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In recent years the annual commercial fish catch by the Japanese fishermen has ap-
proached, and in 1957 exceeded, five million metric tons in weight, of which five to seven
percent have been the two forms of mackerels, Pneumatophorus japonicus japonicus
(HoutTuYN) and P. japonicus tapeinocephalus (BLEEKER). Whereas the annual catches
of the sardine, herring, anchovy, Pacific saury and a species of squid (Ommastrephes
sloani pacificus STEENSTRUP), all of which once exceeded the mackerels in the amount
of annual catches, fluctuate considerably from year to year, the mackerels of the two
forms mentioned above, if considered together, keep steadily high ranks in the order of
the annual catch records. It is remarkable that, despite the disappearance of the mackerel
from off the eastern coast of Hokkaido in recent years, and despite the recent unfavorable
international situation regarding the fishing grounds south of Korea, their annual catch
records have been more than two hundred fourty thousand metric tons since 1952 (figure
1). Readers might be interested in the reasons why the two forms of the mackerels
have been treated together without being distinguished from one another while the sardine,
round herring and anchovy have recently been treated separately in the recording of an-
nual catches by the Japanese governmental organizations. One the other hand, the
senior author has been asked at times to point out clear-cut differences between the two
forms by those wokers who have started studies on the mackerels for the Japanese govern-
mental organizations. He has been to be very careful to do this, because the differences
in external characters between the two forms are subject to considerable changes with

advancing age and individual variation. Speaking generally, the adult of tapeinocephalus

* Contribution from the Tokai Regional Fisheries Research Laboratory, Series B, No. 289.
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Fig 1. Annual catch record [in 1,000,000 kwan (or ca. 1,000,000x15/4kg=3,750 metric tons)]of the
Janpanese mackerels [ Prneumatophorus japonicus japonicaus (Hourruyn) plus P. j. tapeinocephalus (BLEEKER)]
for the years 1894—1957. The records were gathered by the Division of Statistics, Section of Economics,
Ministry of Agriculture and Forestry.

BIM ARG B Y kB ROUIE 27 F~TAF 32 F£[DE « DL (B 100 5 HE).



Differences between two Japanese forms of Preumatophorns 3

are densely spotted ventrally, and abound warmer waters, usually not reaching beyond
the Cape of Inubo (boundary between the northern and southern piscifaunal areas of
Jap.n along the Pacific coast). This form seems rather rare in Japan Sea. The other
form, japonicus, is usually not spotted ventrally, but examples bearing blackish or bluish
spots or short lines on the lower part of the flank* are not infrequently (especially in the
adult) observed, which careless observers regard as tapeinocephalus. P. j. japonicus
reaches north of Hokkaido, and is taken commercially in recent years off the western
coast of Hokkaido in summer. In the present paper, the writers wish to give account
of the fin-supports of the spinous or first dorsal fin in the two Japanese forms of mackerels
leaving accounts of differences in cranial and other characters and nomenclatorial remarks
for future works; two kinds of dorsal fin-supports in these fishes, namely, proximal

segments of the radials often called interneural spines by taxonomists, and the middle
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Fig, 2. Pneumatophorus japonicus japonicus (Hourtuyn) from off Katsu-ura, Chiba Pre-
fecture. Cat. No. ABg, 58—231. Total length of body (including caudal fin) 418 mm, stan-
dard length (measured to hind end of vertebral column) 367 mm. Left-side view of the
anterior half of the vertebral column, all of the proximal segments (or interneurals) of
the radials of the spinous (or, 1lst) dorsal (black), anteriormost three proximal segments
of the radials of the soft (or, 2nd) dorsal (black), all of the middle (or, medial) segments
of the radials of the spinous dorsal, and the anteriormost three middle segments of
the radials of the soft dorsal.

The anteriormost middle segment of the radial of the spinous dorsal (marked with
italicized Arabic numeral 1) is V-shaped, its lateral wing on either side being a stout rod.

The subsequent middle segments of the radials of the spinous dorsal are concave dor-
sally, the lateral wing on either side being much expanded, and forming together a
longitudinal groove receiving the dorsal spines. The hindmost middle segments (11th
—13th) of the radials of the spinous dorsal become compressed and are reduced in
size. The anteriormost middle segment of the dorsal radial placed just in front of the
base of the Ist soft fin-ray of the 2nd dorsal differs greatly in shape from the pre-
ceding middle segments of the radials of the spinous dorsal, and is not counted in table
2. The 2nd and subsequent middle segments of the radials of the soft (or, 2nd) dorsal
are single, rounded, semi-transparent cartilagnious balls, and are each clipped by the root
of each half of each soft fin-ray.
®1 b YD FED 2 MOBEEE L5 2 BHOMS O 2 BOHEEF. F4, F5H
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* It may be added here that the extent of the spotted area on the flank of the Japanese sardine,
Sardinops melanosticta (TEMMINCK & SOHLEGEL), also varies considerably.
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segments of the radials®* (SCHMALHAUSEN, 1912; GOODRICH, 1930) which were called
(and seemingly certainly so) distal segments of the radials by BribGe (1896), differ con-
siderably in number and position between the two forms, and the differences are of

great help in discriminating between them when external characters are not well exhibited.

A. Proximal segments of the radials (or, interneurals)

of the spinous dorsal fin

It is a routine practice of the senior author to count the number of the dorsal spines
for corroborating the identification of the two Japanese forms of mackerels. This number
is usually higher in Pneumatophorus japonicus tapeinocephalus than in P. j. japonicus
(table 1.). As might be expected from this difference between the two forms, the number
of the proximal segments supporting the spinous portion of the dorsal fin (or, the first
dorsal fin) is higher in tapeinocephalus than in japonicus (table 2). The number of the
proximal segments of the radials supporting the soft (or second) dorsal fin, anal fin and
finlets seems not to differ between the two forms.

Furthermore, the position of the proximal segments of the radials supporting the
spinous portion of the dorsal fin differs considerably between them (table 3). The
anteriomost proximal segment of the radial is inserted between the neunal spines of the
2nd and 3rd vertebrae in both forms, and the 2nd proximal segment is between the neural
spines of the 3rd and 4th vertebrae in japonicus and the majority of the examples of
tapeinocephalus. Then comes a remarkable difference between the two forms; in most
cases the 3rd proximal segment alone is inserted between the neural spines of the 4th and
5th vertebrae in japonicus (fig. 2) whereas in tapeinocephalus there are usually 2 (in a
few cases 1 or 3) proximal segments between these neural spines. One of the final routine
practices of the senior author for corroborating the identificaton of the two forms of
mackerels (when the external characters, especially the number of the dorsal spines, are
not convincing) is just to cut open the left side of the anterior portion of the base of the
spinous dorsal fin and to count the number of the proximal segments of the radials inserted
between the neural spines of the 4th and 5th vertebrae.

The numder of the proximal segments of the spiﬁous dorsal fin between the neural
spines of the 5th and 6th vertebrae is in most cases 2 (in a few cases 1; in much fewer
cases 3) in both forms. The number of the proximal segments of the radials between
the neural spines of the 6th and 7th vertebrae is mostly 1 in japonicus (in a few cases
2 0r 0), and mostly 2 (in a few cases 1) in tapeinocephalus. The number of the proximal

segments of the radials inserted between the neural spines of the 7th and 8th vertebrae

* The senior author is indebted to Prof. Alfred S. RoMEr (Museum of Comparative Zodlogy,
Harvard University), Dr. H. C. Gopsit, (California Department of Fish and Game, U.S. A.)
and Dr. Norman J. Wiruimowsgy (U.S. Fish and Wildlife Service, Juneau, Alaska) for the
information about the name of the bones. He wishes to express here his sincere thanks for
their kindess, and takes much pleasure in stating here that he has extended his studies to
the comparative study of these neglected bones (cf. ABg, 1957, p. 39; Id., 1958, p. 1174).
He overlooked the terminology proposed by SCHMALHAUSEN prioror to receipt of a letter from
Prof. ROMER.



Table 1

Frequency distributions of the number of the dorsal spines (Roman numerals), dorsal soft-rays (Arabic numerals) and dorsal finlets
(bold-faced Arabic numerals) in the two Japanese forms of mackerels, Pnewmatophorus japonicus japonicus (Hourruyn) (ordinary
figures) and P. j. tapeinocephalus (BLEEkER) (bold-faced figures). The material used is :

P. j. japonicus.
66 examples from Manazuru (Sagami Bay). Total length 180~330 mm. Taken by trap net during January, 1955~ January, 1956.
166 examples from off south-eastern coast of Boso Peninsula. Total length 270~385mm. Taken by hook and line (‘‘hanezuri”)
in the night of June 15~16, 1955, and July 9, 1955.
15 examples from Toyoura-machi, Yamaguchi Prefectere. Total length 65~115 mm. Collected by trap net on April 2, 1955.
13 examples from Okino-shima, Fukuoka Prefecture. Total length 250~345 mm. Taken in the night of February 10~11, 1955.
P. j. tapeinocephalus.
65 examples from Manazuru (Sagami Bay). Total length 195~285 mm. Taken by trap net on January 14, 1955, March 13~14,
1955, and January 18, 1956.
example from off south-eastern coast of Boso Peninsula. Total length 340 mm. Collected on May 11, 1956, at the Central
Wholesale Market of Tokyo.
examples from Maese (Suruga Bay). Total length 330~350 mm. Taken on June 25, 1956.
examples from Nishiki, Mie Prefecture. Total length 105~115 mm. Taken by trapnet on April 22, 1954.
9 examples from near the Bonin Islands. Total length 425~450 mm. Taken by hook and line, on January 20, 1956, and
early in March, 1956.
3 examples from Formosa. Total length 340~380 mm. Collected on February 25, 1956, at the market in Keelung.
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Table 2
Frequency distributions of the number of the proximal segments of the dorsal radials (often called interneurals)

(D’) in the two Japanese forms of mackerels, Preumatophorus japonicus japonicus (HourruyN) (ordinary figures)

and P. j. tapeinocephalus (BLeeker) (bold-faced figures). The left figures represent numbers of D’ supporting
dorsal spines; the middle figures, numbers of D’ supporting soft dorsal fin-rays; the right figures, numbers of D’

supporting dorsal finlets. The material used is the same as in table 1.

B2® kL T o NI B AR OB

15+ | 16+ | 174 | 18+ | 18+ | 184 | 184 | 19+ | 19+ | 20+ | 21+ | 214 | 22+

134 | 134 | 14+ | 14+ | 14+ | 1564+ | 16+
12+45(11+5|12+5 (1245|1246 {1146 |12+5|12+5|11+5|12+5| 12+5

Number of D | o7 1140 5| 1145|1245 1344|1146 | 1245|1345 |12+5

Number of
13 | 1 1 ﬁlf* 3 1| 87 | 1 | 4 |1%e=

exampls
1 1 1 | 10 1 1 31+11Y] 24 1 14 1

* 1st and 2nd D’ dorsally fused with one another ; counted as 2.
**% 12th and 13th D’ dorsally fused with one another ; counted as 2.
*¥*  Number of middle segments of radials of spinous dorsal (D) 15.
5th vertebrae 1. Ridges on the right half of the skull is suggesstive of tapeinocephalus.
t Number of D/ 16. Number of D/ inserted betveen the neural spines of 4th and 5th vertebrae 2.

tt Hindmort 2 D’ dorsally fused with one another ; counted as 2.

Number of D’ inserted between the neural spines of 4th and
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Table 3

Variation in the position of the anterior proximal segments of the radials (or internuials) of the spinous (or first)
dorsal fin (D’) in the two Japanese forms of mackerels, Pneumatophorus japonicus japonicus (Hourruyn) (ordinary
figures) and P. j. tapeinocephalus (BLEekER) (bold-faced figures). The uppermost Arabic numeral in the uppermost
column is the number of the anteriormost proximal segment (D’) of the dorsal radial which is invariably inserted
between the neural spines of the 2nd and 3rd vertebrae. The successive Arabic numerals in the same column are the
numbers of D’ inserted between the successive pairs of neural spines of the successive pairs of vertebrae. The
material used is the same as in tables 1 and 2.

B3R FUHLT Y SOMRHEEOMNE
EROT 5 &7 HRETE 2 FHEOMER L 5B 3 FHFOMEMMCH 2 ERHE (D) ofkx R L,

PUFAERE 2 ESEOBFHEF O MBI & % FEmE & O Bor 71,

Number of D’ insert-
ed between the neu- - ol ool - - - - - - - - - - - — - - - -
al spines of 2nd and by b - ~ ol - - - - - — - - — S o o o N
3rd vertebrae, and v o o - o o DN DN oo w N @ @ @ v = l}’ PN [
those between the | T P » o N w - N N N N — - 0 o to - — o
successive pairs of W o v - w2 Q@ by b b o N N o - — N o N -
neural spines of the - - o N — — — — ) — ) ) I\ ) o — — NS NS
succssive pairs of - - N
vertebrae
1 232 9 4 1 1 3%* | 1t

Number of examples

1* 1 26 38 1 1 1 1 2 1 1 2

* The specimen was in alochol since November 28, 1950, and examined in 1956.

Because of the bad state of preservasion, the positions of D’ were somewhat

uncertain. The number of D’ is 18. The number of dorsal spines and fin-rays

is XI-12-5. The skull is somewhat suggestive of that of japonicus on the
left side.

*% In 1 specimen number of D’ 14. In 2 speciemns number of dorsal spines 9 and

10, respectively; number of D’ 15.
T Number of D’ 14.

s‘ruoqdozvumauc[ Jo swiog BSQUEdEf OM] ulamiaq S9dUBILJIQ



8 ABE & TAKAsHIMA

is 1 in japonicus and 2 or 1 in tapeinocephalus. Then, usually 1 proximal segment of the
radial is inserted between each 2 neural spines of each two suceessive vertebrae till the
one supporting the anteriormost fin-ray of the soft (or second) dorsal fin (and usually 2
proximal segments between each 2 neural spines ef each two successive vertebrae below
the soft dorsal fin) in japonicus. In tapeinocephalus the number of the proximal segments
inserted between each two vertebrae beginning with the pair of the 8th and 9th vertebrae
is either 1 or 2 (and the position of the proximal segments of the radials supporting the

soft dorsal fin, anal fin and finlets seems not to differ from that of japonicus).

B. Middle segments of the radials of the spinous dorsal fin

In so far as the present writers are aware, little attention has been paid by ichthyologists
to the number and shape of the middle segments of the radials of the dorsal and anal
fins in fishes. GiLL (1885, p. 211) stated that ‘ Teuthioidea are fishes distinguished by
the development of transversely expanded, buckler-like, subcutaneous plates on the back,
intervening between the spines, and limiting their erection forwards.”” His Teuthioides
included Teuthidae (Acanthuridae or Hepatidae) and Siganidae. MATSUBARA (1955, pp.
964 and 965) mentioned that these plates are slightly larger than in many members of
Scombroidea and that thay are not distinctly larger than in certain berycoid fishes. Soon
after the commencement of the present study by the senior author in 1950, he noticed the
remarkable variation in the number and shape of the middle segments of the radials of
the spinous dorsal fin in the Japanese mackerels. But it was not untill 1956 that he
extended his study to the comparison of the middle segments of the radials of dorsal and
anal fins of varied fishes in order to understand the significance of these bones for the
taxonomic study of the mackerels.

In the two Japanese forms of mackerels, the anteriormost middle segment of the

dorsal radial is placed between the roots of the 1st and 2nd dorsal spines. Its shape is

Table 4

Frequency distribution of the number of the middle segments of the radials of the
spinous dorsal (D’’) in the two Japanese forms of mackerels Preumatophorus japonicus
japonicus (HourtuyN) (ordinary figures) and P. j. tapeince phalus (BLEEKER) (bold-faced
figures). The middle segment of the radial just in front of the base of the 1st dorsal
soft fin-ray is usually larger than, and different in shape from, preceding ones, and
not included in the following counting. The material used is the same as in tables 1—3.

FAKR KUYk Y OWFHEBETRRIOK

Number of D’ 9|10 |11 12|13 |14|15|16|17 |18 |19 |20

1|17 |52 |46 | 56 | 29 3110124 26| 14 4
Number of

+ 1+ 5 +
examples .
% | 3%* 11—
2= |—>

* or 12. ** or 13. 1 or 18.
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unique among all the middle segments of the radials of the two dorsal fins and anal fin;

it is an attenuated, but stiff, V-shaped bone, and its lateral wings are much narrower than
in the subsequent middle segments of the dorsal radials each of which is placed just in
front of a dorsal spine and concave dorsally. The size of the middle segments of the
dorsal radials (hereafter abbreviated to D >*) decreases from the largest 2nd one backwards,
and their shape changes gradually backwards. The hinder middle segments of the dorsal
radials placed between the hindmost dorsal spine and the anteriormost soft fin-ray of the
2nd dorsal are usually compressed, and devoid of lateral wings, the hindmost being at
times extremely thin and small in size. As expected from the difference in the number of
the dorsal spines between the two Japanese forms of mackerels, the number (table 4) and
position of D’ differ between them. The number of D’/ is 15 or more (up to 20) in
tapeinocephalus, and 15 or less (down to 9) in japonicus. The difference in the position

of D’/ has not been used in the present study as a key to distnguish the two forms from
one another.

Appendix

~ Hints to the discrimination at sea of the two forms of mackerels

1) Difference in shape of anal spine. The difference in the shape (or, strength) of the anal
spine between the two Japanese forms of mackerel was first suggested®* by Mr. Shoichiro Topa
who helped the writers during 1953—1955. On the sea, and more especially in tagging experi-
ment, the senior author often suffered from the injury caused by the strong spine of the anal fin
of Pneumatophorus japonicus japonicus. The spine is not infrequently dammaged and at times
shows signs of regeneration. The writers have not yet studied the changé with advancing age
and local variation in the shape (or, strength) of this spine, but it may be said that it is thicker,
stronger and longer in P. japonicus japonicus than in P. japonicus tapeinocephalus. Tentatively,
its relative length has been measured. In the former, the length of the anal spine is mostly more
than 1.6% (ranging up to 2.6) of the standard length, while it is usually less than 1.5% (rang-
ing up to 1.9% of the standard length). ,The measurements have been made mostly of ex-
amples more than 200 mm in total length.

2) Distance between the anterior dorsal spines. In the adult, the distance between each
two spines of the anterior portion of the dorsal is smaller in tapeinocephalus than in japonicus,**
and the contour of this fin also differs.

3) Color of the anterior portion of the spinous dorsal fin. In the adult, the membranes of
the anterior portion of the spinous dorsal is blackish in tapeinocephalus and whitish in japonicus.

4) Groove behind the visible hindmost dorsal spine. Whenever there is a distinct groove
behind the visible last dorsal spine, the senior author has dissected this part of body, and often
found an extremely small spine clipped by the pair of hind projections of the middle segment

* In the key to the Indo-Australian species of Scomber, Dr. L. F. pe Bravurorr (in
DE BEAUFORT & CHAPMAN’s ‘‘ The fishes of the Indo-Australian Archipelago,” ix, p. 206,
1951) states that the anal spine is very feeble in S. australis and that it is short but strong
in S. janesaba.

**% This might be expected from the difference between the two forms in the number of the
proximal segments of radials inserted between the neural spines of pairs of vertebrae.

Further, the dorsal spines in the adult of japonicus are thicker and stronger than in
tapeinocephalus.
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of dorsal radial, in front of which is the last visible dorsal spine. In counting the dorsal spine,
the presence of the distinct groove behind the hindmost dorsal spine may be regarded as a sign

of the presence of an additional small spine.
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