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Abstract We examined 119 melon-headed whales, Peponocephala electra, which
stranded on a stretch of about 1.6km of coast at Aoshima (31°47'N, 131°29'E),
Miyazaki Prefecture, Japan, in the early morning of 6 January 1982. We confirmed
the presence of 84 live animals (70.6% of the total animals examined) during our 4-
hour examination (10:00 a.m.—14:00 p.m.) on 7 January. Body length of 109 animals
(68 males and 41 females) examined ranged from 211 to 264 cm for males and from
209 to 256.5cm for females. The relationship between body weight (Y in kg) and
body length (X in cm) is shown by the following equation: Y=0.0000192X>°". The
sex ratio (female % of the total) of 119 animals was 39.5%. Of 39 females examined
on reproductive condition, 34 (87.2% of the total number of females) were sexually
mature, comprising 10 pregnant (29.4% of the sexual mature females), 13 lactating
(38.2%) and 11 resting animals (32.4%). Sexually mature females ranged from 11.5
to 44.5 years of age and from 231 to 256.5 cm in body length. The annual ovulation
rate was estimated at 0.28. Possible sexually mature males having a testis weight of
200 g or more ranged from 16.5 to 38.5 years of age and from 244 to 264 cm in body
length. The rate of sexual maturity of 36 males examined was estimated at 72.2%.
Maximum testis weight was 1040 g. Physically mature animals were found to be
13.5 years or older, and all 14 animals of over 17 years were physically mature. The
vertebral formula was C7+T(13-16)+L(15-18)+Ca(39-45)=78-83. Nasitrema
gondo was found in the tympanic cavity of all 20 animals dissected in the laboratory.
Keywords: Biological analysis, mass stranding, melon-headed whale, Pepono-
cephala electra, Aoshima, Japan.

The melon-headed whale, Peponocephala electra, is distributed in tropical and
subtropical waters (Nishiwaki, 1972; Perrin,1976; Jefferson et al., 1993; Perryman et
al., 1994). The species has an oceanic distribution and occurs in groups of up to 500
individuals (Nishiwaki & Norris, 1966; Lodi et al., 1990; Mullin et al., 1994). Little
is known about the life history of the species, although some biological studies were
made using samples collected sporadically on the east coast of Australia by Bryden et
al. (1977), in South Africa by Best & Shallowness (1981), in the eastern Pacific by



32 Nobuyuki Miyazaki, Yoshihiro Fujise and Kazuo Iwata

Perrin (1976), and on the Pacific coast of Japan by Nakajima & Nishiwaki (1965) and
Miyazaki (1983 a).

Japan is the northernmost locality from which the species has been recorded in
the Pacific Ocean (Perryman et al., 1994). Since 1963 eight records (six catches and
two strandings) have been reported from the Pacific coast of Japan, between 26°32'N
and 35°20'N (Nakajima & Nishiwaki, 1965; Nishiwaki & Norris 1966; Miyazaki,
1980, 1983a, 1983 b; Anonymous, 1981, 1992, 1993; Uchida, 1982; Amano &
Miyazaki, 1996). The present mass stranding constituted the sixth record of the
species at the Pacific coast of Japan. The first record was of one melon-headed whale
stranded on Hiratsuka Beach (35°20'N, 139°21'E), Kanagawa Prefecture, on 12 Au-
gust 1963 (Nakajima & Nishiwaki, 1965). The second was of a school of about 500
animals which came into Suruga Bay, about half of which were caught at Tabi
(35°03'N, 138°54'E), Shizuoka Prefecture, on 23 March 1965 (Nishiwaki & Norris,
1966). The third comprised 140 melon-headed whales captured at Nago (26°32'N,
128°00'E), Okinawa Prefecture, on 9 July 1979 (Uchida, 1982). The fourth and fifth
records were of about 200 and 10 animals, respectively, driven into the harbor of Taiji
(33°36'N, 135°56'E), Wakayama Prefecture, in the early morning on 20 February
1980 (Miyazaki, 1980). After the sixth record, being of the mass stranding (Miya-
zaki, 1983 a), two catches have also been recorded from Taiji: 80 animals captured in
the dolphin drive-fishery in 1990 (Anonymous, 1992), and a mixed school of about
500 individuals composed of Fraser’s dolphins (Lagenodelphis hosei) and melon-
headed whales driven into a cove on 29 January 1991 (Amano & Miyazaki, 1996).
Despite this, the biological characteristics of the melon-headed whale have not been
studied in detail.

In the present study we describe the background information on the 1982 strand-
ing of melon-headed whales in Japan and analyze the biological samples, in order to
increase our general knowledge of mass strandings and to improve knowledge of the
morphological characters and life history parameters of the species. With this knowl-
edge, the probable cause of the event is discussed.

Materials and Methods

Background information

The 119 melon-headed whales were found widely scattered over a stretch of
about 1.6 km of coast at Aoshima (31°47'N, 131°29'E), Miyazaki Prefecture, Japan,
in the early morning of 6 January 1982 (Figs. 1-2). The surface water temperature
here was about 20°C. At 07:00 a.m. the manager of “Children’s Park” had discovered
the animals and informed the Fisheries Research Institute of Miyazaki Prefecture.
The news was then broadcasted by local radio and TV, after which the local people
gathered on the beach to see the stranded whales. Although the staff of the Fisheries
Research Institute of Miyazaki Prefecture tried to return the animals to the sea, the
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Fig. 1. The 119 melon-headed whales, Peponocephala electra stranded on the coast of Aoshima
(31°47'N, 131°29'E) in the early morning on 6 January 1982.

attempt was not successful. Then, four live animals were transported by truck to the
Fisheries Research Institute, where they were put into the pool. However, all died be-
fore the evening on 7 January, without having taken food. Prof. T. Morimitu of the
Miyazaki Medical University collected parasite samples from the inner ear of one
dead specimen on 7 January 1982 and examined damage to the octavus nerve caused
by the parasite Nasitrema gondo (Morimitu et al., 1986).

Field investigation

From 10:00 a.m. till 14:00 p.m. on 7 January we examined the 115 melon-head-
ed whales on the beach, as well as the 4 animals in the laboratory of the Fisheries Re-
serch Institute. Although some people told us that the total number of the stranded
animals was 135, in this report we maintain the total of 119, because we were unable
to confirm the presence of the remaining 16 animals. On 6 January the tide level in
this area was 145 cm in the highest at 03:16 a.m. and was 82 cm in the lowest at 08:47
a.m., based on data from the Maritime Safety Agency. All stranded whales were lying
around the flood tidal line. As we were assured that nobody had observed the strand-
ed animals on the coast between midnight and 07:00 a.m. when the manager of
“Children’s Park” first found them, we assume that the whales have stranded on the
coast during higher tide.

Body length was measured to the nearest 0.5 centimeter in a straight line from
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Fig. 2. Surface isotherms (°C) off Aoshima during 23 December 1981 and 13 January 1982
(Japanese Maritime Safety Agency, 1982) and relative position of the stranded whales on the
coast (about 1.6 km). Males indicate closed circles and females open ones. Relative position
was estimated by taking footsteps of about 1 m.

the tip of the upper jaw to the notch of the tail flukes. The distance between the
stranded animals was estimated by taking footsteps of about 1 m. The stranded ani-
mals were widely scattered over a distance of 1640 m but were concentrated in two
areas, 280-320m (relative density: 0.5 animal/m) and 400-600m (0.2) south of
Kaetagawa (Fig. 2). No sexual segregation was observed. Of the 119 animals exam-
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ined, including the 4 kept in the pool of the Fisheries Research Institute, 84 (70.6% of
the total animals examined) were observed to breath faintly during our investigation.
The other ones were already dead.

As the Aoshima region is within the Nichinan Coastal Seminational Park, we
were unable to examine anatomically the animals on the beach. Thus, for scientific
study we selected 20 animals comprising various stages of both sexes and transported
them by truck to Ehime University, where they were kept in the freezer at —20°C
pending a detailed examination. Since the coast had to be cleaned as soon as possi-
ble, the other 99 animals were brought to the oil company at Nagasaki Prefecture for
incineration, following the advise of the administrator of Miyazaki Prefecture. Dur-
ing several hours before incineration, the second author examined the body length
and sex of 50, and collected the teeth and the reproductive organs of 42 animals
there.

Laboratory study

At Ehime University we photographed the selected 20 animals, took the external
measurements, and weighed the internal organs and tissues after dissection on 21 and
27 April 1982 (Table 1). Samples were collected from blubber, muscle, liver, kidney
and other internal organs, to be used for biometry and a chemical analysis for
organochlorine compounds and heavy metals. One skeletal sample was also used for
chemical analysis. Complete skeletal samples of the other 19 animals have been de-
posited in the National Science Museum, Tokyo (Museum nos. M23727-M23745)
(Miyazaki, 1986).

The senior author took skull measurements of these 19 specimens, and exam-
ined the numbers of vertebrae and the state of ossification of the vertebral epiphyses.
The skulls were measured with an anthropometer to the nearest millimeter.

Age was estimated from the higher number of either dentinal or cemental
growth layers in the teeth, which were prepared by staining thin ground sections (10
to 20 um) with haematoxylin after decalcification in a 5% water solution of formic
acid following Kasuya (1976).

The ovaries from 35 females were collected and fixed in 10% formalin. The
numbers of corpora albicantia and/or corpora lutea on ovaries were counted. Mature
females were defined as those with at least one corpus luteum or corpus albicans.
Resting females were defined as mature females being neither pregnant nor lactating.
Testis weight of males was recorded to the nearest gram.

Results

Size frequency and sex ratio
Among the 119 stranded melon-headed whales, 10 animals (4 males and 6 fe-
males) lacked their tail flukes. Thus, size frequency was calculated from 109 animals
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Table 1. Biological data of 20 samples of Peponocephala electra collected

Sexual organ

Specir:en Age Sex Sex(ljx.al.** Body length Body weight weighi ()
no. (yr) condition (cm) (kg) loft right
M23727 2.5 M Immature 214.0 105.4 8.2 8.2
M23728 11.5 F Immature 231.5 131.5 2.0 2.6
M23729 21.5 F Pregnant 240.0 173.2 11.6 2.1
M23730 20.5 F Lactating 239.0 141.2 3.1 1.5
M23731 26.5 F Lactating 235.0 145.0 2:7 2.5
M23732 5.5 M Immature 223.0 1144 15.7 19.8
M23733 17.5 F Lactating 231.0 134.4 2.3 1.0
M23734 23.5 F Lactating 251.5 184.0 6.5 5.9
M23735 225 F Lactating 235.5 156.4 4.6 2.7
M23736 20.5 F Lactating 242.0 159.6 6.5 32
M23737 31.5 M Mature 264.0 228.6 930.4 917.0
M23738 13.5 F Lactating 246.0 166.0 3.5 23
M23739 13.5 M Immature 236.0 144.2 43.9 48.6
M23740 9.5 F Immature 215.0 110.6 1.5 1.5
M23741 27.5 F Pregnant 234.5 182.1 2.8 15.2
M23742 27.5 M Mature 251.0 198.4 927.0 9124
M23743 21.5 M Mature 247.5 175.6 593.0 4448
M23744 26.5 F Resting 252.0 181.1 4.7 4.7
M23745 37.5 M Mature 247.0 196.5 820.0 761.7
82106-15 — M Mature 258.0 211.7 864.5 782.3

* Skeletons of the samples (Museum no.: M23727-M23745) are deposited in the National Science
** Males having testis of 200 g or more are definited as mature.
*** The species was identified as Nasitrema gondo (Morimitsu et al., 1986; J. Parasit., 72 (3): 469-472).

(68 males and 41 females) examined in the field and at the Fisheries Research Insti-
tute (Fig. 3). The body length ranged from 211 to 262 cm for males and from 209 to
252 cm for females. The peak at 250-255 cm for males is obviously on higher figures
than that (235-240cm) for females. In the laboratory, the collected animals were
measured again. Then the largest body length was recorded as 256.5 cm for females
and 264 cm for males. Comparison of 24 adult males and 29 adult females of over 15
years old indicated males were significantly larger than females (t-test, p<<0.05). In
the present stranding, no newborn calf or animal less than 209 cm was found, in spite
of the recognition of 13 lactating females. Body length of 10 fetuses ranged from
29.3 to 101.0 cm with a slight peak at 80—85 cm.

The sex ratio (female % of the total) of 119 animals was 39.5%, which did not
differ greatly from that of 10 fetuses (30%). Among 74 animals whose age was deter-
mined, the sex ratio of 57 animals of over 15 years old was 56.1%, which was larger
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at Aoshima (31°47'N, 131°29'E), Japan on 6 January 1982.

37

No. of corpora

No. of parasites

left right No. of vertebrae Physical infie tympaitie
C+T+L+Ca=Tol. maturity .
cavity***
cl c.a. ¢l c.a.
7+14+16+43=80 No +
0 0 0 0 7+14+18+42=81 No +
1 3 0 1 7+14+18+41=80 Yes 132
0 6 0 0 7+14+17+41=79 Yes 185
0 6 0 0 7+13+18+42=80 Yes 125
T+14+17+40=78 No 20
0 1 0 0 7+14+18+40=79 Yes 47
0 0 0 11 7+16+16+40=79 Yes 98
0 2 0 0 7+14+16+43=80 Yes 161
0 5 0 0 7+14+17+42=80 Yes 25
7+14+16+42=79 Yes 230
0 5 0 0 T+15+15+42=79 Yes 98
7+14+16+43=80 No 50
0 0 0 0 7+15+18+39=79 No 6
1 1 0 1 7+14+16+42=79 Yes 135
7+13+17+44=81 Yes 54
7+14+15+45=81 Yes 15
0 4 0 2 7+15+15+43=80 Yes 352
7+ 15+16+45=83 Yes 324
— — — — 197

Museum, Tokyo.

than that of the 17 younger animals (41.2%).

Age composition

Figure 4 shows a comparison of the number of dentinal and cemental growth
layers of decalcified and stained sections of the teeth. The number of dentinal and ce-
mental growth layers was almost the same in the animals of 20 dentinal growth layers
or less. In the animals of over 20 dentinal growth layers, the number of cemental
growth layers exceeds that of the dentinal growth layers in nearly all specimens. In
the present study, the age was estimated from the higher number of either dentinal or
cemental growth layers of the same animal. The age ranged from 5.5 to 45.5 years for
females and from 2.5 to 38.5 years for males. Age frequency showed a peak at 3.5,
12.5,19.5 and 35-37 years for males, and at 11.5 and 22-25 years for females (Fig. 5).
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