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Feeding of larval and juvenile skipjack tuna in relation
to the development of their stomachs

Yasuo NISHIKAWA
(Far Seas Fisheries Research Laboratory)

The stomach contents of postlarval and juvenile skipjack tuna specimens collected on
past research cruieses were examined in connection with the development of their stomachs. Of
these specimens, 35 postlarvae(3.05-9.50 mm in standard length) were collected by larva nets
from different parts of the oceans, 106 juveniles (17.5-26.0 mm in standard length) obtained
through stomachs of yellowfin tuna caught by purse seining in the western tropical Pacific
and additional 6 juveniles(48.0-120.0 mm in standard length) through stomachs of skipjack
tuna and sailfish by trolling in the western Pacific Ocean.

In the specimen of 3.05 mm in length, the stomach is seen as a small projection on the
cardiac region of the digestive tract. It grows longer into the extended caecum similar in
shape to that of the adult until the young attains the size of about 20 mm.

The relative growth of the stomach against the body length indicates three stages with
different values of the relative growth coefficients in the period from 3 mm to 120 mm, the
range in length of the specimens under consideration. These inflexion points occur in the
vicinty of 5 mm and 20 mm in length, and the relative growth is maximal at the earlist stage.
Such a change, together with the extension of the digestive tract as a whole, may imply the
rapid increase in the function of the organs throughout the postlarval period. It may also
suggest that the young in this period are to be required to change their food in respond
with the rapid change in these organs, both in form and possibly in functions.

The main food items in the stomachs of these specimens were fish larvae, crustacea and
cephalopoda. The crustacea included copepoda, euphausia, larval decapoda and amphipoda.

Half of postlarval specimens had empty stomach and the remaining half contained in it
either a small number of copepoda or the residues comprising mostly fractions of crustacea.
On the other hand, nearly all of the juvenile specimens had stomachs with food. The majority
contained larger food organisms such as fish larvae, euphausia and larval decapoda.

The weight of stomach contents to the body weight differed considerably for the juvenile
specimens(17-26 mm in length) depending on whether they ate fish larvae, the food rather
massive than crustacea. It averaged 4.2 per cent to the body weight with the mode at 2.5
per cent.

The results observed on the development of the stomachs and their contents for the

specimens seem to relate with each other. As shown above, the young of the postlarval
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period are in the rapid growth of their primitive stomachs or their digestive tract as a whole.
Taking this into account, it is assumed that many individuals having empty stomachs which
happened to occur in the postlarval specimens may relate to the unstability in feeding in this
period of development
The difference in food items between postlarval and juvenile specimens may relate to the
difference in the developmental stages of their stomachs between these two periods.
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Table 1.

List of larval and juvenile skipjack specimens examined.
YF : Yellowfin tuna

SF : Sailfish

SJ : Skipjack

Locality Sive, Tinse Number of
Date Time " Long. (S. L. mf) s}t{(;?rll'ilgleicsl hiigb%%iggd Fishing gear Vessel

1961 12- 7 0337-0357 4°-23N  133°-28E 5.60- 7.10 9 Larva-net Shunyo maru
1961 12-11 0337-0357 9°-48N 133°-55 E 4.90- 5.15 3 ” ”
1963 5-24 1930-1950 7°-15N 139°-32E 6.95- 7.90 3] ” ”
1963  5-31 1931-1951 8°-36N 127°-59E 4.80- 6.25 7 ” ”
1963  6-13 1931-1951  22°-12N 130°-40E 3.05- 3.60 5 ” ”
1963  6-17 1930-1950  20°-37N 121°-03E 3.90- 4.30 4 ” ”
1967 1- 7 5°-14N 35°-07TW 8.05- 9.50 2 ” Shoyo maru
1964 10-22 0645 19°-59N  143°-37E 48.0 1 SF{01.5 cm)  Trolling Shunyo maru
1968 3-17 08-09 1°-38S 145°-06 E 19.0- 27.9 1 YF (9.5 cm) Purse seine  Nissho maru

” ” ” ” ” 18.6- 24.8 5 7 (61.0 cm) “ %

” ” ” 4 ” 19.4- 26.2 7 (62.0 cm) 4 o

” ” o ” 1 18.6- 31.9 16 # (62.0 cm) ” /s

” ” ” ” 4 18.3- 25.2 7 # (60.5 cm) ” ”

” ” ” ” ” 17.0- 28.7 3 7# (58.0 cm) & z

i s ” 7 4 17.5- 27.3 7 (62.0 ¢cm) 7 4

” ” ” ” ” 14.8- 25.9 21 # (58.0 cm) @ Z

v ” ” ” " 19.6- 24.4 7 (52.7 cm) 4 4

” ” 7 ” o 16.9- 24.8 2 7 (59.0 cm) ” ”

” ” ” ” ” 16.4- 25.5 1 # (60.0 cm) . v

v ” ” ” ” 15.2- 25.0 34 7 (63.0 cm) ” ”
1969 12-14 1000 18°-14N 142°-59 E 96.9-120.0 5 S Ji(72.5 em) Trolling Shunyo maru
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Fig. 1. X-ray photograph of a juvenile skipjack specimen(24.3 mm in S.L.)

@ HMAEXR (kE 48.0~120.0 mm)
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Fig. 2. The development of digestive tract of larval and juvenile skipjack.

A :3.05 mm in S.L. Cr : Cardiac region

B :4.10 mm in S.L. St : Stomach

C:7.10 mm in S.L. Pc : Pyloric caeca

D :8.30 mm in S.L. Int : Intestine

E :18.5 mm in S.L. An: Anus

F :25.2 mm in S.L. (Digestive tract with pyloric caeca removed)
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Fig. 3. Ratio of stomach length to body length plotted against standard length.
Table 2. Regression parameters of length of stomach to the standard length.

Regression equation. Log Y=Loga+bLog X
Log a: Y-intercept
b . Regression coefhcient

r . Correlation coefficient

Stage ?éz.i'r;rf)e Loga b 72
1 3.01-5.00 —3. 3152 3.9330 0.9341
I 5.01-20.0 —1.9249 1.9797 0. 9900
I 20.1-120.0 —0.9185 1.1816 0. 9649
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Fig. 4. Relative growth of stomach length against body length.
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Table 3. Percentage occurrence of specimens with empty stomach.

Size range Number of larvae Number of larvae with Percentage of

(S.L.mm) examined empty stomach empty stomachs
3.00- 4.9 | 11 6 54.5
5.00- 6.99 | 15 9 60.0
7.00- 8.99 8 3 37.5
9.00-10.99 0 0

11..0 =12.9 = —

13.0 -14.9 — = —

15.0 -16.9 = — —

17.0 -18.9 8 0 0

19.0 -20.9 28 0 0

21.0 -22.9 46 0 0

23.0 -24.9 16 1 6.3

25.0 -26.9 6 0 0
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Table 4. Number and percentage of occurrence of specimens by food

organisms and by length.

Number of Food organisms
Size range Stoma.Chs Pisces Crustaces ?epl:ia- Residues
S L examined, opoda
(S.L.mm) excluding

Fish larvae EuphausiaCopepoda|Decapoda|Amphipoda ;Octopoda
empty ones| No. 9§  No. 96 | No. 9% [No. 9% | No. 9 | No. % |No. 9%

3.05-9.50 17 1 5.9 5 29.4 12 70.6
17. 5-26..0 105 77 73.3 |61 58115 14.3) 8 7.6 2 L9 1 1.0 (11 10.5
48.0-120.0 6 5 83.3 1 1647
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Appendix Table 1.

Data of mesurements on larval and juvenile skipjack tuna specimens examined

Food organisms

Total Standard Stomach Body Stomach BW— St. L. |
length length  length weight SCW S.L. = CCTUStI?)lC@a Octo- ‘ Resi- | Remarks
(mm)  (mm) (mm) (& (€] alhlsr)ia Dé’j’: poe(;::- ﬁhrﬂ;oda poda ‘ dues ‘
3.15 3.05 0.04 0. 0002 1.3 - - 4
3.70 3.50 = 0. 0004 — - — — ‘
3.75 3.55 == 0. 0004 — —~ - | empty
3.80  3.60 — 0. 0002 - — - - ‘
3,75 3.60 0.06 0.0003 1.7 = — — i
4.10 3.90 0.16 0. 0006 4.1 — — — empty
4.25 4.00 0.12 0,0008 3.0 — — - empty
4.50 4.10 0. 11 0. 0005 2.7 ~ — =
4.60 4.30 0.11 0. 0007 — = = £ empty
5.00 4. 80 0.24 0.0015 5.0 — — — empty
5.10 4.90 0.27 0.0014 5.5 — — — empty
5.50 5.05 0.33 0. 0015 6.5 — — — — empty
5.45 5.:15 0.34 0.0012 6.6 — — — — empty
6.10  5.50 0.40  0.0019 7.8 - — - ‘
6.20 5.55 0.45 0.0021 8.1 _ o - -
6.30 5.60 0.39 0.0032 7.0 - — — — empty
6.30 5.75 0.45 0. 0024 7.8 . - .
6.55 5.75 0.36 0.0039 6.3 — — — = empty
6. 65 5.90 0.34 0.0032 5.8 = = — — | empty
6.90 6.00 0.44 0. 0039 7.3 = — — empty
6.75 6.20 0.45 0.0023 7..3 — — - -
.15 6. 20 0.35 0. 0026 5.7 — — — empty
7.05 6. 25 0.97 0. 0035 15.5 — — —
7.60 6.50 0.54 0. 0046 8.3 — = — — — empty
7.95 6.90 0.56 0. 0045 8.1 — — — — — empty
8.00 6.95 0.56 0. 0053 8.1 — - — _—
8.00 7.10 0.49 0. 0051 6.9 — — — ol
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Food organisms

Total Standard Stomach Body  Stomach BW— St. L. SCW “
length length length weight content SCW S.L. BW— “ Fisl Crustacea \ Octo- ‘ Resi- | Remarks
(mm)  (mm)  (mm) (@) weightG®  (®© GO (o5 |larvac| Eub- Coper Deca Am 14| poda ( dues
() ausia poda poda phipoda
7.60 7.10 0.48 0.0044 = = 6.8 — = — — — = =— . empty
8.10 7.20 0.50 0.0046 — == 6:-9 — — = = = = — F
8.60 7.50 0.553 0. 0059 — —= 7:1 — — — — — — — -
9.05 7.80 0.58 0. 0068 — — 7.4 — — — — — — == — empty
9.20 7.90 0.70 0. 0064 — = 8.9 — — — it . — S —
9.20 8.05 — 0.0093 — — — — — — — = — — +
9.95 8.30 0.78 0. 0088 = — 9.4 — — — = — — S - empty
11. 00 9.50 — 0.0135 = — — — — — — -
19.0 1745 i — 0.0018 == — — 1. 1 = — — —
= 18.0 3.6 0.0747 0. 0002 0.0745 20.0 0.3 — — — = —
20.2 18.0 3.9 0. 0640 0.0023 0.0617 21 7 3.7 1 — — — — —
21.0 18.1 4.6 0. 0756 0.0031 0.0725 25.4 4.3 1 1 — — =
20.5 18.2 4.1 0. 0681 0.0039 0. 0642 22.5 6.1 1 2 — — — —
20.0 18.5 5.2 0.0825 0.0125 0.0700 28.1 17.9 2 2 — — - =
20.7 18.5 313 0. 0654 0. 0009 0.0645 17.8 1.4 1 — — — — —
21.5 18.8 4.0 0.0714 0.0025 0.0689 21,3 3.6 1 1 — = — —~ —
22.0 19.2 3T 0.0722 0. 0023 0. 0699 19.3 3.3 1 — — — —
22.1 19.5 3.5 0. 0824 0.0015 0. 0809 18.0 1.9 = 2 = = — = —
22.0 19.5 5.1 0.0915 0.0083 0.0832 26.1 10.0 2 2 = — . —
22.4 19.6 3.3 0.0892 0.0026 0.0866 16.8 3.0 2 — — — — —
22.5 19.7 4.7 0. 0902 0.0024 0. 0878 23.9 2.7 — 1 — il — —
220 20.0 ~ — — B = - B L = = ]
21.0 20.0 3.7 0. 0836 — — 18.5 — e — 1 — 1 —
22.0 20.0 3.8 0. 0877 0.0008 0. 0869 19.0 0.9 . 1 . — — -
22.55 20.0 — 0.0783 0.0036 0.0747 — 4.8 9 = — — _ - —
22.5 20.0 4.0 0. 0865 0.0015 0. 0850 20.0 1.8 — 2 — == — —
22.6 20.1 4.0 0.0917 0.0022 0.0895 19.9 2.5 1 — = — — =
22.0 20.2 4.3 0.0718 0.0026 0.0692 21.3 3.8 1 — — — = - —
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Total Standard Stomach Body  Stomach BW— St: L SCW Food organisms ‘
length length  length weight content SCW S.L. BW§CW Fish - CCrustacea . Octo- I Resi- ’ Remarks
(mm) (mm) (mm) €:9) weight(g) €:9) % 9 larvae alrspi-a p:({’:' ;l?oedcaa- phr?p;oda poda ‘ dues ‘
23.3 20.2 5.0 0.0877 0. 0065 0.0812 24.8 8.0 1 — = = — — —
23.0 20.3 4.0 0.0677 0.0018 0. 0659 19.7 2.7 — 4 1 . = —
23.0 20.5 — == e — i == 1 — 1 — —
23.0  20.5 = = = - — 1 = — — - -
23.0  20.5 4.0 0.0917 — = 19.5 = 1 = = - - -
— 20.5 5.4 0.0972 0.0094 0.0878 26.3 10.7 2 — — == = — —
22.5 20.5 5.4 0.1030  0.0090 0.0940 26.3 9.6 1 1 . = ~ -
23.5 20.5 4.4 0.0916 0.0048 0. 0868 21:5 5:5 1 2 - - - - =
22.9 20.5 4.0 0.0920  0.0031 0. 0889 19.5 3.5 = 2 1 — - .
— 20.5 4.3 0.0786  0.0054 0.0732 21.0 7.4 2 1 1 — - -
22.5 20.5 4.3 0.0024 — 21.0 — — 1 = = o -
23.0  20.8 4.8 0.0977  0.0061 0.0916 23.0 6.7 2 — — — = =
23.3 20.8 4.1 0.0940  0.0036 0. 0904 19.7 4.0 1 3 — — = — =
23.0 20.9 — 0.0945 0.0064 0. 0881 = 7.3 1 1 - — - B
22.5 20.9 4.7 0. 0869 0. 0055 0.0814 22.5 6.8 1 2 - . -
23.4  20.9 3.4 0. 0858 0.0020 0.0838 16.3 2.4 1 1 — — - — -
— 21.0 — — — — — 2 = - - -
23.0 21.0 4.8 0.0961 - - 22: 9 — — 1 = — -
240  21.0 0.0927  0.0067 0. 0860 = 7.8 1 1 - - ) :
23.0 21.0 4.7 0.0884 0.0043 0.0841 22.4 5.1 1 -~ - . - - =
23.0 21.0 — 0.0833  0.0003 0.0830 = 0.4 - - . - - - +
22.6 21.0 3.8 0. 0955 0.0017 0.0938 18.1 1.8 1 — 1 . — - -
24.0 210 5.0 0.1040  0.0037 0.1003 23.8 3.7 1 1 - . — - .
23.6 21.0 5.4 0.1135 0.0112 0.1023 25: 7 10.9 2 2 - o N -
23.5 21.1 4.7 0.1100  0.0058 0.1042 22.3 5.6 1 - - 1 - - -
23.0 21.2 5.5 0.1103 0.0071 0.1032 25.9 6.9 2 1 - — — - —
24,0 21.2 4.5 0.1064  0.0039 0.1025 21.2 3.8 1 - — 1 — — —
24.0  21.2 4.8 0.1085 0.0043 0.1042 22.6 4.1 1 1 = —~ — — =
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Total Standard Stomach Body Stomach BW-— St SCW Food organisms

length length length  weight contents SCW S.L. BW— Fisk Crustacea | . !Remarks
(am)  (mm)  (mm) @  weight® @ 0SSV llarvae| Bup Cope Deca Am | poid” | feol

(€29 arvac| yusia poda poda phipoda FE =

24.0 21.2 5.1 0.0970 0. 0065 0. 0905 24.1 7.2 1 6 2 = — — —
24.0  21.3 — 0.0734  0.0016 0.0718 — 2.2 1 — — — — — —
24.5  21.5 4.8 0.0984 0. 0062 0.0922  22.1 6.7 1 — 3 — — —
24.0 21.5 4.4 0.1061 — — 20.5 = — 1 — — — — —
24.0 21.5 4.5 0.1075 — — 20.9 — 1 1 - = — — —
23. 7 21.5 4.9 0. 1060 0. 0045 0.1015 22.3 4.4 1 1 — == == — —
24.0  21.5 4.7 0. 0959 0. 0040 0.0919 21.9 4.4 1 2 — — — -
23.8 21.5 — 0.0725 0. 0009 0.0716 — 1.3 1 i — - . a .
24.0  21.5 4.1 0.0822  0.0028 0.0794 19.1 3.5 if 1 1 B = —
23.9 21.5 4.7 0. 0865 0.0054 0.0811 21..:9 6.7 1 —= = = — =
23:6 21.6 3.8 0.0848 = = 17.6 — — — = — * = - ‘
24.8 21.6 5.1 0. 1025 0. 0065 0. 0960 23.6 6.8 1 — - — - S = ‘
24.2 21,7 = 0.0873 0.0018 0. 0855 2:1 1 — — = = —
24.5 21,7 4.1 0.0977 0.0012 0. 0965 18.9 1.2 — 2 = — = -
24.5 21.7 4.2 0.1014 0. 0030 0.0984 19.4 3.0 = 2 — — = == =
24.0 21.8 — 0.1007 0. 0017 0.0990 17 — 2 = — = =
25.0 21.8 3.9 0. 0898 0.0021 0. 0877 L7 T 2.4 - | = 5 ~ .
0 20 @ — - - - - - 1 - = = = - +
24.0 22.0 4.2 0. 0954 — . 19.1 — . — 1 —— - . —
24.9 22.0 4.7 0.0682 0.0038 0.0644 21.4 5.9 1 == — = = == —
%5.3 220 63 0.1124  0.0150 00974 28.6  15.4 I .
25.0 22.0 4.2 0.0997 0.0024 0.0973 19.1 2.5 — 1 — — — o e
25.0 22.1 4.1 0. 1028 0.0017 0.1011 18.6 1.7 1 3 — — = = —
24.0 22..2 4.7 0.1026 0.0020 0. 1006 21.2 2.0 1 | = — — — S
249 22.2 4.3 0.1061 0.0023 0.1038 19. 4 2.2 1 == — - — — —
25.1 22.2 4.9 0.1028 0. 0052 0.0976 22.1 5.3 1 = = 1 = = ==
25.0 22:5 5.1 0.1052 == == 22:7 — 1 — 1 — — — —
24.5 22.5 5.4 0.1125 — = 24.0 = Il il — = = — —
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FFood organisms

Total Standard Stomach Body  Stomach BW— St. L SCW —
length length length weight content SCW S.L. BW—S—CW Fish Crustacea Octo- Resi. | Remarks
(mm)  (mm)  (mm) (&) weight@) & 0 (g5 |larvae Lobl Soper Decas Amo lpoda | dues
25.0 225 4.2 0.0888  0.0020 0.0868  18.7 2.8 — 2 = — — —
2611 22.7 4.7 0.1341  0.0053 0.1288  20.5 4.1 1 - = = - -
25.0 — 4.0 — 0.0016 — — — - 2 — — — —
25.0 = - — — — — — 2 — — = — - —
25.9  22.7 4.0 0.1171  0.0018 0.1153  17.6 1.6 i 3 1 = — —
26.0  22.7 5. 0.1225  0.0034 0.1191 225 2.9 1 2 - — — —
25.0 22.8 4.9 0.1023 — — 21.5 — 1 . - 1 — — .
26.0 22.8 4.2 0.1231  0.0028 0.1203  18.4 2.3 - 2 - — . .
~ 23.0 6.1 0.1158 — — 26.5 - 1 1 — - - - =
25,0 28.0 3.9 0.1127 = - 17.0 - = 1 - - o = =
26.0  23.0 4.3 0.1106  0.0012 0.1094  18.7 1.1 — — — — - -
27.0  23.0 5.5 0.0920  0.0029 0.0891  23.9 3.3 1 — = — — =
26.0  23.0 4.2 0.1156  0.0019 0.1137  18.3 1.7 — 1 - — — — —
25.3  23.0 7.0 = 0.0284 — 30.4 — 2 1 — 1 - — =
25.0 231 4.6 0.1085  0.0013 0.1072  19.9 12 = 2 — - - —
25.5 23.2 5.3 0.1196  0.0043 0.1153  22.8 3.7 1 2 - — - -
26.0  23.3 3.9 0.1322  0.0011 0.1311 16.7 0.8 - 1 = -
25.0 23.5 6.1 0.1130 — — 26.0 — 1 — — 1 — — —
26.4  23.5 4.2 0.1318 — — 17.9 - — — — — — — — empty
27.0  23.8 4.1 0.0949  0.0008 0.0941 17.2 0.9 — — — = — +
26.0 24.0 - = i . . 1 2 - 1 — 1 =
27.1 241 6.0 0.1415  0.0109 0.1306  24.9 8.3 2 1 - - - - -~
27.2  24.6 5.1 0.1323  0.0085 0.1238  20.7 6.9 1 5 1 - - . =
27.3  24.6 5.5 0.1249 . - 22. 4 — 1 1 . - — = =
27.0  25.0 — — = == e == . 1 - — - - +
27.5  25.0 5.7 0.1488  0.0066 0.1422  22.8 4.6 1 6 — o 1 - —
27.5°  25.0 . 0.1173  0.0081 0.1092 - 7.4 1 5 — — — -— —
25.2 5.3 0.1301  0.0027 0.1274  20.8 2.1 1 _— o — = = =
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Food organisms

Total Standard Stomach Body Stomach BW— St L SCW
length length length  weight content SCW S.L. BW— Fish Crustacea Geior Resi- Remarks
(mm)  (mm) (mm) (g)  weight(g) €3} 96 (%C)W larvae ];:Jlsplg Sggf Eoeg;' é\hr?;;oda poda dues

— 26.0 — — o — — — — 1 1 — — — —

29.0 26.0 5.2 0.1248 0. 0003 0.1245 20.0 0.2 == = — — — —

52.5 48.0 10.8 — 0.0032 — 22.5 — — = — — — — =
109. 2 96.9 31.3 — 0. 2568 = 32.3 — 1 — — —s — — —
118.6  105.9 2915 14. 1463 0.1893 13.9570 27.7 1.4 1 — - e _— . .
120.3  109.5 28.5 14. 1936 0. 1402 14. 0534 26.0 1.0 1 = — . == = —
122.7 111.0 32.9 16. 8995 0.1821 16. 7174 29.6 1.1 1 == — — — =
127.6  120.0 34.1 — 0.2313 — 28.4 — 1 — — — - — -
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