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INTRODUCTION

During a taxonomical study of certain ophidioid
fishes, some of which become sexually mature at a
very small size, one of us (NieLsEN) found it neces-
sary to make a histological examination of the
gonads of some specimens in order to determine
their sex. The sectioning was done at the Institute
of Comparative Anatomy whereby also JESPERSEN
and MUNK became involved and interested in the
subject. Spermatophores, i.e. capsules containing
spermatozoa, were unexpectedly found in the testes
of several viviparous species. Furthermore, sperma-
tophores were observed also in the ovaries of some
of the species. As far as we know, spermatophores
as defined above are only found in two other teleost
fishes both belonging to the order Microcyprini.V
However, in neither of these the spermatophores
are transferred into the ovaries.

The suborder Ophidioidea (order Percomorphi)
comprises four families: Ophidiidae, Brotulidae,
Aphyonidae, and Carapidae (s. lat.). Representatives
of the Brotulidae and the Aphyonidae have been
examined. The Brotulidae is by far the largest

1) Cf. Addendum on p. 253.
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family with at least 200 species of which some are
oviparous and others viviparous. A certain com-
bination of characters is typical of the two groups
as already pointed out by NorMAN (1939: 80) and
also pointed out by GosLINE (1954: 81). However, a
few genera are atypical since they combine charac-
ters from both groups (the two genera of this group
here examined were both oviparous).

A. Viviparous Brotulidae:
1. A maximum of 3-4 long rakers on the anterior
gill arch.
2. The head is partly scaled or scaleless.
3. The anterior nostril is placed on the upper
lip.
4. A more or less complicated copulatory organ
is developed.
B. Intermediate group of Brotulidac — based on
Brotula and Luciobrotula (oviparous):
1. A few, long rakers on the anterior gill arch.
2. The head is fully scaled except for the snout.
3. The anterior nostril is placed between the
upper lip and the posterior nostril.
4. No copulatory apparatus.
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C. Oviparous Brotulidae:
1. Many, long rakers on the anterior gill arch.
2. The head is fully covered with scales.
3. The anterior nostril is placed between the
upper lip and the posterior nostril.
4. No copulatory apparatus.

The Aphyonidae comprises only about seven genera
all provided with a well developed copulatory appa-
ratus. Material of all the approx. 15 species was
examined, but owing to bad fixation and the lack of

males in some species only six of the species are .

dealt with here. All Aphyonidae appear to be vivi-
parous. NIELSEN (in MS) has made a synopsis of
the Aphyonidae, including the description of a few
new species. Three of these (Nos. 14, 16, and 18 in
the list of material) are examined in this paper and
consequently they have no specific names. There are
no illustrations of the aphyonids as they will appear
in a forthcoming Galathea Report.

The terms “viviparity” and “oviparity” are here
used in accordance with TURNER (1947: 509):

1. All species in which the eggs are fertilized
within the female are referred to as “viviparous”
even if part of the development of the embryo takes
place outside the female. No distinction is made be-
tween fishes in which the embryo is nourished by a
yolk supply and those in which it is nourished
through a placenta as it is very often difficult to
distinguish between the two.

2. The term “oviparous” is used for species in
which the eggs are extruded prior to the fertilization
or fertilized during the extrusion.

We find it necessary to give these definitions be-
cause the two terms are used differently by various
authors, For instance Hoar (1957: 308) used the

term *“viviparous” only for species which produce
young. Of the 12 species with internal fertilization
examined by us hatched larvae were found only in
the ovaries of one species, Barathronus erikssoni.
This means that following HoOAR’s definition it
would in most cases be impossible to tell whether
the species studied by us may be classified as vivi-
parous or oviparous. In the literature all ophidioid
species which are provided with a copulatory appa-
ratus or in which the ovaries contain fertilized eggs
are characterized as “viviparous”. It would there-
fore be very inconvenient if this term could only be
used about the few species in which hatched larvae
have been found in the ovaries or in which delivery
of young has actually been observed.
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MATERIAL AND METHODS

Information on the species and specimens used is
given in the list of material below. All specimens
were fixed in formalin. The gonads of one specimen
(Oligopus ater 3) were embedded in celloidin, cut
into 25 u sections, and stained with PAS. All other
gonads were embedded in tissuemat, cut into 8, 10,
or 15 u sections, and stained with Ehrlich’s hema-
toxylin-eosin-orange G (H-E-orange G), H-E, tetra-
chrome (Alcian blue — Chlorantine fast red-orange

G - Weigert’s iron hematoxylin), PAS, Alcian blue
(AB; 1 per cent AB in 1 per cent acetic acid), and
AB-PAS. The gonads of the male Oligopus diagram-
mus on Plate XVI, Fig. 1 are from a specimen 75
mm in standard length; the locality data are the
same as for those of the other specimens of this
species (cf. list of material), but the gonads of the
75 mm specimen were not sectioned.
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List of Material

Abbreviations:

Ser. No.: Serial number of histological specimen
SIO: Scripps Institution of Oceanography
ZMC: Zoological Museum, Copenhagen

Species and specific distribution

Sex and
standard length

Locality data
and accession number

Size and sectioning of gonads

BROTULIDAE

A. Viviparous group

17%

1. Oligopus diagrammus

(Heller & Snodgrass,
1903). Off Galapagos and
Guadelupe Isls. and Baja
California; depth less than
10 m®

2. Oligopus ater Risso, 1810.

Mediterranean®

3. Bellottia apoda Giglioli,

1883. Gulf of Naples; 30 m®

4. Microbrotula rubra Gos-

line, 1953. Off Hawaii;
1 m®

5. Calamopteryx goslinei

Bohlke & Cohen, 1966.
Off Bahamas and Lesser
Antilles; 10-60 m?®

6. Brosmophysis marginatus

(Ayres, 1854). Off Cali-
fornia and Baja Califor-
nia; 10-230 m®

3 91 mm

¢ 81 mm

3 92 mm

€ 97 mm

3 28 mm™®

® 25.5 mm'®

3 35 mm!¥®

3 36 mm®

Q2 32 mm¥

8 135 mm

2 173 mm

Espiritu Santo Isl., Gulf
of California, Mexico;
24-6-1961. ZMC. P 77472

Same data. ZMC. P 77473

Mediterranean, Nice;
8-12-1891. ZMC. 12

Same data. ZMC. 11

Gulf of Naples; 30 m;
Posidonia-bottom; trawl;
20-12-1882. Zool. Mus.,
Florence. 2176

Same data

Kaneohe Bay, Oahu,
Hawaii; 1 m (poison);
2-10-1948. ZMC. P 77471

St. VGS 64-29, Soufriere
Bay at Scotts Head,
Dominica; 10-15 m;
15-11-1964. ZMC. P 77464

Same data. ZMC. P 77465

North Coronado Isl., NE-
side, Baja California
Norte, Mexico; 25-30 m
(poison); 20-6-1959. SIO.
59-255-61 E

La Jolla Submarine
Canyon, California; 35-
40 m (poison); 29-3-1965.
SI10. 65-84-61 A
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Length of gonads incl. caudal reservoir 12
mm. Ser. No. 34. 10 u. serial transverse sec-
tions of reservoir and left testis.

Length of gonads incl. caudal reservoir 15
mm. Ser. No. 35. 15 u serial transverse sec-
tions of reservoir and left ovary.

Length of gonads incl. caudal reservoir 12.5
mm. Ser. Nos. 32 and 32a. 8 u serial trans-
verse sections of rostral part of left testis,
25 w. serial transverse sections of remaining
parts of gonads and caudal reservoir.

Length of gonads incl. caudal reservoir 21
mm. Ser. Nos. 33 and 33a. 10 y serial
transverse sections of rostral part of left
ovary, 10 p serial transverse sections of
part of reservoir.

Length of gonads 3 mm. Ser. Nos. 18 and
18a. 8 w serial transverse sections of left
testis.

Length of gonads 2.5 mm. Ser. No. 25. 8
serial transverse sections of left ovary.

Length of gonads incl. caudal reservoir 4
mm. Ser. No. 47. 10 . serial transverse sec-
tions of reservoir and testes.

Length of gonads incl. caudal reservoir 6
mm. Ser. No. 40. 10 v serial transverse sec-
tions of reservoir and testes.

Length of gonads incl. caudal reservoir 4
mm. Ser. No. 4Ca. 10 p serial transverse
sections of caudal reservoir and ovaries.

Length of gonads incl. caudal reservoir 21.5
mm. Ser. No. 42. 10 . serial transverse sec-
tions of reservoir and caudal third of testes.

Length of gonads 35 mm. Ser. No. 43. 10
serial transverse sections of part of left
ovary.



Species and specific distribution

Sex and
standard length

Locality data
and accession number

Size and sectioning of gonads

B. Intermediate group

7.

Brotula barbata (Bloch &
Schneider, 1801). Both
sides of tropical Atlantic;
50-300 m®

. Luciobrotula corethro-

mycter Cohen, 1964. Both
sides of tropical Atlantic;
260(?)-942 m®?

. Luciobrotula sp. Gulf of

Panama; 915-975 m#

C. Oviparous group

10

11.

12.

. Acanthonus armatus

Giinther, 1878. Circum-
tropical; 1957-3270 m®

Monomitopus metriosto-
ma (Vaillant, 1888). Off
Western Africa; 235-
1442 m®

Typhlonus nasus Giinther,
1878. Indo-Australian
area; 3933-4940 m®

APHYONIDAE

13

14.

15.

. Barathronus bicolor

Goode & Bean, 1886.
Gulf of Mexico and
Caribbean Sea; 366-914
(1407) m'®

Barathronus sp. Off the
Azores; 1846 m?

Barathronus erikssoni
Nybelin, 1957. North
Atlantic and Western
Indian Ocean; deep-

pelagic'®

& 365 mm

? 465 mm

? 390 mm

3 460 mm

3 220 mm

3 141 mm

& 265 mm

3 93 mm

& 91 mm

@ 104 mm

& 100 mm

g 70 mm

“Atlantide” St. 154 (11°
54'N, 17°14'W}; 55-80 m;
Sigsbee or otter trawl;
17-4-1946. ZMC. P 77398
“Atlantide’ St. 69, An-
chorage Port Bouet, Ivory
Coast; hand-line; 14-1-
1946. ZMC. P 77393

“Oregon” St. 4701 (27°
42'N, 90°32.5'W); 942 m;
40’ shrimp trawl; 22-2-
1964. ZMC. P 77441

“Galathea™ St. 739 (7°22’
N, 79°32'W); 915-975 m;
herring otter trawl; 15-5-
1952. ZMC. P 77467

“Galathea’ St. 52 (1°42’
N, 7°51’E); 2550 m;
shrimp otter trawl; 30-11-
1950. ZMC. P 77449

“Atlantide” St. 120 (2°09”
N, 9°27’E); 260-850 m;
Sigsbee or otter trawl;
1-3-1946. ZMC. P 77399

“Galathea’ St. 450 (1°50°
N, 119°20'E); 4940-4970
m; herring otter trawl;
21-8-1951. ZMC. P 77448

“Oregon” St. 4814 (24°49’
N, 96°27'W); 914 m; 40’
shrimp trawl; 12-4-1964.
ZMC. P. 77463

“Oregon” St.4730(27°37.5’
N, 92°23.5'W); 732 m; 40’
flat shrimp trawl; 27-2~
1964. ZMC. P 77462

“Qregon’ St. 2637 (17°37/
N, 63°36"W); 512 m; 40’
flat shrimp trawl; 30-9-
1959. Brit. Mus., London.
1961.9.7.1.

“Princesse-Alice” St. 698
(39°11"N, 30°44740""W);
1846 m; trawl; 18-7-1896.
Mus. Océanogr., Monaco
“Galathea” St. 234 (5°25’
S, 47°09'E); 4820 m;
herring otter trawl; 10-3-
1951. ZMC. P 77455
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Length of gonads 25 mm. Ser. No. la. 8
serial transverse sections of part of right
testis.

Length of gonads 50 mm. Ser. No. 2. 8 p
serial transverse sections of part of right
ovary.

Length of gonads 21 mm. Ser. No. 36. 10 .
serial transverse sections of caudal part of
left ovary.

Length of gonads 45 mm. Ser. No. 44. 10 p
serial transverse sections of caudal part of
left testis.

Length of gonads 7 mm. Ser. No. 7. 8 u
serial transverse sections of right testis.

Length of gonads c¢. 10 mm. Ser. No. 292c.
8 w. serial longitudinal sections of right testis.

Length of gonads 15 mm. Ser. No. 8. 8
serial transverse sections of left testis.

Length of gonads incl. caudal reservoir 18
mm. Ser. No. 38. 10 u serial transverse sec-
tions of candal reservoir and testes.

Length of gonads incl. caudal reservoir 18
mm. Ser. No. 39. 10 p. serial transverse sec-
tions of caudal reservoir and testes.

Length of gonads 20 mm. Ser. No. 41. 10 .
serial transverse sections of part of left
ovary.

Length of gonads 13 mm. Ser. No. 31. 8 u
serial transverse sections of part of left
testis.

Length of gonads 14 mm. Ser.No. 24. 8 u
serial transverse sections of part of left
testis.



Sex and

Species and specific distributi
P and spectiic distribition standard length

Locality data
and accession number

Size and sectioning of gonads

16. Aphyonus sp. Off South-
east Africa; deep-
pelagict®

g 71 mm

“Galathea” St. 194 (34°09’ Length of gonads 7 mm. Ser. No. 4. 8§
S, 30°45’E); 4360 m;
shrimp otter trawl; 7-2-

serial transverse sections of left testis.

1951. ZMC. P 77452

17. Leucochlamys cryptoph- 3 82 mm¥®
thalmus Zugmayer, 1911.
Off North Western

Spain; deep-pelagic®

18. Leucochlamys sp. South ¢ 84 mm
Eastern Pacific; deep-

pelagict®

“Princesse-Alice” St. 2994 Length of gonads ? mm. Ser. No. 29. 8 u
(44°08'N, 10°44"W}; 5000
m; trawl; 19-8-1910. Mus.
Océanogr., Monaco

“Galathea™ St. 663 (36°31" Length of gonads 21 mm. Ser. No. 30. 8 u
S, 178°38'W); 4410 m;
herring otter trawl; 24-2-

serial transverse sections of part of left
testis.

serial transverse sections of part of left
ovary.

1952. ZMC. P 77456

Notes to list of material:

1) CoHEN (1964 a).

2) NieLseN & COHEN (in press).
3) GosLINE (1953).

4) B6HLKE & CoueN (1966).

5) D.M.Conen & R.H.ROSENBLATT (personal communication).

6) NIELSEN & NYBELIN (1963).
7) Couen (1964).
8) Material at ZMC.

9) NiIELSEN (1965).
10) J.G.NieLsEN (MS): Synopsis of the Aphyonidae.
11) ZucMaYER (1911a).
12) Lectotype.
13) Paralectotype.
14) Paratype.
15) Holotype.

RESULTS

I. BROTULIDAE
A. Viviparous Group

Oligopus diagrammus and O. ater
Fig. 1

Males

The specimen of O. diagrammus was the better
preserved of the two species. The gonads of the two
species are of the same structure as regards all
essential features. Each testis is provided with a
dorsal sperm duct; the two ducts open into an un-
paired caudal reservoir (PL. XVI, Fig. 1). In O. ater
the length of the testes was 9.5 mm, that of the cau-
dal reservoir 3.0 mm. In O. diagrammus the left
testis was somewhat longer than the right. In both

species the dorsal ducts and the caudal reservoir
were completely filled with spermatophores (Pl
XVII, Figs. 1-2), which are seen as a finely granular
mass in intact gonads.

The testis has a peculiar structure (P1. XVII). By
means of thin, transversally orientated connective
tissue septa the interior of the testis is divided into a
number of rostro-caudal flattened bag-like cavities,
the walls of which are covered with spermatogenic
tissue, and the lumina of which open into the dorsal
sperm duct. The septa are tilted, so that the lower
(ventral) part of each septum is located somewhat
rostral to its upper (dorsal) part. The flattened
cavities are consequently seen as oblong holes in
transverse sections of the testis.

Spermatophores are found in the bag-like cavi-

Fig. 1. Oligopus ater, standard length 89 mm. Redrawn from CoOHEN (1964a).

243



ties, from which they are obviously transferred to
the dorsal sperm duct and the caudal reservoir. The
spermatophores are more or less regularly oval
structures showing a considerable variation in size,
their length varying from c. 80 u to c. 170 u (PL
XVIIL, Fig. 1). The tapering heads of the spermato-
zoa show a fairly uniform distribution within the
largest spermatophores, whereas they tend to be
concentrated mainly at one end within the smaller
spermatophores. The acellular capsule of the sper-
matophores has a thickness of c. 0.8 u; it consists of
two PAS-positive membranes resembling basement
membranes, separated by a faintly PAS-positive
structureless material (PL. XVI1II, Fig. 2). The outer
membrane often appears thicker than the inner,
perhaps because some of the mucus present in the
testicular cavities adheres to the capsule. This
suggestion is consistent with the fact that part of
the outer surface of some spermatophores are seen
to be blue in sections stained with Alcian blue,
which stains the mucus, whereas the inner mem-
brane of the spermatophore-capsule is never seen to
be Alcian blue-positive. In some spermatophores a
mucus-like PAS-positive material is situated on the
inside of the capsule; it does not stain with Alcian
blue. The location and the amount of this material
show considerable variation. The same type of ma-
terial is seen in the spermatophores of all the species
described in the following. Since it occurs more
frequently and in larger amounts in the spermato-
phores of poorly fixed specimens, we consider it an
artefact.

The spermatophores in Oligopus are made in the
spermatogenic tissue; a capsule is formed around a
nest of fully differentiated spermatozoa, so that
fully developed spermatophores are released from
the spermatogenic tissue in the walls of the cavities.
We do not know how the capsule is formed; cer-
tainly no glandular cells are involved. The spermato-
phores are formed in the same way in all the other
spermatophore-producing species examined.

Females

Oligopus diagrammus. On gross examination the
gonad was seen to consist of a larger paired rostral
section, obviously ovaries with yellow eggs, and a
smaller unpaired caudal section filled with a white
granular material. The histological sections showed
the unpaired caudal part to be a reservoir filled
with spermatophores. Both ovaries open into the
reservoir. In the lumen of the ovary intact sperma-

tophores (P1. XX1IV, Fig. 1), partly emptied sperma-
tophores, as well as a large number of free sperma-
tozoa are present. The largest number of intact
spermatophores is found in the caudal part of the
ovary. The major part of the egg cells are fairly
large, with a maximum diameter of ¢. 400 w (meas-
ured in the sections), and filled with PAS-positive
yolk granules. There is no evidence of the eggs
being fertilized.

Oligopus ater. On gross examination the bulky
gonad was seen to be completely filled with eggs and
to consist of a larger paired rostral section and a
smaller unpaired caudal section. The gonad was
very fragile, adhered firmly to the body wall and
the other viscera, and was difficult to remove. Our
histological sections of the unpaired caudal part
showed that we had only succeeded in removing the
contents of this part, whereas the thin wall was
apparently left in the specimen. The contents were
seen to consist entirely of fertilized eggs with em-
bryos, with no trace of ovarian tissue. We therefore
feel reasonably safe in concluding that this part of
the gonad is actually a reservoir in which the fer-
tilized eggs are stored. The size of the eggs is fairly
uniform, with a maximum diameter of c. 540 u
(measured in the sections). Neither spermatophores
nor spermatozoa were seen in the reservoir.

The rostral part of the left ovary was removed
with the wall intact. Comparatively few large fer-
tilized eggs with embryos were located peripherally
in the ovarian tissue, i.e. next to the lumen of the
ovary. The rest of the egg cells were located cen-
trally and were relatively small, definitely smaller
and less developed than those in the female O.
diagrammus. Small groups of free spermatozoa were
seen here and there in the ovary of O. ater, but
spermatophores were not recognized.

According to CoHEN (1964: 14) it is not possible
to determine the sex of O. diagrammus-specimens
on the basis of gross examination of the gonads;
CoHeN found at least one specimen which appeared
hermaphroditic because part of the gonad looked
like testicular tissue producing spermatophore-like
objects. This specimen is the female with the sperma-
tophore-filled caudal reservoir examined by us.

In the female O. ater the caudal reservoir is
filled with fertilized eggs as mentioned above. Com-
parison of the females of the two Oligopus spp.
examined suggests that the reservoir first functions
as a storage for spermatophores and then as a
storage for eggs with embryos.
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Fig. 2. Bellottia apoda 3, standard length 28 mm, lectotype. Zool. Mus., Florence. 2176. Same figure as that
used by NieLsEN & CoHEN in Proc. Linn. Soc. Lond. 179 (in press).

Bellottia apoda
Fig. 2

Male

There is no reservoir in this species. The testis is of
the common teleostean type with a network of
lobules with cysts of germinative epithelium. A dor-
sal sperm duct with spermatophores is present, but
it is not so sharply delimited from the spermatogenic
tissue as in Oligopus (P1. XIX, Fig. 1). The sperma-
tophores in Bellortia are oblong structures, slightly
thicker at one end, where practically all the heads of
the spermatozoa are located, and with a mean length
of c. 70 w (maximum length c. 90 w). The capsule
has the same structure, thickness, and staining
characteristics as in Oligopus. A particularly thick
layer of PAS-positive mucus-like substance is
located on the inside of most spermatophore-
capsules in Bellottia; the total thickness of this sub-
stance and the capsule amounts to ¢. 10 p in some
spermatophores. It should be noted that the two
specimens of Bellottia are the most poorly fixed of
the species examined. There are only c. 80 fully
developed spermatophores in the Bellottia-testis ex-
amined.
Female

The ovary contains a small number of small im-
mature oocytes with a maximum diameter of ¢. 40 u.
(measured in the sections) and a comparatively large
lumen with a compact mass of spermatophores,
particularly in the caudal part of the ovary (PL
XIX, Fig. 2).

Microbrotula rubra 3
Fig. 3A

An unpaired caudal reservoir filled with spermato-
phores is present (Pl. XIX, Fig. 3). Each testis has a
dorsal sperm duct (Pl. XIX, Fig. 4), which opens

into the caudal reservoir. The testis is of the com-
mon teleostean type as in Bellottia. The spermato-
phores in Microbrotula are c. 40 p. long; the major
part of the slightly tapering heads of the sperma-
tozoa is typically located at one end of the capsule
(PL XXI, Fig. 2). In a few spermatophores all heads
are located at one end of the capsule. The capsule is
of exactly the same type as in Oligopus.

Calamopteryx goslinei
Fig. 3B

Male

This species does not have spermatophores. An un-
paired caudal reservoir filled with spermatozoa
with long thread-shaped heads is present (P1. XVI,
Fig. 2, Pl. XIX, Fig. 5). Each testis has a medial
sperm duct (P XIX, Fig. 6), which opens into the
caudal reservoir.
Female

On gross examination the gonad looked exactly like
that of the male. An unpaired caudal section is
present; it is probably a reservoir, but it was found
to be empty. The lumen of both ovaries opens into
the unpaired caudal section. The ovaries contain
small immature oocytes with a maximum diameter
of ¢. 55 u (measured in the sections). No sperma-
tozoa were seen, neither in the unpaired caudal
part, nor in the ovaries.

Brosmophysis marginatus
Fig. 3C

Male

In the specimen examined the left testis was de-
finitely longer than the right and the unpaired cau-
dal reservoir displaced somewhat to the left of the
median plane (PL. XVI, Fig. 3). We have dissected
a few more specimens caught in the same area; in
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