
The quality of hatchery-reared fish depends on the phys-
iology, morphology, and behaviour, which directly relate to
their ability to survive under natural conditions (Masuda
and Tsukamoto 1998). Moreover, negative effects on com-
mercialization may occur, since hatchery-reared fish have
been shown to have differences in body morphology com-
pared to wild fish (Koumoundouros et al. 1997, Loy et al. 1999).
Pacific herring, Clupea pallasii Valenciennes, 1847, is
one of the most important fish for stock enhancement ven-
tures in northern Japan, and in 2008 the total number of
juveniles released was 6 949 000. However, morphologi-
cal abnormalities and skeletal deformities in this species
are commonly observed in hatcheries. Juveniles of the
Pacific herring measuring 50–70 mm in total length (TL)
were produced in a hatchery at the Akkeshi Laboratory,
Hokkaido National Fisheries Research Institute, Fisheries
Research Agency, Hokkaido and released in the Akkeshi
Bay on 1 August 2004. This paper compares the body pro-
portions of 0-group Pacific herring between hatchery-
reared- and wild fish that were collected in the Akkeshi
Bay on 30 October 2004. We also discuss the reasons for
their morphological differences (excluding individuals
with skeletal deformities).

Well matured Pacific herring were caught with a gill net
in the Akkeshi Bay on 13–14 April 2004, and eggs were
artificially fertilized by the dry method on 14 April 2004.
The eggs were stocked and then incubated in a 50-m3 con-

crete tank at a mean water temperature 8.4ºC. After hatch-
ing, the larvae were reared in the same tank at an initial den-
sity of 7400 individuals per 1 m3 under optimal temperature
conditions (mean: 13.0°C, range: 11.8–13.7°C) for larval
and juvenile culture of this species (Yamamoto 2001).
Larvae were fed rotifers, Brachionus plicatilis, from 2 to
20 days after hatching (DAH). From 10 to 60 DAH, the
larvae and juveniles were fed Artemia salina nauplii. The
rotifers and Artemia salina nauplii were enriched with 
a commercial enrichment material (Plus Aquaran, BASF
Japan). Dry feed (Otohime A, B1, and B2: Nisshin
Marubeni Co. Ltd.) was given from 20 DAH until the end
of the rearing (reaching about 50–70 mm TL). The daily
water exchange rates were adjusted and increased accord-
ing to their growth (0–93 DAH: 50%–250%). Mean oxy-
gen saturation of the circulating water was 122% (range:
119%–126%). Those values exceeded the tolerance level
of Pacific herring in terms of the gas-bubble disease threat
(115%: Yamamoto 2001). Therefore, the oxygen satura-
tion revel was reduced below 110% using strong aeration
and regulation of the water temperature in a reservoir tank
before the rearing. Mean pH was 7.8 (range: 7.2–8.1). 
In the rearing period, these larvae were otolith marked
using alizarin complexone (ALC) solution (concentration
40 mg ∙ L–1) as a mark of hatchery-reared fish. On 
1 August 2004, a total of 293 000 individuals of the hatch-
ery-reared fish were released in the Akkeshi Bay. In the
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Abstract. The body proportions of 0-group Pacific herring, Clupea pallasii, were compared between hatchery-
reared- and wild fish and significant differences were observed. There were fewer vertebrae (Mean ± SD) in
hatchery-reared- (52.5 ± 2.15) than in wild fish (53.7 ± 0.92). For both the hatchery-reared- and the wild individ-
uals, the correlations between number of vertebrae and vertebral column length (VCL) per standard length (SL)
were positive. Head length (HL) was approximated as SL minus VCL. Therefore, the proportion of HL in rela-
tion to SL became lower with the higher number of vertebrae. Their vertebral number may relate to the differ-
ence of body proportions between hatchery-reared- and wild fish.
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pre-release research, the occurrence rate of compressed
and fused vertebrae was 4.6%, while other morphological
abnormalities occurred in 1.4% of the fish (lack of a part
of opercular region: 0.7%, projection of isthmus faucium:
0.7%). Zero group Pacific herring were caught (n = 111)
with a boat seine net in Akkeshi Bay on 30 October 2004.
Standard length (SL: from tip of snout to posterior most
end of hypural plates) and head length (HL: from tip of
snout to the margin of gill cover) of Pacific herring were
measured to the nearest 0.1 mm. We measured vertebral
column length (VCL: distance from anterior most part of
first vertebra to end of hypural plates) and checked for
deformity with fused and/or compressed vertebrae and
counted the number of vertebrae using a soft X-ray
Photograph (C-60, SOFTEX Corporation), and then the
otoliths were extracted. The otoliths marked with ALC
were detected under a fluorescence microscope to distin-
guish hatchery-reared- from wild fish. Compressed and
fused vertebrae are one of the main factors for morpholog-
ical abnormality (especially shortened body) of Pacific her-
ring (Yamamoto 2001). In this study, except for examina-
tion of the influence of skeletal deformities, we used only
individuals without skeletal deformities (hatchery-reared:
19 whole samples, wild: 20 random samples) for the pur-
pose of comparison of body proportions between hatchery-
reared and wild individuals. Welch’s t-test was used to com-
pare the mean values.

No significant difference (Welch’s t-test, P = 0.90)
was found in SL between hatchery reared- (Mean ± stan-
dard deviation: 114.4 ± 7.35 mm, n = 19) and wild fish
(114.1 ± 4.06 mm, n = 20). We compared the proportion
of HL to SL between hatchery-reared- and wild fish of
Pacific herring (Fig. 1). The hatchery-reared fish had high-
er values of HL to SL compared to the wild fish (Welch’s
t-test, P < 0.05). The number of vertebrae showed lower
values in hatchery-reared- (52.5 ± 2.15, 50–54) than in

wild fish (53.7 ± 0.92, 52–55) (Welch’s t-test, P < 0.05).
We differentiated their vertebrae into abdominal- and cau-
dal ones. The number of abdominal vertebrae showed
lower values in hatchery-reared- (29.1 ± 2.32, 24–32) than
in wild fish (30.8 ± 1.00, 29–32) (Welch’s t-test, P < 0.01).
No significant differences were observed, however, in the
number of caudal vertebrae (Welch’s t-test, P = 0.10;
hatchery reared: 23.2 ± 0.98, 21–25; wild: 22.8 ± 0.72,
21–24). Yoshimura and Kawashita (2003) showed that
hatchery-reared bastard halibut, Paralichthys olivaceus
(Temminck et Schlegel, 1846), had a lower caudal verte-
bral number than wild specimens. Our results for Pacific
herring suggest that the number of abdominal vertebrae
will vary more than that of caudal vertebrae. Fish from
higher latitudes and colder waters tend to have a higher
number of vertebrae than related fish from lower latitudes
and warmer waters (Jordan 1891). Temperature is considered
the operational factor in Jordan’s rule, as the relation between
vertebral numbers and rearing temperature during early life
stages is negative in most cases (Lindsey 1988). For both the
hatchery-reared- and the wild individuals, the correlations
between the number of vertebrae and VCL ·  SL–1 was pos-
itive (hatchery-reared: R = 0.59, P < 0.01, n = 19; wild: 
R = 0.59, P < 0.01, n = 20; Fig. 2). Head length was
approximated as SL minus VCL. Therefore, the proportion
of HL occupied by SL becomes lower with the higher num-
bers of vertebrae. Balbontin et al. (1973) compared the
body form of laboratory-reared- and sea-caught young 
0-group Atlantic herring, Clupea harengus L., of a similar
size range. Their result shows that laboratory-reared fish
had a bigger head compared to the wild fish; our study
showed the same results. In addition, these results suggest
that the reason would be number of vertebrae—showing
lower values in hatchery-reared- than in wild fish.
Rogdakis et al. (2011) demonstrated that the head of gilt-
head seabream, Sparus aurata L., reared in cages was
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Fig. 1. Comparison of head-length (HL) to body-length
(SL) proportion of hatchery-reared- (reared) (n = 19)
and wild (n = 20) Pacific herring, Clupea pallasii

Fig. 2. Correlation between number of vertebrae and ver-
tebral column length (VCL) per body length (SL) of
hatchery-reared- (reared) (n = 19) and wild (n = 20)
Pacific herring, Clupea pallasii



longer than that of wild fish and released hatchery-reared
fish of the same body length, while between wild- and
released hatchery-reared fish the head length did not dif-
fer. Thus, the morphology tends to change with the envi-
ronmental condition. However, the vertebral number that
is the focus of this study did not change once constructed,
the rate of HL×SL–1 would stabilise to some extent when
the vertebrae are fully formed. In some fish species, mor-
phological differences between hatchery-reared- and wild
fish, as well as the skeletal deformities have been observed
in hatcheries (Marino et al. 1993, Boglione et al. 2003).
Previous studies reported that the main reason for the dif-
ferent body proportions between hatchery-reared- and
wild fish would be morphological differences and/or
skeletal deformities (Yoshimura and Kawashita 2003,
Gavaia et al. 2009). In addition, this study presented evi-
dence that the number of vertebrae may be related to the
difference of body proportion between hatchery-reared-
and wild fish.

From mid- to late April, Akkeshi Lake which is the
main nursery area of the Pacific herring stock (Shirafuji et
al. unpublished data), the mean water temperature of 
8.6 ± 0.99°C (mean ± SD; 2004) was lower than the rear-
ing temperature (mean: 13°C). Tester (1949) explained
that the variation in average number of vertebrae of
Pacific herring was inversely correlated with the variation
in general water temperature prevailing in the period of
early development. Our results also indicate that the num-
ber of vertebrae may be determined by the water tempera-
ture in particular at an early life stage.
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