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Pacific herring are subarctic species forming
several local populations within its extensive
natural habitat. The Peter the Great Bay herring
form one of most southerly groups, and are
typically characterized by a high growth rate.
There is no wuniform opinion about the
hierarchical status of this group, but it has the
highest biopotential among other herring groups
of the Japan/East Sea (Posadova 1988, Gavrilov
1998, Rybnikova 1999).

The life cycle of Peter the Great Bay herring
occurs within the Bay and in adjacent waters in
the northwestern part of the Japan/East Sea.
Considering its restricted distribution and
spawning grounds, the potential level of biomass
of this population does not exceed 150 thousand
tons. From 1910 till now, three peaks of high
abundance have been observed: in the mid
1920s, the mid 1950s, and the late 1970s/early
1980s. Each rise was associated with one or
several dominant generations (Posadova 1988).
In the 1990s, the abundance and productivity of
Peter the Great Bay herring have come near to
the historical minimum, and its biomass during
these years varied from 5 - 10 thousand tons.

It is necessary to determine how the size-age
characteristics and population structure changed
in connection with the present depressed
condition of Peter the Great Bay herring stocks.
The biostatistical data from annual monitoring
of the Peter the Great Bay herring stocks from
1971 to 2001 were analyzed. The data were
collected from control catches by gill nets,
seines and traps exposed directly on the
spawning grounds. The data were processed
using standard ichthyological techniques. The
scales from a middle part of fish body under a
dorsal fin were used for age interpretation. The
following formula (Alimov 1989) was used for
growth rate:

| — lg(ll)_lg(lo) ><100(%)
0.4343(t, -t,)

where C; is the average speed of linear growth,
lo is length at the initial time, to, and | is length
at a later time, t.

The Peter the Great Bay herring are the fastest
growing of all herring populations in the western
Pacific (Posadova 1985). Growth is most rapid
during the first and second years of life. At age
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0+, herring in Peter the Great Bay have an
average body length of 110 mm and weight of
9.9 g at the end of October. The average length
and weight of age 1+ fish are 220 mm and 100.1
g, respectively at the end of October. After the
second year of life the growth rate quickly
decreases and, after the fifth year, does not
exceed 10 % of the increase in the first year.

The relative daily linear growths of herring for
the first year of life vary from 0.74 to 0.76% and
appear to be constant during the periods of
variable abundance (Table 2). The highest
growth rate of herring during ontogenesis is
1.5% per day during the first six months of life
(from May to October). The decreasing growth
rate after the first year of life was associated
with the process of sexual maturation.

Table2 The relative daily linear growth (annual average, %) of Peter the Great Bay herring.

Period of Age (years)

observation 1 2 3 4 5 6 7 8
1999-2001 0.74 0.10 0.02 0.03 0.01 0.006 0.006 0.006
1971-1990 0.76 0.14 0.05 0.02 0.01 0.010 0.006 0.006

Table3 Age structure (%) of herring catches in different parts of Peter the Great Bay in 1998-2001.

Period of Age (years)
observation | 1 [ 2 |3 | 4 |5 |6 | 7 | 8 |9 (10 |[M
Amurskiy Bay
1998 62.0 | 36.0 2.0 3.9
1999 64| 68.3 19.1 3.5 2.2 0.5 3.8
2000 46| 359| 454 13.7 0.4 4.2
2001 83| 205| 27.1 35.8 7.1 0.7 0.5 4.2
Pos’et Ba

1998 26.2 5.5 40| 236 | 28.8 10.0 1.6 0.3] 6.1
1999 1.8 14.1 143 | 27.6| 29.0 11.1 2.1 5.6
2000 5.3 13.6 18.1 214 | 232 14.8 3.1 0.5 5.6
2001 0.7 13.8 | 2438 69| 372 8.3 1.4 34 1.4 2.1 149

A separate population of Pacific herring comprises
83% of genetic variability (Rybnikova 1999)
which causes significant variability of the whole
complex of its biological features.

The high interannual variability in mean body
length among generations in Peter the Great Bay
was connected with the annual cohort strength. In
the period of high abundance during the 1970s and
1980s, high yield generations (€.g. 1974 and 1980)
were distinguished by low growth rates (Gavrilov
and Posadova 1982). That tendency was not
shown during the last 15 years in Peter the Great
Bay. First of all, the alternation of weak and
strong cohorts was disrupted (during that period
there were no strong cohorts). Secondly, all
generations of herring consisted of a spawning

part of the population on a background of a low
reproduction level have been characterized by the
low rate of growth from 1995 till now. The
average body length of fish at age two and three
years does not reach long-term value (Fig. 9).

Lower recruitment of Peter the Great Bay herring
during the last decade has been accompanied by a
reduction of the maximal age of spawners and
variable age structure among sites. In the
northwestern part of Peter the Great Bay
(Amurskiy Bay) fish at age of 2-4 years comprised
more than 80% of herring catches, whereas at the
southwestern part (Pos'et Bay) the herring were
from 2 to 10 years of age from 1998-2000 (Table
3).
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Fig.9  Average length of Peter the Great Bay
herring: generations at age 2 (left panel) and age 3
(right panel) years in 1974-1997. Dotted lines
show long term average values (age 2: 25.2 cm,
age 3: 29.5).

Evidently, the distortion of a complex age
structure was consequence of the deterioration of
reproduction conditions of Peter the Great Bay
herring. It is quite probable that the decrease of
growth rate in recent years is defined not only by
any negative factors but also high rates of
maturity. As was stated above, the sharp decrease
of growth rate was caused by the maturation
process. From 1999-2001, some herring (mainly
males) began to mature at 14-17 cm body length,
and 80% were mature by 18-19 cm. While in
1978-1990, the bulk of the population matured at
20-21 cm body length (Fig. 10). Accumulation of
slow growing and early-maturing individuals in
the spawning part of Peter the Great Bay herring
population during low abundance contributes to
increased reproductive potential and, probably, is
one of mechanisms promoting the restoration of
abundance.
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