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SYSTEMATICS AND DISTRIBUTION OF CERATIOID ANGLERFISHES OF THE
FAMILY CAULOPHRYNIDAE WITH THE DESCRIPTION OF A NEW GENUS AND
SPECIES FROM THE BANDA SEA!

By Theodore W. Pietsch?

ABSTRACT: The ceratioid anglerfish family Caulophrynidae is revised on the basis of all known material. The
genus Caulophryne is represented by 26 female specimens collected from all three major oceans of the world.
Of the six nominal species, three are recognized: C. pelagica, with C. ramulosa and C. acinosa as synonyms;
C. jordani, with C. regani as a synonym; and C. polynema. A new caulophrynid genus and species is
described from a single female recently collected from the Banda Sea. It differs from Caulophryne in having a
considerably longer illicium, shorter jaw teeth, and a smaller number of relatively short median-fin rays. The
tentative distribution of each species is plotted, evolutionary relationships are discussed, and a key to the
genera and species of the family is provided.

This study supports a classification of the Ceratioidei in which the Caulophrynidae is the primitive sister-
group of the Melanocetidae, Himantolophidae, Diceratiidae, Centrophrynidae, Oneirodidae, and Thaumatich-
thyidae. The position of the closely related families Linophrynidae, Gigantactinidae, and Neoceratiidae (and
perthaps the Ceratiidae) is unclear. This assemblage is apparently derived either from a caulophrynid-like ances-
tor, forming a part of a sister-group that is primitive to all other ceratioids, or it is derived from some
oneiroidid-like ancestor. In either case, it is concluded that sexual parasitism has evolved independently in at

least two separate ceratioid lineages.

The ceratioid family Caulophrynidae includes globose, bathy-
pelagic anglerfishes, easily distinguished from members of allied
families by the absence of an escal bulb, the presence of two
pectoral radials, extremely long dorsal and anal rays, and neuro-
masts of the acoustico-lateralis system located at the tips of elon-
gate filaments. The only currently recognized genus of the family
was established by Goode and Bean (1896) with the description
of Caulophryne jordani based on a single female specimen with a
parasitically attached male collected off Long Island, New York,
by the Fisheries Steamer ALBATROSS. Since this original publica-
tion, five additional foerms have been described, each from a sin-
gle adolescent or adult female: C. pelagica (Brauer 1902); C.
polynema Regan 1930; C. ramulosa and C. acinosa Regan and
Trewavas 1932; and C. regani (Roule and Angel 1932). At the
time of Bertelsen’s (1951) monograph on the Ceratioidei the
family was represented by only nine female specimens, one para-
sitic male, a male in metamorphosis, and 16 larvae. Not finding
sufficient reason for subdividing this material into several
speeies, Bertelsen (1951:37) provisionally recognized three sub-
species: C. jordani jordani, representing a western North Atlantic
subspecies; C. jordani pelagica, with C. ramulosa and C.
acinosa as synonyms; and C. jordani polynema, including C.
regani as a synonym.

The available material of Caulophryne represents three species:
C. pelagica, represented by six female specimens collected from
the eastern and Indo-west Pacific Ocean; C. jordani, by 11
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females from all three major oceans of the world; and C. poly-
nema, known from eight females and one attached male from the
eastern Pacific and eastern Atlantic. The separation of these
species is based on differences in dorsal and anal fin ray counts,
tooth counts, illicium length, and illicial and escal morphology.

Despite a nearly three-fold increase in the number of known
metamorphosed female specimens of Caulophryne since Bertel-
sen’s (1951) revision, males are represented by only three indi-
viduals. Two of these are parasitically attached adults; the third is
an unattached metamorphosis stage.

A new caulophrynid genus is also described in this paper and
compared with Caulophryne. The single known female specimen
of this new form is part of the extensive midwater collections
made by Bruce H. Robison of the Marine Science Institute, Uni-
versity of California, Santa Barbara, during the 1975 ALPHA
HELIX Southeast Asian Bioluminescence Expedition.
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*Department of Biology, California State University, Long Beach, Cali-

fornia 90840; and Research Association in Ichthyology, Natural History
Museum of Los Angeles County, Los Angeles, California 90007. Pres-
ent address: College of Fisheries, University of Washington, Seattle,
Washington 98195.



METHODS AND MATERIALS

Standard lengths (SL) are used throughout. Measurements
were taken from the left side whenever possible and rounded to
the nearest 0.5 mm. To insure accurate fin-ray counts, skin was
removed from the pectoral fins and incisions were made to reveal
the rays of the dorsal and anal fins. Sockets, indicating missing
teeth in the jaws and on the vomer, were included in total tooth
counts. Jaw-tooth counts are the sum of both left and right sides.
Head length is the distance from the anterior tip of the upper jaw
to the posteriormost margin of the preoperculum. Head width is
the distance between the tips of the sphenotic spines. Head depth
is the distance from the tip of the sphenotic spine to the base of
the quadrate spine. Lower-jaw length is the distance from the
symphysial spine to the posteriormost margin of the articular.
Illicium length' is the distance from the articulation of the pte-
rygiophore of the illicium and the illicial bone to the distal sur-
face of the esca, excluding escal appendages. Lengths given for
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dorsal and anal rays are estimates of actual values since their
distal portions are nearly always broken off.

Terminology used in describing the various parts of the angling
apparatus follows Bradbury (1967). Definitions of terms used for
the different stages of development follow Bertelsen (1951).

Locality data are presented for all specimens examined. Coor-
dinates for the starting position only of each trawl are included.
Most collections were made with an open, 3-meter [saacs-Kidd
midwater trawl (IKMT). Material deposited at the Institut fiir
Seefischerei, Hamburg, was collected with a Combined Midwater
Bottom Trawl, having a rectangular mouth and a 1600 mesh cir-
cumference (CMBT-1600). This and similar gear are described
more fully by Scharfe (1966, 1969). Material from the Institute
of Oceanographic Sciences, Surrey, England, was collected with
a Rectangular Midwater Trawl, mouth area eight square meters,
mesh size five millimeters (RMT 8/5), equipped with an opening
and closing device (Clark 1969).

Material used for the osteological investigation (two female
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FIGURE 1. Dorsal view of cranium of Caulophryne jordani, 10S, 68.0 mm.
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FiGURE 2. Lateral view of cranium of Caulophryne jordani, 108, 68.0 mm.

Caulophryne jordani, 41.0-68.0 mm) was cleared and stained
with alizarin red S following the trypsin digestion technique
(Taylor 1967). In many cases dissections were made of uncleared
specimens to confirm observations made on cleared and stained
specimens and to determine ontogenetic changes. Bone terminol-
ogy follows Pietsch (1972a) and Nybelin (1963). In osteological
drawings cartilage is stippled, and where necessary for clarity,
open spaces are rendered in solid black.

Unless otherwise indicated, all diagnoses and descriptions are
based on females. For males and larvae see Bertelsen
(1951:31-38). Material is deposited in the following museums
and Institutions:

BMNH: British Museum (Natural History), London.

IOAN: Institute of Oceanography, Academy of Sciences of the
USSR, Moscow.

10S: Institute of Oceanographic Sciences, Surrey, England
(formerly the National Institute of Oceanography).

ISH: Institut fiir Seefischerei, Hamburg.

LACM: Natural History Museum of Los Angeles County.

MCZ: Museum of Comparative Zoology, Harvard University.

MOM: Musée Oceanographique de Monaco.

ROM: Royal Ontario Museum, Toronto.

USNM: National Museum of Natural History, Washington.

ZMB:  Zoologisches Museum der Humboldt-Universitat, Ber-
lin.

ZMUC: Zoological Museum, University of Copenhagen.

OSTEOLOGY
Figures 1-13

The osteology of Caulophryne was partially described by
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20TH PRE-URAL CENTRUM

EXOCCIPITAL

BASIOCCIPITAL

Regan (1926:16, fig. 7), Regan and Trewavas (1932:42, figs.
56—58), and Bertelsen (1951:31, fig. 8). In the following
account, only those comparative aspects that need amending or
that have not previously appeared in the literature are discussed.

Cranium (Figs. 1-6): the ethmoid cartilage of Caulophryne
broadly covers the dorsal surface of the vomer, extending beyond
the margins of this bone on all sides. Anteriorly and laterally the
head of the vomer turns upward to cup the ethmoid cartilage. The
ventral surface of the vomer may bear as many as five, recurved
and depressible teeth arranged in a transverse row.

In oneirodids (Pietsch 1974a:8, figs. 1, 4) the symphysial carti-
lage of the upper jaw butts up against a nearly vertical supraeth-
moid bone. In contrast, backward movement of the upper jaw of
Caulophryne is limited by the lateral extensions of the vomer; an
elongate, narrow groove is formed between the parallel lateral
ethmoids and the obliquely placed supraethmoid providing space
within which the small symphysial cartilage (see below) can
slide. The anterior part of the pterygiophore (basal bone) of the
illicium does not lie in this narrow groove as stated by Regan
(1926:16).

The frontals are considerably shorter than those of oneirodids
(Pietsch 1974a, figs. 1, 2). They meet on the midline for most of
their length. Anteriorly, they contribute to the extremely narrow
orbital region, overlapping the posterior ends of the lateral eth-
moids; posteriorly they become greatly expanded laterally.

The parietals of Caulophryne occupy a more anterior position
than in oneirodids, and are far removed from the posttemporals.
Each is expanded laterally in an oblique position, overlapping
four other bones: the sphenotic laterally, the pterotic and epiotic
posteriorly, and the supraoccipital medially. Anteromedially,
each parietal is slightly overlapped by the respective frontal bone.
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FIGURE 3. Ventral view of cranium of Caulophryne jordani, 108, 68.0 mm.
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FIGURE 4. Anterior view of anterior half of cranium of Caulophryne
Jjordani, 10S, 68.0 mm.

Conirib. Sci. Natur. Hist. Mus. Los Angeles County. 1979. 310:1-25.

SPHENOTIC

EXOCCIPITAL

BASIOCCIPITAL

20TH PRE-URAL
CENTRUM

PTEROTIC

PROOTIC

The pterosphenoid is absent (Pietsch 1972a:29).

Each sphenotic is a large, anterolaterally directed, cone-shaped
element, the apex of which forms an elongate, blunt projection.
On its ventral margin, each frontal, with the respective prootic
bone, forms an oval-shaped cartilaginous area within which the
anterior head of the double-headed hyomandibular articulates.
The pterotic is also cone-shaped, but posterolaterally directed
with a much larger base. A facet for the articulation of the poste-
rior head of the hyomandibular bone is located ventrally at the
apex of each pterotic.

In oneirodids (Pietsch 1974a:7, figs. 1-3) the prootics are sep-
arated anteriorly by the anteroventral process of the supraoccipi-
tal. In Caulophryne the supraoccipital maintains a dorsal posi-
tion, largely overlapped anteriorly by the frontals, so that the
prootics meet on the midline contributing to the formation of the
posterior surface of the orbit.

Mandibular arch (Figs. 7, 8): Each premaxillary has a short
articular process lying slightly behind and below an ascending
process of similar size. Lying on the midline at the posterior tips
of the ascending and articular processes of the premaxillae is a
small, rounded symphysial cartilage loosely held by short liga-
ments and connective tissue. A postmaxillary process of the pre-
maxillary is absent. The curved elongate portion of each premax-
illary bears 12 recurved, depressible teeth of mixed sizes.
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FIGURE 5. Anterior view of posterior half of cranium of Caulophryne jordani, 10S, 68.0 mm.
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FIGURE 6. Posterior view of cranium of Caulophryne jordani, 10S, 68.0 mm.
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ASCENDING PROCESS
\

ARTICULAR PROCESS

MAXILLARY
\

SYMPHYSIAL CARTILAGE

FIGURE 7. Upper jaw of Caulophryne jordani: A. 10S, 68.0 mm, lateral
view of maxillary and premaxillary, right side; B. LACM 6844-3, 41.0
mm, lateral view of symphysis of premaxillaries showing symphysial car-
tilage.

The articular head of the maxillary consists of a slightly con-
cave dorsal process which receives the anterior head of the
double-headed palatine bone (see below), and a ventromedial
projection which passes beneath, and provides support for, the
premaxillary.

On each side, the posterior ends of the premaxillary and maxil-
lary are united by a short ligament that passes posteriorly to
attach to the ascending process of the articular. The anterior-max-
illomandibular ligament (labial cartilage of Le Danois 1964;
Pietsch 1972a:31), so well developed in oneirodids (Pietsch
1974a:9), is absent.

Anteriorly the dentaries curve to meet on the midline where
they form a strong symphysial spine. The anterior half of each
dentary bears nine to ten recurved, depressible teeth of mixed
sizes.

Palatine arch (Fig. 8): The palatine arch is elongate and slender
throughout. The anterior end of the palatine is T-shaped, consist-
ing of a posterior head which is attached to the ethmoid cartilage,
and an anterior head, which is loosely held within a shallow cav-
ity of the dorsal process of the respective maxillary bone by con-
nective tissue and by the palatomaxillary ligament. A narrow
mesopterygoid is present but makes no contact with the metap-
terygoid.

Hyoid Arch (Figs. 8, 9): The suspensorium of Caulophryne is
unusually narrow and elongate, and strongly directed obliquely
backwards (compare with a typical oneirodid; Pietsch 1974a, fig.
8). The posterior head of the double-headed hyomandibular is the
larger and longer of the two heads, forming a broad articulation
with the pterotic. The anterior head of the hyomandibular articu-
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lates within a cartilaginous area formed between the sphenotic
and prootic bones (the pterotic does not border on the articular
area of the anterior head of the hyomandibular as it does in onei-
rodids; Pietsch 1974a:10, figs. 2, 3).

The greater length of the suspensorium, relative to other cera-
tioids (see above), is due largely to the extremely narrow, elon-
gate quadrate. A large cleft is formed between the anterior and
posterior portions of the quadrate within which lies the narrow
ventral end of the symplectic. The interhyal is large compared to
that of oneirodids (Pietsch 1974a, fig. 8).

The epihyal and especially the ceratohyal are narrow and elon-
gate compared to those of oneirodids (Pietsch 1974a, fig. 9). In
all but the most specialized lophiiforms (e.g., Gigantactis, Neo-
ceratias) examined by me (Pietsch 1974a, Appendix B), the cera-
tohyal is notched anterodorsally to receive the posterior extension
of the elongate, dorsal hypohyal (Rosen and Patterson 1969:439,
fig. 57; Pietsch 1972a, fig. 14; 1974a, figs. 9, 10). In Caulo-
phryne the anterodorsal notch is absent; the dorsal hypohyal is
short and does not extend back over the dorsal surface of the
ceratohyal. At midlength each ceratohyal forms a dorsal process
that is securely attached to the anterolateral surface of ceratobra-
chial I by ligamentous connective tissue. A narrow ligament also
extends anteriorly from the dorsal process of the ceratohyal to
insert on the cartilage of the hypohyals.

The left ceratohyal of the 68.0 mm specimen (Fig. 9A) appears
to be abnormally developed in having a deeply excavated pos-
teroventral margin; together with the anteroventral corner of the
epihyal, it supports only five branchiostegal rays: one anterior
element (without an expanded head) on the inner side of the ante-
rior, depressed portion of the ceratohyal, and four posterior ele-
ments (with expanded heads) on the outer surface of the elevated
portion of the ceratohyal. The right ceratohyal (Fig. 9B) appears
to be normally developed bearing six branchiostegals. Only one
of these, however, is located anteromedially; five (all with
expanded heads) are in a posterolateral position. Examination (by
dissection) of all additional available material of Caulophryne
showed the normal complement of six branchiostegal rays, two
anteromedial elements, and four posterolateral elements. Previ-
ous to this, no lophiiform examined by me has had more than
four posterior, laterally articulated branchiostegals; this number is
considered diagnostic for the Paracanthopterygii as well as the
Acanthopterygii (Greenwood, et al. 1966:353; Rosen and Patter-
son 1969:439).

Opercular bones (Fig. 8): The reduced operculum is bifurcated
proximally forming two, extremely slender, and nearly parallel
forks. The lower fork, more than three times the length of the
upper, supports the suboperculum distally. The suboperculum is
small, weakly-ossified (thought to be absent by Regan and
Trewavas 1932:43, fig. 56), and deeply notched on its posterior
margin. The large, posteriorly-curved preoperculum strengthens
the entire length of the long hyoid arch extending dorsally along
the posterior margin of the hyomandibular well past the point of
the articulation of the operculum.

Branchial arches (Fig. 10): Pharyngobranchials I and IV are
absent; those of the second and third arches are extremely well
developed, bearing four to six recurved depressible fangs. Epi-
branchial I and ceratobranchial V are reduced, lying free in the
connective tissue matrix. No ossified or cartilaginous remnants of
hypobranchials or basibranchials could be found.

Vertebrae and caudal skeleton (Fig. 11): In the two cleared and
stained specimens examined there are 20 vertebral centra (includ-
ing the half-centrum to which is fused the hypural plate; Pietsch
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FiGURE 8. Lateral view of left side of lower jaw and suspensorium of Caulophryne jordani, 10S, 68.0 mm, with opercular bones in place.
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FIGURE 9. Lateral views of hyoid apparatus of Caulophryne jordani, 10S,
68.0 mm: A. Left side; B. Right side. Interhyal not shown.
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1972a:38) of which ten or 11 are caudal vertebrae (those centra
bearing complete haemal arches). There is a single, reduced
epural (Pietsch 1972a:38). The hypural plate, deeply notched
posteriorly in the larger cleared and stained specimen, but entire
in the smaller specimen, bears the overlapping bases of eight
principal caudal rays, the uppermost of which is exceptionally
large. The central four caudal rays are bifurcated distally.

Median fins and illicial apparatus (Figs. 11, 12): The rays of
the median fins are unusually long compared to other ceratioids,
measuring, in extreme cases, more than twice the standard
length. These rays are all biserial, segmented and unbranched,
supported by elongate radials. In the 68.0 mm specimen there are
19 dorsal rays supported by 14 radials. The anteriormost radial
supports the first dorsal ray and lies above the neural spine of the
12th pre-ural centrum. The posteriormost radial (which appears
to be the product of two fused radials) supports the 14th and 15th
dorsal rays and lies above the neural spine of the sixth pre-ural
centrum. In the anal fin there are 17 rays supported by 14 closely
associated radials. The anteriormost radial supports the first anal
ray and lies below the haemal spine of the eighth pre-ural
centrum. The posteriormost radial supports the 14th anal ray and
lies below the haemal spine of the fourth pre-ural centrum.
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FIGURE 10. Branchial arches of Caulophryne jordani, 10S, 68.0 mm. The
ventral part of the branchial basket is shown in dorsal view, the dorsal
part (epibranchials and pharyngobranchials) is folded back and shown in
ventral view.
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The pterygiophore of the illicium, excluding its downturned,
cartilaginous posterior portion, is approximately 16 percent of
standard length. The remnant of the second cephalic ray is a
minute, toothlike ossification that lies on the pterygiophore just
behind the articulation of the illicial bone. The length of the illic-
ial bone varies slightly among Caulophryne species and becomes
longer proportionately with growth (Fig. 16).

Pectoral girdle, pectoral fin, and pelvic bones (Fig. 13): The
posttemporals of Caulophryne are small compared to those of
other ceratioids. In oneirodids each posttemporal meets the
respective parietal and overlaps the pterotic, epiotic and exoccip-
ital (Pietsch 1974a:14, figs. 1-3, 5, 6). The reduced posttem-
poral of Caulophryne overlaps only the pterotic and epiotic being
far removed from both the parietal (see above) and the exoccipi-
tal.

The supracleithrum of Caulophryne is unusually large covering
most of the lateral surface of the upper portion of the cleithrum.
The lower portion of the cleithrum is reduced to a slender, thread
of bone.

The scapula consists of a rounded ossification bounded on
three sides by cartilage. The posterior margin of the ossified part
of the scapula supports the uppermost pectoral radial. The cora-
coid consists of an expanded dorsal portion which meets the carti-
lage of the scapula, an anteroventral process which is connected
by a ligament to the reduced lower portion of the cleithrum, and
an extremely large posteroventral process which meets the slen-

FIGURE 1. Vertebrae, caudal skeleton, and median fins of Caulophryne jordani: A. 108, 68.0 mm; B. LACM 6844-3, 41.0 mm.

Contrib. Sci. Natur. Hist. Mus. Los Angeles County. 1979. 310:1-25.
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der postcleithrum distally.
There are two separate, well-ossified radials in fully metamor-
phosed specimens of Caulophryne, a small upper radial that bears
no pectoral fin rays, and a much larger, distally expanded, lower
radial that bears all the rays of the pectoral fin. The lower radial,
however, is probably the product of two or more fused radials. A ILLICTIAL
cleared and stained metamorphosing female (10.0 mm) clearly BONE PTERYGIOPHORE
shows a deep, posterior cleft in the lowermost radial indicating at e (Gl ML LCHEN
least three centers of cssification in the pectoral lobe (Fig. 13B).
Fusion of pectoral radials appears to be common among cerati-
oids (Pietsch 1972a:41, fig. 23; Bertelsen and Struhsaker 1977).
Caulophryne is unique among ceratioids in the retention of
pelvic fins in larval stages. Metamorphosis involves the loss of
the pelvic fin rays but a pelvic bone is retained. The slender
pelvic bones of Caulophryne lie free in the connective tissue ma-
trix, far removed from the cleithrum. Unlike other ceratioids,
these elements do not have cartilaginous distal tips.
Skin spines: Thorough microscopic examination of the skin of
cleared and stained specimens failed to show the presence of em-
bedded dermal spines.

FIGURE 12. Illicial apparatus of Caulophryne jordani, 10S, 68.0 mm.
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FIGURE 13. Lateral view of pectoral girdle, pectoral fin, and pelvic bone of Caulophryne: A. C. jordani, 108, 68.0 mm; B. C. sp., IOAN, 10.0 mm.
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