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Biochemical Changes in Pacific Herring
during Early Developmental Stages*

Masaaki Fukupa**, Hiroshi Nakano***
and Kazuhisa YAMAMOTO****

Abstract

The growth of Pacific herring Clupea pallasi was studied from the end of the yolk-sack
stage to the early juvenile stage in rearing conditions for changes in protein, DNA, RNA,
lipids and glycogen content. All components increased in actual amount with growth.

The early growth period was divided into three developmental phases according to the
changes in percent of chemical components and in protein/DNA and RNA/DNA ratios.

The first phase occurred in the early larval stage, ranging from 10 mm to about 20 mm
in standard length (SL), when the percentage of protein, tryglyceride and phospholipid
increased. The protein/DNA ratio also increased, which suggests that cell enlargement took
place in this phase.

In the second phase, ranging from about 20 mm to 30 mm SL, however, the protein/DNA
ratio continuously declined indicating active cell proliferation. This phase seemed to be the
transitional phase from larva to juvenile, in which the percentage of tryglyceride declined but
the phospholipid remained at a constant level.

The third phase, 30 mm or longer in standard length, corresponded to the juvenile stage
was characterized by active cell enlargement and the deposition of energy materials.
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Table 1. Food items and amount fed to Pacific herring each week from the end of yolk-sack
stage to juvenile stage. The herring were raised in a 20 kilolitre rearing tank.

Artemia salina

Weeks Brachionus sp.* - Artifical
after Nauplii Larva** diet***
hatching No. of ind. (NOA of ind.> <N0. of ind.> (ke)
( x 108 ) x 108 x 107
1 2.2 0.06 — —
2 9.9 1.17 — —
3 20.6 2.50 — —
4 23.2 2.78 3.60 —
5 20.8 1.72 10.20 0.22
6 — 0.76 6.60 0.94
7 — — 6.33 1.88
8 — — 4.95 3.35
9 — — 0.90 4.35
10 - — — 487
1 - — — 8.77
12 - — — 11.22

*

: Rotifers was first cultured with yeast then cultured with marine chlorella.
: Artemia salina larvae cultured with marine chlorella.
: The commercial food for Ayu (Plecoglosus altiveis) manufactured by Fuji flour Co.

*
*

*
*
*
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Fig. 1. Growth curve in mean body weight of Pacific herring larvae
and juveniles in rearing condition.
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Fig. 4. Changes in the percent of tryglyceride (A), and phospholipid (B) and glycogen
(C) during growth of Pacific herring from the end of yolk-sack stage to juvenile
stage. Each point and vertical bar represent the mean+s.E.
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Table 2. Triglyceride and phospholipid content (mg) per larva from the end of yolk-sack
stage to Juvenile stage for Pacific herring.

Standard Number Triglyceride Phospholipid
length of content content
Mean (mm) samples* Mean+S.E. (mg) Mean+S.E. (mg)
13.5 2(766) 0.013+0.004 0.031+0.018
16.2 2( 92) 0.036+0.011 0.064+0.009
18.8 6(155) 0.121+0.022 0.19740.026
21.3 4(116) 0.249+0.022 0.388+0.004
23.2 4( 82) 0.413+0.095 0.655+0.101
27.5 4( 18) 0.684+0.373 1.427+0.097
32.7 3( 12) 3.592+0.992 4.187+0.409
39.4 3( 15) 7.295+1.703 6.353+0.595

*: The figures in parenthesis represent the number of larva contained in the sample.

Table 3. Glycogen content (xg) per larva from the end of
yolksack stage to juvenile stage for Pacific herring.

Standard Number Glycogen
length of content
Mean (mm) samples* Mean+S.E. (ug)
12.8 7(70) 0.77+0.09
18.0 6(30) 7.19+1.55
22.8 31(54) 319+111
28.0 15(15) 250+42.2
32.6 17(17) 363+44.5
37.6 32(32) 638+50.7
421 17(17) 971+ 124
46.5 5( 5) 1608+ 167
52.6 5( 5) 2704 + 361

*: The figures in parenthesis represent the number of
larvae contained in the sample.
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