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INTRODUCTION

According to the literature Ipnops is the only verte-
brate in which both the eyes and the optic nerves are
completely missing. The present investigation has
however shown, beyond doubt, that the peculiar
organs on the head of Ipnops, which are generally
held to be phosphorescent organs, are in reality
modified eyes.

Like REGAN (1911), PARR (1928) places the genus
Ipnops in the family Sudidae (Ordo Iniomi), by
PARR divided into 4 subfamilies: Chlorophthalmini,
Notosudini, Bathypterini and Paralepidini. Bathy-
pterini, which is characterized i. a. by having very

small eyes or no eyes at all, comprises the genera
Benthosaurus Goope and BEAN, 1886, Bathypterois
GUNTHER, 1878, Bathymicrops KOEFOED, 1927, and
Ipnops GUNTHER, 1878. PARR writes about Sudidae
that ““...in the series: Chlorophthalmus — Bathysau-
ropsis — Benthosaurus — Bathypterois — Ipnops we
recognize a continuous series of differentiations
characterized by a gradual reduction of the eyes,
depression of the head and elongation of the tail.”
BERG’s classification of the iniomous fishes is in
accordance with that of PARR (BERG 1940).

PREVIOUS INVESTIGATIONS

The first specimens of Ipnops (I. murrayi) were
caught by the “Challenger”-Expedition, and from
the very beginning much uncertainty has prevailed
as to the function of the peculiar cephalic organs.
In his description of the genus GUNTHER (1878)
writes among other things: “Head depressed, with
broad, long, spatulate snout, the whole upper sur-
face of which is occupied by a most peculiar organ
of vision (or luminosity), longitudinally divided into
two symmetrical halves.” Later on the same author
(GUNTHER 1880) writes about the same organs: “The
eye seems to have lost its function of vision and
assumed that of producing light.”” In 1885 GUN-
THER described the cephalic organs of Ipnops as
modified eyes and in the same place there is a de-
scription of the eyes by MOSELEY (pp. 239-240); ac-
cording by MOSELEY each eye is covered by a trans-
parent membrane, most likely representing the
cornea. Under the membrane and separated from
this by a shallow chamber filled with liquid, is the
retina, which solely contains rods. Between the rods
and the chamber is a very thin layer of nerve fibres.
The chorioidea is subdivided into hexagonal areas

which are concave towards the eye, and the rods
seem to be aggregated in corresponding bundles,
the rods resting on the concave inside of the hexa-
gonal areas. About the function of the organ MOSE-
LEY writes: It is not improbable that these curious
expansions of the recipient surface of the eye and
its retina are a device for detecting the presence of
very small quantities of light, at the expense of all
apparatus for forming an image.” Later, however,
MoseLEY forms the opinion that the organs must be
regarded as phosphorescent organs, and that any
trace of eyes and optic nerves is missing (Appendix
A in GUNTHER 1887), and as this opinion is prevail-
ing in most of the recent literature, MOSELEY’s paper
will be briefly recorded.

The symmetrical organs extend from an area a little behind
the nasal capsules to an area dorsally of the hindmost part of
the brain, and are situated in a pair of oblong cavities dorsally
of the cranial cavity; the cavities are separated by a median
septum, in front consisting of hyaline cartilage (a median
crista on the cartilaginous plate which is situated in the roof
of the mouth; cf. GUnrtrER 1887, pl. LXVIII) which is dor-
sally completed by connective tissue. According to MOSELEY
the organs are covered by the dorsal cranial wall, which,
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corresponding to the deepest part of the cavities, has a pair
of convex cornea-like prominences, while the cranial wall in
front and laterally of these is flat and provided with concen-
tric striae (cf. text-fig. 1). Where the cranial wall covers the
organs it is very thin and completely transparent. On the
medial part of the organs a closed canal is situated. It con-
tains partly a mucous canal, partly a nerve running to the
nasal capsule, according to MOSELEY probably the nasal
branch of the fifth cranial nerve. Corresponding to the an-
terior part of the brain the canal slants laterally. MOSELEY is
of the opinion that the deepest part of the cavities, which is
in the centre of the organ, corresponds to the place where
previously the orbits were situated, just as the median septum
should correspond to the interorbital septum. Seen from the
dorsal side in reflected light the organs seem to be composed
of a mosaic of light, hexagonal areas, each being about 40
microns in diameter.

Histologically the organs are of a quite uniform structure
in their whole extent (cf. text-fig.2); they are said to consist
of hexagonal columns resting on a pigmented layer of con-
nective tissue. Each hexagonal column, which is about 40 mi-
crons high, is composed of 30-40 transparent, hexagonal rods,
the bases of which rest on the concave inside of a large, bowl-
shaped hexagonal pigment cell containing a clearly marked
nucleus. Distally each rod carries a hexagonal, nucleated cell.
A few of the transparent rods, the longitudinal axis of which
is at right angles to the surface of the organ, contain, accord-
ing to MOSELEY, a small nucleus near the basis. The hexagonal
columns are entangled in a reticulum of pigmented strings,
the ramifications of which also traverse in between the rods.
Furthermore, the organs contain capillaries. The hexagonal
columns correspond to the light, hexagonal areas which are
seen on the intact animal in reflected light. Moreover, MoSE-
LEY states that both the pigmented reticulum and the capillar-
ies can be seen on the intact animal in transparent light (optic
section). Under the organs there is connective tissue with
pigment cells, blood-vessels, and nerves. The organs get ample
blood supply through a pair of vertical branches from the
carotids.

MoseLEY states that he has traced nerve fibres from the
layer of connective tissue under the organ to the area with
the pigmented hexagonal cells, but that it has been impossible
to ascertain any actual connection between the nerve fibres
and the elements of the organ. According to MOSELEY the
nerve fibres no doubt originate from the fifth cranial nerve.

MoseLey concludes: “The phosphorescent organs can hardly
be sense-organs, since they appear to be supplied with no
special nerves but only by ordinary nerves. They are certainly
not modified eyes. The richness of their blood supply is in
favour of their being phosphorescent organs, as is also the
extreme transparency of the portion of the roof of the skull
covering them.” He supposes that the phosphorescent organs
in Ipnops are homologous with the phosphorescent organs on
the head of other Scopelidae, being formed by fusion of their
supranasal and subocular phosphorescent organs on either
side of the head, resulting in complete obliteration of the
eyes (by GUNTHER Iprops was placed in the family Scopelidae,
cf. GUnTHER 1878, 1880, and 1887). As in the Scopelidae the
organs are internally delimited by pigmented connective
tissue made of the corium.

Apparently, no later histological examination of the
cephalic organs of Ipnops has been made, and Mo-
SELEY’s view is adopted in most of the later liter-
ature (e. g. GOobDE and BeAN 1895, Goopricy 1909,
REGAN 1911, BARNARD 1925, PARR 1928, NORMAN
1939, WaALLs 1942, FOwLER 1943, MARSHALL 1954,
THiNgs 1955, and BERTIN 1958). Certain authors,
however, have regarded the organs as eyes (JORDAN
and EVERMANN 1896, JORDAN 1925). For the sake
of completeness it ought to be mentioned that two
authors have held the opinion that the organs func-
tion both as visual organs and as phosphorescent
organs. Thus AGassiz (1888) writes about the modi-
fications of the eyes of deep sea fishes: “In some
cases the eyes have not been specially modified, but
in others there have been modifications on the one
hand to phosphorescent organs more or less special-
ized, or on the other to such remarkable structures
as the eyes of Ipnops, intermediate between true eyes
and specialized phosphorescent plates.” GARMAN
(1899) expresses a similar opinion: “Eyes (of I.
agassizii) excessively differentiated, as visual organs,
reflectors, and flash lights, occupying nearly half
of the top of the head...”.

THE PRESENT INVESTIGATION

Material and Methods. Dr. A. F. BRUUN, of the Zoo-
logical Museum of Copenhagen, has been so kind
as to place 3 specimens of I. murrayi GUNTHER,
1878 from the collection of the “Galathea’”-Expedi-
tion at the present author’s disposal. The length of
the fishes was about 9 cm. One specimen was fixed
in Bouin’s fluid; the head was embedded in paraf-
fin, cut into 8 micron sections (transverse sections)
and stained with hematoxylin-eosin. The two other
specimens were fixed in formalin; the head of one
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of those was embedded in celloidin, cut into 50 mi-
cron sections (transverse sections) and stained with
the phosphotungstic acid hematoxylin of MAL-
LORY, while the other specimen was stained with
alizarin.

The investigation clearly showed that the cephalic
organs of Ipnops are modified eyes, the structure of
which in the main is in accordance with MOSELEY’s
first description (MOSELEY in GUNTHER 1885). This
result follows partly from the fact that positively



Text figure 1. Dorsal and lateral view of the head of Ipnops murrayi. Re-drawn from fig. 97, p. 239 in GUNTHER 1885.

Text figure 2. The histological structure of the cephalic organs of Ipnops murrayi, as regarded by MoseLey (from GUNTHER
1887, pl. LXVIII, fig. 6, 7 and 10; H. N. MoseLsy del.). Fig. 2A shows a transverse section of the organ, fig. 2B shows the
rods highly magnified, and fig. 2C shows the pigment celis. The letters on fig. 2B and C are added by the present author.

a: erythrocytes e: hexagonal, nucleated cell
b: pigment cell in the connective tissue f: hexagonal rod
under the organ g: pigmented strings
c: hexagonal pigment cell h: a group of rods forming together a
d: nucleus of hexagonal pigment cell hexagonal column




2 mm.

Text figure 3. Diagram based on a photo showing a transverse section of the head of Ipnops murrayi, corresponding to the
foremost half of the eyes (cf. pl. 1, fig. 2).

: supraorbital canal

: infraorbital canal

: the sclera (cartilaginous part)

: subbulbar fissure

: choriocapillaris

: peripheral part of scleral cornea (7)
: hyalin cartilage

: intraocular blood sinus
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identified optic nerves, running to the organs, are
present, partly from the structure of the organs,
which have a retina with typical rods. The lense and
its suspensory apparatus (including the retractor
muscle) is missing. The iris (in the shape of a trans-
verse diaphragm) is missing. The eyes are flattened
and directed upwards. Since the optic nerves and
the retina are of decisive importance for the under-
standing of the function of the organs, they will be
dealt with first in the following.

The Optic Nerves. The papilla of the optic nerve
(pl.2,fig. 1) is situated a little behind and somewhat
medially to the centre of the eyes The optic nerve
is directed medio-caudally and perforates the sclera
medially to the papilla of the optic nerve, so that
a greater part than usual of the optic nerve is si-
tuated in the chorioidea. After the perforation of
the sclera the direction of the two optic nerves is
medio-caudal and dorsal, till they meet in the me-
dian plane, and for the rest of their course to shortly
before the entrance into the mesencephalon they lie
in contact with each other. The two optic nerves
run parallel caudally, and in the chiasma, which is
situated ventrally to the olfactory tracts, one of the
optic nerves crosses the other (pl. 1, fig. 3-4). In the
one specimen the left optic nerve, in the other the
right optic nerve was lying on the top of the other
in the chiasma. The optic tracts can be followed to
the tectum opticum.
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: transparent membrane (the frontals ?)
: lateral edge of transparent membrane
: nerve(s)

: pars coeca retinae

: pars optica retinae

: sclera (fibrous part)

: olfactory tract
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The Retina. The eyes of Ipnops may quite hypothe-
tically be derived from typical laterally situated eyes
by a turn of the bulbus of about 90°, so that the
anatomical axis has been directed dorsally, while at
the same time it must be imagined that the curvature
of the retina has been straightened out and the iris
reduced (text-fig. 3. PL. 1, fig. 1-2). How the onto-
genetic development really takes place is of course
impossible to decide on the basis of the present
material. Yet it seems reasonable to suppose that
the region around the papilla of the optic nerve of
Ipnops cbrresponds to the fundus.

According to BRAUER (1908) the retina of deep
sea fishes is characterized partly by the lack of cones,
partly by the fact that the pigment is in constant
dark position; the processes of the cells of the pig-
ment epithelium have been retracted into the cell
body and cannot be re-formed. As regards these
two features the retina of Ipnops makes no exception.

It is possible to distinguish between a pars optica
and a pars coeca retinae. The latter is very narrow.
The thickness of the retina in the anterior and pos-
terior parts of the eye is about 35 microns, gradu-
ally tapering towards the ora terminalis retinae. In
the central part of the retina the thickness is about
45 microns, and the thickness only diminishes close
to the ora terminalis. Hyaloid vessels are not to be
found.

The Pigment Epithelium. The cells are low, with-



out processes (pl. 2, fig. 1-4). Pigment is only to be
found in the outer part of the cell (i. e. towards the
chorioidea) where also the nucleus is placed (pl. 2,
fig. 2 and 3). The outer part of the cell is frequently
convex (pl. 2, fig. 3-4) and since only this part is
pigmented, the pigment of each cell stands out as a
crescent-shaped figure in the sections. No doubt
these correspond to the bowl-shaped, hexagonal
pigment cells, described by MoseLEY. According to
MoseLEY the hexagonal rods rest on the inside of
the bowl-shaped pigment cells. However, the pig-
ment cells are not bowl-shaped, and the rods do not
reach farther out than to the inner, unpigmented
part of the cells. Now and then fragments of the
rods are seen in the pigment cells, but this is ob-
viously an artefact (pl. 2, fig. 3-4). The convex form
of the outer part of the pigment cells, however,
seems to be an artefact too. In the specimen fixed in
Bouin the convex form was most frequently found
in the fundus, where the bulbus is deepest. In the
peripheral regions of the retina the outer part of the
cells is plane (pl. 2, fig. 2). In the specimen fixed in
formalin the pigment of all the cells in the pigment
epithelium stands out as crescent-shaped figures, and
the unpigmented part of the cells cannot be seen at
all or only with difficulty. Supposing that MOSELEY
had only a specimen fixed in formalin at his dispo-
sal, this may be the reason why he did not notice
the inner, unpigmented part of the pigment cells.
Thus the convex form of the outer part of the cells
is probably due to a shrinking of the entire retina.
In the specimen fixed in Bouin’s fluid the shrinking
is less marked; it is more pronounced in the fundus,
the deeper part of the bulbus, as might be expected.

Thus the pigment cells are certainly not bowl-
shaped, pigmented connective tissue cells, as de-
scribed by MOSELEY, but retinal pigment epithelium
cells without processes. .

The retina s. str. contains only rods that are not
hexagonal (pl. 2, fig. 1-4). Not the slightest trace of
the hexagonal columns described by MOSELEY is to
be found. The pigmented reticulum which, accord-
ing to MOSELEY, is found in the layer of rods is an
artefact.

The outer segments of the rods show the cross-
lamination which is characteristic of visual cells.
The inner segment is very short and contains no
ellipsoid. The outer nuclear layer contains only a
single layer of nuclei. In his first description (in
GUNTHER 1885), MOSELEY states that the retina “. . .
is composed of a layer of remarkably long rods™.
The length of the visual cells in the eyes of teleosts
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is, as a rule, between 60 and 80 microns (ROCHON-
DuviGNEAUD 1943). DETWILER (1943) states that the
length of the rods in the light-adapted eye of Ameiu-
rus is 92-93 microns, in the dark-adapted eye 33,8
micron. BRAUER’s survey of the length of the rods
of some deep sea fishes (BrRAUER 1908, p. 222)
comprises several species the rods of which have
about the same small length as those of Ipnops.

Immediately inside the outer nuclear layer there
is a layer consisting of nerve fibres. The layers of
nuclei, the inner nuclear layer and the ganglion cell
layer, which are normally found inside the outer
nuclear layer, are apparently lacking in Ipnops. How-
ever, some scattered nuclei are to be found inside
the outer nuclear layer; they can be distinguished
from the nuclei of the rods partly by their position,
partly by means of their greater nuclear diameter.
The nuclei of the rods are oval; the nuclei which
are situated inside the outer nuclear layer possibly
comprise three different nuclear types, two of which
are shown on pl. 2, fig. 3 (X and Y). One of these
(X) is almost spherical, the other type (Y) is oval.
It is possible, however, that these two nuclear types
represent a transverse section (X) and a longitudinal
section (Y) of the same oval nuclear type, partly
because the diameter of the spherical type corre-
sponds to the width of the oval type, partly because
the chromatin granules show the same arrangement
in the two nuclear types. Besides these two (?)
types, there is an oval nuclear type which is more
flattened than type Y. The number of the nuclei,
which certainly do not belong to the rods, is of the
magnitude of 5-6000 in each retina. The number of
optic fibres is about 500 (538 axons were counted
in the right optic nerve, 496 axons in the left optic
nerve in the specimen fixed in Bouin’s fluid). None
of the above mentioned nuclear types exists in a
number corresponding to the number of nerve fibres
in the optic nerves. The count, however, clearl
shows that other cells than ganglion cells exist in-
side the outer nuclear layer, but neither these nor
the ganglion cells can be identified. Yet it seems
reasonable that the nerve fibres of the optic nerves
represent the third neuron of the visual pathway, as
in other vertebrates.

The membrana limitans externa could not be
established conclusively. The membrana limitans
interna exists. The falciform process is missing.

The thickness of the retina showe greater varia-
tion among the bony fishes than within other groups
of vertebrates, from less than 100 to more than 500
microns (WALLS 1942). Its small thickness in Ipnops




(35-45 microns) is of course partly due to the short-
ness of the rods and partly to the reduction of the
layers inside the outer nuclear layer. The number of
rods in each retina is of the magnitude of 250000.
Consequently, there is a very considerable summa-
tion (about 500 rods per optic nerve fibre). The total
number of rods per retina is amazingly small com-
pared with the numbers given by BRAUER (1908,
p. 222). According to BRAUER the number of rods
per sq. mm ranges from 115600 ( Cyclothone micro-
don) to 20 millions (Macrurus pumiliceps) in the
species examined by him. BRAUER calls attention to
the fact that the numbers are not accurate, the
varying thicknesses of the sections and the varying
diameters of the nuclei not having been taken into
account; nevertheless there are considerably more
rods than in Ipnops.

The pars coeca retinae is quite narrow, 25-30 mi-
crons, and consists of two layers of cells in which
only the cells belonging to the outer layer are pig-
mented. Unlike the pigment epithelium cells in the
pars optica the whole cell body is pigmented. In
some sections only one cell is seen in the outer layer.
An accurate description of the morphology of these
cells, however, cannot be given, as the cell limits are
not visible on account of the pigment. The inner
layer of cells consists of low, unpigmented cells.
Evidently, no epithelial muscle cells exist in the pars
coeca.

The pars coeca retinae is connected with the in-
side of the scleral cartilage near the upper edge of
this by means of connective tissue cells in the inner
layer of the chorioidea.

The Chorioidea. Immediately outside the retinal
pigment epithelium the choriocapillaris follows,
which consists of relatively few, rather wide capil-
laries (pl. 2, fig. 1-2). In this inner layer of the chor-
ioidea there are locally many pigmented cells. The
rest of the chorioidea is constituted by a very large,
blood-filled sinus (text-fig. 3. PL. 1, fig. 2) the extent
of which corresponds to that of the retina, and
which has its greatest depth in the region of the
fundus. The argentea is missing. The corpus vascu-
laris chorioideae is missing. As it is now and then
claimed in the literature that the corpus vascularis
is only to be found in species with pseudobranchs
(e.g. WALLS 1942), it should be pointed out that
Ipnops lacks pseudobranchs. There is no tensor
chorioideae. WALLS (1942) maintains that this muscle
is found only in fishes which are able to accomodate.

The Sclera. Corresponding to the peripheral parts
of the eye the sclera consists of cartilage, while the
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remaining part is fibrous and very thin (text-fig. 3.
PL 1, fig. 2-3), thus agreeing with the structure of
the sclera of most other bony fishes, in which the
sclerotic coat as a rule is fibrous and thin in the fun-
dus, while in the anterior segment of the eye it is
cartilaginous to a greater or smaller extent; in most
of the species this cartilage forms an unbroken car-
tilaginous ring in the anterior segment of the eye.
No ossicles have been found in the sclera of Ipnops.
The cartilage of the sclera is connected with the
transparent membrane that covers the eyes by
means of a thin, fibrous membrane, which unites
with the inside of the transparent membrane. Most
likely this fibrous membrane represents the peri-
pheral part of the scleral cornea (text-fig. 3. PL 1,
fig. 2).

Under the lateral part of the sclera a subbulbar
fissure is seen in the sections (text-fig. 3. P1. 1, fig. 2).
Below the anterior and the posterior part of the eye
it is quite narrow and situated under the scleral
cartilage, while below the central part of the eye its
extent fairly corresponds to the breadth of the lateral
half of the eye. As regards position this cavity
corresponds to the lower of the two retrobulbar
sinuses found in many bony fishes.

The transparent membrane (text-fig. 3. PL 1, figs.
1-2) which covers the eyes lies in the corium and
appears in the sections as a uniform, non-cellular
lamina. The membrane is unpaired and in extention
slightly greater than that of the bulbus. The speci-
men stained with alizarin shows that the membrane
consists of lamelliform bone. Corresponding to the
hindmost part of the eyes, the membrane is on the
inside provided with a short, low, median bony cri-
sta. The cornea-like prominences and the concentric
striae described by MoSELEY (cf. text-fig. 1) were not
found in any of the specimens which the present
author had at his disposal; probably they are arte-
facts.

The two canals on the transparent membrane, one
on either side of the median line, contain partly a
nerve, partly lateral line organs; no doubt they are
supraorbital canals. Under the lateral edge of the
transparent membrane there is on either side an-
other canal (text-fig. 3. PL. 1, fig. 2) of which the
delimitation, with the exception of the lateral wall,
is osseous. Probably, they are infraorbital canals.
The supraorbital as well as the infraorbital canals
communicate with the surface in several places and
they are both of them open in front and behind. As
the supraorbital canals are situated on the trans-
parent membrane, it is probable that this represents















