colour-change in response to alteration in
the conditions of light and darkness, specimens fixed at
night being lighter in colour, because of the contraction of
the chromatophores, than those fixed in daylight. The living
larvee actively burrow ameng the weeds at the bottom of the
rearing tanks when the lid is removed
from the light.

About a dozen nests in all were found, the adult male, as in
the case of Lepidosiren, being present to guard the contents.
In many other respects the nesting habits of Symbranchus
resemble those of Lepidosiren.

The water in the swamps where the eggs were found was
commonly from one to four feet deep. The mouth of the nest
opens on the bottom of the swamp and leads into a tunnel
running obliquely downwards into the mud. At the end the
tunnel takes a more or less horizontal direction, and it is in
this part that the eggs are laid, there being little or no weed.

The eggs are translucent, and of a greyish colour. It is
quite impossible to assign a definite age to the contents of

as though to escape

any one nest, as the eggs may show every variety in state of
development from “ early segmentation” to ¢ moving
embryos.” Neither is it possible to give any definite idea of
the rate of development before hatching. However, in a nest
discovered on December 12th the eggs were of fairly uniform
and of early stage (Stage 5). Some of these hatched out on
the 19th, the resulting larvee being of the stage described as
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24. Some of these same eggs, extracted and preserved on
the 17th, are described as Stage 23.

For the following descriptions, whole and sectioned eggs
and embryos fixed in corrosive acetic and formalin were
examined, as well as stained and cleared preparations of
blastoderms and of whole embryos removed from the under-
lying yolk mass. The external appearance of the embryo
varies a little with the fixative employed, as may be seen by
comparing PL 1, figs. 5 and 5a. These two eggs are of
about the same age, but that figured in 54 was fixed in
corrosive acetic, that figured in 5 in formalin.

For stages beyond 24 whole specimens stained and cleared
in xylol were consulted as well as opaque specimens and
sections.

II. GeENERAL SKETCH OF DEVELOPMENT.

The preserved specimens up to Stage 20 were mostly col-
lected from three nests, and were fixed in formalin, warmed
or cold. No eggs were found in the ccelom of female
Symbranchus.

The laid egg is spherical and has a diameter of 34 to 35
mm. Its capsuleis firm and somewhat tough and separated
from it by fluid. A mass of what looks like a coagulated
albuminous substance is present at the vegetative pole.  When
the capsule 1s removed this substance separates away, so that
the egg appears to be sometimes no longer spherical but
somewhat oblate, the equatorial diameter being the greater.
It is also very brittle.

The youngest specimen in the collection is described as
Stage 5 (P1. 1, fig. 1). At this stage the blastoderm is very
well marked. It looks like a white circular pad “let into”
the yolk-mass, this pad being composed of small white cells
and measuring about 1 mm. in diameter. It standsabove the
surrounding yolk to a height of nearly ‘5 mm. The animal
pole is flat in comparison with the distinetly spherically curved
vegetative pole.
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Celloidin sections throngh eggs of this stage show that this
pad is more or less bi-convex in shape—9 to 10 cells deep
in the centre. Already an outer layer of cells is becoming
marked off from the general mass, 1. e. an ectoderm differen-
tiating. Three distinct zones can be seen in the subjacent
yolk, from which the pad can easily be separated. Under the
central deepest part of the blastoderm the yolk is finely
divided, while the lateral parts of the “pad’ overlie a mass
of protoplasm studded with large nuclei. IHere the outer rim
of the blastoderm shows more obvious continuity with the
rest of the egg than it does over the central portions. This
protoplasmic mass no doubt functions in connection with the
passing on of food material to the quickly dividing cells in
the blastodermic area.

Protoplasmic masses and disintegrated yolk pass wore or
less suddenly into the large structureless yolk-blocks which
constitute the vegetative parv of the egg. A thin film of
protoplasm acts as a covering to the yolk-mass, which is not
yet covered by blastoderm. This covering is, however, a very
slender protection, especially at the vegetative pole, where
masses of yolk break away very readily when once the cap-
sule has been removed.

Stage 7.—As the blastoderm grows the central portion
appears to thin out, while the rim is thickened and less white
in appearance. The yolk nearest the blastoderm is much
lighter in colour than the rest, which is brownish-yellow—
this difference 1 colour being the external expression of the
yolk differentiations described above. The celloidin sections
show an ectoderm, now two-layered, and an irvegular and very
small segmentation cavivy.

Stage 10.—When the blastoderin has covered up about
100° to 120° the thickening of the rim becomes accentuated
at one point to form the embryonic rudiment (Pl 1, fig. 2,
and Text-fig. 1). In the paraffin sections (PL 3, fig. 17) there
15 a space underlying the embryo rudiment which may be
artificial or which may represent remnants of an archenteric
cavity. Celloidin sections (Pl. 3, fig. 18) do not show any such
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space, but the series is a slightly older one than the paraffin
series. In the embryonic rudiment, as seen in a celloidin
section, the thickened neural plate covered by ectoderm lies
over an ill-defined endoderm, the yolk syncytium separating
the latter from the yolk. The rest of the blastoderm is now
two cells deep except at its advancing edge, where 1t is still

thick.
TEXT-FIG. 1.
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A microscopic preparation of the blastoderm of an egg of Stage
10, removed from the underlying yolk, stained, cleared and
mounted in balsam.

Stage 11 is illustrated by Plate 1, fig. 3. The blasto-
derm is gradually extending over the egg, becoming much
thinner as it does so, as though the increase in surface area
were at the expense of depth. The embryonic rudiment
is elongated to form a white streak, which is broad at the
anterior end, narrower in the middle, and broader again
where it gradually fades into the blastodermic rim. The
elements forming this streak appear, in sections, to be very
much pressed down by the outer ectoderm.
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The small size of the egg and the corresponding sinall size
and flattening of the embryonic radiment make it practically
impossible at this stage to do more than distinguish the brain
rudiment from that of the neural tube and myotomes. A
faint median longitudinal groove can be seen externally.
A microscopic examination of sections of the egg shows that
the broad anterior part of the rudiment consists of a wide-
spreading, solid medullary plate overlying a one-cell-deep
plate of endoderm, there being little mesoderm. In the
middle parts of the rudiment a solid keel—the future spinal
cord—is quite easily distinguishable from the mesoderm
and from the endoderm. There is no certain trace of noto-
chord yet.

The groove alluded to above is the external expression of
a very shallow mid-dorsal depression found in the anterior
parts of the embryonic rudiment, which disappears when
the flat, wide-spreading medullary plate is converted into the
solid uprising structure which forms the central nervous
system just before the cavities are hollowed out.

Stage 17.—When the still uncovered circular yolk-patch
neasures about 48° the embryo rudiment is about 1°8 to 2 mn.
i length (Pl 1, fig. 4), though there are great variations,
length being not always proportional either to differentiation of
embryo or to size of uncovered yolk-patch. By this time the
front part of the medullary plate has begun to rise from the
egg, and to form the solid brain, and this uprising gradually
extends backwards to the rest of the neural rudiment. The
myotome rudiments are not yet differentiated into dorsal and
ventral portions. The notochord is present, but its deriva-
tion 1s difficult to observe. The solid rudiments of nose, eyes
and ears are not yet distinct, though in the next stage—when
the lumen of the nervous system appeurs—they are easily
distinguishable in sections and their ectodermal connections
can also be seen. Externally, however, these organs are not
yet visible.

As development proceeds, liquefied yolk or oil, of which
there is much in the yolk, seems to concentrate in front of
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the embryo, and then to spread out somewhat so as eventually
to extend over about half the sphere. This gives the egg a
very characteristic appearance, the liquid yolk being silvery
and glistening.

Stage 19.—By the time the embryo is 2 mm. or a lttle
more in length the yolk has been quite covered in. The
brain is hollow. The rudiments of eyes and ears are assum-
ing a cavity ; the position of the principal cranial nerves can
be determined, as well as that of mandibular and hyoid
arches and the rudiments of the four brauchial arches. A
most careful search, however, has revealed no trace on the
external surface of gill-slits, either in this or in later stages,
the slits not becoming perforate till after they are covered
over by the operculum, so that in this respect Symbranchus
differs from other Teleosteans. The developing pectoral fius
are couspicuous in sections at this stage. They contain the
solid ventral musele processes of three myotomes of the front
part of the trunk. The innervation and muscularisation of
the pectoral fins has been worked out by a study of the
composition of the brachial plexus, an account of which will
be given later on.

No trace of Kupffer’s vesicle can be found in this or in
earlier stages.

Stage 21.—The embryonic rudiment has now a ridge-like
appearance. It curves round the yolk-sac, which has a
diameter of 29 to 3 mm., through an angle of 170°. By the
aid of sections the braiu is seen to be divided iuto three
parts, though the mesencephalon is not nearly so well marked
off from the prosencephalon, as it is from the rhomben-
cephalon.  The optic vesicles are conspicuous, while the
mandibular, hyoid and branchial arches with their nerve
supply are to be seen as an unsegmented, translucent, tripartite
wass lying on either side of the brain (Pl 1, fig. 5). The
fins look like two patches on the surface of the yolk, the
ventral processes of the myotomes (PL. 1, fig. 5a) like oblong
blocks spread out on the dorsal part of the yolk-sac. The
pericardial cavity is beginning to form. PL 1, fig. 5 gives
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a view of an egg slightly older than the one just referred to.
The main mass of the pectoral fins is about -3 mm. from the
embryo proper, so that the fins look like two white mamwmillxe
apparently unconnected with 1t (see also Pl 1, fig. 6, a
shightly older stage).

Stage 23.—When the embryo is a little over five days old
there is a curious proboscis-like structure (see Pl 1, fig. 7),
projecting freely from the extreme end of the creature more
or less on a line with the mesencephalon. This rostrum is
travsparent and bluntly pointed and filled apparently with a
clear fluid. The tail is curled, though still in coutact with
the yolk. The pectoral fins are about *5 mm. in breadth and
extend upwards and backwards over the yolk. The carti-
laginous skeleton of the fin has made its appearance and is
visible externally.

Stage 24 (PL 1, fig. 8) is the stage at which the embryo
probably hatches out. The body of the creature has become
much more cut off from the yolk, the rostrum projecting
forwards anteriorly, the hind end being quite free. I'he
heart is visible in the clear space separating the head from
the yolk mass. The visceral arches are more conspicuous ;
eyes and mnostrils are ventral in position. Two rounded
optic lobes anteriorly and o well-marked very wide rhomb-
encephalon posteriorly seem to be covered with a trans-
parent lymph space continued iuto the rostrum already
alluded to. The unpaired fin 1s beginning to grow.

Stage 25 (shightly more advanced than Pl 1, fig. 8).—
The embryo has now considerably lengtheued, the posterior
part being coiled as a result of this growth. As in the last
stage, the head does not project freely from the yolk-sic
except the rostrum, which is now extremely conspicuous, being
about -7 mm. long. In some of the specimens particles of
mud and débris are attached to the rostrum at its tip,
which suggested that this structure might perhaps function
as a cement organ. A microscopic investigation of such
specimens has, however, given little, if any, support to such
an interpretation of the function of this curious appendage.



10 MONICA TAYLOR.

The organ seems to be a prolongation of the transparent
tissues surrounding the dorsal part of the brain, filled with a
lymph-hke flmd without any appareunt cellular elements and
walled in by two layers of epidermis, the outer of which is
flattened and horny (PL 1, fig. 11). In the specimens with
the débris there is a slight thickening of the lower epidermis
cells in the neighbourhood of the débris which may possibly
represent a vestigial cement-gland, but it has not been found
possible to demonstrate a break in the continuity of the outer
horny layer, which fact tells against such an interpretation of
the organ.  The line of demarcation between the mesenchyme
of the head and the fluid contents of the rostrum is very
definite.

There 1s a resemblance between the figures of the early
developmental stages of the rostrum of Callorhynchus (10)
and that of Symbranchus, and also a certain amount of
resemblance between their structure in the early stages, for
Schammsland says that the radiment of the rostrum of
Callorhynchus is a large thin-walled sac covered with
a descrip-

ectoderm and later becoming filled with mesoderm
tion which might apply in part to the organ in Sym-
branchus. '

Large unicellular glands are very conspicuous objects in the
ectoderm in sections stained in Heidenhain and eosin.  They
are most abundant in the epidermis of the fins, but occur also
in the general epidermis, and are to be found, though sparsely,
on the rostrum. These glands are evidently larval structures,
for they gradually disappear as the adult stage 1s reached.

By this stage the dorsal and ventral median fins are well
established and there 1s a cloacal opening which appeared in
Stage 24, so that it is now possible to distinguish the anterior
limit of the true tail. In dorsal view the only parts of the
brain visible are the optic lobes and rhombencephalon because
of the cranial flexure. In side view the infundibalum and
hypophysis are conspicuous ; olfactory organs and eyes have
become more lateral in position. The heart is more clearly
seen, the ear is still visible (in the xylol specimens) anterior
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and dorsal to the branchial regions. An operculumn barely
covering the first branchial arch is visible in horizontal
sections. The pectoral fin, the anterior edge of which curves
backwards, now measures about 1-1 mm. in length. The hver
is visible on the left side in the xylol specimens.

Dr. Agar describes 1n his notes o pigment-spot on tlie left
side of the creature as being conspicuous in the fresh speci-
mens. In the early stages, 1.e. forty hours after hatching,
this pigment-spot lies anterior to the middle point of the
attachment of the yolk sac. Its position is relatively further
back in the later stages of development and more superficial.
No trace of this pigment-spot can be found in the preserved
specimens, but in those stained and cleared in xylol the gall-
bladder 1s distinctly visible in the position described in the
notes, and a consultation of the sections leaves little doubt
that the gall-bladder 1s responsible for the spot.

Stage 26 (PL 1, fig. 9).—The coiled portion of the body
alluded to above straightens out as the creature grows, so that
at this stage (26) a straight line joining the tip of the rostrum

7 mm. The rostrum has

to the tip of the tail measures
lengthened and lies parallel with the curve of the yolk-sac.
The pectoral fins are about 15 mm. inlength. The cerebellum
rudiment is conspicuous (c. 7., PL. 1, fig. 9) ; the eye 1s more
lateral in position. The operculum covers the first two
braunchial arches.

Stage 27.—Seventy hours after hatching the creature is
about 9 mm. long, the true tail being about 2'5 mm. lIts
general appearance has, however, undergone little change
from the conditions shown in Pl. 1, fig. 9. The pericardial
space has increased in depth. The head is becoming more
opaque.

In Stage 28, the rostrum, on account of the growth of
the brain, nose and eyes would now be described more cor-
rectly as a dorsal cephalic process than as an anterior one.
The subintestinal vein (Pl 1, fig. 9) is conspicuous in the
figures of this and succeeding stages, and a sketch of the
hiving creature among Dr. Agar’s field notes shows that 1t is



‘M\‘O\\ A 'fﬂ]

Ww'{ WORE Tt
i A 0'."'|¥“

¥ ”" ?

Al g
\f Ym {
ﬂ

LN ,‘ ‘; ' | !

i .gw_‘\\'s " ‘
birks An.'

"n\o’(} :’y

i’ ”“"k

IL’; '\
P'UJ( 9

i lt‘u

..t LR T . T TR T
L 18 H"n‘ 5 .{ T 4\?* . N “} : 4‘
u"u‘ ,“‘ \ - ﬂ{su»w } A‘ ‘\ ) \;,
T8 I“‘“? - v‘

i a":‘“
IR ¥ \w

























































































































