Procedures to Estimate Reproductive Traits of Fish
by Combining Field Surveys and Tank Experiments

Yutaka KURITA

Abstract Problems in examining reproductive traits of fish species by field surveys and
the advantages of tank experiments were reviewed. Required tank experiments differ due
to the maturation-spawning type of the studied fish. For asynchronously maturing
species which spawn many batches in a spawning season, rate of degeneration of
postovulatory follicles (POF) in relation to temperature, diel changes in both final matu-
ration and spawning, and the stage of spawning are required to be clarified by tank ex-
periments. While for group-synchronously maturing species which spawn one or several
batches, oocyte growth rate and the duration of atresia both in relation to temperature
are required to be clarified by tank experiments. Effects of ration size and feeding period
on the number of spawning eggs are also important issues to be examined. While tank
experiments are very useful methods, they have risks of producing biased results because
of the artificial environment and food. Thus, field surveys and tank experiments should
be concurrently carried out to allow comparison and validation of results.
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Fig. 1. Three patterns of oocyte maturation and spawning. (a) - (c¢) Size frequency of oocytes; (d) - (f) tem-
poral changes in oocyte diameter in the leading cohorts. (a), (d) Group-synchronous and spawning a single
batch in a spawning season; (b), (e), group-synchronous and spawning several batches in a spawning season;
(c), (f), asynchronous and spawning many batches in a spawning season. A, diameter of oocytes in leading
cohorts; B, diameter of oocytes at the beginning of final maturation; C, time at the beginning of oocyte

maturation.
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Fig. 2. Ovarian follicle and postovulatory follicle of Pacific saury Cololabis saira. (a) Hydrated oocyte sur-
rounded by ovarian follicle (OF). C, chorion. (b) Magnified image of (a). Thecal cell layer (T) and granulosa
cell layer (G) of ovarian follicle. (c) Newly evacuated postovulatory follicle. FL, follicular lumen. (d) Magni-
fied image of (c). Cell walls of granulosa cells are evident and nuclei are prominent. Bars in (a) and (c),
200y m; in (b) and (d), 100y m.
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Fig. 4. Normal and atretic oocytes in vitellogenic
stage of Atlantic herring Clupea harengus. (a)
Normal vitellogenic oocyte. YG, yolk globule; CA,
cortical alveoli; C, chorion; F, ovarian follicle. (b)
A very early phase of atresia. Chorion (C) is frag-
mented, and follicle cells (F) become enlarged. (c)
A late phase of atresia. Little yolk (Y) and
chorion (C) remained, and surrounded by follicle
cells (F). Bar; 100y m.
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Fig. 5. Diel rhythm of final maturation and spawning in (a) red sea bream Pagrus major and (b) Japanese
flounder Paralichthys olivaceus. Red sea bream spawns synchronously at 18 - 19 h, while Japanese flounder
spawns asynchronously during the night. As a result, hydrated oocytes of red sea bream appear in a spe-
cific period of time, while those of Japanese flounder appear almost over a 24 hour period. MN, oocytes at
migratory nucleus stage; HD, hydrated oocytes; POF, postovulatory follicles at stage I (grey bars); OV, ovu-

lation; SP, spawning.
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Fig. 6. Schematics showing possible relationships between spawning season at the population level and at
an individual level in relation to the stage of spawning. (a) Spawning season of each individual corresponds
to the spawning season at the population level. (b) Spawning season of some fish are shorter than that of
the population. If spawning fish immigrate into the survey area just before spawning and emigrate just
after spawning, 100 % of sampled fish appear as active spawners while the actual spawning fraction of the
population is less than 100 %. E, early stage of spawning; M, middle stage of spawning; L, late stage of
spawning.
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Fig. 7. A schematic showing the relationship between standard deviation (SD) of vitellogenic oocyte diame-
ter and portion of eggs spawned (PES) which is defined as the number of eggs spawned in the current
spawning season divided by the sum of number of eggs spawned and number of vitellogenic oocytes left in
an ovary. (a) - (¢) Temporal changes in oocyte diameter distribution and SD of vitellogenic oocyte diameter
with the progress of spawning; (a) early, (b) middle, and (c) late stage of spawning. (d) Relationship between
SD and PES.
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