
ABSTRACT
This chapter consists of two parts: a brief review
of studies on mass culture of copepods as food for
larval fish in Japan and a proposed plan to use ex-
tremely high biomass and production of natural
brackish-water copepods for marine fish farming.
In the first part previous attempts to collect natu-
ral copepod populations and mass culture of Tig-
riopus japonicus and Acartia tsuensis in Japanese
hatcheries are reviewed, and associated problems
are discussed. Although T. japonicus appears to
be a most promising species, the mass culture of
this harpacticoid copepod is no longer applied at
present, mainly due to development of artificially
formulated feed for fish larvae. The idea of using
wild copepod populations discussed in the second
part of the chapter stems from findings of very
high biomass (range: 11.1–369 mg carbon
[C]/m3; mean: 59.2 mg C/m3) and production rate
(range: from 2.0 to 44.7 mg C/m3/d; mean: 9.6
mg C/m3/d) of copepods in a brackish-water la-
goon (i.e., the Honjo District; area: 16.2 km2,
average depth: 5.1 m, water volume: 8.25 �
107 m3) in the Lake Shinji and Lake Nakaumi
brackish-water system. The predominant copepod
species in this lagoon are Acartia hudsonica, A.
sinjiensis, Eurytemora pacifica, Oithona davisae,

Pseudodiaptomus inopinus, and Sinocalanus ten-
ellus, and each population showed a pronounced
seasonal variation. If an intensive larviculture
system is employed, an exploitation of 10% of the
daily copepod production (or about 2% of the
biomass) from Honjo District is capable of feed-
ing at least 3.2 million red sea bream (Pagrus
major) or Japanese flounder (Paralichthys oli-
vaceus) and 8.0 million ayu (Plecoglossus al-
tivelis) larvae annually. Thus, deliberate use of
productivity of natural copepod population as
food for fish larvae is both ecologically and eco-
nomically feasible.

INTRODUCTION
In 1930, the first scientific paper on successful
rearing of marine fish larvae, that is, red sea
bream (Pagrus major) and black sea bream
(Acanthopagrus shulegeli), in Japan was pub-
lished (Kajiyama and Nishioka 1930). After
World War II, due to increased demand for ex-
panding marine fish farming or aquaculture, the
production of a large quantity of fish larvae or
fish seed was required. Early studies in the 1950s
and 1960s on the rearing of marine fish larvae
were reviewed by Fujita (1973), who pointed out
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that because of a lack of knowledge about suit-
able larval food, a variety of food types, for exam-
ple, protozoans, rotifers, bivalve larvae, brine
shrimp nauplii, cladocerans (marine and freshwa-
ter), copepods, barnacle nauplii, mysids, and
minced fish meat, were tested at random during
those decades. Through a process of trial and
error, researchers empirically learned that the
necessary conditions for the mass production of
suitable foods for fish larvae are (a) edibility, (b)
proper nutrition, and (c) ease in obtaining the nec-
essary amount.

Since the mid-1960s, mass cultured rotifers,
Brachionus plicatilis and B. rotundiformis, have
been used to rear larvae of finfish and shellfish in
Japan. Both species of rotifers are closely associ-
ated, and B. rotundiformis has also been called
small (S) type B. plicatilis (Fukusho and Okauchi
1984; Fu and Hirayama 1991). These rotifers
were formerly regarded as pests, because their
blooms and concomitant consumption of dis-
solved oxygen in brackish-water eel culture
ponds caused the eels to suffocate (Ito 1959). Ito
(1960) succeeded in acclimatizing them from
brackish-water to normal seawater salinity in
1960. Since then, artificial propagations of this
strain have been carried out in many Japanese
hatcheries. The mass culture of Brachionus spp.
is now in operation worldwide, and the majority
of mass production of marine fish larvae depends
on artificially cultured Brachionus spp. Through
some improvements (food, nutrition, harvesting
techniques, and stocking), the density of cultures
attained are usually higher than several hundred
rotifers per milliliter, and the techniques for the
mass culture of Brachionus spp. have been estab-
lished almost everywhere (Japan Sea-Farming
Association 2002). The next target is to culture
copepods on a large scale.

Unlike Brachionus spp., mass culture of cope-
pods is still in a very early stage of development
in Japan. There have been no prominent advance-
ments in either research or practical use of cope-
pods for fish mariculture since the 1970s, with the
exception of studies on Acartia tsuensis by Ohno
(1991). The major reasons for this slow develop-
ment largely stem from the biological characteris-
tics of copepods; many have a slow growth rate,
unstable population conditions, and are harvested
in small quantities, as well as require labor-
intensive care. In addition, artificially formulated

feed has been developed for larval and juvenile
fish. It is now commonly used and is often dis-
pensed by automatic feeding machines to save
labor costs. In most Japanese hatcheries, the
major dietary sequence for common marine fish
larvae (e.g., red sea bream and Japanese founder,
Paralichthys olivaceus) whose total annual pro-
duction is in the order of hundreds of millions of
individuals is cultured Brachionus spp., followed
by Artemia nauplii and crumbled formulated
feed. In some hatcheries, field-collected cope-
pods are used together with Artemia nauplii.

Copepods are a valuable source of proteins,
amino acids, lipids, fatty acids, vitamins, and
minerals (Watanabe et al. 1983), and they can be
an inexpensive replacement for expensive Arte-
mia and formulated feed. If, like Brachionus spp.,
copepods could be obtained with ease, demand
for copepods would be high in hatcheries. Young
nauplii of small copepods, i.e., smaller than
Brachionus spp., are needed for the production of
fish larvae that have small gapes, such as the
groupers and snappers (Fukuhara 1989; Doi et al.
1994). In this chapter, the author reviews the pre-
vious studies on mass culture of copepods as food
for fish larvae in Japan and proposes an idea to
use extremely high biomass and production of
natural brackish-water copepod populations for
marine fish seed production.

REVIEW OF UTILIZATION OF
COPEPODS IN JAPANESE
MARINE FARMING 
UTILIZATION OF FIELD-COLLECTED

COPEPODS

Some hatcheries have been using field-collected
copepods as food for fish larvae since the mid-
1960s. In the beginning, wild copepods were col-
lected in conventional plankton nets in straits or
narrow passages where the tidal current is strong
enough (about 2 m/sec) to keep the nets open.
Fushimi et al. (1968) harvested several hundred
wet weight grams of copepods daily at Ondo
Strait, Hiroshima Prefecture, and used them as
food for red sea bream larvae.

In coastal waters where the tidal current is
slow, light traps, which lure positively phototactic
copepods, have been employed. Copepods that
aggregate in the vicinity of underwater electric
lamps at night can be pumped or air-lifted into
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floating cages with netting of proper mesh size or
to nearby land-based tanks. Yamashita and
Arakawa (1974) invented a light trap consisting
of an underwater lamp (500 W), a submersible
pump (delivery rate: 80 L/min; depth: 1 m), and a
floating cage (0.9 m � 0.9 m � 0.9 m, with 150-
μm mesh net), which they operated daily from
1700 to 0900 from late October 1973 to early
February 1974, in Nomo Bay, Nagasaki Prefec-
ture. The wet weight of zooplankton caught daily
varied from 0.045 kg to 2.045 kg with a mean of
0.385 kg, totaling 40 kg over the period (Fig. 7.1).
Larger harvests were obtained during neap tides,
when the aggregation of zooplankton was more
intense, possibly due to the slower tidal current.
Copepods (primarily of the genera Acartia and
Oithona) were the major constituents (mean:
95%), with larvae of malacostracans, balanids,
and polychaetes also in the catch.

As shown in Fig. 7.1, there are extremely large
fluctuations in the size of the catch, demonstrat-
ing that the food supply from field-collected zoo-
plankton is unreliable and unstable. Therefore,
field-collected copepods are used as supplements
to Artemia nauplii during the dietary transition

period from Brachionus spp. to artificially formu-
lated feed. When harvested copepods are not re-
quired, they can be kept frozen until needed.

MASS CULTURE OF COPEPODS

Intensive studies were conducted mainly in the
1970s by Japanese planktologists and aquaculture
scientists to establish procedures for the technical
development of the mass culture of copepods
(Anraku and Hirano 1973). In 1972, the Fisheries
Agency started a project entitled, “Searching for
suitable species and mass culture of zooplankton
as food for the early stage of fish seed in marine
fish farming.” In this project, the following 13
copepod species were recommended for mass
cultivation: Acartia clausi (A. hudsonica or A.
omorii, according to current classification), A.
longiremis, Eurytemora pacifica, Euterpina acu-
tifrons, Microsetella norvegica, Oithona brevi-
cornis (O. davisae, according to current classifi-
cation), O. nana, O. similis, Pseudodiaptomus
inopinus, P. marinus, and Tigriopus japonicus
(Omori 1973; Nihon Suisanshigen Hogokyoukai
1979). Among these, T. japonicus was the only
species that was cultured on a large scale and ac-
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Figure 7.1. Daily variations in the harvest of natural zooplankton populations (gram wet weight)
from Nomo Bay, Nagasaki Prefecture, 1973–1974. Samples were collected from late October 
to early February using a light trap. Filled and open circles denote the spring and neap tide,
respectively. (Redrawn from Yamashita and Arakawa 1974).



tually used as food in marine fish farming (Kita-
jima 1973; Fukusho et al. 1977, 1978; Nihon Sui-
sanshigen Hogokyoukai 1979). For the other
species, rearing was attempted only in the labora-
tory (Iwasaki and Kamiya 1977; Iwasaki et al.
1977). There have been difficulties in maintaining
their mass cultivation because of low and unstable
population growth, the demand for large amounts
of cultured algae, and frequent water changes.

Two most commonly used copepods for mass
culture for fish mariculture are Tigriopus japoni-
cus and Acartia tsuensis.

Tigriopus japonicus

T. japonicus is a harpacticoid copepod inhabiting
tide pools on rocky shores along the Japanese
coast (Ito 1970), with extremely wide tempera-
ture and salinity tolerances, often attaining very
high population densities (many thousands of in-
dividuals [ind]/L) (Tokioka and Suzuki 1939;
Matsutani 1961). It takes 8–10 days from hatch-
ing to molting to adult at 23–25°C (Fig. 7.2;
Nihon Suisanshigen Hogokyoukai 1979), and
mature females spawn their eggs in a sac (average
clutch size: about 50 eggs) at 2-day intervals at
24°C (Koga 1970). This species is also character-

ized by broad feeding habits, ingesting a wide
spectrum of organic particles (bacteria, proto-
zoans, phytoplankton, macro algae, formulated
feed for fish, detritus; Kitajima 1973).

Mass cultivation of T. japonicus was attempted
in indoor and outdoor tanks of different sizes
using various feeds such as the eustigmatophyte
Nannochloropsis oculata, yeasts, the green sea-
weed Ulva, and formulated fish/shrimp feed. One
of the largest-scale trials was conducted in 200-
m3 outdoor concrete tanks (15 m � 10 m � 1.4
m) at Nagasaki Prefectural Fisheries Experimen-
tal Station, from April to August 1976, by
Fukusho et al. (1977). Brachionus spp. and N. oc-
ulata were already present in the tanks before in-
oculation of T. japonicus, and 5–10 kg wet
weight of baker’s yeast was also given daily dur-
ing the cultivation period. In the tank, N. oculata
and yeast were the major food for T. japonicus
nauplii and Brachionus spp., the latter of which
was food for T. japonicus copepodids and adults.
The density of the T. japonicus population was
monitored daily (range: 165–2,715 ind/L; mean:
1,414 ind/L). Part of the population was collected
almost daily in June and July by pumping water
into a cage with 300-μm mesh netting, which re-
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Figure 7.2. Relationship between temperature and the duration of
life-cycle stages, from NI to CVI, of Tigriopus japonicus. (Redrawn
from Nihon Suisanshigen Hogokyoukai 1979).



tained only late-stage copepodids and adults (Fig.
7.3). On average, about 0.5 kg wet weight of T.
japonicus was harvested daily, amounting to 43.2
kg for the entire culture period. Another collec-
tion was made using the same tanks from October
1977 to January 1978, with a daily mean harvest
of 1.6 kg wet weight and a total harvest of 65.5 kg
(Fukusho et al. 1978).

The above-mentioned results demonstrate that T.
japonicus is certainly a promising copepod species
for mass production, although its benthic nature
and hard exoskeleton are unfavorable characteris-
tics as a diet for early-stage fish larvae (Nihon
Suisan Shigen Hogokyoukai 1979). To this au-
thor’s knowledge, T. japonicus is no longer being
mass cultured in Japanese hatcheries. Ease of the
use of synthesized feed, in addition to saving tank
space and reduced labor costs are the major reasons
why mass cultivation of this species has ceased.

Acartia tsuensis

A. tsuensis is a planktonic calanoid copepod dis-
tributed in estuarine and coastal waters of south-
ern Japan and southeastern Asia (Ohno 1991;
Toledo et al. 1999). In earthen ponds at Momo-
shima Station of the Japan Sea-Farming Associa-
tion, Hiroshima Prefecture, this species is present
in the plankton only in summer, when the water

temperature is > 20°C (Ohno 1991). It takes about
8 days from spawning to molt to adult stage at
27.5°C (Fig. 7.4), and adult females spawn 8–14
eggs daily at 22.5–30.0°C (Takahashi and Ohno
1996).
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Figure 7.3. Daily variations in the harvest of Tigriopus japonicus (columns) and the density of 
the rotifer Brachionus plicatilis in a 200-m3 concrete tank at Nagasaki Prefectural Fisheries
Experimental Station from May to August 1976. (Redrawn from Fukusho et al. 1977).

Figure 7.4. Relationship between temperature and
median duration (in days) from egg to each develop-
mental stage of Acartia tsuensis. (Redrawn from
Takahashi and Ohno 1996).



At Momoshima Station, A. tsuensis was mass
cultured in a 24-m3 outdoor tank in which seawa-
ter from the adjacent sea had been introduced and
fertilized with poultry manure and chemical agri-
cultural fertilizer (Ohno 1991). The copepods fed
on the available N. oculata as well as the intro-
duced phytoplankton from the seawater. The
abundance of each developmental stage of A.
tsuensis was monitored for 50 days (Fig. 7.5).
Although four distinctive cohorts were recog-
nized at intervals of about 2 weeks, the develop-
ment of the last cohort failed. The highest densi-
ties of nauplii, copepodids, and adults were
1,300, 590, and 280 ind/L, respectively, and the
mean density (569 ind/L) was much lower than
that observed in the mass culture of T. japonicus
(1,414 ind/L; Fukusho et al. 1977). It was notable

that eggs and nauplii were few when adults were
abundant. This indicates that recruitment of the
new population was inhibited by the cannibalism
of adults. Hence, the most significant disadvan-
tage of omnivorous species in the copepod genera
such as Acartia, Centropages, and Sinocalanus
for use for mass culture is cannibalism (Hada and
Uye 1991; Liang et al. 1994; Uye and Liang
1998). For A. tsuensis, a high, daily, exploitation
rate (up to 30% of the standing stock) was possi-
ble (Fig. 7.6), since the exploitation reduced mor-
tality of the offspring due to cannibalism.

The propagation of A. tsuensis was also tested
using outdoor earthen ponds at Momoshima
Station, where the pond water was artificially fer-
tilized to induce phytoplankton growth, for exten-
sive mass seed productions of red sea bream
(Ohno 1991). In the pond, not only A. tsuensis but
also other copepod species (A. omorii, A. sinjien-
sis, Paracalanus sp., Pseudodiaptomus marinus,
and unidentified harpacticoids) propagated and
were consumed by fish larvae. The larvae could
also feed on benthic animals such as amphipods
and polychaetes. Due to the more natural feeding
conditions, red sea bream produced in the ponds
looked healthier with more vivid body coloration
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Figure 7.5. Temporal changes in stage-specific abun-
dance (ind/L) of Acartia tsuensis in a 24-m3 tank at
Momoshima Station of the Japan Sea-Farming
Association, Hiroshima Prefecture. Dark portions in
CIV–CVI denote abundance of males. (Redrawn from
Ohno 1991).

Figure 7.6. Relationship between daily exploitation
rate (percentage of population biomass) and mean
daily yield (microgram per liter per day) of Acartia
tsuensis cultured in 24-m3 tanks (open circles) and in
30-L containers (filled circles). (Redrawn from Ohno
1991).



and were stronger than those reared in the inten-
sive method using Brachionus spp. and formu-
lated feed (Maruyama et al. 1986). Due primarily
to high operating costs (high labor costs but low
numbers of fish seed produced), extensive culture
of fish larvae using earthen ponds is no longer
done in Japan. Mass culture of A. tsuensis, either
in concrete tanks or large earthen ponds, is also
not being pursued.

POTENTIAL USE OF NATURAL
BRACKISH-WATER COPEPODS AS
FOOD FOR FISH LARVAE
Brackish waters are generally recognized as hav-
ing the highest biological production among
aquatic ecosystems due to the high nutrient sup-
ply from adjacent land and rivers (Odum 1971). A
2-year investigation of mesozooplankton in a
brackish-water lagoon (called the Honjo Disrict)
in the Lake Shinji and Lake Nakaumi brackish-
water system in Japan revealed that copepod bio-
mass and production rates were among the high-
est thus far reported in the literature (Uye et al.
2004). In 1997, when this investigation was

started, reclamation of the Honjo District for agri-
cultural use was a controversial political issue.
The author was opposed to the reclamation plan,
but before taking any action against the plan,
needed to show that the economic value of this
water body was not inferior to that of reclaimed
land. The author therefore proposed using the
Honjo District as a field for mass seed production
of economically important fishes, which would
add new economic value to the Honjo District.
Details of the seasonal variations in terms of tax-
onomic composition, abundance, biomass, and
production rates of total mesozooplankton have
been reported elsewhere (Uye et al. 2004). In the
remainder of this chapter, details of seasonal vari-
ations for copepods, the major constituents of the
zooplankton, are presented. Based on the produc-
tion of copepods, an estimate is made of the quan-
tity of fish seed that can be produced.

STUDY SITE, SAMPLING, AND METHODS

USED TO ESTIMATE PRODUCTION RATE

Two estuarine lagoons, Lake Shinji and Lake
Nakaumi, are the largest remaining brackish-
water ecosystems in Japan (Fig. 7.7). In 1981, a
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Figure 7.7. Map of the Honjo District with locations of sampling stations. St, station.



northwestern part of Lake Nakaumi (called the
Honjo District; area: 16.2 km2, average depth: 5.1
m; water volume: 8.25 � 107 m3) was enclosed
with the construction of a bank as part of a recla-
mation project for agricultural use. Water ex-
change between the Honjo District and Lake
Nakaumi per se is limited only through a narrow
waterway along the western shore. Although fish-
eries, mainly by set nets, are in operation, land-
ings have been greatly reduced since the con-
struction of the embankment.

Mesozooplankton were collected with vertical
hauls of a plankton net (mouth diameter: 0.225 m;
length: 1 m; mesh size: 100 μm) fitted with a flow
meter (Rigosha & Co., Ltd., Tokyo, Japan) from
the bottom to the surface at seven stations in the
Honjo District (Station 1–7; depth: 3–9 m)
monthly from June 1997 to May 1999 (Fig. 7.7).
Plankton samples were immediately fixed with
5% buffered formalin, and later they were identi-
fied to species or genus level, except for harpacti-
coids, and at least 200 specimens were counted
under a stereoscopic binocular microscope.
Specific body dimensions (Uye 1982) were mea-
sured using a video micrometer (VM-10, Olym-
pus), and automatically converted, using a per-
sonal computer, to carbon (C) weights using
predetermined length-weight regressions (see
Uye and Shimazu 1997 for details).

The production rate (P, mg C/m3/d) of each
taxonomic group was estimated based on its bio-
mass (B, mg C/m3) and an empirically deter-
mined potential (or maximum under nonfood lim-
itation) specific growth rate (g, per day): P = B �
g. The specific growth rates in relation to temper-
ature have been determined previously for various

copepod species, mainly from the Inland Sea of
Japan (Table 7.1).

ENVIRONMENTAL VARIABLES

(TEMPERATURE, SALINITY, DISSOLVED

OXYGEN CONCENTRATION, AND

CHLOROPHYLL A CONCENTRATION)

Since environmental variables were similar
among the seven stations, Station 3 was selected
as a representative of the Honjo District. Seasonal
variations of temperature, salinity, dissolved oxy-
gen concentration, and chlorophyll a concentra-
tion at the surface (0.5 m) and the bottom (6.0 m)
are shown in Fig. 7.8. Temperature fluctuated
from 6 to 29°C, and salinity from 9.6 to 19.2
practical salinity units (psu) at the surface (mean:
14.7 psu) and from 10.5 to 22.7 psu at the bottom
(mean: 16.7 psu). The dissolved oxygen (DO)
concentrations were usually oversaturated at the
surface, while low oxygen levels were prominent
on the bottom during summer and fall.
Chlorophyll a concentration fluctuated irregu-
larly, with means of 4.7 and 3.0 μg/L at the sur-
face and on the bottom, respectively.

COPEPOD ABUNDANCE, BIOMASS, AND

PRODUCTION RATE

The regional variation in copepod abundance
within the Honjo District was not large; the coef-
ficient of variation around the means for the seven
stations was usually < 50%. The abundance was
annually bimodal, with a large peak in the fall and
a small peak in early summer, although this pat-
tern was less apparent in the second half of the
study period (Fig. 7.9). It varied, from 114.3 �
104 ind/m3 in November 1997 to 2.37 � 104
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Table 7.1. Relationships between specific growth rate and temperature used for the
calculation of production rate of copepods in the Honjo District

Species Regression equation References

Acartia hudsonicaa g = 0.059 exp(0.084T) Uye (1980)
Acartia sinjiensis g = 0.022 exp(0.032T) Uye (unpublished data) 
Oithona davisae g = 0.025 exp(0.11T) Uye and Sano (unpublished data) 
Paracalanus sp. g = 0.094 exp(0.067T) Uye (1991) 
Pseudodiaptomus inopinusb g = 0.033 exp(0.11T) Uye et al. (1983) 
Sinocalanus tenellus g = 0.043 exp(0.12T) Kimoto et al. (1986) 
Others g = 0.078 exp(0.062T) Uye (unpublished data) 

Note: Growth rate is calculated per day; temperature is in degrees Centigrade.
aAssumed to be the same as A. omorii.
bAssumed to be the same as P. marinus.
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Figure 7.8. Monthly variations in temperature (°C), salinity (psu), dissolved oxygen concentration
(ppm), and chlorophyll a concentration (μg/L) at Station 3 in the Honjo District from June 1997 to
May 1999. DO, dissolved oxygen.

Figure 7.9. Monthly variations in mean abundance in number of individuals per cubic meter
(ind/m3) and taxonomic composition of copepods in the Honjo District, June 1997–May 1999.



ind/m3 in April 1999, with an overall mean of
35.0 � 104 ind/m3. Copepods represented 94.4%
of the mesozooplankton. A small cyclopoid cope-
pod O. davisae dominated, except during winter,
when E. pacifica and A. hudsonica were more
abundant. In summer, another Acartia species (A.
sinjiensis) occurred. Sinocalanus tenellus and P.
inopinus occurred rather irregularly.

Unlike the seasonal variation in abundance,
copepod C biomass showed an annual peak in
winter (Fig. 7.10). It changed from 11.1 to 369.1
mg C/m3, with a mean of 59.2 mg C/m3.
Copepods accounted for 83.4% of the mesozoo-
plankton community biomass. The contribution
of O. davisae to total C biomass became less im-
portant because of its small body size. In winter,
A. hudsonica and E. pacifica accounted for > 50%
of the mesozooplankton biomass. A large bio-
mass peak (around 95%) in March 1999 was at-
tributed primarily to E. pacifica.

Due to the positive effect of temperature on the

specific growth rate, the production rate of cope-
pods was computed to be higher despite the lower
biomass in the summer (Fig. 7.11). It ranged from
2.0 to 44.7 mg C/m3/d, with a mean of 9.63 mg
C/m3/d.

HOW MANY FISH SEEDS CAN BE PRODUCED

IN THE HONJO DISTRICT?

The extremely high mesozooplankton biomass
and production in the Honjo District led the au-
thor to propose using it as food for mass seed pro-
duction of economically important finfishes (Uye
et al. 2004). In this study, the quantity of fish
seeds that could be produced is recalculated,
based on copepod production. The extensive seed
production method, namely, stocking fish larvae
at low densities in large, outdoor earthen ponds
(Ohno 1991), is inappropriate for marine fishes in
this case, due to the low salinity found in the
Honjo District. Thus, the author proposes an in-
tensive system, which requires the construction of
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Figure 7.10. Monthly variations in mean biomass in milligrams of C per cubic meter and taxonomic
composition of copepods in the Honjo District, June 1997–May 1999.



a hatchery, on the bank between Honjo District
and the outer area connecting the Sakai Strait
(salinity: > 25 psu), with indoor concrete tanks, as
adopted by many sea-farming stations in Japan.
This plan would also require facilities to collect
large amounts of copepods, using light traps or
large streamer-like plankton nets, and deliver the
copepods by pumping them to each rearing tank
on land.

Red sea bream, the most common fish species
for intensive seed production in Japan, ingests
copepods during larval stages from 10 to 40 mm
body length (Tanaka et al. 1987). According to
Kitajima (Suisan Shigen Hogokyoukai 1979), a
larval red sea bream of 30 mm body length (about
390 mg wet weight), the target size in hatchery
rearing, ingests approximately 250 mg wet
weight of copepods daily. Using a wet weight to
C conversion of 0.1 for copepods (Hirota 1981),
the daily food requirement is 25 mg C per fish.
The author assumes that the overall mean bio-
mass and production rate of copepods (59.2 mg
C/m3 and 9.63 mg C/m3/d, respectively) is attain-
able in the Honjo District (water volume: 8.25 �
107 m3) throughout the seed production period
(from May to July for red sea bream). If 10% of
the copepod production (about 2% of biomass)
were exploitable daily, the harvest (79.5 kg wet
weight) would be equivalent to the diet for 3.2

million 30-mm-long seeds. A similar procedure
may also be applicable to Japanese flounder,
whose seed-production season largely overlaps
that of red sea bream (Takashima 1997).

Ayu (Plecoglossus altivelis) is also a species
recommended for seed production. This diadro-
mous fish spawns eggs in late fall in rivers, and
the hatched larvae are driven downstream to
coastal marine waters to feed mainly on copepods
until they migrate upstream in spring and early
summer. The seed production season is from
December to February. A larval ayu of 50 mm
body length (about 800 mg wet weight), the tar-
get seed size, consumes 100 mg of wet weight
diet per day (Takashima 1997). Using the method
described above, it is estimated that at least 8.0
million seeds of ayu can be produced.

The numbers given above for seed production
of red sea bream and ayu are apparently underes-
timates, since the estimations are based on the
production of a single fish cohort, which grows
rather synchronously and requires the most abun-
dant food just before the target size. Production
using several different cohorts at the same time,
however, can enhance the total number of seeds
produced. In addition to live copepods, copepods
that have been collected during nonproduction
seasons and frozen can also be used as supple-
mentary food. Previous studies (Miyadi 1962;
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Figure 7.11. Monthly variations in mean production rate in milligrams
of C per cubic meter per day of copepods in the Honjo District, June
1997–May 1999.



Uye et al. 2000) demonstrated that the brackish-
water system of Lakes Shinji and Nakaumi sup-
ports a high standing stock of mesozooplankton
(Table 7.2). The major reasons for higher zoo-
plankton biomass in this system might be a larger
food supply and fewer occurrences of planktivo-
rous fish (Harengus zunasi, Englauris japonica,
and Hemiramphus sajori). Larvae and juveniles
of these fish species migrate from Miho Bay, in
the Sea of Japan, in spring/early summer and
dwell in this food-rich brackish system until they
migrate back in late fall (Miyadi 1962; Koshi-
kawa 1999; Ishitobi et al. 2000), indicating that
the predation pressure by fish is higher in warmer
seasons than during the cold seasons.

Judging from the estimates above, the pro-
posed plan to use the Honjo District as a field for
mass seed production of economically important
fishes seems to be highly feasible. This plan adds
some new economical value to the Honjo District,
where current operations are limited to set-net
fisheries being operated inefficiently and offers
an option for efficient utilization of this enclosed
water body.

CONCLUSION
Currently, in Japanese fish hatcheries, copepods
are rarely used as food, despite previous attempts
and a growing body of knowledge about mass-

culturing copepods (such as T. japonicus and A.
tsuensis). Most hatcheries have set a goal of pro-
ducing more larvae of economically important
fish species (red sea bream, Japanese flounder,
and ayu) using intensive larviculture systems that
require fewer workers. Due to their heavy re-
liance on machinery for feeding larvae and clean-
ing tanks, these systems employ a much-reduced
labor force. As a consequence, there are few
workers available at hatcheries to culture cope-
pods using large outdoor tanks. Despite the high
cost of Artemia resting eggs, Artemia nauplii are
used more in the hatcheries. Locally available live
copepods are used occasionally, in addition to
frozen copepods. As was described above, the
mass culture of copepods, particularly calanoid
copepods, requires intensive labor to control
water quality and the food level in the culture tank
and to minimize cannibalism among these types
of copepods. It would appear to be difficult to in-
corporate mass culture of copepods into the cur-
rent routine of hatchery operations in Japan.

The author proposes construction of a hatchery
adjacent to the Honjo District, which supports a
very large copepod biomass, and the use of
freshly caught copepods as food for fish larvae.
Natural copepods ingest a variety of food types
and are thought to be nutritionally suitable for
growth of fish larvae. Based on estimates pro-
vided above, more than 10 million fish larvae can

86 Chapter 7

Table 7.2. Comparison of annual mean biomass and production rate of mesozooplankton
among various estuarine and coastal marine waters

Mean biomass Production rate
Location (mg C/m3) (mg C/m3/d) Reference

Fukuyama Harbor, Japan 39.1 6.85 Uye and Liang 1998a

Inland Sea of Japan, Japan 20.0 2.83 Uye and Shimazu 1997
Honjo District, Japan 47.4 — Uye et al. 2000

59.2 9.63 Current studya

Lake Nakaumi, Japan 37.3 — Uye et al. 2000
Lake Shinji, Japan 80.2 — Uye et al. 2000
Long Island Estuary, USA 33.2 — Turner et al. 1983
Narragansett Bay, USA 28.0 — Hulsizer 1976

— 27.3–32.1 Durbin and Durbin 1981b

Jakle’s Lagoon, USA — 9.0 Landry 1978c

Newport Estuary, USA 21.5 — Fulton 1984a

Nueces Estuary, USA 16.8 — Buskey 1993
Westershelde Estuary, The Netherlands 35.5 4.4 Escaravage and Soetaert 1995

aFor copepods only.
bFor Acartia hudsonica and A. tonsa from March to December.
cFor Acartia clausii.



be produced annually by exploiting approxi-
mately 2% of the copepod biomass in the Honjo
District. Hence, this proposal seems to be both
ecologically and economically feasible. In addi-
tion, high copepod biomass has been found not
only in the Honjo District, but also throughout the
entire Lake Shinji–Lake Nakaumi brackish-water
system. The author further proposes establishing
a venture business to harvest copepods commer-
cially from these brackish-water lakes and to
transport them to hatcheries, similar to the prac-
tices of some privately owned companies in
Taiwan (C.-F. Liu personal communication, May
2003). To transport live copepods to remote
hatcheries, a method of maintaining the viability
of the copepods for extended periods (e.g., at
least 24 hours) is needed. On the other hand, no
particular innovation is needed for producing and
transporting frozen copepods.

The simplified dietary sequence (e.g.,
Brachionus-Artemia nauplii-synthetic feed) ap-
plied currently in Japanese hatcheries may be re-
sponsible for the production of fish larvae with
slightly different morphology, coloration, and be-
havior from the wild ones. These larvae are
thought to be more susceptible to harsh feeding
conditions and predators when they are released
in the field. To improve upon these features, it is
necessary to use more natural food. For the first-
feeding fish larvae, mass-cultured Brachionus
spp. may be irreplaceable. Artemia nauplii, how-
ever, may be replaced by copepods if the com-
mercially harvested copepods are less expensive
than Artemia. Brackish-water copepods are often
highly productive (fast development, high fecun-
dity, tolerant of adverse environmental condi-
tions) and occur in enormously high biomass, as
found in the Honjo District. More attention to the
locally available brackish-water copepods and ex-
tensive examination of their biological character-
istics are needed.
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