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The identification of the larvae of the genus
Thunnus is usually based on the distributional
patterns of melanophores on the body. Ex-
tensive knowledge of individual, growth-
associated, and geographic variations in these
patterns is required to make accurate identifica-
tion of species.

However, there is little information so far
available on this matter. Richards and Pot-
thoff’s (1974) paper, dealing with Thunnus
larvae from the Atlantic, is probably the only
report referring to such variations. They sug-
gested the advantageous situation of the Medi-
terranean for studies of larval Thunnus, since
there are no other Thunnus species than T.
alalunga and T. thynnus and identificational
confusion can be minimyzed.

It is the purpose of this study to elucidate
exact ranges of variation in larval melanophore
patterns of the above-named two species from
the Mediterranean and compare melanophore
characteristics of Mediterranean specimens with
those of samples from other localities.

Material and methods

A total of 191 Thunnus larvae were collected
by a plankton net of 1.4 m in diameter, hauled
horizontally, from 10 stations in the Mediter-
ranean Sea around the Aeolian Islands (38°30’N,
15°00’E) to the north of Sicily, during the period
from 19 to 27 July, 1979, on the cruises of the
research vessel Centro Pesca of Ente Siciliano
per la Promozione Industriale. These larvae
were identified as T. alalunga (N=74, 2.19~
6.34 mm in notochord length, NL) and T.
thynnus (N=117, 2.53~5.25mm NL), based
on the standard mentioned below. Notochord
length was taken from the tip of the upper jaw
to the posterior end of the notochord.

Results

Identification. One hundred and ninety-one
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larvae were identified as Thunnus species fol-
lowing Ueyanagi and Watanabe (1964), Dicenta
(1975), Scaccini et al. (1975) and Ahlstrom (in
Fritzsche, 1978: 64). These specimens appar-
ently represent only two species, 7. alalunga
and T. thynnus, because the genus Thunnus is
represented solely by these two species in the
Mediterranean and they are known to spawn
in this study field (Bini, 1968; Postel, 1973;
Tortonese, 1975). According to previous studies
(e.g. Ueyanagi, 1969; Matsumoto et al., 1972;
Scaccini et al., 1975; Dicenta, 1975), these two
species are distinguishable by the presence or
absence of melanophores on the trunk.
Frequency distribution of our specimens in
terms of total number of melanophores on the
trunk showed a sharp separation into two
groups, one group having no melanophores and
the other with more than one melanophore and
with a frequency distribution rather clearly re-
presenting a normal curve (Fig. 1). There was
no individual having one melanophore. This
fact seems to confirm the previous conclusion
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Fig. 1. Trunk melanophores frequency histogram

of Thunnus larvae. Two groups, one hav-
ing no melanophores and the other with
more than one melanophore, are clearly
recognized.
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Fig. 2. Top: Thunnus alalunga, 6.10 mm NL. Bottom: Thunnus thynnus, 5.25 mm NL. Not all melano-
phores characteristic to each species are present in these specimens.

that 7. alalunga lacks melanophores on the
trunk and T. thynnus possesses them on the
trunk.

Richards and Potthoff (1974) reported on a
7.5 mm SL specimen of Thunnus alalunga with
two melanophores on the ventral side of the
trunk. This was the only example of T. alalunga,
among their 77 specimens, having melanophores
on the trunk. Moreover, in 7. alalunga,
melanophores appear at larger sizes, usually
greater than about 8.0 mm SL (personal com-
munication with Dr. Potthoff). It is therefore
most unlikely, though not absolutely impossible,
that our specimens identified as 7. thyunns
include T. alalunga.

Distribution of melanophores. Thunnus alalunga
(Fig. 2, top; Table 1): Melanophores were com-
pletely lacking on the trunk. There were several
melanophores on the midbrain in almost all
specimens. Several melanophores were seen
on the first dorsal fin-membrane in specimens
larger than 6.1 mm NL.

Melanophores on the tip of the upper jaw
were observed in size-groups of 4.50~4.99 mm
NL and larger, and those on the lower jaw tip
were observed in size-groups of 4.00~4.49 mm
NL and larger. The frequency of larvae having
melanophores on the tip of the upper and/or
lower jaw was quite low. Two specimens

larger than 6.00 mm NL had melanophores on
the upper jaw tip but not on the lower jaw tip.
All but four specimens were observed lacking
melanophores on the upper jaw tip, and all but
five lacking them on the lower jaw tip. Only one
specimen, belonging to the size-group of 5.50~
5.99 mm NL, had melanophores on both the
upper and lower jaw tips. Melanophores on
the caudal region were found on both the dorsal
and ventral sides of the notochord and/or on
the posterior end of the hypurals (frequency:
74.39%; of the total specimens). The occurrence
pattern of caudal melanophores was not as-
sociated with the size of specimens.

The presence or absence of melanophores on
the caudal region was recognized to be subject
to individual variation, without any regular
patterns of occurrence associated with the size
of specimens. On the upper and lower jaws
melanophores were observed in a few specimens
larger than 4.50~4.99 mm NL and 4.00~4.49
mm NL, respectively. On the other hand,
some difference was noticed between localities
in the occurrence patterns of melanophores on
the lower jaw. Namely, while there was no
noticeable difference in size of appearance of
upper jaw melanophores, lower jaw melano-
phores appear at 4.0 mm NL in some specimens
from the Mediterranean and at 9.0~10.0 mm
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SL in those from the Pacific (Matsumoto et al.,
1972). For Atlantic specimens, comparison
was not possible due to the identificational con-
fusion of larval T. alalunga with T. albacares
(Bonnaterre).

According to previous studies dealing with
Pacific specimens, the presence or absence of
melanophores on both jaws can be a key for
distinguishing between Thunnus albacares and
T. alalunga (Ueyanagi, 1969; Matsumoto et
al., 1972). While larvae of both species lack
melanophores on the trunk, the presence of
upper jaw melanophores coupled with the lack
of lower jaw melanophores in a size range
from 5.0 to 9.0 mm SL would indicate T.

alalunga (e.g., Ueyanagi, 1969; Matsumoto et al.,
1972). The results of this study agree with the
past conclusion in the respect that upper jaw
melanophores first appeared at about 5.0 mm
NL.

However, there were many specimens larger
than 5.0 mm NL lacking upper jaw melano-
phores. In addition, lower jaw melanophores,
as reported by Richard and Potthoff (1974) for
Atlantic T. alalunga, appeared in some of our
Mediterranean specimens at a smaller size than
in Indo-Pacific specimens examined by Ueyanagi
(1969) and Matsumoto et al. (1972). From
these facts, it is doubtful that the pattern of jaw
melanophores can be a key for larval T. alalunga

Table 1. Frequency of occurrence of melanophores on the tip of two jaws and on the caudal
region in larval Thunnus alalunga and Thunnus thynnus by size-group.

Size-group Upper jaw Lower jaw Caudal region
(mm in NL) Present Absent Present Absent Present Absent

T. alalunga
<3.00 — 12 — 12 8 4
3.00~3.49 — 19 — 19 17 2
3.50~3.99 —— 10 — 10 9 1
4.00~4.49 — 10 1 9 5 5
4.50~4.99 1* 11 2 10 9 3
5.00~5.49 — 6 — 6 S 1
5.50~5.99 1** 2 2 1 1 2
6.00~6.49 2 — — 2 1 1

T. thynnus
<3.00 — 7 — 7 4 3
3.00~3.49 — 53 18 35 24 29
3.50~3.99 — 42 21 21 19 23
4.00~4.49 — 7 5 2 2 5
4.50~4.99 — 3 1 2 — 3
5.00~5.49 — 5 3 2 1 4

* Melanophores present only on upper jaw.
**  Melanophores present on two jaws.

Table 2. Frequency of occurrence of melanophores on the dorsal and ventral edges of the trunk,
on the lateral side of the trunk, and internally near the vertebral column in larval Thunnus

thynnus by size-group.

o . Dorsal Ventral Lateral Internal

Size-group

(mm in NL) Present Absent Present Absent Present Absent Present Absent
<3.00 3 4 7 — 3 3 2 4

3.00~3.49 52 1 53 — 13 13 8 18

3.50~3.99 41 1 42 — 8 9 6 11

4.00~4.49 7 — 7 — — — — _

4.50~4.99 3 — 3 — — — — —

5.00~5.49 4 1 5 — — 3 — 3
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Table 3. Relation of the number of dorsal
and ventral melanophores in larval
Thunnus thynnus.
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Table 4. Relation of the number of lateral
and internal melanophores in larval
Thunnus thynnus.
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from areas other than the Indo-Pacific.

Thunnus thynnus (Fig. 2, bottom; Tables |~
4): Several melanophores were found on the
midbrain, but not on the forebrain. In a
specimen of 5.25 mm NL the first dorsal fin-
membrane had several melanophores.

All specimens lacked melanophores on the
upper jaw tip. Although melanophores on the
lower jaw tip appeared in many larvae, there
was no particular pattern associated with the
size of specimens with the exception that all of
larvae less than 3.0 mm NL lacked them there.
Melanophores were found on the dorsal (0~3
in number) and ventral (1~7) edges of the
trunk, on the lateral side (0~3) of the trunk,
and internally (O~ 2) near the vertebral column.
The number of specimens having melanophores
on the dorsal edge of the trunk were 110 of a
total of 117 specimens (94.0%, of the total
number), on the lateral side were 25 of 54
(46.39%) and internally were 17 of 54 (31.5%)
(63 specimens were damaged and not available
for observation of melanophore patterns on the
lateral side and the internal trunk). There
were no specimens lacking melanophores on
the ventral edge of the trunk. Many larvae had
melanophores on some or all of the four regions

on the trunk mentioned above, but no definite
pattern associated with the size of specimens
emerged. No clear relationship was found in
numbers between dorsal and ventral melano-
phores and between lateral and internal melano-
phores. In many larvae, melanophores were
found on the caudal region (42.7%; of the total
specimens), but no particular pattern was as-
sociated with the size of specimens.

The presence or absence of melanophores on
the lower jaw was recognized to be subject to
individual variation, though all of larvae lacked
them on the upper jaw. The number of melano-
phores on the trunk also varied between speci-
mens, though melanophores were present in all
specimens on the ventral edge of the trunk.
Though upper jaw melanophores are acquired
in some individuals of T. thynnus from the
Atlantic at about 5.00 mm SL (Richards and
Potthoff, 1974), they were absent in all of our
15 specimens of 4.00~5.25mm NL. A slight
difference in the occurrence of melanophores on
the lower jaw tip and trunk are also recognized
between T. thynnus from the three localities, i.e.,
the Mediterranean, the Atlantic (Richards and
Potthoff, 1974) and the Pacific (Matsumoto et
al., 1972): all specimens larger than 3.0 mm SL
from the Atlantic and 4.0 mm SL from the
Pacific have lower jaw melanophores, while
melanophores appear only in about 409, of
total specimens larger than 3.0 mm NL from
the Mediterranean; internal melanophores ap-
pear less commonly in our specimens (31.5%
of the total specimens) than in Atlantic speci-
mens (about 509%); lateral melanophores do
not appear in specimens from the Pacific but
develop in those from the Atlantic (0~6 in
number) and the Mediterranean (0~ 3 in num-
ber and 46.3 %; of the total specimens).

Acknowledgments

We are grateful to Dr. Shoji Ueyanagi and
Mr. Yasuo Nishikawa, Far Seas Fisheries Re-
search Laboratory, and Dr. Thomas Potthoff,
Southeast Fisheries Center, U.S. Department of
Commerce, for useful advice on larval tuna
identification. Mr. Jack T. Moyer, Tatsuo
Tanaka Memorial Biological Station, reviewed
the manuscript. For providing study material
and assistance in field surveys, we thank Drs.
Pasquale Arena and Francesco LiGreci, Ente

464 —



Kohno et al.:  Shunnus larval melanophores

Siciliano per la Promozione Industriale, Italy
and Messrs. Shunsuke Koshio and Masanori
Doi. Tokyo University of Fisheries.

Literature cited

Bini, G. 1968. Atlante dei pesci delle coste Italiane.
Osteitti. Mondo Sommerso, 6, 177 pp.

Dicenta, A. 1975. Identification de algunos huevos
y larvas de tunidos en el Mediterraneo. Bol.
Inst. Esp. Oceanogr., (198): 1 ~21, fig. 1.

Fritzsche, R. A. 1978. Development of fishes of
the mid-Atlantic bight. An atlas of egg, larval
and juvenile stages. Vol. V. Chaetodontidae
through Ophididae. Biological Service Program,
Fish Wildl. Serv., 340 pp., 178 figs.

Matsumoto, W. A., E. H. Ahlstrom, S. Jones, W. J.
Klawe, W.J. Richards and S. Ueyanagi. 1972.
On the clarification of larval tuna identification
particularly in the genus Thunnus. Fish. Bull.,
U.S., 70 (1): 1~12, figs. 1 ~6.

Postel, E. 1973. Thunninae. In Hureau, J. C. and
T. Monod, eds.: Check list of the fishes of the
north-eastern Atlantic and of the Mediterranean.
UNESCO, (pp. 467~472.)

Richards, W. J. and T. Potthoff. 1974. Analysis of
the taxonomic characters of young scombrid
fishes, genus Thunnus. In Blaxter, J. H.S., ed.:
The early life history of fish. Springer-Verlag,
Berlin, Heiderberg, New York, (pp. 623~ 648.)

Scaccini, A., R. Sara, C. Piccinetti and M. Piccinetti.
1975. Uova e larve di tonno pescate nelle Sicilia
occidentale e loro allevamento. Min. Mar. Mer.
Memoria, (39): 1~ 199, figs. 1 ~59.

Tortonese, E. 1975. Fauna d’Italia. Vol. XI.
Osteichthyes. Calderini, Bolongna, xviii+636 pp.,
239 figs.

Ueyanagi, S. 1969. Observation on the distribution
of tuna larvae in the Indo-Pacific Ocean with
emphasis on the delineation of the spawing areas
of albacore, Thunnus alalunga. Bull. Far Seas
Fish. Res. Lab., (2): 177~256, figs. 1~23. (In
Japanese).

Ueyanagi, S. and H. Watanabe. 1964. Methods of
identification of larvae of tunas and billfishes (II).
Nankai Reg. Fish. Res. Lab., Materials for Tuna
Fisheries Research Council, Kohchi, 16 pp., 11
figs. (In Japanese).

(Tokyo University of Fisheries, 4-5-7 Konan,
Minato-ku, Tokyo 108, Japan (HK: presently at
Department of Fisheries, Faculty of Agriculture,
University of Tokyo, Bunkyo-ku, Tokyo 113, Japan;
TH: presently at Southern Fisheries Research Center,
Deception Bay, Queensland 4508, Australia))

HREEE L FHE/ OV OFRAORERRATHN
y—=
A . 2FEEc REELN - SERE

Hipi#E D E v+ H L 7 v < m OFAITERBO
HeagmoFEICX ) WRCERNES .

HROME, ED X CRBOBGFERMO HBKE
R AARESRD bR, Rk, FERKRFEHEEOL vV
FHEEAFRIMYOMREHEOBBERETHENS L
TwvB R, HhEEO ey F FTRAREFEX  F L
B Ao ol —F, FRITuDE
o B 3R 0 HIBLIK AR I T H P, KTEEE, A%
PEOMTHIHER PED ORI,

(108 HITERHER AR 4-5-7 WRUKERZE (i
BAEERGAFRFERKESH; 28 B Southern

Fisheries Research Centre, Austria))

— 465 —





