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ABSTRACT

On the basis of a total of 26 specimens of the genus
Thaumatichthys, ranging from larvae to adults, a
general description of the genus is presented, in-
cluding the osteology, dentition, jaw mechanism and
illicium and esca structures of the females and a de-
scription of the previously unknown male. The gen-
era Amacrodon Regan & Trewavas and Galathea-
thauma Bruun are synonymized with Thaumatich-
thys Smith & Radcliffe and it is concluded that the

known specimens of this genus represent three
species: T. pagidostomus Smith & Radcliffe, T bing-
hami Parr, and T. axeli (Bruun).

The relationships of Thaumatichthys to other
genera of Ceratioidei is discussed mainly on basis of
a comparative study of a representative of the genus -
Lasiognathus Regan. Diagnosis of the family and
keys to its genera and the species of Thaumatichthys
are provided.
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I. INTRODUCTION

In a bottom haul with a herring otter trawl at 3570
m depth in the east Pacific, the Galathea Expedition
caught a fish which the leader of the expedition, Dr.
Anton F. Bruun, in the popular report on the cruise
(Bruun 1953, 1956) declared “unquestionably the
strangest catch of the Galathea Expedition, and

altogether one of the oddest creatures in the teeming
variety of the fish world” (cf. PL 1). Besides data on
the catch, he provided a painting of the nearly 450
mm long fish, gave a short general description of the
specimen, and named it Galatheathauma axeli, a
new genus and species of deep-sea angler fishes




(Ceratioidea). Bruun made preparations for a scien-
tific publication to replace this preliminary note but,
due to his untimely death in 1961, it was not finished.

Bruun was aware that the most outstanding
character of this fish, the position of the light organ
(esca) in the roof of the mouth instead of on top of
the head and the extreme development of the upper
jaw and its teeth, was not quite unique among cera-
tioids. He wrote (Bruun 1956) “We found that a
small specimen, eight centimetres long, of a similar
type, had been taken by an American expedition in
1908, in Indonesia in 1385 metres of water ...” This
first representative of this kind of ceratioid was
described by Smith and Radcliffe (1912). It was a
most curious fish which they rightly named “the
trap-mouthed wonderfish”: Thaumatichthys pagido-
stomus. Having the first dorsal fin ray transformed
into a lure and lacking pelvic fins, it could be
referred to the pediculate fishes of the suborder
Ceratioidei. However, in several features it differed
to such an extent from the then known species that
they placed it in a separate new family, the Thaumat-
ichthyidae. Among other things it was distinguished
by the greatly expanded and depressed head, with
enormously developed movable premaxillaries
which carried long hooked teeth and were anteri-
orly widely separated, only connected by membra-
nous skin. Furthermore, the bulb of illicium pro-
jected from the underside of this membrane just in-
side the mouth.

The next specimen referred to Thaumatichthys
was described by Parr (1927). It was caught in a
midwater trawl fished with 8000 feet of wire in the
western North Atlantic. The specimen differed from
the type of T. pagidostomus in size (39 versus 59 mm
s.l. (standard length)), in development of eyes and
teeth, and, according to the description, in number
of dorsal fin rays. It was made the type of a new
species T. binghami Parr, 1927. Regan and Tre-
wavas (1932) placed this species in a separate new
genus, Amacrodon, solely based on the absence of
the pair of very long hooked premaxillary teeth
found in the type of T. pagidostomus. Parr (1934)
accepted this separation when, without description,
he reported a second specimen of “Admacrodon bing-
hami” caught in the same area as the type specimen.

Bertelsen (1951) tentatively referred to Thaumat-
ichthys pagidostomus four larval specimens (4.4 to
24 mm in total length) from the Dana Expeditions,
on basis of osteological characters and number of
dorsal fin rays.

Finally, Brewer (1973) reported, from off the

Pacific coast of Mexico, a catch of a specimen, 22
mm s.1., which he referred to 7. pagidostomus.

Including the Galathea specimen, the total num-
ber of hitherto recorded specimens of this group is
thus nine, assigned to three species and genera.

When, after Anton Bruun’s death, the senior
author of this paper (E.B.) took over the study of
the Galathea specimen, and had the opportunity to
compare it with the recorded specimens of Thaumat-
ichthys and Amacrodon, it became evident that the
differences on which the separation in genera were
based could be ascribed to differences in age and
that they, consequently, all should be referred to
Thaumatichthys Smith & Radcliffe, 1912. Study of a
new specimen obtained by the other author (P.S.)
confirmed this, but added to the difficulties in sepa-
rating the species. More material was needed to be
able to judge ontogenetic and individual variation,
and partly for this reason publication was post-
poned. Meanwhile, increased effort in deep-sea
research in recent years has resulted in the collec-
tion of a considerable number of specimens of this
genus, which have kindly been made available for
this study.

Including the previously known 9 specimens, the
study material consists of 26 specimens, represen-
ting stages from larvae of 3 mm s.. to adults of
about 365 mm sl. Most of the specimens are fe-
males. Besides three larval males described by
Bertelsen (1951), only a single adolescent male has
been obtained. After the study was completed
information on 6 additional females was received. Of
this total of 32 specimens, 25 were caught in the
Caribbean and adjacent Atlantic waters, and only 3,
including the type of T. pagidostomus, the Galathea
specimen, and 2 larvae, are from the Indo-Pacific.
From this material we have concluded that three
species comprise the genus Thaumatichthys: T. pagi-
dostomus, T. binghami, and T. axeli.
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II. GENERAL DESCRIPTION OF THE GENUS THAUMATICHTHYS

A.FEMALES

The most characteristic external features of meta-
morphosed female Thaumatichthys are 1) the broad
and depressed head and anterior part of body; 2)
the development of the premaxillaries which carry
long hooked teeth and are extended far beyond the
short lower jaw; furthermore, they are anteriorly
widely separated from each other, and are hinged to
the skull in such a way that they can be turned up
and down; 3) the position of illicium which emerges
anteriorly in the roof of the mouth from the ventral
side of the membrane which connects the premaxil-
laries; 4) the presence of a denticle on esca; 5) the
position of the tiny eyes close to the corner of the
mouth. In shape of head and position of illicium and
eyes, Thaumatichthys differs from all other cera-
tioids, and only Lasiognathus has similarly developed
premaxillaries and denticles on the esca.

The posterior part of the body is somewhat more
slender than in most other female ceratioids, and the
dorsal fin is relatively well developed. The skin is
black or dark brown and carries on the lower part
of the head and body numerous small spines.

In the following account those features which may
be relevant to the understanding of the relationships,
ontogeny, and biology of the members of this genus
will be described in more detail.

1. Osteology

The following description is based (A) on an alizarin
stained juvenile female of T. binghami ZMUC
P921948 69.9 mm s.l. Comparative observations (B)
were made on the adult holotype of T. axeli, 365 mm
s.l. which is nearly completely skinned. On some of
the other specimens, including the types of 7. pagi-
dostomus and T. binghami, observations were made
on X-ray photographs and on superficial bones,
either through the skin or through incisions in this.

Finally, comparisons were made with the alizarin
stained larval male described by Bertelsen (1951).
Except for ontogenetic differences, the skeletons of
the examined specimens were extremely alike in
nearly all details.

Cranium (Fig. 1). A. The skull is short and very
flat. In percent of its length, from anterior margin
of vomer to posterior margin of epiotics, the
greatest depth is hardly 20, greatest width at
sphenotics and pterotics 75, width of vomer 58 and
smallest interorbital width 28. The ethmoid cartilage
is a triangular solid plate, covering the anterior
part of the parasphenoid and the broad vomer, and
dorsally bordered and partly covered by the
slender anterior parts of the frontals and the lateral
ethmoids. Anteriorly i forms in each side semi-
spherical swellings which protrude between the lat-
eral wings of vomer and the expanded heads of the
lateral ethmoids, and articulate laterally with the
palatines and maxillaries, and anteriorly with the
prolonged articular process of the premaxillaries
(cf. Figs 2 and 17). No symphysial cartilage of the
upper jaw could be observed, and no supraethmoid
ossification (= the mesethmoid of Regan & Trewavas
1932, Bertelsen 1951, and others - cf. Pietsch 1972)
is developed.

Each of the lateral ethmoids consists of a broad
cup-shaped head which is rigidly attached to the
ethmoid cartilage, and a relatively slender conical
shaft which at its posterior thicker end is anchylosed
ventrolaterally on the anterior part of the frontals.

The vomer is broad, about 75% of the greatest
width of the skull. Its anterior margin is medially
concave, and its ventral surface is smooth and tooth-
less.

The frontals are widely separated and anteriorly
narrowly pointed without a notch at the base of the
lateral ethmoids. The parietals are small, triangular
or nearly drop-shaped, with the posterior end
drawn out into a slender point and overlapping the
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Fig. 1. Skeleton of head of Thaumatichthys binghami 69.9 mm (ZMUC P 921948) in dorsal and lateral view. (a: articular, an: angular, b:

pterygiophore of illicium, d: dentary, e: epiotic, ec: ectopterygoid, ed: denticle of esca, eo: exoccipital, f: frontal, h: hyomandibular, i:

illicium, ih: interhyal, le: lateralethmoid, mp: metapterygoid, ms: mesopterygoid, mx: maxillary, o: operculum, p: parietal, pa: palatine,

pb II-IIL: pharyngobranchials, ps: parasphenoid, pm: premaxillary, po: pterotic, pro: prootic, pt: posttemporal, pts: pterosphenoid, q:
quadrate, s: supraoccipital, sp: sphenotic, v: vomer).

epiotics. Small pterosphenoids are present. The con-
ical sphenotics are very small, while the pterotics,
epiotics, supraoccipital and exoccipitals are well
developed. The epiotics do not meet behind the
supraoccipital.

As no dissection of the specimen was made, the
bones forming the floor and lower sides of the skull,
prootics, exoccipitals, basioccipital, and posterior
part of parasphenoid were not studied in detail.
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B. As far as could be observed without staining of
the 22.6 mm female larva (LACM 31107, Fig. 15),
its head skeleton was quite similar to that of the 18.5
mm larval male, showing that at this stage no sexual
dimorphism in the osteology had developed except
for the presence of a small upward directed illicium
on the snout of the female and the presence of two
tiny denticlelike ossifications at the tip of the basal
bone and the base of the illicium of the male (Ber-



telsen 1951). The frontal bones of the larvae are
much broader than those of the metamorphosed
specimens. They meet medially, carry wide lateral
laminae above the well developed eyes, and are
anteriorly notched at the base of the lateral eth-
moids. Furthermore, the vomer of the larval male
carries four well developed teeth. (Their possible
presence in the unstained female larvae could not be
ascertained). Like in the stained 69.9 mm specimen,
no supraethmoid is developed; the sphenotics are
very small, the parietals are posteriorly pointed,
and each of the posttemporals has a posterior long
saillike extension. The skull of the large adult
specimens differs in the normal way from the larvae
and juveniles in the stronger ossification of the bones
which overlap or are strongly connected in irreg-
ular sutures; the epiotics meet behind the supra-
occipital. In the 365 mm holotype of 7. axeli a small
supraethmoid could be observed as an almost cir-
cular bony plate medially on the large ethmoid car-
tilage (Fig. 2).

Mandibular arch. A. The premaxillaries are very
long and strongly ossified bones which are situated
in a very forward position on the head. They are
slightly S-curved and carry series of more or less
long, hooked teeth (cf. p. 15).

VUL
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Fig. 3. Left premaxillary of Thaumatichthys binghami (1,2, 4,5, and
7-10), T. axeli (3), and 7. pagidostomus (6), arranged according to
standard length of specimens: 1) 145.5 mm, 2) 87.1 mm, 3) 85.2 mm,
4)73.1 mm, 5) 69.9 mm, 6) 60.0 mm, 7) 57.2 mm, 8) 51.5 mm, 9)45.0

mm, 10) 40.0 mm.
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Fig. 2. Skeleton of head of Thaumatichthys axeli, holotype, 365 mm.
(Ethmoid cartilage dotted; se: supracthmoid).

Each has at the anterior end a short, slightly
upturned spine representing the ascending process,
and behind this an extremely long, mediocaudally
directed, articular process. The heads of the
premaxillaries and their processes are widely sepa-
rated. They lack a symphysial cartilage and are con-
nected only by membranous tissue, and more in-
directly by a pair of elastic bands connecting each
ascending process with the anterior end of the
maxillary and palatine of the opposite side (Figs 2
and 17). For further details on the premaxillaries,
cf. the section on jaw mechanism (p. 29).

The maxillaries are thin, slender bones, each with
a small, nearly undivided head attached by ligaments
to the head of the palatine and the proximal end of
the elastic band mentioned above.

In ventral view the lower jaw forms a nearly
exact half-circle. In lateral view its length is only
about half of the total length between the angular
spine and the tip of the premaxillary. The dentaries
are relatively weakly developed and lack a sym-
physial spine. As in the premaxillaries, the teeth
are arranged in regular series (cf. p. 18). A labial
cartilage (cf. Pietsch 1972) is present posteriorly,




connecting the dentary with the premaxillary and
maxillary. The articular carries a very small spine
behind the articulation with the quadrate.

B. In the larvae the premaxillaries do not extend
beyond the lower jaw, their heads meet, and each
has an ascending process which is as long or longer
than the articular process. The length and shape of
premaxillaries were examined in a number of
specimens representing all three species (Fig. 3 and
App. Table 1, p. 38). In the larval stages its length
is 11-15% s.1, in the 36.5 mm juvenile holotype of T.
binghami it has increased to 18% s.l., and in all the
larger (40 to 293 mm s.1.) specimens of this species it
ranges from 23.4 t0 26.3% s.l.

The premaxillary lengths of the two specimens of
T. axeli fall within the upper end of this range
(25.6% and 26.5% s.1.). In the holotype of T. pagi-
dostomus it is distinctly longer, being 32.8% s.l. As
shown in Fig. 3, it furthermore differs in shape
from the others, being anteriorly more curved and

S

Fig. 4. Opercular bones of Thaumatichthys binghami, 142.5 mm
(ZMUC P 921950).
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having a sharper, more medial directed anterior
spine. The change in number and length of teeth with
increase in the size of specimens will be described in
a separate section below.

Palatine arch. A. The triangular metapterygoids
are well developed, while the palatines, meso- and
ectopterygoids are very thin and elongated.

Hyoid arch. A. In connection with the small depth
of the head and the great width between angles of the
lower jaw, the hyomandibular-symplectic-quadrate
arch is directed outwards, forming an acute angle
with the horizontal plane.

The hyomandibular has a double head and a well
developed posterior process articulating with the
operculum. The symplectic is thin and slender. The
interhyal and quadrate are well developed, the latter
with a small oblique, ventrocaudally directed spine.
Epihyals, ceratohyals, dorsal and ventral hypohyals
are well developed. The ceratohyal is long and
carries six branchiostegal rays, the first two well
spaced medially on the bone, while the last four are
closely set on its posterior, broader end.

Opercular bones (Figs 4 and 5A). A. The
preoperculum is a narrow, oblong bone, closely
connected with the lower arm of the hyomandibular,
the symplectic, and the posterior upper part of the
quadrate.

In the stained specimen the operculum is divided
into six radiating branches. The lowermost branch
is separated from the five upper branches by a wide
notch, and has a broad, posterior, membranous
flange. Similar, but smaller flanges are present at
the base of the upper branches which distally taper
into slender rays. The suboperculum is long, poste-
riorly tapering into a very slender backwardly
curved tip. The anterior end is truncated and
carries dorsally a tiny, anteriorly directed spine.
The interoperculum is long and narrow, with a
small posterior flange at its upper end.

B. The shape of operculum and suboperculum
could be observed in a number of specimens. It was
found that the branching of the operculum exhibited
variation. The larval male (Bertelsen 1951) has a
total number of nine radiating branches, of which
the two behind the strong lowermost branch are
ventrally directed and partly enclosed in its mem-
branous posterior flange. The upper six branches
are closely set and separated from the lower ones
by a broad notch. In the 22.6 mm female larva



Fig. 5. Skeleton of Thaumatichthys binghami, 69.9 mm (ZMUC P 921948). A, opercular bones (jo: interopercle, o: opercle, pp: preopercle,

so: subopercle); B, branchial arches and adjacent bones (a: articular, an: angular, bb: basibranchial, ¢: cleithrum, ¢b 1-5: cerato-

branchials, ch: ceratohyal, d: dentary, eb: epibranchials, eh: epihyal, hb 1-3: hypobranchials, hh-d and hh-v: dorsal and ventral hypohyal,

ph 2-3: pharyngobranchials, pv: pelvic bone); C, skeleton of pectoral girdle and fin (c: cleithrum, co: coracoid, pe: postcleithrum, pt:
posttemporal, sc: supracieithrum, sca: scapula); D, pelvic bones; E, caudal skeleton.

there is a total of 13 radiating ribs, of which the six
uppermost ones are well developed free rays while
the following six are less distinct and more or less
enclosed in the posterior flange of the strong lower-
most branch. In the 36.5 mm type of 7. binghami
there are six free upper rays, while no distinct ribs
or rays are present in the broad flange of the lower
branch. In the 40 mm 7. binghami only four distinct

13

upper rays could be observed. The 142.5 mm T.
binghami (Fig. 4) has seven upper rays, of which the
base of the lowermost is fused with the flange of the
strong lower branch. The branching of the oper-
culum in 7. pagidostomus and T. axeli seems to fall
within this variation, but in each of the three
specimens the fragile branches have been broken,
and less developed rays or ribs have been lost.























































































