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PREFACE

The United States and Japanese counterpart panels on aquaculture were formed in 1969 under the United
States-Japan Cooperative Program in Natural Resources (UINR). The panels currently include specialists
drawn from the federal departments most concerned with aquaculture. Charged with exploring and develop-
ing bilateral cooperation, the panels have focused their efforts on exchanging information related to aqua-
culture which could be of benefit to both countries.

The UJNR was started by a proposal made during the Third Cabinet-Level Meeting of the Joint United
States-Japan Committee on Trade and Eccnomic Affairs in January 1964. In addition to aquaculture, cur-
rent subjects in the program are desalination of seawater, toxic microorganisms, air pollution, energy, forage
crops, national park management, mycoplasmosis, wind and seismic effects, protein resources, forestry, and
several joint panels and committees in marine resources research, development, and utilization.

Accomplishments include: Increased communications and cooperation among technical specialists; ex-
changes of information, data, and research findings; annual meetings of the panels, a policy coordinative
body; administration staff meetings; exchanges of equipment, materials, and samples; several major
technical conferences; and beneficial effects on international relations.

Akira Suda — Japan
William N. Shaw — United States
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Statement of Ninth Joint Meeting of the UJNR
Aquaculture Panel, Crustacean Culture,
Kyoto, Japan, May 26-27, 1980

The Ninth Joint Meeting of the UINR Aquaculture Panel was held on May 26-27, 1980, at the
Kyoto International Conference Hall, in Kyoto, Japan. On the first day of the meeting, Dr. S. Sato
announced a change of officers for the Japanese delegation. Dr. A. Suda is the new Chairman, and
Dr. M. Fujiya the new Vice-Chairman. Dr. T. Nose is the new Secretary General. Mr. W. Shaw, the
U.S. Chairman, announced that Dr. C. Mahnken will take over the chairmanship of UINR for the
American side at the conclusion of the 9th session; however, due to Mr. Shaw’s accident, Dr.
Mahnken chaired the session on the second day.

The business meeting was held on the second day. The morning session was chaired by Dr. Suda
and afternoon session by Dr. Mahnken. Dr. Mahnken introduced Dr. Banerjee as the new Vice-
Chairman of the U.S./UJNR panel.

1. Scientist Exchange

Panel concluded that the scientist exchange program sponsored by UJNR has been an effective
means of advancing aquaculture science and the exchange of information between the two coun-
tries. An extended study visit by one U.S. scientist (Mr. McCormick) is in progress and the visit of
another U.S. scientist (Dr. Murchelano) may occur in September 1980 or March 1981.

Dr. Shleser will visit Japanese aquaculture industries in the near future. Four U.S. scientists
visited Japan to participate in the 9th UJNR Conference (Drs. Shleser, Clark, Lightner, and
Malecha). It was suggested by the Japanese that a detail travel plan and coordination be affected
previous to arrival of exchange scientists. Dr. Arai will be the next Japanese scientist to visit the
U.S. during 1980. He will conduct cooperative research on fish nutrition with Dr. Mahnken at the
Northwest and Alaska Fisheries Center (NWAFC), National Marine Fisheries Service, at Seattle,
Washington.

[t was agreed to exchange information relative to the location and activities of aquaculture scien-
tists in both countries. It was also agreed that a continuous exchange of information on relevant
issues be affected by the two chairmen.

2. Literature Exchange

The U.S. and Japan will continue literature exchange as done in the past. The U.S. chairman sug-
gested that aquaculture literature search can be obtained from NWAFC computer facilities.

One translation (Eel culture) was given to the Japanese panel this year. The U.S. also elected to
send the national aquaculture plan to the Japanese chairman. The Japanese requested literature on
the culture of seaweed.

3. Cooperative Studies
An up-date of ongoing programs was presented. These included:
a) Mass mortality of oysters.
b) Disease resistance of U.S. oysters in Japan (project needs re-evaluatjon).
¢) Register of marine pathology (under consideration).
d) Cooperative studies on abalone (under consideration).

4. Second Five-Year Plans
The Japanese panel proposed two projects.
a) Large scale propagation of salmon.
b) Marine ranching.
The U.S. panel proposed four projects.
a) Salmon farming with emphasis on evaluation of ocean stocking, seeding technique, carrying
capacity, and smolt physiology.
Aquaculture engineering with emphasis on structures and new automated husbandry techni-
ques.
¢) Reproductive physiology, genetics, breeding of aquaculture species.
d) Environmental quality standards in aquaculture systems with emphasis on control of
metabolic by-products (self pollution).

b
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5. Next Joint Meeting

The theme of the meeting will be ““Molluscan Aquaculture,” the site, the University of Delaware,
and the date, September 1981.

It was agreed that UINR will jointly sponsor a cructacean and molluscan nutrition symposium
with the World Mariculture Society and the University of Delaware. The symposium will be held
close to the scheduled time of the UINR meeting. Japanese participants will include Dr. Koji Wada.

6. Field Trip
U.S. chairman thanked Dr. Matsusato for extensive activities on behalf of the panel.

7. Publication

An editorial policy will be developed at a later date by the U.S. panel and will be forwarded to
the Japanese panel for review.

Akira Suda — Japan
William N. Shaw — United States



Nutritional Requirements and Artificial Diets
of Kuruma Shrimp, Penaeus japonicus

AKIO KANAZAWA!

INTRODUCTION

Since Hudinaga (1942) succeeded in the artificial hatching and
subsequent culture of larvae of Kuruma shrimp, Penaeus
Jjaponicus, techniques in these fields have developed remarkably.
Now, in Japan, Kuruma shrimp have been produced in commer-
cial shrimp farms under artificially controlled conditions from
hatching to market size. However, problems still remain to be
solved concerning disease and the quality and cost of diets. Nearly
half of the reasons for shrimp disease seem to be directly or in-
directly attributable to nutritionally deficient diets.

Like other animals, shrimp require proteins, lipids, carbo-
hydrates, minerals, and vitamins. Lack of even one nutrient results
in deficiency disease, poor growth, and mortality during rearing.
In this presentation, I will discuss my investigation on the nutri-
tional requirements for proteins, lipids, minerals, carbohydrates,
and vitamins in Kuruma shrimp.

PROTEINS AND ESSENTIAL
AMINO ACIDS

The dietary protein requirement of Kuruma shrimp was
estimated to be 52% when casein was used as a protein source
(Deshimaru and Yone 1978) (Fig. 1). This value was higher than
the requirement for proteins in the eel (45%) and the carp (39%).

Next, I tried to culture Kuruma shrimp using a diet containing a
mixture of amino acids, instead of casein, to determine the essen-
tial amino acid requirements. However, the above amino acid diet
did not support the growth of Kuruma shrimp. Therefore, the
essential amino acids were evaluated by tracer experiments in
which the incorporation of [*H] acetate into each amino acid was
examined after injection (Kanazawa and Teshima 1981) (Table
1). On the basis of the results of these tracer experiments,
arginine, methionine, valine, threonine, isoleucine, leucine, lysine,
histidine, phenylalanine, and tryptophan were found to be essen-
tial for Kuruma shrimp (Table 2).

LIPIDS

Feeding trials showed that lipids were important nutrients for
Kuruma shrimp, not only as an energy source, but also as a source
of indispensable substances such as essential fatty acids and
sterols.

"Faculty of Fisheries, University of Kagoshima, 4-50-20 Shimoarata, Kagoshima
890, Japan.

] 52.4
87.0
1.5 - 47.8
l 38.7
N 20.3
E, 61.6
- N 29.5
=
o
- .
=
1.0 66.2
@ 11.2
0.7
j; 2.0
1 1 | 4
0 2 4 Weeks

Figure 1.—Growth curves of Kuruma shrimp fed on diets containing different
protein levels (percent).

Table 1.—Incorporation of radioactivity into the individual amino acids
of protein fraction in shrimps 6 d after injection of [*H] acetate.

Specific Specific

activity activity
Amino acids (cpm/u mole) Amino acids {(cpm/ 1 mole)
Aspartic acid 203 Valine 0.1
Serine 102 Methionine 2.5
Glutamic acid 196 Isoleucine 0.7
Proline 138 Leucine 0.1
Glycine 132 Phenylalanine 0.1
Alanine 187 Lysine 0.2
Cystine 159 Histidine 0.7
Tyrosine 1.2 Arginine 12
Threonine 1.9 Tryptophan 0.4




Table 2.—Essential amino acid requirements of Kuruma shrimp. + = essential;

— = nonessential.
Amino acid Penaeus japonicus Amino acid Penaeus japonicus
Aspartic acid - Methionine +
Cystine - Valine +
Alanine - Threonine +
Glutamic acid - Isoleucine +
Serine - Leucine +
Glycine - Lysine +
Proline - Histidine +
Tyrosine - Phenylalanine +
Arginine + Tryptophan +

Requirements for Sterols

Although animals generally synthesize cholesterol from lower
units, such as acetate and mevalonate, Kuruma shrimp and other
crustaceans lack this sterol-synthesizing ability (Zandee 1962,
1964, 1966, 1967; Van den Oord 1964; Gosselin 1965; Whitney
1969, 1970; Teshima and Kanazawa 1971; Walton and Pennock
1972; O’Rouke and Monroe 1976; Teshima et al. 1976) (Table 3).
However, cholestero] was shown to be the precursor of steroid
hormones (Kanazawa and Teshima 1971) and molting hormones
(Spaziani and Kater 1973; Gagosian et al. 1974) in crustaceans.
These results indicated that cholesterol is an essential substance
for normal growth in crustaceans. My feeding experiments reveal-
ed that the dietary cholesterol requirement in Kuruma shrimp was
about 0.5% (Kanazawa et al. 1971) (Fig. 2).

Table 3.—Biosynthesis of sterols in Crustacea.

Species Incorporation References

Astacus astacus —
Cancer pagrus —
Homarus gammarus —
Astacus fluviatilis —
Rhithropanopus harrissii —
Libinia emerginata —}
Callinectes sapidus —
Balanus nubilus —}

Artemia salina —_
Penaeus japonicus ——}

Zandee (1962, 1964, 1966)
Van den Qord (1964)
Zandee (1964, 1967)
Gosselin (1965)

Whitney (1969)

Whitney (1970)

. | . Teshima and Kanazawa (1971)
Panulirus japonica —

Portunus trituberculatus —
Carcinus maenas —
Eupagurus bernhardus —}
Armadilidium unlgare —}

Walton and Pennock (1972)

Cirolana halfordi —
Ligia occidentalis —
Helice tridens tridens —
Seaarma dehaani —}

O’Rouke and Monroe (1976)

Teshima et al. (1976)

Essential Fatty Acids

In Kuruma shrimp, linolenic acid (18:3w3) was more effective
as an essential fatty acid than linoleic acid (18:2w6). However,
eicosapentaenoic acid (20:5w3) and docosahexaenoic acid
(22:6w3) exerted a higher essential fatty acid activity than
18:3w3 for the shrimp (Kanazawa et al. 1977, 1978; Kanazawa,
Teshima, Tokiwa, Kayama, and Hirata 1979) (Fig. 3). The dietary
requirements for either 20:5w3 or 22:6w3 in Kuruma shrimp
were estimated to be about 1% (Kanazawa, Teshima, and Endo
1979) (Fig. 4). Therefore, poor growth of Kuruma shrimp on diets

Cholesterol added Growth rate (%)
(g/100g diet) 20 40 60 80

Figure 2.—Effect of cholesterol levels on growth of Kuruma shrimp.
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Figure 3.—Growth of Kuruma shrimp fed diets containing several fatty acids.

containing vegetable oils such as soybean oil and corn oil, is pro-
bably attributable to the lack of highly polyunsaturated fatty
acids. Fish oil, such as cod liver oil rich in w3-polyunsaturated
fatty acids, produced a high growth rate for Kuruma shrimp.

Growth-Promoting Factor in Short-Necked Clam Oil

Feeding trials showed that short-necked clam oil produced the
highest growth rate for Kuruma shrimp among the several lipid
sources examined. These results suggested that short-necked clam
oil probably contained certain growth-promoting factors besides
essential fatty acids. The search for these factors demonstrated
that the growth-promoting effect of short-necked clam oil was
mainly due to lecithin and kephalin (Kanazawa, Teshima,
Tokiwa, Endo, and Abdel Razek 1979) (Fig. 5).



Figure 4.—Dietary requirement of Kuruma shrimp for linoleic,
linolenic, eicosapentaenoic, and docosahexaenoic acids.
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Figure 5.—Effect of short-necked clam lipids on growth of Kuruma shrimp
(PRO = pollack liver oil).

contained in the exoskeletons during molting. Mineral require-
ments of Kuruma shrimp were estimated as follows (mg/g of diet):
Ca, 10; P, 10; K, 9; Mg, 3; Cu, 0.06 (Fig. 6). The addition of Fe
and Mn to the diet resulted in a decrease in growth rate
(Kanazawa and Teshima in press).

CARBOHYDRATES

Interestingly, disaccharides and polysaccharides were superior
to monosaccharides, such as glucose, as a carbohydrate source for
Kuruma shrimp. Diets containing disaccharides, such as maltose
and sucrose, produced high growth and survival rates (Abdel-
Rahman et al. 1979) (Fig. 7). The addition of 0.8% glucosamine
improved the growth of Kuruma shrimp, whereas that of chitin
resulted in a decrease in growth rate.

VITAMINS

The requirements for vitamin C, choline, and inositol in
Kuruma shrimp were determined to be 1.0, 0.06, and 0.2% of the
diet (Figs. 8, 9, 10), respectively. Diets lacking in vitamin C
resulted in poor growth and high mortality (Kanazawa et al. 1976;
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Figure 6.—Requirements for minerals in Kuruma shrimp.
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Figure 7.—Effect of dietary carbohydrates on growth of Kuruma shrimp.

Guary et al. 1976). Dietary requirements of Kuruma shrimp for
thiamine and pyridoxine were found to be approximately 6-12
and 12 mg%, respectively (Deshimaru and Kuroki 1979).

COMMERCIAL DIETS FOR
KURUMA SHRIMP

On the basis of my results on the nutritional requirements of
Kuruma shrimp, several types of diet for Kuruma shrimp were
commercially produced in Japan. Some diets resulted in a higher
growth rate than live feed. The annual production of commercial
diets for Kuruma skrimp is about 1,500 tons.
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Figure 8.—Effect of vitamin C levels on growth of Kuruma shrimp.
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Figure 9.—Effect of choline levels on growth of Kuruma shrimp.

MICROENCAPSULATED DIETS

Live feed is used in the culture of larvae after hatching. My
laboratory has attempted to make an artificial diet for larval
Kuruma shrimp. Recently, the staff has succeeded in culturing
Kuruma shrimp larvae from zoea stage to postlarvae by feeding
only the microencapsulated diet (Jones et al. 1979).
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Figure 10.—Effect of inositol levels on growth of Kuruma shrimp.

CONCLUSION

My nutritional studies have made a contribution to the develop-
ment of formula diets which are coming into the market.
Previously, live feed, such as the short-necked clam and the
mussel, was widely used for the culture of Kuruma shrimp and
was an excellent diet. However, such live feeds are too expensive
for use in shrimp culture and the supply is unstable. If one uses
materials lacking in some nutrients, careful attention should be
paid to adjust every nutrient, such as proteins, lipids, minerals,
carbohydrates, and vitamins, to adequate levels on the basis of
data on the nutritional requirements of Kuruma shrimp.

It is necessary to devise a diet which accelerates ovary matura-
tion in Kuruma shrimp. If this problem can be solved, the culture
of Kuruma shrimp can be performed completely under artificial
conditions.
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Kuruma Shrimp Culture in Japan

HIROSHI KURATA,! KUNIHIKO SHIGUENO,? and
KENRO YATSUYANAGI?

INTRODUCTION

Live Kuruma shrimp is one of the most esteemed seafood
delicacies in Japan. Its maximum price may exceed ¥ 10,000
(about US$45)/kg at the wholesale market in large cities. Japan’s
fishery and transport industries exercise special care in handling
this product to assure its freshness because of its prime impor-
tance in determining its market price. Most Kuruma shrimp are
kept alive throughout the entire process of catching or harvesting,
and packing and shipping to urban consumption centers.

Kuruma shrimp culture in Japan began in the early 1960’s and
has developed to a ¥9 billion business within 20 yr. Culture
techniques practiced today in Japan may be divided into two ma-
jor types according to the kind of facilities used for growing. One
is an extensive type using tidal ponds of 0.5-5.0 ha in area
pioneered by the late M. Hujinaga; the other is an intensive type
using concrete tanks with a dual bottom system developed by K.
Shigueno. There are considerable variations in detail within each
type.

Culture techniques of Kuruma shrimp have been reported in
detail, along with experimental data, by Shigueno (1975) and Hu-
jinaga et al. (1977). Commercial aspects of Kuruma shrimp
culture have been analyzed economically by Hirasawa and
Walford (1979). This report briefly summarizes the present status
and problems of the Kuruma shrimp culture industry in Japan
from a technical and, to some extent, economic point of view.

CONSUMPTION AND PRODUCTION OF
SHRIMP IN JAPAN

The Japanese nominal annual consumption of all kinds of
shrimp, as defined by domestic production plus imports, has
climbed steadily during the last 20 yr from about 0.6 kg per capita
in 1960 to 3.3 kg per capita in 1979 on a fresh head-on basis.
Over the same period, domestic production has remained relative-
ly stable at 60-70 thousand t (metric tons) a year. The increased
consumption is associated with increased imports of penaeid
shrimp from Asia and South America. Figure 1 shows that in
Japan shrimp of all kinds combined have supported a ¥ 300-400
billion business in recent years.

Japan’'s demand for shrimp as a whole has leveled off recently.
However, the situation is quite different for live Kuruma shrimp.
Hirasawa and Walford (1979) estimated, based on income elasti-
city analysis, that a 10% increase in per capita income will
enhance the demand for live Kuruma shrimp by 22%.

'Nansei Regional Fisheries Research Laboratory, Ohno-cho, Hiroshima 739-40,
Japan.

ZKagoshima Prefecture Fisheries Research Station, Kinko-cho, Kagoshima 892,
Japan,

3Yamaguchi Prefecture Fisheries Seed Production Center, Aio-cho, Yamaguchi
754-11, Japan.

Figure 2 shows that the domestic annual catch of wild Kuruma
shrimp by fisheries in Japan has, for the most part, fluctuated be-
tween 2,000 and 3,000 t over the past 30 yr. The drastic fall in the
late 1960°s recovered in the early 1970’s owing to concentrated
efforts in releasing artificial fry in coastal nursery grounds.
Culture production, on the other hand, has followed a more or less
steady increase since its beginning. Figure 2 also illustrates that
the area of production is concentrated in the southern part of
Japan. The major limiting factors in the abundance and distribu-

400

300

100}

CONSUMPTION IN 1,000 MT OR ¥ BILLION
g

1975 1976 1977 1978 1879

Figure 1.—Japan’s nominal annual consumption of all kinds of shrimp. Amount
of import may be doubled when converted into original fresh head-on weight.
1-4, domestic production in head-on weight; 1, cultured Kuruma shrimp; 2,
wild Kuruma shrimp; 3, other marine shrimps; 4, freshwater shrimps; S,
imported shrimps, heads-off, frozen, salted, or dried. Data from the Fisheries
Trade Statistics and the Annual Report of Catch Statistics on Fisheries and
Aquaculture, Japanese Government.
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Figure 2.—Domestic catch and harvest of Kuruma shrimp in Japan,
showing annual trend (upper) and production by prefecture in 1977
(lower). Data from the Annual Report of Catch Statistics on Fish-
eries and Aquaculture, Japanese Government.

tion of the wild population are the temperature of coastal waters
and the lack of large expanses of intertidal flats in the immediate
inshore areas. The centers of culture production are shifted further
south and include Okinawa where there are no wild populations.
The data presented in Figure 3 show that wild Kuruma shrimp
are fished for the most part from May to October, with the busiest
season from June to September. Cultured Kuruma shrimp are
harvested during the rest of the year when the market price is
relatively high. The main localities of Kuruma shrimp culture are
in the Seto Inland Sea, Amakusa, and Kagoshima. They differ in
the period of peak shipment depending on the water temperature
in winter, thus minimizing competition in the common market.
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Figure 3.—Monthly variation of the wholesale price in Tokyo market in 1974
(upper) and of shipment by localities (lower). (Hirasawa and Walford 1979.)
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CULTURE TECHNIQUES
Fry Production

Spawners.—All the spawners for fry production are separated
from ordinary commercial catches. Artificial spawner production
is not yet practiced in Japan on a commercial scale. Wild
spawners are available as early as mid-March in restricted oceanic
grounds and as late as early October in coastal grounds.

Spawners are introduced directly into the breeding tank upon
arrival in the required numbers. The percentage of accepted
spawners that successfully spawn in the tank range from 20 to
50% depending on their activity and size. Usually they are held in
the tank for 2 d and are removed on the third day before rapid
growth of diatoms begins.

Breeding tank.—A simple rectangular concrete tank, 100-250
m? in volume, is used in commercial fry culture. As long as a suffi-
cient number of spawners is available, a large tank is preferred.
Figure 4 shows the layout of a common rearing tank. It is usually
covered by transparent materials to maximize the use of solar
energy. The agitation of rearing water is effected by aeration with
blowers through air diffuser stones. A rotary blade may also be in-
stalled slightly above the tank bottom to ensure a homogeneous
distribution of larvae, feed, and organic wastes. The tank water is
heated early in the breeding season when the water is not warm
enough for larval development. The optimum temperature range is
26°-28°C.

Coastal seawater is filtered through a sand layer before it is in-
troduced to the rearing tank. Shrimp larvae require clean water for
survival. The quality of the rearing water is controlled by the daily
addition of fresh seawater during the early phase of rearing. For
this purpose the tank is filled with seawater to less than one-half
of its actual depth when spawners are introduced. By the time the
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Figure 4.—Layout of Kuruma shrimp fry production tank. A, floor plan; B,
cross section; C, tank with a rotary blade.

shrimp reach the postlarval stage, the water will almost fill the
tank. Afterwards, one-third to one-fifth of the water is renewed
daily according to its degree of deterioration.

Foods and feeding.—Diatoms, such as Skeletonema costatum
or Chaetoceros simplex, are supplied to the protozoeae either by
direct enrichment of the rearing water with nutrient salts or by in-
troduction from other culture tanks. The direct enrichment
method is not always reliable in summer when the temperature of
the rearing water may exceed 30°C and during the rainy season
when the available solar energy is limited. The optimum density
of the food diatoms is between 30,000 and 100,000 cells/ml.
Frozen algal feeds and trochophore larvae of oysters may also be
used successfully.

During mysis and early postlarval stages, a variety of animal
feeds are used in addition to diatoms. Artemia nauplii are the most
common feed for animals in these stages. About 5-8 kg of dry egg
are used in the production of 1 million fry. Rotifers or bacteria
may be substituted. Minced meat of bivalve mollusks and mysids
are the most popular feeds for postlarvae; 120-170 kg of these, in
addition to Artemia nauplii, are used to produce 1 million fry. The
use of compound feeds for postlarvae has recently become
popular.

Stocking density and survival rate.—Suitable stocking densi-
ty is about 30,000/m* for newly hatched nauplii, and
10,000-15,000/m? at harvest of postlarva of 11-13 mm in body
length and 0.01 g in wet weight. Larval development requires
10-12 d and another 20-25 d are required to reach 0.01 g post-
larva. Survival rates throughout larval and postlarval development
may be as high as 50% or greater, but vary to a considerable ex-
tent depending upon several factors.

Harvest and shipment.—In order to harvest, the fry are con-
centrated by draining the rearing water to one-half or one-third of
its depth. They may then be scooped out with a dip net or flushed
out along with the rearing water through the bottom drain and
caught with an appropriate net. They are counted by measuring
either wet weight or volume and shipped in plastic containers by
cold storage trucks equipped with an aerating device. About
700,000 fry may be kept in a 1 m? container for 10-12 h without
serious ill effects.

Problems.—Deterioration of the midgut gland may occur dur-
ing the early postlarval stage. Once this is observed, all the
animals in the tank will perish within a week. This is the only
serious problem in fry production of Kuruma shrimp.

Growing Shrimp in Tidal Ponds

Facilities.—The tidal pond is the most commonly used facility
in Japan for growing Kuruma shrimp. About 400 ha of coastal
area, converted mostly from salt evaporation ponds, are now used
for shrimp ponds. The ponds are drained during the off season in
winter for 60-80 d to expose the bottom sand to the atmosphere
and sunlight to ensure adequate oxidation. Predatory fishes are
eliminated by applying piscicides before the shrimp fry are
released.

The pond areas range from 0.5 to 5.0 ha. Small ponds are used
as nurseries. For growing, however, large ponds are preferable
because they can be managed at a lower cost per unit area than
smaller ponds. In large ponds, a canal system is constructed run-
ning from the periphery toward the sluice gate. The exchange of
pond water is effected by the movement of tides. Usually about
one-third of the pond water is changed daily either during the day
or night. The rate varies according to the ambient temperature,
oxygen content, and concentration of diatoms in the pond water.
Exchange of pond water is limited during each neap tide for 3-4 d.
The sluice gate is accompanied outside by an iron lattice to keep
out large seaweeds and other floating material; inside a fine mesh
screen fence prevents loss of shrimp and intrusion of predatory
fishes.

An aeration system or mechanical agitation is used to mix sur-
face water and to supply oxygen. The deterioration of the bottom
condition may be improved to some extent by stirring bottom
sand with a water jet or by treatment with iron oxide at a density
of 60-120 g/m?2. Seaweed is controlled by maintaining diatom
popuiations at an appropriate level.

Growth management.—To maximize productivity per unit
area, several technical imiprovements have been made in recent
years, although no final answers are presented. At present, three
types of management plans are practiced among tidal pond
culturists in the Seto Inland Sea area. They may be called one-
crop, two-crop, and multicrop plans according to the number of
cropping times per year as illustrated in Figure 5 A-C. In any



Figure 5.—Kuruma shrimp cuiture plans in tidal ponds in the Seto Inland Sea area. F, fry production; N, nursery; G, growing; H, harvest.

method, however, the maximum carrying capacity is around
200-250 g of shrimp/m?2. It is a basic principle of growth manage-
ment to keep the stocking density below the carrying capacity by
thinning out the population at appropriate times.

One-crop culture is the original type of culture. Figure 5A
shows that in this plan 0.01 g fry are directly released into the
culture pond in May (a'), or 1 g fry that have been precultured in
other nursery ponds at a density of 150-200/m?, are stocked in the
culture pond in June at 15-20/m? (a"). In both cases, fast-growing
shrimp may attain 12-13 g each by September with a survival rate
of 70-80%, which approaches the maximum carrying capacity.
The large shrimp should be removed by installing pound nets
along the periphery of the pond to allow the remaining shrimp
further growth. By November, 20-30% of the population is
removed and sold. The rest of the surviving shrimp, now attaining
25-30 g each, are harvested in full scale from November until
February. Total annual productivity is 3 t or less per hectare.

In the two-crop plan (Fig. 5B), the culture process is carried out
in two series of four steps each—fry production, nursery, growing,
and harvest—in succession during alternate months of the year
with the same set of facilities, thus maximizing annual productivi-
ty per unit area. Shrimp are cropped twice a year during July-
August and December-February.

In the multicrop plan (Fig. 5C), 1 g fry are released in the
culture pond at a lower density (12-13/m?) than usual to allow
them to grow as fast as possible. As soon as the fast-growing
shrimp attain 10 g in early August, the farmer begins harvesting
large shrimp and subsequently releases additional juveniles from
the nursery ponds. This procedure is repeated almost every day
until the end of October. From November to February, effort is
concentrated in the final growing and full-scale harvest of larger
shrimp without additional stocking. The total harvest may reach
3.0-4.5 t/ha per yr.

Foods and feeding.—The short-necked clam and blue mussel
have been the main feeds used in Kuruma shrimp culture. Their
use, however, has been seriously limited in recent years owing to
their short supply and enormous increase in price. A variety of
substitutes are used today including small-sized shrimp, mysids,
krill, squid, oysters, and several kinds of fish with white meat.
These are stored frozen and used in combination. In addition to
these, several kinds of compound diets are now available at

reasonable cost. They were originally developed as an integral
part of Shigueno’s method. Recently, however, as much as
30-40% of the total feed consumption in tidal pond culture has
been supported by these pellets.

Daily food consumption varies greatly depending on the size of
the shrimp. Smaller shrimp consume much more feed than larger
ones in relation to their own body weight. Figure 6 shows the
standard daily rations by shrimp size. When pellets are used, about
one-sixth of these amounts may be taken as standard allowing for
the moisture content.

Food conversion ratios range from 14 to 15 when frozen feeds
are used. A similar value can be expected with pellets when
moisture content is taken into consideration. In tidal ponds,
natural benthic organisms may constitute supplementary feed for
Kuruma shrimp, but the quantity of benthic organisms is too low
to support the shrimp in any appreciable densities.
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Figure 6.—Dalily rations of Kuruma shrimp in percentages of their own body
welght.



Harvest.—Cultured shrimp are harvested by either of the
following two methods. During the warm season they are effec-
tively captured at night by pound nets installed at right angles to
the dikes of the pond. After the water temperature falls below
15°C in early December, the shrimp become dormant and are
harvested with drag nets equipped with either a watcr jet or an
electric shocker.

Growing Shrimp in Concrete Tanks

Layout of tank.—A circular concrete tank, 36 m in diameter
and 2.5 m in depth at the periphery, is recommended as a standard
unit. Figure 7 shows a culture tank in cross section. Seawater is
constantly circulated at a peripheral linear velocity of about 10
cm/s. Movement of water is effected by two or three 1 hp motor
driven wheels or a series of oblique water sprays from a pipe,
whose length equals the tank diameter, above the tank. Since it is
a continuous flow-through system, it is desirable to have a pump
capacity at least 5 times the holding capacity of the tank.

A layer of fine sand about 10 cm thick is held slightly above the
bottom of the tank by plastic spacers and a sheet of synthetic fiber
net. The tank floor ascends from the periphery toward the center
at a slope of 2/100 to minimize loss of sand from the central drain.
The central drain automatically removes any deposits and suspen-
sions of organic detritus, food residues, feces, and molts. These are
carried toward the center of the tank by centripetal force created
by circular movement of the tank water. This system is most
effectively operated at night when bottom sediments are stirred up
by active movement of shrimp. During the day when shrimp re-
main buried in the sand, the central drain is closed and the drain-
ing is effected through other routes which run from midway be-
tween the center and periphery and under the sand layer. This
allows a flow of seawater through the sand bed and keeps it
aerobic. The quality of water and sand beds is managed by mani-
pulating the water supply and draining route. The general practice
is to exchange more water at night than during the day. The tank
water should mature for 4-5 d before releasing the fry. During this
time, the water turns light brown due to the growth of diatoms.

Culture management.—During the nursery stage, as many as
400-600 fry/m? are stocked and cultured for about 50 d until they
attain 0.7 g each with an average survival rate of 80%. The stock-
ing density is then adjusted to about 160 juveniles/m? by transfer-
ring some shrimp to other tanks where they enter the growth stage.
By the end of October, the shrimp reach 10 g each and the stock-
ing density approaches the maximum carrying capacity of 1.5
kg/m?. It is essential at this stage to reduce the population by
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20-30% to ensure further growth of the remaining shrimp and to
maintain the overall survival and food conversion ratio at
reasonable levels. Through proper management, almost 70% of
the original number of shrimp may be cultured up to 20-25 g each
by March with a maximum production of 2.7 kg/m?2.

Foods and feeding.—In Shigueno’s culture method, the shrimp
are fed pellets, which are produced and sold from several factories
in Japan. Not all the pellets now on sale are adequate for intensive
culture, but the best quality ones promote satisfactory growth, sur-
vival rates, and visual appearance of the final products at a
reasonable cost.

Figure 8 shows feeding and growth of shrimp in two of the
typical culture practices carried on after Shigueno’s method in
1979 at a shrimp farm in Kagoshima. The shrimp are fed once a
day after dark when they actively search for food. \Fresh‘frozen
feeds, comprising about 2% of the total amount, are used just
before harvest to produce a desirable color in the final product.
The overall food conversion ratio averaged approximately 2.5 dry
weight of pellet to wet weight of shrimp.

Harvest.—A drag net with an electric shocker is effectively
used to harvest the shrimp. However, approximately the last 5% of
the shrimp have to be picked up by hand, one by one, from the
sand bed after draining the water from the tank.

SHIPMENT

The harvested shrimp are held in chilled seawater in a dark
room for a couple of hours before being packed. This process
minimizes shrimp metabolism and enhances their hardiness for
out-of-water viability. They are then sorted into size groups and
packed in a carton sandwiched in chilled sawdust. One package
contains 2 kg of live Kuruma shrimp and almost equal amounts of
sawdust. These are packed and sealed in a large carton and are
then ready for shipment. Kuruma shrimp are usually flown from
the production sites to Tokyo, Osaka, and other urban consump-
tion centers and brought to the consumers while still alive on the
day following harvest.

MAJOR TECHNICAL PROBLEMS

A major technical problem in growing Kuruma shrimp in tidal
ponds or Shigueno’s tanks is the occurrence of heavy mortality
during the summer due to disease among the growing animals. The
most common symptom, which is usually followed by serious
mortality, is the deterioration of gills by infection with fungi or
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Figure 7.—Diagram showing the structure of a Shigueno type concrete tank for growing Kuruma shrimp.
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Figure 8.—Feeding and growth of Kuruma shrimp in the Shigueno type growing tank, Fresh frozen feeds are euphausiids and shrimps and are used to produce a
desirable color in the final product.

bacteria. The major cause is believed to be the excess stocking
density combined with pollution of bottom sediments due to
accumulation and decomposition of organic wastes.

COST AND PRODUCTIVITY

It is somewhat difficult to analyze commercial cultivation from
an economic viewpoint, since the availability of reliable financial
data is limited and, in addition, the economic situation is affected
by a number of variables. The data presented in Table 1 are
approximations estimated from various sources. Nevertheless,
these data show that the production cost per kilogram of shrimp is
cheaper, for the present at least, in tidal ponds than in Shigueno’s
tanks owing to a smaller expense for power and fuel in the former.
Productivity, however, is greater in Shigueno’s tanks than in any
tidal pond on both a per unit area and per man basis. Other advan-
tages of Shigueno’s method over the tidal pond method are: 1) The
ease of various aspects ‘of culture management, thus saving on
wage costs, 2) the capability of shrimp cultivation in localities
where tidal and topographic conditions are not suitable for the
construction of tidal ponds, 3) the applicability of maximum
utilization of warm water effluents from electric power plants or
other sources, and 4) the potential of providing a strong impetus
toward the development and improvement of high quality pellet
feeds.

Table 1.—Cost and productivity of Kuruma shrimp culture.

Type of culture

Shigueno type

Tidal pond type

Total cost per kg ¥ 5,000 ¥ 2,900-4,600 ¥ 2,930
Feeds 39.3% 29-35% 41%
Power and fuel 14.0 3 3
Interest 14.0 4-10 5
Wages 9.3 18-31 18
Shipment 7.1 10-15 16
Depreciation 6.6 2-5 3
Seedling 04 2-5 1
Management 32 4-8 8

Repairs 1.5

Prosperity 0.9

Trips 0.4

Public relations 04
Others 6.0 8-11 5

Part-timers wage 2.6

Commodities 1.5

Chemicals 09

Others 1.0
Annual productivity

per ha (O 25-27 3-5 3

per man (t) 2.5-4.0 1.8-2.2 —
Source of data Present paper Hirasawa and Shigueno

Walford (1979) (1975)




RECENT TRENDS AND FUTURE OUTLOOK

From 1970 to 1979, the Kuruma shrimp culture industry in
Japan achieved striking growth. The amount of production in-
creased by a factor of 5 at an average annual rate of 18% from 295
t to 1,480 t and is still expected to increase; the number of farms
increased 1.6 times from 77 to 120, and the total pond area in-
creased 1.9 times from 204 to 397 ha. A much greater rate of in-
crease in the amount of production over that of pond area is due to
improvement of productivity per unit area. It has increased 2.6
times from 1.4 t/ha in 1970 to 3.7 t/ha in 1979.

Recent trends are reflected in the construction of new concrete
tanks by Shigueno’s method. The tank area of this type has in-
creased at an annual rate of 24% during these years attaining 12
ha in 1979, while tidal pond areas have leveled off lately at about
400 ha. Beginning a new venture in shrimp culture in tidal ponds
in Japan seems to be far from feasible today owing to the enor-
mous rise in the cost of land coupled with the inherent low pro-
ductivity. In addition, the limited availability of fresh feeds due to
their high purchase and handling costs puts another constraint on
the culture practice in tidal ponds, where the majority of feeds for
growing shrimp depend on fresh frozen feed.

The culture techniques of Kuruma shrimp on the whole are well
established and the commercial venture of shrimp culture has so
far been a more or less profitable business in Japan. Its economic
feasibility, however, is to a large extent supported by a high
market price for live Kuruma shrimp. A growing menace to the
future of this industry is the hovering trend in the price of pro-
ducts on the one hand and a rapid rise in production costs on the
other. Efforts must be concentrated to further improve produc-
tivity through the intensification and rationalization of culture

practices and enhancing the survival rate which, in turn, will re-
quire refinement in the quality of compound feeds and in the
techniques of bottom sediment management.

To meet the economic demands of commercial shrimp culture
under a controlled environment, another means of low cost shrimp
production has been explored. The most promising is the farming
of the edge of the sea by releasing a large number of artificially
reared shrimp fry. The principles and techniques of this activity
have already been reviewed by Kurata and Shigueno (1979) and
Kurata (1981). The amount of Kuruma shrimp fry production for
this purpose has rapidly increased in recent years attaining a total
of 450 million in 1978; it is still expected to increase as a result of
the construction of new marine fish and shellfish seed production
centers in the majority of prefectures throughout Japan.
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Structure of a Kuruma Shrimp Culture Pond

TOSHIFUMI NOMA'!

SHRIMP CULTURE IN JAPAN

In Japan, seafood, especially live and fresh fish, is highly
valued. The Japanese prefer sea bream, lobster, and shrimp and it
is not surprising that some of these species have been cultured.
Culture of Kuruma shrimp, Penaeus japonicus, was initiated in
Amakusa, Kumamoto Prefecture in 1902 (Honma 1971). Today,
the shrimp are cultured in the warm districts of southwest Japan.
Yearly production has been increasing; in 1979, production was
about 1,500 tons (Japan, Ministry of Agriculture and Forestry
1981) (Fig. 1). The flourish of shrimp culture can be attributed to

'National Research Institute of Fisheries Engineering, Ebidai, Hasaki-machi,
Kashima-gun, Ibaraki, Japan.
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Figure 1.—Yearly changes in Kuruma shrimp culture. Top: Others =
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the late Dr. Hudinaga and his successors, as well as to shrimp
culturists who have perfected the technique of mass production of
shrimp seed.

Originally, shrimp culture was performed in net enclosure
ponds (Yamamoto et al. unpubl. data). These ponds had a 100 m?
surface area and were enclosed by bamboo nets (Fig. 2). Shrimp
culture of this type expanded in the Amakusa district. Net
enclosure ponds were often damaged by storm surges; as a
countermeasure, the bases of the poles that sustained the net were
strengthened by stones or concrete. Even with this improvement,
they were still damaged by storm surges. An embankment was
also tested, but low water exchange caused high mortality of the
shrimp. In addition, this type of construction was expensive.

In 1920, the semi-embankment type was designed (Fig. 3). This
type, a combination of net enclosure and submerged dyke, was
less expensive compared with full embankment, had a greater
water exchange rate, and had a smaller wave force acting on the
poles. Today the semi-embankment type is dominant in Amakusa.

Thus, shrimp culture ponds can be classified as 1) semi-
embankment type, 2) embankment type, which are converted
from obsolete salt pans or kantakued paddy fields, 3) inland pond
(shrimp culture tank), and 4) others. The first two use tidal energy
for water interchange and exchange; the third uses a mechanical
pump.

Figure 4 shows the relationship between yield and surface area
of pond in Amakusa in 1970 (Yamamoto et al. unpubl. data). The
yields varied from pond to pond and ranged from 100 to 300 g/m?,
After 1970, the yield in the district gradually increased as shown
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Figure 2.—Net enclosure.
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Figure 4.—Yield and area of ponds, Amakusa, 1970,

in Table 1, and production per unit area reached 400 g/m?. Pro-
duction per unit area of each type is shown in Table 2. Production
per unit area in tank culture is the highest and can be attributed to
pond management.

FACTORS TO CONSIDER

In planning a shrimp culture pond, many factors need to be
considered (Kurata and Shigueno 1976; Shigueno 1969) including
1) natural conditions such as climate, topography, tide, and risk of
storm surges, and 2) socioeconomic conditions. The pond is
designed to meet the requirements of the shrimp and to facilitate
pond management. The shrimp require food, living space, DO
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Table 1.—Yearly

change in production in
Amakusa. Total pond
area = 159.5 ha.
Average annual pro-
duction = 374 g/m?2.

Year Tons
1974 510
1975 513
1976 517
1977 573
1978 596

Table 2.—Types of pond and yield.

Yield

Pond type (g/m?)
Semi-embankment 400
Embankment 400
Tank culture 2,500

(dissolved oxygen), adequate water temperature, and a clean and
soft sand bed which allows easy burrowing.

Pond management activities are listed in Table 3. Before the
shrimp fry are introduced into the pond, the substrate is ploughed
repeatedly to oxidize the bed materials; deteriorated sand may be
replaced; and predator fishes are eliminated. The facilities are
repaired and, on occasion, sand will be supplemented.

In embankment type ponds, water is let into the pond about 10
d before the fry are introduced. The water is controlled to allow
propagation of diatoms to an adequate density.



Table 3.—Management activities.

Preparatory activities
Oxidation of sand bed (chemical sterilization in tank culture)
Substitution of bed materials
Repair of facilities
Predator control
Water curing

Activities during the rearing period (inciude the prestocking rearing)
Feeding
Water quality control
Utva (Ulva lactuca) control
Predator control

Harvest (with pond net or dragnet with electric shocker)

In April and May, the shrimp fry are introduced into the pond.
This period is also the spawning season of the predator fishes, sea
bream (Pagrus major and Acanthopagrus schlegelii) and goby
(Tridnetiger obscurus). Eggs, 0.8 mm in diameter, of predator
fishes enter the pond through the net screen. After hatching, the
juveniles of predators grow more quickly than shrimp fry. When
the juveniles become bigger than the fry, they start to devour the
fry. To prevent egg intrusion, net screens with fine mesh even
smaller than the egg’s diameter is sometimes used. The penetra-
tion of the noxious ulva (Ulva) and its subsequent decomposition
cause serious deterioration of the water and bottom soil. This is
partly inevitable.

Because of predation and ulva, shrimp culture in the same pond
should be as short as possible. Therefore, pre-stocking rearing, i.e.,
in nursery ponds, is adopted. The nursery pond occupies 10 to
20% of the whole pond area and can be easily managed. Swarm-
ing of ulva is now checked by inducing and maintaining a bloom
of unicellular planktonic algae such as diatoms. Sometimes ulva
may be scooped out or eliminated by chemicals (RADA).

The fundamental requirements and engineering items for a
shrimp culture pond are shown in Table 4. In Japan, the type of
enclosure is generally determined by the importance of disaster
prevention. If storm surges occur, the embankment type is
adopted. The embankment may, however, cause deformation of
the shoreline, erosion, or sand accumulation. Therefore, careful
consideration is needed before adopting this type of enclosure.

Water depth can be maintained at about 1 m in the summer.
The bottom elevation is M.L.W.L. (mean low water level) and
m.s.l. for tank culture. The minimum thickness of the sand bed is
10 cm.

The dimension of the water gates is determined from the ex-
change flow rate needed and the ability to flush out drifted sand
around the water gate (Gyoko-Senkai Kaihatsu Consultant Co.2).

2Gyoko-Senkai Kaihatsu Consultant Co. 1976. Consultant report on the planning
of Himeshima Shrimp Culture Pond. Unpubl. rep.

Table 4. —Fundamental requirements for a shrimp culture pond.

Requirement Engineering item

To hold the animals

To have a high rate of seawater
exchange, and the ability to
flush out organic matter

To be able to maintain adequate
water depth

To protect from predator fish Screen net

Other Access for bulldozers into the pond

Enclosure, sand bed
Flow velocity

Gate and submerged dyke

Concerning the latter, a maximum flow velocity > 0.4 m/s is
adopted in Himeshima.

Net screens consist of a net fence for protection against drifting
material and a fine net for protection against predator fishes. Fine
net of 2 mm mesh is used in nursery ponds and 3 mm mesh is used
in culture ponds.

WATER QUALITY CONTROL

In culturing shrimp, the water quality should be properly main-
tained. Dissolved substances affecting water quality include DO,
organic matter (metabolite and food residues), NH,, and H,S. It is
well known that DO should be maintained at more than 6 ppm:

DO > 6 ppm
NH, < 0.1 ppm
water temp. < 30°C.

The water quality control method is essentially a promotion of
the water exchange rate. For DO control, however, aeration with
mechanical power is usually adopted. For hydrogen sulfide con-
trol, iron oxide can be dispersed in the pond.

If the density of phytoplankton is properly maintained, DO is
supplied by the phytoplankton. Therefore, DO is controlled by the
density of the plankton. In this case, the water exchange rate is
determined by the coloration of the pond water.

In tank culture, flow velocity, in addition to the water exchange
rate, is important. An adequate velocity is 7-15 cm/s. Less than 7
cm/s, the organic matter cannot be flushed out; beyond 15 cm/s,
bed sand is moved.

To increase the water exchange rate, shallow water is preferred;
nevertheless, the quality of shallow water is apt to change quickly
as a result of a heavy rain or a high ambient temperature in the
summer. Therefore, water depth should be properly maintained.
The water exchange flow rate should be determined so as to main-
tain the concentrations of the dissolved substances at adequate or
allowable levels.

For the semi-embankment or embankment types, supposing
thorough mixing in the pond, the concentration of a dissolved
substance, M, changes

aM
4 i =qM,—M)+ A (1)
where V' = water volume of the pond, g = effective exchange flow
rate/tidal period,®> M, = concentration in outer sea, A = supply
rate of the substance, and 1 = time. Equation (1) becomes

A L A
M:{MO—(Me'l-?)}e'_v'-l-(Me-i-?) (2)
A
M, — o =M, + 7

Figure 5 shows the graph of Equation (2). At infinite time, M

becomes M, + 1 if there is no pollution or supply, M approaches
M, as in the dotted line.

*g is not interchange flow rate. That is expressed by ¢ = ¢ - § where { = tidal

range and § = surface area of the pond.



Figure 5.—Change of dissolved substances curve of Equation (2).

DO Change

Supposing there is no O, supply by phytoplankton, DO change
can be expressed by Equation (3),

p de

d,=K(cs-—c)+q(ce+c)—-[3

3)

where ¢ = DO, ¢; = saturation concentration of DO, =0, con-
sumption rate, K = coefficient of O, supply.

K =K, +K

where K, = reaeration coefficient by flow velocity, in case of Air
Bubble Curtain (A.B.C.)

2 \/ Dpupm _ot
ol hf’ (1 —e72)

where D,,;, = molecular diffusion coefficient of O, into water, u,,
= maximum velocity by A.B.C., hy = frictional depth, 0 = coeffi-

K, =

“®

cient of flow velocity attenuation (0 = Hf(l—2H X 7), L=

length of pond perpendicular to flow and K5 = coefficient of O,
dissolution from bubbles (Fig. 6). Integrating Equation (3) with ¢
=cyatt =0,

Keg +qce =B w0 Keg+4qce — P
c=fo-"g K+ ' (%)
+4q q

We can estimate the DO at 1 = % by Equation (5),
Keg + gce — f8 /
== g (5"
q Ks(CS——C) Kﬁ(CS_C)
— N T
= N he
Ce -+

(1R}

Figure 6.—Deflnition sketch of aeration by A.B.C.
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In this case also, at r = ©, DO can be given by Equation (5').

Determination of Flow Rate

Concerning the dissolved substance, M, the concentration at in-
finite time, M; = ©, should be the allowable one. When we know
A, the exchange flow rate can be given by

Ma - Me
g =5 ©)
Mg =M = ).
In the same manner, for DO,
B — K(cs — ¢p)
=" ™
e a

(Ca = C[ = OO)

Inversely, when ¢ is given by the tidal condition, for example, we
can calculate the required rate of O, supply, X, by

B —qlce — Ca)'
Cs — Ca

K =

Methods

In considering the exchange flow rate using a mathematical
model, there is the supposition of thorough mixing in the pond.
Therefore, there should not be stagnation in the pond. Counter-
measures for such stagnation include gate operation or tidal cur-
rent control with a training dyke (Nakamura et al. 1975).

The training dyke, as shown in Figures 7 and 8, is located in
reciprocal tidal currents. Downward stream flow is easy; however,
upward stream flow is difficult.

The coefficients of discharge of the inlet, which is constructed
with a training dyke, are changed by flow condition. Tidal residual
is induced in a reciprocal flow.

diversing

wall

MR

A

flood ebb

P B

[/
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N

Figure 7.—Tidal current control by training dyke.
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Figure 8.—Configuration of a training dyke.
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EXAMPLES
Embankment Type: Himeshima Shrimp Culture Pond

Figure 9 shows an embankment type culture pond converted
from a kantakued paddy field. There are four ponds, each with a 2
to 2.3 ha surface area and two gates. When the tide is rising, the
upper side gates are opened to let water into the pond; when the
tide is falling, the lower gates are opened. Thus pond water
generally flows one way. Bottom elevation is indicated as +0.0,
+0.7, etc. Each pond can be drained at mean spring low water
level and is accessible to ploughs and cultivators.

Figure 10 illustrates the structure of a gate. The pond is on the
left side. A fine mesh (0.6 mm) net screen, smaller than the egg
size of predator fishes, is set in this portion. [t is well brushed in
the ebb of spring tides.

Y Gt ———————
Tidal characteristics
at Himeshima
HHWL |+3.208
MSHW.LA+2713
e &,3ha 2.3ha 2.3ha MNHW.L[+1.957
/A ) g W
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MS.Lw.Ll+0.208 Figure 9.—Plan view of Himeshima shrimp culture pond.
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Figure 10.—Structure of gate.

Section

7.400

Plan

= ®

7.400

Sheet pile { =3,000

2.000 2.20

4.500

1

22

4,050 g H.H.WL +4,100 3
o T_'g"z WW.L+3.50 ] 1?’

L
gt L.000 S
1y +0.500

T
|
|

¥

| %DL=0,00
s e

7,000




ACKNOWLEDGMENTS

Many people have helped in various ways during the prepara-
tion of this paper. I am grateful to Mr. Nakamura, Kumamoto
Prefecture Fisheries Experiment Station and to Mr. Fujita,
Tarumizu Aquaculture Center of Kagoshima Prefecture Fisheries
Experiment Station who sent me reprints and references.

I am indebted to Mitsui-Nohrin Co. and Himeshima Kuruma
Shrimp Culture Co. who have permitted the reproduction of their
photographs and figures.

23

LITERATURE CITED

HONMA, A.
1971. Aquiculture in Japan. Japan FAO Association.
JAPAN, MINISTRY of AGRICULTURE and FORESTRY.
1981. Statistical yearbook of fisheries and aquaculture for the year 1979.
Ministry of Agriculture and Forestry, Tokyo.
KURATA, H,, and K. SHIGUENO.
1976. Recent progress in the farming of Kuruma shrimp (Penaeus japonicus).
In T. V. R. Pillay and W. A, Dill (editors), Advances in aquaculture, p. 258-
268. FAO Technical Conference on Aquaculture, Kyoto, Japan, 26 May - 2
June 1976
NAKAMURA, M., S. HAGINO, and T. NOMA.

1975. A proposal of pollution contro! by training dike. UMI to SORA, vol.
50.
SHIGUENO, K.
1969. On Kuruma shrimp culture technique.






Major Diseases Encountered in
Controlled Environment Culture of Penaeid Shrimp at
Puerto Penasco, Soiiora, Mexico
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ABSTRACT

A number of diseases have played a significant part in the evolvement of controlled environment culture of
penaeid shrimp, as developed by the Universities of Arizona and Sonora at their research facility in Puerto
Pefiasco, Soiora, Mexico. Among the etiologies of those diseases are viruses, bacteria, fungi, algal toxins, and
nutritional imbalances. Of the 20 or so diseases or conditions observed at the facility, 11 (filamentous gili disease,
ciliate gill disease, Fusarium disease, black death, three forms of bacterial disease, larval mycosis, blue syndrome
X, hemocytic enteritis, and MBYV disease) are discussed here in terms of their etiology, epizootiology, and the

preferred methods of treatment and prevention,

INTRODUCTION

Controlled environment aquaculture (CEAQq) of penaeid shrimp
by the Environmental Research Laboratory of the University of
Arizona began in 1972 as an evolutionary product of the control-
led environment agriculture technology developed by the
Laboratory. The research facility, located on the northern Gulf of
California near Puerto Penasco, Sofiora, Mexico, is a cooperative
project of the Environmental Research Laboratory and The Center
for Scientific Investigations and Technology (CICTUS), at the
University of Sonora (Fig. 1). As a result of progress within the
past several years (Salser et al. 1978), the project is now moving
from the “‘pilot-plant” phase to a fully commercial phase. A 10 ha
CEA(q facility is planned for Hawaii, with construction to begin in
1981.

CULTURE METHODS

Broodstock, consisting of populations of laboratory-reared F,
or F, generation Penaeus stylirostris or captive wild shrimp, are
held in special raceways for maturation. Diet, water, temperature,
and photoperiod are all controlled and monitored. Fertilized
females are collected as needed and transferred to the hatchery for
spawning. Egg hatching and larval culture is accomplished by
modifications of the procedures described by Mock and Murphy
(1970) and Mock et al. (1980).

The postlarvae are transferred to a fiber glass flow-through
nursery system until they reach 10 to 50 mg. From the nursery,
postlarvae are transferred to a postnursery system, a miniature
raceway, where they are stocked at 500 to 1,000/m? and remain
until they have reached 0.5 to 2 g. Finally, they are transferred to a
growout raceway system where they are stocked at a density of
150 to 250/m?. They will spend 20 to 25 wk in this growout
system and are usually harvested at approximately 21 g (35
count).

'University of Arizona, Environmental Research Laboratory, Tucson, AZ 85706,
2University of Sonora, CICTUS, Hermosillo, Sonora, Mexico.
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The first research aquacells were remodeled greenhouses. These
structures were 7 m wide X 30 m long with a 0.9 m center con-
crete walkway. Polyvinyl liners were installed to create two 3 x
23 m raceways of approximately 0.3 m depth, in each inflated
plastic structure. The structures were covered with an ultraviolet-
stabilized 10 mil polyethylene film which was inflated to form a 7
x 30 m half cylinder. From these evolved the ‘‘pilot-plant”
growout raceways now in use which are 0.61 X 34 x 62 m in
dimension. In these raceways, harvest densities of commercial-
size (average tail size at harvest was 31-35 count) P. stylirostris
have exceeded 5 kg/m? of bottom area and have consistently
averaged over 3 kg/m2. Total production of the 18 raceways (or
0.4 ha of water surface) in the commercial prototype was 80,000
Ib or about 45,000 Ib of tails for the first year of operation. Tail

Figure 1.—Aerial view of the Universities’ of Arizona and Sonora shrimp
culture research facility at Puerto Pefiasco. The locations of the seawater wells,
the broodstock raceways, the hatchery, nursery/postnursery, and the growout
raceways are indicated.



production for the second year of operation (1979-80) will exceed
60,000 ]b.

Seawater supplying the Puerto Pefiasco facility is pumped from
a series of seawater wells that are placed in the sand dunes above
the high tide mark on the beach to provide filtered seawater of
nearly uniform quality and temperature, regardless of season.

DISEASE AND CONDITIONS
ENCOUNTERED

Nearly 20 diseases or diseaselike conditions have been observ-
ed at Puerto Penasco in CEAq systems. Many of these diseases
were reviewed by Lightner (1975, 1977), but others have since
been recognized. Listed in Table 1 are the most important diseases
encountered at Puerto Pefiasco in CEAq-reared shrimp that have
resulted in the loss of significant numbers of shrimp.

Filamentous Gill Disease
One of the main problems which has received a major research

emphasis at Puerto Pefiasco has been filamentous gill disease
(FGD). This disease is caused by a filamentous blue-green

algaelike organism that is very similar or identical to Leucothrix
mucor (Fig. 2). All four species of penaeid shrimp (Penaeus
stylirostris, P. californiensis, P. vannamei, and P. monodon) reared
at Pendsco are affected by this disease. Penaeus californiensis is
the most severely affected by the disease, while P. stylirostris, P.
vannamei, and P. monodon are more resistant.

Leucothrix mucor is a common ubiquitous estuarine and marine
microorganism of uncertain taxonomic position (Brock 1974). It
attaches to living and nonliving solid substrates (Sieburth 1975)
and in shrimp culture systems it readily attaches to the surfaces of
the gills and accessory gill structures. It is not invasive and causes
no demonstratable pathology to these surfaces (Lightner 1975,
1978b). When present on the gills in large amounts, it can impede
water flow across the gills and reduce oxygen exchange. Debris,
uneaten food material, algae, and fecal material may become trap-
ped by the Leucothrix filaments on the gills and complicate the
condition. Mortalities due to Leucothrix infestation of the gills are
thought to occur from hypoxia. Under conditions of stress due to
crowding, molting, or low oxygen levels, Leucothrix may cause
severe losses overnight. If left untreated, FGD can cause a con-
tinuous steady, low level mortality.

FGD may be managed by the use of a copper compound applied
on a scheduled, or on an ‘“as needed,” basis. A seawater-soluble

Table 1.—Major diseases encountered at Puerto Pefiasco and present control methods.'

Disease

Etiology

Control Measure

Gill disease
1) Filamentous gill disease

2) Ciliate gill disease

3) Fusarium disease
4) Black death
5) Juvenile and adult bacterial

diseases
1) Septicemias

2) Shell disease and infected

wounds

6) Larval and postlarval bacterial
diseases
7) Larval mycosis

8) Blue Syndrome X (BSX)

9) Blue-green algae poisoning
(Hemocytic enteritis)

10) MBVD Disease

Leucothrix mucor and various
other filamentous forms including
Cytophuga sp., and Flexibacter sp.
Colonial peritrich protozoans
(Zoothamnium, Epistylis, and
Vorticella)

Fusarivm solani

Dietary deficiency of ascorbic
acid

Vibrio alginolyticus,

V. anguillarum,

V. parahaemolyticus.
Pseudomonas spp., and
Aeromonas spp.

Same as above

Lagenidium

Unknown, but suspect
chlorir:ated hydrocarbon
contamination of feed ingredients
Ingestion of:

Schizothrix calciocola,

Spirulina subsalsa, and possibly
Microcoleus lyngbyaceus

A baculovirus

Cutrine (at 0.1 mg Cu for 24 hor 0.25
to 0.5 mg Cu/l for 4 to 8 h).

1) Formalin (at 25 to 75 mg/I for 4 to
8 h).

2) Glutaraldehyde (at 2.5 mg/l for 6 to
8 h).

No control methods other than use of

resistant species.

Supplement diet with 1 to 2g/kg of

diet, or provide fresh algae.

Antibiotics mixed with feed and fed

for 14 d.

t) Terramycin at 500 to 1,000 mg/kg
feed.

2) Furacin or Furanace at 100 to 500
mg/kg feed.

3) Mixture of Terramycin (500
mg/kg) and Furacin, Furanace
(100 mg/kg).

Sanitation, disinfection, and drying of

larval rearing tanks between uses.

1) Malachite green at 0.006 mg/I|
continuous.

2) Treflan at 0.01 mg/l continuous.

3) Sanitation.

Avoid use of feed components

containing PCB’s, DDT, DDE, etc.

1) Medicated feeds to control
secondary bacterial infections.

2) Reduce light to prevent algal
growth.

3) Control algae growth with
algicides.

1) None known except sanitation.

2) Medicated feeds to control
secondary bacterial infections.

'Summarized from Lightner (1977).
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Figure 2,—Scanning electron micrograph of the gill lamellae of a blue shrimp,
Penaeus stylirostris. The abundant long tortous filaments present on the surfaces
of the lamellae are Leucothrix mucor. The smaller rod-shaped organisms lying
lengthwise on the gill surfaces are bacteria, probably mostly Vibrio and Pseudo-
monas spp. x 3,192,

copper compound, available commercially as Cutrine-Plus (Table
1) has been an effective management tool for FGD (Lightner and
Supplee 1976), but even better methods of preventing or control-
ling FGD are needed.

Ciliate Gill Disease

Another form of gill disease that may occur alone or with
Leucothrix is due to one or more species of the colonial peritrich
protozoans Zoothamnium sp., Epistylis sp., and Vorticella sp.
(Overstreet 1973; Lightner 1975, 1977; Couch 1978). As was the
case with Leucothrix-caused gill disease, these organisms, when
abundant on the surface of the gills, cause hypoxia and shrimp
deaths by impeding respiration (Fig. 3). Like Leucothrix, they

Figure 3.—Scanning electron micrograph of a secondary gill rachis of a blue
shrimp, P. stylirostris, that is heavily infested with colonies of the colonial peri-
trich Zoothamnium sp. Also present are filaments of Leucothrix mucor and a few
diatoms. x 199.
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cause no appreciable internal damage to the gills (Lightner et al.
1975, 1977).

Formalin® is reported to be effective in controlling these
organisms in all forms of shrimp and crustacean culture (Johnson
et al. 1974; Schnick et al. 1979). In CEAq systems both Formalin
and glutaraldehyde (Table 1) have been found to be effective in
controlling this form of gill disease, but because of the relatively
high cost of glutaraldehyde, Formalin is the preferred therapeutant
(Lightner 1977).

Fusarium Disease

An important disease of adult and subadult penaeid shrimp is
due to Fusarium solani, an imperfect fungus of world-wide distri-
bution. Severe losses due to F. solani have occurred in raceway
populations of P. californiensis and P. stylirostris at Puerto
Pefiasco. Spores of F. solani are present in water from the sea-
water wells at Penasco, apparently being derived from organic
material in the beach sands through which the station’s water is
pumped. In raceway populations of subadult P. californiensis, the
slightest wound or abrasion is sufficient to establish a fusarium in-
fection; hence, at Penasco, most fusarium lesions occur on the ap-
pendages, or as ulcerative lesions on the carapace, or on the
pleural plates on the abdomen (Fig. 4a). ‘‘Black gills” is the most
typical lesion seen in Japan in cultured shrimp infected by F.
solani (Egusa and Ueda 1972), and this form of fusarium disease
has been observed at Pefasco.

Diagnosis of fusarium disease is made by the use of a wet
mount of material scraped from a suspect lesion. Demonstration
of the ‘“boat-shaped” macroconidia (Fig. 4b), which is the
characteristic spore for members of the genus Fusarium, confirms
the diagnosis.

The histopathology accompanying a fusarium infection is
striking. A typical reaction to the fungus is an intense cellular
inflammatory response, with the shrimp hemocytes forming large
encapsulations around invading hyphae (Fig. 4c). Often, the
inflammatory tissues become melanized, giving the lesion a
brownish to black pigmentation.

No effective chemotherapy or preventive measures are known
for fusarium disease (Hatai et al. 1974; Lightner, Moore, and
Danald 1979), and mortalities due to fusarium disease in highly
susceptible species such as P. californiensis may approach 100%
(Fig. 4d). Fortunately, some penaeid species are relatively resis-
tant to F. solani infections. Penaeus californiensis is the most
susceptible to F. solani of the penaeid species tested so far at
Pefiasco. Penaeus vannamei and P. stylirostris are more resistant to
infection, and are not highly susceptible to infection by F. solani
at sizes below 20 to 25 g (Table 2). Rearing Fusarium-resistant
species of penaeid shrimp in CEAq systems is, at the present time,
the only known method of preventing fusarium disease (Lightner,
Moore, and Danald 1979).

Black Death

Black death is the name given to a nutritional disease of
penaeid shrimp caused by a dietary deficiency of ascorbic acid
(Lightner et al. 1977). Shrimp having black death (Fig. 5a)
typically display blackened (melanized) lesions in the stomach
wall, the hindgut wall, in the gills, and in the subcuticular tissues

*Reference to trade names does not imply endorsement by the National Marine
Fisheries Service, NOAA.
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Figure 4.—a. California brown shrimp, P californiensis, with lesi due to Fusarium solani on its head appendages (arrows). Only Fusarium-infected stumps
remain of the , the ules, and the 1 scales, b. Phase contrast photomicrograph of micro- (the short elliptical one- or two-celled spores) and
macroconidia (the longer boat-shaped multicelled spores) of Fusarium solani. The presence of these spores in material scraped from suspect lesions is pathognomonic for
infection due to F. solani. No stain. x 665. c. Photomicrograph through a Fusarium selani-caused cuticular lesion on a Penaeus californiensis. Present in the proximal
portion of the lesion (left) are degenerating muscle fibers. Centrally and distally in the lesion are masses of infiltrating hemocytes, some of which have encapsulated
hyphae (H) of F. solani. Masses of necrotic and melanized hemocytes are represented as darkened areas. Hematoxylin and eosin. x 93. d. Plots of time versus accum-
ulated mortality in an epizootic in a raceway population of California hrown shrimp, Penaeus californiensis.

Table 2.—Susceptibility and incidence of Fusarium solani infections in three at various locations in the shrimp. To date, black death has been
species of Penaeus at Puerto Pefasco. experimentally induced in P. californiensis and P. stylirostris by
. feeding diets devoid of added ascorbic acid (Magarelli et al. 1979;
Relative Susj:::::lj age Lightner, Hunter, Magarelli, and Colvin 1979). Deshimaru. and
Species susceptibility (wk) Incidence! Kuroki (1976) have probably observed the same syndrome in P.
Japonicus.
Penaeus californiensis high 30-40 255 Histologically, black death lesions may be distinguished from
(Calif. brown) shell disease lesions, which they superficially resemble, by the
P. stylirostris moderate 40-50 36.5 . . . . .
(Blue) lack of erosion or damage to the cuticle in the former disease (Fig.
P. vannamei low 68 435 5b). Instead, black death lesions are melanized, hemocytic lesions
(White) present in the epithelial and subepithelial connective tissues of the
stomach, hindgut, gill, and general cuticle, and in the loose con-
;:;n(::e:/;?-,p;r thousand of population for time period January to March 1977. nective tissues in such organs as the hepatopancreas, the nerve
3Born 5/1/76. cord, etc. (Lightner, Hunter, Magarelli, and Colvin 1979; Hunter
“Born 9/4/75. et al. 1979).
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Figure 5.—a. Gross photograph of juvenile California brown shrimp, Penaeus
californiensis, with the disease black death, which is due to a dietary deflciency
of ascorbic acid. b. Photomicrograph of a section through one of the blackened
cuticular lesions like those shown in Fig. 5a. This section was made through the
junction of two adjacent abdominal pleural plates, hence two sections of cuticle
are present. Melanized accumulations of hemocytes are present in the hypo-
dermis and especially in the subhypodermal connective tissues. Hematoxylin
and eosin. x 170.

Bacterial Diseases

Diseases due to bacterial infections in captive wild and in
cultured shrimp are well known (Lewis 1973a, b; Cook and Lof-
ton 1973; Delves-Broughton and Poupard 1976; Lightner and
Lewis 1975; Aquacop 1977; Lightner 1977). In every reported
case of bacterial infections in penaeid shrimp, motile gram-
negative, oxidase positive, fermentative rods have been isolated.
So far, most isolates have been Vibrio alginolyticus, V.
parahaemolyticus, or V. anguillarum. Certain other species of
Vibrio, Pseudomonas, and Aeromonas may occasionally be involv-
ed in this disease syndrome (Lewis 1973b; Lightner 1977).

Bacterial infections in shrimp may take two forms, localized
pits in the cuticle (shell disease) or generalized septicemias. In
shell disease (Cook and Lofton 1973), the causative organisms
cause erosions of the cuticle. However, if such lesions are not suc-
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cessfully resolved by the host’s inflammatory response, septicemia
and death will result. In CEAq of penaeid shrimp, most bacterial
diseases seem to be of a secondary nature, resulting from some
primary lesion due to another infectious organism, a parasite, to
wounds, or to nutritional, mechanical, chemical, or physical stress
(Lightner 1977).

Diagnosis of bacterial infections is made by the demonstration
of gram-negative motile rods in the hemolymph or tissues of
shrimp with advanced shell disease or with septicemias. Success-
ful therapy of bacterial infections in penaeid shrimp (Table 1) has
been reported by the direct addition of certain antibiotics to the
culture tank water (Aquacop 1977; Delves-Broughton and
Poupard 1976) which is practical only in shrimp hatching, larval-
rearing, and nursery tanks, or by the use of medicated feeds (Table
1) in larger shrimp.

Larval Mycosis

The phycomycetous fungus Lagenidium callinectes has been
observed and has caused significant epizootics in the larval stages
of P. stylirostris and P. californiensis at Puerto Penasco. Losses ap-
proaching 100% (Fig. 6) have been observed in our Galveston-
style larval-rearing tanks (Lightner 1976; Salser et al. 1978). In
these larval-rearing tanks, L. callinectes has been observed to in-
fect fertilized and unfertilized eggs, all of the larval stages, and up
to 2-d-old postlarvae. The naupuliar and early protozoeal stages
are those stages that are typically the most severely affected.

The source of the fungus infecting larval shrimp in larval-
rearing tanks has been shown to be the gravid female shrimp from
which the spawn was obtained. Lagenidium callinectes is ap-
parently a normal epiphytic saprophyte on adult wild and
hatchery-reared penaeid shrimp. An infection is established when
a zoospore attaches to, and encysts upon, the cuticle of an egg or
larval shrimp. The encysted spore then germinates, with the germ
tube penetrating the cuticle. The mycelium gradually expands and
appears to replace most of the striated-muscle tissues until the lar-
va is literally filled with hyphae. Infected individuals become im-
mobile and settle to the bottom of the tank. Sporogenesis then
begins with formation of discharge tubes, terminal vesicles, and
release of zoospores (Lightner and Fontaine 1973).

Several methods of chemotherapy for Lagenidium have been
reported (Armstrong et al. 1976; Bland et al. 1976; Aquacop
1977), and two chemicals have shown promise in controlling the
fungus. Bland et al. (1976) and Lightner (1977) reported
malachite green oxylate at 0.006 ppm (static) as effective in
arresting Lagenidium epizootics in larval rearing tanks or in
preventing epizootics, if added prior to the time the epizootics
become established (Fig. 6). Armstrong et al. (1976) and Aquacop
(1977) found trifuralin (Treflan) to be effective in preventing
Lagenidium epizootics in the culture of larval crabs and shrimp.
For Lagenidium control in shrimp, Aquacop (1977) found that a
single application of 0.01 ppm Treflan was enough to kill
Lagenidium zoospores, but such applications had no effect on the
thalli which continued to grow and reproduce. Aquacop (1977)
further reported that multiple 6-h duration applications of Treflan
in the parts-per-billion range are effective in preventing the
disease.

Blue-Green Algae Poisoning (Hemocytic Enteritis)

Blooms of certain marine filamentous blue-green algae, all
belonging to the family Oscillatoriaceae have been implicated as
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Figure 6.—Survival plots of larval blue shrimp, Penaeus stylirostris, populations in which disease due to
Lagenidium callinectes was epizootic. The population designated as ‘‘hatch 27°’ was treated with malachite green
upon detection of the presence of Lagenidium, while the population labeled ‘‘hatch 28’* was not. The epizootic in
hatch 27 was arrested with nearly a 50% survival rate, while the untreated hatch 28 had nearly 100% mortality.

causative agents in a disease syndrome of primarily young
juvenile P. stylirostris of 0.1 to 5 g average weight. However, the
disease has been observed in 12 to 20 g P. srylirostris. The disease,
called hemocytic enteritis (HE), apparently results from the effect
of toxins released in the gut from ingested algae (Lightner 1978a;
Lightner et al. 1978). The principal lesion observed in this disease
is necrosis and hemocytic inflammation of the mucosa (Fig. 7) of
those portions of the shrimp gastrointestinal tract that lack a
chitinous lining (the midgut, the epigastric caecum, and the hind-
gut caecum).

The cause of death in shrimp with HE may be due to osmotic
imbalances or to poor absorption of nutrients from the midgut due
to the destruction of the midgut mucosa but, in most instances,
death appears to be due to secondary bacterial septicemias. Vibrio
sp., principally V. alginolyticus, is the organism most commonly
isolated from the hemolymph of shrimp with septic HE (Lightner
1978a; Lightner et al. 1978). Mortality rates in populations of P.
stylirostris with HE have reached 85% but, typicaily, have been <
50% of the affected population (Table 3).

At Puerto Penasco, three species of the Oscillatoriaceae, - R -
because of their relative abundance in shrimp tanks during HE 7 .t '_ \
epizootics, have been suspect as probable causative algae. Of Nt gt T s iTait S e g L B2 L NS Fi
these three species, two (Schizothrix calcicola (Agardh) Gamont : = A . )
and Spirulina subsalsa Oersted), have been shown to induce the
disease experimentally when fed as unialgal cultures to susceptible
juvenile P. stylirostris. A third species, Microcoleus lyngbyaceus S y
(Kutzing) Crouan, while suspected as being a cause of HE in . ;o Y T - .
shrimp tanks, has not been shown to induce the disease in experi- . ) ' "y

Figure 7.—a. A sagittal section of the normal anterior midgut of a juvenile blue el ! Wl T B ATr ! K = o Sy
shrimp, Penaeus stylirostris. Hematoxylin and eosin. x 186. b. A sagittal section B " o o 4
of the anterior midgut of a juvenile blue shrimp with hemocytic enteritis. Rem-

nants of the gut mucosal epithelium (E) are present, but in many areas only

masses of hemocytes (H) line the gut lumen. Hematoxylin and eosin. x 83.
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Table 3.—Summary of hemocytic enteritis epizootics in blue shrimp, Penaeus stylirostris,
which occurred during blooms of certain blue-green algae in raceways at Puerto Pefasco.

Approximate dates Tank or Size range Population Approximate
of epizootic raceway no. wt. (g) Initial Final % loss
July-Sept. 1975 4 0.05-4.0 17,700 2,700 85
July-Aug. 1976 9 0.62-24 21,000 4,000 81
Oct.-Dec. 1976 5 0.54-2.6 21,700 8,700 60
Oct. 1976 6 0.24-1.0 19,600 10,500 46
Nov. 1976 11 2.9-5.0 11,200 6,900 38
Jan.-Mar. 1977 12 12.3-19.8 12,700 11,100 13
Oct.-Nov. 1977 7 0.01-0.5 26,000 10,000 61
Apr. 1978 11 0.5 105,000 102,000 3
Mar.-Apr. 1979 P2 0.01-0.5 68,000 60,000 12
May 1979 Pl & 2 0.01-0.1 120,000 — 10-20
July-Aug. 1979 P4 &S 0.01-0.1 506,000 461,000 10
Sept.-Nov. 1979 P3 0.01-0.1 849,000 497,000 40
Sept.-Nov. 1979 P4 &S 0.01-0.6 563,000 486,000 15
Nov. 1979 Pl & 2 0.1-0.5 450,000 358,000 20
Feb. 1980 G7 0.1-2.1 208,000 197,000 5
Feb. 1980 G8 0.5-1.0 123,000 121,000 2
Apr. 1980 P1 0.01-0.5 310,000 250,000 20
Apr. 1980 G10,11,12 1.0-1.5 275,000 — 5

ments in which unialgal cultures were fed to susceptible P.
stylirostris.

Because HE typically has a septic phase that is the usual cause
of death, antibiotic therapy is often useful. Medicated feeds con-
taining Terramycin (oxytetracycline hydrochloride) and/or
Furacin (nitrofurazone) have been used with mixed success in
reducing mortality rates due to HE at Puerto Pefiasco (Lightner et
al. 1978). The use of algaecides also appears promising in preven-
ting this disease by reducing the amount of blue-green algae pres-
ent in shrimp rearing tanks.

Blue Syndrome X

Since the shrimp project was started at Puerto Pefiasco, a
peculiar disease syndrome, that we call blue syndrome X (BSX),
has occurred twice. On both occasions, BSX caused extremely
heavy mortalities of juvenile and subadult shrimp. The disease
was named blue syndrome X because it was first recognized as a
distinct (but of unknown etiology) disease syndrome in popula-
tions of the blue shrimp, P, stylirostris (Salser et al. 1978).
However, the disease is not confined to the blue shrimp, and it is
thought to also have occurred in the California brown shrimp, P.
californiensis, at Puerto Penasco.

BSX is a difficult disease to diagnose because no consistent,
distinctive, or unique lesions are present grossly or histologically.
However, blue shrimp populations in which BSX is enzootic do
show some characteristic behavior patterns and occasional
physical changes that are characteristic of this disease. The first
characteristic of BSX is that shrimp, within a population having
BSX, die during molting or following handling stress. Secondly, up
to 50% of the shrimp within BSX affected populations have been
observed to develop “‘blunted heads’ (Fig. 8) within a few weeks
after BSX mortalities have begun in the affected population. This
erosion of the head appendages is apparently due to abnormal
trauma to those appendages by repeated collisions with the walls
of the culture tank, or to poor calcification of the new exoskeleton
in those regions.
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Figure 8.—Photograph of subadult blue shrimp, Penaeus stylirostris. The bottom
shrimp has normal head appendages, while the two above have ‘‘blunted’’ or
eroded away the antennae, antennules, rostrum, antennal blades, and portions
of their compound eyes. Such erosions of the head appendages are typical of
shrimp having blue syndrome X (BSX) disease.

The etiology of BSX is uncertain,® but circumstantial evidence
suggests that the most recent occurrence of BSX at Puerto Penasco
was due to a batch of cod-liver oil (which is included in the
shrimp’s ration to supply essential fatty acids and certain
vitamins) that was contaminated with up to 25 ppm PCB and up
to 5 ppm DDT and DDE. However, we have not yet proven the
relationship of these contaminants to BSX disease.

“Tests run subsequently to submission of this manuscript indicated that the suspect
cod liver oil when added to the shrimp ration at 0, 1 X, and 4 x of the normal levels
had no effect on the prevelance of BSX, nor on tissue levels of accumulated PCB,
DDT, and DDE in affected populations of blue shrimp. Hence, the etiology of BSX
remains unproven.



Baculovirus Disease

A single population of adult Penaeus monodon was annihilated
by a disease called MBVD (monodon baculovirus disease). Adult
and subadult P. seylirostris and P. californiensis directly exposed to
MBV-infected P. monodon for several months were apparently
resistant to infection by the virus and showed no mortalities or
other signs of the disease.

In P. monodon, MBVD is diagnosed by demonstration of multi-
ple nuclear polyhedral bodies (Fig. 9) within the hypertrophied
nuclei of infected hepatopancreatic epithelial cells (Lightner and
Redman 1981).

Virus particles, occurring both free in the nucleoplasm or
occluded within the inclusion bodies, displayed a morphology
typical of baculovirus occuring in other Arthropods and in other
species of penaeid shrimp (Summers 1977; Couch 1974).

Figure 9.—a. Photomicrograph of a section of the h

patopancreas of a P

don with don baculovirus disease (MBVD), The nuclei of many
hepatopancreatic epithelial cells are greatly hypertrophied and contain from one
to several rounded occlusion bodies. Wolback’s gi x 379. b. Electron
micrograph of an hepatopancreatic epithelial cell that is infected with MBV.
Numerous rod-shaped virions are present free in the karyoplasm and occluded
within the large spherical crystalline occluslon body. Lead citrate and uranyl
acetate. x 16,226.
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Death in shrimp with MBVD may be due to destruction of the
hepatopancreatic tubule epithelium or to secondary bacterial sep-
ticemias (usually due to V. alginolyticus). Because of the secondary
bacterial septicemias, antibiotic therapy was useful in delaying,
but not stopping, mortalities due to MBVD in the population of P.
monodon.
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Research and Development in Freshwater Prawn,
Macrobrachium rosenbergii, Culture in the
United States: Current Status and Biological
Constraints With Emphasis on
Breeding and Domestication

SPENCER MALECHA!

INTRODUCTION

In this paper I would like to briefly review the research and
development (R & D) of prawn culture in the United States, inclu-
ding its current status in Hawaii, and mention some of the current
developments which show promise. I will then discuss a few ma-
jor biological properties of the prawn or its culture system which,
in my view, presently constrain optimal production. I will end my
paper with a review of some of the results I have obtained in my
breeding and domestication work and will point out what I feel to
be promising areas of future R & D.

The state of the art of Macrobrachium rosenbergii culture has
been reviewed elsewhere (Hanson and Goodwin 1977; Ling and
Costello 1976). In addition, the Proceedings of the World
Mariculture Society, from 1975 to the present, and the journal
Aquaculture, from 1970 to the present, contain most of the papers
that have been published regarding M. rosenbergii research. It is
not my intent to provide a comprehensive review of all this work
but only to point out what I feel are the highlights in prawn R & D
in the United States. For greater accuracy in technical data the
reader is referred to the professional published literature.

LIFE CYCLE

Macrobrachium rosenbergii is a large? freshwater decapod cari-
dean crustacean distributed throughout areas of Southeast Asia,
India, Australia, and areas around the South China Sea (see Fig.
13). Reviews of its biology can be found in Ling (1969a), Miya-
jima (1977), and Wickins (1976). The genus Macrobrachium con-
tains hundreds of species which have been monographed for
Southeast Asia (Holthuis 1950) and the Americas (Holthuis
1952). Macrobrachium rosenbergii apparently is a species that is
evolving ‘‘out of the sea” (Johnson 1960a) in that its larvae re-
quire brackish water for their development. In fact, the “‘break
through” in closing the life cycle of M. rosenbergii came when
Ling (1969b) raised the salinity in his larval culture aquaria to
16%49 (Goodwin 1977). Previous attempts to rear larvae to
metamorphosis failed because only freshwater was used.

There are constraints in prawn aquaculture (see later) but these
do not involve life cycle factors. The various stages in the prawn'’s

'"Prawn Aquaculture Research Program, Department of Animal Sciences, Univer-
sity of Hawaii, Honolulu, HI 96844,

My field studies have measured a 654 g male in New Guinea. Reports of a 1,000
g animal come from Taiwan.
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life cycle, including maturation, courtship, mating, brooding,
spawning, larval development, and juvenile to adult growth, may
be accomplished in tanks, ponds, or aquaria.

Figure 1 shows the overall life cycle of the prawn. Breeding
behavior has been described by Rao (1965) and Ling (1969a).
Mating occurs between hard-shelled males and newly molted
females. Adults form single pair bonds and undergo amplexus at
which time a spermatophore (sperm packet) is deposited on the
female’s abdomen (Sandifer and Smith 1979; Sandifer and Lynn
1980). Eggs, extruded through the female’s gonopores, pass
through this packet, are fertilized, and remain attached to the
female’s ventral abdomen (*‘tail”’) during incubation. This lasts for
about 15 d after which free swimming protozoea larvae are releas-
ed (“hatched”) into the water column. These undergo 11 larval
molts followed by one molt into benthic crawling postlarvae (PL).
Since there is considerable variation in individual growth which
leads to a size frequency distribution with a large variance, growth

ZOEA LARVAE

Q.5 -~ ’
/_\'\4\‘1 1 larval
stages
N 35 12 molts
DAYS
T
EGG Macrobrachium POSTLARVAE
rosenbergii
LIFE A

CYCLE

ADULT

Figure 1.—Life cycle of the freshwater prawn, Macrobrachium rosenbergii.
Figures represent average values for stages in Hawaii. Larval and pond growout
stages can vary considerably in individual circumstances depending upon envi-
ronmental conditions. Adult prawn drawn to represent a 45.6 g individual
(10/1b, 22/kg), an average market weight. Mating, including amplexus, is of
variable length over a 48-h period during which the female is receptive. Spawn-
ing usually occurs within 24 h of successful mating.



to sexual maturity is variable (6-9 mo) and harvestable (> 35 g)
prawns are available in 9-11 mo.

EXPERIMENTAL RESEARCH

Naturally, the growing interest in freshwater prawn culture has
generated experimental research efforts designed to answer some
of the fundamental questions which could lead to better produc-
tion. By experimental research we mean research conducted
where there is some degree of control over variables whose effects
are under study and also where controls and replications of treat-
ments are possible. This is in contrast to research in new
technology development where efforts are made to achieve a cer-
tain result and not necessarily to understand the underlying causes
of these results or the relationship of the variables which affect the
outcome.

A number of groups around the United States have concentrated
on research into the different aspects of prawn culture and
biology. Table 1 provides a list of these and Figure 2 shows the
areas in the United States where the activities are located. This ex-
pands the list given in Hanson and Goodwin (1977) but is not
meant to be exhaustive. Figure 3 shows the number of research
papers that have appeared in the journal Aquaculture and in the
Proceedings of the World Mariculture Society.

Like most of the other aquaculture organisms, the freshwater
prawn is relatively biologically unexplored. Consequently, almost
anything we learn from using it in experimental research could
have impact on optimizing its culture. However, almost all of the
research projects listed in Table 1 are applied, i.e., directed toward
the prawn’s aquaculture potential.

RESEARCH AND DEVELOPMENT PROGRAMS
IN THE UNITED STATES

The modern history of the culture of the freshwater prawn,
Macrobrachium rosenbergii, is short although the prawn has been
cultured for centuries in ponds using captured seedstock (Bardach
et al. 1972; Ling 1969a). It was not until recently that Ling
(1969b) succeeded in closing its life cycle. This was followed by
the development, in the late 1960’s in Hawaii, of mass rearing
techniques by Fujimura and his colleagues who also began the
development of pond rearing techniques (Fujimura and Okamoto
1970). The first successful commercial pond, built exclusively for
prawns stocked from hatchery reared seed-stock, was started in
the early 1970’s in Hawaii and is still in production.

Following the successes of Fujimura in developing mass larval
rearing and pond culture techniques, Hawaii became the initial
leader in the culture of the freshwater prawn. Several agencies in

Table 1.—Research programs in universities and government agencies in the United States.

Organization Address

Principal contact Research activities

Universities

Texas A&M U. Dep. Wildlife & Fisheries Sci.
College Station, TX 77843
U. of Miami School of Marine &

Atmospheric Science

4600 Rickenbacker Causeway

Miami, FL 33149

Boca Raton, FL 33431
Clemson, SC 29631

Dep. Physiology

P.O. Box 231

New Brunswick, NJ 08903

Florida Atlantic U.
Clemson U.
Rutgers U.

U. of Nevada, Reno
5305 Mill Street

Reno, NV 89501
OreTech Post Office
Klamath Falls, OR 96701

Oregon Inst. Technology

Louisiana State
Management
Baton Rouge, LA 70802

Southern U. Dep. Biol. Sciences
Baton Rouge, LA 70813
U. of Hawaii Dep. Animal Sciences

Honoluiu, HI 96822
Dep. Oceanography
Dep. Agric. Engineering
Government Agencies

[llinois Natural History Kinmundy, IL 62854

Survey
National Marine Fisheries Charleston Laboratcry
Service P.O. Box 12607

Charleston, SC 29412

South Carolina Wildlife &
Marine Res. Dep.

P.O. Box 12559

Charleston, SC 24912

Area 4, Sand Island
Honolulu, HI 96819

Marine Resources Research
Inst.

Anuenue Fisheries Research
Center

School of Veterinary Medicine

School of Forestry & Wildlife

Robert Brick Polyculture, nutritional physiology

Peter Lutz Metabolism, stress physiology

Sheldon Dobkin
Larry Bauer
A. Farmafarmian

Pond culture
Pond production economics'
Nutrition binders, physiology

Robert Taylor Hatchery, thermal effluent pond

culture, geothermal
William Johnson Hatchery, geothermal pond culture

Robert Avault Pond culture, polyculture!

Jay Huner Pond culture, polyculture!

Spencer Malecha

Edward Laws
J. K. Wang

Homer Buck

L. V. Sick

Paul Sandifer
T. 1. J. Smith

Michael Fujimoto

Domestication, breeding, growth
biology, polyculture!

Pond ecology

Nursery systems

Polyculture with manure!

Nutritional requirements

Pond culture,! nursery systems,
economics, reproductive biology

Extension, hatchery

'Cooperative programs.
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Figure 2.—Locations for prawn R & D activities in the United
States, 1980.
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Figure 3.—Percent total papers devoted to research on Macrobrachium
rosenbergii that have appeared in the journal Aquaculture and the Proceedings of
the World Mariculture Society, 1970-80.

other states soon began R & D programs. South Carolina became a
leader in this regard as researchers began the preliminary hatchery
and field trials needed to establish the feasibility of growing the
freshwater prawn in temperate North America (Sandifer and
Smith 1978; Smith and Sandifer 1980; Smith et al. 1977, 1978).
The basic constraint to profitable culture seems to be the short
growing season which requires a separate nursery phase (Fig. 4,
Sandifer and Smith 1978). The great variability in individual
growth is also a constraint because it leads to populations with
highly skewed size frequency distributions with large variance
(Smith et al. 1978) necessitating markets for many size classes.
The production economics for pond culture in South Carolina
have been completed (Roberts and Bauer 1978) and feed remains
the highest fixed cost.

Field triais in 1978 (Smith and Sandifer 1980) have indicated
that stocking juvenile prawns as a mixed population of PL’s and
juveniles was better for seasonal production than stocking PL’s
ajone. This is because the large prawns can be marketed whole as
a specialty product and the remaining smaller individuals as
shrimp tails. Field trials in 1979 (Smith et al. 1981) show an im-
provement of the gross feed conversion ratio (from 2:1 in previous
years to 1.2:1 in 1979). Additionally, the 1979 field trials indicate
that a stocking density of 0.4/ft? (4.3/m?) was the most attractive
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Figure 4.—Production and annual cycles for freshwater prawns in South Carolina (from Sandifer and Smith 1978). The components of
these cycles can be considered typical for the continental United States although the duration of each will vary from area to area.



economically, i.e., overall mean size was greater despite lower
production; seed costs for this density were lower than the other
density.

Research and development activity has also occurred in Florida
under the aegis of the Florida Department of Natural Resources.
Hatchery (Dugan et al. 1975; Hagood and Willis 1976) and field
trials (Willis and Berrigan 1977, 1978) have been completed.

Texas A&M University began a program to study the natural
history of native species of Macrobrachium in Texas in the early
1970’s. From this the present study of practical farm management
techniques for Macrobrachium production and of their basic
biology was begun in 1975.3 Currently, emphasis is placed upon
production of M. rosenbergii in small ponds (0.1-1.0 ha) although
native species are still studied.

The growing season for M. rosenbergii in Texas ranges from 4.5
to 6 mo, depending primarily upon latitude. Stocking of ponds
usually involves PL’s directly from a hatchery. A few private pro-
ducers have designed warmed nurseries for stocking PL’s ahead of
the outdoor growing season. These nurseries are indoor, closed
systems equipped with biological filters. The first stock of
“‘advanced juveniles” (approximately 2 cm in length) were placed
into ponds in 1980.

About a dozen private cooperating farmers are working with
Texas A&M’s Department of Wildlife and Fisheries this year in
their research program across the state. Earthen ponds stocked at a
low density (35-40,000/ha) are used for current studies. The
ponds are well fertilized and are usually fed sinking catfish pellets
as the most readily available feed.

Macrobrachium studies are also supported by the Texas
Agricultural Experiment Station. Studies over the last 3 yr have
involved polyculture of M. rosenbergii with Tilapia aurea.

The Texas Agricultural Extension Service is involved in pro-
moting the culture of M. rosenbergii in Texas through the networks
of County Extension Agents and County Fisheries Extension
Agents. Farming freshwater shrimp is promoted as an element of
integrated agriculture.

The Arkansas Game and Fish Department?® has recently begun
pond growth trials with M. rosenbergii and has expressed an in-
terest in aiding small-scale commercial development.

From these studies production of between 1,550 and 2,000
kg/ha seems to be possible in one season’s growth during the
North American summer.

Thermal Effluent and Geothermal

Two recent projects have emphasized the culture of prawns in
thermal effluent. A prawn raising project has been underway at
the University of Nevada, Reno, since October 1976.5 The project
has been funded by the Electrical Power Research Institute. The
objective of the project is to determine the feasibility of raising
prawns in power plant effluent and/or geothermal water in
Nevada.

The first year of the project was spent in developing techniques
for raising larval prawns to the postlarval stage using Instant
Ocean® sea and a recirculating system.

*Robert W. Brick, Department of Wildlife & Fisheries Sciences, Texas A&M
University, College Station, TX 77843, pers. commun. [975.

“Mike Freeze, Arkansas Game and Fish Commission, No. 2 Natural Resources Dr.,
Little Rock, AR 72205, pers. commun.

*Robert Taylor, Project Manager, University of Nevada, Reno, Veterinary Medical
Center, 5304 Milt Street, Reno, NV 89502, pers. commun. May 1980.

SReference to trade names does not imply endorsement by the National Marine
Fisheries Service, NOAA.
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During the second year of the project, 264 b (120 kg) of
prawns were produced in a 0.25-acre (0.10 ha) pond at the power
plant in a 6-mo growout period during the winter. Cold water
temperatures hampered the growth of prawns but results were en-
couraging enough to expand the project. During the third year, 10
ponds totalling 3 acres (1.21 ha) were operated on a production
and research basis.

A l-acre (0.41 ha) pond was stocked in April 1979 and harves-
ting was initiated in the pond in mid-September. From mid-
September 1979 through mid-January 1980, approximately 1,000
1b (455 kg) of prawns were harvested. Present efforts at the power
company are directed at culturing the prawns in floating net struc-
tures in the company’s main cooling ponds.

The future of prawn raising in Nevada may center around the
use of low temperature (< 300°F) geothermal water which will
probably be cascaded through a series of uses. Such water is
relatively common because of the widespread drilling of geother-
mal wells which are intended for power production. However,
prawn raising in Nevada is still in the pilot stage with no large
scale commercial production.

A thermal effluent project has been carried out in New Jersey
(Eble et al. 1975, 1977). Although initially promising (Godfriaux
et al. 1977), the feasibility of economic culture was deemed slight
mainly due to the inability to raise prawns at high densities in
small cooling ponds. This points up the importance of the con-
straint of Muacrobrachium rosenbergii's growth pattern, discussed
later, to high density culture.

Another project under the lead of the Oregon Institute of
Technology’ seeks to develop M. rosenbergii culture using
geothermal water. The initial phase of the program began during
the 1975-76 academic year and was primarily concerned with
determining the feasibility of rearing M. ros