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Preface to the Second Edition

Until the First Edition of World Fish Farming: Cultivation and Econom-
ics was published several years ago, there was little or no economic and
technical information on commercial aquaculture either by countries or by
species. I tried at that time to partially fill the gap in the literature. In this
Second Edition, T have updated data originally presented and increased the
scope by adding new countries. New trout data have been added for 10
western European countries; sections on cost of production of food-sized
catfish and fingerlings in the USA; new and improved chapters for Japan,
Hungary, Indonesia, the Philippines, and the United Kingdom; and com-
pletely new chapters pertaining to Poland, Thailand, and Czechoslovakia
have all been added to this edition. The book now includes 31 countries,
including all major producing ones. Between 5.5 and 6.0 million metric tons
of finfish, shrimp, and crayfish cultured production are represented, which
accounts for about 90% of the world’s total.

The People’s Republic of China and the USSR, as well as countries on the
continents of Europe, Asia, North America, and Oceania, are represented.
Because of only minimal reported cultured fish production in Africa and
South America, these continents have been omitted. Also, according to
information received from New Zealand, there is no culturing of fish in that
country other than for restocking of public waters.

More than 100 species of cultured fish, seven species of shrimp and
prawns, and six species of crayfish are discussed. The manuscript includes
more than 100 tables for the sedulous reader to peruse and about 150
illustrations and explanatory photographs. Data are presented in both the
metric and U.S. customary systems.

Cultural data include feeding practices, foods, and types of production
facilities for freshwater, brackish, and marine production. Pond, raceway,
fiord, cage, net, and other culturing methods are presented. New tech-
niques, such as the submergible net cage of Japan, are also presented and
fully illustrated. Tilapia culture has virtually exploded in Japan, largely
because of a simple, inexpensive way of controlled reproduction. Here for
the first time is the story of this development. Freshwater prawn production

Xv



xvi PREFACE

has increased dramatically in Hawaii in the past three years. This Second
Edition covers this development and indicates where additional informa-
tion can be obtained. For some countries, the intensity and density of
production are included. A number of farm examples are presented when
and where possible.

Economic data, which are difficult to obtain, are presented when possible
for production systems by species. Producer prices, marketing margins, and
consumer prices appear; and data on imports and exports are presented
when possible. An attempt has been made to present the most recent and
pertinent information available.

For some countries, information is presented by species for restocking of
natural waters. For all countries, a list of fish and other aquatic species
mentioned in that chapter appears at the beginning of the chapter.

Because of considerable interest in and good profit potentials for opera-
tors of recreation or fee fishing facilities, this area is included.

When possible, the outlook for the cultured fish industry of the individual
countries is also presented.

I have tried to cover a wide range of subjects for private and public
aquaculturalists, as well as for all those who have an interest in fish cul-
ture, whether as a large-scale enterprise or as a hobby, for importers or
exporters, fisheries economists, students, and for those individuals who
wish to learn more about an increasingly important worldwide food source.

I am pleased to acknowledge the assistance given me in this undertaking
by the contributing chapter authors named in the list of contributors.
Acknowledgment is also made of the contributions of the following individ-
uals associated with the Department of Fisheries, Food and Agriculture
Organization, Rome, Italy: Mr. W.P. Appleyard, Fisheries Industries De-
velopment Service; Mr. Jean-Louis Gaudet, secretary to EIFAC; Mr.
Michael N. Mistakidis, Senior Fisheries Resources Office; and Dr. Ziad H.
Shehadeh, Fisheries Resources and Environment Division. I would also
like to recognize the special assistance of Mr. Wayne Goble for preparation
of illustrations and of Mrs. Marybeth Brown for diligence and assistance in
typing the manuscript.

E. EVAN BROWN



Preface to the First Edition

Previously there was little or no economic and technical information by
countries or by species on commercial aquaculture. This book was written to
fill this gap existing in the literature. I have tried to present in an easy-to-
read style detailed information about 28 countries, including all major
producing countries. Between 5.5 and 6.0 million metric tons of such
production of finfish, shrimp and crayfish are covered, which accounts for
about 90% of the world’s total.

The People’s Republic of China and the USSR, as well as the continents of
Europe, Asia, North America and Oceania are represented. Because of only
minimal reported cultured fish production in Africa and South America,
these continents were omitted. Also, according to information received from
New Zealand, there is no culturing of fish in that country.

Ninety-three species of cultured fish, 7 species of shrimp and prawns, and
6 species of crayfish are discussed. The manuscript includes 100 tables for
the serious reader to peruse, 41 illustrations and 91 explanatory photo-
graphs. Data are presented in both the metric and American systems.

Cultural data include feeding practices, foods, and types of production
facilities for freshwater, brackish and marine production. Pond, raceway,
fiord, cage, net and other culturing methods are presented. New techniques,
such as the submergible net cage of Japan, are also presented and fully
illustrated. For some countries, the intensity and density of production are
included. A number of farm examples are presented when and where
possible.

Economic data, which are difficult to obtain, are presented when possible
for production systems by species. Producer prices, marketing margins and
consumer prices appear. Data on imports and exports are presented when
possible. An attempt has been made to present the most recent and perti-
nent information available.

For some countries, information is presented by species for restocking of
natural waters.

Because of considerable interest in and good profit potentials for opera-
tors of recreation or fee fishing facilities, this area is included.

xvii
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When possible, the outlook for the cultured fish industry of the individual
countries is also presented.

I have tried to cover a wide range of subjects for private and public
aquaculturalists, as well as for all those who have an interest in fish
culture, whether as a large-scale enterprise or as a hobby, for importers or
exporters, fisheries economists, students, as well as those individuals who
wish to learn more about an increasingly important worldwide food source.

I am pleased to acknowledge the assistance given me in this undertaking
by the 10 contributing chapter authors given in the list of contributors.
Acknowledgment is also made of the contributions of the following indi-
viduals associated with the Department of Fisheries, Food and Agriculture
Organization, Rome, Italy: Mr. W.P. Appleyard, Fisheries Industries
Development Service; Mr. Jean-Louis Gaudet, Secretary to EIFAC; Mr.
Michael N. Mistakidis, Senior Fisheries Resources Office; and Dr. Ziad
H. Shehadeh, Fisheries Resources and Environment Division. I would also
like to recognize the special assistance of Mr. Wayne Goble for preparation
of illustrations and Mrs. Mary T. Prather, for diligence and assistance in
typing the manuscript.

E. EVAN BROWN

January 1977
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Introduction

HISTORY OF FISH FARMING

Fish farming is very old. The Romans were able to maintain and raise fish
in brackish water along the Italian coast. They probably learned methods of
primitive fish farming from the Etruscans, who in turn learned them from
the Phoenicians. Any exact date of development would be pure conjecture.
However, in the Mediterranean area, fish farming dates back several thou-
sand years. Egyptian bas-reliefs have scenes depicting fish raised in ponds.

In China and the Indo-Pacific regions fish culture is very old. The origin of
aquaculture or fish farming in China is commonly attributed to Wen Fang,
the founder of the Chou Dynasty. The last ruler of the Shang Dynasty had
Wen Fang confined to an estate in Honan Province (1135—-1122 B.C.).
There, Wen Fang built one or more ponds, filled them with fish, and made
the first recorded references to their behavior and growth. Much of the early
skill in the rearing of fish is said to have originated with him and those
working with him. For the next several centuries a number of early Chinese
writings appeared that were related to fish rearing. In 460 B.C., Fan Li
wrote his Fish Culture Classic, which described in detail the results of
numerous experiments made by Fan Li and others. It was in this era that
the keeping of carp for pleasure, as described by Wen Fang, changed to the
rearing of carp for food. The size of ponds expanded and the ventures were
exceptionally profitable.

TODAY’S TECHNOLOGY

From the early beginnings fish farming has expanded in area, methods,
and technology. The modern-day industry can only be described as highly
variable.

Species cultured today are raised in fresh (both warm and cold), brackish,
and marine waters. Species include catadromous fish, such as the eel, which
live their lives in fresh or brackish waters and go to the sea for spawning.
Anadromous fish, such as salmon, live their lives in marine waters and
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ascend rivers to go to spawning areas. Other species include marine fish
which spend their entire life cycles in salt water, but may be raised in
brackish waters. Freshwater fish can sometimes be raised in brackish
waters nearly as well as in freshwaters.

Culturing systems have expanded from the earlier ponds to include
flowing water systems (called raceways) and enclosure systems ranging
from rafts and cages, both floating and submerged, to closed off and farmed
fiords. Even the traditional pond system has been modified by varying the
amount of water added, which ranges from simple replacement to water
currents so rapid that they verge on being considered flowing water sys-
tems. The various systems may contain forage as well as predator fish.

The systems may be both extensive and intensive. These two terms are
not well defined and may mean different things to different people. For
example, a managed pond may yield only a few kilograms of fish per
hectare. By adjusting the pH, adding natural or artificial fertilizers, and
relying only on the resulting natural foods, yields may increase to 7 metric
tons (MT) per hectare (ha) [3.1 short tons (ST) per acre] as can be found in
Israel. This may still be considered extensive fish farming by some individ-
uals, who differentiate on the basis that intensive production requires the
feeding of trash fish or artificial foods such as pellets, or who are accustomed
to very large yields per unit of area which may be found only in flowing
water systems.

Considerable variation may also be found in the sources of and supplies of
either eggs, fry, or fingerlings. With some species, the eggs, fry, and finger-
lings for stocking can only be obtained from wild stocks. In other cases, fish
for stocking can be obtained through raising and spawning adult fish. In the
latter example, the modern practice of injecting hormones is often used to
obtain spawning as well as to adjust photoperiods.

The development of artificial foods such as sinking or floating pellets
within the past two or three decades has stimulated the production of some
species. However the cost of such feeds, coupled with feed conversion,
mortality, and other costs, has sometimes placed these fish in the “luxury”
class. Further advances in production of these fish may well be limited by
the ability to secure necessary feed ingredients, such as fish meal, and by
the price of such ingredients.

Sea ranching, which may be called a variety of names in different parts
of the world, is creating considerable interest. This method involves releas-
ing hatchery-reared animals of various sizes into marine waters for rearing
and the subsequent recapture of the adult fish upon their return to the point
of release. This method involves political and public decisions which may
restrict further development in some countries and areas.

GOALS AND ORGANIZATION

The goals of the author have been to present in easy-to-read fashion, on a
country-by-country basis, the present state of the aquacultural arts, and to
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answer some of the questions which hopefully have been raised by the
preceding section. An attempt has also been made to present today’s tech-
nology, using different culturing techniques. Coupled with these goals is
one of presenting economic data (extremely difficult to obtain and con-
stantly changing) to the reader so that differenccs that exist among cultur-
ing systems, species, and countries may be more thoroughly understood.
The most recent cost-relationships, marketing margins, and other economic
data have been included when possible and where available. Sometimes
these data become useless after only a brieftime as the result of one or more
changing relationships. However, the data presented do serve as a bench-
mark for future comparisons.

To allow for maximum understanding by as many people as possible from
various countries, both the metric and British (called U.S. customary units
in this book, since the British have converted to metric) systems of mea-
surement are used and presented. Hopefully, this helps rather than con-
fuses the reader.

This book is organized by continents and by countries. It begins with
North America, including the USA and Canada. It then proceeds to Europe
where countries are presented from northern Europe through southern
Europe, followed by eastern Europe. Asia is then presented, again pro-
ceeding from northern Asia (Asian USSR) to southern Asia. Then comes
Oceania. The book concludes with a brief outlook by the author and an
appendix.

Africa and Central and South America are not presented. Essentially,
these continents were omitted because of limited aquaculture production.
For example, Africa in 1975 was estimated to produce only 2.7% and
Central and South America only 0.7% of the world’s cultured fish (Pillay
1976).

The major producing country in Africa is supposedly Nigeria, while the
main country in South America where culturing is supposed to have some
importance is Brazil. The author has spent considerable time in Brazil and
was unable to find any appreciable amount of culturing (a few hundred
tons), nor were other USA fish culturists who had spent years in Nigeria
and Brazil able to confirm any evidence of appreciable culturing in either
country.

REFERENCE

PILLAY, T.V.R. 1976. The state of aquaculture. Paper presented at the FAO
Tech. Conf. on Aquaculture, Kyoto, Japan, May 26—June 2, 1976.



United States of America
FISH AND OTHER AQUATIC SPECIES

American eel (Anguilla
rostrata)

Artemia nauplii
Bait fish

Bass (Micropterus)
Bottom fish

Brook trout (Salvelinus
fontinalis)

Brown shrimp {(Penaeus
aztecus)

Brown trout (Salmo trutta)
Buffalo fish (Ictiobus)
Bullheads

Carp

Catfish

Channel catfish (Ictalurus
punctatus)

Chinook or king salmon
(Oncorhynchus tshawytscha)

Chum or dog salmon
(Oncorhynchus keta)

Coho or silver salmon
(Oncorhynchus kisutch)

Crabs
Crappies (Pomoxis)

Crayfish (Pacifastacus
klamathensis)

Cutthroat trout (Salmo clarki)
Dogfish

Fishheads

Flathead catfish

Goldfish

Hake

Herring

Kuruma shrimp

Minnows

Northern pike (Esox lucius)
Pacific salmon

Pelagic red crab

Pink or lost salmon
(Oncorhynchus gorbuscha)

Pink shrimp (Penaeus
duorarum)

Prawns (freshwater)
(Macrobrachium rosenbergii)

Rainbow trout (Salmo
gairdneri)

Red swamp crayfish
(Procambarus clarki)

Sockeye or kokanee or red
salmon (Oncorhynchus nerka)

Steelhead
Trash fish
Trout
Tuna
Turbot

Walleye (Stizostedion vitreum
vitreum)

White river crayfish
(Procambarus blandingi)

White shrimp (Penaeus
setiferus)

[Anadromous and
nonanadromous salmonoids]

[Cold freshwater fish]
[Warmwater fish]



United States of America

COLD FRESHWATER CULTURED FISH

Rainbow Trout (Salmo gairdneri)

Rainbow trout is the only species of cold freshwater fish cultured commer-
cially in the United States. It is cultured in 45 of the 48 contiguous states
(Fig. 1.1). Only Texas, Louisiana, and Mississippi do not culture trout. In
the past 5 years, new techniques of growing out trout in the colder winter
months in what is normally warm water are changing this situation. Since
1975, some trout have been grown out in catfish ponds in Mississippi but
only on a pilot basis. Hence, depending on profitability, trout may soon be
raised in all 50 states.

The number of trout producers by types is unknown. In 1979 there were

Fig. 1.1. Geographic distribution of rainbow trout farms in the United States.
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an estimated 653 growers of all types (Anon. 1979A). The leading states in
numbers of commercial growers are: Idaho, Wisconsin, Colorado, Michigan,
and Pennsylvania. To this number must be added 1086 operators of trout fee
fish-out ponds. In 1979 there were 200 of these in Colorado and 197 in
Pennsylvania, alone.

The trout industry in the United States has specialists dealing with one
phase of production. These can be classified as:

(1) Eggproducerswhoraise fish to sexual maturity—usually 2—3 years—

(2)

(3)

and spawn them for 3 or 4 years before they are sold for either
processing or fee-fishing stock. Fertilized eggs may be sold as eyed-
eggs or incubated and hatched. Fry and fingerlings are sometimes
sold.

Fingerling producers who either raise their own fry or purchase them
in sizes varying from 2.5 to 12.5 cm (1 to 2 in.) and sell them at sizes
ranging from 10 to 20 cm (4 to 8 in.). These fish are sold alive to
individuals who raise them to marketable sizes for human consump-
tion or to individuals who operate fee fish-out facilities.

Market fish producers who usually buy eyed-eggs to be incubated and
hatched. Fry are then raised to market sizes of 25 to 35 cm (10 to 14
in.). At that time they are transferred alive to processing plants,
which may or may not be on the premises. Some of these producers

Fig. 1.2. Rainbow trout fee fishing, Georgia.
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may buy fingerlings for growing-out. Depending on water tempera-
tures, a marketable rainbow trout may take from 10 to 18 months
from hatching.

(4) Grow-out producers who may raise fish for another producer. The
grow-out operator raises 10 to 15 cm (4 to 6 in.) fingerlings to market
size without ever taking title to the fish. He is paid on the basis of
weight gained. Time required to do this is usually 4 to 6 months. This
depends on water temperatures, size of fingerlings stocked, size of
marketable fish desired, and management.

(5) Fee fish-out operators who usually buy catchable sized fish which can
be caught within a short period of time by fishermen. Sometimes
these operators buy fingerlings and raise them for 4 to 6 months and
then transfer them to the fish-out facility.

(6) Live haulers who haul live fish from one farm to another, or to a
processing plant or fee-fishing facility. Some of these haulers may
transport live fish 750 to 3000 km (500 to 2000 mi.).

(7) Processor who may or may not have a fish production facility. He
receives live fish for processing into fresh and frozen items (Table

1.1).
Feeds. In general, trout rations contain:
Protein 32-55%
Carbohydrate 9-12%
Fat 5-14%
Fiber 15-17%

Essential trace minerals and vitamins

The wide range in ingredients is due to different types of diets for
particular sizes of fish. For example, fry have higher protein require-
ments than fingerlings. Prepared feeds are sold either in bulk or in 22.7
kg (50 1Ib) bags. Rations are in the form of dry crumbles or pellets. There
are more than 15 trout feed manufacturing companies. Each has its own
formulations.

History. The business of raising trout for market began in the 1870s
in the northeastern United States. The main produce of these early
commercial trout farms was adult brook trout (Salvelinus fontinalis),
which were sold in the fresh fish markets of large eastern cities. The
eggs stripped from the ripe females were a secondary consideration as a

TABLE 1.1. DRESS-OUT FIGURES FOR A 28 CM (11.3 IN.)
RAINBOW TROUT

Market Weights Dressing Loss
Item oz g % of Round Weight
Round weight 9.25 263 0
Dressed weight 7.4 210 20
Boned weight 6.45 183 31.3
Fillet weight 5.0 142 46
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saleable item. In the early 1900s brook trout farming became impor-
tant. Fish farms were increased in number and size by constructing
raceways. Food for the fish was obtained from packinghouse products
such as spleen, liver, heart, and lungs, which were ground together with
frozen bottom fish and fed as a thick paste.

Rainbow trout were officially introduced into the eastern United
States in the 1880s. Their introduction into commercial fish farming did
not occur until after 1900. At that time they were raised primarily as a
hobby-type operation by private fishing clubs. Limited production of
brown trout (Salmo trutta) and cutthroat trout (Salmo clarki) has oc-
curred at various times. Essentially, recent production has centered on
rainbow trout.

From the early 1920s until after World War 11, private trout hatchery
production developed very slowly because of the availability of sport-
caught fish and low market demand. From the late 1940s until the
present, the trout industry has grown rapidly. The most rapid change
has been in processed fish, destined for food use.

Production data for cultured fish, both live and processed, sold annu-
ally in the United States are very difficult to obtain. Data quoted in
trade and scientific journals are often misleading and conflicting. There
are no official state or federal production statistics.

Present Status. Even with the lack of corroborative production data, it is
safe to say that the trout industry is growing. Evidence of this comes from
feed manufacturers who state that they are selling more trout feed than
ever before. Similar statements come from egg producers. This increased
production is occurring from enlargement of older farms, new farms, and fee
fish-out ponds. Production of processed trout has also been expanding.

Klontz and King (1973) state that the main trout production states are
Idaho, California, Wisconsin, Michigan, Colorado, and Pennsylvania. The
author adds North Carolina to this listing.

Fig. 1.3. Large rainbow trout farm with feed being dispensed by feeding cart sus-
pended from overhead rails, Idaho.
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Data obtained by Klontz and King in 1973 indicate a total production of
12,272 MT (27 million 1b) by private growers. Of this volume, about 9100
MT (20 million 1b) was marketed through fee fish-out ponds.

More recent data (Anon. 1980) for 9 selected states (Idaho, California,
Georgia, Missouri, Pennsylvania, Washington, Wisconsin, Alabama, and
Arkansas) indicated 42,576,000 trout, weighing 12,800,000 kg (28,159,000
Ib) of trout sold for food between January and July 31, 1980. Idaho ac-
counted for 88% of the total sales with over 99% of the Idaho sales going to
processors. Idaho also accounted for 99.7% of all processed trout in these 9
selected states. Of the total of 12,800,000 kg (28,159,000 1b) sold during 7
months, processing accounted for 88%; fee and recreation fishing for 5%;
direct sales to consumers for 2%; and live haul, other producers, and gov-
ernment agencies for 3%. It must be remembered that data were gathered
for only 9 states for only 7 months. Other important producing states such
as Michigan, Colorado, and North Carolina were not included. Hence, it is
reasonable to assume that possibly 13,608,000 kg (30,000,000 1b) were
produced in the 7 month period from all states. If sales for the last 5 months
of 1980 continued at the same rate as for the first 7 months, total sales may
have approached 23,409,000 kg (51,500,000 1b), worth estimated as $44
million.

Of the processed volume, about 88% was contributed by one state, Idaho.
The remaining volume was contributed by all other states combined which
market their trout largely through fee fish-out facilities or limited sales of
fresh fish to local restaurants. For example, Colorado is considered a major
trout producing state, yet a reliable estimate by Dr. H. K. Hagan (1972) of
Colorado State University indicates that production is probably less than
114 MT (250,000 1b).

The primary reason for overwhelming importance of Idaho as the major
trout producing state is adequate water of proper temperatures. This happy
event is due to a geological accident referred to as the Southern Idaho
Aquifer. The water originates in the mountains and enters the vast lava
plain in southern Idaho.

This lava plain extends about 240 km (150 mi.) from east to west and
about 80—120 km (50—75 mi.) from north to south. This rock is extremely
porous and the mountain runoff is absorbed. Water emerges from this
aquifer from the side of a deep fissure cut by the Snake River. In essence,
underground rivers emerge to the surface at the canyon wall. The water is
14.4°C (58°F) and temperatures fluctuate by only about 0.5°C (1°F). Water
flow through a single hatchery may be as much as 920 liters per sec (14,583
gal. per min).

In Colorado, there are no private producers with more than 56 liters per
sec (897 gal. per min), and average flow is probably less than one-third of
this figure. In other major trout producing states the same situation exists.
Surface water is often not reliable, may be too warm in summer or have
reduced flows in winter because of freezing. Springs are usually small and
too far apart for an individual to have a large volume of production. Most of
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Fig. 1.4. Rainbow trout hatching trays in use.

these individuals are only part-time fish farmers. Even with small volumes,
which in many cases do not exceed 5 MT (11,020 lb), some of these producers
fare well. This is done by selling fresh dressed fish to local restaurants at
prices above the frozen price or by sales through fee fish-out ponds.

The Idaho Fish and Game Department issued 72 permits to raise fish
commercially in 1974. The majority of these permit holders were located
along the Snake River.

The commercial food fish industry in Idaho is complex. No two individual
facilities are alike from the viewpoint of raceway design, water utilization,
feeding practices, fish density per unit of water volume or flow, and fish
husbandry methods. In general, a raceway segment is 10 times longer than
it is wide and is 1 m (36 in.) deep.

The industry in Idaho consists of: (1) egg producers who sell eggs both
within and outside the state; (2) growers; (3) contract grow-out operators
who furnish management, labor, and facilities; with contract grow-out
operators the owner retains title and provides feed and technical assistance;
(4) processors, who are integrated with a fish-raising facility; (5) fee fish-out
operators; (6) live haulers; and (7) feed manufacturers.

Management. (a) Egg Incubation. After spawning, eggs are accli-
mated to water temperature at the hatchery. This is usually 13° to 14°C (56°
to 58° F). After acclimation the eggs are placed in shallow trays in a single
layer in baskets many layers deep. Trays of eggs are either stacked into
deep troughs with baffles to provide upwelling currents of water through
each stock, or in Heath incubators where water flows through each tray in
an upwelling direction beginning with the top tray and progressing to the
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bottom tray. The baskets are either placed into deep troughs, or into incuba-
tion boxes in which the water flow is upwelling at a rate that gently rolls the
eggs. The time required for hatching is 21-23 daysin 13°-14°C (56°-58°F)
water. Hatching takes place 10 months out of the year. Only in July and
August are eggs unavailable. In 1973, the Idaho trout industry eyed an
estimated 165,320,000 salmonoid eggs of which 50,470,000 were incubated
for hatching. Hatchability was 81.6%.

(b) Fry. The emergent yolk-sac fry are removed from incubator trays or
baskets and put into troughs. When nearly all the yolk has been absorbed,
they are started on feed dispensed by hand or automatic feeders. Several
times a day they are fed an amount based upon the feed formulation of
7-9% of body weight, dependent upon water temperature. This manage-
ment phase lasts for 3—5 weeks, depending upon facilities. Ofthe 41,180,000
fry hatched in 1973, 6,590,000 million died from various causes. The survi-
vors were from 2.5 to 7.5 cm long (1 to 3 in.).

(c) Fingerlings. 1In this phase, fish are in outside ponds or raceways and
are growing rapidly, sometimes over 2.5 cm (1 in.) per month. They are fed
4—5% of their body weight. During this phase, as the density of fish dictates
by weight per cubic unit of water, they are distributed to other ponds or
raceways. On some farms they are separated by size groups as they are
distributed to new ponds. In 1973, 41,180,000 fry developed into 34,590,000
fingerlings. These fingerlings were from 7.5 to 15 ¢cm (3 to 6 in.).

(d) Stockers. During this management phase, the fish are transported
to either farm pond (grow-out) operations or fee-fishing establishments, or

Fig. 1.5. Fry rearing troughs with automatic feeders for rainbow trout.



12 WORLD FISH FARMING

remain on the farm until they are of processable size. Inventorying and
grading by size is done at monthly intervals. Since the growth rate has
slowed, the level of feeding drops to 1—3% of body weight per day, depend-
ing on water temperature. In 1973, 34,590,000 fingerlings developed into
30,300,000 stockers.

(e) Marketables. These are fish that are 30 em (12 in.) long or more.
They are shipped from rearing ponds to processing plants. During 1973,
26,910,000 fish were sold live or processed. Hence, the survivability after
hatching was over 65%.

Production and Marketing. There are no recent data available concern-
ing production costs. Farmers in Idaho interviewed by the author in 1976
indicated that farm prices were near production costs. Farm prices for
280—390 g (10— 14 oz) processable fish in May 1976 ranged between $1.43
and $1.54 per kg ($0.65 and $0.70 per 1b). After processing, dressed fish,
having undergone an approximate 20% weight loss, sold for $3.30 per kg
($1.50 per 1b). Boned fish sold for $3.74 per kg ($1.70 per 1b). Both dressed
and boned fish prices were for frozen, packaged fish, FOB processing plant.
Processed fish are usually sold by the processing plants to fish wholesalers
whose marketing margin is about 20%. Hence, wholesale price was $3.96
per kg ($1.80 per 1b) for frozen, packaged, dressed fish for sale to restaurants
and retail stores, and about $4.48 per kg ($2.04 per 1b) for boned fish. Retail
store markup varies between 10 and 25% of wholesale price. Thus, retail
store prices for dressed fish would vary from $4.36 to $4.95 per kg ($1.98 to
$2.25 per 1b). Prices of boned trout would vary from $4.92 to $5.60 per kg
($2.25 to $2.55 per 1b).

Market sizes for the restaurant trade range between 225 and 336 g (8 and
12 oz) per dressed fish. Supermarkets prefer two 200—250 g fish in each
package. This keeps the unit price down per 454 g or 1 1b package and is
thought to increase retail sales. About 85% of Idaho’s processed volume is
sold frozen and 15% is sold as fresh, iced trout.

Fee Fishing. No one has any accurate idea of the number of trout fee
fish-out operations in the United States. The author hazards a guess that
there are between 1000 and 2000. In North Carolina alone there are over
100. These operators may buy fish already of catchable size (250 g or 2 1b)
up to fish that have been used for spawning, or they may buy fingerlings and
raise them up to catchable size.

These operators generally buy locally-produced live trout from nearby
small-scale producers. The producers are insulated from competition of
large-scale commercial producers in Idaho by several factors. To have live
fish delivered from Idaho, hundreds or perhaps thousands of kilometers, is
expensive. To lower costs, Idaho haulers may not deliver less than 1400 to
1800 kg (3000 to 4000 1b) in one load. Small scale fish-out operators may be
willing and able to purchase only a few hundred kilograms or pounds at one
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Fig. 1.6. Sizing dressed rainbow trout with automatic machine, Idaho.

time because of water restrictions. Hence, a long-distance hauler may have
to coordinate sales to 6—10 outlets to dispose of one load. This is not
profitable or feasible for haulers. The local producer can and does make
deliveries of small lots at irregular intervals. The fee fish-out operator may
secure from $3.30 to $4.40 per kg ($1.50 to $2.00 per lb) for fish caught at his
pond. Thus, he is willing and able to pay more for his fish than the $1.43 to
$1.54 per kg ($0.65 to $0.70 per lb) that Idaho producers secure from
processing plants.

Fee fish-out facilities vary widely in size and volume sold annually.
Some may sell only a few hundred kilograms (500 lb), while others may sell
many tons. Usually, the catch-out price is a fixed amount per kilogram or
pound of fish caught. The operator supplies fishing tackle and bait, dresses
the fish, and packs them in ice for a small additional charge. These facilities
are usually open to the public on weekends and in the main tourist season
which varies by location. Either earthen ponds or concrete impoundments
are used. The earthen ponds bear closest resemblance to a natural setting
and are more popular with fishermen.

An example of popularity of such operations is the use of one fish-out
facility in Georgia by over 3000 fishermen one year from which the operator
sold more than 7300 kg of fish (16,000 1b) and grossed over $25,000. There are
undoubtedly many other larger operations in the United States.

Total Supply. Estimated cultured production volume of approximately
23,409 MT (51.5 million 1b) of domestic production must be adjusted by
deducting exports and adding imports to arrive at total supply. There are
practically no exports of U.S. trout other than 50—60 MT annually to
Canada. The major, if not only, country from which imports are made is
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Japan. Imports of dressed frozen trout from Japan between 1967 and 1974
averaged 1136 MT (1252 ST) annually.! This would be equivalent to 1363
MT (1502 ST) of trout on a liveweight basis. Thus, total supply is about
24,722 MT (54,388,000 1b). About 95% of total supply is produced domes-
tically and 5% imported.

Outlook. When the future of trout farming is discussed in the United
States, it must be discussed from two viewpoints. These are: (1) the large-
scale commercial processing segment, which is essentially in Idaho, and (2)
the small-scale part-time enterprise which sells fish to one or two special-
ized trout restaurants and/or sells its output through fee fish-out facilities.

The outlook for the large-scale commercial processing segment varies
from one of extreme optimism to one of cautious conservatism. At present,
many producers feel that they are producing near cost and, unless produc-
tion becomes more profitable, there will be little or no expansion. The
majority of knowledgeable individuals believe that there are sufficient
unused water sources in Idaho which can increase production by 20% within
the next 10 years if producer prices increased faster than costs. Some
producers express the view that average production costs can be slightly
reduced under present conditions by better disease control. In the event
production increases or remains stationary, the number of managements
will decline, while average production per management increases.

The outlook for the small-scale, part-time trout farmer is good. Interest in
and public demand for trout fishing is projected to increase rapidly. This
means that market prices for fish producers will remain good or increase.
Existing producers are unlikely to discontinue production while there are
still sufficient water resources in the states of Wisconsin, Michigan, Mis-
souri, Arkansas, Minnesota, Pennsylvania, and North Carolina for some
expansion by new producers.

WARMWATER CULTURED FISH

Channel Catfish (Ictalurus punctatus)

Private warmwater fish culture in the United States probably began in
the late 1920s and early 1930s. During this period a few individuals began
raising minnows to supply the growing demand for fish bait for sports
fishing.

Shortly after World War II, with the boom in farm pond and reservoir
construction, the demand for minnows increased. By the late 1940s a dozen
or more private operators were successfully producing bait fish. By 1953,
the number had increased enormously, and farmers had begun raising
buffalo fish (Ictiobus), bass (Micropterus), and crappies (Pomoxis). Many of
these early attempts failed because of inexperience, improper construction

Export data obtained from customs data, Tokyo, Japan.
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of ponds, or because low-value species were stocked.

The Southeastern Fish Cultural Laboratory was established at Marion,
Alabama, in 1959; the Fish Farming Experiment Station at Stuttgart,
Arkansas, in 1960; and the Fish Farming Development Center, Rowher,
Arksansas, in 1963. These stations began research mainly in catfish (Icta-
lurus) and bait fish.

By 1961, the fish farming industry was again expanding. This time it was
based on more experience and early results of research—especially catfish,
which have proved to be the most desirable and profitable warmwater
species.

In 1963, about 6830 ha (16,870 acres) were devoted to warmwater fish
culture, 960 ha (2370 acres) of which were used in raising catfish. By 1969,
the estimated totals were 27,530 ha and 16,194 ha (68,000 and 40,000
acres), respectively.

Data published by the U.S. Dept. of Agriculture for 1980 (Anon. 1980)
indicated 22,741 ha (56,170 acres) used for catfish production in 19 selected
states. For the entire USA, water area may approach 24,291 ha (60,000
acres). The 1980 crop of food catfish was about $58 million at the farm and
possibly $140 million retail.

If the survey had been for 12 months instead of 7 months and if all
states had been surveyed, food-size fish would have been about 32,727 MT
(72,000,000 Ib). Of this volume, 78% went to processors, 5% direct to con-
sumers, 4% to fee and recreational fishing, 9% to live haulers and the
remaining 4% to all other outlets. These comparisons dramatically attest to
the explosive growth of the industry, particularly catfish production.

During these earlier days, fish farming was a welcome addition in the
Delta areas of Arkansas and Mississippi. The field crops were rice and
soybeans grown in rotation. Because of crop controls, some farmers had idle
land that could not be planted to cotton, rice or soybeans. The fish returned a
higher margin of profit than did some of the less productive crop hectarage.
In addition, fish in the rotation added nitrogen for field crops and aided in
weed control, which resulted in higher crop yields following the fish crop.

The farm-raised or cultured catfish industry, until about 1968, was based
almost entirely on the market for live fish for stocking farn: ponds, other
fish farming operations, pay lakes, and reservoirs. Although these markets
are still relatively important ai.d still account for the majoritv of total sales,
there has been a big shift toward production of catfish for the food market.
With this shift has come the realization that marketing is at least as
important as production efficiency and .hat independent restaurants, grc-
cery chains, and fast food restaurants each have their own .eeds for portion
control, custom preparation and packaging, and continuity of supply.

The channel catfish (Ictalurus punctatus) is the species most often raised
on commercial warmwater fish farms. It adapts readily to pond conditions
as well as raceways, cages, and tanks; accepts artificial feeds; and tolerates
crowded conditions associated with intensive culture. Techniques for prop-
agation have been developed so that large and adequate numbers of finger-
lings can be produced.
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Channel catfish are esteemed for the high quality of their meat, espe-
cially in southern states where the fish is a traditional delicacy. Dressed
catfish retains a high quality when packed in ice and sold through tradi-
tional fish marketing channels. Frozen fish can be stored for extended
periods without undue loss of quality if adequately packaged and refriger-
ated.

These attributes form the background for the expanding catfish industry.
This expansion is described in the following sections.

Cultural Methods. Brood Stock. Large catfish usually spawn earlier
than smaller ones and produce more eggs. Culturists prefer 1 to5kg(2to 11
Ib) brood fish, although stunted catfish can become sexually mature when
they weigh only 340 g (34 1b). Fish larger than 5 kg (11 1b) are hard to handle.
Channel catfish brood stock can be raised and reliably spawned in 3 years.

Brook stock should be selected prior to feeding. The female ready to
spawn should have a well rounded abdomen with the fullness extending
past the pelvis to the genital orifice. The ovaries should be palpable and soft,
and the genitals swollen and reddish. Less care needs to be used in selecting
males. Males with prominent secondary sexual characteristics such as a
heavily muscled head wider than the body, dark pigmentation under the
jaw, and large protruding genital papilla, usually have well-developed
testes. Such males may be used successfully for as many as three times,
whereas males with poor secondary sexual characteristics may be capable
of fertilizing only one spawn.

Pairing. Successful pairing of fish, which is an essential part of pen and
aquarium spawning, depends on the skill of the culturists in sexing and
selecting the fish. Sex determination is slightly less important in pond
spawning.

Channel catfish fish fight during the spawning season. Their bites are
often deep enough to break the skin, and the resulting wounds may become
infected. Fish sometimes die from severe bites, and for this reason, special
care must be taken to pair fish properly in pens and aquaria. If the female,
in particular, is not ready to spawn, the male will fight with her, and in the
confinement of an aquarium may inflict enough injuries in 15 or 20 min to
kill her. In spawning pens, the condition of the female is not quite as
important, since the pen is usually large enough for her to escape from the
attacking male. Even so, it is not uncommon to see bite marks on the female
in a pen. When fish reproduce in ponds, they pair when they are ready to
spawn, and fighting is not a serious problem.

Although most culturists prefer or require that the male be slightly
larger than the female, biologists who have observed hundreds of pairs
spawned in aquaria under different experimental conditions have con-
cluded that males and females of similar size should be used. If the male is
considerably larger than the female, spawning is usually successful; if the
female is much the larger, however, she usually attacks the male and may
not mate with him.
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Care and Handling. Immediately after the spawning season, brood stock
may be placed in a pond at the rate of 375 per ha (150 per acre). Although the
fish are easily frightened, 90 to 95% of the fish held in small ponds will learn
to come for feed within 1 week. If this same number of fish is held in a 0.40
ha (1 acre) or larger pond, 25 or 30% may never come for feed, and conse-
quently will be in poor condition and undesirable for brood stock during the
next spawning season.

One recommended practice is that of dividing the fish among several
ponds to prevent destruction of the entire brood stock by a possible epizootic.
Some hatcheries distribute the adult catfish throughout all available ponds
during the summer. The scattered fish then need not be fed because suffi-
cient natural food is available. When the ponds are drained in fall and
winter, the catfish from several ponds are returned to a single pond and fed
until time for spawning. The feeding of brood stock is important because
diet quality and quantity largely govern the number and size of eggs,
spawning time, and general health.

Brood fish that weigh 1 to 1.5 kg (2 to 3 1b) should be stocked at the rate of
750 to 1000 kg per ha (300 to 400 b per acre) when additional growth is
desired. Larger fish should be stocked at the rate of 2000 kg per ha (800 1b per
acre) if further growth is not wanted. The feeding rate and diet depend
partly upon water temperature. Brood fish should be fed 2 to 3% of their
body weight on each of 3 or 4 days a week when water temperature is above
13°C (55°F). Since brood stock channel catfish feed sparingly even when the
water temperature is as low as 7°C (45°F), they should be fed only on the
warmest days of cold weather periods. When it is very cold, catfish feed on
meat or diets high in animal protein better than they do on cereal feeds.

Fig. 1.7. Catfish spawn. Courtesy of Fish Farming Experimental Station, Stuttgart,
Arkansas.
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Meat diets can be readily utilized by the fish, and it is generally accepted
that fresh or frozen meat or fish should be included in the brood stock diet.

Number of Eggs Laid. Females weighing 0.5 to 1.8 kg (1 to 4 1b) and in
good condition produce about 8889 eggs per kg (4000 eggs per 1b) of body
weight; larger fish usually yield about 6667 per kg (3000 per 1b). Fish in
poor condition produce fewer eggs.

Egg Development and Incubation. The number of days required for eggs
to reach various developmental stages varies according to temperature.
Channel catfish spawn at 21°to 29°C (70 to 85°F); the optimum temperature
is about 27°C (80°F). The incubation period ranges from 10 days at 21°C
(70°F) to 5 days at 29°C (85°F). At incubation temperatures above 29°C
(85°F), many deformed fry are produced.

The male channel catfish assumes a position over the eggs after spawning
is finished and cares for the eggs during the incubation period. Although the
female aerates the eggs during spawning, she is driven away along with
other intruders after the male takes possession. The male generally faces in
the same direction with his pelvic fins working alternately in a continuous
beat. Occasionally he circles away from the eggs and returns. The most
striking activity of the male is the vigorous shaking of his body as he presses
and packs the eggs with the sides of his pelvic fins in a manner that moves
the entire egg mass. Apparently this act helps aerate the developing eggs,
especially those deep within the mass, but it may also serve to move the
embryos within the eggs.

Many fish farmers who produce fingerlings for sale prefer to collect
spawns and hatch them in artificial hatching systems. Good incubation and
hatching are obtained at some hatcheries by the paddle wheel method
(described later), which simulates the male’s agitation of the eggs.

After the eggs hatch, the fry accumulate on the bottom and remain there
for about 2 days before coming to the surface. At this time, the yolk is
greatly reduced and the skin pigment is visible. By the third day, the fry
start to feed and swim actively.

Pond Method of Spawning. Inearly attempts to induce spawning, tiles,
beer kegs, nail kegs, or boxes were partly embedded in the bank of a pond,
about 0.6 to 1 m (2 or 3 ft) below the water surface. After the brood fish
placed in the pond had spawned, the newly hatched fish were removed from
the containers and transferred to a clean pond. In later years, the egg
masses were removed from the pond for incubation; continuous-motion
paddles were used to agitate the water and the eggs. This system for
hatching catfish eggs is still in use.

The pond method remains essentially unchanged. Brooders are placed in
small, usually shallow ponds, ranging up to about 2 m (67 ft) deep. Equal
numbers of males and females are placed in the pond at a stocking rate of 60
to 375 fish per ha (24 to 150 per acre).

Forty liter (10 gal.) milk cans and small drums are popular spawning
containers. Ordinarily it is not necessary to provide a spawning receptacle
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for each pair of fish, since not all fish spawn at the same time. Most
culturists allow 2 or 3 receptacles for each 4 pairs of fish. The cans or drums
are usually placed with the open end toward the center of the pond. Fish
have spawned in containers in water as shallow as 15 ¢cm (6 in.) and as deep
as 1.5 m (5 ft). The receptacles can be most easily checked in water no deeper
than arm’s length.

Frequency of examination of spawning containers depends on the num-
ber of brood fish in the pond and the rate at which spawning is progressing.
Caution should be used because an attacking male can bite severely. In
checking a container, the culturist gently raises it to the surface. If this is
done quietly and carefully, the male is not disturbed. If the water is not
clear, the container may be slowly tilted and partly emptied until the
bottom can be checked for eggs or fry.

Spawns may be handled in different ways by the fish farmer. In the pond
method, he may either remove eggs or fry or leave them in the spawning
receptacle. Removal of the eggs has several advantages: It minimizes the
spread of diseases and parasites from adults to young; provides protection
from predation; and may increase the percentage hatched. The main reason
for removing fry is to improve control of stocking rates, although it also
protects them from predation. Fry or eggs are often removed when spawns
are produced for stocking other ponds. Large-scale producers commonly use
special brood ponds.

Ifeggs and fry are left in the pond, the brood stock should be removed with
a large-mesh seine. Periodic seining with a small-mesh seine provides
information about numbers and growth of fingerlings.

Advantages of the Pond Method. The pond method is inexpensive be-
cause it requires minimal facilities of a pond and spawning containers and
does not place demands on the farmer for critically selecting, sexing, and
pairing his brood stock. The fish in the pond continue to feed and develop
until they pair and spawn. If the brood fish are of marginal quality, the pond
method is more likely to produce spawns than are the other methods.

Pen Method of Spawning. Pens about 3 m long and 1.5 m wide (10 ft
long and 5 ft wide) are commonly used by federal and state hatcheries and
by a few private hatcheries. The pens are constructed of wood, wire fencing,
or concrete blocks. They may be enclosed on 4 sides, or the bank of the pond
may be used as one side. The sides should be embedded in the pond bottom
and should extend at least 30 cm (12 in.) above the water surface to prevent
the escape of the fish. Water in the pen should be 0.6 to 1 m deep (2 to 3 ft).

Location of the spawning receptacle in the pen is not critical, but the
opening generally faces the center of the pond and the receptacle should be
staked down. Forty liter (10 gal.) milk cans, 45 kg (100 1b) grease drums,
and earthenware crocks are popular spawning containers. After spawning,
eggs or fry and parent fish may be removed and a new pair placed in the pen.
Alternatively, the female may be removed as soon as an egg mass is found,
and the male then allowed to hatch the eggs.
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Advantages of the Pen Method. The pen method has several advan-
tages: (1) it provides close control over the time of spawning since it may be
delayed by separating females from males; (2} it offers the advantage of
pairing selected individuals; (3) it facilitates removal of spent fish to a
separate pond where they can be given special care; (4) it protects the
spawning pair from intruding fish; and (5) it allows the use of hormones.

To succeed with the pen method, the culturist must know his or her fish
well enough to be able to pair the right fish at the right time.

Aquarium Method of Spawning. The aquarium method provides still
greater control than the pen. A pair of fish is placed in an aquarium with
running water and induced to spawn by the injection of hormones (described
later). The method capitalizes on limited facilities, use of hormones, and
expert brood fish selection. It is an intensive type of culture in which many
pairs can be successfully spawned in a single aquarium during the breeding
season, since eggs are immediately removed to a mechanical hatching
trough. The technique is used in federal, state, and a few private hatcheries.

In this method only well-developed females nearly ready to spawn should
be used. Males need not be injected with hormones, but should be about the
same size as the females with which they are paired. If the male attacks the
female, he should be removed until after the female has been given one to
three hormone injections. He may then be placed with the female again.
Males may be left to attend the eggs in the aquarium; or, preferably, the
eggs are removed to a mechanical hatching trough.

Spawning may be induced in catfish by injecting the female intraperi-
toneally with pituitary material from carp, buffalo fish, flathead catfish, or
channel catfish. Potency of the pituitaries differs little among these species
and is not affected by the date of collection. The total amount of acetone-
dried pituitary material required varies widely. However, most females
require about 6 mg per 454 g (1 Ib)—that is, three injections of 2 mg per
454 g (1 1b) of body weight at 24—48 hr intervals. Most fish begin spawning
within 16 to 24 hr after the injection.

Human chorionic gonadotropin at a dosage of about 800 international
units (IU) per 454 g (1 1b) has been used successfully. A single injection is
usually sufficient.

Fish spawned by the hormone method are not particularly disturbed by
people moving around the area.

Advantages of the Aquarium Method. The aquarium method has sev-
eral advantages: (1) Spawn can be obtained at a convenient time. The
hormone injections eliminate such environmental variables as spawning
areas, light, and temperature, and other climatic conditions. (2) The spawn-
ing period can be altered within reasonable limits, and total spawn-taking
time reduced. (3) Fish that will not spawn naturally sometimes can be
induced to spawn. (4) Culture ponds can be stocked with fry of uniform age
and size. (5) Disease transmission from brood stock to offspring, as well as
predation by adults, is minimized.
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Controlling Spawning Time. The date and length of the spawning
season for channel catfish vary from year to year and among localities. In
various natural waters, the season may begin as early as April and end as
late as August.

Encouraging Spawning. In June and early July, fish in pens occasion-
ally spawn for a few days and then completely stop. Raising the water level
rapidly 5—8 cm (several inches) will sometimes cause spawning to resume.

Some farmers inject brood females with human chorionic gonadotropin
before transferring them to the spawning pond. Others have advanced the
spawning time about 2 weeks by taking advantage of the warmer water of
small, shallow brood ponds.

Spawning can be delayed 20 to 30 days by keeping the sexes separated. It
may also be delayed by holding the fish at water temperatures of 17°to 18°C
(65° to 66°F) during May, June, and July.

Hatching Eggs. For egg incubation, temperatures below 18°C and above
29°C (65° and 85°F) should be avoided. Temperatures between 26° and 28°C
(78° and 82°F) are considered optimal. In this range, the eggs will hatch in
about 6 days.

Color is an important index of the condition and stage of catfish eggs.
Under proper conditions, the yellow eggs turn pink as the embryo develops
and establishes its blood supply. Unfertilized or dead eggs turn white and
enlarge.

All hatching devices must provide sufficient agitation to supply the
entire egg mass with oxygenated water of a suitable temperature. When
eggs are hatched in troughs, they are agitated with paddles driven by an
electric motor or a water wheel. The agitation should be sufficient to move
the whole spawn, but not enough to throw eggs out of the holding baskets. If
well water is used, it must be aerated and of suitable temperature and
quality. For example, water with a high iron content is not considered
desirable. Gravity-flow water should be used if available because this
system is not likely to fail.

Trough hatching systems may be constructed from a variety of materials.
Aluminum is commonly used, but wood or steel serves equally well. The
shaft is fitted with a pulley at one end and is belt-driven by an electric motor
(frequently % hp) at a preferred speed of 30 rpm. Combinations of pulley
sizes or a variable-speed gear box may be used to deliver the desired speed of
rotation.

Spawn baskets are constructed of 1.6 cm? (V4 in.?) hardware cloth. Each
basket is divided into 4 equal sections, and fitted with wire hooks so that it
can be hung on the sides of the trough with the top edge 2.5 cm (1 in.) above
the water. A flow of about 10 liters (2.5 gal.) per min of well-aerated water
should be provided.

It is important that spawns in each section of trough be of the same age,
because the mixing of spawns of different ages may prevent the use of
prophylactic treatment.
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A flush treatment of malachite green at about 2 parts per million (ppm)
may be introduced at the head of the trough once or twice per day if needed
to control fungus. Fungi grow on dead eggs and spread to living ones,
eventually destroying the whole spawn. This chemical is not to be applied
within 24 hr of hatching. If fry are present, it will kill them.

Rearing Fry. To remove fry from the hatching trough, the culturist
simply siphons them from the trough with a hose into a washtub or pail. To
remove fry from a pond spawning receptacle, he first removes the male,
usually by frightening him away, then lifts the spawning container to the
surface and carefully pours out part of the water. The remaining water with
the fry can then be emptied into a floating tub that contains 2.5 to 5 cm (an
inch or two) of water. Fry should be counted and then moved to either a
rearing trough or a pond.

Trough Method. Rearing troughs may be made of wood, metal, fiber-
glass, or plastic. Typical troughs are 2.5—3.0 m long, 30 cm deep, and 20 to
50 cm wide (8 to 10 ft long, 1 ft deep, and 8 to 20 in. wide). Each trough must
be supplied with running water and equipped with a drain and a standpipe.
The fry from one or two spawns are put into each trough. A flow of about 20
liters (5 gal.) of fresh oxygenated water per minute is sufficient. Standpipes
are screened so the fry are not washed over the standpipe and down the
drain.

Fry begin to feed shortly after the yolk sac is absorbed and the fish begin
to develop a grayish color. This usually occurs at 3 days of age. It is
mandatory that suitable feed be available at this time. Channel catfish fry
eat a variety of feeds. Feeding frequencies and particle size are important
considerations. Young fry should be fed every 2 to 4 hr around the clock for
the first week. Thereafter the fry should be fed about 4 times a day. Diets for
channel catfish are now available commercially in the USA. Fry may be
raised to the fingerling stage in troughs, or may be moved to a rearing pond
at any time.

Pond Method. Although the area of rearing ponds for channel catfish
varies from 1000 m?to 2 ha (Vioto 5 acres) and larger, they are usually about
0.4 ha (1 acre).

Predatory insects are often a problem in the pond culture of fry. If a pond
is not filled until immediately before it is stocked with fry, establishment of
the insects is prevented. If water has been standing in the pond for several
days, or if surface water is used, it should be treated with a nonresidual
insecticide 2 or 3 days before the pond is stocked. The operator should use
extreme care, however, because insecticides are dangerous to man.

Fry can either be released directly into the open pond or be held for the
first few days in floating cages made of screen or a wooden frame with a
screen bottom. They are then protected and can be fed during this vulnera-
ble period. If a pond has a basin, fry may be placed in it and the rest of the
pond kept dry. As the fry get larger, the pond is gradually filled.



UNITED STATES OF AMERICA 23

Fry are stocked at the rate of 125,000 to 625,000 per ha (50,000 to 250,000
per acre), depending on the size of fingerlings sought at the end of the
growing season. Young fish are fed daily along most of the shoreline at a
rate of about 4 to 5% of their body weight at each feeding.

Rearing Fingerlings. Channel catfish fingerlings are reared in either
ponds or troughs. In ponds, low-cost pelleted fish feed may be used, but in
troughs a more expensive, balanced feed is required. In the two environ-
ments, different methods and techniques are used to stock, feed, and har-
vest the fish. Some farmers prefer to start the fry in rearing troughs and
transfer the fingerlings to ponds after they are actively feeding. The choice
of method depends on facilities and labor available, and on the number and
size of fingerlings to be produced.

Regardless of the rearing method selected, attention should be given to
the water supply. In the trough rearing method, the incoming water should
range between 24° and 29°C (75° and 85°F) and contain not less than 6 ppm
of dissolved oxygen. Factors such as pH, hardness, and dissolved iron
content influence production of fish in troughs that are supplied with well
water. When water from ponds is used for trough culture, these conditions
may be disregarded. Then, however, a Saran screen or sand filter between
pond and trough is desirable. In pond rearing, a major problem is fry-eating
insects and fish. Predatory fish can be controlled by filling the pond with
fish-free well water or by using a fine-mesh screen to filter water from other
sources; fish-eating insects can be controlled by treating weekly with oil or
kerosene, until the fish are about 3.8 cm (1% in.) long.

Trough culture of fingerling catfish begins with yolk-sac fry from the
hatching trough or from spawning containers in the ponds. It is a good
practice if time and facilities permit because it give the culturist complete
control of the small fish. When fry about 2 ¢m (% in.) long are stocked in
rearing ponds, 60 to 90% can be harvested the following fall.

Techniques for feeding catfish fry are extremely important, particularly
when the fry are learning to feed. For about the first 3 or 4 days after
hatching, fry subsist on yolk and remain on the bottom of the pond or
trough. After they have absorbed the yolk sac they become known as
“swim-up” fry. When they are seen swimming along the sides and surface of
the trough in search of food they must be fed at once. Fry that do not learn to
feed during the first few days after absorption of the yolk sac will die.

In pond culture, either sac fry, swim-up fry, or feeding fingerlings may be
stocked. Stocking rates vary, depending on the fingerling size desired. If the
fish are to be harvested at 5—10 cm (2—-4 in.) lengths after about 120 days,
they are stocked at the rate of 250,000 to 375,000 per ha (100,000 to 150,000
per acre). If 20 cm (8 in.) fish are desired, the stocking rate should be reduced
to 35,000 to 50,000 per ha (14,000 to 20,000 per acre). A combination of these
methods may be used: The fish can be stocked at the maximum rate initial-
ly, and then partially harvested for sale or transfer to other ponds when
they reach the 5—10 cm (2—4 in.) size.
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When all the fingerling catfish in a pond are to be harvested, as many as
75% of the fish may be removed by seining the feeding areas before the pond
is drained. In summer it is best to harvest the fish early in the morning
while water and air are cool. Care should be taken to avoid excessive
muddying of the water. If possible, sites with a firm obstacle-free bottom
should be selected as feeding and seining areas. After the seining is com-
pleted, the pond is drained to recover the rest of the fish.

Rearing Fingerlings to Market Size. A large healthy fingerling, a good
environment, and a conscientious feeding program are necessary for a
profitable food-fish production program. If market sized fish are to be
produced in one growing season, fingerlings 15—-20 cm (6—8 in.) long or
longer must be stocked. Such fingerlings will weigh at least 454 g (1 1b) after
about 210 days, if properly cared for.

Time of stocking is not as critical as some believe. A pond should be
stocked whenever it is ready to receive fish. A 5 cm (2 in.) fish stocked in
July will be only 24 —-25 ¢cm (9—101in.) long by November and must be reared
to market size the next summer.

The poorest stocking months are December and January because of the
low water temperature. Fish feed least at this time of the year and some-
times do not resume feeding readily after they are moved. The fish that die
after stocking at this time of year may never be seen. (Under warmwater
conditions, fish that die bloat and eventually float. In winter, in cold water,
dead fish may be eaten before decomposition creates enough gas to cause
them to float.)

Fish should be fed during winter, but the feeding rate should be reduced
as the water cools. Self-feeders are useful under such conditions. At low
water temperatures, fish move slowly and do not seek out feed as they do
when the water is warm; they also consume less food at each feeding and
digest it much more slowly.

It is very important that fingerlings start feeding immediately after they
are stocked in a pond. Well-fed healthy fish are more resistant than others
to parasites, disease, and predators, and reach marketable size sooner. Fish
soon learn to feed as food is provided along the entire edge of the pond on the
day after they are stocked.

Once the fish start eating, a good feeding program should be initiated and
followed. Food allowances are 3 to 6% per day of the estimated weight of fish
in the pond; rates are lower (1%2 to 2%) during unusually hot or cold periods.
Feed is offered in the early morning and late afternoon in summer but only
in late afternoon during the cooler seasons. If sinking pellets are used, it is
desirable to scatter them along the shallow pond margin where feeding
activity can be observed. Floating feeds may be scattered over the entire
surface of the pond. Feeding activity is a good index of the well-being of the
fish; rapid and vigorous consumption of the food suggests good environmen-
tal conditions and good health.

Catfish are being raised successfully in water from many sources. Well
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water is best, but other uncontaminated supplies such as clean streams or
springs are acceptable if they are free of fish and disease organisms.

Oxygen depletion is the greatest fish farming problem. Most oxygen
depletion kills are preceded by a phytoplankton die-oft and decay. This
situation is aggravated by the decomposition of uneaten fish feeds and fecal
waste. When excessively thick blooms of phytoplankton (algae) occur, it is
desirable to add fresh water to the pond. Feed should be reduced in amount
or withheld entirely until the condition has improved.

Catfish culture is also influenced by aquatic vegetation. Although rooted
aquatic plants and filamentous algae are not as troublesome in pond rear-
ing of catfish as they are in some other forms of fish culture, they should be
removed if they appear. Manual removal and some chemical controls are
feasible.

When treating a pond with chemicals, the culturist should be aware that
the chemical may be toxic to the fish, and that killing too much vegetation
at one time can result in an oxygen-depletion mortality. Ponds should be
carefully checked for low oxygen each day for 7 to 10 days after applications
of herbicides.

Production. Channel catfish are the principal warm freshwater food
fish cultured in the United States. The principal states of production are the
Mississippi Delta states, some of the southeastern states, and a few others.
Major states, not in order of importance, are Arkansas, Mississippi, Louisi-
ana, Texas, Oklahoma, Kansas, Missouri, Illinois, Indiana, Tennessee,

Fig. 1.8. Primary catfish-producing states.
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Alabama, Georgia, South Carolina, Florida, California, and Idaho. Catfish
may be cultured to some extent in 6—8 other states.

A survey made in 1970 (Anon. 1979A) indicated that there were 3802
enterprises engaged in the commercial production of catfish. To these must
be added 2233 enterprises engaged in fish-out operations and 1,724,491
rural operators who have some recreational fishing in private ponds.

A typical food-size fish producer buys his fingerlings from a specialized
producer. The specialized fingerling producer keeps brood fish and spawns
and raises the fry to fingerling sizes. The size of fingerling stocked by food-
size fish producers (grow-out operations) ranges from 6 to 22 cm (2 to 9 in.)
depending on when he stocks the fish and when he hopes to harvest at 454 g
(1 1b) size. In pond culture, most fingerlings stocked are between 13 and 20
cm (5 and 8 in.). They are usually stocked in March, April or May. These
sizes reach market weights in the fall. The raceway and cage producers buy
slightly larger fingerlings. Producers who plan to harvest in late spring or
early summer of the following year buy smaller fingerlings.

The primary producing states in 1976 were essentially in the southeast-
ern United States, an area blessed with ample water and a long grow-out
season with warm conditions. Exceptions to this were California and Idaho.
California produces fish in certain areas because the market price struc-
ture is conducive to higher cost grow-out operations. In Idaho, warm water
springs and wells are used for year-round growth. The fish are marketed on
the west coast.

Double Cropping. One rather interesting development taking place is
the raising of channel catfish and rainbow trout in the same facility at
different times of the year. Trout fingerlings are stocked in the fall of the
year when water temperatures drop below 21°C (70°F). They are then fed
out until the spring of the year when water temperatures increase to above
21° or 22°C (70° or 72°F). By stocking the proper sized fingerlings, the fish
can reach market sizes in 120 days or less. After the trout are harvested,
channel catfish fingerlings are stocked in the warm water. They are then
fed out to the fall of the year when it is time to restock rainbow trout again.
By stocking the proper sizes of catfish fingerlings, the fish reach market
sizes of 454 g (1 1b) during an 8-month season. This work, which was begun
in Georgia by the author and two co-workers in raceways, is slowly being
developed commercially.

The major advantage to double cropping is the sharing of fixed expenses
by two crops of fish. This lowers the production costs of both species. Net
returns can be increased by 100% or more, using this technique.

Feeds and Feeding. The objective of any animal husbandry is to convert
relatively low-cost feedstuffs into high value, high-quality protein. Fish
farming is no exception.

Catfish are desirable for recreation and food. They may be raised in still
water, flowing water raceways, tanks, troughs, pens, or cages. They may be
fed wet or dry feeds prepared as meals, sinking pellets, floating pellets,
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blocks, or crumbles. When stocked at high population densities in a re-
stricted area, catfish soon exceed the production limit of natural foods and
must depend on artificial feeds for growth.

There are no standard cages used for catfish. Usually, cages are home-
made and between 1 and 2 m square, this size being suitable for treatments
for diseases and parasites. Figure 1.9 shows a large-scale cage which is not
suitable for catfish because of its large size but does serve to show what a
cage looks like.

In pond tests, channel catfish fingerlings stocked at 3705 per ha (1500 per
acre) showed an average net gain of more than 454 g (1 1b) in 6 months, with
a feed conversion of 1.3 or 1 unit of gain per 1.3 units of feed.

A general formulation guide is as follows:

Crude protein >30%
Digestible protein >25

Fish meal protein >35

Crude fat >6

Crude fiber >8 and <20

An economical minimum level of fish meal in the diet for pondsis 5 to 6%.

Feeds for raceways and cage culture, as well as other intensive production
techniques, should contain more high-quality protein and more vitamins
and minerals than those used in pond culture. This, of necessity, requires a
more expensive feed.

The ingredients and amounts to make a ton of feed are given in Table 1.2.
This feed formula has given excellent results at the Fish Farming Experi-
mental Station, Stuttgart, Arkansas.

The Bureau of Commercial Fisheries recommends that feed be provided
at the rate of 3% of body weight per day, 6 or 7 days a week. The feed should
be distributed around the pond edge in water 0.6 to 1.3 m deep (2 to 4 ft).
Feeding should be checked periodically to see that the food is being con-
sumed. Checking can be done by using submerged feeding tables that can be
raised and lowered. If after several hours feed remains on the table, the
amount fed should be reduced.

Fig. 1.9. Catfish cage culture, Arkansas.



28 WORLD FISH FARMING

TABLE 1.2. INGREDIENTS AND AMOUNTS TO MAKE A
TON OF FEED FOR CHANNEL CATFISH

Item b kg %
Fish meal 300 150 15.0
Bloodmeal 100 50 5.0
Feather meal 100 50 5.0
Rice bran 700 350 35.0
Distillers’ solubles 100 50 5.0
Rice milldust 200 100 10.0
Soybean meal 400 200 20.0
Dehydrated alfalfa 70 35 3.5
Mineralized salt 20 10 1.0
Vitamin premix 10 5 0.5

Source: Anon. (no date).

According to the Fish Farming Experimental Station, Stuttgart, Arkan-
sas, the following feeding rates have proved to be satisfactory: Feeding at
the rate of 3% of body weight per day when the water temperature is 21° to
29°C (70° to 85°F); when water temperature is 27°C (85°F) or above, only
that feed that is consumed in a 10 min period should be fed. When the water
temperature is 15.5° to 21°C (60° to 70°F), feeding should be at the rate of 2%
of body weight; when temperatures are 7° to 15.5°C (45° to 60°F), feed at 1%
of body weight; and when temperatures are below 7°C (45°F), no feed should
be given.

Channel catfish are excellent converters of feed. Research reports from

Fig. 1.10. Bailing catfish from live car, Arkansas. Courtesy of U.S. Bureau of Com-
mercial Fisheries, Kelso, Arkansas.
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Fig. 1.11. Mechanical loading of hauling truck from catfish live cars, Arkansas.
Courtesy of U.S. Bureau of Commercial Fisheries, Kelso, Arkansas.

several experiment stations show conversion rates of 2:1 under actual
field conditions. Under controlled experimental conditions conversions as
low as 14 units of feed to 1 unit of gain have been achieved. It is not at all
unrealistic to expect conversion rates of 2:1 for most fish farming opera-
tions.

Off-flavor. One problem which is sometimes encountered with catfish is
off-flavor. This unfortunate occurrence, if it shows up, is noticeable as an
off-fragrance during cooking and as an off-flavor during eating.

Test work by Armstrong and Boyd (1981) suggests that off-flavor may be
distinctly noticeable in some 15 to 20% of ponds harvested. Off-flavor fish
were found in ponds with low as well as high feeding rates. However,
off-flavor was encountered more frequently and to a greater degree in ponds
with the highest feeding rates of 66—112 kg/ha (50—100 lb/acre) per day.
Variation in off-flavor is great. On the same farm, some ponds contain
off-flavor fish and other ponds do not. In the same pond, fish are “off-flavor”
one month and “on-flavor” the next month. No correlation was found be-
tween fish length, 20—45 cm (8~18 in.), and off-flavor.

Lovell (1981) reports that off-flavor is a complex and frustrating problem.
A taste panel at Auburn University described the various off-flavors as:
muddy or musty, stale, rancid, metallic, moldy or cobweb, petroleum,
weedy, or a combination of off-flavors, and in some cases could not agree
on a descriptive term to describe the offensive flavor.

The causes of most off-flavors are unknown. Some conditions that are
believed to be associated with off-flavors are: excessive algae blooms; over-
feeding; organic decay; muddy water; the use of certain chemicals; and diet.
It is believed that the metabolites of some algae and products of natural



30 WORLD FISH FARMING

bacterial decomposition may be involved in many off-flavor problems. It is
felt that off-flavors are an environmentally related problem, although the
environmental conditions favoring a specific off-flavor problem are un-
known.

Fish farmers have used several techniques to treat off-flavor problems.
Hydrated lime, low concentrations of copper sulfate, potassium perman-
ganate, and flushing of ponds have been used. Results have varied. The
results of these treatment methods will continue to be questionable until
scientists can identify the various causes of off-flavors because the treat-
ment must be matched to the cause.

Farmers should check their fish for off-flavors just prior to harvest.
Several fish from each pond to be harvested should be cooked and tasted to
determine if there are any off-flavor problems. If an off-flavor problem is
discovered, harvesting the pond should be delayed.

Smaller catfish farmers may sell all their product in one or more local
markets, and selling off-flavor fish could result in losing these outlets.
Large processors usually spot-check a load of fish before harvesting or
before processing by cooking and tasting. This keeps the off-flavor product
out of the marketing channels.

Harvesting. Harvesting catfish raised in tanks or cages is relatively
easy; they are lifted out with a dip net, loaded into transfer containers,
weighed, and placed in the live haul truck for transportation.

Raceways can be harvested using a seine. Since the raceway segments are
usually not over 6 m wide (20 ft), a seine about twice this length is used. The
seine is dragged the length of the raceway segment, crowding the fish
against the concrete headwall where they are dipped out. A second alterna-
tive is to drain the segment. With this system a fish trap is placed below the
headwall, and the fish are trapped as they leave the raceway segment.

Pond harvesting is much more complex. The USA has some of the largest,
if not the largest, fish culturing ponds in the world. A few ponds are as large
as 65 ha (160 acres). Ponds of 16 ha (40 acres) are commonplace.

In current practice, extensive preparations are usually required to ready
ponds for harvesting the fish. Draining a pond and preparing for final
harvesting operations by means of pumps or ditches require several days.
During draining, some of the fish may die from being concentrated in a
small volume of water with inadequate oxygen. Also, valuable amounts of
water are wasted. Coordinating production with market demands is diffi-
cult. For example, to harvest and transport to market over 20 MT per day
from one pond may not be possible. Hence, for ponds larger than 8 ha (20
acres) the volume of fish in the ponds exceeds the capacity of the market.
Since each truckload is about 5 MT (5% ST), an 8 ha (20 acre) pond requires
the movement of 4 truckloads daily. This is not always possible. Harvesting
the fish often must be limited to periods of the year when it does not conflict
with other activities on the farm.

The smaller ponds below 16 ha (40 acres) are usually harvested using a
haul seine. Ponds of about 16 ha (40 acres) and larger have necessitated
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innovative harvesting techniques. A mechanical haul seine is commonly
used.

Because larger ponds require such a long and heavy seine, a boat or barge
is used to set the net around the pond. The seine is retrieved by using a
mechanized wire-cable puller or a rope-line puller. The mechanized puller
winds the cable or rope on to a double drum winch. As the fish are crowded
into a harvesting area, they are dipped out by dip nets or crowded into a fish
loading conveyer. When more than 8 ha (20 acres) are to be harvested, even
these mechanized aids are not the sole answer due to the inability to sell
over 20 MT (22 ST) per day. Thus, the fisheries experiment stations at
Stuttgart and Kelso, Arkansas, have developed a new technique.

This new technique consists of having a “fish holding bag” or live car in
the middle of the chute formed by the seine net. As the fish are crowded they
swim into the live car. Each live car holds about 5 MT (5%2 ST) of fish. When a
live car is filled, it is detached and an empty live car attached (Fig. 1.13).
The filled live car is then floated to deeper water to give the fish more water
room and to get them out of the muddy harvesting water. The colder the
water, the longer the fish can be held in the live car. If the fish become
distressed, aeration can be started, or the fish can be released back into the
pond in case of an emergency.

When the pond is harvested and the fish are in the live cars, each live car
can be positioned near the bank and a mechanized brailer used to dip the
fish out onto a sorting table positioned in the water. The small fish of less

Fig. 1.12. Three live cars filled with catfish during seining of large pond. Courtesy of
Fish Farming Experimental Station, Kelso, Arkansas.
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Haul Seine

Funnel Section

Install Live Car

X

Fig.1.13. Schematic drawing of haul seining procedure used with live car for harvest-
ing catfish.

than 340 g (3% 1b) can be released back into the pond or transported to
another finishing pond. The fish between 340 and 1135 (34 to 2% 1b) are
loaded into the awaiting trucks for transport to the processing plant or other
market. The larger fish over 1135 g (2'% 1b) are sorted out for use as brood
fish or are sold separately for fish fillets.

Asmany as 90% of the fish in a pond can be captured in a single haul. The
remaining fish are permitted to stay in the pond, which is then restocked
with fingerlings.

Some farmers with large ponds may not use haul seines at all. These
farmers use trapping devices which may harvest several tons per day. Over
a period of several weeks, as many as 80—90% of the fish may be harvested,
and trapping ceases for that year. Use of this system permits a large pond to
be harvested slowly so that the market is not depressed by too large a
quantity of fish being harvested at one time. Several commercial trapping
devices have been invented which, when baited with food, serve as efficient
harvesters.

Utilization. There is detailed information on how cultured fish were
utilized in 1980 (Anon. 1980). The U.S. Dept. of Agriculture made a rather
complete survey in 10 selected states which probably included 95% of
production of the fry and fingerlings sold; 63% went to other producers,
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probably for growing out food fish; 20% went to live haulers who then sold
fish to other producers for food production, to fee fish-out operators or for
stocking farm ponds; 4% went to fish-out recreation ponds; and 13% to other
sources, probably farm stock ponds.

Of the food-sized fish sold, 78% went directly to processors; and 9% went to
live haulers, who in turn sold to consumers, fish-out operators, and farmer
stock ponds. Five percent were sold directly to consumers, 2% went to other
producers, and 2% to all other places.

In the heavy production areas of Mississippi and Arkansas, larger
amounts went for processing, while in some states with limited production,
such as California, perhaps two-thirds ended up in fee fish-out lakes. This
hypothesis was also borne out by prices received by the producers in 1978.
The lowest prices of about $1.50 per kg ($0.68 per lIb) were in Mississippi, a
state of heavy production. At the other extreme was California with an
average producer price of $2.97 per kg (81.35 per lb).

Live Haulers. Live haulers buy a significant part of total cultured
production. They, in turn, sell the live unprocessed fish to farmers for
stocking farm ponds, pay lakes, and other outlets. An unknown quantity of
live domestic wild catfish also are purchased by live haulers. Hence, the
activity of live haulers is of considerable importance although little is
known about them. In fact, accurate estimates of the number of live haulers
is not available. Information gathered for 9 out of 19 catfish-producing
states indicates that there were more than 100 licensed live haulers in the 9
states. The other states failed to reply or did not license live haulers.

Fee Fishing. Live haulers and some catfish producers have good market
outlets for catchable-sized fish for stocking fee fish-out ponds. In the main
production areas and in other southeastern states as well as the midwest,
there are thousands of fee fish-out ponds operated by individuals. Perhaps
one-third of all cultured catfish are sold for fee fishing.

The ponds are smaller than those used for grow-out operations. Normally,
they are not more than twice the distance that a fisherman can throw a line
with a fishing rod. This enables the fishermen to fish the entire pond
without the use of a boat. All tree stumps and debris are removed during
construction. Ponds are earthen and are usually supplied with fresh water
by a spring or by surface runoff. If a small stream is used as a water source
the water goes through a screen to remove unwanted species. Channel
catfish are the main species stocked.

Fish of different sizes are stocked. The minimum size is about 454 g (1 1b).
Fish as large as 16 kg (35 1b) have been caught out of some ponds. The
operator usually furnishes the bait, which may range from goldfish, earth-
worms, crayfish, chicken livers, blood bait, dough bait, cotton soap balls,
and fatback to grapes.

Most catfish fee fish-out operators charge a fee for each kilogram or pound
of fish caught. If no fish are caught, there is little or no fee charged.

The amount paid for fish caught varies widely. It may range from $2.20 to
$4.40 per kg ($1 to $2 per lb).
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Some fee fish-out operations have two ponds. One pond raises fingerlings
and one is for the catching area. Other operators may have several ponds
and buy only catchable-sized fish. The fish are stocked in fertilized ponds.
Ponds are fertilized at the rate of about 111 kg of 8-8-2 fertilizer per ha (100
1b per acre). This is applied twice a year. It increases the natural carrying
capacity of the pond and permits a lower feeding rate of commercial catfish
feeds.

Net returns vary widely, ranging from a few dollars to $10,000 per year.
The profit depends on number of customers, competition, availability of
wild fishing waters, and survival of fish stocked, and prices charged per
kilogram or pound of fish caught.

Production Costs. Production cost data for aquaculture are difficult to
find in most countries. This situation is also found in the USA. The most
recent data for pond-raised channel catfish are found in Burke and Waldrop
(1978) for Mississippi. The authors worked up production cost data for three
different farm situations—one having 65 ha (160 acres), one having 130 ha
(320 acres), and one having 260 ha (640 acres). In this book, data are given
for the smaller size farm of 65 ha (160 acres). Readers who want more
information should secure a copy of “An Economic Analysis of Producing
Pond-raised Catfish for Food in Mississippi” (Burke and Waldrop 1978).

According to the authors, estimated total production from a land area of
65 ha (160 acres) would be 298,084 kg (655,785 1b), or 5262.5 kg per ha (4631
Ib per acre), of water area. Estimated total investment for land, pond
construction, water supply, feeders, and equipment would be $291,334 in
1977. This investment averaged $4414 per ha of land or $1787 per acre.
Annual fixed costs referred to as ownership costs amounted to $36,771.
Annual variable or operating costs amounted to $249,421. Total costs were
$286,192 annually for 298,084 kg (655,785 1b) or $0.959 per kg ($0.436 per
1b).

The weighted average price paid by processors in 1977 was $1.28 per kg
(30.58 per 1b) for catfish FOB pond bank. With this return and with a cost of
$0.959 per kg ($0.436 per lb), the net revenue for management and repay-
ment of debt was $130,934. The authors calculated that a price of $1.10 per
kg ($0.502 per 1b) was necessary for revenue to equal cost and anything over
this amount was return to management.

Many catfish aquaculturists in the USA do not produce food-size catfish
but raise fingerlings (these may be known as yearlings in some countries)
for resale to growers who do produce food-size fish. We are fortunate that a
production cost study of raising fingerlings was recently completed by
Allain and Morrison of the University of Arkansas in 1978.

The authors (Allain and Morrison) estimated costs for two different sizes
of fingerling farms. One size farm contained 26.68 ha (65.93 acres) while the
larger farm contained 54.28 ha (134.13 acres) of surface water.

Investment costs of the smaller farm were $244,265 while those of the
larger farm were $423,443. Fixed or ownership costs were $53,577 for the
small farm and $81,507 for the large farm. Variable costs amounted to
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$71,222 and $127,139, respectively. Total costs, including repayment of
borrowed monies, totaled $124,802 for the small farm and $208,643 for the
larger farm.

It was calculated that 125,000 fingerlings were sold each month from the
smaller farm and 252,000 monthly from the larger farm. The average
monthly price for 15—20 cm (6—8 in.) fingerlings in Arkansas during 1977,
the year of the study, was 12¢. At this price and with the preceding above
costs and number of fingerlings produced, the small farm returned $55,198
annually to management while the larger farm returned $154,237.

Processing. Processed production of catfish for the 12-year period 1969
through 1980 is shown in Table 1.3. It shows the increased volume of fish
being processed for food use. Processed production in round weight (live
weight) was only 1,455,000 kg (3,201,000 1b) in 1969. It increased dramati-
cally through 1973 when 8,969,000 kg (10,731,000 lb) were processed. Then
as a result of high fish food prices in 1973 and 1974 caused by the world-
wide shortage of fish meal because of the poor Peruvian catch and of
relaxed restrictions on rice productions in the United States, fish hectarage
was cut back. Since the processed market was the residual market after
live fish were sold for recreational fishing and stocking farm ponds, the
volume going to processing plants in 1974 and 1975 declined. Starting in
1978 processing increased dramatically through 1980 when 21,120,000 kg
(46,464,000 1b) were processed. During the 12-year period, processing
volume increased 1352%, or 113% annually.

In 1980 a total of 21,120,000 kg (46,464,000 1b) of live weight fish were
processed for the food market (Table 1.4). Volume of fish processed monthly
varied considerably. The peak months for processing were February—May
and August—October.

During the early 1970s when harvesting and processing were above the
yearly norm, producer prices for fish were at the yearly low. When harvest-

Fig. 1.14. Catfish hauling truck with load going to market, Arkansas. Courtesy of
Fish Farming Experimental Station, Stuttgart, Arkansas.
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ing and processing declined in May, June, and July, producer fish prices
rose and continued relatively high until the fall of the year, when both
processing and producer prices declined as processors adjusted frozen in-
ventories prior to the big buying splurge of fish in January, February, and
March again. As the industry matured in late 1970, monthly processing
volume stabilized as did producer prices (Table 1.5).

Rather interesting from the viewpoint of Asians and Europeans is the
difference of dressed, iced fish prices compared to frozen. In the USA, frozen
fish command a premium over fresh iced fish while in Europe and Asia
frozen fish prices are generally lower.

Marketing. There are about 9 specialized sized processors of catfish in
the United States. In addition, a considerable number of producers process
all or part of their own fish for sale to fish dealers, restaurants, and indi-
viduals.

In 1980, fish processed by the specialized processors was highest in
February—May period, reached a low in July, and rose again in August—
October. Sales by the processors follow roughly the same ebb and flow of
volumes. Inventory usually consists of about two weeks of sales. Table 1.4
shows the average prices for dressed fish either in ice packs or frozen FOB
plant. The frozen product sells for slightly more than the ice-packed fish.
The table also shows the ranges and averages of prices paid producers for
fish delivered to the plant. Prices paid to producers in 1980 ranged from
$1.52 per kg ($0.69 per 1b) to $1.74 per kg ($0.79 per Ib).

It should be realized that processing volumes and producer and processor
prices shown in Table 1.4 do not include sales by farm processors who
maintain their own small processing facilities, or sales by seafood dealers or
restaurants who may buy live catfish and do their own processing.

Between 90 and 95% of sales are pan-ready, dressed fish. Fish steaks and
fillets account for the remainder. This emphasis on pan-ready, dressed fish
may indicate the strong desires of producers to sell a 454 g (1 1b) fish rather
than to raise larger, older fish for the steak and fillet market when feeding
efficiency declines.

Imports and Exports. There are virtually no exports of either live or
dressed catfish from the United States. However, there are considerable
imports.

In 1969, the first year for which records were maintained separately for
catfish imports, there were 1,710,000 kg (3,762,000 1b) of dressed catfish
imported. Since the dressout percentage is approximately 60%, this volume
represented 2,856,000 kg (6,283,000 1b) of live or round weight (Table 1.5).
Since imports were not recorded in January, 1969, the total imports may
have been 6 —10% higher than this volume. Since that time, catfish imports
have increased considerably. After a slight drop in 1971, imports continued
to increase. In 1979, imports were 352% higher than in 1969 and dressed
imports totaled 4,958,000 kg (10,907,000 lb). On a live weight basis, this
represented 12,296,000 kg (28,372,000 1b), for an average yearly increase of
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35%. Between 80 and 90% of the imports are from Brazil, with lesser
amounts from other Central and South American countries.

The major attraction of imported catfish is the relatively low price. Wild
imported catfish commonly retail at prices as much as 30% below the
domestic cultured product. For example, it is commonplace for the imported
catfish to be priced at $1.39 to $1.65 per 454 g (1 1b) in a supermarket, while
domestically cultured fish in adjacent stores are priced at $1.79 to $1.99.
Estimated retail value of imported catfish sold in 1979 was about $27
million.

Wild Catch of Catfish and Bullheads. Catfish and bullheads are native
to nearly all freshwaters east of the Rocky Mountains. The largest catch
occurs in the southeastern United States, particularly in the Mississippi
River and its tributaries. Whether this is because of larger native popula-
tions, more intensive fishing pressures, or both is not known. States having
the largest landings are: (1) Florida, (2) Louisiana, (3) Arkansas, (4) North
Carolina, (5) Minnesota, (6) Tennessee, (7) Kentucky, (8) Mississippi, and
(9) Virginia.

From 1969 through 1976 the catch was relatively stable, varying from a
low of 15,088,000 kg (33,193,000 1b) in 1969 to a high of 17,892,000 kg
(39,363,000 1b) in 1971 (Table 1.6). The value per kilogram or pound caught
was stable from 1969 through 1972 at $0.51 —$0.53 per kg ($0.23 —$0.24 per
lb), but in 1973 and 1974 the value per unit increased rapidly. From 1974 to
1976 unit value varied between $0.74 and $0.77 per kg ($0.335 and $0.348
per 1b). Values per unit have increased slightly since then, while landings
have remained about the same.

Because of the increased values per unit of catch, the total value of all
landings increased from $7,635,000 in 1969 to $11,779,000 in 1974 with a
slight decline since then.

It should be emphasized that this catch was obtained only by commercial
fishermen and does not include the catch of sports fishermen. Hence, the
total landings of wild catfish and bullheads is much larger than these
impressive data indicate.

TABLE 1.6. WILD CATCH OF CATFISH AND BULLHEADS
BY WEIGHT AND VALUE, USA, 1969-1976"

Catch or Landings Value Average Value per Unit
Year (1000 1b) (1000kg) ($1000) ($ perlb) ($ perkg)
1969 33,193 15,088 7,635 0.23 0.506
1970 35,217 16,008 8,241 0.234 0.515
1971 39,363 17,892 9,138 0.232 0.51
1972 36,568 16,622 8,788 0.24 0.528
1973 36,576 16,625 10,512 0.287 0.631
1974 35,056 15,935 11,779 0.336 0.739
1975 34,848 15,840 11,654 0.335 0.737
1976 31,538 14,335 10,960 0.348 0.766

Source: Natl. Mar. Fish. Serv. (1980).
From 1976 to 1980 landings averaged about 13,500 to 15,300 MT (15,000
to 17,000 ST) with values increasing slightly.
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Outlook. The outlook for catfish in the United States is for increased
supplies. The wild catch is likely to keep declining slowly as the number of
commercial fishermen decline. Culturing is predicted to increase, but at a
slower rate than in the past explosive 15 years. The market for food fish is by
no means saturated, but as the market has widened, imports of foreign wild
catfish have increased since 1969 at an annual rate of 35%. Unless this
torrent of imports is checked or modified by quotas, tariffs, or purchases by
some other country, the cheaper imports are likely to continue to have a
restrictive influence on domestic production.

American Eel (Anguilla rostrata)

The United States is not an eel consuming country. Each year, between
2000 and 3000 MT (4,408,000 and 6,612,000 1b) of wild fish are caught. The
major markets for these are countries in Western Europe, with a few tons
sold to Japan. Domestic consumption is probably less than 100 MT (110 ST).
The fisherman’s price in 1980 was between $2.20 and $2.97 per kg ($1.00
and $1.35 per 1b). The major catching areas for larger and adult eel are in
Virginia, Maryland, Georgia, and Florida. Limited quantities of elvers are
caught in South Carolina for export to Japan. During 1975 and 1976 limited
commercial culturing started, destined for Japan, but nearly everyone had
ceased operating by 1981.

Holding Eels Before Shipment. It takes eels 3—5 days to digest food,
depending on water temperature. Thus, when eels are harvested for market-
ing they must be kept without food for this time before they can be sent live
to market. If this process is not carried out, the eels defecate during trans-
portation, containers become polluted, and eels arrive in poor condition.

Eels during the 3—5 day starvation cleanout period need a good oxygen
supply. The eels can be placed in polyethylene perforated tubs under show-
ersin a special shed. The baskets are stacked on top of each other and water
trickles down from the top to the bottom. Another method is to place the eels
in perforated polyethylene baskets with tops to keep the eels in. The baskets
are placed in a concrete sluiceway of fast-moving freshwater.

During the cleanout phase the eels will lose about 5% or more of body
weight. Starvation beyond this period will cause continued loss of weight,
particularly if the temperature is warm and eels are active. Adult silver eels
lose weight much more slowly than immature eels.

Prawns (Freshwater) (Macrobrachium rosenbergii)

Macrobrachium rosenbergii is a large freshwater decapod caridean crus-
tacean distributed by nature through areas of Southeast Asia, India, Aus-
tralia, and elsewhere around the South China Sea. Field researchers from
Hawaii have measured a 654 g (1.4 lb) male in New Guinea. Reports
indicate a 1000 g (over 2 lb) animal found in Taiwan.

Experimental research on adapting this crustacean to economical pro-
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duction in the Continental United States, Hawaii, and Puerto Rico began
about 10 years ago. At present, pilot production of some scale isunderway in
Texas, Louisiana, Florida, South Carolina, and Puerto Rico. Production,
however, is small, probably less than 20 MT (22 ST) in total in the areas
named above. Researchers, encouraged by recent developments in Hawaii,
continue their efforts to achieve viable, economical production systems.
Interest in freshwater prawn culture remains high and at least two large
mainland based U.S. companies remain in freshwater prawn aquaculture.
These are: the Weyerhaeuser Corporation, which maintains a hatchery
and Research & Development facility at Homestead, Florida; and Red
Lobster Inns, which has a freshwater produce farm in Central America.

The exciting chapter in production and one of the most promising develop-
mentsin U.S. aquaculture inyears hasbeen developing in Hawaii in the past
10 years.

Prawn culture in Hawaii is economically viable (Shang and Fujimura
1977; Lee 1979). The present industry was built upon the development of
mass rearing techniques (Fujimura and Okamoto 1970) and under the
guidance of the Anuenue Fisheries Research Center which provides seed-
stock to aquafarmers and engages in a major extension program involving
pond site selection, construction, management, and product handling. The
extension services are available to all prawn operators and seedstock is
provided free for a 3-year period under a contractual arrangement.

In 1972, Hawaii had only 0.6 ha (1.5 acres) of prawn ponds producing
about 2 MT (2.2 ST) of prawns from one or two very small producers. By
1980, production had reached 136 MT (150 ST) from 20 producers, and in
1981 is projected to reach 182 MT (200 ST) from 24 producers, Table 1.7.

Interest in Hawaii has grown to the point that a Hawaii Prawn Producers
Association was founded in December 1977. The state government devel-
oped an Aquaculture Development Program in the late 1970s to work with
prawns and other potentially economically viable water animals.

Life Cycle. The genus, Macrobrachium, contains hundreds of species
which have been monographed for Southeast Asia (Holthuis 1950) and the
Americas (Holthuis 1952). M. rosenbergii apparently is a species that is
evolving “out of the sea” in that its larvae require brackish water for their
development. In fact, the “breakthrough” in closing the life cycle of M.
rosenbergii came when Ling (1969A) raised the salinity in his larval culture
aquaria to 16% (Goodwin 1977). Previous attempts to rear larvae to meta-
morphosis failed because only freshwater was used.

There are constraints in prawn aquaculture but these do not involve life
cycle factors. The various stages in the prawn’s life cycle including matura-
tion, courtship, mating, brooding, spawning, larval development, and ju-
venile to adult growth may be accomplished in tanks, ponds, or aquaria.
Breeding behavior has been described by Rao (1965) and Ling (1969B).
Mating occurs between hard-shelled males and newly molted females.
Adults form single pair bonds and undergo amplexus at which time a
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spermatophore (sperm packet)is deposited on the female’s abdomen (Sandifer
et al. 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 days after which
free-swimming protozoea larvae are released (“hatched”) into the water
column. These undergo 11 larval molts followed by 1 molt into benthic
crawling post larvae (PL). Since there is considerable variation in individ-
ual growth which leads to a size frequency distribution with a large vari-
ance, growth to sexual maturity is variable (6—9 months), and harvestable
(> 35 g) prawns are available in 9—11 months.

Hatchery. The first step in the Hawaiian production cycle involves
obtaining gravid females from commercial ponds. No separate brood stock
ponds are maintained by hatcheries. A strain called the “Anuenue” strain is
presently utilized in all hatchery and pond production although other
strains are under evaluation (Malecha 1977). Prawns mate in commercial
ponds and females brood their eggs. Embryological development in Macro-
brachium rosenbergii takes about 15 days and experienced hatchery opera-
tors can tell by the egg color about when hatching will occur and thereby
capture only females that will hatch in keeping with a predetermined
starting time for the first hatching cycle.

At the Anuenue Fisheries Research Center (AFRC) hatchery, females are
brooded in 1136 liter (300 gal.) tanks. Eggs hatched into free-swimming lar-
vae are then transferred down into the larval rearing tanks. Initially about
1 x 10° (130 liters) larvae are kept in one tank. This is split into 300,000
larvae (43 liters) during the 3-week or so development cycle. On the average,
150,000 PL/tank (15—20 larvae/liter) are produced. Larvae are fed newly
hatched Artemia nauplii and strained fish flesh. The latter is made up in
three particle sizes by means of forcing fillets of tuna through screens with
the pressure from a stream of water. Larvae are reared in water containing
about 5 X 10° to 1 x 10° cells/ml of unicellular phytoplankton, usually
Chlorella. This “greenwater” is cultured in large 18,950 liter (5000 gal.) cir-
cular tanks and pumped into the rectangular larvae rearing tanks. The
latter are flushed every 2 days after the first 12 days. The phytoplankton-
rich “greenwater” increases survivability by maintaining good water qual-
ity through waste removal. In essence, the “greenwater” is a biological
filter. Larvae may passively ingest the phytoplankton cells but they do not
assimilate them into their tissue as shown by Cohen et al. (1976). Other
Macrobrachium rosenbergii hatcheries have raised larvae to PL with good
success using other biological filtration than “greenwater” for water qual-
ity maintenance.

Ponds. The Anuenue Fisheries Research Center has developed a pond
management strategy that consists of regular stockings of earthen ponds
with hatchery-reared juveniles and regular, selective harvesting of mar-
ketable prawns. PLs are stocked as soon as possible following metamorpho-
sis. At this time PLs are about 1 cm and are stocked at a rate of about 16.14
animals/m? (1.5 animals/ft?) of pond bottom.
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Pond sizes vary from 0.10 to 1.64 ha (0.25 to 4.0 acres) and they are of all
shapes from nearly square to those with length-to-width ratio exceeding 3
to 1. Embankment slopes vary from 1.5:1 to 2.5:1 depending on soil types.
The total land area required for a 0.4 ha (1 acre) pond is 1.20 ha or 112.4% of
the actual pond area in order to allow for 4.6 m (15 ft) wide berms and access
roads surrounding the ponds.

Grass is planted on road banks for bank stabilization and to provide
shelter for young and molting prawns and to foster natural productivity to
supplement the prawn’s diet.

Ponds are usually supplied with water from wells or stream diversions
which flow continuously at rates varying from 142 to 236 liters/min per ha
(15 to 25 gpm per acre). Discharge rates are usually 18.95—56.85 liters/min
ha (5—15 gpm per acre) taking into account natural evaporation and seep-
age. The water delivery system consists of pipes running from the main line
to the “head” of the pond. An outlet is located at the opposite end. Farmers
try to maintain a rich bloom of green algae (500,000 to 2,000,000 cells/ml) in
each pond. Feeding is usually done once in the evening by means of
broadcasting from the pond banks. Prawn farmers are currently using a
ration of broiler starter which costs about $0.31 per kg ($0.14 per 1b). The
current average conversion ratio is about 3.3:1 (exact information is not
available).

Growth and production vary from pond to pond. Approximately 7 to 9
months after the initial stocking, selective harvesting begins. A seine net
with a bag attached to the trailing end is used to cull large prawns. A team
of three or more workers enters the pond at one point and pulls the leading
edge of the seine net around the perimeter. After the pond or a portion of it
has been completely encircled and the leading edge of the net returned to
the point of entry, the net is then pulled in and the bag closed off. A 3-man
crew can harvest approximately 3 0.20 ha (half-acre) ponds per day.

After the entire net is pulled in and only the bag remains in the water, the
prawns are scooped out of the bag, sorted, and loaded by hand into transpor-
tation tanks. The harvesting efficiency, or percentage of desirable prawns
caught, depends on the workers’ skills and pond bottom and bank condi-
tions. Generally the method captures only 50 to 75% of the marketable
prawns in the pond, with only a few undersized ones.

Harvesting continues at a nearly constant rate with decreases in yield
during various periods. The reason for the fluctuations in production is not
known. All in all, stocking and harvesting management strategies do not
appear to be optimum so there is ample room for experimentation and
improvement.

Post-harvest Handling and Processing. Almost all prawns grown in
Hawaii are marketed either alive or chilled on ice. Some farmers blanch
whole prawns for 20 sec at 65.6°C (150°F) at the pond site and then pack the
animals in ice for delivery. This procedure only safely extends shelf-life by
about 4 days, even though local market outlets prefer a longer shelf-life
rather than have high inventory turnover. Of course, exploiting export
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markets will demand a long shelf-life.

Industry-wide standards for the grading and sorting of prawns have not
yet been developed. Customers have exhibited a willingness to purchase all
harvested prawns regardless of size. This has been especially evident in the
purchase of live prawns on the retail market where prawns have been
purchased by the kilogram or pound and not by size or type. Restaurants
have indicated a preference for consistent product size (9 count or larger,
i.e., 9 animals per lb; 20 per kg)and volume. However, up to mid-1979 most
restaurants purchased whatever product was available. The largest pro-
ducers were able to grade by sizes into medium-sized prawns, 9 count and
smaller, and large prawns, 9 count and larger, but most producers under
8 ha (20 acres) in size were unable to sort and grade in consistent amounts
to satisfy their accounts.

Producers indicated a harvest size range of 11 to 27 animals per kg (5 to 12
animals per 1b) (count size) with an average of 8 count sizes. The Anuenue
Fisheries Research Center has also indicated an industry average of 8 count
animals from field samples.

Normally, freshly harvested prawns have a clean greenish hue with
bright blue pincers. Their shells are resilient and the animals are lively and
kicking. Producers also harvest prawns in other physical states: eggbear-
ing females, soft-shell prawns (from recent moltings), and terminal growth
prawns (those that have stopped growing and are covered with algal moss),
but soft-shelled and terminal growth prawns make up only a small percent-
age of the harvest. These animals are usually separated from those in-
tended for sale. The possibility exists for developing specialized markets for
the eggbearing and soft-shelled forms of prawn.

Marketing. Markets for freshwater prawns seem to be little different
from those of other crustaceans of similar size and price. Demand for
crustaceans (and all aquatic foods) can be expected to rise in the coming
years so that emphasis in the area of marketing should be to provide a
consistent high-quality supply.

In Hawaii, prawns are marketed between 6 and 10 count (6 to 10 animals
per 1b, ~13 to 22 animals per kg) with the heaviest emphasis between 8 and
10 count. The harvest seining captures only these sizes. However, pending
the demonstration of its economic feasibility, many more size classes can be
marketed ranging from the “cocktail shrimp” or “bait” category to the
lobster size (0.45 kg or 1 1b).

For the year 1978, the distribution of product forms in the marketplace
was 61.9% sold live, 24.2% blanched/chilled, 12.6% chilled, and 1.3% frozen.
Asproduction continues to increase, it is expected that live sales will become
less predominant while frozen sales increase. In 1980, it was reported that
with farm prices of $8.80 per kg ($4 per lb), retail prices ranged from $12.10
to $17.50 per kg ($5.50 to $7.95 per Ib). The lower prices were for fresh-
chilled animals while higher retail prices were for live animals (Corbin
1981).
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Crayfish

Crayfish are versatile animals and are found on nearly every continent
except Africa and Antarctica. About 500 species are found throughout the
world, and over 250 species and subspecies are found in North America.

Biology. Life for most crayfish begins in a hole in the ground known as a
burrow. Some of these may be only a few centimeters (inches) deep, serving
as a temporary home, while others may be more than 1 m (39 in.) deep. Most
burrows have a mud chimney or are capped with a mud plug. The time of
mating varies by species and region. A fairly typical mating may occur in
May or June. At this time the female will dig a burrow. The male deposits
sperm in an external receptacle on the female. The sperm are held until late
summer or early fall until the female lays her eggs. As the eggs are laid,
they are fertilized by the sperm. The fertilized eggs are held to the female’s
body by a sticky substance. The number of eggs laid varies greatly by
species. Some may have as few as 10 and others up to 700.

The eggs appear as a bunch of “grapes” on the underside of the female’s
tail and she is said to be “in berry.” The eggs hatch in 1 to 2 weeks. Once
hatched, the young stay attached for a week or two while they undergo 2
molts. Later the young leave the female and the burrow and forage for
themselves. Crayfish eat a variety of foods, usually plant material and
small organisms.

Crayfishing. Crayfish can be caught in almost every body of water in
North America. In California, the species Pacifastacus klamathensis is the
principal crayfish caught. In Oregon, one of the leading states of production,
fishing is carried out in the slower moving streams of the flat agricultural
valleys. In the state of Washington some crayfishing occurs. Other than the

Fig. 1.15. Adult crayfish. 1 in. = 2.54 cm.
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Pacific states, commercial catching in the East is largely in Louisiana and
Mississippi. In these two states there are at least 29 species. The two domi-
nant commercial ones are the red swamp crayfish, Procambarus clarkii,
and the white river crayfish, Procambarus blandingi.

Crayfish Farming. Most of the crayfish farming area is found in Louisi-
ana and until a few years ago was confined to the southern part of the state.
In this area over 4,500,000 kg (10 million 1b) valued at over $5 million
is harvested annually, and about 35 crayfish processing plants are licensed.

Crayfish farming, as such, began over 25 years ago, possibly by accident.
It is thought that a rice farmer flooded his rice field one fall, following the
harvest of rice, to provide duck hunting. The next spring the duck pond was
teeming with crayfish. Duck hunters were transformed into crayfishermen
and harvested the unexpected crop of crayfish. Today, crayfish farming has
changed little from this accidental beginning.

Crayfish are currently being farmed in three types of ponds: rice-field
ponds, wooded ponds, and open ponds. In rice-field ponds crayfish are
rotated with the rice. The general procedure followed by the rice farmers is
to remove water from the rice field about two weeks before harvesting. This
permits drying of the field to facilitate harvest. When drying begins, cray-
fish burrow. The second growth of rice and grasses, along with rice straw,
provides food for the crayfish.

Wooded areas are also used, but make poor crayfish ponds. Dense growths
of trees and shrubs hinder harvest. Wooded ponds usually have poor wind
circulation, resulting in oxygen depletion. Also, water in wooded ponds is
often acid, resulting in a low pH and a low total hardness. Neither condition
is conducive to good crayfish production. Despite these drawbacks, wooded
areas are sometimes used for crayfish ponds because the land is idle and
owners feel some production is better than none.

Open ponds are often constructed solely for crayfish farming. The proce-
dure for farming these ponds is generally the same as for farming wooded
and rice-field ponds. Crayfish are stocked in the ponds in late May or June.
Brood stock, usually bought from a dealer, is stocked at rates of 23 to 56 kg
per ha (25 to 50 1b per acre), depending on the amount of vegetation and
the number of native crayfish present. Once stocked, the crayfish burrow.
In July the ponds are drained, mainly as a means of predator control
since racoons and wading birds may make serious inroads on the crayfish.
When young crayfish are found in the burrows, generally in September or
October, the ponds are flooded to release them. Once the ponds fill, the
young crayfish forage on native plants. If the winter is mild, crayfish can be
harvested the same year. Some crayfishermen may harvest the first crop as
early as November 25, although typically, it is spring of the next year
before the main crop is ready.

Crayfish cultured in ponds are harvested in the same manner as in the
wild. Both lift nets and funnel traps of wire are used. Wire baskets or cages
are baited with fish, or fishheads. A trapper usually handles 12 to 25 traps
per ha (5 to 10 per acre), depending on accessibility. Lift nets are fished in a
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Fig. 1.16. Crayfish burrows, Louisiana. Courtesy of James W. Avault, Jr.

similar manner. Most crayfish farmers employ professional crayfishermen
who are paid one-half the going market price for live crayfish.

Ponds with good production might yield from 225 to 900 kg per ha (200
to 800 lb per acre)of crayfish. Some reports tell of up to 1136 kg per
ha (1000 1b per acre). The early crop of farm-raised crayfish brings the best
price, and crayfish may sell for over $2.20 per kg ($1 per lb). Later, when the
“wild” crop comes in, the price drops. By May the season has peaked, and by
June the harvest is nearly complete.

The future of the crayfish industry looks promising and ponds devoted to
crayfish farming are increasing rapidly. In Louisiana, over 4850 ha (12,000
acres) were devoted to crayfish culture in 1969. By 1979 the area had
increased to nearly 16,200 ha (nearly 40,000 acres) (Anon. 1979A).

Levees can be constructed with rice-field equipment or with conventional
farm equipment. By setting up a pump for filling ponds from a nearby
stream or sinking a well, the farmer has his water. No feed is used and
harvesting presents no real problem since trapping rights are usually
leased. Profits for the pond owner range from $150 to $300 per ha ($50 to
$100 per acre).

Processing. Upon arival at a typical processing plant, crayfish are
stored in a cooler at 3°C (38°F). The next day the live crayfish are removed
from the cooler and thoroughly washed. After washing, the clean crayfish
are put into stainless steel tanks for blanching. The crayfish are blanched
for 5 min and no spices or additives are used. The blanching does three
things: (1) kills the crayfish; (2) destroys or inhibits the bacteria and
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enzymes in crayfish; and (3) facilitates manual peeling.

The blanched crayfish are then transported into the processing room
where the meat is separated from the shell manually. As many as 50
persons may be employed for this job.

There are various methods used for packaging. A common package is a
454 g (1 1b) bag. It is kept under refrigeration and has a shelf-life of
about 5 days.

MARINE CULTURE

Salmon

Coho or silver salmon (Oncorhynchus kisutch)
Chinook or king salmon (Oncorhynchus tshawytscha)
Chum or dog salmon (Oncorhynchus keta)

Sockeye or kokanee or red salmon (Oncorhynchus nerka)
Pink or lost salmon (Oncorhynchus gorbuscha)

Culture. Salmon are cultured for food in three states in the USA. These
are Washington and Oregon on the West Coast and Maine on the East
Coast. In 1980 there were two farms in Washington and Oregon specializing
in fingerling production only, three farms producing fingerlings and pan-
sized cultured salmon, and three farms producing only pan-sized salmon.
Two of these eight farms were also engaged in sea ranching.

Production of pan-sized salmon for 1980 for Washington and Oregon was
estimated at 455 MT (500 ST).

Salmon culture in Washington and Oregon has had many obstacles to
overcome. The initial culturing was begun by the Bureau of Commercial
Fisheries in 1967 in floating net pens. The predecessor of the Bureau of
Commercial Fisheries is the National Marine Fisheries Service. In 1970
early attempts at private commercial culturing were initiated. By 1973 —
1974 production was about 350 MT (385 ST). Two years later, in the
1975-1976 season, production was estimated at 681 MT (750 ST). By 1980,
production had declined to 455 MT (500 ST) as some producers had ceased
operating.

In Washington, private growers are not allowed to spawn fish. Eyed-eggs
are purchased from public agencies. In Oregon, private spawning of chum
salmon was first permitted in 1971. In 1973, coho and chinook salmon were
also added to the list of species that could be privately spawned.

Culturing has evolved primarily into culturing only coho salmon in
Washington, Oregon, and Maine. Only small numbers of chinook and chum
are cultured. Interest has centered on coho because of its resistance to
disease and willingness to accept pelleted dry feed. This is fortunate be-
cause coho is one of the most desired species and sells for a relatively high
price.

Unlike trout, coho salmon eggs are obtained between October and De-
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Fig. 1.17. Floating net cage culture of salmon, Washington. Courtesy of Mr. Jon M.
Lindbergh, Dgmsea Farms, Inc.

cember and hatch in January. Hatching takes about 60 days in 9° to 13°C
(48° to 55°F) water. The fry are maintained in heated water between 10° and
15°C (50° and 60°F). The fry are raised in vertical silos or troughs in
recirculated freshwater. Liquid oxygen is sometimes used for oxygenation.
This permits 10 times the fry and fingerling density of non-oxygenated
water.

After 4—5 months the fingerlings transform into smolts, which weigh
between 15 and 25 g (Y2 and 1 0z). In June or July the smolts are acclimated
to salt water and transferred to saltwater floating pens, or ponds on land,
into which salt water is pumped.

There are no standard sized pens used. They vary from 3 m square
(9 x 9 ft) to more than 7 m square (21 x 21 ft). Ponds are usually 6.1 m
wide X 24.4 m long X 1.5 m deep (20 ft x 80 ft x 5 ft deep) with flowing
water and mechanical aeration.

By December of the same year, the smolts reach pan sizes of 380 g (14 0z),
and the larger ones are sold. About one-half are dressed and one-half are
boned. The dressed weight is about 80% of live weight while the boned-fish
weight is about 70% of live weight. Production cost is about $3.30 per kg
($1.50 per 1b). About 50% of the marketed fish are sold directly to restau-
rants and hotels and about 50% to supermarkets. Some of the fish are
marketed fresh on ice while others are frozen.

The cultured fish are fed the “Abernathy diet” during production. During
the last 4 weeks pelagic red crab is fed to pink up the flesh.
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TABLE 1.8. FORMULA FOR THE ABERNATHY
DRY DIET

Ingredient % Type

Fish carcass meal® 44.5  Salmon, dogfish, hake,
herring, or turbot

Dried whey product 17.0  Not less than 15%
protein (Foremost or
equal)

Wheat germ meal 16.5  Not less than 25%
protein and 8%
lipid

Cottonseed meal 15.0  Not less than 50%
protein

Soybean oil 6.0  Fully refined soybean
oil (Natl. Soybean
Processors Assoc.
Code) with 0.01%
BHA and 0.01%
BHT added

Vitamin supplement 1.0 See Table 1.9

'To have protein content of more than 70%, lipid less
than 12%, water less than 7%, and a TBA (2-thiobar-
bituric acid) value of less than 40.

Cultured production is less than 1% of the wild catch. However, there is
no competition between wild and cultured fish. The cultured fish are indi-
vidual portions or pan-sized and appeal to the gourmet market. Some 1 kg
(2.2 1b) fish are cultured and marketed. These take up to 18 months in the
10° to 13°C (50° to 56°F) water. Most of the cultured fish are sold between
December 1 and April 1 periods when the wild catching season is closed.

Fig. 1.18. Silos for rearing salmon fry to smolts, Washington.
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However, some cultured fish are sold in every month of the year.

Feeds. The basic feed (Fowler and Burroughs 1971) fed to cultured
salmon is based on the Abernathy dry diet (Table 1.8). It is formulated to
contain approximately 45% protein with about 3200 calories per kg of diet.
The protein calories range from 50 to 55% of the total. The vitamin mixture
added is shown in Table 1.9. Although the formula is designed as a dry feed,
it may be made into a moist diet by the addition of water. Water is added at
the rate of 25% or less, which produces a dough-like mixture. A binder,
carboxymethyl-cellulose, is also added at the rate of 2% to prevent the
finished pellets from disintegrating too rapidly while being fed. After prep-
aration the moist pellets must be quick frozen and kept in frozen storage.
They are usually thawed before feeding.

Recommended particle sizes are shown in Table 1.10. Particle size plays a
major role in the acceptance or rejection of the diet, and is more critical in
the dry than in the moist diet. Too large a dry particle will be repeatedly

TABLE 1.9. ABERNATHY VITAMIN

SUPPLEMENT
Ingredient Amount (g)

Thiamin mononitrate 0.15
Riboflavin 0.69
Pyridoxine hydrochloride 0.30
Niacin 4.77
p-Pantothenic acid 0.68
Inositol 13.65
Biotin 0.03
Folic acid 0.10
pL-Alpha-tocopherol acetate

(10,500 IU) 10.50
Ascorbic acid 25.50
Carrier! 397.23
Total 453.60

!May be wheat middlings or cottonseed meal
sized to pass through a U.S. Sieve No. 30.

TABLE 1.10. RECOMMENDED PARTICLE SIZES
OF THE ABERNATHY DIET AS CORRELATED
WITH FISH SIZE

Fish Size
[No.of Fishper454 g
Granule or Pellet Size (1 1b)]
Starter granule' . More than 800
0.8 mm (2/64in.) granule? 800 to 500
1.2 mm (3/64 in.) granule 500 to 200
1.6 mm (4/64 in.) granule 200 to 100
2.4 mm (6/64 in.) granule 100 to 80
2.4 mm (6/64 in.) pellet 80 to 50
3.2 mm (8/64 in.) pellet Less than 50

!Composed of 95% of the basic Abernathy formula as
shown in Table 1.8 plus 5% additional soybean oil.
2Composed of 98% of the basic formula plus 2% addi-
tional soybean oil.
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rejected by the fish, especially when they first start to feed or when they are
being shifted to a larger pellet.

Feeding the small fish should be as frequent as possible. This leaves some
waste but a conversion rate of 2:1 can still be expected. Later the feed
conversion will range from 1.0 to 1.5.

Table 1.11 was developed for chinook salmon. For other species slightly
more or less feed may be required. The feeding program can be used from
first feeding to adult sizes. In practice, pelagic red crab is ground and fed to
pink up the fish.

Sea Ranching. Sea ranching is another culturing technique. However,
instead of feeding the fish throughout the production process, the smolts are
released into the sea. The mature fish return after 2 to 5 years to the point of
release. Returning fish may be as high as 6%. With this technique, produc-
tion cost may be only one-third that of fish fed out in pens or ponds.

Sea ranching by individuals or corporations is an extension of public
restocking efforts which have been in process for years. The only difference
isthat the individual harvests all of the returning fish that come back to the
privately owned point of release and rearing. Sea ranching of salmon is
legal only in Oregon, California, and Alaska. It is not authorized in Wash-
ington. Efforts are being made in the Washington State legislature to
legalize this technique. There are two farms engaged in sea ranching in
Washington; however, both of these are Indian enterprises which the state
cannot regulate. In 1980 there was 1 sea ranching operation in California
and 13 in Oregon. Five of these have been operating long enough to have
recapture. In 1980, about 40,000 salmon, mostly chum, averaging 2.3 kg
(5 Ib) each, were harvested.

Shrimp

Brown shrimp (Penaeus aztecus)
White shrimp (Penaeus setiferus)
Pink shrimp (Penaeus duorarum,)

Culture. There is only one commercial marine shrimp culturing farm in
the United States (Bente 1975). This farm is known as Marifarms, Inc.,
Panama City, Florida, and experimental production was begun in 1968.
Farming is extensive compared to the intensive techniques used in Japan.
Drawing upon the hatching and rearing experience of Japanese scientists
working with kuruma shrimp, the operation began. However, instead of
the farm’s containing only a few hectares or acres of water, it contains a
1012 ha embayment (2500 acres) with tidal exchange of water leased from
the state of Florida, and two 121-ha (300 acre) marine lakes with pumped
water exchange constructed on uplands leased from a private owner.

Both types of farms have bottoms which are typically soft and sandy and
in which benthic organisms abound. It was intended that the shrimp feed
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partially on naturally occurring marine life, which would provide sufficient
growth stimulants and nutrients so they could be fed a cheaper diet than is
customary in Japan. Feeding has evolved from feeding a slurry of ground-
up trash fish to feeding a dry pellet. In general, the pellets contain 30% fish
meal, 24% shrimp meal or crab meal or combination, 20% soy meal, 20%
meat scraps, 2% whey, 2% vitamin mix, and 2% binder. In 1974, 1000 MT
(2.2 million 1b) of these pellets were used to produce 65 million shrimp
weighing 375,000 kg (825,000 1b).

In 1974, the two 121-ha (300 acre) marine ponds harvested were 136,000
and 91,000 kg (300,000 and 200,000 1b), respectively. The conversion ratio
using the pellet feed was 1.8 and 1.9 units fed per unit of shrimp harvested.
Indications are that conversion ratios may go as low as 1.4 in raising shrimp
averaging 9 g (50 per 1b) each, heads on basis.

Techniques of gathering gravid females, hatching, and rearing shrimp to
the proper size for stocking the grow-out areas are similar to those used in
Japan (see Chapter 23 on Japan, Shrimp Culturing).

In farming tidal waters, the baby shrimp were initially planted in circu-
lar pens enclosed by fine mesh nylon nets having openings about like that of
window screening. A chain fastened to one edge of the net sealed off the
bottom, while a line of cork floats at the other edge held the net to the
surface. Since small shrimp move about much as do suspended particles in
riled water, in rough weather the shrimp would sometimes be washed out
with waves breaking over the top of the pens. Though still on the farm, these
liberated shrimp were in an area where predators had not been removed
and where feed was not added. Therefore, survival was low, and growth
somewhat slower until the shrimp grew large enough to move about in
search of food.

It has been found to be most productive to retain baby shrimp behind
open nets or within the ponds until they are at least 0.3 g in size.

Shrimp behave very differently in large growing areas than in small
experimental ponds. White shrimp migrate in schools, whereas brown and
pink do not. Shrimp also move to find natural feeding grounds. As shrimp
grow larger they seek deeper water, but frequently move back into warm,
shallow waters to feed on natural foods that seem to abound where more
sunlight reaches the bottom. They do not generally seek to escape until they
are young adults, at which time they would normally move out to sea with
the tides. This tendency occurs just prior to and during harvest periods. At
such times, Marifarms attaches a specially designed supplementary collar
of floats to the top of its nets in order to stop the shrimp from swimming over
the top during rough weather. Marifarms uses some 24 km (15 mi) of nets.

Multiple Cropping. Marifarms has learned enough about the availabil-
ity of mother shrimp and the hatching and growing patterns to make it
practical to grow two consecutive crops of shrimp in the very same areas.
The first crop is brown shrimp. These are hatched in February and March,
plantedinthestarting areasin April and May, moved progressively through
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the nursery and into the grow-out areas, and harvested in June to August.
Some pink shrimp may be included in this crop.

The hatchery, meanwhile, shifts to white shrimp, which are hatched in
the May and June period. These move progressively through the same
areas, arriving in the grow-out areas after the summer harvest of brown
shrimp has been completed. The white shrimp are then harvested in the
October—December period.

While it is theoretically possible to run a third crop of pink shrimp
through the system—hatching them in the July — August—September peri-
od, holding them in juvenile form through winter when it is too cold for
growth to continue, and subsequently continuing growth in the spring and
harvesting them together with the brown crop during the next summer—
tests show that wintering-over operations should have fairly deep holding
areas so that the water does not cool during cold snaps as much as it does in
shallower areas.

Survival, in the shallow pond areas in particular, is too low to justify such
efforts. When water temperature drops below 10°C (50°F), survival falls off
markedly. At 4°C (40°F) the effect is lethal. Operations further south ought
to make a third crop feasible.

Harvesting. In shrimping at sea, the catch is manipulated by hand.
Sometimes as little as 10% of what is caught is shrimp. First of all, the trash
fish and other marine life are sorted out by hand and thrown overboard.
Then while trawling continues, the crew members squeeze the heads off the
shrimp by hand, place the tails in wire baskets, and, after washing, finally
store these with ice below deck. [Washing on the boats is necessary after
deheading to prevent brown spotting by polyphenoloxidase (tyrosinase)
enzymes.] When a load is accumulated, the trawler returns to port to unload
and stock up on provisions, and then returns to fishing at sea. Ships stay out
a week or more at a time.

By contrast, Marifarms uses similar trawlers, but since the farmed waters
contain little but shrimp, there is no need to sort the catch by hand on deck.
The catch is dropped on deck, spread out, and layered with shaved ice.
During trawling, the catch is generally kept covered by a canvas. After a
few hours of trawling, the boat has a load of several thousand pounds on its
stern deck. Then the boat returns to a dock at shore on the farm where the
catch is unloaded by a vacuum lift with the aid of a heavy stream of water.

In the procedure used in harvesting the farmed marine lakes, as the
shrimp are caught, they are placed into a transfer net on the special skiff
used for the trawling. Every hour or so the skiff stops at a docking point so
that the transfer net can be lifted out and immediately emptied into a tank
of ice water mounted on a trailer. Every few hours this is hauled to a
vacuum lift for final unloading.

The shrimp are discharged from the lift into a large agitated tank of ice
water from which they are removed by a metal chainlink type of conveyor
belt. The shrimp on the conveyor pass across an inspection table where
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debris and the relatively few fish, crabs, etc., are removed by hand. [The
crabs are accumulated and sold as a by-product. Crab yield in 1974 was
about 9090 kg (20,000 1b) live weight.] At the end of the conveyor the shrimp
are weighed into standard fish boxes holding 45 kg (100 1b) each. They are
kept chilled by placing a layer of ice on the bottom, in the middle and on the
top of each box of shrimp. These boxes are loaded into a tractor trailer, and
loads of 9090 to 13,636 kg (20,000 to 30,000 1b) are hauled off to nearby
processing plants within a day of being caught.

The shrimp are delivered untouched by human hands. Consequently, the
bacterial count is low. The shrimp do not give off a strong fishy smell when
cooked. They have a sweet taste, devoid of the iodine-like flavor often
encountered in other shrimp. Thus, the quality of the cultivated shrimp
produced by Marifarms is reported to be superior to the standard product.

Outlook. It is extremely doubtful if there will be any future develop-
ment of farms like Marifarms, Inc., in the United States. In general, sports-
men, fishermen, shrimpers, and public officials will be reluctant to lease
large bay areas to a single individual or corporation. While it is possible to
develop pond enclosures on land and pump marine waters, it takes tremen-
dous capital to do so. Possible investors have developed a wait-and-see
attitude and are awaiting word that Marifarms is highly successful commer-
cially before making such investments. Hence, in the foreseeable future,
cultured shrimp are likely to be produced only by Marifarms. From 375 MT
in 1974 (825,000 1b), officials of the company expect to reach capacity of
2273 MT (5 million lb) based on two crops a year raised during an 8-month
period.

RESTOCKING

All states except Delaware and Mississippi operated at least one state
hatchery during 1973 (Anon. 1974 A). The total number of state fish hatch-
eries was 425, of which 297 produced coldwater fish, 73 produced warm-
water fish, 29 produced walleye (Stizostedion vitreum vitreum) and North-
ern pike (Esox lucius), and 26 produced various combinations.

The average number of installations per state was 8.5. Washington had
the most with 66 individual hatcheries, of which 57 produced anadromous
salmonoids. Oregon was next with 31, with a strong emphasis on Pacific
salmon and steelhead. The nationwide system of state hatcheries is growing
slowly with 37 additional units scheduled for operation by 1978. This
represents an 8.8% increase in 4 years.

There were 91 national hatcheries in 39 states operated by the U.S. Fish
and Wildlife Service in 1978 (Anon. 1979). Of these, some reared trout
exclusively while others reared trout and other types of fish. Only a few
national hatcheries raised warmwater fish exclusively, although about
one-third produced them in combination with other species.

National hatcheries from October 1978 to September 1979 produced and
distributed 49 million warmwater fish; 120 million coolwater fish; 67 mil-
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lion nonanadromous salmonoid with nearly one-half of them being rain-
bow trout, and 114 million anadromous salmonoids consisting primarily of
chinook and chum salmon. A total of over 350 million cultured fish were
raised and distributed from national hatcheries. The state hatcheries pro-
duce and distribute about 80% of the total and the national hatcheries about
20%. Hence more than 1.5 billion fish were cultured for distribution.
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FISH AND OTHER AQUATIC SPECIES

Arctic char
Atlantic salmon (Salmo salar)

Black bass (Micropterus)
(Centrarchidae)

Brown trout (Salmo trutta)
Carp

Char

Cisco (Coregonidae)
Cutthroat trout {Salmo clarki)
Eels

Lake trout (Salvelinus
namaycush)

Lobsters

Marine shrimp
Maskinonge (Esocidae)
Milkfish

Minnows

Mussels

Oysters

Pacific salmon

Perch (Percidae)
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Pike (Esocidae)

Rainbow trout (Salmo gairdneri)
Salmon

Speckled (brook) trout
(Salvelinus fontinalis)

Splake (Salvelinus fontinalis X
namaycush)

Trout

Whitefish

Centracid fish
Coregonid fish

Esocid fish

Percoid fish

Salmonoid fish

Canned and smoked fish

Ornamental and tropical fish



Canada

Dr. Hugh R. MacCrimmon

Aquaculture in Canada began in the Province of Quebec where the
Atlantic salmon (Salmo salar) and the speckled trout (Salvelinus fontina-
lis) were propagated commercially by 1857. With establishment of the
Newcastle Hatchery in Ontario by the Canadian government in 1866, a
system of salmonoid production was established which strongly influenced
both private and government aquacultural developments in Canada, if not
North America, over the century which followed. Similarly, the construc-
tion of a series of major jar hatcheries along the Great Lakes, beginning
in 1875, heralded the advent of a culture method which was generally
adopted in North America for the culture of coregonid, percoid, and, more
recently, esocid and other fish. The pond culture of centrachid fish, begun by
government agencies in 1900 for the production of black bass (Micropterus)
for live release, is presently limited to modest government and private
operations, largely in the Great Lakes region. While fisheries research and
the management of fisheries resources has been a priority consideration in
Canada for many years, a concerted effort toward the application of fisher-
ies science to the commercial production of food fish and marine inverte-
brate organisms in confinement is of comparatively recent origin.

Under terms of the British North America Act of 1867, overall responsi-
bility for the Canadian freshwater and marine fisheries lies with the federal
government, but specific aspects of education, research, and management
are matters of provincial concern. Consequently, aquaculture in Canada
has evolved within both federal and provincial frameworks. In 1972 there
were some 21 federal and 31 provincial government hatcheries, 163 com-
mercial hatcheries, and an additional 113 licensed domestic operations
using sloughs situated in the prairie provinces of western Canada. Not
included in these figures is an unknown number of small private hatcher-
ies, principally in eastern Canada, which are being operated more or less
exclusively by fishing clubs for stocking their own waters.

Federal and provincial governments have continued to maintain a rather
traditional approach to the artificial propagation of fish, both in terms of
species cultured and the almost exclusive use of the product for live release
within sport and commercial fisheries. Small numbers are used for aqua-
cultural and other aspects of fisheries research in government and univer-
sity research laboratories. Production from government hatcheries in 1972
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Fig. 2.1. Aquacultural production of salmonoids, 1972.

approached 369 million fish with an aggregate weight exceeding 500 MT
(551 ST), of which salmonoid fish made up only 8.8% by number and 86.4%
by weight. Some 94.3% of the production by number and 85.3% by weight
came from provincial facilities spread across the continent. Of the total
production of salmon, trout, and char in Canada by government and com-
mercial hatcheries, private enterprises were responsible for about 28% by
number and 57% by weight (Fig. 2.1). Other species reared in federal and
provincial establishments for live release included 265 million whitefish
and cisco (Coregonidae), 265 million pickerel and perch (Percidae), 29
million pike and maskinonge (Esocidae), and 180,000 black bass (Centrar-
chidae).

Commercial fish farmers in the same year (1972), excluding experimen-
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tal harvests of stocked rainbow trout from prairie pothole lakes marketed
nearly 13 million fish weighing an estimated 485 MT (534 ST), largely
rainbow and speckled (brook) trout (Fig. 2.2). Of the salmonoids produced,
some 70% by number and 31% by weight were sold for live release, princi-
pally into private waters across Canada. Brook trout made up some 65% by
number and 61% by weight. The balance was: rainbow trout (Salmo gaird-
neri), except for comparatively few lake trout (Salvelinus namaycush);
brown trout (Salmo trutta); cutthroat trout (Salmo clarki); Atlantic salmon
(Salmo salar); and splake (Salvelinus fontinalis X namaycush). Collec-
tively these made up less than 1% of the total production of salmonoids
marketed. The principal market for commercially produced live fish lies in
the provinces of Ontario and Quebec where there is a strong demand for
trout and char to stock private ponds and stream systems, and in the prairie
provinces where considerable numbers of trout are released in privately
owned pothole lakes for subsequent commercial recovery and domestic sale.

Live Sale:99.8X

NUMBERS
13,000,000 FISH

Live Sale: 79X Demestic Sale:21X%X

Live Sale:98X

Feod Sale: 35X

Sale:13% Prairie
Production:13%

WEIGHT
488 METRIC TONS

Hatchery Food
Preduction:74X

Fig. 2.2. Commercial production of salmonoids, 1972.
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The commercial farming of freshwater salmonoids for human consump-
tion in Canada is of comparatively recent origin because of a traditional
local respect for the speckled (brook) trout as a sport fish, and because of a
lack of evidence that the Atlantic and Pacific salmons could be profitably
cultured to marketable size. Thus government agencies were hesitant to
change long-standing legislation prohibiting sales of prized sport fish to
accommodate a new aspect of private enterprise. As a result, the develop-
ment of a viable Canadian aquacultural industry based on food fish sales
lags appreciably behind that of most countries which have established fish
farming industries. The transition of existing trout farming units, previ-
ously geared only to the production of trout for live sale, has been a rather
slow process accomplished by slowly increasing the production to meet
unknown but seemingly attractive market protentials. Despite expressed
interest within the business community, aquacultural development in Can-
ada has generally been left to the family unit level of operation. There are at
present no large corporate aquacultural undertakings in Canada which
have developed beyond the pilot experimental stage. The economic viability
of large-scale production units remains to be proven. However, a number of
previously established and new trout farms have become geared for the
intensive culture of food fish. Their operators accumulated several years of
invaluable experience in producing trout for human consumption.

In 1972 food sales of Canadian products totaled an estimated 1.1 million
fish weighing 352,227 kg (775,000 1b), of which 99% was rainbow trout. The
remainder was brook trout. Sales of speckled (brook) trout for human
consumption are still prohibited by law in Quebec, although the species
made up over 92% of the live sales in that province during the past year.
Most fish marketed for human consumption in Canada were in the 170 to
280 g (6 to 10 0z) range, although one commercial unit in Quebec had begun
to produce in volume rainbow trout of approximately 2.3 kg (5 lb)—
principally for a specialized Montreal and New York market. The majority
of rainbow trout produced for human consumption across Canada was sold
by individual producers to local shops and restaurants, with some fish being
distributed by chain store systems. Cooperative marketing of rainbow trout
was limited to fish harvests from prairie potholes (sloughs) in western
Canada, which were distributed on an experimental basis by the Fresh-
water Fish Marketing Board. At present the Ontario Fish Farmers’ Associ-
ation is advocating a cooperative approach toward the purchase of feed and
other production items, and the collective marketing of their products.

Despite restrictive measures adopted by federal and provincial govern-
ments on the importation and transfer of eggs and fish, a reported 11 million
rainbow trout and 2.5 million brook trout were imported into Canada from
the United States in 1972. These eggs and fingerlings came from Wash-
ington, Idaho, Montana, and the New England states. Reported transfers of
live fish across federal and provincial boundaries totaled approximately
14.6 million eggs and 4.8 million fry and fingerlings.

In Canada there are, as yet, no specialized brood hatcheries geared to
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meet the egg requirements of the trout farming industry. However, most of
the well-established trout farmers maintain their own brood stocks with a
considerable “in-trade” market for eggs and young fish. Because of concern
over the transmission of infectious fish diseases, there has been a general
tightening of regulations by both federal and provincial governments per-
taining to the importation and transfer of fish. Acting under authority of
the Fisheries Act of Canada, the Fisheries and Marine Service of Environ-
ment Canada implemented new constraints on transfers of eggs and fish
under the Fish Health Protection Regulations. The regulations apply to live
fish, eggs of fish, and dead products of cultured fish destined to move into
Canada or across provincial boundaries within Canada. Beginning January
1,1977, it became illegal to make such transfers without a permit provided
by a local Fish Health Officer, following periodic inspections of hatchery
facilities and failure to detect any of the following pathogens: the kidney
disease bacterium; the redmouth bacterium, Aeromonas salmonicida; the
protozoans Myxosoma cerebralis and Ceratomyxa shasta; and the viruses
causing viral hemorrhagic septicemia, infectious hematopoietic necrosis,
and infectious pancreatic necrosis; myxobacteria; the motile aeromonads,
and the vibrios. Further clarification of these regulations can be obtained
from the National Registry of Fish Diseases, Environment Canada, Otta-
wa. Various provincial agencies have their own regulations as well, per-
taining to fish propagation and transfers. At present the Great Lakes
Fisheries Commission has proposed stringent regulations pertinent to that
region of North America.

IMPORTS

Imports of cultured food fish into Canada during 1972 totaled 986 MT
(2,169,406 1b) (Tables 2.1 and 2.2). Included were: 6234 kg (13,715 1b) of carp
from Hong Kong, Taiwan and the USA; 909 kg (2000 1b) of milkfish from the
Philippines; and 978,950 kg (2,153,691 1b) of trout from Denmark, Great
Britain, the USA, Japan, and Portugal. Most of the trout were frozen, but
shipments included about 3636 kg (8000 1b) of canned and smoked fish,
principally from Denmark and Portugal. Imports of rainbow trout to Can-
ada have more than doubled during the past five years despite the embargo
imposed on Danish fish (Table 2.1).

MARKETING

Canadian aquaculturists have, with the exception of the prairie pothole
farming operations, received no more than token government assistance in
advertising or marketing the hatchery product, in contrast to the strong
support given historically to agriculturalists and other aspects of the fisher-
ies industry. Permission to sell “game” fish in Canada is, in itself, of
comparatively recent origin. The developing fish farming industry has had
to contend with various regulatory restrictions which, in combination with
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negligible government support until the present, have often been cited by
fish farmers as being suppressive to growth and viability. Only in 1972 were
prairie trout farmers permitted to sell directly to retailers, being previously
restricted to direct sales to consumers or the Freshwater Fish Marketing
Board. The Province of Quebec still prohibits the sale of native speckled
(brook) trout for human food, whether of wild or hatchery origin, although
there is extensive commercial propagation of the species for live release.
Within the Canadian provinces there has been a gradual liberalization in
attitude toward the domestic production and sale of salmonoid fish. Conse-
quently, in most instances it is the ability of the fish farmer to profitably
grow char, salmon, and trout to marketable size that governs the production
of Canadian aquaculture. The production and marketing of salmonoid fish
in Canada, therefore, continues to depend almost solely on the expertise
and ingenuity of individual producers, although there has been very
limited government support of private aquacultural systems by develop-
ment grants and the like. Sales promotion among private fish farmers for
the marketing of their products continues to be minimal, with a dependence
on verbal communication with new and established clientele.

Sales of live trout for release into fishing waters are usually made on
a local or regional basis, although not infrequently interprovincial and
transcontinental transfers of eggs and fish (using oxygen-filled plastic
bags) have been made by air freight. Sales of hatchery-produced salmon-
oids, principally rainbow trout, for human consumption are made in both
fresh and frozen form. Until recent government authorization of the legal
sale of these species on the food market, Canadian consumers were depen-
dent on frozen packaged trout imported principally from Japan, Denmark,
and Britain. Frozen trout of foreign origin, usually dressing out at 170 to
280 g (6 to 10 oz) per fish, are usually retailed at two to a package for the
home consumer or bulk packaged for the restaurant trade. Thus, the Cana-
dian production of domestic trout provided, for the first time, fresh and
unfrozen trout for the local consumer. Trout farmers have found a ready

TABLE 2.2. IMPORTS OF DOMESTIC FRESHWATER FOOD FISH INTO CANADA
DURING 1972

Fish (kg) (1b) Country of Origin

Trout

fresh 6,773 14,900 Great Britain

fresh and frozen 910,545 2,003,193 Japan

fresh and frozen 58,409 128,528 USA

canned and smoked 2,682 5,898 Denmark

canned 545 1,172 Portugal
Carp

fresh and frozen 1,045 2,300 Taiwan

fresh and frozen 36 80 Hong Kong

fresh and frozen 4,948 10,885 USA

salted roe 205 450 USA
Milkfish

fresh or frozen 909 2,000 Philippines
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market for this product in direct sales to consumers and to the restaurant
and retail food trade. Only surplus trout grown in Canadian hatcheries are
usually frozen. Hence fresh locally-produced trout have a distinct market
advantage over processed imports. Markets for Canadian domestic trout
are best developed in Quebec, Ontario, and British Columbia, although
prairie trout farmers have found suitable markets for their harvests of
rainbow trout from pothole lakes, including a smoked product. Quebec
producers are, at the moment, developing a unique market for large smoked
rainbow trout in eastern American cities. At existing levels of trout produc-
tion across Canada there is a healthy market for domestic trout despite
negligible to modest market promotion and product development.

It is estimated that about 1.3 kg (2.9 million 1b) of domestic salmonoids
were marketed in Canada during 1972 for human consumption. Of this
quantity 979,000 kg (2,150,000 1b) were imported, with 93% of this amount
coming from Japan and 6% from the USA. Thus only 26.5% of the domestic
trout marketed in Canada was produced by the Canadian fish farming
industry. Sales of hatchery-grown freshwater fish in Canada in 1972 were
solely rainbow trout, except for a few speckled (brook) trout (0.3%) produced
and sold in the provinces of Nova Scotia and Ontario. While no precise
figures are available on the present production and sales of hatchery-
produced domestic salmonoids in Ontario, the trout farming industry has
undergone substantial development since 1972. Efforts have been restricted
largely to the increased production of rainbow trout for the food market.
However, there is growing interest in the cage culture of Atlantic and
Pacific salmon in coastal waters, and in the potentials of the Arctic char for
rearing in cold waters typical of most Canadian hatcheries on a seasonal if
not continual basis.

The sale of salmonoid eggs is essentially an in-trade operation by Cana-
dian trout producers, although numerous stocks of ova and fry (mostly
notably of rainbow trout and salmon) have been made available by govern-
ments to private operators from time to time for purposes of experimenta-
tion and commercial production. The trend of ova importations from the
United States has been one of decline as the capability of Canadian trout
farmers to meet their own production requirements has increased almost to

TABLE 2.3. PRICE STRUCTURE FOR LIVE SALE OF
TROUT IN CANADA DURING 1972

Size Price per Thousand
(in.) (cm) ($)

ggs 3.00-6.50
Lessthan1 20.00-35.00
40.00-60.00

5 75.00—150.00
150.00-200.00
400.00—-450.00
600.00-750.00
800.00—-1000.00

Adults 3.00 each and up

|
T CODND = =
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the point of self-sufficiency. However, exchanges of eggs, fry, and finger-
lings among Canadian hatcheries, both government and commercial, is a
continuing activity and one which has come under much closer government
scrutiny with the new Federal Fish and Health Regulations and various
provincial enactments. The now considerable market for live trout for
stocking private and commercial “pay-fishing” ponds is bound to expand as
demands for recreational fishing near larger centers of population increase.
A number of trout farmers also profitably operate “pay-fishing” ponds in
conjunction with their production hatcheries.

Price Structure

Live Sales. Sales of fish eggs by private hatcheries in Canada are
limited to those species produced, namely the rainbow trout and brook
(speckled) trout. There is at present little price differential between the two
species. Eggs sold in 1972 for between $3.00 and $6.50 per thousand depend-
ing on locality, quality, quantity purchased, and availability.

The price of fish, again restricted to brook and principally rainbow trout,
is based on size, demand, numbers purchased, and availability (Table 2.3).
Live trout purchased by the trout farming industry are typically fry or
fingerlings averaging 10 ¢cm (2 to 3 in.) in length.

The market for larger and older trout is restricted largely to sales of fish
to owners of ponds or other fishing waters used for personal angling, or for
the sale of recreation. The Ontario Fish Farmers’ Association looks forward
to the day when members may have the opportunity to bid on government
contracts for fish to be released in public waters, thus welcoming the
opportunity to compete with the government hatchery system in terms of
cost and quality of product. In 1972 “keeper-size” trout sold across Canada
for prices ranging from $600 per thousand for 15 cm (6 in.) fish to $1000 per
thousand for 30 cm (12 in.) fish. Mature adults for brood stock sold at
upwards of $3.00 per individual fish. Brook (speckled) trout were priced
slightly lower than rainbow trout despite a generally slower growth rate.

The sale of recreational angling for hatchery-reared trout held in con-
finement is increasing in popularity across Canada. The operation takes
several forms. Traditional fishing clubs, particularly in Ontario and Que-
bec where some clubs have been in existence for a century or more, charge
substantial membership fees and may place a daily or seasonal creel limit
on its members. Newer clubs have tended to expand their facilities to
include other forms of family outdoor recreation with annual fees on a
single or family basis. As membership in private clubs utilizing private
ponds, streams, or small lakes is too costly, or perhaps not appealing to
many Canadians, the “pay-fish” or “U-Catch-em” operations are providing
anglers with an alternative to private fishing clubs or public waters. The
charge normally consists of a “gate” or “fishing pole” fee, plus a charge for
all fish caught. The usual cost of the trout lies between $0.25 and $0.38 per
cm ($0.10 and $0.15 per in.). Thus, the price of a “single portion” sized trout
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averages between $1.00 and $1.50 each, or about $4.00 to $8.00 per kg
($2.00 to $3.00 per 1b), plus admission or fishing fee. A comparison of sale
prices for live hatchery-reared fish over the past decade has indicated
surprisingly little change in value to compensate for increasing costs of
production.

Food Sales for Human Consumption. Canadian aquaculturists must
compete with imported trout in terms of price and quality. Bulk prices of
frozen, dressed Japanese rainbow trout to west coast packers averaged
$1.25 per kg ($0.57 per Ib) in 1972. Wholesale prices for the frozen Japanese
product averaged between $1.80 and $2.00 per kg ($0.80 and $0.90 per 1b),
while similar USA fish sold at $2.75 to $3.30 per kg ($1.20 to $1.50 per 1b).
Retail value of the Japanese product (2 fish per package) was $2.10 to $2.45
per kg ($0.95 to $1.10 per 1b) whereas the U.S. product retailed at $3.00
to $4.20 per kg ($1.35 to $1.90 per 1b) in west coast cities.

Prairie trout farmers received $1.10 to $1.35 per kg ($0.50 to $0.60 per 1b)
for dressed trout shipped to the Freshwater Fish Marketing Corporation.
Wholesale prices for fresh fish processed by the corporation averaged $1.90
per kg ($0.85 per 1b) with the fish advertised on the retail market at $3.35 to
$4.00 per kg ($1.50 to $1.80 per Ib). However, those prairie farmers selling a
fresh product directly to local markets realized a substantial financial
advantage, receiving better than $2.00 per kg ($0.90 per 1b) for dressed fish.

Hatchery-produced rainbow trout sold directly to local stores, restau-
rants, and individual consumers in British Columbia, Ontario, and Quebec
brought prices of up to $4.25 per kg ($1.90 per 1b) for gutted iced fish. The
production and sale of trout for human consumption would seem to be the
most advanced in the Province of Quebec, especially in the production of
large fresh and smoked rainbow trout, exported to New York at prices
similar to those received for prime Atlantic salmon at $6.50 to $7.50 per kg
($3.00 to $4.50 per lb).

The value of freshwater aquacultural fish products marketed in Canada
during 1972, exclusive of aquarium-reared ornamental and tropical fish,
was estimated at $3,141,000. Live sales of fry and fingerlings (72%) and
yearlings and older salmonoids (28%) were valued at $2,154,000, repre-
senting 69% of the total value of all fish produced. Sales for human con-
sumption made up the remaining $987,000. Salmonoids propagated in
hatchery facilities including rearing ponds and cages made up 86%, and
prairie pothole production comprised 14% of the value of these sales.

The marketability of trout produced in Canadian aquacultural systems,
according to the 1972 survey, was excellent. Only among trout harvested
experimentally from prairie pothole lakes was there any evidence of prob-
lems of product quality; these stemming from difficulties in autumn har-
vesting procedures and an unusual taste imparted to the flesh from some
waters. Many prairie trout, however, were of top quality. Like trout pro-
duced elsewhere in Canada for human consumption, they found ready
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markets in local and urban centers in competition with foreign imports.

NUTRITION

Rations purchased by government and licensed private hatcheries for
feeding those fish produced in 1972 exceeded 1136 MT (2.5 million Ib) with a
cost of nearly $460,000. With the exception of a few kilograms of minnows
purchased to feed esocids, the feed was utilized solely for the production of
salmonoids.

An overall (average) food conversion rate of 1.4 was realized for salmon-
oids produced in Canadian aquacultural systems based on reported food
purchases yield data. This resulted in an average feeding cost of about $0.53
per kg ($0.23 per 1b) of trout produced for food or live release. Despite
limitations on the use of the data because of differences in hatchery objec-
tives, and especially in the size and age of the final products, an analysis
indicated that these feed conversions and costs per kilogram of fish were
realized by the commercial fish farmers. Of the total weight of food fed to
salmonoids, some 84% was formulated dry rations (avg $0.35 per kg or
$0.159 per 1b) 10% fresh or frozen liver and spleen (avg $0.61 per kg or
$0.278 per 1b), and 6% marine shrimp. Because of rapidly escalating food
costs on Canadian and world markets, the cost of salmonoid production has
undoubtedly increased substantially since 1973.

Dry rations were purchased for Canadian government and private hatch-
eries from 8 feed manufacturers in 1972, but considerably less than 10% of
the marketed product was manufactured in Canada. The present situation
is relatively unchanged with a dominance of foreign-manufactured salmon
and trout feeds on the Canadian market, although, particularly in the
Province of Ontario, there has been a rather modest increase in the local
manufacture of formulated trout diets. Canadian feed manufacturers con-
tinue to be hampered in their operations by the need to import some of the
ingredients necessary to meet prescribed ration formulae. Significant re-
search on salmonoid nutrition and on the formation of diets utilizing princi-
pally locally-grown agricultural; products is presently underway at several
federal and university laboratories across Canada.

WATER SUPPLIES AND USE

Canada is blessed with an abundance of ground and surface waters, yet
only insignificant quantities are presently being used for freshwater aqua-
culture. It is estimated that government and commercial fish hatcheries in
Canada are currently using on a continuous basis about 13,000 liters per sec
(205,000 gal. per min) of clean groundwaters provided by wells, springs, and
headwater streams. During the era when government jar hatcheries in the
Great Lakes were popular for coregonid and percoid culture, it is probable
that pumped lake water increased the total continuous consumption of
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water flowing through Canadian hatcheries to about 14,000 liters per sec
(225,000 gal. per min).

In view of the emphasis presently placed on the production of salmonoid
fish in Canadian aquaculture, present hatcheries and rearing stations are
situated principally on coldwater sources. Headwaters (especially flowing
springs, artesian wells, and feeder creeks) continue to be the favored water
sources for intensive salmonoid propagation in eastern Canada and, to a
lesser extent, in western Canada. Water supplies to Canadian hatcheries
have a reported hardness ranging from 5 to 1570 ppm (expressed as CaCO3),
while pH values of 6.5 to 8.0 are typical. Two characteristic ecological
features of Canadian freshwaters used commonly for salmonoid production
are low temperature and low nutrient levels. Aquifer (and hence, well and
spring water) temperatures across Canada are locally constant, ranging
from as low as 4.4°C (40°F) in parts of Quebec to as high as 13.9°C (57°F) in
parts of British Columbia. However, seasonal variability in surface waters
and hatchery facilities typically ranges downward toward the freezing
point. In some instances, these waters approach the lethal temperatures of
salmon and trout during the summer months, causing significant seasonal
difference in fish growth rates within and among government and commer-
cial hatcheries.

Despite the abundance of freshwater in Canada, both government and
private aquaculturists have experienced difficulty in locating new potential
hatchery sites with adequate groundwater discharge to meet requirements
for the volume production of salmonoid fishes. Further, fish production in a
number of government and private establishments across Canada is limited
by water shortages on a permanent or seasonal basis. Consequently, more
novel aquacultural procedures utilizing prairie pothole lakes on a live trout
release and annual recovery basis, and cage culture in freshwater lakes and
coastal saline waters, offer seemingly attractive alternatives to the tradi-
tional dependence on surface and pumped waters. Although cage culture
has been used for the commercial production of salmonoids and other food
fish species in other countries for some time, this method is still at the
experimental stage in Canada, with the exception of a proven operation in
the Province of Quebec now serving a Montreal and New York market.

As the use of recirculated water would seem to solve simultaneously the
problems of inadequate water supply and coldwater temperatures charac-
teristic of north temperate climates, the partial recirculating of water is
now a reality in several government and private hatcheries. About 7.5% of
the production hatcheries in Canada re-use some warmed water, although
usually only for the incubation of eggs and the early rearing of fry. Major
recirculation systems using heated waters have been initiated in a few
government hatcheries. However, at present the necessary testing has not
been done which will indicate the economic justification for major invest-
ment by commercial operators. While there is considerable government and
private interest in the use of heated wastewaters from power generating
plants for fish production, feasibility studies undertaken to date are less
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optimistic than might be expected, despite the attractiveness of such poten-
tial sources of low cost energy.

RESEARCH AND EDUCATION

Canada has an outstanding record in terms of marine and freshwater
fisheries research dating back to the early formation of the Biological Board
of Canada and, until recently, the Fisheries Research Board of Canada with
its directors drawn from representatives of governments, universities, and
the fishing industry. At present, fisheries research at the federal level is
being undertaken by the various laboratories of the Fisheries and Marine
Service of Environment Canada at St. John’s, Newfoundland; Halifax,
Nova Scotia; St. Andrew’s, New Brunswick; the Canada Centre for Inland
Waters, Burlington, Ontario; the Freshwater Institute at Winnipeg, Mani-
toba; and at Nanaimo and Vancouver in British Columbia. Most provincial
governments also support fisheries research laboratories with studies re-
lated to the management of inland fisheries resources.

Graduate studies in one or more of the disciplines embraced by fisheries
science are offered by most Canadian universities. However, integrated
fisheries programs are given at comparatively few. The following seven
institutions of higher learning in Canada are presently receiving major
federal financial support for aquatic studies: Memorial University (New-
foundland), Dalhousie University (Nova Scotia), McGill University (Que-
bec), University of Toronto (Ontario), University of Guelph (Ontario), Uni-
versity of Victoria (British Columbia), and the University of British Co-
lumbia. Also, the Freshwater Institute of Environment Canada is located
on the University of Manitoba campus. Considerable provincial support is
given to a number of universities for fisheries research of particular benefit
to the management of local inland waters. In addition, the Huntsman Ma-
rine Laboratory on the east coast (Bay of Fundy) and the Bamfield Marine
Laboratory on the west coast (Vancouver Island) provide marine training
and research facilities for Canadian universities on a consortium basis.

Despite the very significant Canadian investment in fisheries research at
the federal, provincial, and university levels, studies directed toward the
solving of biological problems inherent in the development >f commercial
aquaculture in Canada have, "intil comparatively recently, been a token
consideration. Thus it seems fair to state that private aquaculture in Can-
ada has evolved to its present status largely as a result of private enerprise
working within regulatory constraints mposed by governments, particu-
larly for purposes of enforcement, statistical record, and disease control.
During the past decade there has been increasing federal and provincial
support for environmental, fish disease, and nutrition studies. Progres-
sively better provisions have been made for diagnostic services to assist
both government and private aquaculturists. However, it is only very
recently that the Fisheries and Marine Service of Environment Canada
made the decision to redirect substantial resources to aquaculture, thereby
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giving essential impetus to the solving of development, operational, and
production problems in the growing fish farming industry.

Representative aquacultural research and development programs pres-
ently activated across Canada by federal and, to a lesser extent, by provin-
cial funding include: studies on the nutrition, biochemistry, physiology,
and behavior of oysters, lobsters, mussels, and salmonoids; harvesting and
processing methods for aquatic vegetation, most notably marine kelp and
Irish moss and freshwater macrophytes in eutrophic lakes; hatchery facility
design and technology for salmonoid fish and marine invertebrates; recircu-
lation hatchery systems; experimental cage culture of Atlantic salmon,
rainbow trout, brook (speckled) trout, Arctic char, splake, and the Pacific
salmons; prairie pothole trout farming; eel farming; modular aquacultural
systems; genetics and fish breeding; fish processing and marketing; fish
pathology; trout nutrition and diet synthesis with Canadian-grown ingre-
dients; feasibility studies on use of thermal energy from power generating
plants; and a wide variety of fundamental biological studies being under-
taken within government and university laboratories. The North American
Salmon Research Center (a combined project of the International Atlantic
Salmon Foundation, the Huntsman Marine Laboratory, and the Fisheries
and Marine Service of Environment Canada) is a new facility with its
principal activity in the area of genetics and selective breeding of salmon-
oids, especially the Atlantic salmon. Among the several Canadian univer-
sities actively engaged in fisheries research, a comprehensive aquaculture
program has been best developed at the University of Guelph where, as a
component of undergraduate and graduate teaching programs in the aqua-
tic sciences, there is long-standing research and practical experience in the
environmental, physio-behavioral, nutritional, and pathological aspects of
fish propagation.

SUMMARY

This chapter has attempted to present the reader with an overview of the
growth and present status of government and private aquaculture in Cana-
da; and, in particular, to indicate the exciting developments which are just
beginning to take form with increased government commitment to scien-
tific aquaculture. Despite over a century of successful and often innovative
culture of aquatic life in Canada, aquaculture as a resource industry is just
in its infancy. Endowed with an abundance of water and the dedicated
support of the scientific community, government agencies, and practicing
aquaculturalists, the principal limiting factor to the development of aqua-
culture as a significant protein-producing industry in Canada would seem
to be its as yet unproven economic viability in other than small-scale
operations. Finally, it should be noted that in addition to its support and
participation in fisheries research and management programs in Canada,
the Canadian government maintains a strong international commitment
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toward aquacultural research and development in Third World countries.
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Norway

In 1975 Norway had about 300 fish farmers. About 250 were engaged in
rainbow trout production, but 100 of these, particularly the older ones, were
more or less out of production. The remaining 50 were culturing Atlantic
salmon (see Fig. 3.1). These were the only two cultured fish species grown in
Norway. Hence, this chapter is divided into two subparts: one for Atlantic
salmon and one for rainbow trout. Most of the cultured fish industry is
concentrated in the area north and south of Bergen (see Fig. 3.2). Restricted
production in northern Norway is due to difficulties in raising fingerlings in
the colder waters.

Types of Fish Culture

There are four types of fish-culturing establishments in Norway: (1)
freshwater farms on land; (2) seawater farms on land; (3) enclosures in
seawater; and (4) coves, sounds, or fiords closed over by enclosures of
concrete, net, or wire.

Most of type (1) establishments, freshwater farms on land, are sited so
that they are fed by gravity flow. In only a few cases is pumping of ground-
water done. The ponds or raceways are of concrete, earthen, or lined with
wooden materials.

Type (2), seawater farms on land, usually use brackish water. Seawater is
pumped and mixed with freshwater to increase water availability and
water temperatures. The ponds, or raceways, are constructed of concrete,
are earthen, or are lined with wooden materials. Both freshwater farms and
seawater farms on land produce eggs, fry, and fingerlings. From these two
types of establishments the fingerlings are transferred to type (3) enclo-
sures in seawater and type (4) coves, sounds, or fiords, for growing out as
food fish. There are about 70 of the (1) freshwater farms on land, and (2)
seawater-on-land types of farms; their production, however, is small.

Type (3), enclosures in seawater, is further divided into two subtypes. One
is a floating enclosure of nylon netting in the sea. These may be circular,
rectangular, or square, and of varying depths.

Floating enclosures are the most common type of fish farm, accounting for
about 200 of the 300 different fish farms in Norway.

The second subtype is nets which go out from the shoreline into the sea or
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Fig. 3.1. Changes in the number of fish farmers, 1966—-1975.

brackish water area. The shore constitutes one side and netting suspended
from driven poles constitutes the other three sides.

Type (4), coves, sounds, or fiords, relies on tides and currents to exchange
water. However, sometimes seawater is pumped through the enclosure if
the natural flow of water is not sufficient to maintain a given density of fish.
There are 10—15 of these types of farms.

ATLANTIC SALMON (Salmo salar)

Atlantic salmon resemble sea trout in color and can grow to more than
1 m (3 ft) in length. It is an anadromous fish, migrating from salt to fresh-
water to spawn and then migrating back to salt water until it reaches
sexual maturity. The sea stage can last from 1 to 3 years, after which the
salmon migrate to freshwater, swimming upstream to spawn in the waters
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Fig. 3.2. Concentrated production area for cultured fish, 1975.

from which it originated. Young salmon may remain in the freshwater for
one to two years before returning to the sea.

In Europe, Atlantic salmon are found in waters from the Arctic Ocean,
the North Sea, and Baltic Sea, around Great Britain and Ireland, south to
Portugal. Only in very recent years has it been cultured by man as a food
fish.

In culturing, spawning usually occurs in November and December with
eggs hatching the following April or May. During the first summer of
growth, the fry should be fed every hour; continuous feeding is best. These
fry eat very little when the water temperature is below 10°C (50°F) and
growth ceases below the 5° to 7°C (41° to 45°F) range.

During the second summer of growth, the fry, which are now considered
fingerlings, can be fed every other hour. The fingerlings are able to tolerate
lower temperatures than the first summer fry. However, growth still ceases
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at about 5°C (41°F). During the winter seasons when water temperatures
are below 5°C (41°F), the fish are given only one small feeding every second
day.

By about May 1, one or two years after hatching, the fingerlings turn into
so-called smolts, averaging between 13 and 20 cm (5 and 8 in.). If heated
water is used, smolts can be produced in one year. Using water with natural
temperatures generally requires two years to develop smolts.

The smolts are stocked in the early spring into net enclosures, fiords
closed off by nets, or concrete impoundments. After a minimum period of
one year in the sea, some of the salmon have grown to a size suitable for sale
in the spring. However, most of the food fish are sold after 18 —-24 months of
feeding, i.e., for Christmas, or Easter in the spring. Average weight at this
time is about 5 kg (11 1b). The record salmon produced in 4 years after
hatching was 16 kg (35 1b).

Optimum water temperatures for feeding salmon are unknown, but good
growth is reported up to about 15°C (69°F). Because of the colder fresh-
waters in northern Norway there are cultural problems with fry and finger-
lings. Hence, salmon fish farmers in the north import their fingerlings by
wellboat from the southern areas. This has not proven to be entirely satis-
factory due to high mortality en route.

Salmon prices are highest during the Christmas and Easter seasons.
Hence, production is keyed to marketing at these two peak seasons. In
1974 the lowest price received by salmon culturists was $3—$4 per kg
($1.36—%1.82 per 1b). In August 1975, the price was $4.50 per kg ($2.05 per
1b). In Norway, salmon prices for cultured fish are determined by world
market prices for wild fish.

About 1972, in an effort to spread the benefits of fish farming to as many
people as possible and to avoid concentration into the hands of a few
individuals or firms, the authorities passed a law stating that the maximum
size of any production facility could be only 8000 m®. Translated into
practical terms this would mean about 60~80 MT of salmon production per
management. At present, very few producers produce over 50 MT of salmon,
while the average is less than 25 MT. Investigations are still underway to
determine what a practical-sized economical production unit should be.
However, the salmon farms that contained over 8000 m® of water prior to
passage of the law were permitted to keep operating. The largest farm is
reported to produce more than 500 MT annually. While some farms are
presently producing 50 MT per man-year of labor, some Norwegians think
that the optimum size for economical production might be 250 MT, employ-
ing 3—4 persons.

A typical management may consist of a fiord enclosure, or floating pens,
on the southwestern coastline. All production is in salt or brackish water.
The first one or two years (depending on water temperature) will get the fish
up to 1 to 2 kg (2.2 to 4.4 1b). During the final year of feeding, from about
May 1, the fish will reach marketable size by September—November (3.5 to
5.0 kg or 7.7 to 11 1b). Harvesting and marketing start then and continue
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until Easter (March or April) of the following year. Small frozen trash fish
bought in blocks of several pounds (about 100 to 200 kg) each are thawed
and fed to the fish. The frozen trash fish are brought by boat or truck to the
production area from nearby fishing villages.

A fiord enclosure usually consists of blocking off a fiord, which may be
70—80 m wide (200—250 ft), by using nets on both the seaward and the land
side. These two nets may be up to 300 m (more than 900 ft) apart. Pumps are
sometimes used to keep water flowing through the enclosures instead of
relying solely on the moderate tidal action.

Growth of the salmon culturing industry has been rapid. In 1973, there
were an estimated 275 MT produced. By 1974, production had increased to
800 MT with a further increase to 950 MT in 1975. The production in 1976
was estimated to be more than 1500 MT and has not changed significantly
since then (personal communication). This is a significant amount when
compared to the 1600—1800 MT of wild salmon caught in Norwegian
waters.

An estimated 80% of the cultured salmon is exported to other countries.
The major importing countries are France, Federal Republic of Germany
(West Germany), and Sweden. The salmon are sold fresh, iced, to Sweden
and France, while about one-half of the German imports are frozen. Some of
the fresh salmon sold to Germany are then smoked.

Typically, harvested salmon are killed and dressed at the point of produc-
tion and then go by truck or boat to a central distributor. The distributor
then sells domestic fish to fish-mongers or retail markets. The exported
salmon go to importing firms in the recipient countries. There are large
efforts by producers to organize a cooperative to serve the first distributor
functions.

Fig. 3.3. Unloading frozen trash fish for salmon feeding.
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Fig. 3.4. Salmon farming in Norwegian fiord, feeding ring shown in center.

RAINBOW TROUT (Salmo gairdneri)

Spawning time for rainbow trout in Norway is usually from February to
April. Because of the cold water, hatching is usually in May. After hatching,
the fry are raised in rearing tanks made of fiberglass using freshwater. If
they are grown in warmer waters they may grow to about 70—100 g (up to 4
oz) by October and about 330 g by the next May. In colder waters they may
only reach 10 g (0.4 oz) by October.

In October some fingerlings, about 10 cm in length (4 in.), are stocked in
saltwater enclosures. The usual practice is to stock in salt water in May of
the year following hatching. At this time the fingerlings are about 15 cm (6
in.) and weigh about 45 g (1.6 oz) each. The fish, whether stocked in October
or May, are often harvested the following fall in October or November.

Harvest weights will average between 1.0 and 2.0 kg (2.2 and 4.4 1b) after
only one grow-out season. Many fish farmers produce larger trout up to 3.5
kg (7.7 Ib) after 18 months in the sea. If kept longer, most of the trout reach
sexual maturity, which spoils both quality and growth for a considerable
time.

Trout farms are generally located in salt or brackish waters along the
coast. Very few of the 250 trout farms are located in freshwater, partly
because of the stoppage of growth caused by lower water temperatures in
winter and partly because of more fish diseases, compared with saltwater
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farming. Salt and brackish waters are part of the public domain and there
are no fees charged by the government for use of such waters as in some
other countries. According to Norwegian authorities, about 30 hatcheries
produce eyed-eggs or fingerlings for their own use or for sale to other fish
farmers.

Of the remaining 220 fish farms, about 175 are small-scale production
units producing less than 20 MT (22 ST) annually. Only about 30 farms
produce over 50 MT of food fish annually.

Until the fingerlings are stocked into grow-out facilities the fish are fed
pelleted food. When ready for stocking in October or May they are usually
transferred to float net type enclosures, either round, square, or rectangu-
lar, up to 10 m (40 ft) round or per each side. They are then continued on 40%
protein pellets for one month and shifted to eating wet food. The wet food is
chopped or diced trash fish with pre-mixed vitamins added and made into a
paste. Because of the adding of shrimp waste or other color components to
the wet food (minced trash fish) the trouts’ flesh color is red and texture is a
little softer and more delicate than that of salmon. Red-colored flesh is
preferred in Norway and white-fleshed trout produced in other countries on
pelleted feed is not in demand." The trout production in Denmark, however,
is based solely on wet food, but without shrimp added, they produce only
white-fleshed trout.

Ample natural food is available for further expansion of the cultured fish
industry. At present the industry is using less than 25,000 MT of trash fish
annually. It is estimated that there are between 250,000 and 300,000 MT of
trash fish produced yearly. Hence, the cultured fish industry has enough
cheap feed to expand to about 12 times its present size.

Floating net enclosures (pens) may be as small as 3 m? (3.6 yd®) and 3 m
deep. Usually there is no pumping of water; tides bring fresh water into the
pens. Production per m® depends on water flow rates, the area of the
country, and water temperature. Average production per m? (35.3 ft%) is
20-30 kg or 1.3—-1.9 Ib per ft®.

Placement of floating net enclosures is important. If the pens are inside a
fiord where water is only slightly brackish, the fiord may freeze over in
winter, thus reducing the oxygen supply. These farms harvest their fish in
October and November, resulting in temporary low prices and the need to
freeze some fish to avoid breaking the market. About ¥ to Y2 of the

! Red colored flesh is obtained only by adding color components in sufficient quantities and
time to the food (for instance, 7 shrimp waste, ¢ trash fish). For wet food, Nor-
wegians use shrimp waste, red capelin oil (of Mallotus villosus) containing 50 mg
astaxanthin per kg. However, artificial red pigment powder, containing 10% can-
thaxanthin, may also be added to the wet food. For dry food, capelin oil and canthax-
anthin are added and red colored flesh is thereby obtained. This color or shade is
particularly suitable for smoking or marinating processes. However, if insufficient color
components are added, the red color of the flesh can be weakened and turn pink when
cooked. This occurs also when only canthaxanthin is added to the dry food. However, a
right balance of capelin oil and canthaxanthin secures a better and more stable color of
the flesh.
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Fig. 3.5 Floating rainbow trout pens in Norwegian fiord.

cultured trout is frozen for later use. In addition, many trout become
sexually mature at this time, with growth nearly stopping. Hence, these
fish are also harvested.

In 1974 market prices to trout culturists were depressed, resulting from
rapid industry expansion. Prices ranged from $1.50 to $2 per kg ($0.68 to
$0.91 per 1b). In 1975 trout fish prices delivered from the farm were averag-
ing about $2.20 per kg ($1 per 1b) in the round. Fresh fish, at retail, averaged
about $4.96 per kg ($2.25 per 1b) for gutted fish with heads on. Frozen trout,
at retail, averaged $4.04 per kg ($1.84 per 1b). A limited quantity of trout
were smoked and prices averaged $14 to $15 per kg ($6.59 per 1b). However,
about 50% of the weight is lost during the smoking process. Unlike salmon,
which is duty free in the Common Market, trout prices are mainly deter-
mined by domestic supply and demand. The present duty on trout is 12%
which helps restrict the sale of the large rainbow trout in export channels.
In 1974 and 1975 the domestic market became oversupplied and prices
became erratic. The situation was not aided by the existing marketing
system wherein some producers market trout directly to consumers and
retail outlets while some producers market through numerous fish buyers.
However, in 1975/1976 there was a considerable increase in the price of
salmon, which improved the sales and exports of large rainbow trout.

In 1962 production was an estimated 200 MT (220 ST). In 1972 and 1973
the number of fish farmers increased dramatically (see Fig. 3.1) and produc-
tion soared to 1300 MT (1433 ST) by 1973 and increased to about 2200 MT in
1974 (2400 ST). Only about 300 MT were exported. In 1975 exports in-
creased to 450 MT (496 ST). These were fresh or frozen and were sold to
Sweden, West Germany, and France. A limited amount was also sold to the
USA. In 1975 production declined and was estimated at about 1800 MT
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total, largely because of lower stocking in October 1974 and May 1975 as a
result of low producer prices encountered in 1974. By 1979, production had
totaled 2690 MT (2960 ST) with about 200 MT (220 ST) exported.
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Sweden

RAINBOW TROUT (Salmo gairdneri)
AND ATLANTIC SALMON (Salmo salar)

In Sweden only salmonidaes are cultured. These include rainbow trout
(Salmo gairdneri), Atlantic salmon (Salmo salar), sea trout (not identified),
brown trout (Salmo trutta), brook trout (Salvelinus fontinalis), lake trout
(Salmo trutta lacustris), and Arctic char (Salvelinus alpinus). However,
rainbow trout and Atlantic salmon are the only two species cultured for food
consumption.

There are about 100 private fish farms raising fish for the domestic food
market. These are generally small-scale enterprises varying from 0.5 to 50
MT annually and averaging about 4.0 MT of production (4.4 ST). There is a
total domestic production of about 400 MT (440 ST) of cultured fish destined
for immediate consumption. Of this amount, 300 MT or 75% of the total are
rainbow trout and 100 MT are Atlantic salmon. Rainbow trout culture is
essentially done in freshwater with some experimental work being con-
ducted in brackish and salt water. Production is in earthen ponds, concrete
raceways, tanks, nets, and cages. Salmon culture is done in salt water using
net enclosures.

In addition to the 400 MT of domestically cultured fish, Sweden in 1974
imported about 550 MT (606 ST) of rainbow trout with nearly all of it
coming from Denmark as live and frozen shipments. Less than 100 MT (110
ST) of rainbow trout were imported from Norway. In addition, between 100
and 150 MT (110 and 165 ST) of fresh iced salmon are imported from
Norway. There are no exports of any consequence; hence, the total supply of
cultured fish for consumption is slightly less than 1000 MT (1102 ST).

The domestically produced fish are generally sold locally by producers as
live fish. Trout and salmon from Norway are iced. About one-half of the
Danish rainbow trout are iced and the remainder frozen.

Rainbow trout spawn in April and May, and between 15 and 25 months
are required to raise the fish to the 250 to 300 g (9 to 11 oz) fish sold by
domestic producers. Rainbow trout imported from Denmark and Norway
are about the same size as domestically produced trout. Imported salmon
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from Norway average about 5 kg (11 1b). Domestically produced Atlantic
salmon take about 2 years of culturing to reach market sizes of 5 kg (see
Chapter 3).

Nearly all cultured fish production comes from southern Sweden where
the water is warmest and most conducive for farming activities (Fig. 4.1).
Production of both trout and salmon is expected to increase as research
findings on culturing these two species in brackish and salt water are
adopted.
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In addition to production of cultured fish for food consumption, there are
intensive efforts by the government in restocking. Major emphasis is on
producing Atlantic salmon and sea trout. About 1.8 million smolts are
released annually in an effort to restock the Baltic Sea. Additionally, the
government restocks brown trout, brook trout, lake trout, and Arctic charin
fresh waters for public fishing.
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Denmark

RAINBOW TROUT (Salmo gairdneri)

Only one species of fish is presently cultured in Denmark for production
as a food fish, and this species is rainbow trout. Previously brown trout
(Salmo trutta) was also cultured. The first Danish trout farms were estab-
lished about 1890 in Jutland, the western portion of Denmark which is
attached to the European continent (Bregnballe 1963). In the beginning
brown trout was the dominant species cultured. Within a short period of
time, however, rainbow trout were introduced and soon became predomi-
nant; and more recently, rainbow trout has become the exclusive food fish
cultured.

The Danish trout industry was the first in Europe to become established
and to grow to maturity. Other countries are still rapidly increasing the
numbers of fish farms and volumes of production. However, by 1961 there
were already 500525 trout farms in operation in Denmark, only 6 of them
outside Jutland. In 1975 there were an estimated 530 trout farms, indicat-
ing very little change in numbers over a 15-year period. The output of
rainbow trout has increased, but at a much slower rate than for other
European countries such as Norway, France, Italy, Spain, Switzerland, and
West Germany. In 1962, export of rainbow trout from Denmark was 7781
MT (8575 ST). By 1972 it had reached 14,600 MT (16,100 ST) and then
began to decline. In 1974 export was below 13,000 MT (14,265 ST). In 1975,
14,763 MT (16,269 ST) of exports was output. However, by 1979, total
production was 17,950 MT (19,745 ST), with exports accounting for 15,341
MT (16,875 ST) or 85% of the total.

Production

Of the 1975 total of 530 rainbow trout producers, about 150 produced
eggs, fry, and fingerlings only. In general, they are the first fish farms
located nearer the headwaters of small streams and rivers west of the Jut-
land ridge area. Production is mainly concentrated in the western and
central part of Jutland (see Fig. 5.1).

Of the 530 producers, all but three produce trout in freshwater. These
three producers, with a total production of about 200 MT are located in
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Fig. 5.1. Concentrated fish culturing area, 1975.

Ringkobing Fiord north of Esbjerg. This production is in brackish water
with a salt content of about 1 ppm.

A typical Danish trout farm is constructed in the following way: the
water in a river or brook is dammed and led through two inlet channels to
two rows of parallel rectangular ponds; from the ponds the water can be
released into the outlet channel and flow back into the river. The outlet
channel is provided with a fish screen and is also used for trout production.
The water is used first in the ponds and then in the outlet channel. Though
each pond receives only a relatively small water supply, the channel re-
ceives water from all ponds (Fig. 5.2). All ponds are earthen, and the
channels are also excavated from earth. Inlet and outlet pipes are made of
wood or polyvinylchloride (PVC). A middle-sized Danish trout farm will
have 35 to 60 ponds.

There is no net or cage culture in Denmark. All culturing of grow-out fish
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is in earthen ponds which are usually about 300 m? (2916 f?2). The typical
pond measures 30 m (97 ft) long by 10 m (39 ft) wide and is from 0.5to 1 m (18
to 39 in.) deep. The water exchange rate is three times daily. Each pond
produces about 22 MT of fish yearly (1.0 Ib per f%). This is far less than could
be produced in a raceway system. However, water temperatures in the
winter approach 0°C (32°F) and at times small streams are partially frozen
and water flow may stop for several hours. With fewer fish per unit of water
flow and water volume in ponds, there is still sufficient “oxygen reserve” to
keep the fish alive until the water flow is reestablished. This would not be
true if raceways and denser stocking were allowed.

Fig. 5.2. Typical trout farm, 1975.
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Fig. 5.3. Typical trout farm.

Fig. 5.4. Earthen trout ponds showing limited water use.
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Fig. 5.5. Floating aerator in trout pond.

Fig. 5.6. Drying and cleaning earthen trout pond for disease control.
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Even with this less intense stocking rate in earthen ponds, many fish
farmers will mechanically aerate their ponds in the summer and recirculate
part of the water back through the ponds.

Concrete tanks are used in Denmark, but only for special purposes.
Whirling disease (caused by the sporozoan Lentospora cerebralis) was a real
problem during the 1950s. This problem was solved by keeping the fry in
concrete tanks until they reached a length of 5 cm (2 in.). These fingerlings
could then be kept in earthen ponds infected with Lentospora without being
damaged by the parasite.

Marketing

Asstated earlier, the Danish rainbow trout industry has probably reached
its peak in production (Table 5.1). Less than 15% is consumed domestically,
and the remaining 85% of production is exported.

Though slightly less than 10% of domestic production was consumed
internally during the 19711974 period, this was still a considerable in-
crease over 1962 when less than 2% of production was consumed internally
(Fig.5.7). Denmark is essentially a nation of saltwater fish consumers. This
custom is probably perpetuated by the fact that the price of cultured fresh-
water trout is higher than that of wild, saltwater fish.

The leading and increasingly important trout export market is Germany.
In 1973 and 1975 it purchased between 56 and 65% of all exports (Table
5.1). Other important importing countries in order of importance are:
(1) Belgium-Luxembourg, (2) Great Britain, (3) Switzerland, (4) Sweden,

TABLE 5.1. PRODUCTION AND EXPORTS OF RAINBOW TROUT, DENMARK, 1962

AND 1973-1979'

1962 1973 1974 1975 1976% 1977* 19782 19792
Country Metric Tons

West Germany 789 7,092 6,985 9,582 — — — —
Belgium, Luxembourg 948 2,157 1,754 2,231 — — — —
Great Britain 1,077 1,164 991 876 — — — —
Switzerland 508 985 838 778 — — — —
Sweden 846 573 426 424 — — — —
France 127 250 279 448 — — — —
Austria 42 121 129 128 — — — —
Holland 86 136 148 164 —_— — — —
Italy 1,804 43 60 58  — — — —
Finland 68 60 17 1 — — — —
Norway 78 0 30 14 — — — —
Others 149 99 111 60 — — — —
USA 967 — — — — — — —
Canada 168 — — — — — — —
Total exports 7,657 14,217 15,341 12,680 11,768 14,764 13,640 13,200
Total production 7,781 17,500 17,950 13,950 12,945 16,700 15,100 15,450

Data secured from Anon. (1971—1979). Data for 1973 and 1974 correspond to information from
_Anon. (1975). Data for 1962 secured from an article by Dr. F.B. Bregnballe (1963).
Export volumes by countries could not be obtained.
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Fig. 5.7. Total production, exports, and domestic consumption of rainbow trout in
Denmark, 1962, 1971-1974.

(5) France, (6) Austria, and (7) Holland. Minor volumes are also exported to
Italy, Finland, Norway, and other countries (Fig. 5.8).

Comparison of 1962 data for exports and total production with 1975 data
is very revealing: (1) there were considerable increases in exports to West
Germany and Belgium-Luxembourg; (2) exports to Italy declined from over
1800 MT to almost nothing; and (3) exports to the USA and Canada com-
pletely vanished. These shifts are explained by (1) Italy’s increasing rain-
bow trout production from that of a deficit nation to one of exportation and
(2) restrictions on importation of trout into the USA and Canada to prevent
the spread of European fish diseases to North America—especially whirling
disease [Myxosoma (Lentospora) cerebralis]. Losing these markets, the
Danes shifted to the nearer markets of West Germany and Belgium.

Since 1971, exports to Great Britain have been slowly declining as pro-
duction has increased in that country. Switzerland has been shifting to
imports from Italy, and Sweden to imports from Norway.

Of the maximum 15% of domestically-consumed trout about 30% is
smoked. The remainder is sold to local restaurants where the fish are
generally boiled or broiled, or to the final consumer for boiling, broiling, or
frying in the home.

Market sizes of trout range from 180 to 350 g (6% to 12 oz). The sizes from
180 to 250 are sold as portion fish; those from 250 to 350 are often smoked.
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DANISH EXPORTS
OF RAINBOW TROUT
1974
(in metric tons)

Fig. 5.8. Export sales of Danish rainbow trout to European countries, 1974.

In 1975, 43% of the export trout were sold live, 37% were frozen, and 21%
were sold iced. A normal shipment of live trout is about 2400 kg (2.6 ST) per
truck. When a trailer is attached, a load can contain as much as 4800 kg (5.3
ST) of live fish.

Culture

The usual spawning season is January—March, but there are certain
strains that produce eggs in the November—December period. Hatching
time varies depending on water temperatures. This is usually calculated as
300 to 320 day degrees. Each 1°C of temperature is calculated as 1 degree-
day. Hence, if hatching water is a constant 10°C (50°F), each day counts as
10 degree-days and it would take 30 to 32 days for hatching. After hatching,
it takes 1 to 1% years to grow a 200 g trout, depending on water tempera-
tures. Most fry are hatched in April and after consumption of the yolk sac
are ready to feed in May. Fry are then reared in concrete tanks until
June—dJuly and then, at about 6 cm (2—2% in.), are transferred to earthen
ponds. They can be sold the following April—July period or later.
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Fig. 5.9. Unloading sized fish into trout pond.

Fig. 5.10. Tank for feeding minced trash fish to rainbow trout.

Very few producers produce eggs only. The usual custom is to produce
eggs and raise through fingerling or food sizes. However, there are a num-
ber of producers who purchase fingerlings for grow-out operations only. Egg
and fingerling producers are usually the farms nearest the headwaters of
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Fig. 5.11. Equipment for mincing trash fish for trout feeding.

Fig. 5.12. Mechanical feeder on tracks for feeding minced trash fish to trout.
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Fig. 5.13. Predator birds caught in protective netting over trout ponds.

streams or small rivers where water quality is best. They, in turn, sell
fingerlings to grow-out operations located further downstream on the same
river.

Nearly all fry, after hatching, are grown in concrete tanks. Dry pelletized
food of 43% protein is fed until the fry reach 6 cm (2—2%2in.). They are then
transferred to earthen ponds and gradually shifted to a wet diet which is
composed of fresh minced trash fish obtained from the marine fishing fleet.

Most marine fishing is near the coast, and the fleet returns daily, 6 days
per week. From the ports all trout ponds are within 2—4 hr driving time.
The minced fresh fish, essentially herring, sand eels, whiting, and sperling,
are made into a “slurry” with alginate added as a binder. Trash fish in 1975
averaged about $0.075 per kg ($0.035 per 1b), not including transportation
costs, binder, or mixing costs. With a feed conversion of 5:1, the cost of
adding 1 kg of weight to cultured fish was about $0.375 ($0.175 per lb). In
Denmark this is a cheaper method than feeding commercial fish pellets.!

'In efforts to minimize pollution of public waters, the government by 1980 had forced
many producers to use sediment basins or convert to dry foods or both.
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Denmark is the only country in Western Europe (possibly the only one in
the world) where fresh wet food is fed. This is possible only because of the
fishing fleet’s returning to port daily and the short haul from the ports to
cultured fish production areas. Norway feeds a wet food but because the
fishing fleet ranges further offshore, there is not a daily supply. Hence, the
trash fish are frozen into blocks for purchase by fish culturists (see Chapter
3 on Norway). As a result of the diet, Denmark’s rainbow trout are consid-
ered as “fat” fish. This is believed to give them a superior flavor. The trout’s
flesh is white instead of pink or red.

Costs

Average price received at the farm by fish farmers in 1975 was $1.64
per kg ($0.75 per lb). Very efficient producers are reported to have a
total production cost as low as $1.05 per kg ($0.48 per 1b), while the
average producer was reported to have production costs of $1.35 per kg
($0.61 per 1b).

There are about a dozen fish buyers in the concentrated area of produc-
tion. The largest of these, Dantrout, a farmer’s cooperative, buys about
one-third of total production. The remainder is purchased by other fish
dealers, some of whom are large fish producers themselves. About one-half
(5) of these other fish buyers also process and freeze trout. These 12 large
buyers export about 95% of Danish trout. However, in 1974 there were 60
other buyers who exported the remaining 5%. Many of these were red meat
sellers who included a small amount of fish in their total shipments.

One of the major costs of marketing Danish trout is transportation. With
42% of all trout sold being delivered live, delivery cost of live fish is very
important. The average size truck hauls 2.4 MT of live fish. With a trailer
attached, 4.8 MT can be hauled. For a 500 km (310 mi) one-way trip the cost

Fig. 5.14. Tank truck for hauling live trout to processing plant.
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Fig. 5.15. Mechanical trout sizing in processing plant.

is $725. This amounts to $0.15 per kg ($0.068 per 1b). Fish shipped on ice is
more economical. About 15 MT of fish can be transported per load and
transportation cost drops to $0.048 per kg ($0.022 per 1b). Frozen fish is still
cheaper to transport since there is no ice or water to haul.

Reported prices for 1975 include eyed-eggs at $3.03 per 1000. Fry sold for
$13.47 per 1000. These were 6 cm (2% in.) in length. Fingerlings between
12 and 15 ¢cm (5 and 6 in.) sold for $0.051 each.

Distribution

There is no record of the number of rainbow trout eggs sold through
export channels. The numbers are certainly in excess of 100,000,000 eggs,
however. Nearly every country in Western Europe imports some eggs. In
addition, limited quantities are sold to countries in Eastern Europe.

No rainbow trout are stocked in public waters since they are considered a
foreign species. Some, however, are stocked in old sand and gravel pits for
use as fee fish-out ponds. The number of these is small and they are operated
almost solely for use by German tourists during the summer.

Outlook

Forecasts of future Danish rainbow trout production by various knowl-
edgeable individuals range from no increase beyond the present 18,000 MT
(19,800 ST) of production to a possible increase of 20%. The latter is optimis-
tically forecast, assuming effective disease control measures will reduce
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losses, and pollution control and water use standards do not become more
restricting. Such restrictive measures would result in higher capital costs
for clean-up techniques and equipment to treat efflux from present fish
facilities and would reduce production by an amount equivalent to gains
expected from disease control measures now being instituted. In the past
few years many producers have switched from wet to dry feeds. The results
have been less water pollution and intensification of fish stocking. This
permitted production to increase by over 3000 MT (3300 ST) between 1974
and 1979.

BROWN TROUT (Salmo trutta)

Brown trout was the original species of trout living in Danish waters. It
was also the first trout cultured in Denmark. In recent years, however, no
brown trout have been raised as a food fish. Nevertheless, brown trout is
still cultured for restocking domestic waters and for export. Most restocking
of domestic waters is with 12—15 em (5—6 in.) fingerlings. Restocking is
carried out by fishery clubs and by those producers who are required to
furnish fingerlings to the river as payment for use of river water.

About 15 million brown trout fry are sold to Germany for restocking.
Estimates of total brown trout fingerlings produced for domestic use and
export sale are 50 MT annually. This means that about 1.1 million brown
trout fingerlings are produced annually. In addition, between 50 and 100
million eggs are exported to various European countries and probably 100
MT (110 ST) of trout between 100 and 200 g (4 and 8 oz).

EUROPEAN EELS (Anguilla anguilla)

No eels are cultured in Denmark. The water is too cold for rapid growth
and the estimated cost of production is higher than anticipated returns.
However, some elvers are captured for restocking of lakes to increase
fishing catches. The elvers are normally caught in April and May on the
North Sea coast of Jutland. In addition there is commercial fishing for wild
silver eel. A comparison of the catch of silver eel over time is shown herein:

1948 4242 MT
1958 3287 MT
1969 3624 MT
1970 3309 MT

These figures suggest that the eel catch may be declining. This could be
duetolessfishing effort as well as to pollution effects and natural conditions.

The silver eels are normally caught in the August 1-November 1 period.
They are captured as they pass through the narrow straits of the Baltic Sea
going into the North Sea.

Nearly all of the silver eels are consumed domestically, smoked, or fried.
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The limited volume exported is shipped live to Holland, Belgium, and
Germany.
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Netherlands (Holland)
FISH SPECIES

Carp (Cyprinus carpio)
Eel (Anguilla anguilla)
Pike (Esox lucius)

Pike-perch (Lucioperca
lucioperca)

Rainbow trout (Salmo
gairdneri)

Roach (Rutilus rutilus)



Netherlands (Holland)

In Holland several species of fish are cultured. These are: (1) roach
(Rutilus rutilus), (2) pike-perch (Lucioperca lucioperca), (3) carp (Cyprinus
carpio), (4) pike (Esox lucius), and (5) rainbow trout (Salmo gairdnert). All,
with the exception of 50 to 60 MT of rainbow trout, are cultured for restock-
ing or stocking of ponds, lakes, streams, and canals.

Four different cultural systems are used. These are: (1) pond culture, (2)
raceways for trout, (3) controlled conditions in glass houses where water
temperature and oxygen levels are maintained artificially, and (4) cage
culture in the warmwater discharge of a power plant. In the cage culture

Fig. 6.1. Using warmwater discharge from an electrical power plant for rearing
restocking fish.
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system, cages are 6.5 m® (229 ft?) in size, with each one producing 1625 kg of
fish (3575 1b or 15.6 1b per ft®). In this operation there are 48 cages.

The fish are released into public waters at various sizes: roach ata 15 cm
minimum size (6 in.); pike-perch at 10 cm in length (4 in.); carp as either
2-year-old fish of 25 cm length (10 in.) or as 3-year-old fish of 40 to 45 cm (16
to 18 in.); pike as either 5 or 10 cm fish (2 to 4 in.); and rainbow trout at
either 25 cm (10 in.), the legal size for anglers, or at 200 g (7 to 8 oz).

Between 20,000 and 50,000 roach are stocked annually. Stocking of
pike-perch varies between 70,000 and 1.5 million; carp between 150,000
and 200,000; pike about 1.5 million and trout about 150,000 annually. Total
production of these stocking fish approximates 200 MT annually for angling
by about 1.25 million sports fishermen. All these fish are raised and re-
leased under government auspices. As mentioned earlier, between 50 and
60 MT (55 and 66 ST) of rainbow trout are raised as food fish by one
commercial fish grower.

In addition, the commercial catch of eel (Anguilla anguilla) varies be-
tween 823 and 875 MT (1971-1973 data) (907 and 964 ST). In 1973 there
were 3500 MT of eel imported. These came from Denmark, Turkey, the
USA, and other countries. They were received alive, dressed, and smoked.
About 800 MT (882 ST) of smoked eel were then exported to various western
European countries.

Imports of trout and salmon were estimated at 1000 MT in 1973 (1102
ST), these were either fresh or smoked. About 40% of these fish were, in
turn, exported to other European countries, generally as a smoked product.

Available data concerning rainbow trout imports and exports suggest
that Holland is similar to Denmark in that consumption of rainbow trout is
very low. In 1973 only 137 MT (151 ST) were imported—mainly from Den-
mark with a few tons coming from Germany. In 1974 only 148 MT (163 ST)
were imported with all of it coming from Denmark. Negligible quantities of
5to10 MT (5.5to 11 ST) annually are transshipped to Germany and France.
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Belgium and Luxembourg
FISH SPECIES

Black eel
Brown trout (Salmo trutta)
Carp (Cyprinus carpio)

Common bream (Abramis
brama)

Eel

European eel (Anguilla
anguilla)

Pike (Esox lucius)

Pike-perch (Lucioperca
lucioperca)

Rainbow trout (Salmo
gairdneri)

Roach (Rutilus rutilus)

Tench (Tinca tinca)



Belgium and Luxembourg

RAINBOW TROUT (Salmo gairdneri)
AND BROWN TROUT (Salmo trutta)

In 1975 there were 18 rainbow and brown trout fish farms in Belgium and
none in Luxembourg. Total production of food fish was estimated to be only
300 MT (331 ST) of rainbow trout annually as recently as 1979.

Rainbow and brown trout are produced in both pond and raceway pro-
duction units. Most rainbow and brown trout eggs are imported from Italy,
Denmark, and France. In addition, some fingerlings are also imported. All
of the brown trout are destined for restocking for angling in private and
public waters, as either fingerlings or small adult fish. Some catchable-
sized rainbow trout are also stocked in public waters for angling. However,
most of the rainbows are destined for the table as food fish.

Available data indicate that Belgium and Luxembourg are large and
growing importers of rainbow trout. In 1968 an estimated 2350 MT (2590
ST) were imported. By 1974 imports had reached 3619 MT (3988 ST). The
major sources of supply are Denmark, France, and Italy (Table 7.1 and
Fig. 7.1). Minor amounts, less than 100 MT annually, are also imported
from Germany, and amounts varying from 65 to 231 MT from Japan.

Belgium-Luxembourg is thought by many individuals concerned with
European cultured fish to be a large transshipper of trout. In other words,
food fish are thought to be imported into the two countries for exportation

TABLE 7.1. IMPORTS OF RAINBOW TROUT INTO
BELGIUM-LUXEMBOURG, 1968—1974'

Years

Origin 1968 1969 1970 1971 1972 1973 1974
Denmark 8 3 3 2087 2433 2141 1754
France 3 3 3 294 311 433 1161
Germany 3 3 3 53 75 56 3
Japan2 186 231 112 65 143 222 153
Italy 3 3 3 7 213 252 704
Totals 2350 2350 2234 2502 3175 2882 3619

!Data obtained from Anon. (1971-1979).
2 Japanese data secured from Anon. (1968—1974).
3Unknown.
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Fig. 7.1. Values of freshwater fish—imports and exports, 1974.

outside the area. However, available data for 1970, 1973, and 1974 indicate
that less than 13% of imported and domestically raised trout is exported. In
1970 only 255 MT were exported. The volumes for 1973 and 1974 were 170
and 521 MT, respectively. Export sales were essentially to France and
Germany with small amounts sold into Holland.

In 1972, of the total imports of 3175 MT (3499 ST), 1642 MT (51.3%) of
living rainbow trout were transported in water, 930 MT or 29.0% were
ice-packed fresh fish, and 628 MT or 19.7% were deep frozen fish for both
Denmark and Japan. These data indicate the market demand for non-
frozen fish (more than 80%). Data were not available to determine if make-
up of the 1972 imports is the general rule or whether the data pertain only
to 1972. Available data indicate that frozen trout importing prices and
retail prices are between 7 and 8% higher than for live or ice-packed
fish.

In 1974, a total of 6371 MT (7021 ST) of freshwater fish were imported
into Belgium-Luxembourg. These fish had total value of over $12% mil-
lion (Table 7.2). Main imports, in order of tonnage and value, were (1) trout,
both brown and rainbow, (2) eel, and (3) other, mostly roach.

The 3686 MT of trout imported were divided into about 3619 MT (4062
ST) of rainbow trout and about 67 MT (74 ST) of brown trout. Imports of
trout were valued at $6.9 million and exports at $1.1 million.

CARP (Cyprinus carpio)

In 1975 there were 19 culturalists of cyprinids such as carp, tench (Tinca
tinca), and roach (Rutilus rutilus), with small quantities of pike (Esox
lucius) produced by some.
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All carp were produced in earthen ponds. Production was essentially for
sport fishing in private angling club ponds or streams. However, a few tons
were sold immediately for food.

The supply of domestically raised carp was estimated at less than 100 MT
annually. In addition, 213 MT were imported. Most of these imports were
from France. Thus, total supply of carp was about 313 MT (345 ST). Forty-
seven percent of the total supply or 146.5 MT were exported (Table 7.2).
These were nearly all destined for West Germany.

TENCH AND ROACH (Tinca tinca
and Rutilus rutilus)

Tench and roach are cultured extensively in earthen ponds by some of
the 19 culturalists of cyprinids. Little or no feeding of the fish is done, and
often the ponds are not even fertilized. Production is between 200 and 300
kg per ha (180 and 270 lb per acre). Total supply of domestically raised
tench and roach is probably less than 200 MT. To this supply must be added
the 710 MT of imported fish, Table 7.2. Hence, the total supply is about
800—900 MT annually.

Only a few tons of this amount are destined for immediate food consump-
tion. Essentially, these fish are destined for restocking. Since there is no
state restocking, all restocking of angling water is under the auspices of
angling and local fishing clubs. Fish are restocked at catchable sizes of
250—-300 g (9—11 oz).

PIKE AND PIKE-PERCH (Esox lucius and
Lucioperca lucioperca)

There is no separate culture of pike or pike-perch in Belgium-Luxem-
bourg. However, most carp producers stock 10—20 fingerlings of each spe-
cies per ha (4—8 per acre) in their carp ponds. At the end of the first or
second summer of growth for the carp, pike and pike-perch are also har-
vested. Total annual production of pike and pike-perch is probably not over
20 MT. To this amount one can add the 50.5 MT imported, Table 7.2. Total
supply is thus around 70 MT. About 10 MT are exported so total available
supply is about 60 MT (66 ST).

These fish are stocked at sizes ranging from fingerlings to food sizes.
Pike, in particular, are stocked in waters overpopulated or threatened to be
overpopulated by native fish. The pike, a voracious fish, keeps these waters
in balance by consuming most of the fry and fingerlings of these fish. Only
small quantities, perhaps less than 2—3 MT are consumed as a food fish.

EUROPEAN EEL (Anguilla anguilla)

There is no eel culturing in Belgium-Luxembourg. However, between 300
and 400 kg (660 and 880 1b) of elvers and young black eel are captured in the
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rivers for restocking in more fertile inland waters. An estimated 100,000
such fish are restocked annually.

About 50 MT of eels are captured annually in native waters. In 1974, an
additional 1712 MT were imported. Most of these were live eel from France.
Hence, total supply is about 1762 MT. Of this amount, 414 MT were
re-exported as live or smoked eels to Holland and West Germany. Hence,
the total domestic consumption is about 1348 MT (1485 ST).

The total value of eel imported in 1974 was $4.7 million, while exports
amounted to $1.6 million. Value per kilogram of imported eel was $2.75,
while value of exports was $3.89 per kg, Table 7.2. The difference in values
is accounted for by the fact that a higher proportion of exported eel are
smoked and have a higher value per unit of sale, Fig. 7.1.

RECREATION FISHING

As previously mentioned, there is no state restocking of public waters.
Restocking fish come almost solely from fish raised by private fish farmers
or imports. Sales are made to local angling clubs. The most important wild
fish caught by anglers in public waters is roach, followed by brown trout,
eel, carp, pike, tench, and pike-perch, Table 7.3. The total wild catch annu-
ally is about 450 MT (496 ST).

TOTAL SUPPLY

The total supply of freshwater fish annually in Belgium-Luxembourg is
about 5307 MT (5848 ST). This is composed of 300 MT of rainbow trout
produced domestically plus 3094 MT of net imports, a few metric tons of
brown trout, perhaps 100 MT of carp, a few MT of tench and roach, a few
MT of pike and pike-perch, and 1348 MT of eel. To this volume of 4857 MT
must be added the wild freshwater catch of 450 MT.

TABLE 7.3. CATCHES OF WILD FISH BY ANGLERS IN PUBLIC WATERS, BELGIUM
AND LUXEMBOURG, 19721974

Year
1972 1973 1974
Species Metric Tons

Brown trout (Salmo trutta) 60.1 64.2 63.4
Roach (Rutilus rutilus) 135.6 152.6 142.3
Eel (Anguilla anguilla) 494 50.0 50.5
Carp (Cyprinus carpio) 28.8 29.0 27.9
Pike (Esox lucius) 22.3 21.7 21.9
Tench (Tinca tinca) 94 8.6 10.2
Pike-perch (Lucioperca lucioperca) 1.0 1.1 1.5
Others! 138.9 138.3 129.6
Totals 445.5 465.5 447.3

! About one-third of all others was common bream (Abramis brama).
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OUTLOOK

Future production can be expected to be relatively static since no large
increases in production can be foreseen. This is largely due to inadequate
volumes of suitable water for fish culture.
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Federal Republic of Germany
(West Germany)
FISH SPECIES

Brook trout (Salvelinus
fontinalis)

Brown trout (Salmo trutta)
Carp (Cyprinus carpio)

Common or northern pike (Esox
lucius)

European eel (Anguilla
anguilla)

Lake trout (Salmo trutta
lacustris)

Perch
Pike-perch

Rainbow trout (Salmo
gairdneri)

Silver eel

Tench (Tinca tinca)
Yellow eel
Coregonids

Cyprinids



Federal Republic of Germany
(West Germany)

In Germany, six species of fish are cultured for food. These are: (1) rain-
bow trout (Salmo gairdneri), (2) brown trout (Salmo trutta), (3) carp
(Cyprinus carpio), (4) European eel (Anguilla anguilla), (5) tench (Tinca
tinca), and (6) common or northern pike (Esox lucius).

RAINBOW TROUT (Salmo gairdneri)
AND BROWN TROUT (Salmo trutta)

About 8000 MT (8800 ST) of trout were produced in West Germany in
1979 by 14001500 enterprises. The major trout areas are: (1) Baden-
Wirttemberg, with 31% of total production, and (2) Bavaria, with 27% of
total production (Fig. 8.1). Nearly all of these enterprises produce trout in
earthen ponds with running water. Only a few producers use concrete
raceways. In 1975 there were between 30 and 50 cage producers, who
produced between 10 and 50 MT each. There were numerous other produc-
ers having only one or two cages, who produced 1 to 2 MT annually as a
hobby. Cage culture is usually in old gravel pits containing 10—-40 ha
(25-100 acres) of surface water and being from 8 to 15 m deep (25 to 50 ft).
Cages range from 50 to 70 m® (170 to 238 ft%) and produce about 1 MT
annually. The number of cage producers is increasing.

Cage culture is year round. In summer the water is cold enough for
feeding and growth. Swimming activity of the fish keeps the water in and
around the cages from freezing in winter when the pond or lake freezes over.

In earthen ponds, the usual calculation is 1 liter of water flow per second
for 100 kg of annual production. This means that 14 1b of fish are produced
per gal. of water flow per minute.

It is estimated that less than one-half of the rainbow trout eggs are
produced domestically. Most remaining eggs are imported from Denmark.
Domestic eggs are produced in the September—May period.

German trout are sold in portion sizes of 250—300 g (9—11 oz) for cooking.
About 70% of all trout is sold for this purpose. About 30% of all trout by
weight is sold as 300—500 g (11—-18 oz) for smoking. Producers try to sell
their production locally within a 50—80 km (30—50 mi) radius. Sales are
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Fig. 8.1. Production of cultured fish, by species, by regions, 1975.

to restaurants or individual families. The 1975 price was about $3 per kg
($1.36 per 1b). Domestic trout thac cannot be sold through this channel must
be sold at wholesale. The wholesale price is determined by live or frozen
imports and the 1975 price was $1.91 per kg (87¢ per 1b), which was only
about 64% of the live domestic price. Some of the live imports are fish that
weigh less than the 250—-300 g sizes in demand, which are stocked by
producers and fed out until they reach market size and then resold.
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Increasing amounts of the larger (300—~500 g) fish are being produced for
smoking. Retail prices of smoked fish averaged about $7.80 per kg ($3.54
per 1b) in 1975.

One unique German cooking feature is that nearly all fresh or frozen fish
are boiled or steamed. This is one of the few countries in Western Europe
that does not fry or grill trout.

In 1972, a study was made of the trout industry for West Germany (Anon.
1972A). The study indicated a total of 1465 salmonoid producers (Table 8.1).
These were classified by size of pond area. Pond area was construed to mean
not only the water surface area but also the surrounding land which the
farmer considered to be an integral part of the pond(s) area.

There was a wide array of salmonoid producers by size of enterprise as
measured by “pond area.” Over 62% of the enterprises had less than 1 ha
(2.47 acres) of “pond area.” This group averaged 4.2 ponds each, with an
average size per pond of 0.03 ha (0.07 acre). The total water area for each of
these farmers was 0.13 ha (0.29 acre). At the other extreme were 15 farmers
with 18.4 pond each and with each pond containing 0.24 ha (0.59 acre).
These larger producers had 4.42 ha (10.9 acres) of water area. The average
salmonoid farmer had 7.1 ponds with each pond covering 0.07 ha (0.16 acre),
for an average total water area of 0.50 ha (1.24 acres).

These 1465 enterprises contained 10,448 separate ponds, having a total
water area of 731.4 ha (1807 acres). A complete estimate of total annual
production of food-sized fish was not obtained for all 1456 enterprises.
Production data were obtained for 1386 enterprises with total annual out-
put of 3446 MT (3797 ST). If it can be assumed that the missing enterprises
had the same average output as those reporting, then annual production
would have been 3642 MT (4013 ST). In addition, several hundred metric
tons are produced in concrete raceways, some 1200 MT in cages, and several
hundred more MT by hobbyists. When added together, allowing for some
growth in the industry between 1972 and 1975, we arrive at the 1975 level
of 5300 MT (5841 ST).

TABLE 8.1.  NUMBER OF SALMONOID ENTERPRISES, NUMBER OF PONDS, AND
TOTAL WATER AREA BY SIZES OF ENTERPRISES, WEST GERMANY, JUNE, 1972

Water Area
Average

Pond Area Enterprises Ponds Each Pond
ha No. % No. Average Total ha ha Acres
Under 1 911 62.2 3781 4.2 130 0.03 0.08
1-2 259 17.7 2439 9.4 139 0.06 0.14
2-5 189 12.9 2567 13.6 203 0.08 0.20
5-10 55 3.7 849 15.4 101 0.12 0.29
10-20 26 1.8 479 18.4 70 0.15 0.36
20-50 15 1.0 199 13.3 47 0.24 0.58
50 and over 10 0.7 134 134 24 0.18% 0.44

Totals and

averages 1465 100.0 10,448 7.1 713 0.07 0.17

1Pox)d size was smaller than for farmers having a pond area of 20—50 ha (49—124 acres).
Evidently, these farmers had a larger land area and a smaller water area.
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For 1386 salmonoid enterprises of a total 1465 there were 139,630,000
eggs produced; 92,382,000 fry; and 32,093,000 fingerlings (Table 8.2).
There was a total of 12,406,000 two-summer fish with an average market
weight of 275 g. Thus, there were 7.4 fry and 2.6 fingerlings for each fish
marketed at the end of the second summer of growth (Anon. 1972A).

In 1465 salmonoid enterprises in West Germany in 1972, rainbow trout
were dominant, with nearly 75% of the total fry, nearly 83% of the total
one-summer fingerlings, and nearly 95% of the two-summer or food-size
fish (Table 8.3). The remainder was brown trout.

Rainbow trout are raised almost exclusively for food fish or for stocking
fee fish-out ponds. The fish used for stocking fee fish-out ponds are food-
sized (two summers). Hence, the data shown in Table 8.4 are really an
indication of survival. This table shows that out of every 100 fry there are
only 43.1 fish at the end of the first year of growth, and only 19.3 fish each
market size of approximately 275 g (10 o0z). Brown trout and other salmo-
noids are used almost exclusively for restocking angling waters. Most
brown trout are restocked at the end of the first summer of growth, as shown
by the decline from 37.8 fingerling fish to 4.2 food-size fish. Some two-
summer fish are also stocked. Other salmonoids such as brook or lake trout
(Salvelinus fontinalis and Salmo trutta lacustris) are commonly stocked in
angling waters as fry, or at the end of the first summer of growth (Table 8.4).

TABLE 8.2. NUMBER OF SALMONOID ENTERPRISES BY SIZES AND TYPE OF
PRODUCTION, WEST GERMANY, JUNE, 1972

- mer
One-summe Two-summer

Pond Area No. of Eggs Fry Fingerlings Food Fish
(ha) Enterprises 1000 Animals (Metric Tons)

Under 1 843 11,586 11,039 5,904 731
1-2 248 29,887 18,013 7,026 881
2-5 185 47,461 36,007 9,270 1013
5-10 57 15,501 6,704 3,841 433

10-20 25 15,850 11,050 3,666 277

20-50 17 7,055 961 1,330 67

50 and over 11 12,290 8,608 1,056 84

Totals 1386 139,630 92,382 32,093 3486

TABLE 8.3. NUMBER AND DISTRIBUTION OF SALMONOIDS BY STAGE OF
GROWTH, WEST GERMANY, JUNE, 1972

Species of Trout

Stage of Rainbow Brown Other! Totals
Growth 1000 % 1000 % 1000 % 1000 %
Fry 61,678 74.9 11,012 13.4 9692 11.7 82,382 100.0
One-summer
(fingerlings) 26,564 82,8 4,166 13.0 1,362 4.2 32,092 100.0
Two-summer?
(food size) 11,889 94.8 465 3.7 184 1.5 12,5638 100.0

! Brook, lake, etc.
2 Assumed to be 275 g fish (10 oz).
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TABLE 8.4. NUMBER OF ONE-SUMMER AND TWO-SUMMER
SALMONOIDS PER 100 FRY BY SPECIES OF SALMONOID,
WEST GERMANY, JUNE, 1972

Stage of Species of Trout

Growth Rainbow Brown Other!
Fry 100.0 100.0 100.0
One-summer

(fingerlings) 43.1 37.8 14.1
Two-summer>
(food size) 19.3 4.2 1.9

L Brook, lake, etc.
2 Assumed to be 275 g fish (10 oz).

The stocked waters are usually leased by angling clubs. About 80% of the
600,000 licensed anglers fish in leased waters or at daily fee fish-out ponds.
About one-fourth of total fish caught on rod and reel equipment is at daily
fee fish-out ponds. Hence, this outlet is an important market for fish
culturalists.

Density of Production

Table 8.5 indicates the density of salmonoid production by stages of
growth listed by size of enterprise. With the two-summer or food fish, there
is a perfect correlation between output per hectare of water area and size.
The larger the farm, the smaller the output of food fish per hectare of water.
This was also true for one-summer fingerlings. These data suggest that
larger enterprises are more likey to produce eggs and fry than the smaller
producer, while the smaller producer is more likely to raise fingerlings up to
market size fish.

Imports and Exports

Imports of rainbow trout into West Germany have been increasing rapid-
ly. In 1970, total imports were 4374 MT (4820 ST); by 1975, imports had
reached 10,996 MT (12,118 ST). This was an increase of 151% in 5 years, or
an average annual increase of 30% (Table 8.6 and Fig. 8.2). Denmark is the
most important country from which trout are imported. In 1975, Denmark
accounted for 87%. Imports from Italy are increasing rapidly, but they are
small compared to those from Denmark.

West Germany imports rainbow trout from about 10 countries. Informa-
tion obtained by the author indicates about 59% of the fish arrive live by
truck and the remaining 41% arrive as iced or frozen fish.

In 1975, the average import price was $1.91 per kg ($0.87 per 1b). Prices
paid by countries varied considerably. For example, trout from Yugoslavia
were worth $1.53 per kg ($0.70 per 1b) while those from Norway were $3.10
per kg ($1.41 per 1b). This difference was probably due to some Norwegian
trout’s being larger and arriving as smoked fish, while fish from Yugoslavia
were portion-sized and unprocessed.
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Fig. 8.2. Imports of rainbow trout into West Germany by countries, 1975.

TABLE 8.6. IMPORTS OF RAINBOW TROUT INTO WEST GERMANY, 19701975
Year
1970 1971 1972 1973 1974 1975

Country (Metric Tons)
Denmark 3314 5021 6253 7188 7324 9580
Italy 195 338 410 549 1014 755
Belgium 85 129 103 162 387 385
Japan 713 80 143 160 22 109
France 5 21 3 10 46 68
Norway 1 2 4 68 15 66
Others* 1 11 7 21 8 33
Total (metric

tons) 4374 5602 6323 8158 8816 10,996
Total (short

tons) 4820 6173 6968 8990 9715 12,118

Source: Professor Pachmann (Anon. 1970—-1975).

! During various years, included Holland, Poland, USSR, Yugoslavia, and Canada.
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Only minor amounts of trout are exported from West Germany. In 1975,
total exports were 85 MT (94 ST). Total value of these exports was $251,751.
Average price received per kilogram was $2.96 ($1.35 per 1b).

Total Supply

Total supply of rainbow trout for West Germany in 1979 was about 20,000
MT (22,000 ST). Of this amount, 8000 MT were produced domestically,
12,000 MT were imported, and 85 MT were exported.

CARP (Cyprinus carpio)

In general, production of desired sizes of carp in West Germany takes
three years compared to only two years in Central and Southern Europe
where the waters are warmer.

In the first year, the eggs are hatched and fry are raised in spawning and
first-rearing ponds. In the second year, carp of two summers are grown to
larger sizes. In the third year or third summer, the carp reach market sizes.
In general, carp ponds have a minimal flow of water coming into the pond.
Usually only enough new water is added to replace evaporation losses.

Distribution of farmer’s water area between different sizes of fish is
dependent on that farmer’s individual arrangement. Because of difficulty
in raising the exact number of fry needed as two- or three-summer fish,
some farmers raise only fry, and other farms buy one- or two-summer fish
for rearing or growing-out. For a complete operation, roughly 12.5% of the
water area will be devoted to first-summer fish, 25.0% to second-summer
fish, and the remainder, or 62.5%, to third-summer fish.

Carp is a warmwater fish. Spawning is delayed until water tempera-
ture reaches 18° to 20°C (65° to 68°F). These first summer fish will weigh
35—50 g (1—2 oz) in the autumn, with a length of 9-12 cm (3Y2—5 in). At
the end of the second summer of growth, they average 350 g (12 oz) and
vary from 250 to 500 g (8 to 17 0z); and, after the third summer of growth,
they weigh an average 1V4 kg (2% 1b), varying between 900 and 1600 g (2 to
more than 3 lb). Nearly all carp are harvested at a weight of 1 to 2 kg (2.2
to 4.4 Ib). These are intended to be family-size fish as compared to individ-
ual portions for trout.

Most carp farms are very extensive. This means that there is little
fertilization carried out and few or no artificial foods fed. A study conducted
(Anon. 1972) indicated that only 13% of the enterprises were feeding any
artificial foods. Amount fed based on total production was 1 kg (2.2 1b) for
every 4 kg (8.8 1b) of fish produced. In actual practice, the amount fed per
unit of production is lower than these figures indicate, since a considerable
amount of feed goes to newly-hatched and first-summer fish.

In 1972 a study was made of the West German carp industry (Anon.
1972B). The basic month, or benchmark month, was June. This study
indicated a total of 4295 separate carp enterprises as producers (Table 8.7).
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TABLE 8.7. NUMBER OF CARP ENTERPRISES, NUMBER OF PONDS, AND TOTAL
WATER AREA BY SIZES OF ENTERPRISES, WEST GERMANY, JUNE, 1972

Water Area (ha)

Pond Area Enterprises Ponds Each Pond
ha No. Y No. Average Total ha Average
Under 1 2065 48.1 3,685 1.7 625 0.17
1-2 870 20.2 2,477 2.8 861 0.35
2-5 786 18.3 3,549 4.5 1,749 0.49
5—-10 281 6.5 2,003 7.1 1,450 0.72
10-20 140 3.3 1,406 10.0 1,475 1.05
2050 90 2.1 1,415 15.7 2,272 1.61
50 and over 63 1.5 1,929 30.6 5,252 2.72
Totals and
averages 4295 100.0 16,364 3.8 13,684 0.84

Eighty-one percent of total production was in Bavaria, Fig 8.1. These were
classified by size of pond area, which was construed to mean not only water
surface area, but also the surrounding land which the farmer considered an
integral part of the pond(s) area.

There was a wide array of carp farmers by size of enterprise measured by
“pond area.” Over 48% of the enterprises had less than 1 ha of “pond
area.” This group averaged 1.7 ponds each with an average size per pond of
0.17 ha (0.4 acre) each, for a total water area of about 0.25 ha (less than
three-fourths of an acre). At the other extreme were 63 farm enterprises
with 30.6 ponds each and with each pond having 2.7 ha of water surface.
These larger producers had an average of 83.2 ha of water area (206 acres).
The average carp farmer had 3.8 ponds, each covering 0.84 ha (2.1 acres, for
an average total water area of 3.2 ha (nearly 8 acres).

These 4295 enterprises contained 16,364 separate ponds, covering a total
water area of 13,684 ha (33,800 acres). A complete estimate of total annual
production of food-sized fish was not obtained for all 4295 enterprises.
Production data were secured for 4015 enterprises, having a total annual
output of 3368 MT (3705 ST of food fish production. If it can be assumed that
the missing enterprises had the same average output as was found for those
reporting, then annual production would have been 3602 MT (3962 ST).

With approximately 62.5% of all carp waters devoted to third-summer
fish for food, then the 3602 MT were produced from 8553 ha (21,126 acres),
for an annual average yield of 421 kg per ha (375 1b per acre).

For the 4015 separate enterprises out of the total of 4295, there were
19,461,000 one-summer fingerlings and 6,300,000 second-summer fish
(Table 8.8). With an average harvest weight of 1 kg (2.2 1b) for the three-
summer fish, there were a total of 3,368,000 of these fish. Thus, there were
5.8 first-summer fish and 1.9 second-summer fish for each third-summer
fish harvested. These data indicate that large sales of first- and second-
summer fish are made to angling clubs, restocking of public waters, and fee
fish-out ponds. While mortality does account for part of the decline in
numbers, it is also known that sale of first- and second-summer fish is high.
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TABLE 8.8. NUMBER OF CARP ENTERPRISES FOR SIZES AND TYPE OF CARP
PRODUCTION, WEST GERMANY, JUNE, 1972

One-summer Two-summer
. : . s Three-summer
Pond Area No. of Fingerlings Fingerlings Food Fish
(ha) Enterprises 1000 Animals Metric Tons
Under 1 1893 291 179 245
1-2 812 592 387 274
2-5 750 1,284 614 542
5-10 266 1,374 565 425
10-20 137 2,555 757 311
20-50 89 4,770 1365 469
50 and over 68 8,598 2431 1102
Totals and
averages 4015 19,461 6300 3368

Intensity of Production

Table 8.9 clearly shows the makeup of different sizes of fish produced, by
year of production. For example, as size of enterprise increases (shown by
total water area per enterprise), the percentage of total fish made up of
one-summer fish increases from 40.7 to 72.2%. Also, as size of enterprise
increases, the proportion of food-size fish (three summers) declines. These
data indicate that larger enterprises concentrate more heavily on one-
summer fish and smaller enterprises on producing food-size or three-
summer fish. The average carp farmer with more than 10 ha of water
surface in ponds may have 75% more concentration of one-summer fish than
the small enterprise, while the small enterprise may be nearly five times as
concentrated in food-size or three-summer fish (compare 7.1 to 34.1%).

Density of Production

Table 8.10 indicates density of carp production by years of growth, by size
of enterprise. With food fish (three summers), there is a perfect correlation
between size of enterprise and ocutput per hectare of water surface. Produc-
tion was 445 kg per ha (396 1b per acre) of water surface for the smallest
enterprise and continually decreased to 195 kg per ha (174 1b per acre) for
the largest enterprise. Also, there was almost a perfect correlation between
size of enterprise and density of one-summer fish. Fish numbers increased
from 531 fish per ha (215 fish per acre) of water for the smallest enterprise to
2120 (858 per acre) for the next largest enterprise. These data indicate that
larger enterprises are more likely to produce one-summer and two-summer
fish (fingerlings), while smaller enterprises are more likely to produce food
or three-summer fish.

The fact that density of fish numbers for one- and two-summer fish, as
well as kilograms of three-summer fish, declined for the enterprise group
having largest water area (83.23 ha or 206 acres per enterprise) suggest one
of several observations: (1) these producers are more extensive and do not
feel the need to intensify production; (2) these farmers have a lesser degree
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of pond and fish management skills; or (3) the waters in these enterprises
are less productive.

Commercial Wild Catch

In 1971, the last year for which data are available, total commercial wild
catch of carp and cyprinids was 715 MT (788 ST) (Table 8.11). This catch was
53% from rivers and 47% from lakes. Thirty-six percent of the wild catch
came from the state of Bavaria, and 28% from Schleswig-Holstein and
Hamburg (Table 8.12). The remaining 36% came from the other six German
states including West Berlin.

Imports and Exports

In 1975, a total of 3763 MT (4147 ST) of carp were imported into West
Germany. Imports have increased continually since 1970. Total increase in
imports since 1970 is 50% (Table 8.13 and Fig. 8.3). Imports are essentially
from eastern Europe where carp are cultured extensively. Major imports
each year come from Yugoslavia, Hungary, Poland, and the USSR, while
lesser amounts are imported from France, Belgium, Holland, and Switzer-
land.

Only minor amounts of carp are exported from West Germany. In 1975,
total exports were 51 MT (56 ST). Total value of these exports was $73,541.
Average price received per kilogram was $1.44 ($0.65 per 1b).

Total Supply and Prices

Total supply of carp in Germany in 1975 was 8029 MT (8848 ST). This was
composed of an estimated 3602 MT of cultured fish, 715 MT of commercial
wild catch, and 3763 MT of imports minus 51 MT of exports. Hence, total
supply was 45% cultured fish, 9% wild catch, and 46% net imports.

Since imports play such a large role, domestic producers’ prices are nearly
the same as import prices. In 1975, farmer prices averaged $1.04 per kg

TABLE 8.11. CATCH OF WILD FOOD FISH BY SPECIES, WEST GERMANY, 1971

River Lake
Fisheries Fisheries Total
Species kg
Eel 121,367 124,374 245,741
Pike 34,539 56,073 90,612
Perch 8,178 44,453 52,631
Pike-perch 19,744 27,266 47,010
Carp 18,672 43,280 61,952
Cyprinids 362,279 291,072 653,351
Coregonids 1,682 375,596 377,278
Others 266,011 21,247 287,258

Total food fish 832,472 983,361 1,815,833
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TABLE 8.13. IMPORTS OF CARP INTO WEST GERMANY, 139701975
Year
1970 1971 1972 1973 1974 1975
Country (Metric Tons)
Yugoslavia 635 592 751 689 1190 1225
Hungary 459 566 790 723 1430 916
Poland 386 469 561 425 444 708
USSR 192 192 378 340 408 514
France 792 773 735 636 426 300
Belgium 34 92 115 195 175 99
Others! 3 4 2 8 5 1
Total (metric
tons) 2501 2688 3332 3016 4078 3763
Total (short
tons) 2756 2962 3672 3324 4494 4147

Source: Professor Pachmann (Anon. 1970—-1975).

! Includes various years, Holland and Switzerland.
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($0.47 per 1b). Wholesaler prices ranged between $1.05 and $1.36 per kg
($0.48 and $0.62 per 1b). Retail prices were between $1.95 and $2.33 per kg
(80.89 and $1.06 per 1b).

EUROPEAN EELS (Anguilla anguilla)

In general, water temperatures in West Germany are too cold for good
growth of eels. Under natural conditions, it takes 7 to 15 years for eels to
mature in natural waters. Since the Germans prefer the mature silver eel
rather than the immature yellow eel, this means that culturing is at a
distinct economic disadvantage. This disadvantage is due to high costs of
producing a fish which has such a long growth period. Hence, the only
German eel culture is found in the warm water discharge of electrical
generating plants. Since availability of such water is limited, cultured eel
production is also limited. In 1975, total cultured production was about 10
MT (11 ST).

Because of the German fondness for eel, particularly smoked, there is
considerable commercial effort to catch wild eels in rivers and lakes. In
1971, the latest year for which the author could secure wild catch data, the
wild catch totaled 246 MT (271 ST) (Table 8.11). About one-half the catch
came from rivers and one-half from lake fishing. More than two-thirds
came from the two states of (1) Schleswig-Holstein and Hamburg and (2)
Lower Saxony (Table 8.12). However, eels are caught in every state, in-
cluding West Berlin.

Fig. 8.4. Feeding eels in West Germany. Courtesy of Mr. Harold Koops.
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Fig. 8.5. Simple device for capturing elvers.

Imports of Eel

West Germany imports significant amounts of eels. Between 1970 and
1975, a total of 31,489 MT (34,701 ST) were imported. This averaged 5248
MT (5783 ST) annually, Table 8.14 and Fig. 8.6. Eels are imported from
practically every country in the world where they are captured or cultured.
Major imports are made annually from Denmark, which accounts for nearly
38% of Germany’s total.

In 1975, eel imports accounted for $21,494,000. Average price paid for
imported eel was $4.02 per kg ($1.87 per 1b). Price paid per unit of import
varied from country to country, depending on the degree of processing
undergone by the imported eels. For example, the lowest price was for
eels imported from New Zealand. These eels—worth $1.60 per kg ($0.73
per lb)—are all unprocessed and are received frozen. At the other extreme
were eels imported from Sweden, which were worth $5.11 per kg ($2.32
per lb). Many of these were imported as a smoked product. The remainder
was imported as live fish. The fish from Denmark, which in 1975 accounted
for 38% of all imports, amounted to $4.86 per kg ($2.21 per 1b). This price
difference was probably due to a smaller percentage of Danish eels being
processed than for Swedish fish.

While West Germany imports significant volumes of eels, they also ex-
port smaller amounts. In 1975, exports were made to nine European coun-
tries. A total of only 208 MT (229 ST) were exported: chiefly to Holland and
Sweden, with minor amounts to Finland, Denmark, France, Poland, Bel-
gium, Switzerland, and Austria. Total eel exports amounted to $591,000.
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TABLE 8.14. IMPORTS OF EEL INTO WEST GERMANY, 1970—1975

Year
1970 1971 1972 1973 1974 1975
Country (Metric Tons)
Denmark 2056 1949 2186 2224 2057 2023
New Zealand 406 588 682 441 388 576
Holland 715 646 507 396 569 547
Canada 171 455 593 419 475 421
Sweden 176 234 256 285 288 380
Poland 256 298 250 390 333 348
USA 319 442 323 310 282 286
Australia 44 71 92 133 191 212
Belgium 116 107 97 125 219 179
France 90 188 167 253 164 110
Italy 2 7 15 17 46 88
Turkey 68 142 73 67 32 32
Great Britain 23 11 101 72 96 21
Mainland China 45 47 36 — 30 27
Greece 22 — — 43 — 26
Ireland 56 60 37 54 70 25
Others! 93 72 111 97 64 41
Total (metric
tons) 4658 5323 5526 5326 5304 5352
Total (short
tons) 5133 5866 6090 5869 5845 5898

Source: Professor Pachmann (Anon. 1970—-1975).
! Includes Norway, Switzerland, USSR, Hungary, Austria, Spain, and Taiwan.

Average selling price per kilogram for exports was $2.84 ($1.29 per 1b),
indicating that most exports were unprocessed.

As a result of exports and imports, West Germany’s net supply of eels
increased by 5144 MT (5669 ST) in 1975. The net amount paid out was
$20,903,000.

Net Supply

Net eel supply in West Germany in 1975 was an estimated 5400 MT (5951
ST). This was derived from 10 MT of cultured fish, 246 MT of wild catch, and
net imports of 5144 MT.

Prices

As indicated previously, prices for imported eels varied widely, depend-
ing on the proportion of fish received in some processed form. The New
Zealand price of $1.60 per kg ($0.73 per 1b) was for unprocessed frozen fish.
The domestic price for wild and cultured eels would be somewhat higher
because of the higher quality of live fish which are superior for smoking.
Fishermen’s prices would, of course, be lower than retail price. In 1975,
retail prices for fresh live eels ranged between $4.67 and $5.45 per kg ($2.12
and $2.48 per lb). The smoked fish however, retailed for $11.67 to $13.62 per
kg ($5.30 to $6.19 per 1b).
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Fig. 8.6. Imports of eel into West Germany by countries, 1975.
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TENCH (Tinca tinca)

Tench is raised as a food fish in West Cermany. It is nearly always grown
in conjunction with carp production. However, the grow.h raZe is slowet
than carp.

Very little information is available about West Germany’s tench produc-
tion, which is about 300 MT per year (330 ST). The major production area is
Bavaria, with about 45% of total production (Fig. 8.1).

While carp are harvested for food fish at the end of the third summer of
growth, averaging 1% -2 kg (3.3—-4.4 lb), the slower growing tench may
weigh only 250 g (9 oz), and are rarely grown past 700 g (1% 1b).
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Tench prices are not affected by imports, so in essence there is no whole-
sale price level. Fish are sold directly to consumers or to retail outlets.
Average prices for these sales varied between $2.33 and $2.72 per kg ($1.06
and $1.24 per 1b) in 1975.

COMMON OR NORTHERN PIKE (Esox lucius)

There is no separate culture of pike in West Germany. However, many
carp producers stock 10—20 pike fingerlings per ha (4—8 per acre) in their
carp ponds. Pike normally attain 15-20 ¢cm (6—8 in.) during the first
summer they are stocked with carp. In the fall, carp ponds are drained or
seined for harvest. At this time many of the pike fingerlings are sold to
sportsmen’s clubs for stocking angling waters, although some of the pike
fingerlings are returned to the carp ponds for a second summer of growth. At
the end of the second summer, these pike usually measure over 40 ¢cm (16
in.) and average about 1 kg (2.2 1b) of weight. They are then harvested and
sold either as fish for angling waters or for immediate consumption as food.

When pike are grown with carp, the usual production rate is between 5
and 15 kg per ha (4 and 13 1b per acre). If it can be assumed that an average
of 10 kg per ha (9 Ib per acre) is produced by one-fourth of the carp producers
who have a total water area of 13,700 ha (33,800 acres), then total annual
production would be about 350 MT (385 ST). Even by the most liberal
interpretation, annual production must be considerably less than 1000 MT
(1100 ST.

Prices of pike vary widely. In 1975, an average of $2.33 per kg ($1.06 per
1b) was received by fish farmers, while pike sold in southern West Germany
may have been worth 50% more than in the northern part of the country
because of differences in local and regional demand. Only a few metric tons
of pike are imported annually. These come in from Poland and Denmark.

RECREATION FISHING

Angling clubs lease fishing waters, and 80% of the fishing by some
600,000 anglers is in club waters.

About 25% of all fish caught on rod and reels are from daily fee fish-out
ponds or enclosures. These types of fishing establishments are in great
demand in West Germany, and in fact, this is one of the few countries in
Western Europe that has a large pay-and-fish system. Unfortunately, the
number of such establishments or total volume of the catch is not known.

OUTLOOK

Trout production is unlikely to increase significantly because of (1) lim-
ited water area and (2) the availability of relatively cheap imports from
Denmark and Italy where production costs are less.
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Production of carp is also unlikely to expand significantly for the same
reasons as trout. At present, domestic producer prices are set by import
prices. Since carp can be imported at relatively low prices from Yugoslavia,
Hungary, Poland, and the USSR, there is little economic incentive to
increase domestic production. However, domestic output is unlikely to
decline since there is no other economical use for carp waters.

“Other” cultured fish production is related to carp production. Since the
area devoted to carp production is unlikely to expand, these other species
will always be found in limited supply.

Germany’s waters are too cold for eel production. Hence, in spite of high
prices, production will remain small.
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Switzerland
FISH SPECIES

Arctic char (Salvelinus
alpinus)

Brook trout (Salvelinus
fontinalis)

Brown trout (Salmo trutta)
Carp (Carassius carassius)
Carp (Cyprinus carpio)

Common bream (Abramis
brama)

Danubian wels (Silurus glanis)

European eel (Anguilla
anguilla)

Grayling (Thymallus
thymallus)

Lake trout (Salmo trutta
lacustris)

Lake whitefish (Coregonus
lavaretus)

Northern pike (Esox lucius)
Perch (Perca fluviatilis)

Pike-perch (Lucioperca
lucioperca)

Rainbow trout (Salmo
gairdneri)

Steelhead trout (Salmo irideus)

Assorted rough fish



Switzerland

RAINBOW TROUT (Salmo gairdneri)
AND BROWN TROUT (Salmeo trutta)

There are two species of salmonoids cultured for food fish production in
Switzerland—rainbow trout and brown trout. Total production of both spe-
cies in 1974 was about 300 MT (331 ST). Reliable estimates of proportions of
each species produced are difficult to obtain. However, a generally accepted
estimate is about 270 MT of rainbow and about 30 MT of brown trout. There
are no exports. However, Switzerland does import rainbow trout from
Denmark, Italy, and France. In 1974 a total of 1032 MT (1137 ST) was
imported (Table 9.1). Denmark accounted for more than 80% of all imports,
followed by Italy with 15%, and with minor quantities from France. Total
supply, including domestic production and imports, was an estimated 1332
MT (1468 ST). Domestic production accounted for only 23% of total supply,
with imports accounting for the bulk of total supply.

For domestically produced trout, rainbow trout spawning season is in
February and March, while the brown trout spawning season is in Novem-
ber, December, and January. After spawning, fry are raised in concrete
rearing tanks until they are about 6 cm (2.5 to 3 in.) and are then placed in
grow-out facilities. Grow-out facilities are primarily earthen ponds with
some concrete raceways used. Commercial pelletized trout food is fed
throughout the production cycle.

It takes between 12 and 24 months to raise rainbow and brown trout to

TABLE 9.1. PRODUCTION AND IMPORTS OF RAINBOW TROUT FOR SWITZERLAND

Metric Tons

1971 1972 1973 1974
Production’ 200 240 275 300
Imports?
Denmark 1001 1160 985 838
Italy NA NA NA 159
France NA NA 20 35
Total supply? 1201 1400 1280 1332
!Estimated.

2Source: Anon. (1971-1974).
NA—Not Available.
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market sizes. Market demand is for fish between 180 and 200 g (6.5 and 7.5
0z).

An output of 300 MT of trout is achieved by 30 fish farmers. Hence, the
average farm produces only 10 MT. This indicates that trout enterprises are
essentially supplementary farm or nonfarm enterprises.

Nearly all sales are direct from farmer to homemaker, who then prepares
the trout in a variety of ways. Cooking methods include frying, boiling, and
grilling. All domestic production is sold live and about 80% of imported
trout are also sold live. Only about 20% of imported trout are frozen. Imports
are generally sold in fish markets and supermarkets.

CARP (Cyprinus carpio)

There is limited production of carp for food use in Switzerland. This is
because of less than optimum water temperatures, which result in slow
growth and limited demand. In 1975 there were 5 carp farmers averaging
only 0.4 MT each, with a total output of 2 MT annually irn toto.

The usual spawning period is in April and May. Fry are then placed in
small earthen ponds, with few if any artificial foods fed. Total production
time to market sizes of 1.5 kg (3.3 Ib) varies between 3 and 4 years. All of the
limited production is found in the French (western) part of Switzerland. The
fish are sold live directly from farm to homemaker, who then either bakes or
boils the fish for the family.

OTHER CULTURED FISH

In addition to commercial raising of rainbow trout and carp as food fish by
private growers, the Swiss government has an intensive restocking pro-
gram under way to build up or maintain fishing in public waters. During
1974, production of governmental fish hatcheries was 25,216,258 fish
(Table 9.2). This included young fry, fingerlings, and year-old fish. The
species of fish released in greatest numbers were: (1) northern pike (Esox
lucius), accounting for 37.8% of all released fish; (2) brown trout (Salmo
trutta), accounting for 28.6%; (3) lake whitefish (Coregonus lavaretus),
accounting for 17.5%; (4) steelhead trout (Salmo irideus), accounting for
6.4%; (5) lake trout (Salmo trutta lacustris), accounting for 4.6%; and (6)
grayling (Thymallus thymallus), accounting for 2.7%. Other fish released
included arctic char (Salvelinus alpinus), brook trout (Salvelinus fontina-
lis), pike-perch (Lucioperca lucioperca), perch (Perca fluviatilis), Danubian
wels (Silurus glanis), carp (Carassius carassius), and European eel (An-
guilla anguilla).

Success of the restocking program has been significant. The catch in the
118,720 ha (293,238 acres) of public waters in 1967 was 1,898,876 kg
(4,178,000 1b). By 1971 the catch had increased to 2,755,734 kg (6,063,000
1b) (Table 9.3). This table also shows the catch per hectare of water per year.
It ranged from a low of 6 kg to a high of 35 kg per ha (from 5 to 31 1b per
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acre). This variation was caused by natural fertility of the water and
restocking intensity.

The commonly caught wild fish, many stocked as fry or fingerlings, are
shown in Table 9.4. The three most commonly caught fish were perch, lake
whitefish, and assorted rough fish. The wild catch increased from 1899 MT
in 1967 to 2756 MT in 1971. A breakdown of the wild fish catch by species is
shown in Table 9.4.

OUTLOOK

The future appears bright for Switzerland’s cultured fish industry. Pro-
duction of rainbow trout is predicted to keep increasing at the rate of 10%
annually. However, because of lack of suitable terrain for production sites,
cost of land, high production costs, and cheaper imports, production may
never exceed 800 to 1000 MT. This means that, even if demand does not
increase, Switzerland will never become self-sufficient in trout production
unless imports are restricted by tariffs or quotas.

Production of carp is very limited and, because of lack of good growing
conditions, will probably stay small.
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Austria

There are several species of fish cultured in Austria. Among these are:
(1) rainbow trout (Salmo gairdneri), (2) carp (Cyprinus carpio), (3) tench
(Tinca tinca), (4) grass carp (Ctenopharyngodon idellus), and (5) lake white-
fish (Coregonus albula). Since Austria is a landlocked country, all fish
raised are freshwater species.

RAINBOW TROUT (Salmo gairdneri)

The major fish cultured in Austria, by tonnage produced, is rainbow
trout. In 1979, an estimated 1400 MT (1540 ST) were produced. Major trout
producing areas are Upper Austria, Tirol, Vorarlberg, Styria, Carinthin,
and Salzberg (see Fig. 10.1). Trout are produced in concrete and earthen
raceways with flowing water and in ponds and reservoirs, such as old gravel
pits, using both net enclosures and cages.

Fig. 10.1. Rainbow trout and carp production areas, 1980.
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Since Austria is a major tourist country, it is deficient in domestic produc-
tion of cultured fish. Less than 20 MT of trout are exported yearly while
230-250 MT are imported. Imports are essentially from Denmark and
Italy.In 1974, 129 MT (142 ST) were imported from Denmark while 101 MT
(111 ST) were imported from Italy. A few tons are also imported from West
Germany.

Market size of trout is between 250 and 300 g (9 and 11 oz). The usual
spawning months are February and March. After spawning, between 10
and 20 months are required to grow the fish up to market sizes. The exact
time for growth depends upon water temperatures, which vary from very
cold Alpine waters to warmer waters in eastern Austria. The most usual
grow-out time varies between 16 and 18 months.

Only very small quantities of eyed-eggs are exported. They are sold to
Switzerland, Turkey, and Persia. Sales to Turkey and Persia are in small
quantities for breeding experiments.

Limited water resources do not permit high production by individual
growers. A large trout farm produces only 20 to 50 MT (22 to 55 ST). In 1975
there were 72 members belonging to the Association of Austrian Trout
Producers. These producers might be considered as commercial operators.
In addition, there are an estimated 800—825 other producers, who culture
trout for their household consumption or as a hobby.

Nearly all trout are sold live. Almost every large city has one or more fish
buyers. There are an estimated 10—12 buyers in the country. The trend,
however, is toward direct sales of live fish to hotels, restaurants, and
homemakers, the major outlets being hotels and restaurants. A minor
outlet for trout is as a smoked product. At present, only about 2% of the
cultured trout is sold smoked. The market, however, is increasing rapidly.

Because of the unique geographic position of Austria and its German-
related culture, some trout are boiled as in West Germany. However trout
are also broiled, grilled, and pan-fried, as is customary in most other
European countries.

CARP (Cyprinus carpio)

The second most important fish species cultured is carp. About 600 MT
(660 ST) are raised annually. Major production areas are Northern Lower
Austria (Waldviertel), Bergenland, and southeastern Styria (see Fig. 10.1).
All carp are produced in earthen ponds, usually adding water only to keep
up with evaporation.

As is true for rainbow trout, Austria is a deficit carp-producing country.
Only some 20 to 30 MT (22 to 33 ST) are exported yearly. More than
offsetting these exports is the import of 200 MT (220 ST) of carp from East
European countries and West Germany.

Market size of carp is from 1000 to 2000 g (2.2 to 4.4 1b). Usual spawning
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months are May and June. After spawning, between 2 and 3 years are
required for the fish to reach market size. For further information about
production practices, the reader is requested to read the carp section of
Chapter 8 on West Germany.

The third summer of production averages 300 kg of food fish per ha (267 1b
per acre). After making allowances for maintenance of brood fish, fry, and
fingerlings, about 2000 ha (4940 acres) are devoted to production of three-
summer fish and 3200 ha (7900 acres) devoted to the entire production
cycle.

There are two carp producing associations with total membership of
about 40 producers. In addition, there are an estimated 160 small enter-
prises and hobbyists who are not commercial producers. The average com-
mercial producer has about 80 ha of water area or less and producers about
15 MT annually (about 17 ST from 200 acres of water area).

Nearly all carp are sold live. Marketing channels differ considerably from
those for trout in that most sales are made directly to fish buyers instead of
hotels and restaurants.

As in West Germany and other carp-producing and consuming countries,
most carp are cooked slowly by boiling or baking. This permits the flesh to
peel away from the bones during eating.

OTHER CULTURED FISH

Other species cultured include: (1) tench (Tinca tinca), (2) grass carp
(Ctenopharyngodon idellus), and (3) lake whitefish (Coregonus albula).
About 30 MT (33 ST) of tench, 20 MT (22 ST) of grass carp, and 5 MT of lake
whitefish are produced annually.

Most of these fish are produced in conjunction with carp, hence there are
no meaningful figures available on production per hectare or per unit of
water flow.

Spawning times for tench are May and June, for grass carp the month of
June, and for whitefish April. After spawning, it takes between 2 and 3
years to raise the tench to market weights of 200 to 300 g (2 1b) and between
3 and 4 years to raise the grass carp to market weights of 3000 to 4000 (6.6 to
8.8 Ib). Market weights and the production cycle of the lake whitefish could
not be obtained by the author.

SPORTS FISHING

Because of intense interest in sports fishing and inability of the govern-
ment to keep public waters well stocked, fishing clubs and fee fishing are
important. Nearly all running water streams and lakes are in the public
domain. The provinces issue yearly fishing licenses for public fishing.
However, fishing clubs also lease fishing rights from private owners and
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stock these areas. The individual club member’s license may vary from one
day to one year and is expensive. About 5% or 50 MT (55 ST) of cultured
trout and about the same volume of cultured carp are stocked annually in
private waters for special licensed fee fishing.

OUTLOOK

Because of the strong demand from Austrians, as well as from tourists,
trout production is increasing. It is estimated that production will increase
10% during the next few years. The limiting factor is water supply, rather
than a market with profitable producer prices.

Unlike trout, producer prices for carp are such that the profitability of
carp farming is low. For this reason, production is stagnating and is un-
likely to increase under present cost-benefit relationships. However, pro-
duction is not likely to decrease because there is little alternative use for the
carp ponds.

Production of tench, grass carp, and lake whitefish is usually in conjunc-
tion with carp. Unless the water area for carp expands, production of these
other species is unlikely to increase significantly.

SPECIAL ACKNOWLEDGMENTS

DR. JENS F. HEMSEN, Director, Austrian Federal Institute for Water
Research and Fishery, 5310 Scharfling-am-Mondsee, Austria
DR. KURT IGLER, 8775 Kalwang, Austria






Italy
FISH SPECIES

Black bullhead (Ictalurus melas)
Black eels

Brown bullhead (Ictalurus
nebulosus)

Carp (Cyprinus carpio)
Catfish

European eels (Anguilla
anguilla)

Gilthead (Sparus auratus)

Mullets (Mugil cephalus, M.
auratus, M. chelo, M. saliens)

Rainbow trout (Salmo
gairdneri)

Sea bass (Dicentrarchus labrax)
Sea fish

Silver eel



11

Italy

RAINBOW TROUT (Salmo gairdneri)

Trout culture in Italy was originated in the mountains, in a region called
Trentino, roughly at the beginning of the century. Development in this
region was related to the common belief that since natural trout live in
mountain brooks, trout farms should be built in the mountains. These early
trout farmers erroneously believed that altitude was an important factor.
They did not know that the limiting factor was high quantity of water with
constant flow and constant temperature. Consequently, for many years
trout farming was done in mountain areas where water was scarce, winters
were long, and land was restricted. In this way trout farming was born, but
its development in the mountains stopped soon after because of restricted
areas and water supplied. Producing marketable trout in mountain trout
farms took more than 24 months, and the amount produced was not enough
to supply 10% of the national demand. Italy, until about 1965, was the best
market for the production of other countries such as Denmark.

Beginning about 1960, several Italian innovators found that trout could
be produced in the plains south of the Alps. In parts of this area were large
marshes fed by springs. Water temperatures at the springs were about 12°
to 13°C (54° to 55°F). Individual springs had flows of 2000—3000 liters per
sec (31,680—47,520 gal. per min). The marshes were drained and the spring
flows channelized. Within a few years, by 1964—1965, modern and scien-
tific rainbow trout fish farming was in full swing and production increased
by leaps and bounds. The major production areas are shown in Fig. 11.1.

By 1965 or 1966, Italy had changed from a trout-importing nation to a
trout-exporting nation. During the 1970s, Italy became the largest pro-
ducer of rainbow trout in Western Europe, surpassing France and Den-
mark. Production increased from 12,000 MT (13,224 ST) in 1968* to 16,430
MT (18,106 ST) in 1974, a dramatic increase of 37% in seven years (Table
11.1). By 1979, production had reached 19,900 MT (21,890 ST). Trout
exports increased even more dramatically, increasing from 1000 MT (1102
ST) or 8.3% of production in 1968, to 3819 MT (4209 ST) or 23.3% of
production in 1974. Total increase from 1000 MT to 3819 MT was 282%,
which was an outstanding feat.

11968 was the first year for which the author was able to gain reliable data on production
and exports. 161
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Fig. 11.1. Major trout production areas, 1975.

Data from Table 11.1 indicate domestic consumption of trout in Italy
stayed near 12,000 MT during the seven-year period, with production over
this figure going into export channels. Export data for the years 1971
through 1974 indicate major markets for Italian trout exports were: France,
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TABLE 11.1. PRODUCTION AND EXPORTS OF
RAINBOW TROUT, ITALY, 1968—1978

Year Production Exports’
(Metric Tons) (Metric Tons)

1968 12,000 1000
1969 13,000 1500
1970 13,500 1500
1971 14,000 1800
1972 15,500 2200
1973 15,000 2043
1974 16,430 3819
1975 16,120 2
1976 17,000 2
1977 17,250 2
1978 19,900 2

Tmports were only a few tons annually.
2Export data not available.

about 60%; Germany, about 25%; and other countries about 15% in 1971
and 1972. In 1973 Belgium became a significant importer. More recent data
for 1974 indicate that exports from Italy were as follows:

MT MT
France 1744 Austria 101
Germany 1060 Denmark 42
Belgium 704 Others 109
Switzerland 159 Total 3818

Disposition of domestic trout (about 12,000 MT annually) was about
evenly divided between sales to wholesalers (50%) and to other outlets.
About 40% of “other” outlets’ trade was to fee fish-out lakes where custom-
ers pay so much per kilogram for the amount caught. Remaining fish sales
are divided nearly equally between direct sales to consumers, direct sales to
retailers, and direct sales to restaurants. Before the oil crisis of late 1973
and early 1974 a larger proportion went to fee fish-out lakes. With higher
gasoline prices, trips of fishermen to these outlets have declined.

Data for 1974 indicate average production cost of rainbow trout in Italy
was $1.21 per kg (80.55 per 1b). Prices received by farmers, at the farm, were
$1.43—-1.47 per kg ($0.65—%$0.67 per 1b) for live fish. Ice packed fish in the
round sold for $1.50 per kg ($0.68 per 1b), and deep frozen fish for $2.31 per
kg ($1.05 per Ib). A small specialty market for smoked trout existed. Aver-
age producer price was $5.26 per kg ($2.39 per 1b).

Farm Examples

Case 1. One of the largest, if not the largest, fish farms in the world is
Salvador farms near Treviso, Italy. This is a total of 8 different farms under
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Fig. 11.2. Production and exports of rainbow trout from Italy, 1968—1974.

one private ownership, most of the farms’ being specialized. Total produc-
tion is several thousand metric tons of rainbow trout annually. Several
farms raise only spawning fish and produce eyed-eggs. One raises fish up to
about 50 g (2 0z) and three other farms then finish them from 50 g size up to
market weights of 180—300 g (6—11 oz), depending on which country the
fish are sold to.

Typically, each farm uses the stream flow from one or more large springs
for raising fry, fingerlings, and food fish. Well water of 12.6°C (55°F) is used
for hatching purposes. About 20,000,000 eggs are produced annually and
eyed-eggs and fry are sold to other growers.

Water used for food fish production is from streams flowing from nearby
springs. Because of the distance from the springs, water temperature may
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drop to as low as 9°C (48°F) in winter and rise to as high as 16°C (61°F) in
summer. Each concrete raceway system may be up to 500 m long (1640 ft).
These systems are divided into several different segments with the water
being aerated throughout the system. The raceways are 10 m (37 ft) wide
and 1 to 2 m deep (3 to 6 ft).

At one of the Salvador farms, the operation is completely integrated:

spawning fish are raised, eggs hatched, and fish grown out to market sizes
in the same production facility.

Fig. 11.3. Large trout farm of 1000 MT.

Fig. 11.4. Rainbow trout hatchery.
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At this farm, one spring with a constant year-round temperature of 12°C
(53°F) is used for hatching eggs. Spring flow is 500 liters per sec (7920 gal.
per min). Over 9 million eggs are hatched annually. A second spring with an
additional 500 liters per sec is used for growing the young fry.

At about 4—5 cm (2—2% in.), the fry are transferred by machine to the
growing-out segments of various raceways. Here, water is fed by a large
stream of 4000 liters per sec (63,360 gal. per min), with temperatures
varying from 10.5°C (51°F) in winter to 13°C (55°F) in summer. During the
grow-out period of 4%2—5 months, fish are graded and sorted by automatic
equipment and transferred to different raceway segments by pumped water
pipes.

Fish are always fed by tractor driven feeders. Resulting labor efficiency is
500 MT of fish annually or over 80 MT of fish for each of 6 workers.

Case 2. One large rainbow trout producer near Milan produces between
500 and 1000 MT of food fish annually. The farm is supplied by numerous
springs, the largest of which has a flow of 4000 liters per sec (63,360 gal. per
min). Total spring flow is 7000 liters per sec (110,880 gal. per min). The
temperature of the water at the springs i1s 12° to 13°C (54° to 55°F); and the
water effluent temperature (waste water) is between 17° and 18°C (63° and
64°F).

The farm has numerous earthen and concrete raceways. They measure up
to 400 m (1313 ft) long by 9 m (28 ft) wide. Depth of the water is 1.3 m (4 ft).
This typical production unit brings in eyed-eggs from the Alps, hatches the
eggs, and grows the fish through fry and fingerling stages to food sizes.

Sales are made in Italy, France, and Germany. Sizes of fish sold are

Fig. 11.5. Egg trays used in hatching rainbow trout.
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Fig. 11.6. Bailing rainbow trout into mechanical sizing machine.

Fig. 11.7. Mechanical sizing of rainbow trout.
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Fig. 11.8. Water transport pipes leading from mechanical trout sizer to different
raceways.

Fig. 11.9. Mechanical feeding of rainbow trout.

200—-240 g (8—9 oz), in Italy, 180—200 g fish to France? (6~7 o0z), and
250—-300 g (9—11 oz) to Germany. About 50% of total production is export-
ed. About 90% of the total fish are sold alive and 10% are sold as dressed,
iced trout. The live fish are sold through brokers, or to fish markets, who
may sell the fish to the ultimate consumer in the round (whole) or dressed.

#Some of these small fish are not destined for immediate consumption but for finishing out
in France. See Chapter 12 on France.
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Fig. 11.10. Seining earthen trout raceway, trout feeding silos in background.

Fig. 11.11. Loading weighing buckets with trout harvested from raceway.

EUROPEAN EELS (Anguilla anguilla)

There are several eel farms in Italy; the first was established in 1969.
Some are located in brackish water and others in freshwater. Total output is
about 2200 MT annually, and production is expanding rapidly and could
double or triple in a few years. Production of 3 kg per m® (0.187 b per ft%) is
possible under intensive culturing practices. All of the 2200 MT of cultured
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eel are produced in northern Italy, while 1800 MT of wild eel are captured in
southern Italy. Hence, total domestic production is about 4000 MT. In
addition, about 4000 MT of live eel are imported from France, Greece,
Algeria, and other countries. Several hundred metric tons of deep frozen
eels are also imported from the USA and Japan and New Zealand. Hence,
total supply is in the nature of 8200 MT (9036 ST) annually. However,
because of inadequate distribution channels and techniques, about 3000
MT of the domestically produced eel are exported to Germany from north-
ern Italy and the imports are brought into southern Italy for consumption.
The main demand for eels is in southern Italy while there is only limited
demand in the northern part of the country.

About 90% (2000 MT) of the cultured eel is produced in brackish water
and only about 200 MT in freshwater. Planning calls for an additional 1500
MT of brackish production by 1990 and 300—500 more metric tons of
freshwater production by 1980.

The elvers (larvae eels) are secured mainly from the western coast, such
as a 45 km (30 mi) area north of Naples. Elvers are captured in November,
March, and April. In December, January, and February the water is cold
and they do not migrate.

The elvers are transported from the catching area to freshwater and
brackish water (Valli-culture or lagoons) culturing areas in northern Italy.
Average size is 7 cm (3 in.) with a weight of about 0.16 to 0.20 g (5500 per kg
or 2500 per 1b). They are stocked directly in the extensive, brackish water of
the Valli-lagoons at the rate of between 2500 and 6500 per ha (1000 and

Fig. 11.12. Elver rearing tanks from 0.1 to 5 g sizes.
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Fig. 11.13. Paddle wheel aeration of springwater prior to use in eel pond.

2600 per acre) depending on water quality and degree of intensification of
production. No food is fed during the grow-out stages.

Elvers for intensive freshwater culturing are placed in round concrete
tanks about 5 m in diameter (15 ft) and ¥2m (18 in.) deep. Stocking is at the
rate of 80,000—100,000 per tank. Water is constantly circulated through
the tanks. The elvers are raised in these tanks until they are about 2 g in
weight. During the 0.2 to 2.0 g cycle, they are fed worms, finely ground fish
meal made into a paste, and finely chopped sea fish. At about 2.0 g weights,
the black eels are transferred to rearing or finishing ponds. After stocking
these ponds, in which water is circulated and aerated, the fish are fed fish
meal paste and fresh raw fish.

The elvers are fed 6 —10% of body weight daily. This declines to about 1%
at harvest weights.

Mortality of the fish is about 50% during the 0.2-2.0 g cycle and an
additional 50% of the remainder during the 2.0 g to finish sizes of 200 g
maximum for males and about 350 g for females. From elvers to maturity
takes three growing seasons in northern Italy. Hence, to produce 100 MT of
eels requires about 400,000—500,000 fish. To secure this many live adults
requires nearly 2,000,000 elvers, or about 310 kg (682 1b) of larval fish. To
produce all of the 2200 MT of cultured eel in Italy requires about 7 MT of
elvers.

Elvers prices were about $18 per kg ($8.20 per 1b) in 1975. This means
that each elver costs about $0.003. With a 25% survival rate, each fish at
harvest would thus cost about $0.0125. Prices paid to producers for the
150—200 g males and 200—400 g females in 1975 ranged between $4.50 and



172 WORLD FISH FARMING

$6.00 per kg ($2.05 and $2.73 per 1b). This price was about three times
higher than that paid for live trout.

Retail prices for mature live eel ranged between $7.46 and $8.95 per kg
($3.39 and $4.07 per 1b).

One typical intensive eel farm has 9 different pond segments in produc-
tion with more under construction. Each segment is 60 m long, 18 m wide,
and 1 m deep (194 ft long, 58 ft wide, and 3 ft deep) (see Fig. 11.14).
Freshwater comes from a well at a constant temperature of 13°C (55°F).
Production is 2 MT per segment or 18 MT total. This is at a production rate
of about 2 kg per m® (3.4 1b per yd®). With experience, intensity is expected to
be doubled.

Fig. 11.14. Eel recirculation pond showing catch basin and feeding station.

Fig. 11.15. Eel recirculation pond under construction.
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Fig. 11.16. Example of intensive eel culturing farm.

Fig. 11.17. Detail of Italian eel pond segment shown in Fig. 11.16.

BLACK BULLHEAD (Ictalurus melas)

There is limited production of black bullheads in Italy. One or two farms
established in 1971 produce about 100 MT annually. Small amounts are
consumed locally, but the major market is reported to be to fee fish-out
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ponds or lakes. Prices received are about $2.10 per kg ($0.95 per 1b), which is
considerably higher than live trout price.

Drs. P. Ghittino and E. Vigliani (1975) believe that one of the major
factors restricting catfish farming of the black bullhead (Ictalurus melas)
and brown bullhead (Ictalurus nebulosus) and/or other catfish species
which might be used is an existing federal law. An act (March 2, 1931, No.
442) in Italy forbids any trade of live catfish. This act was passed when the
species were regarded as extremely noxious to fish fauna living in Italian
waters and also without any redeeming value. Until this act is eliminated,
catfish farming will remain small.

CARP (Cyprinus carpio)

Carp is not a popular food fish in Italy. Therefore there is no commercial
production by specialized producers. Before the advent of specialized weedi-
cide sprays, the rice farmers in the Po Valley of northern Italy commonly
grew carp in conjunction with rice production. With the discovery of modern
weedicides, rice farmers discovered that the value of the additional rice
produced using sprays was much higher than having reduced rice yields
and producing carp as part of the rotation. Hence, joint production of rice
and fish has nearly stopped. A few rice producers still set aside a few
hectares of rice for joint production with fish. This is solely to have some
protein food for their workers. In 1975, fish yields of 3035 kg of fish per ha
could still be found in isolated fields. Total volume of such production would
certainly be less than 5 MT.

BRACKISH WATER CULTURE

It is reported that ancient Romans were able to maintain and raise some
marine fish along the Italian coast. They probably learned methods of
primitive fish farming from the Etruscans who in turn learned it from the
Phoenicians. The practice of brackish water culture in fenced lagoons is
quite ancient along the North Adriatic coast around Venice and the Po
River delta (Ghittino 1975). About 40,000 ha (100,000 acres) are utilized for
fish culture. In addition, the federal government is constructing a 12,000 ha
(30,000 acre) facility in Valli de Comacchio south of Venice. When com-
pleted, brackish water culture will be conducted on 52,000 ha (130,000
acres).

There are four main species of fish cultured. These are: (1) mullets
(Mugil cephalus, Mugil auratus, Mugil chelo, and Mugil saliens), (2) sea
bass (Dicentrarchus labrax), (3) gilthead (Sparus auratus), and (4) Euro-
pean eel (Anguilla anguilla).

These fish generally belong to the euryhaline group which can tolerate a
high degree of salinity. They exhibit a seasonal or life cycle of migrating
from sea to freshwater and vice versa. The inward or initial migration
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Fig. 11.18. Harvesting carp from rice field.

Fig. 11.19. Brackish water culturing pords near Venice.

usually consists of young fish, and the second or outward migration of more
or less adult fish returning to the sea to breed or to avoid colder, shallow
waters in the lagoons.

Young fish either enter the fenced lagoons, which permit entry but not
exit, or are caught in nets by specialized fishermen who, in turn, sell them to
owners of lagoons. Descending fish are caught by special traps, which are
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made of concrete and aluminum screens. In addition, some lagoons can be
almost emptied at low tide and then pumped nearly dry to expedite fish
harvesting.

Water salinity in cultured lagoons ranges from 10 to 30 ppm. Water
temperature ranges from a low near the freezing point to a high of more
than 30°C (86°F) in summer. In winter, it is often necessary to pump
additional seawater into the lagoons to keep temperatures above the criti-
cal point for some of the young fish. Average depth ranges from 70 cmto 1 m
(2-3 ft).

Young estuarine fish are bought to stock cultivated lagoons. The last
estimate of the amount spent for stocking fish was in 1954 at $250,000 (De
Angelis 1954).

Italian brackish water fish culture is extensive. Production of 150 kg fish
per ha (134 1b per acre) is considered satisfactory. The Italian fish market
requires mullets and sea bass of 300—~1000 g (11 - 35 0z) which requires 3—5
years, gilthead of 150—400 g (5—14 oz) requiring 1—-2 years, and adult
silver eel averaging 400 g (14 oz) and requiring 7—9 years.

With a water area of 40,000 ha and an average yield of 150 kg per ha, the
total brackish water production is 6000 MT (6612 ST). This volume should
expand by over 30% when the new federal project is completed. Composition
of these 6000 MT between species is not known. Estimates indicate that it is
approximately equally distributed among the four species.

At present, few or no artificial foods are fed in brackish water culture. If
artificial foods can be successful, feed production could reach 2.5 MT per ha,
for an increase of 1567%. This means total production might reach 90,000
MT.

Scientific advancements underway indicate production will be intensi-
fied in the near future. For example, fingerlings are currently being pro-
phylactically treated with formalin baths for external parasites prior to
stocking the lagoons. Survival rates have increased to 80% in treated fish,
compared to 20—30% in untreated fish. In addition, sea bass and giltheads
have been successfully hatched and grown under artificial conditions. The
incentive for artificial reproduction is the high value of the fry. In 1975,
2—3cm (1in.)sea bass fry were selling for $0.15 each. Similar sized gilthead
fry were selling for $0.45 each. One breeding and spawning plant is now in
production to produce fry.? The goal is to produce 8,000,000 fry annually.
The plant is jointly sponsored by federal government and private capital.
The difficulty in raising fry has been the need to feed the larval fish
phytoplankton and zooplankton. Hence, it was necessary to develop an
economical way of culturing large quantities of phytoplankton and zoo-
plankton before fry could be raised economically.

3S.I.R.A.P. (Industrial Society for the Reproduction of Artificial Fish), 30100 Pellestrina,
Venice, Italy. (Italian)
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Fig. 11.20. Gilthead hatching tanks.

OUTLOOK

Italy still offers opportunities for increased cultured fish production in
rainbow trout, eel, catfish (bullheads), and brackish water species. Fish
farmers and professional fisheries experts predict that rainbow trout pro-
duction could, with favorable prices and control of viral hemorrhagic septi-
cemia (VHS), increase by 15—20% above the 1979 level of 19,900 MT
(21,890 ST). This increase would result from fuller use of existing fresh-
water flows and could amount to 3300 MT (3637 ST). The author also
predicts, by intensifying production per unit of water flow, total production
could increase by 40 —50% or an additional 9715 MT (10,706 ST). This would
result in average production per unit of water flow increasing from an
average of no more than 143 kg of production per liter of flow per second to at
least 210 kg (increasing from about 10 to 30 lb of production per gal. per
min). Additional increases might result from better disease controls. Hence,
it is conceivable that trout production could increase from 19,900 MT
(21,890 ST) to 29,000-30,000 MT (31,958-33,060 ST).

Increases in eel culture are indicated by the fact that only in the 1970s
was freshwater culture begun. The present cultured volume of 2200 MT
might, with favorable price relationships, increase tremendously. A pro-
jected forecast of 8000— 10,000 MT appears a possible achievement.*

*Extensive eel culture, which was used in brackish waters, expanded rapidly between
1965 and 1977. In 1977 a new parasitic disease infected the eels in these waters which
resulted in 90% losses. These parasites had not invaded eels in freshwater culture
between 1977 and 1981, and if they do, disease controls will be easier than in the
extensive brackish water areas.
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Fig. 11.21. Mechanical raceway cleaner.

Fig. 11.22, Mechanical noisemaker to frighten away predator birds.

Catfish (bullhead) production is, at present, almost totally prohibited by
the 1931 law. Removal of this restrictive law could well result in a new
major fish species for culturing. Total production would be limited only by
market acceptance and price relationships.
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Brackish water production of the mullets, sea bass, and giltheads is
increasing under existing conditions. A 30% increase over the present level
of 6000 MT is expected by an ongoing federal project. In addition, if artificial
foods can be successfully fed and production per given volume of water
intensified, production could increase more than 15-fold, or to over 90,000
MT (nearly 100,000 ST).
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France
FISH AND OTHER AQUATIC SPECIES

Black eels
Brown trout (Salmo trutta)
Carp (Cyprinus carpio)

Coho salmon (Oncorhynchus
kisutch)

Crayfish (Astacus leptoctylus)

European eels (Anguilla
anguilla)

Mullet (Mugil cephalus)
Polish crayfish

Rainbow trout (Salmo
gairdneri)

Seabass (Dicentrarchus labrax)
Shrimp
Turkish crayfish
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France

RAINBOW TROUT (Salmo gairdneri)

The rainbow trout industry of France, not yet having reached maturity, is
still undergoing rapid expansion. For example, in 1965 total production was
less than 3000 MT. In 1974 production reached 15,000 MT and then reached
18,000 MT in 1979. The index of production changed from 100 in 1965 to 501
in 1974 (Table 12.1), increasing production 401% in 10 years.

In 1975 there were 700 trout farmers in France. However, about 200 of
these buy fish weighing about 160 g each (6 0z) and, in a few weeks, increase
their weight to market size of 180—200 g (about 7 o0z). While technically
these finishers may be considered to be fish farmers, it may be more realistic
to consider them as fish “jobbers.” Their aim is to increase weights by 20 to
40 g (1 to 1% 0z) and resell the fish to hotels, restaurants, and retailers at a
much better price. They buy in large quantities and sell in small quantities.

Of the remaining 500 bona fide trout farmers, most are small producers
averaging between 10 and 20 MT of production per year. It is estimated that
50 large farmers account for one-half of total production.

However, of these 500 farmers, about 150 farmers raise only part of their
stock and buy the remainder for growing-out. These 150 farmers act a dual
role of fish farmer and jobber. Hence, only about 350 of the 700 enterprises
do not perform some marketing role.

Production Regions

Trout culturing is unequally distributed throughout France. The French
divide the country into eight regions. These are: (1) North, (2) East, (3)
Parisian Basin, (4) Normandy, (5) Brittany, (6) Southwest Central, (7)
Southeast, and (8) Pyrenees (see Fig. 12.2).

In 1972, Brittany was the largest trout producer of any region in France.
Its production was 3068 of a total 11,595 MT. This was 26.4% of total
production (Table 12.2). Other regions with high production were North
(16.7%), Normandy (14.7%), Southeast (12.4%), and Pyrenees (11.1%).

The northern half of France, where trout production began, represents
approximately 70% of total production while the southern half accounts for
about 30%. The southern half is an autonomous region and exchanges little
of its production with other regions. Nearly every producer has a distinct
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TABLE 12.1. CHANGES IN PRODUCTION OF RAINBOW TROUT FOR FOOD FISH IN
FRANCE, 1965-1979

Production
Year Index Metric Tons Short Tons
1965 100 2,992 3,298
1966 148 4,418 4,870
1967 201 6,006 6,620
1968 238 7,108 7,835
1969 262 7,827 8,628
1970 308 9,206 10,148
1971 352 10,516 11,592
1972 388! 11,5952 12,781
1973 451 13,5003 14,877
1974 501 15,0003 16,530
1975 535 16,000* 17,632
1976 434 13,000* 14,326
1977 468 14,000* 15,428
1978 602 18,000 19,836
1979 602 18,000 19,836

!Indexes for 1965—1972 secured from Desplanques et al. (1972).

2Production data for 1972 in metric tons secured from Desplanques et al. (1972), and then
.indexes for 19651972 were used to compute metric tons of production for 1965~1971.
3Metric tons for 1973 and 1974 secured from Tessier (1975).

*Data from Cancellieri (1981).

local market, or markets, for his production. In the northern half of France,
including Brittany, Normandy, North, East, and Parisian Basin regions,
production is exchanged between regions. Their excess production during
different times of year is sold at the National Market at Rungis in Paris.
Their contributions to this National Market are growing. In 1965 only 688
MT were committed, while in 1971, 1655 MT or 21% of their production was
committed. The size of enterprises also varies between northern and south-
ern France. One study (1) concluded that northern France produced about
two-thirds of production by only about one-third of the producers, while

Fig. 12.1. Large trout farm (1000 MT) for rainbow trout.
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Fig. 12.2. Production of rainbow trout by areas in metric tons, 1972.

southern France had nearly two-thirds of the producers and produced only
slightly more than one-third of total output. Fish producers with production
greater than 10 MT per year represent more than half the producers in
Brittany, North, and Normandy. The average volume of production per
producer in Brittany was 66 MT, North 43 MT, and Normandy 32 MT. The
average for all other regions is about 15 MT.

Because of the distinct nature of the two areas, northern and southern
France, producer prices in southern France are semi-independent of the
National Market at Rungis in Paris. In general, their prices are higher by at
least the cost of transportation from the northern part of France, and
usually bear some premium. This is particularly true when seasonal short-
ages occur in the North.

In the northern half of France, trout prices at both producer and consumer
levels vary more widely. This is due to more concentrated production with
more seasonality in production. The regions of northern France which affect
production most and have the widest swings in seasonal production rates
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are Brittany and Normandy. These two regions accounted for 41.1% of all
France’s production in 1972. However, all of northern France, which also
includes the North, East, and Parisian Basin regions, accounted for 68% of
production.

Low prices occur in most years at the National Market at Rungis in Paris
during the April—May—dJune period, which corresponds to peak periods of
marketing for both the Brittany and Normandy areas. Highest prices usu-
ally occur in the December—dJanuary —February period, which also corre-
sponds to the low months of marketing for both the Brittany and Normandy
regions.

Table 12.2 gives monthly marketing of trout in metric tons for each of the
eight regions of France. For 1972, these two regions accounted for 41.1% of
total French production. However, during the three months of April—
May—dJune, they reached peak levels, and during December—January—
February reached their lowest levels. During April they sold 58.5% of the
French total; 56.7% in May; and 51.5% in June. By comparison, during
December they accounted for only 35.8%; 27.7% in January; and 37.7% in
February (Table 12.3).

The North region was somewhat of an equalizer by having different low
and high marketing periods. This region’s low peried of marketing was in
April—May —June when Brittany and Normandy flooded the market. How-
ever, this was not sufficient to stem the tide, and prices fell on the central
market. The effects of all three of these regions are shown in Fig. 12.3. An
even clearer presentation is shown in Fig. 12.4, which gives average per-
centages of production for Brittany, North, Normandy, and France for the
lowest and for the highest three months of marketing. The difference
between lows and highs for Brittany was 365%, for Normandy, 91%, and for
North, 79%. For all of France, marketing during the peak months of June—
July—August was exactly 100% greater than during low months of De-
cember—dJanuary—February.

These data show clearly that Brittany was the arch villain in price
swings, that Normandy was a culprit, and that North was a fledgling hero.
While it is easy to point an accusing finger at both Brittany and Normandy
for causing low prices, the reader should also realize the cause of these wide
fluctuations in marketing. In both Brittany and Normandy a dispropor-
tionate share of annual production must be sold in April, May, and June
before water shortages occur in the summer and water temperatures in-
crease. As temperature increases, the oxygen-carrying capacity of the re-
maining water flow decreases, and fish numbers must be reduced. During
these months, fish prices are depressed in northern Paris markets and fish
from Brittany move to other countries as well as to southern France. By
August, the temporary glut of food-sized fish is over and a temporary
shortage of the right sizes occurs. During August and September, imports,
chiefly from Italy and Denmark, are made.
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Fig. 12.3. Relative importance of the three major rainbow trout production areas by
months, France, 1972.

Imports and Exports

France has long been a deficit country in regard to rainbow trout produc-
tion. For example, in 1960, 1905 MT were imported and only 158 MT
exported, resulting in a deficit of 1747 MT (Table 12.4). Then, from 1962 to
1968 imports declined. Beginning in 1968, imports and exports increased,
and a large annual deficit of trout occurred each year. For the five years of
1970-1974, the deficit was 1058 MT annually. This amounted to an aver-
age deficit of 8.8%.

During the six year period 1968—1973, a total of 8741 MT (9633 ST) of
rainbow trout was imported into France (Table 12.5). These imports had a
total value of $13,552,000. On a yearly basis, 1457 MT (1605 ST) worth
$2,258,666 were imported. Exports amounted to 282 MT (311 ST) annually,
worth $464,000. These figures indicate that France had a deficit of 1175 MT
(1294 ST) of rainbow trout annually. In spite of French exports selling for
more than French imports on a per kilogram basis, the annual outflow of
money in dollars was $1,794,666.

Observing France’s trout export and import locations is interesting. In
1973 and 1974 the chief country for exports was Belgium (Table 12.6),
which accounted for 89% of total exports. This is contrary to the belief of
many French fish farmers that chief markets are West Germany and
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Fig.12.4. Average percentages of low and high three months trout marketing periods
for three districts and for France, 1972.

TABLE 12.4. PRODUCTION, IMPORTS, EXPORTS, DEFICIT, AND TOTAL SUPPLY OF
RAINBOW TROUT IN FRANCE FOR THE 15 YEAR PERIOD, 1960—-1974

Year Production Imports Exports Deficit Total Supply
Metric Tons

1960 NA 1905 158 1747 NA
1961 NA 1780 187 1593 NA
1962 NA 36 2 34 NA
1963 NA 481 10 471 NA
1964 NA 468 12 456 NA
1965 2,992 565 22 543 3,535
1966 4,418 433 65 368 4,786
1967 6,006 520 68 452 6,458
1968 7,108 1287 60 1227 8,335
1969 7,827 1425 43 1382 9,209
1970 9,206 1000 380 620 9,826
1971 10,516 1037 333 704 11,220
1972 11,595 1983 406 1577 13,172
1973 13,500 1979 466 1513 15,013
1974 15,000 2167 1290 877 15,877

Source: 1961—1974 production data secured from Table 12.1. For 1960—1969 export and
import data from Desplanques et al. (1972). Data for exports and imports for 1970—1974
secured from Anon. (1971-1979).

NA: Not available.
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TABLE 12.6. EXPORTS AND IMPORTS OF
RAINBOW TROUT BY COUNTRIES, FRANCE, 1973

AND 1974'
1973 1974
Country (MT) MT)
Exports from France
Belgium-Luxembourg 407 1161
West Germany 9 62
Andorra 26 21
Others 24 46
Totals 466 1290
Imports to France
Italy 1480 1742
Denmark 262 283
Belgium-Luxembourg 170 92
Norway 18 22
Ireland 17 12
Others 32 16
Totals 1979 2167

! Data secured from European Trout Federation Of-
fice, Treviso, Italy.

Switzerland. Seventy-five percent of all imports came from Italy, the pri-
mary source of imports, in 1973. In 1974, this increased to 80%. Denmark
accounted for more than one-half of the remainder.

Trout Prices

The 1975 farm price of trout in southern France averaged about $2.20 per
kg. Depending on location and local demand, this price was for live fish
delivered within a radius of 100 km (62 mi), or fish at the producers’ pond,
with an extra charge made for icing, dressing, and packaging. However,
some retailers furnish their own packaging materials. If the producer
furnished packaging and boxes, about $0.20 per kg ($0.09 per 1b) was added
on. In southern France, only the very large producers sell outside the local
areas. Large producers may sell directly to dealers in Belgium and other
countries.

Producer prices in southern France bear little relationship to Paris pric-
es. Southern prices are strongly affected by tourist influx between April 1
and September 1, some producers selling more than 80% of their annual
output during these five months. Southern prices are reasonably stable
throughout the year.

Producer prices in northern France are generally 10—15% below those
found in southern France. The average producer price in northern France in
1975 was about $2.00 per kg ($0.90 per 1b). The price in northern France is
usually determined by the National Market at Rungis in Paris.

In 1971, total production of rainbow trout in northern France from the
regions of Brittany, North, Normandy, Parisian Basin, and East was 7329
MT. The National Market at Rungis, Paris, handled 1679 MT of this
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amount, or 22.9%. In 1972, production from the five regions was 7905 MT.
Estimated sales at the National Market were 2004 MT or 25.4%.These data
indicate the relative and increasing importance of that market.

In southern France during 1975, farmer-jobbers were buying trout at
$2.20 per kg ($1.00 per 1b) delivered to their ponds. They, in turn, sold about
80% of their finished fish to hotels and restaurants, and 20% to retail stores
in small quantities a few weeks later at about $3.33 per kg ($1.51 per 1b) for
dressed fish. On a heads-on, dressed-out basis, this compares to $2.73 per
kg ($1.24 per 1b).

The retailers, in turn, sell the $2.13 per kg ($1.24 per 1b) dressed fish to
restaurants or homemakers at an average price of $4.13 per kg ($1.88 per
Ib).

There is a small but growing fee fish-out market for producers. Most fee
fish-out enterprises are located in a general area south of Paris, but some
are scattered throughout central France. It is estimated that 5—10% of total
production is sold to fee ponds for recreational fishing. Trout producers’
prices for these fish averaged about $2.65 per kg ($1.20 per 1b) in 1975.
Catch-out price at the fee fish-out pond was $4.35 per kg ($1.98 per 1b),
which is higher than retail prices of $1.88. Additionally, the fee fish-out
price was for fish in the round, whereas retail price was for dressed fish.

Marketing Channels

Marketing channels for rainbow trout sold in France are remarkably
different from those found for most products. The typical picture is farmer to
wholesaler to retailer to consumer. Producers sell French-produced trout
directly to farmer-jobbers, wholesalers, hotels, and restaurants, and the
ultimate consumer (Fig. 12.5). The farmer-jobbers also sell directly to all
levels, including wholesalers, hotels, restaurants, and the final consumer.
No information is available concerning relative volumes sold at each step.
Imports usually go directly to French wholesalers.

Farm Examples

Case 1. Of the approximately 14,000 MT of rainbow trout produced in
France, only about 200 MT are produced in brackish water. About one-half
of total brackish production comes from the Méditerranée Pisciculture S.A.
farm at Salses near the Spanish border. A brief discussion of this operation
will enable the reader to understand some problems faced by French pro-
ducers in using brackish water for rainbow trout production. Mr. Jouy, the
owner, started this farm in 1972 and is still working at removing obstacles
and problems associated with the site.

Freshwater supply is from a stream which goes underground about 10 km
away and then surfaces at the fish farm from the bottom of a cliff. The
oxygen content of the resurfaced water is only 5.5 ppm. Hence, artificial
oxygenation is necessary to raise oxygen content. The terrain is so level that
mechanical rather than gravity aeration must be used. Maximum use of the
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Fig. 12.5. Marketing channels for rainbow trout in France.

freshwater flow has not yet been attained. Existing plans call for a substan-
tial increase in production. The freshwater flow is 1000 liters per sec (15,849
gal. per min) with a constant temperature of 17.5°C (63.5°F). Thus, thereisa
temperature limitation on use of the water. In summer months, production
is limited by being able to use the water only until the temperature in-
creases 4° to 5°C (8°F). Thus, year-round production is restrictive since only
limited volumes of fish may be stocked in the summer.

Some of the freshwater is used to dilute salt water brought inland from
the bay area. The salt water reaches a temperature of 26° to 27°C (80°F) in
summer. Freshwater is added so that the brackish water has a salt content
0f 20—21 ppm. The mixed brackish water is cold enough for production only
between December 15 and May 15, or for five months.

Trout can be raised from hatching to market sizes of 200 g (7 0z) in about
10—12 months. On a 12-month schedule of growth, eggs must be hatched
about May 1, reared in the newest freshwater until December 15, and then
transferred to the brackish water for growing-out before the next May.

All trout are sold in the round (undressed) to retailers within a 100 km
radius (62 mi). There is no relationship to the central market price in Paris,
and prices are fairly stable throughout the year.

Another enterprise producing rainbow trout in brackish water is found
just south of Bordeaux on the Atlantic Ocean side of France. As is true for
the Mediterranean side, the brackish water is too warm for trout production
during the months of June—September. Hence, 100 g fingerlings (3% oz)
are brought in to be fattened to a market size of 250 g (8 0z). The production
period is about three months. Salinity of the water varies from 18 to 30 ppm.
These fish are produced in old salt beds which have been in fish culture since

1750.
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Fig. 12.6. Tidal water gate for saltwater culture of fish.

Production costs are higher in brackish water than in freshwater. For
example, feed costs increase about 40% due to the need to add a binder and
greater loss of feed which dissolves faster in brackish water. This additional
feed cost amounts to about 17¢ per kg ($0.08 per 1b). The technicians
working with brackish water culture believe that higher production cost
can be recovered in the marketing system by emphasizing the pink, fleshy
color and the firmer texture of the product. There is also the possibility of
differentiating the product by selling different sizes of fish. These might be
retail sizes of 200 g (7 oz) for portions, family sizes of 400 g (14 oz) for
restaurants, and 600 g sizes (21 oz) for smoking.

There are two ways of maintaining oxygen levels in brackish water
culture. With either method, tides are relied upon to exchange the water
twice daily. If fish are not intensively stocked, no supplemental aeration
may be necessary. One way of providing necessary supplementary oxy-
genation is with mechanical aerators. The second method is to provide for a
reservoir which is higher than the fish cultural ponds. At high tides the
reservoir is filled. Between high tides, water is released from the reservoir
into the cultured ponds. This system requires an extensive, expensive
system of levees and water gates, however. In some parts of France such
systems already exist.

Case 2. One of the largest, if not the largest, trout enterprises in France
is near Mezos, France, south of Bordeaux. The enterprise consists of two
different production units. One unit hatches the eggs and raises the fry to
about 50 g each (nearly 2 oz). Then the 50 g fingerlings are transported to
the grow-out unit several kilometers away.

Trout eggs for hatching are imported from different countries in order to
spread out the production cycle so that harvesting and marketing will be
more uniform throughout the year. Eggs are imported from the USA,
Australia, and Denmark. Eggs produced in France are also used. Hatching
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Fig. 12.7. Rainbow trout egg hatching equipment.

takes place every month but June and July. The water source for hatching
the eggs is a spring having a water flow of 350 liters per sec (5550 gal. per
min). The spring water is a constant 13°C (55°F).

One month after hatching, the fry are moved to rearing raceways. These
raceways are supplied by a separate spring-fed stream; the temperature of
raceway water varies from a low of 9°C to a high of 15°C (48° to 59°F). In 6 to
8 months the fry reach an average size of 50 g (nearly 2 oz). The fish are
graded for size twice during this period. The fry and fingerlings are fed 6 to 8
times daily by mechanical feeders. All other work is performed by four
workers.

After the fish reach 50 g they are transferred to the grow-out unit several
kilometers away. Water supply for this operation comes from a large spring
having a flow of 3000 to 6000 liters per sec (47,564 to 95,128 gal. per min).
The water flows through 13 lines of raceways. Each line is divided into 5
segments, or 65 segments in toto. Each segment is 1 m deep, 8 m wide, and
60 m long (3 ft deep x 26 ft wide x 194 ft long). The fish are grown from 50 to
200—-250 g (nearly 2 to 8 0z) in 4 to 4¥2 months. During this time they are
mechanically graded twice by size. At harvest, they are sold in the round or
dressed and packed in ice. Sales are made throughout France to wholesal-
ers. Direct export sales are also made to supermarkets in Belgium and
Switzerland.

Production efficiency is very high at this farm. Qutput of trout per worker
per year ranges between 70 and 80 MT.

At this facility a quick freezing plant was completed in 1976 and was the
first specialized quick freezing trout operation in France. The plant is
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Fig. 12.8. Fry rearing troughs.

capable of processing, storing, and marketing several thousand tons of trout
annually.

Case3. Onerather typical enterprise was visited in central France. This
fish farmer had three different farms: one to hatch eggs and produce fry;
one to rear fry to fingerling size; and one to complete the grow-out process.

At one time, this farmer raised his own brood stock and produced his own
eggs. He then shifted to importing one-half of his eggs from Denmark. He

Fig. 12.9. New frozen trout processing plant under construction.
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recently shifted entirely to imported eggs from Denmark. He remarked that
it was cheaper to buy all eggs than to produce his own. He buys 1 million
eyed-eggs annually during the January 15 to May 15 period. Eggs are
purchased in units of 200,000 at a time. From the 1 million eggs, 850,000 fry
are obtained. A hatching tray is divided into 4 compartments, each holding
10,000 eggs, for a total of 40,000 eggs per tray. After hatching, the yolk fry
go by gravity to the holding tank under the tray.

From the holding tank, fry are placed into rearing tanks, each 7 m long,
1.5 m wide, and 0.5 m deep (22 ft X 5 ft X 18 in.). Each rearing tank holds
30,000 fry. These fry are then grown to a maximum length of 6 cm (2% in.).

At 6 cm, the fry are transported to the second farm. This farm has a
sufficient number of raceways to rear the fry to 10 cm (4 in.). A raceway is
divided into three segments, each of which is 30 m long, 3 m wide, and 0.5 m
deep (92 ft long X 3 ft wide X 18 in. deep).

After reaching 10 cm, fingerlings are transported to the grow-out farm for
rearing to market sizes varying between 150 and 220 g (5.5 and 8 oz).

This farm (all three units) is designated as a disease-free, certified farm.
Hence, sales prices for fingerlings are higher than noncertified farm prices.
However, prices for food fish remain competitive with other producers.
Sales of fingerlings from this farm during September 1975, were priced at
$8.70 per kg ($3.95 per 1b) for 7 cm (4% in.) fish. This amounted to about
$0.033 each. Prices at noncertified farms were $5.16 per kg of fish ($2.35 per
ib), costing about $0.02 per fingerling.

This farmer sells 100 MT (110 ST) annually. Fish, when sold, vary from
150 to 220 g (5.5 to 8 0z). The larger fish of 180—220 g are sold to local fish

Fig. 12.10. Overhead aeration from canal leading from a river.
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markets and restaurants. Some are sold live and some in the round. Fifty
metric tons are sold at an average price (in 1975) of $2.98 per kg ($1.35 per
1b).

About 48 MT were sold live to fish farmers who also played the role of
jobbers. These were the smaller fish of 150—-180 g which sold for $2.64 per
kg ($1.20 per 1b).

Two metric tons were sold to fee fish-out ponds. Since there are none
locally, they were transported about 200 km (132 mi) to middle France.
Prices here were the same as to local jobbers, $2.64 per kg ($1.20 per 1b).

Feed conversion from time of hatching to market size was 1.8 to 1. Feed
cost was $0.69 per kg ($0.31 per lb).

Case 4. One of the nicest, but by no means the largest, fish farms visited
by the author was in Brittany. This farm was owned by an elderly gentle-
man more than 80 years of age. Daily work was performed by one hired
man, but during busy times, such as grading, an additional man was hired.
Production was 50 MT (55 ST) per year.

The farmer had no pollution, had disease-free spawning stock, produced
all his own eggs, and raised only his own fry and fingerlings. He had no
disease problems and only minimal parasite problems.

This farmer had his own private spring which had a normal water flow of
300 liter per sec (4755 gal. per min). The lowest flow ever encountered was
180 liters per sec (2853 gal. per min).

Water temperature at the spring was 9°C (48°F). The temperatures of the
discharge waters after being used in the fish farm were never lower than 6°
or 7°C (44°F) in winter and never exceeded 21°C (70°F) during the worst
heat wave.

Eggs are produced from January 15 to February 15 using 700-—800
female spawners and 200—300 male breeders. Egg output averages 1.5
million annually. From these he sells between 200,000 and 400,000 finger-
lings annually and 750,000 food-size trout. The survival rate is between 65
and 76%. His 12 to 15 cm (5 to 6 in.) fingerlings in 1975 sold for $0.08 to
$0.09 each. The remainder of the fish, about 50 MT, were sold at 200—250 g
sizes (7—8 oz). About 50% were sold locally through fish markets or to a
nearby fish freezing plant. This plant freezes mostly saltwater fish. The
remainder were sold through the central market in Paris.

Case 5. This involves perhaps one of the most interesting trout enter-
prises in France, located in central France.

Water supplies at this farm are furnished by springs having a total flow of
1000 liter per sec (15,840 gal. per min). The spring water is a constant
10.5°C (51°F). Two parts of recirculated water are used for each part of new
spring water. Hence, total water flow is 3000 liters per sec.

Eyed-eggs are bought from northeastern French producers. Five and
one-half million eggs are purchased during the November—February peri-
od. Production time, from hatching to market size, averages 16 months.
Survivability during the rearing and growing-out stages to market weights
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averages 56% of the eggs. The fish are marketed between 160 and 200 g (6
and 7 oz) to fish jobbers who add 2040 g (1-1% oz) of weight per fish.
Eighty percent of their production is marketed between April and August to
coincide with the tourist season in the area. In this area, producer trout
prices do not follow the seasonal low prices of April—June of the National
Market in Paris.

Maximum use is made of aeration, and production per unit of water flow
was the highest found on any trout farm visited in Western Europe by the
writer. Production was 555 kg of fish per liter of freshwater per sec (78.4 1b
per gal. per min). Disease problems were minimal and mortality was less
than that of many farms where only a fraction of his output per unit of
freshwater was attained.

Additional labor efficiency was high. Production per worker averaged
between 70 and 80 MT per year.

Production Costs

In nearly all, if not all, trout-producing countries, the major cost is for
feed, and this is true for France. In 1975, feed costs for different feeds in
20,000 kg (44,000 1b) trucklots varied from a low of $333 per MT ($367 per
ST) for 45% protein feeds for fish between 100 and 300 g (4 and 11 oz) to a
high of $378 per MT ($417 per ST) for 50% protein feeds for young fry. Fish
pellets for other stages of growth ranged between these two figures. A feed

Fig. 12.11. Intensive aeration of trout water.
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Fig. 12.12. Feed storage bins for trout feed.

Fig. 12.13. Mechanical feeding of trout from both sides of feeder.

conversion of 1.7 kg of feed per kg of growth resulted in an average cost of
about $0.58 per kg ($0.26 per 1b) for feed. This amounted to about 36% of
total production cost.

From discussion and data secured from interviewing numerous trout
producers, rather consistent figures for cost of production by areas appear-
ed. In 1975, total costs of producing trout in France, including feed, labor,
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fingerlings, and fixed overhead costs, ranged between $1.38 and $1.83 per
kg ($0.63 and $0.83 per 1b). The lower figure of $1.38 per kg was representa-
tive of larger, more efficient producers and average size producers in Brit-
tany. The higher figure of $1.83 per kg was for the smaller, less efficient
producers outside Brittany. A mean cost of $1.60 per kg ($0.73 per 1b) would
probably be representative of the average producer.

Outlook

In 1979, rainbow trout production was hovering around 18,000 MT annu-
ally (19,800 ST). Estimates by French trout producers and specialists sug-
gest production could increase by 10 to 20% before all existing freshwater of
the proper temperature and purity, including seasonal production, would be
used.

This projected increase does not take into account possible increases from
fish disease control. The worst disease is viral hemorrhagic septicemia
(VHS), which may be restricting total production by 15%. In addition, some
farmers have problems with infectious pancreatic necrosis (IPN), which
affects young trout.

Moreover, if all producers were able to increase output per unit of fresh-
water flow to the maximum possible, production might well increase by
50—60% (see later section on “Hydrologic Information”). In addition, if
brackish water culture expands, there may be no foreseeable limit on this
type of production. There are thousands of hectares of brackish water area
in France which could conceivably be converted to production. Present
techniques result in 4 to 20 MT per ha (1800 to 9000 1b per acre). Among

Fig. 12.14. Rainbow trout produced in brackish water on the way to market.
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these four possibilities, it would appear possible for trout production to at
least double in the foreseeable future.

BROWN TROUT (Salmo trutta)

Brown trout are not commonly grown in France as a food fish. However,
there is a large demand for brown trout fingerlings for restocking rivers and
streams. The number of fingerlings stocked could not be determined. How-
ever, there are approximately 4,200,000 licensed anglers, many of whom
fish primarily for brown trout. Hence, the number of fish stocked could be
somewhere between 50 and 100 million fish.

CARP (Cyprinus carpio)

There is one intensive carp producer in France. He feeds his fish and
fertilizes his ponds, and is reputed to be the largest producer of carp in the
country. His total production of 225—-250 MT is produced from 200 ha of
water. Average production is 1.25 MT per ha (1.1 ST per acre).

The remainder of carp producers are extensive enterprises, using no feed
and little or no pond fertilization. The number of these producers is un-
known, but may number several hundred. On the extensive-type opera-
tions, production is estimated to be about 180 kg per ha (160 Ib per acre).

Total cultured carp production is difficult to determine. No government
studies or data are available, and discussions with different individuals
who are extremely knowledgeable about France’s cultured fish industry
resulted in widely varying estimates of total production, hectares of produc-
tion, and area of consumption. The most pessimistic estimate of carp pro-
duction was 5000 MT (5510 ST). The most optimistic estimate indicated
14,000 MT (15,428 ST), and the most common estimate was 8000—10,000
MT (8816-11,020 ST). Since total production is a function of total hectares
of water area and yields per hectare, it was only natural that these esti-
mates also varied widely.

Estimated consumption ranged from 80% of some unknown quantity
exported to West Germany and 20% consumed in France, to 80% consumed
in France and 20% exported to West Germany. Data secured in West
Germany for carp imports from France for the 1970—1975 period indicate
that even the most conservative estimate of production and exports to West
Germany was too high. Annual imports from France during these years
varied from a low of 300 MT to a high of 792 MT. (See Chapter 8 on West
Germany.) Areas of production are shown in Fig. 12.15.

More solid estimates indicate that very few farmers make their living
solely from carp production. Production and sale of carp are supplementary
farm enterprises. There was general agreement that many fingerlings were
sold for sports fishing and that nearly all carp food fish were sold at the end
of three summers of growth at slightly more than 1 kg of weight.
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Fig. 12.15. Carp (Cyprinus carpio L) areas in France, 1975.

EUROPEAN EELS (Anguilla anguilla)

There were only three intensive eel farms in France in 1975, and all three
were discontinuing operations. Reported reasons for discontinuance were
relatively low domestic eel price and technical production problems, such as
high mortality during the 0.2 to 20 g growth period.

A general statement is that the French have no preference for eels. Most
of the wild catch is exported to Italy, Belgium, Holland, and West Germany.
Approximately 90% of the total catch, about 8000 MT (8816 ST), is exported.
This is divided into 4000 MT caught in freshwater, 3000 MT in brackish
waters of the French Mediterranean, and 1000 MT in brackish waters on
the Atlantic side of France. Because of the abundance of wild eel, prices are
low. In spite of these factors, there are several enterprises either planned or
in process to culture eel extensively (no feed). One such project is near
Guerande where extensive culture is planned on old salt beds. Eel culture is
also conducted at Croisic near Nantes.
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Fig. 12.16. Saltwater culturing ponds and feeding stations for eel.

Culturing techniques call for feeding freshly ground redworms during
the first three weeks after the elvers are captured. Then in brackish or salt
water, the eels are gradually converted to fish fillets. In freshwater, a
binder can be added to artificial foods, and after the first 3 weeks, finely
ground fish meal can be fed. Feed conversion with mackerel is about 5:1,
while feeding other raw fish results in about a 7:1 ratio. During the first
season of growth, the eels may grow from 0.2—0.4 g elvers to 20—30 g black
eels. At the end of the second season, eels of 150—200 g can be expected.

One intensive farm visited used salt water in its intensive operation. The
ponds were 1000 m? and 1 m deep (10,760 ft* and 39 in. deep). Each pond
produced 1.2 to 1.5 MT (1.3 to 1.4 ST), for a total output of 10 to 12 MT per ha

Fig. 12.17. Seining harvesting channel in earthen eel culturing pond.
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Fig. 12.18. Mechanical loading of eel catch from harvesting channel in earthen eel
pond.

(25 to 30 ST per acre). Each pond had 5 m? (176 ft?) (1322 gal.) of saltwater
flow per hr. Each pond also was stocked with a few sea bass (Dicentrarchus
labrax) and mullet (Mugil cephalus). These fish feed on the eel excreta.

Fig. 12.19. Harvested eel being transported to holding tanks.
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Fig. 12.20. Holding tanks for harvested eel.

COHO SALMON (Oncorhynchus kisutch)

There is only one coho salmon farm in France. It is operated by the federal
government as a pilot demonstration farm. Production in 1975 was between
40 and 50 MT. In 1976, production was forecast at 120 MT. It is believed that
between government and private individuals, production could reach 3000
MT. Part of existing production is used for stocking streams and part for
food fish.

CRAYFISH (Astacus leptoctylus)

Crayfish are a gourmet item in France and command a premium price. In
addition to the capture of an unknown quantity of wild crayfish, about 1300
MT are imported. About 80% of this volume is imported from Turkey and
20% from Poland and Eastern Europe. Domestic production from six cultur-
ing enterprises is estimated at 10 MT annually.

The largest crayfish enterprise in France was visited. This farm has 4 ha
of water divided into 32 ponds. About 10 MT (11 ST) of crayfish are in
various stages of culture.

This farmer cultures Turkish crayfish which mature in 2—3 years, as
compared to 56 years for the Polish crayfish. Several hundred thousand
juvenile crayfish are produced annually. Each female produces 50—100
eggs. Shrimp pellets are fed exclusively. Average weight of food-sized cray-
fish sold is 40 g or 25 per kg (11 per Ib). The producer price in 1975 was about
$6.50 per kg (83.00 per 1b), or $0.26 per crayfish. Crayfish sold for propaga-
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Fig. 12.21. Dip net for harvesting crayfish.

Fig. 12.22. Intensive culture of crayfish in terra cotta pipes.

tion purposes are, of course, higher priced. With imports of 1300 MT and a
price of $6.50 per kg, the minimum amount spent for imports is about $8%
million annually.

It is essential that each crayfish have its own quarters. Hence, each pond
is furnished with thousands of terra cotta pipes about 20 cm long and 6 cm in
diameter (8 in. X 2Y in.). In the more intensive, cultured ponds there can
be as many as 40 crayfish and 40 terra cotta pipes per m? (10 ft?), which
necessitates stacking the pipes three and four high. These resemble a hotel
with each dweller looking out of his private picture window. With produc-
tion of this intensity, there can be an annual gross return of $10.80 per m?
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Fig. 12.23. Cultured crayfish, the end product.

every two or three years. This calculates out to $108,000 per ha (343,725 per
acre).

HYDROLOGIC INFORMATION

One measurement of management effectiveness is the volume of trout
which can be produced per unit of flowing water. In the USA, Buss and
Miller (1971) state that in one heavily aerated hatchery in Pennsylvania,
production of more than 589.6 kg per liter per sec (82 1b per gal. per min) of
water flow was attained. They said that this was far above the accepted
maximum of 360—396 kg per liter per sec of water (50— 55 b per gal.). While
there is no recommended minimum, it would appear that a production rate
of one-half of the maximum could be attained to increase the effectiveness of
a given water flow.

In West Germany, the commonly accepted standard is that 100 kg of
production should result from a flow of 1 liter per sec (13.8 1b per gal. per
min). This would appear to be about 28% of the maximum potential.

In Denmark, the production rate is normally about 200 kg of production
per liter of water flow per sec (27.8 1b per gal. per min). This result is 100%
better than the West German level, but is still only 56% of the maximum
potential. Growers in Denmark admit that they do not stock their waters
at the maximum rate, but understock because sometimes in winter the
streams feeding the ponds freeze over and water flow and oxygen levels
drop.

In Italy, where the trout waters never freeze and minimum temperature
is 12°C (54°F), a high production rate is 143 kg of production per liter per sec
(19.9 1b per gal. per min). While this rate is better than for West Germany, it
is only 40% of the maximum possible.
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In southern France, one average trout enterprise producing 50 MT of
trout annually uses only spring water which does not freeze in winter. This
farmer produced at the rate of 278 kg per liter per sec of water flow (38.6 1b
per gal. per min).

At a second trout farm in central France, 550 MT were being produced
from spring water. Approximately one-third of total water in the system
was freshwater and two-thirds was recirculated. Maximum aeration was
used. Production rate was 555 kg of fish production per liter of freshwater
per sec (76.5 lb per gal. per min). Disease problems were minimal, and
mortality was less than that of many farms where only a fraction of this
output per unit of water was attained.

These latter examples indicate that production of rainbow trout in West-
ern European countries, where stream flow is not restricted by freezing in
winter and water recirculation in summer still permits the water tempera-
ture to remain low enough, has not attained its maximum production
volume. if maximum use were made of trout waters, production could
double in Italy and increase by significant amounts in France and Spain.
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Spain
FISH SPECIES

Atlantic salmon (Salmo salar)
Brown trout (Salmo trutta)
Carp (Cyprinus carpio)

European eel (Anguilla
anguilla)

Largemouth bass (Micropterus
salmoides)

Northern pike (Esox lucius)
Rainbow trout (Salmo gairdneri)

Tench (Tinca tinca)
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Spain

RAINBOW TROUT (Salmo gairdneri)

Cultured fish destined for sale for food use is a relatively recent develop-
ment in Spain. There was little or no production before 1965. In 1975 there
were 112 private fish farmers producing between 5000 and 6000 MT (5510
and 6612 ST) of rainbow trout. By 1979 production had reached 9000 MT
(9900 ST). The total volume of rainbow trout eggs produced for all purposes
was 100 million compared with 3 million Atlantic salmon (Salmo salar) and
6 million brown trout (Salmo trutta). All of the production of rainbow trout
is consumed domestically; there are practically no exports or imports of
commonly cultured freshwater fish.

The rainbow trout spawn in the October —March period and after reach-
ing about 6 cm (2%2—3 in.), fingerlings are placed into concrete raceways for
growing out. A small proportion of the trout are grown in earthen ponds.

All fish are fed pelletized foods. Fish are harvested at about 200 g (7 0z),
although a few are raised to 2 or 3 kg sizes (4%2—6Y2 1b). These latter are for
smoked fillets. Nearly all of the 200 g fish are sold in the round, packed in
ice. Average production time from egg laying to the 200 g size is about 15
months.

The majority of rainbow trout is sold by the farmer directly to buyers for
fish markets. The fish market in turn sells directly to the final consumer.

Fish farms exist in all parts of the Iberian Peninsula but the majority are
located in the northern half of the country. The ideal farm is located close to
alarge spring but many farms are using river water. In 1975 there was little
or no fee recreation fishing, but some farmers were in the planning stages of
initiating fee fishing outlets for the public.

OTHER FRESHWATER FISH

Other than rainbow trout, there is not commercial production of fresh-
water cultured fish destined for immediate food consumption. However, the
state has 23 fish hatcheries in production. These hatcheries produce a
variety of fish for restocking river and stream beds. In 1974 the restocking
program was as follows:

211
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Species Number of

Fingerlings

Brown trout (Salmo trutta) 4,648,150
Rainbow trout (Salmo gairdneri) 3,707,562
Largemouth bass (Micropterus salmoides) 1,005,000
Carp (Cyprinus carpio) 838,500
Atlantic salmon (Salmo salar) 363,800
Northern pike (Esox lucius) 162,000
Tench (Tinca tinca) 7,000
Other 36,790
Total 10,768,802

MARINE CULTURE

Cultivation of marine fish in Spain is only in its beginning phases. In
1975 there were two private groups experimenting with Atlantic salmon
culture (Salmo salar). One of these was located at the mouth of the river
Arosain Villagaracia province and one at the mouth of the river Ortigueira
in La Coruna province. Both of these projects were still in the experimental
phases and salmon culture can be said to be still noncommercial. Salmon at
these two sites are produced in saltwater net enclosures. Eggs and finger-
lings are produced in freshwater for stocking in these pens.

EUROPEAN EEL (Anguilla anguilla)

There is no culture of the European eel in Spain. An undisclosed volume
of wild eel is caught annually, and these are consumed domestically. There
is no exportation of elvers or adult eel and no importation.

OUTLOOK

Production of rainbow trout for food started only about 1965 in Spain. In
15 years, production had reached 9000 MT. Water limitations may check
production at about the 10,000~-12,000 MT limit. Additional production
can also be attained by intensifying production per unit of flowing water.
The domestic market has readily accepted rainbow trout and can probably
expand to accommodate increased production.

There is also a predicted future for salmon culture. However, commercial
production may never exceed several hundred metric tons annually.
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Portugal
FISH SPECIES

Atlantic salmon (Salmo salar)
Brown trout (Salmo trutta)
Carp (Cyprinus carpio)
Rainbow trout (Salmo gairdneri)

Steelhead trout (Salmo irideus)
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Portugal

RAINBOW TROUT (Salmo gairdneri)
AND BROWN TROUT (Salmo trutta)

Asin Spain, culturing fish for food use is a relatively recent development.
All production began only within the past 15 years. In 1976 there were only
four private individuals culturing rainbow and brown trout. The area of
production is in northern Portugal in Paredes de Coura, Vila Conde, Man-
teigas, and Visev. About 250 MT (276 ST) of trout, nearly all of them
rainbow, are produced annually. All production of trout is consumed dom-
estically. There are practically no exports or imports of freshwater cultured
fish of food sizes.

The trout spawn in the November—February period. In addition to do-
mestic egg production, about 1.5 million rainbow trout eggs are imported.
The fry are raised in concrete troughs until they reach about 6 cm (2.5 to 3
in.). They are then stocked in concrete raceways for growing-out.

All fish are fed pelletized foods. Trout harvested at about 200 g (7 oz).
Nearly all the 200 g fish are sold in the round, packed in ice. Average
production time from hatching to the 200 g size is from 12 to 15 months,
depending on water temperatures.

Nearly all trout is sold by the farmer directly to retail fish markets which
sell to the final consumer. Hence the marketing channel is very direct.

In 1976 there were few or no fee fish-out operations. However, this type of
outlet is being discussed.

CARP (Cyprinus carpio)

In 1976 there were several carp farms in Portugal. Total production was
estimated at 50 MT (55 ST).

Carp spawn in the March—May period and are then raised in earthen
ponds. Farming is extensive, which means that few or no feeds are fed. After
about 2 to 3 years the carp reach their market sizes of about 1 kg (2.2 1b) and
are sold directly to homemakers or to retail fish markets.
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MARINE CULTURE

Cultivation of marine fish centers on steelhead trout (Salmo irideus) and
Atlantic salmon (Salmo salar). However, production cannot be said to be
truly commercial. About 500,000 steelhead trout eggs and 300,000 Atlantic
salmon eggs are imported yearly for restocking streams leading to the
ocean. Production of both species combined is less than 100 MT (110 ST).

OUTLOOK

It has been predicted that production of cultured fish will increase at least
20% in the next 10 years and that this increase will be essentially in
rainbow trout. It is difficult to predict the expansion of marine fish culture
since it is not really commercial at present. With marine cultured fish,
much depends on price relationships and price levels of the same and other
species of wild marine fish. An increase in the price of salmon and steelhead
trout would be conducive to expansion of culturing.
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United Kingdom

Shawn R. Prescott

Fish farming in the United Kingdom has progressed dramatically in the
last decade so that today the U.K. ranks about sixth in Europe for farmed
fish. Total production was about 4400 MT in 1980 and 5200 MT in 1981
(Anon. 1981). Regrettably, however, the majority of the production is con-
centrated on one species, viz., rainbow trout. Nevertheless, the interest in
farmed fish, actively encouraged by the media, is now extending the com-
mercial horizons into such species as: salmon, Dover sole, turbot, eels,
crayfish, and carp.

A characteristic of this latter development is the entry of many large
companies looking for diversification that have the capital, technical exper-
tise, and marketing abilities which any “new frontier” industry must have
in order to achieve maturity.

The government has several research laboratories working with the
industry to overcome the biological problems, disease, marketing, and
related problems. These laboratories are working more effectively than in
the past in close liaison with the industry, and seminars are now a regular
part of the curricula for the industry.

Specialized areas of mutual interest are emerging, for example, the
Shellfish Assoc. of Great Britain, which brings together in an annual
conference all parties interested in the production of molluscs and crus-
tacea. Trout farmers have also their own association and Scotland has its
own now specialized Fish Farmers Union under the aegis of the National
Farmers Union.

Compared with the diminution of the natural Fishing Industry the pro-
duction of farm fish is a mere fraction of what would be needed to replace the
drop in the fish landings; however, the industry is in a position to expo-
nentially increase production in the coming decade.

RAINBOW TROUT

The number of producers was estimated to be about 160 in 1978 in the
United Kingdom, of which about one-third were in Scotland (Lewis 1980).
The majority of the producers are only small-scale ones; they sell their fish
at the farm gate or to local hotels and restaurants. Production in 1979 was

219



220  WORLD FISH FARMING

about 4415 MT, and planned production for 1980 was 6001 MT (Lewis
1980), but any statistics are suspect as many small “hobby” producers keep
incomplete records.

Trout producers have, however, been forced by pressure of the market to
organize themselves to produce better quality fish, available at a size and
weight that the supermarket and other large buyers require, and to plan
their production in such a manner that the fish are available on a year
round basis.

It appears that about 15% of the farms produce two-thirds of trout produc-
tion. These farms, which are larger, are increasingly being run on typical
big business lines with costings planned down to the last detail and contract
marketing at preagreed prices often to large retail outlets.

Certain trends are emerging which parallel in many respects the dynam-
ics of the poultry industry of the 1950s and 1960s. These are the division
into specialized production of eggs and fingerlings and the dominance in
certain areas of a more successful producer who sets standards and will
purchase production of other producers at a guaranteed price, subject to a
standard of quality which is laid down and delivery at specified times.

Problems in Rainbow Trout Farming

(1) Disease has been a major problem. Despite intensive efforts by the
government laboratory in Weybridge and in Scotland by the disease
laboratory of Sterling University, one very large multinational in-
dustry had to close down a very large farm due to the ravages of
infectious pancreatic necrosis (IPN). However, certain producers of
eggs are certified disease-free, and gradually with the spread of both
positive and negative information and pressure from the insurance
companies, it is possible to foresee a major reduction of the problem.

(2) Rating is a problem on buildings and other installations, due to a
“no-man’s-land” attitude of national and local government toward
fish farming. The fish farmer, unlike his agricultural cousin, finds
himself rated on his assets in the same way as an industrialist.
Bearing in mind the vagaries of all forms of farming, including fish,
and the slow cash flow relative to manufacturing, this is patently
unfair. Despite many representations made to government, etc., and
notwithstanding the platitudes of the functionaries whenever they
appear on the printed page or in other media, nothing has been done
to rectify the matter, despite decade and more during which the

matter has been raised on many occasions. Recently the National
Farmers Union has taken up the matter, but it is doubtful that the
matter will meet with a high degree of priority.

(3) Lack of cooperation in marketing, especially among a large number of
smaller farms, means wide variation in quality standards, erratic
supply, and no dynamic advertising to educate the consumer. The
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average family either has never eaten trout or has done so only once
or twice a year in a restaurant.

At the same time, the Danish Fish Producers have an aggressive market-
ing policy and there is considerable possibility of a sustained campaign on
the United Kingdom market by the Danish producers, with the possibility
of creating for these producers a leading position as have the Danish
producers of bacon. It is also difficult to persuade leading chain supermar-
kets to stock and promote trout unless quality, quantity, and delivery year
round can be assured, and no single producer can do this alone. United
Kingdom Trout Farmers will have to learn to cooperate rapidly if the
market and their share of it are to increase to meet their full potential.

SALMON

Salmon in the United Kingdom are farmed in cages in sea lochs after the
smolts have adapted to salt water by an acclimatization process. Unilever,
through its Marine Harvest Operation, pioneered commercial salmon farm-
ing by this method in the U.K., and after many trials and tribulations, has
brought it to profitable fruition. Today there are several companies such as
Fitch Lovell, Booker McConnell, etc., in production or about to get involved.
Production is increasing rapidly and the product is well accepted, so that
other large firms in the industry such as Barons Smoked Salmon are
actively pursuing plans to build their own production units. Production
figures currently are estimated to be 1000 MT per annum with an estimated
production of 5000 MT per annum by the mid-1980s.

Production

Production of salmon in the U.K. is almost totally confined to Scotland.
Sites have risen from 1 in 1969 to 47 in 1980 (sites include saltwater and
freshwater units). Total tonnage produced was 538 MT (598 ST) in 1980;
shortage of smolts appears to be a limiting factor in increasing production.
Smolt production was 1,418,000 in 1980 compared with 834,000 in 1979, an
increase of 70%. These figures show a rising trend of some magnitude and
should show up in considerably increased production for the 1980s. Using
standard industry loss estimates, the 1980 smolt prodution should produce
1530—-2250 MT (1700—2500 ST) of salmon (Munro and Waddell 1981).

Problems

Red tides have caused heavy losses of salmon in certain areas so that a
special group is now studying the subject. Suitable sites are becoming
scarcer as cage farming requires good, unpolluted water, away from com-
mercial and leisure traffic, with some protection from the elements in the
form of hills or other natural barriers preventing ravages to the farm from
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storms as well as tides. Access to the site is essential for servicing the farm
and marketing the produce. The suitable areas are mainly to be found on
the west coast of Scotland, but the best of these are now unavailable, and
while there are undoubtedly other sites to be developed, they will soon be at
a premium.

DOVER SOLE AND TURBOT

Government laboratories have led the way in research in this field and
the results are now looking more encouraging for commercial exploitation.
Farms are already in limited production, viz., at Huntersdon, Oban, and the
Isle of Man, and other companies and individuals have serious plans to
move into this field within the next couple of years. In particular the
planned units envisage the use of the heated effluent of power plants. The
WFA (White Fish Authority, government body) research unit at Hunters-
don has just been given permission to enlarge its production to 10 MT per
annum. No figures are available for the commercial production but it is
quite realistic to look for 500 MT plus per annum by 1985.

EELS

Eel production was confined until very recently to the collection of elvers
for export to other countries, principally in mainland Europe such as Hol-
land. These are collected mainly from two areas, the Severn estuary and its
tributaries and Loch Neagh in Northern Ireland. In the last couple of years,
however, lured by the potential of very large profits (30% net return on sales
is theoretically possible) from successful rearing to adults, a few large
companies, including a major brewer, have entered the market for growing
out the elvers using heated power plant effluent. This farming could possi-
bly show the greatest future growth of all fish farming in the United
Kingdom.

CRAYFISH

There is a growing interest in this exotic species, especially as its de-
mands are relatively unexacting. However, most interest at this stage
appears to be confined to individuals and farmers who are experimenting
with low level production. The potential, especially for export to the nearby
French market, is large, but marketing will be difficult unless worthwhile
quantities become available. Current production is estimated at about 100
MT per annum, all for export.

Cultivation and Harvesting

Cultivation consists of buying a quantity of breeding stock and placing
them in a large unused lake or large pond. An indigenous self-reproducing
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population will usually take 4—5 years to establish itself. The population
eats detrital matter for the most part, or decaying vegetation. After the fifth
year, harvesting by draining down the ponds can be commenced, making
sure to leave a sufficient quantity of adults for reproduction.

CARP

At least 45 carp farms have emerged in the last few years despite the
fact that the growing season is confined to about 5 months of the year and
that the market is still a small ethnic one in the United Kingdom. One or
two of these farms produce mirror carp and crucian carp for stocking of lakes
and commercial ponds.

Carp cannot be produced to table size in 5 months in the U.K., and the
warm summer months are the only ones with a temperature suitable for
any growth at all. Thus, it takes two or more seasons to produce table size
fish. The potential here could be much larger if the growing season were
increased to 12 months a year by using the warmed effluent of a power
station, and it may well be that this will shortly be done by one of the
producers.

OTHER SPECIES

Several producers of ornamental fish exist throughout the country, pro-
ducing under controlled or natural conditions such specials as koi, carp,
tench, orfe, etc. Figures are almost impossible to obtain, but most of them
are sold out for long periods in advance and, by all information available to
the author, most do better out of their production financially than the
majority of trout farmers.

OUTLOOK AND CONCLUSIONS

Two magazines devoted exclusively to fish farming have emerged in the
last four years, viz., Fish Farming International and Fish Farmer. Also,
under pressure from the needs of the industry, diploma courses in practical
fish farming for young people wishing to pursue a career in this field are
now offered in Hampshire and Scotland. These facts point to a growing
awareness of the needs of the emerging industry as well as an appropriate
response to these needs in developing the information and training which
are prerequisite to successful development of the industry.

In addition, the service side of the industry is beginning to organize in
terms of engineering supplies, tanks, and all the paraphernalia (pumps,
valves, electronic warning devices, heat exchangers, automatic feeders, air
diffusers, etc.) needed by a young and growing industry. Previously this was
lacking. Employment in the industry in Scotland is now estimated to be
about 1000, whilst in England and Wales it is probably between 1500 and
2000. The holding of regular seminars plus greater interest due to falling
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natural catches will almost certainly ensure that the total production of all
farmed fish by the end of the current decade will be 20,000—30,000 MT per
annum. The most important requirements to ensure this end are, in the
opinion of the author:

(1) Appropriate legislation to remove certain anomalies and thus set the
climate for large-scale production and to protect the riparian rights of
farmers.

(2) National and cooperative marketing policies to educate the consumer
and compete against other food in the market.

(3) The protection by River Boards and other appropriate authorities
against pollution of natural water, if necessary by severe penalties toward
offenders.

SOME GOVERNMENT RESEARCH LABORATORIES

Lowestoft (England) Shellfish Research Laboratory.

Conway, N. Wales, WFA (White Fish Authority). Shellfish Laboratory—repro-
duction of oysters and prawns.

Weymouth (England) MAFF Ministry of Agriculture and Fisheries Laboratory.
Research into fish diseases.

Plymouth (England) Marine Biological Laboratory.

Torry, Aberdeen, Scotland, Fish Processing Laboratory.

Dunstaffnage, Scotland, Scottish Marine Biological Laboratories.
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Ireland

RAINBOW TROUT (Salmo gairdneri)
AND BROWN TROUT (Salmo trutta)

Culturing of rainbow trout for food consumption in Ireland began about
1965. Since then the industry has grown slowly. In 1975 there were only 6
fish farms with total production between 500 and 600 MT (550 and 660 ST).
Of this amount only 50 MT were consumed domestically and nearly all the
remainder was exported. Of the estimated 500 MT exported, over 95% went
to Great Britain and limited quantities to France.

The reason so little trout is consumed domestically is that traditionally
the Irish are a meat-eating people. Beef, mutton, and lamb constitute major
portions of the diet. When the Irish eat fish it is a saltwater species, the cost
of which is only about one-half the rainbow trout price.

The typical trout farm is fed by river or stream waters rather than from
springs. The rivers are described as “racy.” This means that the water flow
varies considerably, depending on rainfall, and may vary from lethargic to
torrid Niagara currents. This makes it difficult to locate a farm in order to
take advantage of gravity flows without subjecting the farm to periodic
flooding.

Each farm generally performs all steps in the fish culturing system. They
raise spawners, produce eggs, hatch them, raise the fry to fingerlings, and
grow them out to food market sizes. Water temperatures vary from a low of
5°to 7° C (41° to 45°F) in winter to a seasonal high of 14° to 16°C (67° to 71°F)
in summer. The normal spawning period is from November through Feb-
ruary. The normal hatching month is March. After hatching, the fry are
grown to about 7 cm (2.5 in.) in concrete tanks and are then stocked for
grow-out in Danish type earthen ponds. No mechanical aeration is used.
After hatching, a period of about 18 months is required for the fish to reach
market size because of the cold water. Since most fish are exported, this
means market sizes are essentially those demanded in Great Britain
(170 to 220 g, or 6 to 8 0z). This size is also in demand in France. The fish are
sold in the round (whole and ungutted) and are iced for delivery. They are
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sold directly from farms to importers, who are usually wholesalers in
London, Manchester, or Wales.

All fish are fed artificial foods. Fry are fed pellets having 48 to 50%
protein content. However, during the grow-out process a much cheaper feed
containing only about 35% protein is fed.

Considerable effort is made to ensure low cost production because of low
prices. This is shown by the type of earthen ponds used and cheaper feeds. In
1975 the farm price was estimated at $1.54 per kg ($0.70) per lb).

In addition to the 500 to 600 MT, there are some rainbow trout stocked in
enclosed public ponds for sports fishing. In 1975 there were three such ponds
or lakes stocking a total of only 50,000 fish.

The Irish government is conducting some experimental raising of rain-
bow trout and Atlantic salmon (Salmo salar) is brackish water and seawa-
ter. However, there is no commercial production of these two species by
private growers at present.

In addition to rainbow trout production, there is a governmental re-
stocking program for brown trout. An estimated 1 million one-year-old fish
averaging about 110 g (4 oz) are stocked annually in public waters and by
angling clubs. Anyone can fish free of charge without a license in either the
public or angling club waters for freshwater fish. However, salmon fishing
requires a license.

Because of the good fishing available in public waters, there is no demand
for fee fish-out facilities. Hence there are no fee fish-out lakes or ponds in
Ireland.

EUROPEAN EEL (Anguilla anguilla)

There is no culturing of eel in Ireland, although there is commercial
fishing for this species. The amount of catch is unknown, but may total 1000
MT (1110 ST). Certain inland waters have very high eel production. For
example, Lough Neagh, which covers 35,000 ha (87,500 acres), produces
700 MT per year. This amounts to about 20 kg per ha (about 20 1b per acre).

The government, in order to maintain the commercial catch of eels, has a
restocking program. Elvers (migrating young eels) are captured in some of
the infertile waters and transported to more fertile inland waters.

Adult eels are commonly caught in nets as they migrate downstream.
Domestic consumption of eels is small and nearly all of the estimated 1000
MT are exported. Exports go mainly to France, Great Britain, and West
Germany, with minor quantities to Holland and Denmark.

OUTLOOK

The outlook for the Irish cultured fish industry is for continued growth in
production of rainbow trout. Within 10 years, production is estimated to
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nearly double to 1000 to 1200 MT from the present 500 to 600 MT. While it is
possible for some salmon production to occur in seawater, the outlook is for
very minor quantities of production. This is largely due to the lack of trash
fish for feeding.
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Poland

Marian Leopold

Total surface area of Polish inland waters amounts to about 470,000 ha
(1,161,000 acres). In this about 305,000 ha (753,000 acres) are represented
by lakes, 104,000 ha (251,000 acres) by rivers and dam reservoirs, and
60,000 ha (145,000 acres) by ponds. The most important users of these
waters are State Fish Farms and the Polish Anglers Association. State Fish
Farms use over 91% of total lake area and 86% of total pond area. The Polish
Anglers Association uses 70% of total area of rivers and dam reservoirs and
6% of total lake area. Additionally, the Polish Anglers Association has the
rights to carry out sport fishing on the majority of lakes managed by the
State Fish Farms.

Apart from the foregoing, there are in Poland a various number of small
and very small water bodies (small lakes, ponds, pools, old riverbeds, quarry
lakes, etc.) which are not included in official records although they are of
significant fishery value, especially for recreational fishery.

More or less intensive fish farming is carried out on a large scale by State
Fish Farms, mostly upon lakes and ponds (Lake Fish Farms and Pond Fish
Farms). In Poland both lake fishery and pond fish farming have a long
tradition, dating back to the Middle Ages. This is especially true of pond
farming and still affects its economic and production results. At present, the
traditional division between pond and lake fish farming is becoming less
and less visible, mostly due to the introduction of new biotechniques and
forms of fish culture. Nevertheless, this discussion will treat fish farming in
Poland according to the traditional division.

POND FISH FARMING

Common Carp

The main species cultured in ponds is common carp, which constitutes
almost 100% of total pond fish production. Carp farming is carried out in a
two or three year production cycle.

Culture. In Poland conditions for carp culture are rather unfavorable.
Nevertheless, carp production in Poland steadily increases. For the period
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Fig. 17.1. A typical fishpond.

of 1957—-1978, carp production increased by 4.35% annually. Pond fish
production in Poland is presented in Fig. 17.2. As is seen, carp production is
characterized by significant variability in particular years; coefficient of
variability amounts to 30.2%. These variations result, most of all, from
climatic conditions. For instance, maximal difference of production of al-
most 8000 MT (8800 ST) which was noted between two successive years,
1977 and 1978, resulted from a significant difference of average annual
temperature in 1975 and 1976. On a national scale this difference reached
2°C (3.6°F), being even higher in some regions of the country. Unfortunate-
ly, it is obvious that using even more modern biotechniques of fish culture
would not diminish fluctuations of fish yield because of such great differ-
ences in average temperatures in particular years.

Improved Biotechniques. In spite of the problems cited, pond produc-
tion in Poland is characterized by increasing production, mostly due to the
introduction of improved biotechniques of fish culture. In this case, basic
operations are attempts to prolong the growing season. Favorable natural
climatic conditions last only 150—160 days. For comparison, length of the
growing season in neighboring Czechoslovakia is 6 months and in Yugo-
slavia 8 months. Prolongation of growing season is achieved mostly by
earlier artificial hatching and rearing of carp stocking material in special
rearing units (hatcheries). These operations are also connected with at-
tempts to improve the production of carp stocking material, as regards
both quantity and quality. Unfortunately, climatic conditions favor neither
quantitative nor qualitative production of carp stocking material.
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Fig. 17.2. Carp pond production in Poland in the period 1957-1978.

The State of Pond Production

The other unfavorable factor affecting pond production of carp in Poland
is the state of production basis, i.e., the state of ponds. Pond carp culture is
carried out by State Pond Farms which were created after World WarIl asa
result of land reform and nationalization of large private land estates. The
size of these pond farms varies between 300 ha and 1500 ha (740 and 3705
acres). Apart from the rare, newly constructed (post-war) farms, area of the
existing pond farms is certainly not an optimal one, neither as regards the
organization of production nor the organization of work. In most cases, area
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Fig. 17.3. The so-called “plastic-covered tunnel.” This type of facility is commonly
used for earlier artificial spawning of carp and pre-rearing of carp stocking material.
Its application prolongs the growing season.

of particular farms was established depending on the number of ponds in
the given region. Large and compact farms are scarce; on the contrary,
dispersion of ponds within particular farms is rather characteristic.

There are several reasons for such a situation, but the basic one is the
historical background of pond culture in Poland. Ponds constructed tens or
even hundreds of years ago occupy the largest area of the existing farms.
Numerous farms operate ponds constructed in the 13th and 14th centuries.
Significant development of pond culture in that period was connected
with religious reasons (three days of fast in a week), and rather high
profitability of fish production compared to other forms of agricultural
production (mostly due to very cheap labor). As a rule ponds were con-
structed within large agricultural (land) estates, and they were never
treated as the main branch of production. Fish culture in the Middle Ages
was considered not only as a side branch of agriculture, but also as a
fashionable and pleasant activity. Frequently ponds were constructed in
order to make the landscape more attractive. Hence, they were usually
small and scattered.

In the more recent period, i.e., before World War II, rapid development of
pond culture was connected with favorable tax policy protecting fish cul-
ture, as also with exceptionally favorable relations between price of fish and
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price of feeds. Nevertheless, this development was based mainly on small
pond complexes. A lot of new ponds were constructed, but in most cases no
attention was paid to their quality.

As a result, pond production basis in Poland is significantly dispersed, as
regards both single ponds and their complexes. A pond complex is under-
stood here as a group of several ponds which are more or less integrated
spatially and receive water supply from the same source. Taking into
account the total area of State Pond Farms, over 36% of this area represents
74% of the total number of pond complexes, with the average area of one
pond complex being only 43.7 ha (108 acres). Of these, almost 19% of the
total number of pond complexes have fewer than 12 ha (30 acres). Each farm
usually possesses a number of such small complexes, which as a rule are
also significantly dispersed. It is obvious that their proper management is
rather difficult.

Additionally, many fishponds or pond complexes were often constructed
upon poor soils, and based on rainfalls or small streams. Disturbances of
water balance, drainage of meadows and fields, and water pollution aggra-
vate the problem. Over 70% of the total number of pond complexes, which
represent almost 50% of the total area of State Pond Farms, are situated
within catchment areas not exceeding 100 km? (62 m?). This fact constitutes
a basic reason for significant differences between pond water surface area
and pond area. In reality, pond water surface area constitutes in Poland
about 70% of total pond area.

Value of Ponds

Because of the foregoing reasons, many pond complexes do not fulfill the
practical demand of rationally and efficiently managed fish farms. On the
other hand, due to several reasons, their liquidation cannot be undertaken.
Apart from the value of fish production and its economic profitability,
several significant nonmeasurable factors connected with the existence of
fishponds are taken into account, such as:

(1) Value of ponds as an element of complex management of water re-

sources (retention of water, antiflood role, ete.)

(2) Value of ponds as an element of local management of water resources
(breeding of waterfowl; cattle watering and washing; local irrigation
of grazing fields, cultivated lands, vegetable gardens or orchards;
antifire reservoirs, local industry; and domestic purposes)

(3) Value of ponds as an element of protection, preservation, and shaping
of the natural environment (control of eutrophication in the receiving
waters, recultivation of wastelands, formation of rich habitats for the
development of wild fauna and flora, etc.)

(4) Value of ponds as an element of various other non-production benefits
(recreational activities, direct contact between man and nature, es-
thetic value of ponds—especially as regards landscape, etc.)
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(5) Value of ponds as an element of local economic activation (utilization
of poor soils and bare lands, increase of people’s income, by-production
of agricultural farms, etc.)

Fish Production Yields

Coming back to fish production, it must be said that despite these main
factors restricting pond culture in Poland, its general development is rather
good. In more favorable 1977, average yield of market (table) carp in Poland
amounted to 900 kg/ha (792 Ib/acre). For its climatic zone this result is very
good, the moreso that it represents the average value for the total area of
State Pond Farms. Many farms in the same year obtained carp yields of
2000 kg/ha or more (1760 lb/acre). Significance of these results becomes
even more pronounced if we take into account that in Poland general policy
in the field of pond culture is not to intensify production at all costs, but
rather to utilize—as much as possible—natural food resources of ponds.
This policy considerably decreases protein requirements of fish culture.
Studies have shown that it is possible to increase carp pond production to
over 5000 kg/ha (4400 lb/acre), but this would require considerable use of
high-protein feeds, which are not too abundant in Poland.

Methods of Intensification of Production

Taking into consideration the discussed state pond production basis, it
may be said that methods of the intensification of carp pond culture in
Poland (both those already introduced into practice and those postulated)
represent a different approach from those in most other countries. To be
more specific, intensification of carp production in ponds is based on the
improvement of natural food resources of ponds and their better utilization
by fish. This is achieved by:

(1) Use of relatively cheap (compared to feeds) mineral fertilizers. Fertili-
zation is carried out in such a way as to stimulate the development not
only of natural food basis, as such, but also of particular groups of food
organisms in the most desired periods

(2) Utilization of various organic wastes as pond fertilizers, especially for
the production of stocking fish

(3) More effective utilization of natural protein resources of fishponds.
Use of low-protein, carbohydrate feeds (mostly grain) in carp culture
improves utilization of natural food resources by carp. At the same
time carp feeding on natural food are better able to utilize artificial
carbohydrate feeds

(4) Improvement of stocking rates and methods. This is achieved, for

instance, by polyculture of carp with plant feeding fish, or stocking
with bigger carp. Carp fry of bigger size utilize particular food organ-
isms much better than fish of low individual weight, etc.

(5) Prolongation of the growing season both of food organisms and of fish.
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This is achieved, for instance, by filling the ponds in autumn instead
of spring and earlier stocking with heavier fry obtained in artifi-
cial conditions (hatcheries with thermal regulation or utilization of
heated effluents; refer to Fig. 17.3)
(6) Introduction of a two-year water cycle in farms characterized by water
shortage. In this system water is drawn off from ponds every two years
It should be noted that in the last two instances ponds which are normally
used as fry or wintering ponds can instead be utilized as market fishponds.
Justification of such an approach to the intensification of pond culture
results also from various studies (Leopold 1979, 1981). It was shown that by
applying proper management methods it is possible to obtain 2500 kg/ha
(2200 1b/acre) of fish yield without intensive feeding, i.e., using only 360 g of
raw protein and no animal protein per kg of carp production.

LAKE FISH FARMING

Commercial Fishery

In contrast to many other countries, in Poland commercial fishery is
carried out on almost the whole area of lakes. Additionally, most of the
lakes are also exploited by recreational fishery.

In the case of Poland the term “commercial fishery” is more a traditional
one than the real one. Lake fishery management is rather intensive, and a
whole system of complex management methods used in the lakes, and
especially intensive stockings, allow for stating that commercial fishery in
Poland should be regarded as “lake fish farming.”

Possibilities and Aims of Lake Fish Farming

In Poland possibilities of lake fish farming are connected with the charac-
ter of Polish lakes, their current state, and changes taking place in lake
environments. On the other hand, aims of lake fish farming result from
multiple economic and socioeconomic requirements, as discussed later.

Size. Over 300,000 ha (741,000 acres) of Polish lake area are repre-
sented by small and very small lakes. Surface area of the biggest Polish lake
(Lake Sniardwy) is only 12,000 ha (29,640 acres). Lakes bigger than 500 ha
(1235 acres) constitute only 1% of the total number of Polish lakes, and 36%
of the total area of lakes. Over 90% of the total number of Polish lakes, and
one-third of the total area, are small water bodies, with surface area up to
100 ha (247 acres). Lakes in Poland are not only small but rather shallow—
70% of the total number of lakes are less than 20 m deep (65 ft); of these, 50%
are less than 10 m (40 ft) deep.

Type. Limnologically, over 50% of lakes in Poland are eutrophic water
bodies. The remaining are either mesotrophic or of the pond type. Hence,
Poland has a number of fertile lakes, with high production potential.
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Fig. 17.4. A typical small Polish lake.

Fig. 17.5. A typical bigger Polish lake.

Regional Concentration and Favorable Management. Polish lakes are
mostly concentrated in a few lake districts (Fig. 17.6), constituting in some
regions 10% of total lake area. Consequently, fishery management of lakes
is significantly facilitated. Small unit area of particular lakes, which does
not favor traditional fishery, is most favorable for more or less intensive fish
farming in lakes. This results from several facts: small lakes are much
more controllable than the large ones; they create possibilities of adopting
various methods stimulating fish production; and management measures
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PONDS

Fig. 17.6. Distribution of lakes and ponds in Poland. Circles represent percentage
of lake (or pond) area in the given region in relation to the total lake or pond area
for the whole country.

undertaken upon small lakes are much more effective than upon large
lakes. The latter statement refers most of all to the common practice of
stocking, as also to more effective fish catches.

For instance, eel lake farming is extremely effective in Poland. Neverthe-
less, analyses of long-term data from 450 Polish lakes (with total area of
117,000 ha (289,000 acres) showed that eel stocking rates in lakes up to 100
ha (247 acres) (artificial stocking with elvers) are higher by 32% than in
lakes over 500 ha (1235 acres) of area, with eel yields being 36% higher
in the first group of lakes compared with the latter. It was also shown
that eel catch per unit of effort is by 31% higher in lakes up to 100 ha than in
lakes over 500 ha of area.

Small Lakes. Very small lakes, of a few or at most some tens of hectares,
are used for intensive lake farming, in most cases for carp lake farming.
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Fig. 17.7. Winter, under-ice lake catches.

Proper adaptation of lakes for carp farming results in carp yields of some
hundreds of kg per ha, i.e., at the level similar to less intensive carp pond
culture. At the same time costs of carp lake farming are significantly lower
than in cases of pond culture, mostly as regards investment and operating
costs, especially costs of feeds.

Changes in Lake Environments. In the case of Poland, a shift from
traditional lake fisheries to lake fish farming is also connected with pro-
gressing changes taking place in the lake environment as a result of
anthropopression. Apart from pollution of waters by the industry, we deal
with progressing eutrophication of lakes. Lake eutrophication results in the
deterioration of environmental conditions for fish, mostly for species char-
acterized by high oxygen requirements. In most cases natural reproduction
of these species is significantly inhibited. On the other hand, conditions for
fish growth, and especially fish food resources, are favorable. Hence, it
becomes necessary to stock fish in the lakes. This refers most of all to more
valuable fish species, such as coregonids. The less valuable species, such as
some cyprinids (bream and roach, for instance), are able to reproduce
(sometimes too abundantly) also in the conditions of advanced eutrophy. In
fact, abundant development of bream and roach is frequently cited as a
specific symptom of the eutrophication process.

Trends of Commercial Fish Catches

The regularities occurring with environmental changes are illustrated
by Fig. 17.10 and Table 17.1, which present general results of commercial
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Fig. 17.8. Sorting of eel caught in a lake fish farm.
TABLE 17.1. LAKE PRODUCTION DYNAMICS AND ITS CHANGES
1957 — 1979 1957 — 1961 1975 - 1979
Metric Metric Metric
Tons T Tons G Tons G
b c¢/bin %
Total 7206 100 5958 100 8570 100 143.8
Artificially stocked
fish 1250 17.4 679 114 2116 24.7 311.6
Bream and roach 3503 48.6 2749 46.1 4366 50.9 158.8
Other fish species 2453 34.0 2530 425 2088 24.4 82.5
Pike 522 7.2 643 10.8 320 3.7 49.8
Eel 457 6.3 287 4.8 660 7.7 230.0
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Fig. 17.9. Acclimation of stocking material (coregonids) to ambient temperature
before its release to the lake.

fishery management in lakes. Trends of particular fractions of commercial
lake fish catches are totally clear (Fig. 17.10). General increase of total lake
fish production is based mainly on increasing yields of bream and roach, as
well as increasing yields of fish artificially stocked, whereas yields of other
fish species decrease. Hence, lake fish production in Poland reflects coupled
effects of progressing eutrophication on the one side and more intensive
lake management on the other. This effect is even more visible if we take
into account that the average catch of artificially stocked species comprises
38.1% of the coregonid species (i.e., fish characterized by high environmen-
tal requirements) and 25.6% of eel. Production of fish based on artificial
stockings increases along a parabolic curve (Fig. 17.10). For instance, in the
fifth year of the analyzed 23 year period, increase of catches from artificial
stockings amounted to 1.8% in relation to the multi-year average for the
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same period, whereas in the twentieth year it reached 11%. In contrast to
artificially stocked fish and roach and bream, other fish species are more
affected by progressing eutrophication than by the compensating manage-
ment measures. Hence, their yields decrease along a convex parabola. In
other words, their production reached a maximum in the ninth year of the
period under study, and has decreased steadily ever since. For instance, in
the tenth year this decrease was only 0.4% in relation to the multi-year
average, but it reached 3.5% in the twentieth year. As seen in Fig. 17.10,
this decrease is especially pronounced in the case of pike. It should be added,
however, that pike is also intensively exploited by recreational fishery.

Numerical values illustrating these trends of lake fish production are
presented in Table 17.1. This table contains average multi-year (1957 —
1979) yields, and the relation between yields in the first and the last five
years of the analyzed 23 year period.

Lake Management Stimulates Production

Stimulation of Commercial Production. Dependence of commercial
lake fish catches on human activities stimulating fish production is much
greater than would result only from the increase of total fish catches, or
from catches of artificially stocked species. This statement results from the
fact that lake fish farming affects positively production of all fish species,
and not only of those which are directly the subject of this farming. In
reality, without human activities in this field, lake fish production would
constantly decrease. Hence, lake management not only increases fish pro-
duction in lakes, but also compensates for its decrease that would otherwise
occur as the effect of various negative impacts upon aquatic environments.

To exemplify the fact let me refer to the results obtained on four small
lakes, the biggest of which has the area of only 35 ha (86 acres). The lakes
have been adapted to carp farming. As a result carp yield reached 132 kg/ha
(117 Ib/acre) but at the same time there was an increase of the yield of other
fish species from 46.4 kg/ha to 170 kg/ha (41 to 151 Ib/acre). Similarly, eel
stockings have a general positive effect: eel production in lakes is posi-
tively correlated with the production of other fish species.

Increase of Recreational Fisheries. As was mentioned before, without
proper management of lakes, fish production would show a decreasing
trend. This potential decrease is connected with increasing anthropopres-
sion upon lakes. Apart from progressing water pollution and eutrophi-
cation, mention can be made here of the increasing impact of recreation
activities on lakes, such as recreational fishery. It is doubtful that recre-
ational fishery significantly affects the fish stock. In Poland development of
recreational fishery is very rapid. The number of anglers belonging to the
Polish Anglers Association increased from 150,000 in 1957 to over 730,000
in 1979, the average annual increase being 26,400 anglers (Fig. 17.11). As
shown by some preliminary studies, 37.4% of the total number of angling



POLAND 245

700+

600+

500+

400+

3004

NUMBER OF ANGLERS IN THOUSANDS

200

1004

T -1 T — .
1957 1960 1965 1970 1975 1979
YEARS
Fig. 17.11. Number of anglers—members of the Polish Anglers Association—in the
period 1957-1979.

days annually is spent upon lakes. Hence, it may be assumed that lake fish
catches constitute about 37% of total recreational fish catch. With the
average number of anglers in the period 1957-1979 amounting to 372,600
and average annual catch per angler of 54.3% (119 1b), it may be estimated
that recreational catches from lakes reached in this period the average level
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of 7500 MT (8250 ST). Even if we assume that the average annual catches
by anglers decreased in the more recent years, it still appears that in 1979
the level of recreational catches in lakes must have been at least the same as
of commercial catches obtained by State Fish Farms. Consequently, it may
be stated that fish yield in Polish lakes is at least 50—60 kg/ha (44—53
Ib/acre). It is obvious that in the climatic conditions of Poland it would not be
possible to sustain such yields in the long run if only traditional lake
fisheries were relied upon.

Lake vs. Pond Production

In fact, the level of total lake fish production (commercial and recre-
ational catches) in Poland is only slightly lower than total pond fish produc-
tion. Although pond culture is characterized by broader possibilities and
more rapid development, it is less economical than lake fish farming, at
least due to high capital and feed requirements of pond culture. In view of
this, it is not surprising that in Poland lake fish farming is of high signifi-
cance, and its various forms are constantly improved.

Cage Culture

Within these various forms of lake fish farming attention should be given
to cage culture. In Poland there are two basic forms of cage culture in
lakes: culture in cages based entirely on artificial fish feeding, and culture
in the illuminated, drifting or floating cages without any fish feeding. The
first form is mostly connected with the fattening of table (market) fish,
whereas the latter is used for the production of stocking material. The latter
form is based entirely on natural food resources of lakes, i.e., on zooplankton
which are attracted to cages by artificial light or water movement. This
form is basically used for rearing of coregonid stocking material; its bio-
techniques have been worked out and are being widely adopted. On the
other hand, fattening of fish in cages (trout, common carp) is not promoted
due to its visible negative impact upon water environment (pollution) and
unfavorable economics.

Similarly, more intensive forms of trout culture, i.e., those totally inde-
pendent of natural food resources, are not much promoted, mostly due to
their significant protein requirements. At present, trout production in
Poland is about 1000—1500 MT (1110-1650 ST) annually. Trout produc-
tion is carried out in more or less the same range by the state and by small,
private producers. In fishery records this production is partly included in
pond and partly in lake fish production.

FISHERY MANAGEMENT OF RIVERS
AND DAM RESERVOIRS

About 1000 MT (1110 ST) of fish are caught annually in rivers and dam
reservoirs by fishery cooperatives (operating upon some Polish rivers) and
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Fig. 17.12. A typical Polish lowland river.

Fig. 17.13. A stretch of lowland stream.

as a result of selective catches undertaken by the Polish Anglers Associa-
tion. Apart from this, all fish production of rivers and dam reservoirs is
taken by individual anglers in the form of recreational catches. Despite
significant pollution of Polish rivers, it is estimated that recreational
catches from rivers and dam reservoirs amount to about 10,000 MT (11,100
ST) annually with average fish yield being at the level of 100 kg/ha (89
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lIb/acre). Fishery management of rivers and dam reservoirs is practically
restricted to stocking and to regulating catches, the latter being carried out
only on a highly limited scale. Lowland fish species dominate the catches
obtained from rivers and dam reservoirs.

OTHER FORMS OF FISH CULTURE

Other forms of fish culture are of no significance in Poland. However,
brief mention can be made here of cage culture carried out on a limited scale
in rivers, heated effluents, and inshore marine waters. Apart from the
rearing of stocking material in cages placed in heated effluents, the other
forms are neither promoted nor developed, due to the previously discussed
reasons.

SOME REMARKS ON THE ECONOMICS
OF FISH FARMING IN POLAND

Difficulties of Estimation

Profitability. Traditionalunlimiteddemand forfreshwater fish,together
with multiple values of fishery management, results in the Polish socioeco-
nomic system of fish farming being broadly developed and promoted. This
promotion refers not only to the process of undertaking fish farming by
various farms, but also to the prices of various subsidized production means
(for instance, feeds), as well as to the prices of the final product, viz., the fish.
Consequently, it is very difficult, and sometimes even impossible, to esti-
mate the real profitability of fish farming.

Economic Efficiency. Apart from socioeconomic conditions, economic
efficiency of fish farming is also dependent on the existing natural condi-
tions and on the form of fish culture and its intensity. Hence, any estimation
of average costs of production and their structure, made for pond or lake
farming, or for selected fish farms, would not be of any real value. Addi-
tional difficulties are created by progressing irregular changes of the cost of
basic production means, for instance of energy and feeds, as well as of the
investment costs. Furthermore, in most cases even apparently insignificant
modifications of fish farming technology and its biotechniques can signifi-
cantly affect the economic efficiency. In practice, any analysis of production
costs made for the given case of fish farming would necessitate extensive
comments and explanations, which still would not give a full picture. On top
of that, economic calculations made by particular farms are rather differen-
tiated due to the fact that bookkeeping in Polish farms is not adapted for
direct assessment of the costs of fish production, being instead a synthetic
balanced bookkeeping, with structure of costs according to the kind.
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Measuring Economic Efficiency with Unit Protein Requirements

Partial solution to the problem (although not fully satisfactory) is the use
of protein requirements per unit of production as a measure of the economic
efficiency of various forms of fish farming and levels of its intensity. This
approach is applicable to more developed forms of fish farming. Apart from
lake fish farming, and some forms of pond fish culture, protein require-
ments are strictly connected with the level of production. They also consti-
tute a significant item of the costs. Obviously this approach does not take
into account various other items of the costs, but it seems rather justified in
view of the progressing shortage of protein resources. Comparison of protein
requirements for various levels of the intensity of fish farming and its
various forms allows also for undertaking optimal decisions in this field,
i.e., to choose such forms that would give maximal fish production at
minimal use of proteins, and especially of animal protein. Possibilities of
such decision-making are quite well illustrated by Table 17.2. This table
refers to various forms of pond carp culture, characterized by different
levels of production and well developed biotechniques of farming. Tradi-
tional management measures cited in this table are mineral fertilization
and use of carbohydrate (cereal) feeds. Measures applied at a level higher
and/or different from the traditional one are underlined (see the remarks in
Table 17.2).

Operating Costs Increase Faster Than Unit Production Decreases. It is
well known that fixed costs per unit of production decrease along with
increasing levels of production. Nevertheless, this decrease does not com-

TABLE 17.2. PROTEIN REQUIREMENTS OF VARIOUS FORMS OF CARP POND
CULTURE

Protein Use in
g/kg of Fish

Fish Pro- S
duction Raw Animal
Case No. kg/ha Protein Protein Remarks
1 950 213 none traditional feeding and fertilization
2 1059 237 none traditional feeding and fertilization
3 1300 280 none traditional feeding and fertilization
4 1466 314 none traditional feeding and fertilization
5 1627 360 none intensive traditional feeding
6 2376 360 none traditional feeding and intensive
fertilization
7 1220 614 254 traditional feeding and feeding with
pellets
8 1280 885 262 feeding with pellets
9 3154 1023 338 intensive feeding with balanced pellets
10 4400 1547 758 intensive feeding with high-protein
pellets
11 2122 129 none traditional feeding and fertilization

with sewage
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pensate for increasing operating costs, as the latter increase at a rate at
least equal to or higher than the increase of protein use. As seen from Table
17.2, this statement refers most of all to the use of pelleted feeds. Rough
estimation showed that in case no. 9 and 10, unit cost of 1 kg of carp
production was more than twice as high as in case no. 3. Relatively high
economic efficiency is noted in case no. 6 and 11, in which carp production is
intensified by the stimulation of natural productivity of ponds. This method
is also highly economical with respect to the use of feeds (compare case no. 5
and 6).

Carp Cage vs. Pond Culture. In the context of feeds, mention can be
made of carp cage culture. This method of carp production is highly unsatis-
factory—in order to produce 1 kg of fish it is necessary to use over 1000 g of
raw protein on the average, using over 50% of animal protein.

In Polish pond culture average use of raw protein (originating mainly
from cereal feeds) is 280—360 g per kg of fish production. Fish meat contains
about 15% protein on the average. Hence, to produce 1 kg of protein, it is
necessary to use from 1.9 to 2.4 kg of raw protein. This level is more or less
similar to milk and poultry production (2—4 kg of raw protein in feed per kg
of protein produced), and significantly lower than for pork (4—5 kg) and beef
(6—8 kg) production. In view of this, promotion of carp farming in Poland,
and especially of carp pond culture, is totally understandable.

Trout Pond vs. Cage Culture. Adopting the same approach based on
protein requirements, trout culture in ponds and enclosures is considered to
be more effective than trout culture in cages. In the first case average
protein use per kg of trout is about 800 g, whereas in cage culture it amounts
to over 1100 g, using 70% of animal protein. Similarly, unit cost of trout
production in cages is about 50% higher than in ponds and enclosures.

Economic Calculations in Relation to Environment

Intensive Fish Farming. In intensive forms of fish farming, especially
cage culture, economic calculations as a rule do not embrace all costs
connected with the deterioration of specific environmental values, or the
devastation of natural environment.

Lake Fish Farming. Taking into account protection of the environmen-
tal as well as the economic efficiency, fish farming in lake is certainly a most
specific form of fish production. Protein requirements of lake fish farming
are extremely low, and this form is usually highly effective from the eco-
nomic point of view. Even at relatively high levels of farming intensity, viz.,
when some food is supplied from the outside and fish yields reach up to 800
kg/ha (713 Ib/acre), protein use is very low and does not exceed 100 g per kg
of fish. Less intensive forms of lake farming, which are based on heavy
stocking with properly selected species and specific management of the lake
biocenosis, do not require any artificial fish feeding. Additionally, these
forms of lake farming usually have a beneficial effect on the environment
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(for instance, as a result of better utilization of nutrients and natural food
resources of the lake, the control of weed fish development).

Labor

Most forms of lake fish farming are characterized by high labor require-
ments. Nevertheless, unit costs of production are still lower than in all other
forms of fish culture.

Lake vs. Pond Efficiency: Profits from Recreational
and Commercial Fishery

It should also be noted that the effects of lake fish farming are reflected
not only by commercial fish catches, but also by recreational catches. In
other words, the real economic efficiency of lake fish farming is even higher.
For instance, in 19571979, average annual eel catch from lakes managed
by commercial fishery amounted to 790 MT, viz., 457 MT from commercial
catches and 334 MT taken by anglers. At the same time eel is stocked only
by commercial fishery. Hence, real profitability of eel stocking is about 70%
higher than would result from the effects of just commercial fishery. Taking
into account recreational catches, it may be stated that unit cost of fish
production in lake farming is about one-half that of pond culture.

Socioeconomic Value of Aquatic Recreation
Depends on Lake Fishery Management

Abundance of fish in Polish lakes, development of recreational fishery,
and the role of lake fishery management in the protection of aquatic envi-
ronments constitute important factors favoring the development of recrea-
tion connected with an aquatic environment. High socioeconomic value of
this recreation and its development are also strictly connected with the
development of fishery management in lakes.

OUTLOOK

Fish Production and Consumption

At present fish production in the inland waters of Poland is at least 40,000
MT (44,000 ST) annually. About 60% of this value is obtained from commer-
cial fishery; the rest represents recreational fish catches. Part of this pro-
duction is exported. National consumption of freshwater fish per capita is
about 1 kg (2.2 1b) annually, and thus is rather high.

Lake Fishery Management: Development, Maintenance,
and Promotion and Basic Rules of Allocation

Production of inland fish in Poland is a rather important branch of food
production, and the demand for freshwater fish is very high. In view of
the significant area occupied by lakes in Poland, as well as the high
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economic efficiency of lake fish farming, in recent years special attention
has been paid to the development and promotion of lake fishery manage-
ment. In contrast to ponds, which are almost exclusively controlled by State
Pond Farms, lakes in Poland are used by several groups. Furthermore,
lake water resources (as also pond water resources) are characterized by
multiple nonfishery values. Hence, any further development of lake fish
farming is strictly connected with an introduction of some basic rules of
lake allocation. The aims of such allocation are to increase fish production
on the one hand and to maintain multiple values of water resources on the
other, with attention being paid to conflicts between various users of lake
water resources.

General outline of such allocation has recently been worked out by
the Inland Fisheries Institute in Olsztyn, and was presented at the Inter-
national Consultation on Fishery Resources Allocation organized by the
FAO/UN in Vichy, France, in the spring of 1980. According to this outline
lakes are divided into several categories, with priorities of lake use (or the
main function of particular lakes) defined for each category in the following
manner:

(1) Lakes which are or may be used as resources of drinking water, or as a
supply of water for the food industry. The main function of these
lakes is to supply clean water. Consequently, water resources of these
lakes must be maximally clean and any other possible use of lakes
(such as utilization of fishery resources) must be subordinate to this
function. These lakes should not be used either for recreation or
angling. The only permissible use is a more or less extensive fishery
management, and only on condition that it is subordinate to the main
function. In other words, some commercial fishery may be introduced
but only in cases when it might improve water quality, being used
as a tool for the control of some fish populations. Upon this type
of lakes it is necessary to introduce strict rules of environmental
protection.

(2) Lakes having the character of nature reserves, or with special natural
values, which can constitute specific “genetic banks” for the disap-
pearing species of plants or animals. The main function of these
lakes is their preservation in a maximally unchanged state. All other
uses should be maximally restricted and totally subordinate to this
function. Depending on which component of the environment is the
most valuable one, it may be possible to allow for highly restricted
use of these lakes by commercial fishery, recreation, or angling.
Taking into account fishery resources, we will at most deal here with
extensive fishery management, whereas recreation and angling may
be permitted only according to the regulations and rules valid for
strict nature reserves.

(3) Lakes used for the regulation of water budgets in the region. These
lakes are characterized by changeable water level as they are used for
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water storage in the period of high waters. If these lakes are also
used as drinking water supply, or by the food industry, they must
automatically be treated as the first category. If not, they can be fully
used for recreation, angling, or commercial fishery, and there are
practically no strict requirements as to the quality of water, so that
intensive fish farming may also be introduced (cage culture included).
However,in view of conflicts existing between intensive commercial
farming and recreational use of waters, as well as between recreation
and angling, these lakes should be allocated in three different ways.
If they are to be used for intensive fish farming, their use for recrea-
tion must be restricted, whereas angling may be totally free. If the
lakes are to be used for general recreation, both commercial fishery
and angling must be restricted. If the lakes are allocated for angling,
their use for general recreation must be restricted. These lakes may
additionally be used as sources of water for agricultural purposes.

(4) Lakes considered as attractive for water recreation as such and/or used
for this purpose. The main function of these lakes is the possibility
of their use for general recreation connected with an aquatic environ-
ment. This function does not exclude proper management of fishery
resources and their use by commercial fishery (with the exception of
highly intensive forms, of the character of fish culture). It is also
possible to use these lakes for angling. Nevertheless, recreation may
restrict the latter two ways of lake use (i.e., commercial fishery and
angling). Theoretically, water resources allocated for recreational
use may be used by other users. In practice, however, recreation
connected with an aquatic environment creates several conflict situa-
tions and thus leads to significant risks, for both commercial fishery
and recreational fishery.

(5) Lakes allocated for angling. In this case the main function of lakes is
their use by anglers. Use of these lakes for general recreation should
be restricted. It is possible to introduce commercial fishery, provided
that it will be subordinate to the main function. Its role will be
practically restricted to the regulation of the fish stock (introduction
of valuable species, and exploitation of species not used by anglers).
In lakes of this type there are practically no conflicts as recreation
as such is restricted, whereas commercial fishery improves conditions
for angling.

(6) Lakes in which commercial fishery and fish production are the main
functions. All other uses of waters should be subordinate to this
function. This function does not exclude—depending on the intensity
of fish farming—limited use of these lakes by other users, especially
by anglers. Any other use of these lakes cannot, however, affect their
use by commercial fishery. Hence, the extent to which other uses are
permissible must be defined by the main user, i.e., by commercial
fishery. This extent will obviously depend on the intensity of fish
farming—the higher the intensity the lower the possibility of lake
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use by other users. In the case of highly intensive fish farming, there
are no possibilities of other water uses whatsoever.

Differentiation of Commercial Fishery
from Lake Fish Farming

It is obvious that with such allocation of lakes, lake fish farming and the
forms of commercial fishery will be highly differentiated. In this context,
the following types of commercial lake management can be distinguished:

(1) Extensive management with restrictions. In this form of fishery man-
agement, production is not stimulated by any management measures,
and fishery exploitation may be restricted. Such a type of manage-
ment is undertaken on lakes in which any more intensive form of
fishery management is permissible, usually on those lakes which are
utilized by other users, i.e., for other purposes than fisheries. For this
type of commercial fishery management, the manager should possess
considerable knowledge on:

(a) The needs of these other users.

(b) The lake ecosystem and its functioning. In the case of lakes used by
others, the timing and range of proper intervention into the ecosystem
(so as to fulfill frequently divergent requirements of these users) are
very difficult and require a really good knowledge of the given eco-
system.

(2) Extensive management without restrictions. Just as in case no. 1, this
type of management does not permit the stimulation of fish production
by any measures, but fishery exploitation is totally unrestricted,
except for existing laws and regulations. This type of management is
undertaken on water bodies used by other groups, as well as on lakes
in which due to some reasons more intensive management would not
be economically feasible. Most frequent reasons justifying this type
of commercial fishery are low resource requirements, known decrease
of production possibilities of the given lake, and/or already known
restrictions of fishery management possibilities.

(3) Extensive-intensive management. In this type of management cer-
tain measures stimulating fish production are used, and fish exploita-
tion is not restricted. It is undertaken on all water bodies in which
fishery management is of similar significance to other forms of lake
use, as well as on water bodies in which fishery is of primary impor-
tance but its more intensive form is not justified due to some reasons,
such as, for instance, shortage of certain resources. This type of fishery
management is characterized by moderate resource requirements.

(4) Intensive management with restrictions. This type of management-
allows for all possible measures stimulating fish production and re-
stricted fishery exploitation. It is undertaken in cases when high
density of the fish stock is necessary for other users, for instance,
in case of water bodies allocated for angling, or else when the fish
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stock is used in order to ameliorate the environment. This type of
management is characterized by very high resource requirements.

(5) Intensive management without restrictions. In this type of manage-
ment there are no restrictions as concerns various measures stimu-
lating fish production, nor as concerns exploitation. This type of
management is undertaken on lakes in which commercial fishery
production is decisively of primary importance. Use of these lakes by
other users is restricted. Intensive management is characterized by
very high resource requirements. In reality, this type of lake fishery
may be treated as lake fish culture.

Broad introduction of these schemes into practice will certainly not
allow for any outstanding, spectacular increase of freshwater fish
yield, but it will assure its constant, long-term increase. Furthermore,
it allows for maintaining multiple values of water bodies, compen-
sates for possible losses due to water pollution and eutrophication, and
liquidates conflicts between various users of lakes. Hence, it seems the
most appropriate and feasible solution on a long-time scale, as well as
for further development of fish farming.
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Czechoslovakia
FISH SPECIES

Barbel (Barbus barbus)

Bighead carp (Aristichthys
nobilis)

Bream (Abramis brama]

Brook trout (Salvelinus
fontinalis)

Brown trout (Salmo trutta
m. fario)

Carp (Cyprinus carpio)
Chub (Leucius cephalus)
Eel (Anguilla anguilla)

Grass carp (Ctenopharyngodon
idellus)

Grayling (Thymallus
thymallus)

Huchen (Hucho hucho)

Leather carp (variation of
Cyprinus carpio)

Maraena (Coregonus lavaretus)
Minor or naked carp

Mirror carp (variation of
Cyprinus carpio)

Peled (Coregonus peled)
Perch (Perca fluviatilis)
Pike (Esox lucius)

Pike-perch (Stizostedion
lucioperca)

Rainbow trout (Salmo
gairdneri)

Rapacious carp (Aspius
aspius)

Roach (Rutilus rutilus)

Sheatfish or wels (Silurus
glanis)

Silver carp
(Hypophthalmichthys
molitrix)

Tench (Tinca tinca)
Trout

Wild fish
Phytophagous fish
Pond culture

Salmonoid culture
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Czechoslovakia

Jan Vacek!

Background

Pond fish culture in Czechoslovakia has nearly 900 years of tradition. The
first fish ponds date back to the 10th and the 11th centuries in Bohemia and
Moravia. The greatest development was in the 16th century when complex
fish farms were built in Bohemia and Moravia and water surface area was
estimated to be more than 120,000 ha (296,400 acres). During the 18th and
19th centuries, cultivation became more intensive, resulting in a reduction
of water area by 50% with converted ponds being used for pastures and
crops. After this time, pond area gradually declined so that by 1933 there
were only about 42,000 ha (103,820 acres) in Bohemia and 5915 ha (14,610
acres) in Moravia. Following this period came the first state fish farms.

After World War II administration of state farms for pond fish was vested
in the Ministry of Agriculture. In 1967 the State Fishery Branch was
formed to head up 24 state fish farms. At the same time two independent
state farms were formed in Slovakia.

The total water area of reservoirs including rivers is estimated at 135,000
ha (333,450 acres). Of this area, 52,030 ha (128,514 acres) are in ponds. The
State Fishery Enterprise comprises 41,380 ha (102,209 acres) or 79.5%.
Headquarters are in the town of Ceske Budejovice. More than 50,000 ha of
ponds (123,500 acres) are in Bohemia. Besides the State Fishery Enterprise,
exploitation of fish ponds is by two state fish farms in Slovakia, the Czech
and Slovak Angling Associations, Agricultural Cooperatives, state farms,
municipalities, etc. However, because the predominant share of waters is
under the State Fishery Enterprise with better control over intensification,
production, and marketing, future increases in output depend on this
agency.

Fishery exploitation of running waters and artificial lakes lies essen-
tially with the Czech and Slovak Angling Associations. From a total of
83,170 ha (205,430 acres) of such waters, 43,000 ha (106,210 acres) are
utilized by the Slovak Angling Association in Slovakia and 28,500 ha
(70,395 acres) by the Czech Angling Association (Bohemia and Moravia).

1 Fisheries Economist, Institute for Agricultural Economics and Nutrition, Praha,
Czechoslovakia.
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The remaining water is used by the State Fishery Enterprise, Fisheries
Research Institute, Fishery High Schools, etc.

The development of angling and all-round exploitation of running waters
began before World War I. Associations of fishing clubs started in 1923. By
1933 more than 500 fishing clubs were registered. After World War II, the
Czechoslovak Angling Association was formed and when the federation law
was passed in 1969, two separate Czech and Slovak Angling Associations
were founded. Interest in angling is shown by growing numbers of regis-
tered anglers. In 1965, 120,000 anglers were registered, but by 1978 these
numbers were more than 200,000. Statistical studies indicate future
growth.

Development of Production

Reliable statistics are available after 1953 when amalgamation of fish
farms was completed. Fish production started to intensify. This was due
primarily to tying in technology with a combination of fish (carp) and duck
culture. The development of fish and duck culture and their contribution to
production of animal protein for human consumption is shown in Table 18.1

Since the area of ponds fluctuates only within a very narrow range, total
marketable production is due almost entirely to intensification. According
to statistical data, fish production increased 140% between 1953 and 1978.
In the last 10 years, duck production has increased 102%. In several State
Fisheries duck production reached higher levels than fish production. Since
1953 there has been a 410% increase in production of animal protein for
human consumption per hectare of cadastral area. In the past 10 years,
important technological changes in duck breeding have come into use. The
average annual increase in total fish production and animal protein from
fish and duck production averaged 4.3 and 9.7% per year, respectively.

In published data, the catch by anglers is not given because this catch and
consumption are outside the marketplace. Statistics of the Czech and
Slovak Angling Associations indicate that total catch by anglers in 1978
reached 3500 MT (3850 ST), an increase of about 30% from 1970.

Biotechnology

Technology of fish production is tied up with traditional Czechoslovak
pond fish culture, some aspects of which have not changed for a long time.
Notable among these is the reliance on production of natural foods in
ponds for the nutrition of fish. These relationships between fertilization
and natural food production were fairly well determined by 1900. Hence,
natural nutrition is the basis of fishing culturing.

To aid in increasing productivity per ha, artificial feeds are also given. In
comparison with some European countries (Hungary, East Germany,
Yugoslavia, Bulgaria, Belgium, etc.), Czechoslovakia achieves high pro-
duction with smaller shares of artificial feeds, while at the same time
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achieving conspicuous increases in carp production with additional applica-
tions of feeds per ha.

Data for the 19711978 period show some of these relationships. Year to
year fluctuations are influenced by climatic changes, nutritional relations,
etc.

1971 1972 1973 1974 1975 1976 1977 1978
Feed in kg
per kg of
carp produc-
tion 149 153 172 165 170 163 170 1.80
Inputs of feeds
in kg/ha 429.3 4619 4814 489.7 5249 526.8 582.9 580.1

In addition to fish (and duck) culture, pond culture serves several other
functions such as retention of water and utilization of water for agriculture,
industry, and outdoor recreation. In these special cases, production and
economic effectiveness are related to needs of the national economy.

Differences in intensity of farming result in classification of ponds into
five groups.

(1) High intensity fish farming

(2) Average intensity farming

(3) Lower intensity of farming (technological and economic limits)

(4) Lower intensity of farming (preference for outdoor recreation)

(5) Ponds with specific utilization (water to be used for irrigation,
sugarbeet factories, etc.)

In the first group, yields of over 1000 kg/ha (890 lb/acre) are achieved, in
the second group, yields of 300—400 kg/ha (267—356 lb/acre) are achieved.
In the remaining three groups requirements for technological, economic,
and specific uses result in less intensification of farming.

As indicated earlier, traditional methods rely on fertilization. Phos-
phorus and nitrogen mineral fertilizers are applied as well as organic
manuring. Application of mineral fertilizers is increasing as ponds with
average or lower intensity of farming are subject to improved hygienic
regulations. Serious problems also arise from water runoff bearing nu-
trients from other farm land that drain into ponds. Owing to the con-
figuration of the terrain,nutrient runoff from arable land is more pre-
valent than in the majority of European countries.

Application rates of fertilizers and organic manuring follow:

Ib/Acre kg/ha
Lime 347 390
Phosphorus fertilizers 27 30
Nitrogen fertilizers 20 23.2

Organic manuring 1603 1800
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The preceding data represent average levels of input in the State Fishery
Enterprise. In ponds with intensive farming, inputs of fertilizers are
substantially higher.

Amelioration. While fish production is improved by use of both feeds
and fertilizers, there are other factors which ameliorate more efficient
intensification of culturing. Among these are installation of diversion
ditches, cutting of weeds in ponds, enlargement of water area, summer and
winter drying of ponds, and cultivation of pond bottoms. Possibilities for
improvement also include additional building modifications (installation of
feeding silos, aeration of water, control of chemical and biological composi-
tion of water). All contribute to more efficient technology and permit fur-
ther intensification.

In Czechoslovak pond culture the following species are cultured for food:

(1) Carp (Cyprinus carpio)

(2) Tench (Tinca tinca)

(3) Rainbow trout (Salmo gairdneri)

(4) Pike-perch (Stizostedion lucioperca)

(5) Pike (Esox lucius)

(6) Maraena (Coregonus lavaretus)

(7) Grass carp (Ctenopharyngodon idellus)

(8) Silver carp (Hypophthalmichthys molitrix)

Also found in small numbers are sheatfish (Silurus glanis). Growing in
importance are peled (Coregonus peled) and bighead carp (Aristichthys
nobilis).

The most important fish cultured, by far, is the common carp (Cyprinus
carpio) which accounts for over 90% of production. Increased production of
several species is adversely influenced by intensification (mainly pike,
pike-perch, rainbow trout, and maraena). While common carp is pre-
dominant, it is expected that there will be increased use of both mirror and
leather (variations of Cyprinus carpio) carp.

Technology of Carp Culture

Extensive possibilities for improving culture remain in the sphere of
incubation of eggs and fry and in fingerling and yearling production.
Technological measures exist for the preparation of spawning fish which
are affected by climatic conditions. Technology of artificial spawning and
culturing of carp fry and fingerlings in special devices with thermal waters
are being introduced on a large scale. Meanwhile, production of carp year-
lings is adversely affected by the inflow of nutrients from agricultural soils.
Eutrophication of waters in ponds is accompanied by fluctuating pH values
and alkalinity with resulting negative effects on cultured yearlings. For the
improvement of the water environment, application of amelioration, aera-
tion of water, and other measures are coming into use.

Stock fish culture and production of marketable fish are carried out in
rearing and fattening ponds. Three year rotation of fish is predominant and
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marketable fish achieve individual weights of about 2 kg (4.4 Ib). When a
two year rotation is followed, the yearling fish are stocked directly to
fattening ponds and reach weights of 1-1.5kg (2.2—2.9 1b) at the end of the
second year. Two year rotations are utilized only to a limited extent, but
gradual application of processing fish into different forms gives future
possibilities to the utilization of smaller sized carp.

Species Cultured Besides Carp

Tench (Tinca tinca). Commonly produced in polyculture with carp.
Growing marketable production is stimulated mainly by requirements for
export. Production of marketable fish reached 400 MT in 1978.

Rainbow Trout (Salmo gairdneri). In Czechoslovakia, two main tech-
nologies of trout production are used:
(1) Polyculture with carp in suitable ponds
(2) Fattening in monoculture with utilization of special devices (cage cul-
ture, raceways, etc.). Contemporary marketable production amounts
to 500—600 MT annually (1978—-1979).

Pike-perch (Stizostedion lucioperca). Supply does not match demand of
the market. Marketable production amounts to 17 MT per year. Increased
production can be achieved by utilization of ponds with limited intensity of
farming and by application of monoculture.

Pike (Esox lucius). Fluctuation or even decline of the yields is affected
by similar factors as in the case of pike-perch (eutrophication of water , etc.).
Total annual marketable production fluctuates around 30 MT. Future
expansion of pike production depends on the selection of suitable ponds and
improvement of technology of yearling culture.

Maraena (Coregonus lavaretus). These had been imported and success-
fully acclimated by the end of the 19th century. They are commonly pro-
duced in polyculture with carp. In spite of increasing intensity of farming,
marketable production of maraena is gradually growing and in 1978
reached 360 MT.

Peled (Coregonus peled). Peled is evaluated as a good prospect for grow-
ing. It has been tested in polyculture with carp. In suitable ponds, stocking
of peled with carp enabled total fish production to increase by 20—-40%
without additional inputs.

Phytophagous Fish

Acclimation of phytophagous fish is concentrated on the grass carp
(Ctenopharyngodon idellus), silver carp (Hypophthalmichthys molitrix),
and to a lesser extent on the bighead (Aristichthys nobilis). The best condi-
tions for culture and breeding are in the regions with warmer climate



CZECHOSLOVAKIA 263

(Southern Moravia, Southern and Eastern Slovakia). Marketable produc-
tion of phytophagous fish fluctuates around 90 MT and is affected mainly by
outcome of technology of yearling culture.

RIVER MANAGEMENT

Attention is drawn to the exploitation of rivers and artificial lakes by
means of angling. Composition of wild fish affects predominantly the selec-
tivity of angling, pollution, amelioration of waters, and limitation of natu-
ral spawning.

Angling is oriented mainly to species, their production in hatcheries and
other devices, and then stocking in water reservoirs. Anglers catch the
following species of fish mainly:

(1) Carp (Cyprinus carpio)

(2) Pike (Esox lucius)

(3) Pike-perch (Stizostedion lucioperca)
(4) Wels (Silurus glanis)

(5) Tench (Tinca tinca)

(6) Bream (Abramis brama)

(7) Eel (Anguilla anguilla)

(8) Barbel (Barbus barbus)

(9) Rapacious carp (Aspius aspius)

(10) Chub (Leucicus cephalus)

(11) Roach (Rutilus rutilus)

(12) Perch (Perca fluviatilis)

Fish, other than common carp, account for only 10—11% of production. In
the future, major expansion should be in trout and polyculture of phytopha-
gous fish with carp.

Among salmonoids, these species are the most attractive ones:

(1) Brown trout (Salmo trutta m. fario)

(2) Rainbow trout (Salmo gairdneri)

(3) Brook trout (Salvelinus fontinalis)

(4) Grayling (Thymallus thymallus)

(5) Huchen (Hucho hucho)

Anglers have an increasing interest in the exploitation of artificial lakes,
special ponds, river arms, and other water reservoirs which have formerly
been underutilized. In selected aritificial lakes, fishing by means of seines
and ground nets is sometimes practiced. The role of net fishing is limited
insofar as supplying the market (6070 MT annually). The major problem
is the low economic efficiency of this kind of activity.

Another specific problem area is angling in artificial lakes which have
the main purpose of supplying drinking water. Fish used for food for
predatory fish are stocked as one component in the biological self-purifi-
cation of water. In these types of waters, only limited angling is carried
out.
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MARKETING, HOME CONSUMPTION,
AND EXPORTS OF FISH

Imports of fish from abroad and the supply of domestic marketable pro-
duction influence the distribution and sale 