Application of Reproductive Physiology to the Advanced Study of
Stock Productivity of Small Pelagic Fishes

Michiya MATSUYAMA

Abstract Although research on small pelagic fish resources, such as sardine, jack mack-
erel, and chub mackerel, has been ongoing over the last century, the process of stock pro-
ductivity is not sufficiently clear. To clarify the mechanism of biomass fluctuation for
assessing and managing the stock of resource fishes, it is essential to understand the
changes in biological factors or resource characteristics that accompany biomass fluctua-
tions throughout the life cycle of the fish. Models of biomass fluctuation mechanisms, re-
cruitment assessment, and acceptable biological catch (ABC) are affected by the accuracy
of the different parameters used in these models. In other words, obtaining accurate in-
formation on the biological parameters of a resource species can provide effective criteria
for resource management or rules for fishery effort management. Reproductive parame-
ters are an essential element in the egg and larval production models used to estimate fish
biomass, and are routinely obtained in wide-ranging surveys by research vessels inde-
pendent of commercial fisheries. Unfortunately, the parameters obtained from a survey
sample do not necessarily reflect the actual biological information for the target species
due to the potential for bias in the survey techniques used.

Recent advances in the knowledge of reproductive physiology and techniques for seed
production in finfish have made it possible to breed and raise small pelagic fish in captiv-
ity. Experiments conducted in the laboratory have the advantage of greater reproducibil-
ity, and the information obtained can generally be accepted within the given conditions.
Combining survey data with experimental analyses should help to clarify the actual re-
productive and spawning biology of wild stocks. In this review, I assess the validity of bio-
logical parameters obtained from captive experiments using chub mackerel as a model
species, and discuss its application to other resource fish species.
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Fig. 1. Egg sampling by using a flexible catheter (a) and
HCG injection to the dorsal muscle of the chub mackerel (b).
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Fig. 2. Photomicrographs of fully-grown oocytes at late yolk stage of the chub mackerel. Figure a and b
show the fresh oocyte preserved in Ringer's solution and fixed oocyte with clearing solution (Sera solution),
respectively. Figure ¢ shows the histological section. Scale bar 100y m.
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Fig. 3. Changes in developmental stages of the chub mackerel ovary after injection of human chorionic
gonadotropin. Numbers over each column indicate sample size. LY, late yolk stage; MC, maturational com-
petence stage; GVM, germinal vesicle migration stage; GVBD, germinal vesicle breakdown stage; HY, hy-
dration stage; OV, ovulation stage.
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Fig. 4. Fertilization rates and hatching rates in the artificial insemination of ovulated eggs of chub mack-
erel at different times after ovulation. Different letters represent statistically different values (P 0.05).
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Fig. 5. Time course of the maturational process of chub mackerel oocytes
after human chorionic gonadotropin HCG injection and the assumed sce-
nario of maturational process in the wild population. MC, maturational
competence; GVM, germinal vesicle migration; GVBD, germinal vesicle
breakdown; HY, hydration; OV, ovulation; SP, spawning.
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Fig. 6. Photomicrographs of postovulatory follicles of the chub mackerel collected at 0, 6, 12, 18,
24 and 48 hours after ovulation. FL, follicular lumen.
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Fig. 7. Spawning frequencies of chub mackerel females in the spawning
stock of the Tushima current subpopulation in 2001, which were esti-
mated from percentages of females in the four spawning states. The
spawning states of females were classified into the followings. GVM:

24 h prior to spawning; 0 day POF:

POF': 24-48 h after spawning; 2 days POF:
germinal vesicle migration oocytes; POF, postovulatory follicles.
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Table 1. Numbers of chub mackerel females with combinations of the

different states in the ovary

Spawing state

Day interval

Number of females

present in ovary between spawnings

GVM 4 38
GVM POF, 3 14
GVM POF. 2

LY POF, POF. 2

LY unknown 30
LY POF, unknown 12
LY POF, unknown 2
LY POF; unknown 1
Oocytes prior to LY unknown 34

GVM: 24 h prior to spawning

POF,, 0 day POF: 24 h after spawning
POF., 1 day POF: 24-48 h after spawning
POF., 2 day POF: 48 h after spawning
Samples were collected from Tsushima current subpopulation in 2001.
GVM, cocytes at germinal vesicle migration stage; LY, oocytes at late
yolk stage; POF, postovulatory follicles.
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Fig. 8. Size-frequency distribution of oocytes (

250 p m diameter) in chub mackerel ovaries at different

stages of maturation induced by HCG injection. Each panel presents data for one female. See Fig. 3 for de-

velopmental stage of ovary. GSI (gonadosomatic index)
body weight.
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