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Structure of Elementary Population of Pelagic Fish
and its Fisheries Biological Implication

Yoshihiko OGAWA and Tamio NAKAHARA

(Yamaguchi Prefectural Open-Sea Fisheries Experimental Station)

- Abstract

The present paper aims at elucidating the elementary population 6f pelagic fish in viewpoint
of both structure and fisheries biological significance. It is based on the data obtained by
acoustic surveys and daily catch statistics of fishing fleets belonging to Minato port. The
acoustic data were obtained through four survey cruises conducted in the southwestern Japan
Sea from June to September in 1976. For the surveys, the length or depth of echo trace,
distance between the traces, their numbers and other factors were measured on echograms
obtained by ‘Kaijodenki’ MW-4 type fishfinder used at a frequency of 24 kHz, at every cruise.
Examinations of catch data suggested that the most of the echo traces obtained were comparable
to those of shoals or schools of sardine. Each echo trace was treated as a group of shoal
level in the present study, because it was observed that a “‘shoal’’ was consisted of a number
of “school”, a group smaller than shoal, on several occasions. ) .

Frequency distribution of distance between adjoining shoals presented two- different modes
at 0.25 miles and 2.5 miles. From this fact, shoals keeping distance exceeding 2 miles apart
were classified into different groups: ‘‘elementary populations”. In the survey sections, an.

- elementary population has a horizontal extent ranging between a few miles and 10 miles or
more (average, 5 miles; maximum, 24 miles) across and is consisted of a number of shoals
(average, 11 shoals). A linear relation is evident between the sizes and the numbers of shoal
in an elementary population. This suggests that density of shoal is maintained relatively
constant at about 2.2 shoals per mile throughout elementary populations.

Exzaminations of daily catch statistics give evidence that an elementary population
forms an actual unit as a target of daily fishing operations for fleets. Daily fishing conditions
are, therefore, affected by time intervals of immigration of elementary population into a
fishing ground and by sizes or numbers of the elementary populations. The immigrations
commonly occur every few days. Significant correlations were found between annual yields
from a fishing ground and the numbers of elementary population appeared in the fishing ground
throughout a year. The correlation coefficients were 0.95 for anchovy and 0.83 for sardine
at significance levels higher than 95%. It is worthwhile to point out that the strength of
stock or population is directly correlated to numbers of elementary population contained in
the stock or the population. ’

From fisheries biological viewpoints, the elementary population is an important unit not
only as a target of commercial daily fishing operations but as a fundamental unit of long-term
fluctuations at stock or population level. While an elementary population contains shoals in it
as elements, the elementary populations themselves constitute elements of stock or population.
Concerning fluctuations at stock or population level, the elementary populations play a vital
role as “‘elementary process” for the fluctuations. It is also considered that the elementary

population may be‘an ecologically smallest unit for pelagic fish species to realize their mode
of life in the sea.
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Table 1.

QOutlines of echo surveys conducted in 1976. Only the data derived from four

cruises between June and September were used for examinations in the present paper,
because surveys in May and November could not be accomplished perfectly owing
to bad weather conditions or engine troubles unexpected.

Periods of Survey May 18-19

June 8-10  July 5-6

Aug. 4-6 Sept. 1-3 Nov. 10

Distance of survey line (miles) 120 191

209 209 205 67

135

KOREA

1
MINATO
e BT STATION
T

131° 30°
g MISHIMA
.b 3
[%)
H ..
2
SENZAKI

WI\ ‘ *
129° 130° 1317 12° 133°
Fig. 1. Location of echo survey lines. They
were occupied four times from June to Sep-
tember in 1976. The survey was made during
the daytime throughout the four cruises, using
the ‘Kaijodenki’ MWD-4 type fishfinder at a
frequency of 24kHz on board the R/V ‘Kuro-
shio-maru’ (149 tons, 850 PS).
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Fig. 2. Schematic representation of distributions
of shoals and elementary populations in a typical
echo survey section along the line 130°55E.
This section corresponds' to ‘Section V’ in
Fig. 1. - Each of vertical lines in the figure
indicates a shoal, and each group encircled in
"a dotted line shows an elementary population
classified on the basis of - statistical treatment
shown in Fig. 4. A linear relation is evident
between sizes of elementary population and
numbers of shoal contained in the elementary
population (see Fig. 7). "Vertical temperature
distributions were also shown on the basis of
BT observations at.stations shown in Fig. 1.
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Fig. 3. Relative frequency distribution
© of shoal length.
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Fig. 4. Relative frequency distribution of distance .
between adjoining shoals. Two modes were
found at 0.25 miles and at 2.0 miles. From

" this, shoals situated at the distance less than
2.0 miles apart from each other were regarded
to be included in a single g group, an elementary
population.
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Fig. 7. Relation between ‘sizes’ and ‘numbers’
of shoal in the elementary populations.
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Fig. 8. Relation between daily ‘school counts’
(areas of echo trace on echograms of YOKOTA,
1953) and daily catch modified after OGAWA
and NAKAHARA (1972) on the basis of echo
surveys conducted between September 16 and
21, 1971, in coastal waters north of Esaki in the
southwestern Japan Sea. The ‘Furunodenki’
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of 22kHz on board the R/V ‘Wakashio-maru’
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Fig. 9. Relation between annual anchovy catch
in a fishing ground and numbers of elementary
population of anchovy immigrating into the
fishing ground throughout a year.
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Fig. 10. Relation between annual sardine catch
in a fishing ground and numbers of elementary
population of sardine immigrating into the
fishing ground throughout a year.
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Fig: 11. Schematic representation of levels of grouping of fish species and corresponding temporal
and spatial scale which should be covered when a biological investigation is conducted.

When an investigation is planned, for instance, aiming at establishing authentic under-

standing of elementary population, the elementary population must be studied on a scale of

a fishing, ground for several months or more.

At the same time, shoal as elements: of the

_ elementary population and stock or population as a structure which elementary populations
constitute must be studied at lower or higher levels of temporal and spatial scale respectively.
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