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Geographical Distribution and Relative Apparent Abundance of
some Scombroid Fishes based on the Occurrences in the
Stomachs of Apex Predators caught on Tuna Longline- |.

Juvenile and Young of Skipjack Tuna (Katsuwonus pelamis).

Keiichiro MORI

This study investigates the geographical distribution, apparent relative abundance and
some other biological aspects of some Scombroid fishes of commercial importance such as
tunas, billfishes and dolphins, with special emphasis on their juvenile and young stages.

In addition to the fact that the juveniles of these fishes are seldom caught by commercial
fisheries, the absence of other effective method to sample them have caused our poor
knowlege on the biology of them. On the other hand, it is well known that these juveniles
are found rather frequently in the stomachs of apex predators on which this study based.

As the first paper that will be followed by a series of publication, the present one deals
with the materials and method of the study that are common to succeeding papers, and the
results on skipjack tuna.

1) The stomach samples of 12,592 were collected from ten species of billfishes and five
species of tunas caught by longline gear during the period from 1949 to 1869, in the Indo-
Pacific and the Atlantic Oceans (Fig. 1, Table 1, Appendix fig. 1 and Appendix table 1).

2) From the stomachs examined, the total of 5,851 skipjack tuna were obtained and used
as the material for this study. In digested specimens, the body length were estimated
from the length of skeletal part on the basis of the relationship between the length of the
character and body length.

3) The size of skipjack tuna thus measured ranges very widely from the smallest juvenile
of around 3 cm to the largest of more than 70 cm in standard length. There is no
significant difference in the range of the length of skipjack collected from tunas and
billfishes (Fig. 2). Also in common to all species of tunas and billfishes examined,
skipjack tuna between 6 and 20 cm in length were found most frequently.

In tunas, the frequency of occurrence of skipjack tuna decreased gradually over 20 cm
in length and skipjack larger than 30 cm are rarely observed.
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In billfishes, three species (striped marlin, black marlin and swordfish) had taken
skipjack larger than 30 cm rather frequently, although other species of billfishes, as
well as tunas, have not had taken skipjack of that size.

4) For the purpose of providing a basis for comparison of the distribution and abundance
by various sizes of skipjack tuna, the growth stages in skipjack tuna were defined here as
follows.

Juvenile:---- smaller than 15 cm in standard length.

Young--- larger than or equal to 15 cm, but smaller than 35 cm.

Adult (or immature)----- larger than or equal to 35 cm.

5) Juvenile skipjack tuna are widely distributed in the tropical and subtropical waters
between the north and south latitude of 30° of the three major oceans with the exception
of the eastern tropical Pacific (Appendix fig. 3). The distribution pattern of juvenile is
quite similar to that of post larvae at least in the Indo-Pacific. The boundary of the
distribution coincides with the location of the 24°C surface isotherms, as it is so in the
case of post larvae. Basing on the above observations, skipjack tuna is considered to
stay in the nursery ground of the species throughout its juvenile stage.

6) Young of skipjack tuna are distributed more widely than juveniles. In this stage, the
fish were taken rather frequently in the waters of temperature lower than 24°C (Appendix
fig. 4).

Not a significant difference was found between the distribution pattern of the adult
(Appendix fig. 5) and that of young. This might suggest that the fish expand it’s range
of distribution during the young stage.

In order to know the body length of the fish at which the fish disperse beyond the
boundary of the nursery ground, the length frequency distribution of the fish that had
been taken in the waters of temperature lower than 24 °C (A in Fig. 3) were compared
with that of the fish from all over the area sampled (B in Fig. 3). The rather sharp
increase of the frequency around the body length of 30 cm in (A) forms a contrast with
the decrease of the frequency beyond that size in (B). This is considered to suggest that
skipjack tuna stretch beyond the boundary of their nursery ground rather immediately
when they attain to the size of 30 cm.

7) A “model area” was designed, within it, in order to compare the size preference of
respective predators on skipjack tuna. The length frequency distribution of skipjack in
the model area does not differ greatly species to species (Fig. 5). This is considered to
suggest that the difference between the size preference of respective predatory species is
not so significant, and could be neglected in skipjack tuna smaller than 35 cm, at least.

8) According to the above mentioned result, skipjack smaller than 35 cm in length from
all predatory species were combined together to figure out over-all length frequency
distribution by season and by area (Fig. 6). From the figure,it could be said that
juvenile skipjack predominate both in summer and winter seasons in the equatorial waters
both of the western-and-central Pacific and the Atlantic Ocean. This may indicate that
the reproduction of the fish takes place at least in these two seasons, more likely
throughout the year, in these waters as have been suggested from the studies on post
larvae. In the sea areas of higher latitude than 10° of north and south, the seasonal

differences of the size composition are not so drastic probably because of artificial
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reasons, for example, the division of sea area.

9) As an indice of the apparent abundance of skipjack tuna, “predation rate” on skipjack
tuna by predator was used. The rate, in this case, represents the average number of
skipjack tuna contained in one stomach of predator of a given species.

Comparison of the “predation rate” between major predatory species by area and two
seasons (Fig. 7) indicate that the rank of predatory species in the rate are rather stable
(Table 3) and the change of the rate by area and season is rather comparable. This is
considered to allow an inter specific conversion of the predation rate indicating apparent
abundance of skipjack tuna.

According to the assumption, the number of predators of the species other than blue
marlin were converted into that of blue marlin, basing on the ratio of the “predation
rate” of the former to the latter (Table 4). Within each unit of area and season,
apparent abundance was calculated by dividing the total number of skipjack by the number
of pradators that had been converted into that of blue marlin (Fig 8 and Table 5).

10) In the equatorial waters, the apparent abundance does not seem to fluctuate greatly by
season. In the equatorial Pacific, the apparent abundance of skipjack tuna (smaller than
35 cm, mainly) seems to be highest in the western part but decrease gradually to the
east.

In the eastern tropical Pacific, the apparent abundance of skipjack tuna shorter than
35 cm seems to be quite low throughout the year. This observation coincide with the
results of other studies and seems to support the hypothesis that the reproduction of the

skipjack in the area is in quite limited extent, if any.
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Table 1.

A

List of fishes the stomach of which examined.

Terminology for billfishes follow NAKAMURA, 1. ez al (1968),

for tunas GiBBs and COLLETTE (1967) and IwAl, T. ez al (1965).

Area Exam-
Common name Scientific name Japanese B e p— ined
standard name | Indo- 'Atlantic e
o Pacific
(Billfishes) ‘
Broadbill swordfish = Xiphias gladius LINNAEUS | Mekajiki O O 650
. Istiophorus platy pter: i
Sailfish (Indo-Pac.) v e 1(051{11\\7?7 ‘;3’({) f\fcl)’éDER) Bashokajiki O 874
— : Istiophorus albicans Nishi
Sailfish (Atlantic) (LATREILLE) Bashokajiki O 22
Shortbill spearfish Tetrapturus “"guyzfif’i’:\’;j\SKA Faraikajikj O 168
Longbill spearfish | 1 erapiurus pfivegeri | Kychinagafarai ® £
White marlin Tetrapturus albidus POEY Nishi Makajiki O 64
Striped marlin Tetrapturus audaz ey | Makajiki o 1,203
Blue marlin (Indo- Makaira mazara s
Pac.) (JORDAN and SNYDER) | Kurokajiki O 2,728
Blue marlin Makaira nigricans Nishi O 32
(Atlantic) LACEPEDE Kurokajiki
Black marlin Makaira indica (CUVIER) Shirokajiki O 688
TOTAL
BILLFISHES 8,054
(Tunas) ‘ :
Ailsas e Thunnus alalunga Binnaga O O i 474
& (BONNATERRE) g
Bigeye tuna Thunnus obesus (LOWE) Mebachi O 'S ‘ 1,654
s Thunnus albacares . ‘
Yellowfin tuna (BONNATERRE) Kihada O (@) ‘ 3,708
Bluefin tuna Thunnus z‘hymzus(LINNAEUS) Kuromaguro O O ‘ 141
Southern bluefin Thunnus maccoyii > : ~
tuna (CAsTELNAy) Minamimaguro O © |
TOTAL TUNAS | 6,088
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Fig. 1. Length frequency distribution of the predators which were
examined their stomachs.
All areas and seasons were combined. Body lengths are
expressed in fork length for tunas and eye-folk length for
billfishes.
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Table 2. Number of skipjack appeared from the stomachs and average
number of skipjack per one stomach by species of predators.
All seasons and areas combined.

Aver. No. of

Species examined “ Tnd OiArrea - *No.e(;cfarsrf?nrggcm Skiplj\;l(():i{ %fppe~ 2&”&%‘;?3
e | Atlantic (A) ared (B) TS

(Billfishes) i
Broadbill swordfish O O 650 34 | 0.052
Sailfish (Ind-Pac.) @ 874 1,177 1.347
Sailfish (Atlantic) O ‘ 22 16 0.727
Shortbill spearfish O 168 149 0.887
Longhill spearfish O 75 31 0.413
White marlin O | 64 48 0.750
Striped marlin O 1,203 439 0.365
Blue marlin (Ind-Pac.) O 2,728 2,794 1.024
Blue marlin (Atlantic) O 32 12 0.375
Black marlin O 688 319 0.464
TOTAL BILLFISHES ‘ 6,504 5,019
(Tunas) ‘ §
Albacore | O O 474 3| 0.006
Bigeye tuna O O 1,654 70 ‘ 0.042
Yellowfin tuna O O 3,708 740 0.200
Bluefin tuna O O | 141 10 0.071
Southern bluefin tuna O o | 111 9 0.081
TOTAL TUNAS | ‘ 6,088 832
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Fig. 2. Length frequency distribution of skipjack found in the
stomachs by predatory species.

All areas, seasons and years were combined.
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Size frequency distribution of skipjack shorter than 35cm by area and by season.

Fig. 6.

Skipjack from the stomachs of all predatory species were combined, division of sea areas is given in Fig. 4.
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Fig. 7. Average number of skipjack per one stomach of predator, by sea-area
and by season.
Skipjack apparently larger than 35cm were excluded. All years were

combined. Divison of sea-area is shown in Fig. 4.
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Table 3.

Spearman’s rank correlation
coefficients in the rank of
average number of skipjack
per one stomach of major
predators by season and by
area.

Significant difference of a
probability is denoted as;

* less than 5%, ** less than
1 %. Division of sea areas
is as shown in Fig. 8. S;

northern summer months,
May to October, W ; northern
winter months, November to
April.

Sea areas and \No. of | rank correl.

2 EEHEHHHEEE~RRE2E8~~HrR2HBHHRHS=2EH

seasons | species | coefficient
S-1-W 8 0.714*
S-m-W 8 | 0.929**
S-IV-W 8 0:952%*
SVI-W | 7 0.786*
S-1r- S 8 0.810*
S-IV-S 8 0.762*
S-VI-S 8 0.810*
S-IV-S 8 0.976%*
- S-VI-S 8 1.000%**
S-VI-S 8 0.976%*
W-1I - W 8 0.738%
s W-IV - W 8 0.714*
W-VI - W 7 0.482
W-1IV - W 8 0.857%*
W-VI - W 7 0.714
WL-W |7 0.750*
S-m-w 8 0.786*
S-IV-W 8 0.667
S-VI-W 7 0.571
S-IV.-W 8 0.905*
S-VI-W 7 0.786*
S-vi-wW | 7 0.786*
W-1TI - S i 8 0.714%
W-v.-S | 8 0.786%*
W-VI - S ‘ 8 0.714*
W-Iv-S | 8 0.952%*
W-VI - S 8 0,929%*
W-VI- S 8 0:976%*
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Table 4. The ratio of average number of skipjack (less than 35cm) per one stomach

of ten species of predators to that of blue marlin (Indo-Pacific).

Skipjack of unknown body length were included except when it was

apparently larger than 35cm. Division of sea area is as shown in Fig. 4.

Abbreviations {W i northern winter months, November to April.

S ; northern summer months, May to October.

[ E— ‘_ I
Sea area| No. of | No. of | Average

Blue marlin
i | No.of | Average | Ratio
Predator . and | stomach : skipjack ] ;L:rp];fg No. of 1\{0'. of sllji();;jaocfl{
' | stomach | Stomach | skipjack | ©o Fo o
J‘ season ‘examined‘ appeared; (A) ‘examined appeared stc()rIr;;ach (A/B)
|
Broadbill swordfish | I1-W 95 4| 0.042 560 596 | 1.064 | 0.039
Sailfish n-w 263 542 | 2.061 560 596 1.064 | 1.937
Shortbill spearfish | I W 25 3 L240 | 560 596 | 1.064 | 1.185
Striped marlin CI-w 106 29 0.274 | 124 114 0.919 0.238
Black marlin oW 107 440 0411 | 560 596 | 1.064 | 0.385
Albacore I-W | 55 | 0 0 | 1 14 0919 | 0
Bigeye tuna oIS 1 252 6 0.024 ‘ 657 835 1.270 | 0.019
Yellowfin tuna 1 m-s | 939 | 315 | 0.33 657 835 1.270 | 0.264
Bluefin tuna | 18 | 101 4 0.040 | 181 133 0.735 | 0.054
SORAE e sana | W i 83 | 4 0.048 ‘ 100 2 0420 | 0.114

Table 5.

Relative apparent abundance of skipjack shorter than 35cm (fish of unknown

body length included) by sea-area and season, in the Indo-Pacific Ocean.

Apparent abundance is expressed here as the average number of skipjack per
one stomach of blue marlin. The number of the stomachs of all predatory
species were summed after having had been converted into that of blue

marlin, through the index given in Table 4.

No. of étomachs; Average no. of skipjack per one stomach
Sea-area and season .converted into — —————— [ body length ‘ —
“. blue marlin) | S.L.<15¢cm 11sgS.L.<35cm‘ i l Total

r | s 637.7 0.176 0.127 0.132 0.434
= W 373.3 0.405 | 0.132 0.114 0.651
. S 64.0 | 0.391 | 0.375 0.047 0.813
w 84.7 | 0.165 0.437 0.035 0.638

I S 1,387.6 0.611 0.204 0.354 1.169
‘ w 1,335.8 | 0.756 0.213 0.127 1.097

v | 8 654.6 | 0.423 0.179 0.131 0.779
oW 290.0 0.507 0. 200 0.145 0.748

v | 8 56.8 0 0.053 0.053 0.106
W 75.3 0 0.080 0.040 | 0.120

a | & 321.3 0.19% 0.349 0.002 | 0.607
W 191.8 0.235 0.308 0.177 0.719

a | & 16.0 (0.313) (0.938) (0.188) (1.438)
W 55.6 0.504 0.288 0.252 1.043

% | = 26| (0) ; 0) (0.385) (0.385)
W 23.3 0.086 0.343 0.172° | 0.601

= i =& 135.9 0.074 | 0.081 0.125 0.280
w 1920 0.167 0.182 0.089 0.438

s 60.9 0 0.197 0.131 0.328

W 262.7 0.251 0.179 0.091 0.522
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Fig. 8. Relative apparent abundance of skipjack shorter than 35cm (fish of
unknown body length included), by sea-area and by sesason in the
Indo-Pacific Ocean, 1949-—1969.
The size of the respective semicircle indicate the relative apparent
abundance of skipjack in the area and season. Upper semicircle is
for northern summer months (May to October) and lower half for

northern winter months (see also Table 5).
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