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Spawning Pattern of a Mesopelagic Micronektonic Fish,
Diaphus suborbitalts, in Suruga Bay, Japan
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Introduction

Myctophids are one of the dominant groups of mesopelagic fish both in numbers of species and
individuals, and their roles in the open ecosystem are generally thought to be important. The most
part of early work in lanternfish, including Diaphus suborbitalis, was concerred primarily with
taxonomy and distribution, and admirable studies have been published recently(Nafpaktitis, 1968, 1978;
Wisner, 1976; Kawaguchi and Shimizu, 1978). However, there are numerous problems in our knowledge

of the ecology of this ubiquitous fish.

Diaphus suborbitalis occurs over deep water near the continental slope in Suruga Bay, on the Pacific
side of central Japan. The zoogeographic range of the species known throughout the world extends

from the eastern Indian and southeast Asian Seas. The present study describes the time of the spawning

and the migrating characteristic of the species at that time.

Materials and Methods

Samples were collected in Suruga Bay by the R/V Tanse; Maru, Ocean Research Institute, University
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of Tokyo, the commercial shrimp fisheries boat, and the bottom trawl, from May 1973 to April 1977.
The gears used are 6-ft Isaacs Kidd midwater trawl and commercial nets. Although these materials
include collections over several years, the samples were gathered from March to December, except
January and February.

Table 1. Number of individuals examined for the gonad of Diaphus suborbitalis in

Suruga Bay
Date No. of fish Male Female
examined
Mar, 16, 1975 4 1 3
Apr. 21, 1977 18 3 15
May 12, 1973 24 9 15
June 12, 1974 11 3 8
July 26, 1975 30 6 24
Aug. 31, 1976 12 5 7
Sep. 21, 1976 13 9 4
Oct. 14. 197 23 10 13
Nov. 16, 1974 19 1 18
Dec. 15, 1976 20 3 17

Total 174 50 124

Fifty males and 124 males over 4588 SL were examined to determine the time of spawning(Table 1).

The gonads of these materials were used for sectioning and staining with haematoxylin and eosin.

Results

Histological observation of gonad

In histological appearance, no mature ovary was found in any season as shown in Plate 1. Histological
appearance presented that female Diaphus suborbitalis in this area had only cogonia and oocytes, and
oocytes of peri-nucleous were only found in individuals to be in high maturity stage of materials
examined. The oocytes appeared to be normal, but had not undergone vitellogenesis.

Table 2. Conditions of testis of Diaphus suborbitalis in Suruga Bay

Date No. of fish No existence Existence of
examined of spermatozoa spermatozoa
Mar. 16, 1975 1 1
Apr. 21, 1977 3 3
May 12, 1973 9 5 4
June 12, 1974 3 1 2
July 26, 1975 6 2 4
Aug. 31, 1976 5 1 4
Sep. 21, 1974 9 2 7
Oct. 14, 1976 10 2 8
Nov. 16, 1974 1 1
Dec. 15, 1976 3 2 1
Total 50 20 30
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The results of observation in testes are presented in Table 2. Males collected in March and April
had immature testis(Plate 2-A), and some spermatozca were found in four of nine individuals examined
in May(Plate 2-B). In June two of three males had a similar condition to May(Plate 2-C). Testes in
July had plenty of spermatozoa(Plate 2-D), and in August testes, being in the fully matured stage,
appeared(Plate 2-E). A lot of spermatozoa in testes in September were found. Although males captured
in October had some spermatozoa, the number of spermatozoa were less in number than those in August
and September(Plate 2-F), so these suggest that the males in October are the individuals having spent
spermatozoa. In December a negligible number of spermatozoa appeared in only one of three
males.

These data seem to show that the testes of the species mature from May to December, and the season
of high maturity stage is from June to September. If the season of maturity stage in male is consistent

with that in female, the main breeding season of the species is from summer to autumn.
Seasonal changes in sex ratio

Table 3. Monthly sex ratio of Diaphus suborbitalis in Suruga Bay

Month No. of fish Male Female Ratio(F/M)
examained

Apr. 1977 63 31 32 1.03
May 1973 72 39 33 0.85
June 1974 67 36 31 0.86
July 1974 63 35 28 0.80
Sep. 1974 44 25 19 0.76
Oct. 1976 77 42 35 0.83
Dec. 1976 66 35 31 0.89

Total 452 243 209 0.86

Monthly sex ratio(Female/Male) of the species over 40xs SL sampled at random are compared in
Table 3. It is worth notice that the month when the number of females are more numerous than male
is only April, and in other seasons males are abundarnt. Especially, sex ratios in July and September
estimated at breeding season were very low, and 0.80 and 0.76 in turn.

The bulk of material under study was collected at night when the species ascended in the upper
100 depth. The estimates that the the mature female does not undertake diel vertical migration and
stays in the waters deeper than a depth of 100m, may be derived from the fact that mature female
among samples collected does not appear throughout the year.

Although expatriation of the mature female on account of spawning outside this bay may be considered,
the possibility will diminish because the species from open sea have not been collected, and a lot of
mature males and juveniles less than 20me SL were collected in the bay.

Age and length of maturity

After histological observation and age determination by otolith (see Go ef al, 1977a), males come to
maturity at one year from hatching. Though in the female mature age does not come to a conclusion
from the histological examination, it seems to show that its mature age is the same as male judging
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from the séasonal size frequency distribution of the species(see Go et al, 1977b). Biological minimum

size is about 50xs SL in the male, but indistinct in the female.

Discussion

The breeding season of Diaphus subcriitalis is estimated from summer to autumn. Within the family
Myctophidae, comparisions of breeding season between the result under study and other reports are
shown in Table 4. The bulk of species spawns from spring to summer, or summer to autumn. This
suggests that increasing plankton in spring and autumn encourages the larvae to grow well.

Table 4. Comparision on the spawning season of the myctophid fishes

Species Mainsésg:rvlning Area author
Benthosema glaciale Spring _ N.W. Atlantic HALLIDAY (1970)

Myctophum selenoides Off Hawaii CLARKE (1973)
Ceratoscopelus warmingi Off Hawaii CLARKE (1973)
Myctophum nitidulum Spring to summer Off Japan ODATE et al. (1961)
Hygophum proximum Off Hawaii CLARKE (1973)
Diaphus schmidti Off Hawaii CLARKE (1973)
Lampanyctus steinbecki Off Hawaii CLARKE (1973)
Triphoturus nigrescens Off Hawaii CLARKE (1973)
Bolinichthys supralateraris Off Hawaii CLARKE (1973)
Diaphus holti Summer Mediterranean TANING (1918)
Ceratoscopelus maderensis Mediterranean TANING (1918)
Triphoturus mexicanus Off S. California PAXTON (1967)
Diaphus flagilis Off Hawaii CLARKE (1973)

D. elucens Off Hawaii CLARKE (1973)

D. brachycephalus Off Hawaii CLARKE (1973)

D. adenomus Off Hawaii CLARKE (1973)
Diaphus holti Summer to autumn N. Atlantic NAFPAKTITIS (1968)
Bolinschthys supralateralis Off Hawaii CLAEKE (1973)
Diaphus suborbitalis Suruga Bay Present study
Diaphus brachcephalus Winter N. Atlantic NAFPAKTITIS (1968)
D. subtilis N. Atlantic NAFPAKTITIS (1968)

N. W. Atlantic

Off S.California
Qff Hawalii

KARNELLA and GIBBS(1975)

PAXTON (1967)
CLARKE (1973)

Lobianchia dofleini

Stenobrachius leucopsarus
Lampanyctusniger

Winter to spring

In the subarctic area Stemobrachius leucopsarus spawns from winter to spring(Paxton, 1967). It
seems to be fit that environment, if special regard will be paid to the fact that the development rate
of eggs and larvae is slow because of low temperature. It has been reported that some species of the
genera Diaphus and Lobfanchia spawn in winter, and it indicates the possibility that the eggs and
larvae of those species are distributed at low temperature layer of the mesopelagic zone. Although the
egg of the only species Lampanyctodes hectoris of the familly Myctophidae was identified as yet
(Roberston, 1977), the possibility described above is no more than speculation at the present stage of
study.

It is indicated under study that the mature female of Diaphus suborbitalis does not undertake diel
vertical migration. Nafpaktitis(1968) who studied taxonomy and distributon of the genera Lobianchia
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and Diaphus, has reported a result similar to that of the presert study. Mature females were very
low in his samples, and he states the reasons: Very low collecting rate by non vertical migration, and
increasing escape rate due to large size of the fish. Though the actual proofs that maure female is
seperated from migrants at night and stays at deep layer have not been reported, it cannot be known
until further study is done. Since salmon and trcut do not feed in breeding season, and one of the
causes of the vertical migration is regarded as an adaptation to feed at the upper layer where food
organisms are abundant, non vertical migration of mature female in breeding season does not seem to be
a strange phenomenon. Consequenrtly, it is difficult to think that Diaphus suborbitalis in Suruga Bay is
as expatriated as the two species of Lobfanchia in the North Atlantic (0’Day and Nafpaktitis, 1967) and
Myctophum punctatum in the Northwest Atlantic (Zurbrigg and Scott, 1972).
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Abstract

Breeding season ard vertical migrating difference betwecen mature male and female of the abundant
myctophid fish, Diaphus suborbitalis, in Suruga Bay, are describcd. Season of high maturity stage in
testis is from June to September. Females possess only oogonia or oocytes of peri-nucleous throughout
the year. On the bases of maturity stage of male and seasonal changes in size composition, it is shown
that main breeding season of the species is from summer to autumn.

Mature female probably does not undertake diel vertical migration and stays in the waters deeper
than 100m depth, indicating no expatriation outside the bay. Males mature at one year from hatching.
Biological minimum size is about 50s&x SL in male, but obscure in female.
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Plate 1. Ovarian sections of  Diaphus Suborbitalis
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A. The oocytes at peri-nucleolus siage in a B. The oocytes at peri-nucleolus stage, 51.
51mm SL specimen collected in Apr. 3mm SL,May 12, 1973 (X400).

21, 1977 (X400).
i R, ¢
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C. The ococytes at peri-nucleolus stage, D. The oocytes of peri-nucleolus stage,
56.0mm SL, July 26, 1975(X400). 57.0mm SL, Aug. 31, 1976 (X400).

"
o 1

E. The oocytes of peri-nucleolus stage, F. The oocytes of peri-nucleolus stage,
61.0mm SL, Oct. 14, 1976(X400). 57.0mm SL, Dec.15, 1976 (X400).
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Plate 2. Testicular sections of )
Diaphus Suborbitalis at different maturity stages

.

A. lImmature testis showing no occurrence B. Maturing testis showing the occurrence
of spermatozoa in a 45.4mm specimen of a few spermatozoa in a 48.5mm

collected in Apr. 21, 1977 (X400). specimen in May 12, 1973(X400).

C. Testis in the same condition as above D. Mature testis showing occurrence of
in a 51.4mm specimen in June 12, many spermatozoa, in a 59.5mm SL

1974 (X400). specimen in July 26, 1975 (X400).
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F. Spent testis showing the occurrence
¢ . of a few spermatozoa remained in a
a . . .
of very numerous spermatozoa in 52.5mm specimen in Oct. 14, 1976

58.0mm specimen in Aug. 31, 1976 (X400). (X 400)

E. Mature testis showing the occurrence
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