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INTRODUCTION 

No investigations have, until now, been made on 
the skull of Ipnops (Ordo Iniomi). A few osteologi- 
cal observations are found in GUNTHER'S descrip- 
tions (1878 and 1887), but he writes that further 
specimens could not be sacrificed for the purpose 
of investigating the osteology of the skull. 

The head of Ipnops muvrayi is broad and de- 
pressed with two large dorsal cephalic organs, 
which MOSELEY (1887) described as phosphorescent 
organs, while MUNK (1959) showed them to be 

modified eyes. The eyes are flattened and directed 
upwards; they extend anteriorly over part of the 
ethmoid region and posteriorly over part of the otic 
region. The present investigation deals particularly 
with the relations between these eyes and the bones 
and cartilage of the head. As the skull is found to 
be very specialized, a comparison has been made 
between Ipnops and another genus of the Iniomi, 
Chlorophthalmus. 

MATERIAL AND METHODS 

The material is from the collection of the Galathea 
Deep-Sea Expedition. 

Ipnops murrayi Giinther, 1878. Four specimens. 
Standard length of specimen A (St. 314, Bay of 
Bengal, 2600 m) was 105 mm. The head of this 
formalin-fixed specimen was decalcified, embedded 

hematoxylin-eosin and the other slides according 
to Bodian's protargol method. The length of speci- 
men B (St. 238, W. Indian Ocean, 3960 m) was 
about 90 mm and the length of specimen C (St. 
234, W. Indian Ocean, 4820 m) was also about 90 
mm. These two specimens were placed at my dis- 
posal by Mr. 0. MUNK. The head of specimen B, 
Bouin-fixed, had been decalcified, embedded in 
paraffin, cut into 8 p serial transverse sections, and 
stained with hematoxylin-eosin, while the head of 
specimen C, formalin-fixed, had been decalcified, 

embedded in celloidin, cut into 50 p serial transverse 
sections, and stained with the phosphotungstic acid 
hematoxylin of Mallory. The fourth specimen was 
stained with alizarin, but unfortunately with poor 
results, as the skull disintegrated during the treat- 
ment with H,O,. 

A graphical reconstruction of Ipnops has been 

head is rather broken in several places, some details 
of the fronto-parietal have been drawn from the 
alizarin-stained bone. 

Chlovophthalmus agassizi Bonaparte, 1840. One 
specimen, 70 mm in standard length (St. 197, off 
Durban, 495 m). The head of this formalin-fixed 
specimen was decalcified, embedded in paraffin, 
and cut into 10 p serial transverse sections. Every 
second slide was then stained with hematoxylin- 
eosin and the other slides according to Bodian's 
protargol method. 



DESCRIPTION 

The ethmoid region is rather short and shows an 
extreme dorso-ventral flattening. Rather a large 
amount of cartilage is preserved in this region, 
forming in the main a broad, flat ethmoid plate 
with a well developed rostrum (RO, Fig. I), a some- 
what slightly developed mesethmoid cartilage (sep- 
tum nasi) (MEC, PI. I 2), and on each side a 
preethmoid cornu (PEC, Fig. I), and a parethmoid 
cornu (PAC, Fig. 1, Pl.1 2) (SWINNERTOX 1902). 
A planum antorbitale is not present. From the 
posterior border of the ethmoid plate the trabecula 
communis (TCO, P1. I 3) projects into the orbital 
reglon. 

The unpaired ethmoid (ET, Fig. 1 ,  Pl. I 1-2) is 
ossified on the median part of the ethmoid plate, 
and consists of two thin perichondral lamellae, a 
dorsal and a ventral. The ventral lamella extends to 
the anterior border of the rostrum, while the dorsal 
is shorter. Posteriorly the dorsal lamella is over- 
lapped by the fronto-parietal (FRP). 

The cartilage between the two lamellae is not 
hyaline but seems to be calcified, and there is clear 
indication of a beginning endochondral ossification, 
especially in specimen A; a trait common to nearly 
all the cartilage-bones. 

Fused to the dorsal lamella on each side there is 
a thin postero-lateral intramembranous extension. 
This extension probably represents the supraethmoid 
(SE, Fig. I, PI, I I). 

The Iuteval ethmoidl (LET, Fig. 1 ,  P1. I 2) is 
ossified around the postero-lateral part of the 
ethmoid plate with the parethmoid cornu. It  con- 
sists of a perichondral lamella. In addition, there is 
clear indication of a beginning endochondral ossi- 
fication, and postero-laterally there is an area where 

(PAL). The two lateral ethmoids are separated by 
the ethmoid and are almost overlain by the fronto- 
parietal. 

The lateral ethmoid and the fronto-parietal are 
connected by connective tissue laterally, and diverge 
medially. A similar condition is found between the 
ethmoid and the fronto-parietal, the two bones 
being connected by connective tissue in a median 
zone (where the ethmoid is ossified on the mes- 
ethmoid cartilage), and diverging laterally. The 
cavity, found between these bones, limited dorsally 

. The bones are paired unless otherwise mentioned. 

by the fronto-parietal, medio-ventrally by the 
ethmoid, and latero-ventrally by the lateral ethmoid, 
lodges the anterior part of the eye. Thus, anteriorly, 
the eyes are separated by the ethmoid, and more 
exactly, by that part of the ethmoid which is ossified 
on the mesethmoid cartilage. This means that the 
eyes have extended forwards and now also occupy 
the normal sites of the olfactory organs. The eyes 
extend almost to the anterior border of the fronto- 
parietal. In this region the mesethmoid cartilage is 
slightly developed, and the fronto-parietal is con- 
nected with the ethmoid by connective tissue. 

On each side there is a small olfactory organ 
lying antero-lateral to the eye. The olfactory organ 
partly overlies the gap between the antero-lateral 
edge of the fronto-parietal and the postero-medial 
edge of the supraethmoid, and partly lies dorsal to 
the postero-medial part of the supraethmoid. The 
nervus olfactorius (I) passes down between these 
bones from the olfactory organ to a position lateral 
to the eye and dorsal to the lateral ethmoid, and 
then takes a postero-medial course between the eye 
and the ethmoid. The ramus ophthalmicus super- 
ficialis V ( 0  V), the rainus ophthalmicus super- 
ficialis VII ( 0  VII), and the nervus oculomoto- 
rius pass here, together with the nervus olfactorius 
(PI. I 2). 

MOSELEY (1887) has erroneously taken the pre- 
maxillary cartilages for the nasal capsules (on his 
PI. LXVII); he writes that two nerves are seen 
passing to the nasal capsules, but they go towards 
the premaxillary cartilages and not to the olfactory 
organs, which lie more laterally and are also seen 
on the plate. MUNK (1959) made the same mistake 
(on his P1. 1, Fig. 1). 

The nus01 (NA, Fig. 1, Pl. I 1) is a small and 

dorsal to the anterior part of the fronto-parietal. 
The nasal is firmly attached to, but not fused with 
the osseous supraorbital canal of the fronto-parie- 
tal, while it is just loosely attached to the ethmoid. 
In transverse section the bone is nearly tubular, 
but straightens out anteriorly. It  lodges the anterior 
part of the supraorbital lateral line canal, and a 
branch of the ramus ophthalmicus superficialis VII 
is seen piercing the wall of the nasal to innervate an 
organ of the lateral line. 

The prevomer (PV, P1. I 1-2-3) is an unpaired, 
thin, almost flat bone; the anterior part is very 
broad, while the posterior part forms a narrow 



Fig. 1. Dorsal view of the skull of Ipncp.~ rnurmyi. Graphical reconstruction. The figures on the vertical line indicate the 
positions of the transverse sections shown on PI. I. The hatched lines indicate the positions of the eyes. 

For explanation of lettering see p. 20. 



Fig. 2. Lateral view of Ipnops murmyi 
(anterior part). 

5 m m 

median shaft. It  is superficial to the parasphenoid 
(PSP) and the ethmoid. The shaft has a median 
longitudinal ridge, which fits in a corresponding 
groove on the ventral surface of the parasphenoid. 
The anterior limitation of the prevomer, the ethmoid, 
and the rostrum of the ethmoid plate almost coin- 
cide, but the parasphenoid does not extend so far 
forwards. Additionally, the lateral edge of the 
prevomer and the rostrum of the ethmoid plate 
almost coincide, and there is close contact between 
the bone and the perichondrium of the ethmoid 
plate. The prevomer is attached by ligaments to the 
palatines. On the broad portion of the bone there is 
an area on each side with small uniform teeth. 

At the transition between the ethmoid plate and 
the anterior part of the preethmoid cornu, and 
dorsal to the postero-lateral corner of the broad 
part of the prevomer there is a small ossification 
which is only seen in specimen A. It  probably is a 
pveethmoid (PE, P1. I l), which is also present e.g., 
in Esox and Belone (SWINNERTON 1902) and in 

ALLIS (1898) and other authors apply the name 
septomaxillary to this bone, but SWINNERTON (1902) 
suggests the name preethmoid. Both SWINNERTON 
and DE BEER (1937) have discussed the problems 
concerning the name, and DE BEER writes, "as it 
remains to be proved that this perichondral and 
endochondral ossification is homologous with the 
dermal septomaxillary of Tetrapods, it appears to 
be safer to call it the pre-ethmoid". 

The preethmoid consists of a ventral perichon- 
dral lamella and the obvious beginnings of eiido- 
chondral ossification which almost reaches through 
the ethmoid plate. However, a dorsal perichon- 

dral lamella is not present; in its place cartilage 
articulates with the maxillary by a submaxillary 
cartilage. 

The mouth is wide and the lower jaw projects 
beyond the upper jaw. The premaxillavies (PMX, 
Fig. 1, P1. I 1-2-3-4) exclude the maxillaries (MX) 
from the border of the mouth; a feature common 
to all the Iniomi (REGAN 1911). Where the rami 
of the lower jaw meet there is an edentulous sym- 
physeal knob which fits into a small notch in the 
border of the upper jaw. Antero-medianly, the 
premaxillaries are separated. The premaxillary is a 
long and slender bone, the antero-median part 
being edentulous while the rest of the ventral surface 
is covered with a band of small, uniform teeth; the 
band is narrower posteriorly. Anteriorly, the pre- 
maxillary has a processus ascendens (PRA, Fig. I), 
and closely connected with this there is a cartilage 
which articulates with the rostrum of the ethmoid 
plate. This must be the premaxillary cartilage 
(PMXC, Fig. l), described in various Teleostean 
fishes. Fishes with paired premaxillary cartilages as 
in Ipnops are e-g., Salmo (GAUPP 1906, BRUCH 
1861), Anguilla and Galaxias (NORMAN 1926), 
Gasterosteus (SWINNERTON 1902). These cartilages 
are considered to be homologous with the small, 
median and generally independent cartilage, often 
called rostrale (SAGEMEHL 1885), which in various 
Teleostean fishes connects the premaxillaries and 
the ethmoid region (NORMAN 1926). 

At the transition between that part of the pre- 
maxillary which forms the margin of the jaw, and 
the processus ascendens, there is a small process 
which has ventrally an articular surface articulating 
with the anterior extremity of the maxillary. The 



articular surfaces are covered with fibrous cartilage, 
and between the two articular surfaces there is a 
very thin plate (probably also consisting of fibrous 
cartilage). 

The maxillary (MX, Fig. 1 ,  P1. I 1-2-3-4-5-6) is a 
long and well developed bone which dilates posteri- 
orly. It lacks teeth. The anterior extremity of the 
bone lies ventral to the premaxillary and articulates, 
as earlier mentioned, with this bone. Behind this, 
the maxillary lies, at first dorso-medial, and later, 
dorsal to the premaxillary. The maxillary projects a 
little more posteriorly than the premaxillary. 

In addition to the articulation with the pre- 
maxillary, the maxillary also articulates with the 
cartilaginous ethmoid plate and with the palatine 
part of the palatoquadrate bar. Between the articular 
surfaces of the maxillary and the ethmoid plate 
there is a small double-concave disc consisting of 
fibrous cartilage. This disc is probably the sub- 
maxillary cartilage (SMXC, PI. I I), described by 
SAGEMEHL (1885) as 1-3 small skeletal fragments, 
consisting of cartilage or bone. DE BEER (1937) uses 
the term maxillary cartilage. Just behind the surface 
of articulation against the ethmoid plate foIlows 
dorso-medially on the maxillary the surface of arti- 
culation against the palatine part of the palato- 
quadrate bar. 

A short ligament connecting the premaxillary 
cartilage and the maxillary is attached to the maxil- 
lary between the articular surfaces against the pre- 
maxillary and the ethmoid plate respectively. 

The posterior one-third of the maxillary is sur- 
mounted by a supramaxiIlary (SMX, Fig. 1 ,  P1. I 
4-5-6), which can hardly be seen from the lateral 
side, as it is almost horizontal and, thus, nearly at 
right angles to the maxillary. 

Of the palatoquadvate cartilage there is preserved 
an anterior part around which an autopalatine is 
ossified, and a posterior part around which a 
quadrate and a metapterygoid are ossified. 

The autopalatine (PAL, Fig. I ,  P1. 1 2-3) is a tube 
of bone around most of the palatine part of the 
palatoquadrate cartilage (PPC, Fig. 1, P1. 1 2-3), 
the ossification extending almost from the posterior 
end of the cartilage to a point between the pre- 
ethmoid cornu and the parethmoid cornu of the 
ethmoid plate. From here the ossification extends a 
little more forwards, and now mainly lies ventro- 
laterally on the cartilage. 

As earlier mentioned, the palatine part articulates 
with the maxillary, and it is ligamentously attached 
to the ethmoid region (one ligament going between 

the cartilaginous palatine part and the supra- 
ethmoid, and the other between the palatine and 
the lateral ethmoid). The palatine too is ligament- 
ously attached to the prevomer. 

Fused with the autopalatine there is a dermo- 
palatine, a bony ridge with a single or two rows of 
teeth found ventrally on the autopalatine. The 
teeth are very small, and they cover only a small 
area. GGNTHER (1878 and 1887) writes that the 
palate is toothless, but as is shown here, there are 
small teeth on both the prevomer and the palatines. 

The large, flat metapterygoid (MPT, P1. I 6-7) is 
ossified postero-dorsally around the quadrate part 
of the palatoquadrate cartilage. It is mainly a peri- 
chondral ossification, only the dorsal part being 
fully ossified. 

The quadrate (QU, PI. I 5-6) is ossified ventrally 
around the quadrate part of the palatoquadrate 
cartilage, and this bone, too, is large and flat. 
Ventrally, there is a well developed surface of 
articulation for the articular. In front of the jaw 
articulation the quadrate consists of perichondral 
lamellae, but from the jaw articulation, the ventral 
part of the bone is fully ossified. This part has 
ventrally two prongs, between which the anterior 
end of the preopercular bone occurs. The symplectic 
is dorso-medial to these prongs. 

The two parts of the palatoquadrate bar are 
connected by two dermal bones, an ectopterygoid 
and an endopterygoid. The ectopterygoid (ECPT, 
P1. I 3-4-5) is, in transverse section, somewhat 
Y-shaped. The anterior end of the bone lies ventro- 
lateral to the palatine, and in such a way that the 
two dorsal prongs of the Y surround the palatine. 
It is a rather long bone which gradually dilates as 
the lower prong in the Y is lengthened dorso- 
ventrally. This occurs simultaneously with the 
whole skull increasing in height. Posteriorly, the 
ectopterygoid again decreases, lying close to the 
medial surface of the quadrate. 

The endopterygoid (ENPT, P1.14-5-6) is long and 
slender. The anterior end lies ventro-medial to the 
palatine and medial to the ectopterygoid. Between 
these bones there is dense connective tissue. 

Anteriorly, the quadrate part of the palatoqudrate 
cartilage is, in transverse section, seen as a small 
circular piece of cartilage completely surrounded by 
the endopterygoid and the ectopterygoid. Posteri- 
orly the cartilage (QPC, Pl. I 4-5-6-7) remains very 
narrow medio-laterally while it increases in size 
dorso-ventrally, and separates the ectopterygoid 
from the endopterygoid. Posteriorly, the endoptery- 
















