
VCu T 8O OOi

't

t

pgc4P
gy

~c

Iga~ COPy ONLY

gp,I�:~Allha ~I
$r~nt ggljgg

PIATIOI4AL SGL CR',>/T DE~!",
PELL LJURA." ~

URf, NARRAG I'.,;:.
NARRAGAbliii., ni ...



'LO4V Capy C'!'LY

TECHNIQUES OF EFL CULTUEF, IN GREENHOUSES

William L. Rickards, editor

Trarrslnt< d frrmr the Japanese by Frrmiko Grepg

Compiled by Kochi prefect ural Freshwater Fishery Institute

Originally published by Kochi Prefectura] Fisheries Section

N4TIONAL S9 GRAt~r Urpo;ITQ.Y
PFL1 L! Ep4!i'y !i!.�.0!!�-

t!RI, t,'P~,Sqc-,>,~;~ ~4y <<,>>rJ>
!r!/,rrn4C 5'l"'PT, R l Ll 832

Sea Grant publication
Vorking Paper No. 8o-

February, 1980

price' $2 ' OO

This work was sponsored by the Of fice of Sea Grant, NOAA, U. S. Department
of Commerce and the North Carolina Department of Administrat ion. Under
Grant No. NA79AA-D-OOO48 the U.S. Government is authorized to produce
and distribute reprints for governmental purposes not withstanding
any copyright that may appear hereon.



P REFACF.

Since 1975, the Universitv of North Carolina Sea grant College program

has supported a research and demnnstrat ion proj ect designed to det-ermiJ e

the feasibility of ee] farming. J'.mphasis has been placed on demonstrating

e~ 1 culture techniques to potential farmers and researchers. While most

technique demonstration has occurred through visi.tation to our eel culture

facilities in eastern North Carolina, a considerable amount of technology

transfer has been accomplished by the distribution of printed materials

describing our work as well as current eel culture practices in other parts

of the world.

This publication is a translation of a Japanese paper which describes

the most advanced eel culture facility construction and management techniques

in existence. While the farming of eels in covered enclosures with heated

water  at least during the colder months! is becoming more common in Europe,

the Japanese have successfully refined the technology to the point of

continued profitability. Therefore, as part of our efforts to provide

up-to-date information on eel farming methods, we have prepared this edited

translation.

A few other comments regarding the text are also necessary. The

section on diseases and drugs contains suggested antibiotics and chemicals

for use in disease treatment. The reader should bear in mind that some of

these chemicals have not been approved for use with food fish in the United

States. Before any chemical is used, the legality of any such application

should be determined so that the crop wilI. not face possible seizure for

being contaminated.



Final]y, the SeCt iOn on diseases and treat mentS in Lb is text I S

limited «nd does noL In< ] ude f I gures or photog>raphs of infected eels,

Det.<i led In form~ tion «nd phot oI raphic examples of ee] diseases are av til�

able in the  II<I : Sea Grant publication, A Diagnostic tianual of l.el  !iseases

<rr i«" I'ui<    :u] I ur<  :<.<1diLi<>ns In !agan, I' N :-N '-78- �  $q. ! ! I <'r <' <pv

from  INC $< a  'r Lnt, 1  l9] 1 Building, N. C. State tInivers5 ty, Rs]e I<h, N '.

2 7 > 5 !! .

Wi] l iam 1.. RIckards, editor



INTRODUCTION

Since the "eel culture in greenhouse" method was devi loped in 1972,

the ci 1 ciilture fndust ry in Koi hi Prefecture has made- rapid progrc ss.

Today, ee 1 culture is e.onsiiiercd to be one of the ma!or industr'ies of

the Prefecture.

Susume Hasuhisa, Director
Department of Narine Comserce

and Industryjlecember 1977

iii

As is known, along with progress in the eel culture industry, we

are faced with many problems: pollution caused bv drainage and other

factors, gapa in management, distribution, and so on. Thu outlook for

the ee92 culture industry 3n our Prefecture is far from reassuring.

In addi t ion, ef feet ive use of oil, water, and oceanic resources

has recently been advocated. Taking these into account, it is necessary

to research and develop more effective culture methods.

This booklet is a revised edition of the "Greenhouse Culture of

Fels" published in 1974. Since 1974, techniques have advanced, but,

at the same time, outbreaks of new fish diseases have been observed.

Thi 8 booklet may not contain any th ing new to those with a great deal

uf experience, but I would appreciate it if you would glance over it.

For those who will start eel culture for the first time, I encourage

them to read this booklet carefully before making a pond, and to carry

out advanced research before they start. It is very dangerous to start

eel culture with the simple idea that "eel culture is a profitable

venture". Pollution problems are common, and I urge pond owners ta

make an effort not to cause damage to their areas.

Last but not least, I would like to express my gratitude to Professor

Kusada of the Department of Agriculture, University of Kochi, who so

kindly offered guidance for the Chapter "Diseases and Measures" in this

booklet.
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I. FACILITIES FOR KEL CULTURE IN GREENHOUSES

Today, methods of eel culture can be divided into three rearing

procedures:  I! f rom whitebait unt il medium-sized �0-6Dg!;

�! from whitebai.t until medium-sized with part of them becoming full

grown; and �! from either whitebait or medium-sized until. full grown.

In this paper, I would like to talk mainly about �!, which deals with

continuous production from whitebait to full-grown fish.

I.l. Conditions of Location

Conditions of the location are fundamental for production, and

include the location environment as well as volume and quality of water,

A! Location environment:

a. should receive plenty of sunshine

b. should not suffer from being flooded

c. should have a large drainageway and be convenient for drainage

d . should not have waterworks  water supply facilities! or private

wells for drinking water in the vicinity

e. should be a place with easy access

f. should not cause noise pollution by boilers or other mechanical

equipment to residential homes

g, should have access to a power line

h. should not be an area of strong acid soil

8! Volume and quality of water:

a. it should be possible to secure underground water or riverbed

water to be pumped in an amount in excess of that needed

for changing the volume of water in the ponds once a day.

+Editor's note: whitebait is the translated term which ia equivalent to
the elver stage in the life cycle of the eel.



0
water temperature should be above 17 0 throughout the year

c. pH  hydrogen ion concentration! 6 5 � 8.0

salinity should be from 0  fresh water! to 1 part pet thousand

e. alkali above 0.5 mg

f . ammonium n i t rogen below 0. 5 ppm

hydrogen sulffde below 0.1 ppm

h, iron content below 0.5 ppm

1.2. Structure of Ponds

The sfze and number of ponds varies depending on the production goals,

hut it is convenient in managing fractional stocking, gradings, and

*
disease prevention if the size of a pond fs about 100 "tsubo" or less,

and the number of ponds in each "bout "* is more than one  see table below!.

lt fs also a good idea to 1 fne up several ponds of about 20 to 60 "tsubo"

each in size, sfnre it has recently been difficult to obtain the necessary

number of seed eels at one t ime. In addit ion, f t vil 1 be handy to keep

a small water tank of one-to-two tons capacity to be used as a temporary

holding tank or for disinfection of eels. For efficiency in changinp

water and fn heating, the tank should be 20 to 60 cm deep.

 Kxample! Percentage of pond area for each stage' apainst the total

area of a "bout"

First pond

Second pond

Thfrd pond

Fourth pond

Fifth pond

 whitebait!

13X

32X

40X  final growth stage to market size!

LOOXTOTAI.

one "tsubo" = 3.954 sq. yds ~
* a "boor." is the sequence of ponds required to pass through all grading and growing

stages to market size.



A! Vinyl ponds using exist fng houses:

This method converts a vinyl house origi.nally

into a rearing pond, Ihfs is done by making use of the house struts to

make the outer frame of the pond wfth rafters and galvanized iron

sheets, and by flattening the bottom of the house and lining it with

vinyl sheets  Figure 1!. Although this method has the advantage of low

cost, there are shortcomings in terms of operating and structural

weakness such as passageways, drainage and accident prevention.

B! Hewly constructed vinyl ponds.'

Recently, it has been more common to have a vinyl pond first

designed with enough space for passageways, etc., and then to have a

suitable house added. Compared with the vinyl ponds using existing houses,

this method imposes some restrictions on how to use a building site and

the cost will be higher, but it has advantages in terms of operation and

structure  Figure 2!.

C! Concrete ponds:

Compared with the vinyl ponds, concrete ponds cost more, but

rhey are much stronger. In terms of management, concrete ponds have the

advantage of longer durability and they are also safer . In recent years,

more and more octagonal ponds have been constructed incorporating good

points of square ponds and round ponds  Figure 3! .

D! Other ponds:

Besides the three types of ponds described so far, there are heated

open-ground ponds, circular filter bed ponds and others, every one of

which has strong and weak points. The description of these will be omitted

bere. However, regardless of structure, every pond should have an

efficient circulation of water flowing into, through, and out of the pond.
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a. from above

Figure 3. Concrete ponds.

a. Overall method b. Concentrated method

Figure 4. Nethods of laying heating pipe ~



Warming of water by vinyl houses and/or by boilers, which are the

two most widely used methods in our Prefecture, will be described here,

although there are other warming methods such as electric heaters or waste

warm water.

A! Vinyl houses:

Using a vinyl house can cut the fuel cost to between 1/2 and 1/3

of what it wi.ll cost to warm an open-ground pond. As for the structure

of a house, it is desirable to consider: 1! the sun gets into the h««

well, 2! effective heat insulation, and 3! structural features will not

hinder operations. For these purposes, attached pipe houses with arched

roofs have an advantage over a detached house with a high gable roof.

It will also be useful in terms of heat insulation to line the house from

the inside with two layers of vinyl sheets whenever possible.

B! Boilers and pipe laying:

Tn our Prefecture, heavy oil boilers for horticulture are widely

used. An approximately 400,000 K cal. boiler is needed for a 300 "tsubo"

pond, with minor differences in the size of the boiler depending on. the

number of ponds and frequency of usage. For fuel, mainly uB" heavy oil

is used.

There are both piping and direct hot water methods for using

boilers. In this booklet, only the piping method will be described.

Al.though its construction cost is higher, the piping method has better

thermal efficiency and an advantage in operat ion over the direct hot

water method. piping method means to lay heating pipes, 2.0 to 2.5 inches

iu Diameter, in a pond at intervals of about 6 feet. Hater which is

o40 to 80 C in a boiler passes through the pipes and indirect ly

warms the water in a pond. The water temperature is controlled by an



interlocking device of a thermostat set up in a pond, a circulating pump,

and a boiler.

There are overall and concentrated methods in piping. Except in

a ss~il I pond like the first pand in the "haut", the concentrated piping

method has an advantage in management  Figure 4! .

Heating pipes are made of zinc, tinplate, aluminum, pleated aluminum,

or stainless steel. Each material has both advantages and di.sadvantages.

Heating pipes used widely in. our Prefecture are zinc pipes  galvanized iron!,

When usinp zinc pipes, it is necessary to paint the parts of the pipes

which will be submerged in water  see p. 60, Convulsion disease � tentative name!

I. 4. At tached E ui ment

A! Water supply equipment:

Water supply equipment includes wells, pumps, water pipes, valves,

and so on. The depth of wells naturally differs depending on the underground

water level, but it is disadvantageous to have too deep a well because such

a well requires a pump with large capacity. The capacity of a pump is

decided by the volume of water consumption and the lift. It is at least

necessary to install either two pumps, one for general. needs in the rearing

ponds and the other for filling the pond rapidly if the need develops, or one

pump which can do both. It is desirable to install a spare pump in case

af a emergency. Water pipes should be arranged so that the lift becomes

as small as possible. Valves should be installed at places convenient for

operating. Underground water, regardless of the water source, contains

very little oxygen. Therefore, at the point where water pours into the pond,

some type of device which adds oxygen to the water should be provided.

From time to time, I find a pond where new water is poured in next to the

feeding area, but this is showering the eels with unfavorable water because



the new water is low in temperature and oxygen. If new water is to be

added to a pond, it should enter the pond next to the water wheel or

aeration device.

B. Drainage equipment:

One cannot expect resolution of sludge or purification of water

by subsoil in a vinyl pond as in a mud pond. Therefore, it is desirable

to swiftly discharge sludge components such as left over feed and excrement

produced during rearing from the vinyl pond. For this reason, a device

whirh collects sludge in one place in the center of a pond by circular

water currents and then discharges the collected sludge together with the

pond water. is reasonable, and this type of device is designed in various

ways  Figure 5!. In addition, as days pass, a film and foam from oil and

other food substances will form more easily on the surface of the water,

thus preventing impurities such as nitrogen gas from Leavi.ng the water.

Therefore, a device which will also discharge surface water is desirable.

It is even more convenient if a place to discharge water when picking up

eels is also built alongside.

C. Drainage treatment facilities:

Host warm water eel culture uses the half-effluent rearing method,

but some use the ci.rcular water method. In the half-effluent rearing method,

sometimes the rearing water which is drained in a day may be equal to the

volume of the water in a pond. ALso, when the pond water is being changed,

poor quality water with sludge must be drained all at once. Recently,

because these drainage waters contain a high level of nit'rogen and smel I bad,

they have become a pollution proble~. To control this problem, business

proprietors are asked to rely on their good sense in choosing a site and not

to discharge polluted water. In choosing a site, as mentioned previously,



2 3 Overflow standpipe io center of pood
Overflow for surface water4-

5- Overflow outside of pond  also used to adjust water level!
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Figure 5. Drainage installations.
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should be located where water can be drained into a nearby overflow

 not an irrigation channel! and where water is not being used downstream

by existing industries or health-related places. An ideal purifier has

not been perfect ted for drainage disposal facf lities, but it i.s necessary

to make efforts to discharge water as clean as possible. Now, we are

in the midst of a study to design an improved disposal plant which will

be constructed and maintained inexpensively, operated easily, and will not

requi.re a large area  Figure 6!. This plant is expected to dispose of

more than 50X of the sludge produced in the farm area.

D. Aeration arrangement:

Because only a small amount of sun enters the pond in a greenhouse,

phytoplankton does not grow well. Therefore, the oxygen supply often

depends on a water wheel., and a blower or compressor is used whenever

necessary to aerate and reduce the lack of oxygen. Compressors will be

sufficient for small ponds, but blowers will be better for a large area with

many ponds, because blowers move more air. BLowers should be installed so

that intakes will pull in fresh, outdoor air. Airstones which make bubbles

as small as possible are more effective for adding oxygen to pond water.

E. Water agitator  vater wheel!:

The reason for using a water agitator are to add dissolved oxygen

and to create currents. '4lotors are usually 0.5 � 2 PS  horse power! and

turn water wheels set on floats. A water agitator set in a small pond

usually just splashes vater, but one in a large pond should splash water

~t the sumo time that it creates circulation currents. A water agitator

should be located where the pond water circles throughout the pond in

return currents, but it should not be nt a place vhere it. vi ll send a rapid

current to the feeding area. Agitators made from submersible pumps and screw-

type agitators are being sold these days.
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F. Generators:

Warm water eel culture uses many pieces of electric equipment

such as water vheels, blowers, pumps and boilers. Thus, there have

hcun many occasions when large numbers of eels died from lack af oxygen

because of power iailures and accidents. For this reason, a generator

must be installed. The capacity of the generator depends on the amount

of electricity consumed by the facility. An alarm should be installed in

case the power goes off.

G. Orher equipment, appliances and parts:

 I! Fan � It can easily get so hot and humid in a greenhouse that

water temperature ad]ustment and operations are hindered. Also, humidity

is dangerous to electric equipment. It is desirable to install fans at

key places for ventilation.

�! Refrigerator - A box freezer or a small refrigerator will be

needed to keep feed fresh,

�! Kneading tool � An appliance to knead formula food into the

dough-like mixture.

�! Chopper  mince! � For grinding fresh fish to be fed to the

�! Appliance to de-bone fish  optional! - removes meat only, leaving

bones and skin from fresh fish.

�! Boiling pot  optional! - for boiling fresh fish before feeding.

�} Grader - for selecting various sires of eels for fractional

stocking or shipment.

 8} Hiscel laneous � submersible pump, dip nets, waders, etc.
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II. EEL CULTURE TECHNIQUE IN GREENHOUSE

ature of the Eel

A! Life History:

Life btaeoey op ehe Japanese eel  ~an a onica in the natural

habitat ia presumed to be as follows:

Lives in the mid and lower reaches
of a river where water temperature
is relatively highLeptocephalua

Whi t ebs i tH !tching
 several years, 5-15, depending
on food and temperature!

 about a year life
in the aea!

Mating andMaturing

Eels Migration back to the sea Parent fish

EggSpawn i.ng

Eel culture is an artificial shortening of the part of eels ' natural

life which would be spent in the rivers.

B! Physiology and ecology useful for culture:

�! Response to light - Eels are naturally nocturnal fish and like

dark places. However', during the elver stage, they are sli,ghtly phototactic
and inclined to be attracted by light. This characteristic is utilized when

eels are being domesticated  meaning to tame to eat feed or to become

accustomed to feed!, but they lose this characteristic as they grow.

�! Rheotaxis - Eelap hy nature. stem the current as far as possible
wherever there is water. This characteristic is stronger with smaller eels

and weaker wi.th bigger eels. Eels cultured ia ponds lose this characteristic
especially quickly- However p if the pond is flooded. almost all the eels
will escape.



�! Response to salinity � Eels can adapt to either fresh water

or sea water. They can, by nature, easily stand sudden changes in

salinity. Elvers which were in sea water like to gather in the brackish

water zone at the mouth of a river and stem the current into fresh water.

On the other hand, eels cultured in fresh water ponds have a tendency

to be attracted to salt water.

�! Breathing � Eels breath not only through gills but also

through their skin. The ratio of gill and skin respiration is said to be

two to one. Because of this, eels can live out of water for a long time

if their body surface is wet, and this characteristic is put to good use

in live fish transportation. However, eels will die from suffocation in

a pond if the oxygen content of the pond water gets too low. The limit

of oxygen content eels can survive is around 1.0cc/liter. Compared with

other fish, eels possess a great resistance to low levels of dissolved

oxygen.

�! Eating habits - The eel is an animal-eating  carnivorous!

fish. The eel stomach is well-developed and the intestinal tract is short

and nearly straight, Eels prefer animal feed even when they are kept in

a pond. Therefore, formula feeds for eels are made of mostly animal

ingredients' Eels also like to eat whole, fresh fish which has been

placed in boiling water for a short time.

�! Preying on each other � Japanese eels do not prey on each

other except when rhere exist extreme differences in size among them.

European eels are, on the other hand, quite strongly inclined to prey on

each other.



�! Digestion ability - glace eels arr animal-eating fish, their

ability to digest prot~ in is strong and their protein digestive rate

is 80 tu 95%. As for th~ ]r starch digestion, it is 50,. or less for  beta}

si.arch  raw starch!, Fury   alpha! starq h, the rate is almost as high as

their protein digestive rate. Tt goes without sayirIg that fresh fish is

digested more completely than formula food.

 8! Slime  'mucus] � The ee].'s outer ]ayer o f skin has well-deve] oped

mucilage cel ls and ~»;« t iv< secret.ion of mucus. The ataount of mucus

secreted changes with the environment. p.'els secrete more mucus as their

environment deteriorates, and the pond water may become viscous or

a great amount of foam may form. Leis mav die when they secrete so much mucus

that the slime falls off.

 9! Water temperature � The eel is a poikil.othermal animal just

like other fish, and changes in the water temperature affect every physio-

logical «spect including breathing, eating, digestion, activity, aud

growth. The range of appropriate water temperatures for eels is 10 to 32 C,o

although the optimum water temperature for cul,ture is be]ieved to be

o
20 to 28 C. Since eel cultur» is an enterprise in which the eel 's gt'owth

is important, water temperatures in the upper range of 2Q to 28 C areo

recommended to induce good growth.

I].2. Hater Control

Even though it is different from water control for traditional eel

culture in open-ground ponds, for which people used Qo say th t water

conditioning would take ten years, water control for

houses demands art i f icia] control. ]t is no exagge rat io

productivity depends on daily control of the water.
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A! <Pater pari f fc«t  on:

0neat< n feed and sludge a< rumulated in the pond must be

r< m«vcd as swi f t I y as possible. At the same time, deter iorat fon <f water

<I»,< I I < y <«u:;< h< I>r«v< nl < <I hy using semi-runnf ng water  ;<ppr<>xfm«t

complet< water <ha»ge once a day!. If the accumulation of sludge is

l.eft sitting in the center of a pond, a great deal of oxygen will h<. ron-

.'<a<<< <I < h< mf c:<! I v t < d I as<< I ve t he s l udge and ammoni a w I 1 I h< gener < t ed, These

< ondit Ions wf I I rouse st;<gn«t I<>n of growth and sickness in the eels.

g! 0XVg< n ra<I<I< I < m< nt

Oxygen is suppl< ment'ed by flowing wat< r, water wheels, and blowers.

t>xvj!<n is also generated by k< oping phytoplanktnn fn th< ponds, although

thil s is diff Icult in greenhouse culture. Ilowever, It is important' to keep

the approp rf at e dens ity of phytop I ankt on   f . e. wh en you can see your f f ngerna I I s

faintly after putting your arm up to the elbow fn the water! because if

the phytoplanktnn hecomes too dense they will reduce the oxygen levels at

night�. In addit fon, phytoplankton have the abfl fty to ronsume nitrogen

as ammonia! which is pofsonous to eels, and a phytoplankton bloom

provides eels with romfortable shading and prevents stres~.

0! t4ater temperature in the pond:

Yh< water temperature in a pond should be checked every day,

O
Its dally flu<.t uat.ion shou'ld be kept. within 5 C. The relatfcn between

the growth of eels and the water temperature has not been made clear,

hut I f the temperature i s kept at 2S C for elvers through "kurok< " eels,

and 25 t«28oC for mid-si zed and "futo" eels, good growth should be realised.

<ddi < i<in, I I<c wet< r t < my<. rature must be car< ful ty monitor<d h< r;<use

«i< I<r< .<Ls <I vl r.<1 r«phr I <.is  t entat fve name! h«v<. horn on the i<i< r«-.s<

T < ' r « ' < t I ' '   s <' <.' p . > ' ' !

*" huroko" m<.ans small eels weighing about 10 grams
*~ ufuto" means eels weighing more than 20 grams
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ln any case, keeping the water tempera Lrj«

important, and sudden changes in temperature, even when they are w t n

five degrees �!, are not desirable.

D! Other factors:

 I! pH - it is a Rood idea to check pN fL.orn time to time,

because changes in pH between night and day will indicate the Pond w«e

condition. A pH below 7,0 or above 9.5 during the day

undesirable  see p. 38 ! . A s imple colori.metric apparatus will be sufficient

for measuring pH.

�! NH -N  annnonia nitrogen! � if it is passible to periodically
4

measure NH -N in the pond water this will indicate how dirty the ~ater is.
4

A value over 3 ppm will affect eels beyond just producing poor growth. It

is desirable to measure both pH and NH -N at the same time since ammonia
4

toxicity will affect eels more strongly as pH increases.

I I. 3. Disinfection of Seed Fels

In many cases, elvers  whether they are harvested in .!span or else-

where! are captured by many di fferent people and reach farmers only after

being handled by several more people. The eels are o f ten injured during

the times of capture and transport. Due to this damage, large numbers of

elvers sometimes die soon after they are stocked in ponds, To minimize

such losses, the elvers must be disinfected. Even when "kuroko" or

rnid-size eels are purchased as seed they should be disinfected as would

be done with elvers.

A! Facilities, tools and medicine necessary for disinfection.

�! Mater tank - a concrete or fabricated tank wit} capacity

of one to two tons  the first-staRe Pond can be used
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it cannot be used many times and requires a large amount of medicine!.

�! Aeration � a blower or a small air compressor can t e

used.

�! Salt � table salt or rock salt is dissolved at the rate of

5 kg per ton of water.

�! Furan agent - Any Furan agent will serve as the medicine

in the bath. The dosage for a long medicine bath should be applied to

elvers, but with mid-size eels, the dosage for a short medicine hath can

be followed for a specified time. For example, one may consist of a

ten mi.nute medicine bath for 100 kilograms of eels per one ton of water.

�! Other materials � net baskets to hold the eels; waders.

8! Method of disinfection:

�! Fill the tank with water, dissolve salt at the rate of

5 kg/ton of vater, add the prescribed amount of Furan agent, and aerate.

the water. If some of the salt is difficult to dissolve, it should be dis-

solved beforehand in a bucket of warm water.

�! Put 10 kg of eels  per ton of water! in a net basket, and

submerge the basket. Se careful to have the same temperature in the elver

transport water and vater in the tank.

�! Leave the eels in the medicine bath for about 12 hours, and

then release them into the first-stage pond in which the water temperature

has been adjusted to be the same as the bath. If this step is carried out

during the day, measures should be taken so that the bath is not exposed

to the sun because the Furan agent vill lose its efficacy.
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�! Be sure to remove dead eels and those suffering from

severe damage during tbe medicine bath, and keep close watch for contamination

of the pond water. The water' for a medicine bath has to be freshly

prepared for each bath.

~ nant it o E Nels to be Stocked and Densit of keari~n

The amount of eels to be stocked should be decided by factors such

as heating capability, the size of ponds, culture technique available, etc.

In the case of integrated production from elver through full-grown eels

in a 300 "tsubo" farm, Table 1 can be used as a guideline.

However, at a site with good conditions, the grow-out period vill

be shorter and some of the eels vill be shipped halfway through the grow-

out time and the amount of eels to be stocked may be i~creased.

The quantity of eels stocked for the production of mid-size eels is

different. A guideline for this type of production in a l00 "tsubo" farm

is shown in Table 2.

Furthermore, when using integrated production and a part is to be

shipped as mid-size eels, the amount of eels to be stacked and the rearing

density change in proportion to the projected production ratio.

ln any case, attention must be paid to rearing density, and it should

be kept under 10 kg/"tsubo" for mid-size eels and 20 kg/" tsubo" for "futo"

eels  more than 20 g ! at the time of harvest. As with other fish, the

amount of oxygen consumed per unit weight is larger for smaller eels, and

the amount per individual eel is mere for larger eels. Therefore, the

smaller the eels, the smaller the weight/"tsuho" should be. To be able to

raise "futo" eels at the rate of 20 kg/"tsubo" does not mean to be able to

raise mid-size eels at 20 kg/"tsubo" . As the density gets higher, not only

will costs be higher for pumping water, aeration and heating, but deterioration



TA11LF. 1. <!uan lty nF eels t» bc st»  ked and density ~>1 r~ «rlnv, 1n the r«se
of  nt egrst od pr»dur L 1 on   300 "t suhii" F«rn! .

Av<.
col

First pond Ser nnd pond Thfrd pond Fourth pond Fll'th p< nd

1 20 "t auho" wt.

.1«n. - Veh

Feb. - Bar.

l OpWy - June Total 85 "tsubn" 100-31 k .5-4.4 k f'tsufu>"!

100',

2 OOg>
ot«

 Note t The volut«e o  sale stocked ln the f fret pond ls usual ly set at 1.5 � Z.O kp.
"taubo", but duo to the ah«l loM depth �0 - 50 cn! fn a heated pond, the
Ffiure fe ast hare «t 0.5 kg "tsubo". !

TAll F 2. guantfty of sa3s tn he ~ tot kiM «nd density nF rsarfntt for the product inr>
of nld-»lrs i a 1» �00 "te»l>o" 1«re! .

Third p>ndFfret pond

40 "tsubo"30 "taubn"
wC

Fsb. - '.far. Tot«1 60 "tsubu" 200-240 k 3.3-4.0 k "taubo"!
0. 2g

tfay - june '1'ot«1 100 "tsubo" 1 000-1 200 k l0-12 /"taobo"!

A»g. - Sa p.

t!rt . Par,

l5 "tsuho" 10 "ts»bo" 40 "ts»h~" 95 "ts»bn"

Tot,«l 45 "tsubo", 60 - 75 kg  f.3-1. 7 kg/"1 «»her"!

ub" 0 6,7 k "taubn"!

"teu o" 6 000 k 20 k /"taubo"

Second pond

30 "teuba"

801
S»rv 1 vnl

Ave.
pol
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of the water, diseases, and depression in growth rare vill also occur.

There is also the danger that a large number of eels will be lost

inssediately if a power failure should occur.

IT ~ 5. Feedf~n

A! Domesticat ing .'

The process of domestfcating  taming ae1s to eat «ed!

be started when the elvers ffnish the medicine bat>

the first pond at the appropriate water temperature. If the Process of

domesticating fails, growth variatfons among eels Mi,11 become large and

wf3 l adversely affect their future growth. Thus, this tamfng to feed must

be supervised very closely. BI.vers swim throughout the pond during the day

 they vill gather in a dark spat if it is too bright!, and they will start

to swim around the pond at dusk, Turn on a 20 to 3Gw light above the feeding

area after sunset. Hang a small, closely-woven feeding basket close to

the water surface at the feeding area, and put a saaaE1 amount of thread-

wornm in the basket. After about' five days of being fed by this method,

more than 70X of the elvers should be domesticated. During these training

days threadworms falling from the basket to the bottom of the Pond

should be picked up so that the eels msy not feed at any place except

the basket. After feedfng at night has succeeded, adjust the lighting

tftse gradually to get the eels accustomed to feeding during the day
8! Switch f ng to daily d iet:

After the eels are completely used to

the basket, switch them to a daily meal diet. Ther~ zz i f f

daily meal diets: fresh fish and fozmula food. A dai>

mixing both of these fs best for eels from rhe standpoint f
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The fresh fish diet is made by mixing 7 portions of ground

fish with 3 portions of formula food and a small amount of threadworms .

Knead the mixture to a non-runny consistency. Put the kneaded mixture

in the feeding basket and give it to eels. Gradually decrease the amount

of threadworms and Increase the ratio of the formula food in the diet,

and in several days completely stop adding threadworms. Eventually,

bring the ratio to formula Food 7 to fresh fish 3. Since this is just

after the elvers are domesticated, the amount of the feed should be

limited to what they will finish completely in about. 30 minutes. The

elvers should be fed about four times a day, eventhough feeding so

frequently may be troublesome. Without taking these steps, the number of

elvers which will not bite at the feed will increase and they will eventually

turn into "hine"". The feed presented each day should be 5 to 6X of the weight

of eels being stocked. The feed should be mixed just before each feeding.

The feed for one whole day should not be prepared in a lump. It is best

to promptly remove and discard the uneaten feed. and feed which has fallen

to the bottom of the pond. From the elver through this growth stage, the

eels should be fed sufficiently and evenly so that their stomachs will develop

because this will affect their growth in the future. This is almost like

caring for a human baby.

C! Feeding, amount:

Gradually increase the amount of food when elvers which ha« b«n

eating their daily diet well turn into "kuroko" eels  about 10 grams! .

A daily criterion determining the amount of Feed at a water temperature o 
o25 C is 6 to 8X of the total eel weight for formula food alone, 20 to 30X

when using f'resh fish alone, and 10 to 13X for a diet. of 70X formula plus

30X Fresh fish. Some changes may be made depending on conditions of

*Editor's Note: <eaning not clear, but may be those elvers commonly called
"pinheads".



both the eels and the water. lt is not desirabl t thra e at t is stage   kuroko"

to mid-size! to give ei.ther formula food or fresh fish alone because of

«< f.<l i v« l I « f:: «u lfr«wf h««l l I« ~ ref S and on <   ~n ATl w <  <'r <l<l I « f v. ff 1 x«' I f <'«I

should be given as much as possible. Fresh f ish should be as fresh as

possible. When freshness is in doubt, put the fish in boiling water to

let impure fat come afloat before grinding the fish.

When eels grow close to the "futo" size �0 grams!, the dai ly feed

volume should be 2 to 3X  formula food!. At this state, it is also best

to feed fresh fish. However, since the total amount of feed is far greater

now than it was during the "kuroko" period, the ratio of fresh fish can

be decreased or fresh fish can be given once every several days. When

changing the ratio for fresh fish, convert. at the rate of 1 kg of formula

food to 4 kg of fresh fish. In addition, feed oil added at the rate of

1 to 3X of the weight of the feed when eels are bigger than mid-size will

help their growth. However, adding feed oil when eels are small.er than

mid-size  ,or when the water tempera.ture is low even though eels may be

larger than mid-size! may cause indigestion.

0! Frequency and hour of feeding:

When eels are small, be sure to feed them frequently. As they

get bigger, the overall feed volume increases, other operation chores

must be carried out, and it becomes difficult to feed frequently. There-

fore, the feeding frequency decreases from 4 t 3 d 3 2o, an to times a day

«s «vis get bigger so that eventually the eels are led twice a day  once

in the morning and once in the evening! or just once a day in the morningmorning .

Allow about 30 minutes for each feedi . Ie ing. t is not necessary to leave

the uneaten portion of feed in the feeding area. Uneaten food only helps
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contaminate the water. Hid-size eels are able to consume enough Food

if they are fed once fn the morning and once fn the evening for 30 minutes
each t ime.

Feeding should occur when the oxygen content of the pond water

is high, because eels move around vigorously while they eat and the

amount of oxygen consumed increases sharply right after they eat. There-

fore, if they are fed once in the morning and once in the evening, these

feedfngs should be after sunrise and before sunset. ~&en the pond is

rather crowded, the pond should be aerated for several hours during

and after feeding. I have heard that some farmers stop wsterwheels before

and after the feeding lest the food be carried away, but it should be

exactly the opposite since this is Ifke encouraging eels not to eat.

In addition, when the weather fs bad  as in the case of a typhoon!

or the water temperature fs too low or too high, the feeding volume should

be decreased to 70 or 80K of the regular volume and the feeding frequency

reduced to once a day in order to avoid overfeedfng. Overfeeding can

cause stress from lack of oxygen and sickness.

I I ~ 6. Select ion ~Gradin'!bract f one l gtockin and medicine gaths
A! Select ion and fract tonal stocking:

It is not an exaggeration to say that supervising the growth

from elver through mfd-size during Hay and brune will determine that year' s

production performance. Selection and fractional stocking are essential

parts of supervisfng and raising the eels.

After becoming domesticated, elvers weighing 0.2g each will

grow to 0.5 ro 1.0g in about 20 days. The rearing density in the f frat

pond will increase and the water qua~ <tv in the pond will worsen.
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If the eels are left in these conditions, oxygen will become scarce

growth w$11 slacken, a»d individual size variat j.ops will widen excessivel

On the day before the first fractional stoc.king.

are not fed in order to keep them hungry. The eels may then be attracted

with a small amount of bait  food! and scooped up

Fractional stocking should be completed in a day so that eels

which have t een painstakingly trained to eat feed will not lose the habit.

After they are scooped up the eels must be weighed quickly and released

in the second pond, At this stage, a selection  grading! is not necessary

unless the larmer has failed to domesticate the eel> sufficiently which

results in extremely large differences in size. In such a case, large

eels should be removed. Selection or grading is usually undesirable

at the first fractional stocking since the eels are very small. After

the first fractional stocking, grading and fractional stocking will usually

be necessarv approximately once a month depending aa the stocking density.

Starting with the second fractional stocking, a grader is used.

Care must be exercised in handling eels with the grader, and overuse must

be avoided to prevent stripping the eels of their nrucus. Also, expecially

when eels are small, these operations should not be conducted in a cold

wind or under the direct sun. The temperature of the water for gradings

should be the same as that of the pond. Colder water should be avoided.

B. Medi. cine baths:

Eels should be given a bath with a Furst mg~nt for the purpos

of disease control at each fractional stocking ~en the eels are still

small, one can save medicine by using a small tanjc a+ the one used f

disinfection of elvers. Later, when the eels are

too small, they vill be bathed in a fracti,onal
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the Furan agent. has been dissolved. Bathing methods are as follows:

�! When using a small tank for a medicine bath�

 a! fill the tank with water, throughly dissolve a Furan agent

 to the concentration prescribed for a short. bath! and table

salt �kg per ton of water!, and aerate;

 b! leave eels  about 100 kg eels per ton of water! for 10 minutes

in a net or basket in the tank;

 c! release the eels in a pond with water adjusted to the same

temperature as that of the tank;

 d! pick up all. eels which died during the tttedicine bath, and

prepare a fresh bath if the first bath becomes dirty after

being used.

�! When giving eels a medicine bath directly in a pond-

 a! release eels in a pond which has been aerated for at least

one day and in which the water temperature is adjusted;

 b! sprinkle the Furan agent  which has been dissolved beforehand

in a bucket of water! all over the pond, and use the con-

centration prescribed for a long bat:h;

 c! let the pond sit overnight with aeration or a water wheel. on,

and start replacing the water the next morning.

ln either case, sunlight should be avoided and food should not

be given during the medicine bath. Eels do not eat much for a couple of

days after the medicine bath; do not force them to eat a regular amount of

of Food. Increase the volume of food gradually in order to return to

the regular volume in three days.
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II.7. Survival and Growth gates

Heat i.ncrease
Feed efficiency coefficient

elver, eels up to 10g 30 - 60K 3.0 � 1.67

eels, greater than 20g ............ 50 � 60% 2.0 � 1.67

These figures are for formla feed. @hen live feed  fresh fish!

mixed, figures should be computed by converting the volume of live f d

formula feed. Generally speaking, the feed ef ficie ic ency is somewhat

higher and the meat increase coefficient somewhat lower f or eels cultured

in green houses than for those cultured in still waterer. Therefore,

Unless there is a ma]or accident  accidents usually occur due to

lack of supervision!, a survival rate of more than 80X can be anticipated.

In a well-managed pond  free of disease. water contamination, or eels

refusing feed!, eels grow to weigh around 10g, which is about 50 times

their original weight, by May or June. If fractional stocking is carried

Properl.y, some of the eels will he market size and ready for shipping

bY August. One point which needs to be noted is the relation between

weight increase and feed. This relet.ionship is called either feed

efficiency or meat increase coefficient. Feed efficiency shows the per-

centage weight increase of eels compared to the total volume of feed given.

For example, if the volume of feed given totals 10 tons and eel production

is 6 tons, then feed efficiency is 6 ~ 10 x 100 60'X . The meat increase

coefficient, on the other hand, shows bow much feed was consumed in order

to produce a certain volume of eels. For examples' suppose that 10 tons

of feed was given to produce 6 tons of eels, then the meat increase co-

efficient is 10 + 6 ~ 1.67. !t goes without saying that both feed efficiency

and meat increase coefficient' vary with the growth phases of eels. The

following is an example from eel culture in still water.



production  i. e. yield! increases as the f eed e f f iciency increases or as

the meat increase coefficient decreases, Occasionally, eel fatmers compare

the volumes of feed their eels have eaten on that particular day, but

this type of comparison is meaningless. Instead, they should learn to

produce the same volume of eels with a minimum amount of feed. Production

is affected more by a farmer's techniques than by differences in formula

feed.

I1.8. Characteristics of Forei n- roduced Eels and their Rearin

It is said that there are 19 kinds of eels in the world, includ.ing

Asian eels, of which about six kinds are used for culture, The kinds which

have been imported to Japan and tried for culture are European-produced

 France!, Korean-produced, Chinese-produced, Indonesian-produced, and

American-produced. The Korean-produced and Chinese-produced eels are the

same Cype as Japanese-produced eels  ~An uilla Japonica!. French-produced

 ~An uilla ~an uilla!,Indonesian-produced  ~An uilla hicolor and A. Feei ice!.

and American-produced  ~An illa rostrata! eels are of different types.

In this chapter, I will discuss only the French-produced eels that are

imported to Japan more than any other kinds and are raised throughout Japan.

A! Seedlings:

.lapanese-producedFrench-produced

55-60Ful 1 length  mm!

Weight  g!

63 � 79

0.13 � Os200.19 � 0.48

As illustrated in the table below, Ftench-produced elvers are larger

than Japanese-produced ones, and they number about 2,500 to 2p800 eels per

kilogram. If they are purchased too early, there may be more than 2,800

per kilogram and many will be too young to be domesticated successfully.

Size com arison of French- and Ja anese- roduced elvers
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8! Quantity of eels to be stocked in a rearing pond-

A rearing pond of about 100 m  about 30 "tsuho"+! to 300 m

 about jOD "tsubo"! is a good size to nLanage. It is also best to arrange

if water may be added to the pond easily so that tbe volume can be

changed at least twice a day, Unlike Japanese eels, European eels tend

to gather in a shaded place, and the feeding area should be made spacious

 i.e. occupying 5 to 10% of the pond! .

European elvers should be disinfected before stocking a pond

just like Japanese-produced elvers. The quantity stocked should be 1.5 to

3 kg/"tsubo", but in a heated pond it can be as high as 5 kg/"tsubo".

It is said that after eels become larger than mid-size, the density can

be increased to 30 to 50 kg/"tsubo" in a stream-water pond  with water being

changed more than twice a day!, and 10 to 30 kg in a semi-stream-water

pond  vith water being changed once or tvice a day!. However, it is necessary

to pump watez' into the pond during the hottest period of summer to keep

0
the temperature below 26

C! Food and f eed ing:

OEuropean eels are domesticated by using threadworms in 20 � 26 0

water just as for Japanese-produced eels. Since European eels can be

domesticated easily during the day, it is not necessary to carry out the

domestication program during the night as in the case of Japanese eels.

Also, European eels prefer fresh feed, and it is better to mix formula feed

and fresh feed. The addition of vitamins and minerals is, believed to improve

the yield as veil as isnnunity against disease.

+ one "tsubo" = 3.954 sq. yds.



However, French-produced eels tend to accumulate fat in their

bodies and oil cannot be ad jed very ef f ect ively to the diet to promote

their growth. In any event. oil shouId never be added in summer. If a

farmer decides to add oi,l he should add only a smaI 1 amount during
othe fall and winter Tf the water temperature in winter is around 17 C,

the eels will eat and grow weil.

The time and frequency of feeding are the same as for Japanese

eels. Be careful not to over feed them.

D! Select ion and f ract ional stocking:

f rowtQ  ] I f f 'rt'.n <'os o ' 'mr J n V r 'nrh pro f Uf  ' I  ' ' ~ < mar    «s ~ ~ Y

in Japanese eels. French-produced eels are more inclined to prey on each

other than are their Japanese counterparts, and it is necessary to carry

out selection and fractional stocking at appropriate times. However,

these operations must be performed carefully to avoid damaging the eels

 French-produced eels are maid to have delicate skins!. Handling the

eels for grading should be avoided during the summer when water temperature

is high. It goes without saying that eels should be properly disinfected

at the time of grading and fractional stocking-

E! Growth and survival-

French-produced elvers usually aweigh 0.3 to 0. 4g. They «re

almost twice as Iarge as Japanese elvers and are therefore more easily

domesticated. They also grow well during their Juvenile period. However,

when their weight has i.ncreased 20 to 30 times ~ they begin to grow more

slowly than their Japanese counterparts. However. they will grow at

the same rate as Japanese eels if the chan in of water. ang g and wa ter t empe ra tu re

  ont rol I  d.are carefully monitored
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Survival depends on the occurrence of diseases. Also, European

eels have a tendency to escape which affects the yield ~ In other words,

pond production depends on management. r,'enerally, roost farmers of

European eels can expect survival rates of 50 to 70>-

European eels possess dif fer cut growth and sex

Japanese eels. In European eels, males and females grow

sizes. Female eels usual].y grow to over 200g, but male eels very rarely

reach 200g. Most of the European eels grow close to tbe full market

si.ze  about 200g! or somewhat below that level because 60X or mor'e of

~ u1turvd European r i ~ ls wi11 naturally turn out to be male. Therefore,

it is wise when rearing eels to thin out males when they are around 100g.

This imbalance between the sexes is now under study in various research

institutions.

F! [later control and disease prevention:

French-produced eels are more susceptible to parasites than

Japanese eels. They are also more likely to die in the summer when water

temperature is high. Eels often die under the following conditions:

1! when high water temperature continues in summer

2! following grading, fractional stocking and changing of the pond water

3! when water is contaminated due to st.udge accumulation

4! when water quality changes

5! when over-dosage of drugs occurs

6! when eels are fed excessively to make then grow fast

7! when fluctuations occur in the pH level

It is important to keep these points in mind in culture mnagment.
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III. DISEASES OF EELS AND 1KASURES FOR DISEASE CONTROL

Fel culture in greenhouses has great advantages over traditional

eel culture in open-earth ponds in the areas of improved production,

shortened production period, and lower incidence of disease during low

water temperature seasons. On the other band, eel culture in green-

houses has lead to one adverse effect: diseases which were seasonal in

traditional open-earth ponds now occur irregularly. Thus, poor eel

culture management in greenhouses tends to cause diseases more frequently,

A single di.sease often causes death, depreciation i.n value, or

decreased growth. It may also cause high medical expenses. These

factors, of course, directly and indirectly af feet production costs.

Furthermore, if the discovery of a disease is delayed and the disease

has already reached an advanced stage, medication may not have any ef feet.

Therefore, preventive measures against disease are very important.

111.1. ~sis osis

The farmer must have an educated "eye" to differentiate between

normal and abnormal  sick or unhealthy! eels.

Basically there are two types of eel diseases: parasitic  caused

by parasites, bacteria, viruses! and non-parasitic  caused by water quality,

lack of nutritive elements! . However, the mechanisms of outbreaks are

not yet clearly known. It is assumed that the presence of some of the

elements from both types leads to an outbreak of. disease  see Figure 7!.

Accordingly, daily operations must include a close watch to determine

whether or not there are any elements which may lead to an outbreak of

disease. Every farmer must make it a habit to observe the conditions of

eels and pond water closely every day.
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1 IVER DISORDER

VITAMIN DEFICIENCY

ZperOXAL IHBA1>NCE

DETERIORATION IN
miCuS FDNCrrnNS

 REDUCTION IN THE STRENGTH
TO PROTECT THE EPITHELIUN!

TN3 1.C'1 TON
 NYXOBACTFRIA

WATER FUNGI!

LOSS OF OSH

FIEF. 7. m!CHAVISXS 1.F>OINO YO ODTBRFSt<S OF DISF>SF.
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A! Condition of eels in a pond:

�! Are they swimming in an abnormal fashion such as tottering,

spinning, or circling7

�! Are they remaining in a shadow or by a feeding basket?

�! Are the opercula awol lcn or is one of the opercu!a missing' ?

�! Are any eels not eating' ?

�! Are their bodies bumpy7 Are any of them abnormally thin'?

Are there any eels with swollen bellies?

�! Have they turned white? Do they have spots or is their

coloring uneven2

�! Do they have mold or mud on them?

 8! Are there any wounded eels?

Ef you see any eels which fit any of the above descriptions, remove

them from the pond and examine them as described below.

g! Kxamfnatfon of eels  regularly once or twice a month, or when

eels fit one of the descriptions in A! .

 l! Place the eel on a towel aad carefully examine the body

sur face. See Figure 8 for locations of body parts.

�! Cut off an operculum with a pair of scissors and examine

gills. If possible, examine a section of the gill with

a microscope et SO to llO magnff ication.

�! Cut open the belly of the eel with a pair of scissors and

examine the internal organs. Mhen cutting the belly, be

carefully not to damage the fnternal organs.

�! Tab! c. 3 i11 help in determining whether or not an ee] is

normal .



Figure 8. Parts of the eel.

Rill opening

cut oPerculum from gill openin

stomac

anus an a

caudal fin

tail

median line



TABLF. 3. NORMAL AND ABNORMAL APPFARANCE OF PARTS OF FELS.

AbnormalNormo 1Parts

Bumpy. Only the head is large.Figure

Body color Dark blue to nl ive green. The entire body is grayish white.
H <ve opaque and/or w'hite spots.

No color, semitransparent. Reddish, swollen, tarn.

No color, semitransparent. Reddish, dilated.

Fins

Anus

Bleeding spots, and grooved or
wi th depressions.

Belly Whi te.

P ink, white, dark red, parts «<issinV�
uneven coloring, smeared with filth.

pe rcula Red.

White, shrunk when empty.omach Reddish, stretched and thinner,
contains mucus and water .

test ines Light pink. Congested to really red, thinner
and smaller.

Dark red, even coloring.

Dark reddish brown.

Mi 1k y wh i t e, s po t t ed.

Cof fee color, enlarged, inf 1 amed.

Contains milky bluish fluid .

ver

dney

dominal
avity

111.2. Preventive Measures

The examinations described in A! themselves are preventive measures .

ln addition, the farmer should take the following precautionary measures.

A! Disinfection of the pond before stocking:

With the exception of a pond in which vinyl sheets have !ust been

changed, ponds should be disinfected with a "kalk" bleaching powder  see P.71! two

to four weeks prior to stocking eels in them. The steps in disinfection

f01 low:



�! pill the pond with wager  as high as or higher

the water level for rearing!-

�! Dissolve a "kalk" bleaching powder at the rate af

70 to 3w! g/" tsubo" and mix we11-

�! Ieave the water as it is for 4 to 7 days nd the

drain the pond.

�! Dry the pond for about ten days.

�! In t' he case of a mud pond, a Fter the pond $s disinfected

with a "ka!k" bleaching powder, spread hydrated lime

at the rate of I kg/" tsubo", and plow the ground if

possible.

B! Disinfection of eels before stocking:

Always disinfect eels in a medicine bath before stocking them

in the pond and at the times of grading and fractional stocking.

 l! Nethods of disinfection of elvers  see p. 17!.

�! methods of disinfection at the tijnes of grading and

fra< tionai stocking  see o. ?S!.

 ;!  .'hocking th» condit <<~n of pond water every dny:

Since deterioration of the pond water weakens eels and my cause

disease, it is important ta check the water everyday

 l! How much does the water temperature change in one day?

You can either check the water tmm<perature ear]y in

the morning and at noon, or use m maximum-minim~

thermometer- Avoid more than a 5 P difference in oneO



�! How much does the pH change7 Measure the pH at noon

and at night  a simple colorimetric pH instrument will

bs sufficient!. The following guidelines apply For pH-

a! When in good condition: daytime 8.0 to 9.5

night time 7.0 to 7.2

1! When In bad condition: below 7.0 during day and
at night.

�! Ooes it smell strange7 Water smells bad as it gets sta'le.

Change water ahead of schedule.

�! Has the water color changed suddenly? Water color

ch Engc in a pond can lead to lack of oxygen and depressed

appetite in the eels. Change water ahead of schedule.

�! Has the water turned slightly opaque, or has .i lot oF

foam formed on the water surface? When the a~ionia

content in water increases, or when eels are agitated,

they give off mucus which forms a great amount of Foam.

If left in the pond, the foam may contribute to an out-

break of disease. Change the water ahead of schedule.

�! Xs a lot of eel excrement floating on the water surface?

This phemonenon is a danger signal that the duels are

suffering from a digestive disorder. Switch to a more

digestible feed,

�! Es enough oxygen supplied'? Lack of oxygen invites mass

mortalities of eels. Increase the amount of aeration

by blowers and/or by increasing the amount of water

being pumped into the pond, or decrease the stocking

density.



D! Checking the condition of the bottom of the pond every day

�! Has left over food or/and sludge accumulated? These

accumulations are breeding grounds of disease organisms

and cause poisonous gas to form; remove them as swiftly

as possible.

�! Are there dead eels lying at the bottom? This will

cause the spread of disease. As soon as a dead eel is

found, remove it and either burn it or bury it in the

ground. Decomposition of dead eels in the pond way may

cause a disease to recur.

�! Does the oxygen supply reach the bottom of the pond?

A large amount of oxygen is consumed by sludge which

has accumulated on the bottom. In a mud pond the sludge

rapidly deteriorates the quality of the bottom  the mud

turns jet black!, and if gas is generated, calcium carbide

�00 to 270 g/" tsubo"! or oxidized iron �00 to l30 g/"tsubo"!

should be spread to correct the situation.

III.3. Measures to be Taken @hen Eels are Taken Ill

A! Diseases caused by parasites:

Although eels do not often die. because of parasites alone, this

should not be taken lightly because complications involving secondary infections

by bacteria often follow.

 l! Anchor worm infection�

Cause

The anchor wo" resides mainly in the mouth cavity.

S'~toms

Anchor worms tend to invade eels weighing ~re than 100g.

Infected eels exhibit spotty hemorrhages inside the l~er jaw.



40

Heavy infestations make the f ish unable to close its mouth

and it is not able to eat; this is eventually fatal.

The anchor worm is visible to the naked eye. It has

not been observed fn a heated pond except in a few fr<stances.

Disease-control measures

Spray Trichlorophon  see p. 70! in the breeding pond

at a concentration of 0.2 to 0.6 ppm. It should be appli.ed

3 or 4 times at two-week intervals . This drug is not

effective against infesting adult anchor worms; it kills

only larvae. One has to wait for the adult anchor worms to

fall off.

Cause

the gills.

~Stoma

This infectfon breaks out frequently in a heated pond.

The pathogen can be seen only by microscopic examinations

 using a 40 to 100x magnificatfon! .

Heavily infested fish show poor appetite, but this

parasftizatlon alone is not fatal. French-produced eels,

if infected, suffer grave consequences and damage will be

severe.

Disease-control measures

Spraying Trichlorophon at a concentration of 0.3 to 0.5

ppm in the pond is effective. But its effectiveness will

be reduced by half if the pond water is contaminated.
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�! Tr i chod ina i nf ec t i on�

Cause

Trichodina, which is a ciliate protozoan, infests the

gill.s.

~Sf~mt orna

This infection is not obvious externally, and diagnosis

is by microscopic examinations  using approximately 100x

magnification!. Parasitization is found among all eels

from elvers to "futo" regardless of their size, Thi.s infection

is not fatal, but heavy infestations in elvers can cause

great damage,

Disease-control measures

The use of formalin at a concentration of 30 ppm is

effective. If the original pond is disinfected by a "kalk"

bleaching powder, elvers seldom suffer from the Trichodina

infection.

�! ~Trfcho hr a infection  European eels only!

Cause

~Trfcho hr a, a kind of Suctorian protozoa, infests the

gills.

~Sytoms

The pathogen, ~rrfcho h a, can be seen by microscopic

examination using 40 to 200x magnification. Affected eels

do not exhibit external symptoms, but they have a poor appetite

and swim totteringly near the surface. Sometimes, they

sometimes fatal to eels, but usually does not cause great

damage.
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Disease-control measures

Formalin spray in a concentration of 30 yym is effec tive.

�! Glossatella+ Infection

Cause

Clossatel la, which belongs to thc Ci 1 inta, |nfccts matnl y

the gills and the tail.

~Sa~toms

The pathogen is seen by a microscope with 40 to 100x

magnification. Diseased fish swim away from other fish and

stagger close to the surface, but they seldom die from this

infection. Glossatella infection tends to occur in a

still-water heated yond.

Disease-control measures

Formalin spray at a concentration of 30 ppm is effective.

�! N}fxidium lnfection�

Myxidium, a myxosporidian protozoa, invades the skin,

kidney and gills.

~Sytoms

~xidium infection usually occut* only among eels being

fed raw fish. Affected fish exhibit white spots as big as

sesame seeds in a salt and pepper fashion on the body surface.

As the infection progresses, the white spots spread over the

entire body and small hemorrhages eventually appear all over

the body.

*Editot's Mote: ~A iosoma is a synonym fot Glossatella.
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This Infection does nc t kill eels hut i t can make t hem

worthless,

rht 'pathogen of ftxf gros infection is seeseen with a micro-

scope at 2Oa to 400x magnification.

Disease-cont ro1 measures

There is no known way to exterminate 'the pathogen

dermal parasit ization heals snontaneously in a month or so

after erg ftutbre ik. It should be prevented by disinfecting

the pond with a "kalk" bleaching powder.

�! Ch i 1 od one 1 ls In f ec t ion-

Cs Use

Chilodonella, a kind of ciliate protozoan, infests the

body surface of elvers and "kuroko" eels.

~Stoma

Diseased fish have poor appetites, and fish which stop

eat ing sometimes swim slowly and erratically close t:o the

water surface or sometimes gather by the drainage. If 1eft

untreated. inf ected fish may die, but the damage is usually

s'l i gh t .

The pathogen is seen under the microscope with 40x

magni ftcation.

Disease-control measures

Formalin spray at a concentration of 3Q pp+ is effective.

Immersing eels in a 0.5X saline bath is reportedly also

effective.
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 g! "geko Disease

Cause

ugeko" disease results from the infestation of muscl»

tissue by ~pllsto hors ~sn ulllsrum, s mlstrosnorislon, uhloh

invades the body .

~gg>t toms

Seed eels snd "kurako" eels which weigh about 0.5 to lOg

are most susceptible to the infection, This disease causes

irregular concave depressions on the body surface. Small

fish such as "kurako" exhibit slightly concave milky white

~ pots. Since affected fish do not exhibit any peculiar behavior,

this disease is of ten discovered late and the consequences

are often serious.

Recently, "beko" disease has shown a tendency to occur

frequently in heated ponds. The pathogen ia seen with the

aid of a microscope at 400x magnification.

Msease-control measures

kt present. there is no way to exterminate the pathogen

of "beko" disease. Diseased eels should be picked up and

incinerated as soon as they are found, and the pond should

be thoroughly disinfected with "kalk" bleaching powder as a

preventive measure.

 9! Naite-spot disease�

Kchth o hthirius, a ciliate protorosn, causes white-spot

disease by infecting mainly the surfaces of the body.



~Sm~toma

E],vere weighing about 10' er+ susceptible to

white-spot disease. "p�to" eels do not get t e se se

very often. Discased eels are «ns <LV

they are covered with white spots as Lf they were sprinkled

with salt and pepper. Aa the disease progresses, some sick

eels stop eating. however, this disease

usually fata'1.

4%ite-spot disease does not occur easily in a pond with

a bloom of green plankton or in a pond which contains salt.

The pathogen is seen with the aid of t.he microscope at 400x

magnification.

Disease-control measures

0
 a3 The pond water temperature should be raised to 27 � 28 C

and kept there for 4 to 1 days. This raethod is quite effective,

but it must be applied when the water in the pond is clean or

contamination of the water will simply' increase.

 h! Hethylene blue should be sprayed over the pond at

e concentration of 2 to 3 ppm. This treatment must be

repeated two to four times at interval.s of 3 or 4 days. This

method is not especially effective ared it leaves coloring

in the eels  see p.

Cause

resides mainly in

the air bladder.



~grapt orna

If the abdomen fs cut open, up to ten hlackfsh-brown

nematodes wi	 be found in the air bladder. Af f<cted  'fsfl

do not show any external abnormal it fee, hut large e<. fs ten<f

to affected by this infection and some of them will fose

market value. Infected European e< la may not on]y atop

eating, but they may even die. The same is not true of

Japanese eels.

Disease-control measures

No effective treatment for this disease exists a' t

present. The only preventive measures available are to

disinfect the pond with "kalk" before stocking with eels or

prevent the breeding of water fleas  D~a hni~a because they

are the intermediate hosts for the worms.

ff! Dfseases caused by barteria angl viruses:

 I! Cotton-covered  water fungus! disease-

Cause

The phycoaycete fungus, ~ga role nfa, causes cotton covere-d

disease. The optimum temperature for propagation of the

ofunpus is 13 to 20 C, and it does not propagate well in the

0 0
pond below l0 C or above 20 C. This disease seldom occurs

in a heated pond,

The surfaces of the body and the gill become infested.

At the beginning of the infection, af fected parts of the eel

exhibit indistinct white spots. As the disease progresses,
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~os,t cases, spores ofhyphac grow and flocculate.

the fish only afterthe rot ton-roverrd disease inv>cI

thvv h <v~ h en infected b red fin disease as the primary

condition. Cotton-covered disease usuallY occurs as a

seconds ry disease.

t!I sense-~ nn   ro I measures

 a! ted f in d t sease should be t re.a ted and, at the same

the water fungus must be exterminated. Sulfa drugs

or ~ntibiot fcs should be administered orally for the treat-

ment' ot red fin disease. To exterminate fungus, the pond

must be sprayed twice with met.hylene blue � to 3 ppm! at

two-day intervals. This will not kill the hyphae already

lnvad«g the tissues of the eels; it merely stops

propagation of the fungus. To produce satisfactory results,

the treatments must be administered in the early phase of

the disease.

 b! In a heated pond, water f urtgus will disappear if

the water temperature is kept above

�! Red fin disease�

Cause

«d f«disease is causey

barrerra, Aeraeaaae ~ggrO Arya

easily and causes great damage, the water temperature
0

is 15 to 20 C, but damage
when the water testperature

0
is above 20 C. IIed fin di«a

s often complicated by

watez' fungus'
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S <~~toms

 a! Symptoms in mid-sized and "futo" eels include reddeni~g

of t.he anal, dorsal, and pectoral f ins; reddening and

enlargement of the anus are symptoms common to all affected

fish. As the disease progresses, the belly becomes inflamed

and red and begins to bleed. Visceral pathology includes

reddening of the intestinal tract, congestion or hemorrhages

of the liver, and bleeding, dilation and mucus repletion of

the wall of the stomach. These symptoms are vi.sible to

the naked eye.

Diseased fish eat very poorl.y, and some of them remain

still in the shade while others stagger near the surface

of the water during the day.

 b! Symptoms in elvers snd "kuroko" eels include having

part of the body slightly opaque and they swim strangely.

Nost often the reddening which characterizes this disease

is not visible, and one must depend on the microscope to

detect it �0x magni.fication!.

Parasites are sometimes found in elvers suffering

from red fin disease. These eels usually stagger helplessly

in a dark place or near the water surface.

Disease-control measures

 a! Treatment fox mi.d-sized and "futo" eel s:

If the diseased fish will eat, sul f'a drugs or antibiotics

should be mixed with the food for oral administration of the

medication. The medicine should be continued until sick

and dead fish disappear but not l.onger than 7 to l0 days.
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ef fective, mortality will decrease
If the treatment

i 4 6 d after the medication was started andin 4 to ays a

sfck eels mill stop dying in ten days.

Tf the eels will not accept food, the disease is

already quite advanced and the only available treatment

is a medicated bath using a Furan agent.

 b! Treatment for eXvers and "kuroko" eels:

A medi.cated bath with a Furan agent is ef feet fve.

The medicated bath must be repeated after 2 to 3 days for

ct }s wi th advanred syInptoms. It will be more effective

if a sulfa drug or antibiotic is administered orally at

the same time as the bath is used.

When parasites are found in eels, the parasites

must be exterminated first.

�! Paracolo Df seas e  "Choco" = intestinal dropsy!

Cause

Paracolo disease is caused by an infection of the

bacterium, }'dwnrdsfella tarda. This bacterium breeds easily

during warmer months.

~S>~toms

gymptoms of Paracolo disease are similar to those of

red fin disease. Principal external symptoms include

reddening and bleeding spots on the fins and belly, reddening

dfl-at«n of the anus. pr fnc fpal. internal pathology

includes enlargement and congestion of the l iver and kidney,

d reddening and inflaseatfon of the intestinal canal.

~ outstanding characteristic fs the fngammatfon of the kidney-
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There are cases of a mixed infect]on !! f both P" r!~ oL

disease and red fin disease. Therefore, a bact~ri.	 test

is necessary to diagnose parse»]o disease accurately.

Diseased f X eh sometimes die en ! esse, but they

usually die gradually in small numbers.

In a heat.ed pond, elvers and "kurolco» eels sometimes

deVelOp paraCOln dg.aeaee at the time of don!estiCatiOn.

If this happens ~ it is difficult to discover the disease

because the cele are still very small and the consequences

may be serious.

Disease-controI. n!ega«res

Treat Para@ala disease in the same way as red fin

disease.

�! Red spot diseaee

Cause

Red spot die!ease is caused by ]» cot i!!nfi of thc

~Sh~toms

spot s cover the entire body from the lower

faw to the belly and the tail. Sy the time these bleeding

spots break our. ~ r he eel ' s ent ire body is infected, and

these conspicuc!um spotty hemorrhages are a sign that the

disease has a]r e.ady advanced to the termina] stage. Ir.

is characteristic of this disease that the initial stage has

pract ca y nt ica] ]y no %!sternal or external symptoms. Thus, it is

of ten scoverovered too 1ate to prevent serious damage
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+y IA ponds containing salt
This disease develops

b~low 25 C, Even if Itwhen the water temperature ia

would cause only slipht
occurred fn a fresh wat«pon

dame ge .

The dist inct ion betweerL rad spot disease and e t er

red fin disease or paracolo dkaease is that spot.ty hmorrb g

observed with red spot diiseaae, and if the farmer

gent ly rubs the diseased eel t.he hand will become bloodstained.

Disease-control measures

Ln most cases the disease. I.s discovered too late

for the administration of drugs, either orally or by

bathing, to have any posit ive e f feet.

In the case of a heated pcmd, the disease will dwindle

and the damage it causes can be reduced by raisi.ng and

0
keeping the water temperature above 27 C,

�! Gill rot disease�

Cwuae

Gill rot disease is cauaed by infect.ions due to the

gl I ding bacterium, Flexib ac ter columnaris .

+~~toms

This disease mainly affect+ eels weighing more than

50g, and infected fish show no external symptoms. However,

when the opercula are removed to expose the gills, one

can often see that the tips of g+>I lamellae are missing

and/or yellow "sacs of bacteria the size of sesame seeds

are present. As the disease prapresses, the gilL lamellae



became covered with red ond white spots

adhere tn them In addit ion, the fish devel<'p «severe

anemfc condft,ion, and thefr bodies turn gray. Even when

the belly is cut open only thin blond comes out and interns

organs such as the liver are bloodless.

The infected eeI,s eat well unless their condition is

quite advanced. This fact. usually delays discoverY of

the disease. This disease usually does not result fn

massive mortalf ty, but rhe fish die fn small numbers fear

one to three months. Over a long period of time this loss

can. result fn a near total destruc< ion of the crop.

Disease-c ont rn I rne u sure s

Either add salt to a concentr.<tion nf 0.5 tn 0.8X,

nr spray a Furan drug in the pond. Oral administration

of a sulpha drug or «ntihfnt ic is <iut very effective

unless red f$n disc nse nr Psracolo disease fs also invo! veal.

ln addit ion, the supply of fresh water, aeration and

re<iuction of stocking density  the e<. ls must be handled

as little as possible! vill help since diseased eels

are very easi l y «f f'ected by a l«< k oi oxygen. Als«, i fu

amount of feed n<ust be reduced since over-eatinp is harm-

ful tn sick eels.

�! Fin rot disc«a<.  tai i rot disease!

Cause

Ff rot disease is caused by the same pathogen asFnro

mt <i iso >se ~ I esions occur on the fins and at
for gil!

t hu r<>ot n f < h<.' « l l
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~Syt oms

small eels. It does
This infect Ion is found nnmo>g

not «I f«r mid-sized and futo,I ~ ~ el s ve ry much.

In the initial stage of <f ect ion, a white

sticky substance appears on the edges of the fins. As the

disease progresses, the lesions expand raduall and the

fins wear of f. pith further development., the lesions advance

to the muscles at the bases of the fins and the tail exposing

red flesh or rotting the tail away ~

Damage is usally not too severe, but eels may continue

to die over a long per iod of C ime.

Disease-control measures

Same as for gill rot disea8e.

�! Hyxobacterial gill disease�

Cause

Hyxobacterial gill disease is caused by a gliding

bacterium which is different frora the pathogens of gill

rot and fin rot disease. It occurs during periods of

low water temperature.

~Sn~toms

~xobacterial gill disease usua] lv inf ects large-

size eels. Characteristics of this disease include bleeding

from the gills~ adhesion or white necrosis of gill leaflets

producing a club-shaped form.

severe. Once it develoPs and Pzo+z

an alaming r te. and they could ll di twll
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However, the occurrence of myxobac ter ial gi 11 disease

is less frequent than that of gill nephritis  see p. 55!

and it is very rare in a heated pond.

Disease-control measures

Both sprinkling of rock salt  table salt! and oral

administration of a sulpha drug and antibiotics are

said to be somewhat effective.

 8! Abscess or abscessed infection-

Cause

This infection is caused by a Vibrio bacterium.

S>f~m!'toms

In the initial stage, white bumps appear on the sides

of the body. As the infection progresses, red rima emerge

around the white bumps. As the infection further spreads,

the lesions become red and inflamed. However, the fins

d.o not redden and the number of abscesses is small  usually

one to three!. The infected eels eat quite well.

This infection occurs only in ponds containing salt,

and it is frequent during the seasons of high water temperatures.

If the infection is left until it becomes advanced, it can

cause great damage, and complications due to secondary

infections  red fin di.sease or Paracolo disease! may

occur.

Discase-< ont rni measures

Oral administration of sulpha drugs or antibiotics

is effective.
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 9! Viral nephritis�

CAll se

Viral nephritis is caused by infections of EVE virus.

~SI1 t OlllS

This disease occurs during low water temperature

seasons and the mortality rate may be 30 to 50K or more.

The body af the diseased fish sti.ffens, and a groove or

depression emerges along the median line on the belly.

The belly turns slightly red, and the anal fin is sometimes

bright red. In addition, bleeding, congestion and swelling

of the kidney a r e observed .

Disease-control measures

Na preventive measures are available at present,

o
However, keeping the water temperature above 25 C rosy

suppress the spread of viruses.  author's note: when

viral nephritis occurs in a heated pond, the sick eels must

be given a 0.5X brine bath. At the same time, the water

0
temperature should be kept above 25 C until the eels

stop dying. As fresh water is pumped inta the pond, table

salt should be added a little at a time.!

 C! Diseases o f unknown et i.ology:

 I! Gill nephritis  gill-kidney inf lammat ion!

Cause

The etiology of this disease has not yet been determined.

It is possible that a virus is responsible.
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Marked pathological changes occur in the pills, kidney

and blood characters.

 a! The gill .... hypertrophy of the gill leaflets occurs

first. Then adhesion of the gill leaflets occurs, and the

gill lamellae become clublike masses. The gills look swollen

and dark red to the naked eye.

 b! The kidney .... although pathological changes of kidney

cells take place, they are not recognizable to the nake d

eye.

 c! Blood characters .... the number of chlorMe iona, in.

the blood plasma decreases drastically. In the last stage

of disease, the concentration of chrloride iona is reduced

to between I/4 and 1/6 of that in healthy fish.

 d! External symptoms ..., there is no apparent visible

sign of this disease in the initial stage. As the disease

progresses, dehydration occurs and the muscles stiffen. A

groove or depression appears on the belly from the anus

to the liver, and the part of the belly containing the

liver appears slightly swollen.

Gill nephritis ia sometimes accompanied by water

fungus, red fin disease, and/or red spot disease.

The smaller eels suffer more severe damage . If the

disease breaks out during the winter  December, January,

or February!, it usually results in the near-total

destruction of the crop.
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usually occur if the pondGill nephzit i,s does not usus
af ill nephritiscontains salt. There ia no record a g

a h<atod pond, bnt somaomsthing else with similar symptoms

«ccur, although the damage it causes ia not severe.

Disease-control measures

There Is no cure available for gi.ll nephritis, but 0.5

to 0.7Z salt water w'ill prolong the lives of the eels.

ff possible, the water temperature should be raised above

25 C and kept there until the disease recedes.

Disease prevent ive measures include:  l! spread rock

salt at 0.2Z concentration at the time feeding Is stopped;

�! diseases which occur before the time feeding is stopped

should bs completely cured', �! feed which is enriched

 e. g., by vitamins�! should be admin,ist ered bef ore winter

to build up physi.cal strength; �! feed the eels as long

aa possible before winter.

 ?! Abdominal dropsy diaease-

Cause

The cause of abdominal dropsy disease Is not known

this time. A virus or poisoning by some toxic sub-

stance may be responsible.

5< mpt o~

Abdomina1 dropsy disease a f fa ects eels of all sizes.

Diseased eels exhibit extremelextreme y swollen bellies, and

their bodies turn grayish-whit e- When the belly is c.ut
open, blue-green fluid fl wa out- Diseased eels stop
eat ing and swim about errat'ical 1 lly close to the surface
of the pond. They are sometimes con

oncurrently affected with



red fin disease or Paracolo disease and may die.

Abdominal dropsy disease seldom occurs in heated

ponds.

Disease-control measures

Neither prophylaxis nor treamtnet is available.

One can only minimize the damage frown abdominal dropsy

disease by treating or preventing concurrent diseases.

Eels suffering from abdominal dropsy disease will. some-

times recover if they;rre put in flowing w;rtor.

�! Connected-hole disease  Hole-making disease!

Cause

Unknown. It is thought that connected-hole disease

is the result of "beko" disease as the primary disease with

complications by anorher bacterium as a secondary infection.

Few occurrences of this disease have been recorded.

~gm~toms

Eels suffering from connected-hole disease exhibit

body surfaces with red holes  ulcers! of different sixes.

The eels look so grotesque that they are unmarketable.

This disease develops among adult eels only.

Disease-control measures

Not available. If red fin disease and Paracolo disease

are concurrent, it is necessary to treat them.

�! Kidney tumor-

Cause

Unknown. This is a cancer in the kidney.
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~Sa~toms

Fxternal.ly, the area around the an»s swe11s and 1noks

like a bump. This illness has not presented a problem because

there have been few cases in Japan although it has occurred

in Taiwan.

DI,sease-control measures

Not available at present. Feed is suspected of being

somewhat responsible .

�! An unidentified disease of European eels

Cause

Unknown.

~Sy toms

Outbreaks are limited to rearing ponds with still water,

and they tend to occur more easily in summer. Sick eels

swim erratically in an upright position near the surface or

swim madly around as If they are gliding. The eels do

not eat, and they sometimes die in large numbers.

Disease-control measures

No treatment available. As a preventive measure, war er

contamination must be prevented and parasites exterminated
o

when the water temperature is above 25 C.

 D! Diseases caused by water and feed:

 I! Gas bubble disease

Cause

Gss bubble disease is caused by supersaturated oxygen

and/or nitrogen. It occurs among elvers and "kuroko" eels.



Air bubbles develop beneath the skin on the head

of diseased eels, and their heads look like balloons.

Sick eels swim erratically in an upright posture near

the surface of the water. However, this illness is

seldom fatal and does not occur frequently.

�! Convulsion disease  tentative name!

Cause

A toxic substance in the pond water is believed ro

cause this disease. Por instance, zinc leaching from

hot heating pipes is a possible cause.

atoms

This disease breaks out among elvers and "kuroko"

eels. Diseased eels go into a convulsive fir. and die

in the pond or when they are picked up in a net.

Disease-cont rnl measures

prevent all toxic substance from entering the pond

water.

�! Histamine toxicosis  tentative name!

Cause

Histamine compounds in mackerel flesh are believed

to cause toxicosis when stale mackerel is fed as fresh food.

~Sr~re toms

Reddening of the fins and sides of the body and

sloughing of body mucus are often observed. Affected

fish seldom die.



Disease-cont ro 1 measures

fin disease and paracoXo disease may develop as

secondary infections if the mucus is sloughed. Cease using

mackerel as feed snd switch to other fresh or formula

food .

of medicines and drugs:

In fish culture, one cannot avoid the use of drugs

for treating and preventing diseases. However, drugs are

poisonous to the eels, and they also should not remain

in bodies of eels which will become food for humans.

Furthermore, if the drugs are used too much, they may result

in resistant strains of pathogens and the drugs become

ineffective. For these, and other reasons, overdependency

on drugs in fish culture must be avoided, and caution must

be exercised in using them.

 l! Furan ~dru s

Furan drugs may be applied as a medicine bath, by

spraying in the pond, or by oral administration.

 a! Kinds of Furan drugs  see Table 4!-

 b! Directions for use of Furan drugs.

�! Nedicine baths and spraying on the pond are more

e f f ective in the long run, but since Fuzan drugs are destroyed

by light, 24 hours is the limit of their ef fectiveness.

 Note: Nedicine bath and spraying on the pond are essentially

the same method. By spraying ou the pond, the pond itself

becomes a medicine bath tub!,
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Spray concentrations vary depending " the kind of

medicine:

Nifurpyrinol,. ~ ~ j to 2 PPm � PPm 1.8/ton of Pond water!

Furazoijdon Nf Ueno C 20 ..... 10 to l5 ppm

Furasdasu .....,.. 2 to 3 ppm

Nitrofurazon .... 2 to 10 ppm

Short � time medicine baths are used for prevention  concentrations

and times ari stated on the instruction sheet accompanying the

drug! .

�! Oral administration of Furan drugs cannot be expected

to be very effective because absorption in the intestinal

tract is difficult and they are quickly excreted. This

method is used as a preventative before winter begins

 for example, administration of Furazolidon at 20 to 40g

per 20 kg of formula food per day for one to tvo months!.

 c! Caution in use.

�! Daraage from medicines can result since strong

antibacterial Nifurpyrinol has the strongest toxicity for

eeIs. Furazolidon and Nit rofurazon are weaker in anti-

bacterial power than Nifurpyrinol, but they are also lover

in toxicity than Nifurpyrinol.

�! Furan agents lose their efficacy when exposed

to sunlight  medicine baths should be given either indoors

or during the night!. The effectiveness of Furan drugs

increases as the water temperature increases. Their

effectiveness decreases if the wat;er is contaminated or

if green plankton is too think. Furmn drugs sometimes reduce

phytoplankton blooms.
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�! Si>l I a drugs

Soda salt which dissolves in water can bc used in a

medicine bath, but it is presently given only by oral

adm in is t rat ion.

 a! Kinds �  see Table 5! .

 b! Directions for use.

".lost Sulfa drugs are produced in a powder form. They

are either pure drugs or in concentrations of 10K, 20K, etc.

There are two types of Sulfa drugs: soluble or insoluble.

Read the directions for use before administering any Sulfa

drug.

Daily dosage calculated in terms of the pure powder

form  effective ingredient lOOX! is 100 to 200g per ton

of eels, and the drug should be mixed only with the food

the eels will eat.

The drug is usually given for S to 10 consecutive days

with no break, and the period of treatment should not

exceed tvo weeks.

 c! Caution in use.

�! Since the efficacy of the drug depends on the

di.sease, a certain amount of experience is necessary.

�! Loss of the drug will be less if one uses a pure

powder form of insoluble soda salt than a form which dissolves

easily in water, but the pure powder form is difficult to

mix evenly  percent concentration forms of medicines are

more voluminous than the pure form and are easier to mix evenly!.
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�! There is a danger of damage from medicines if

two or more kinds are used. at the same time.

�! I f Sul f amera zine, Sul f ad imet hoxine, and/or

Sulfadioxazole are used in. large amounts, there wi.ll be

damage from the medicine, such as broken bones. Therefore,

caution is nece ss ary.

�! Eels should not be shipped to market for at least

a week after medicines are administered.

�! Antibiotics�

Since antibiotics dissolve easily in water, they can

be used in medicine baths. However, they are mainly

administered orally, Antibiotics generally possess stronger

antibacterial power than Sulfa drugs, but they are expensive

and wf.ll not keep for a long time.

 a! Kfnds,  See Table 6! .

 b! Directions for use.

Antibiotics are not avai.lable in pure powder form;

they are produced i.n powder forms in concentrations of 2

to 10X.

Dosage per day calculated on the basis of a pure

powder form  effective ingredient 100K! is 20 to 50g per

ton of eels. The drug should be given for 5 to 10

consecutive days by mixing it with the feed the eels are

going to consume each day.

Antibiotics are excreted even faster than Sul fa drugs.

Therefore, they are more effective if administered twice

daily, in the morning and in the evening, rather than once a

day.
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 a! Caution in use.

�! Continuous use of anti.biotics encourages the

creation of resistant bacteria.

�! �hen a drug is administered, its effective date

 labeled! must be checked.

�! Drugs should be prepared just before feeding

because antibiotics are degraded by high pN and light more

readily than Sulfa drugs.

�! Antibiotics should be used only after Furan and

Sulfa drugs are no longer effective.

�! Overdoses of antibiotics easily cause an opposite

effect.

�! Eels should not be shipped to markets for at least

one week following use of an antibiotic.

�! Other drugs-

 a! Svnthetic antibacterial drugs.

�! Oxolic Acid  Brand name � Parazan for Marine Use:

Tanabe Pharmaceutical Company! .

Directions for use:

This drug should be administered orally as with Sulfa

drugs and ant ibiot ics .

Daily dosage is 200 to 4GGg per ton of eels to be

administered by mixing the drug with the amount of

feed the eels are going to eat.
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Caut ion

The eels should not be shipped to marke"

days aft.er ~edication administration Has

stopped,

drug should be used only for bac t er'Xal

>nfections such as red fin disease and rwd spot

disease.

 ~! 1ormn1 fn

Fore'1fn is a liquid with an irr jtant odor containing

37 to 40K Formaldehyde.

Directions for use .'

Formalin must be sprayed at a low concent:ration in

the pond to be used as a medicine bath.

The concentration should be 30 ppm �0 ce/ton of pond

water!, and the bath should be 24 hours lc>ng.

Do not feed the eels during the medicine bath, and

water in the pond should be changed aftee the bath.

Can t ion in us e '-

Th«fffcacy will be reduced by half if @be water

in the pond is dirty or if plankton fs toe> dense.

Formalin may cause the plankton bloom t o ec line and

the water quality mav then deteriorate.

The eels may lose thei.r appetite fo r one t:o three

days a f ter Formal in is app1 fed .

7f the Pormalin concentration is too hi igh i t may
damage the body surface and gills fg 8 of the

Eels are no"arketable for fi d yve days a jt
a Formal in

bath  after the water in the on t e Pond is chan~



�! Methylene blue.

Nethylene blue disso]vea in eater relatively easily

and it is dark blue.

Directions for use:

Hethylene blue must be sprayed in the pond at a

concentration of 2 to 3 ppm and the bathing needs to

be as long as three days.

The safety level of methylene blue for eels is

high.

Caution in use:

Coloration due to methylene blue stays in the

ti.ssues of eels for a long time  about six months!,

and use of methylene blue should be limited to rivers

and "kuroko" eels.

Hethylene blue may be harmful to plankton blooms

and may cause water quality changes.

�! Tr ichlorophon.

Trichlorophon is marketed under the brand names

"Ha so t en" and "Dy lax" .

Directions for use:

Trichlorophon should be sprayed in the pond at a

concentration of 0.2 to 0.6 ppm.

The safety level of Trichlorophon for eels is high.

Eels should not be fed on the day this drug is applied.
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Caution in use:

Trichlorophon may not be very effective if the

plankton bloom is too dense or the water is dirty.

Lack of oxygen may be a danger because eels may

lose appetite, their bodies turn grayish-white, and

they float with their nose near the surface of the

water within 1 to 3 days following application of

thu drug.

Since Trichlorophon remains in eels for seven days,

they should not be shipped to market during that

pe riod.

�! Rock salt  or table salt!.

Directions for use:

Rock salt is used for giving a brine bat.h.

The concentration for spraying is 0.5 to O.TX and

rock salt is quite safe.

Caution in use:

As the length of the spraying period  application of

the brine bath! is increased, the greater its ef feet ive-

ness; but it may invite deterioration of the plankton

bloom, water quality, and the condition of the pond

bot tom. One must be aware o f these dangers ~

�! "Kalk"  bleaching powder! .

"Kalk" is a powder drug with 40 to 60X ef fective

chlorine.



Df rect fons for use:

"Kalk" is used for its dis infertsnt and germic fda1

nr,tion.

Dosage for spraying 1 s 20 t o ] 00g per ton o f water

in the pond  this is equal to 20 to I 00kg/'; ac. re! .

"Ka! k" is extemely poisonous for eels.

Caut f on in use:

"Kalk" requires 3 to 4 days for disfnfection.

However, effective chlorine sometimes remains a t the

time o f the water change, and it is des 1 rab I e t u

cont inue changing water mo re than seven Bays s f t or

the spraying.

Chlorine is harmful to humans . Qne mus t, therefore,

he careful not breathe 1 t when spraying� .

IV. CULTUS OPRRAT %QUES

Since the oi I c rf sf s, prices have soared and prof 1 tab I e eel cult«ru has

become more di f f f ra lt every venr . Despf te t.hr f art that prices for heavy oi I

for heating, electr f city and feed have doubled compa red vith those of 1972

 when ee 1 cu1 t ure in greenhouses b egan to become common !, the price o f

market-sf me eels at the t imc of shipment has changed very litt Ie. In some

yr'i rs i I has even dropped hc 1 ow the normal price . Therefore, «n impcv rtnni

pr'obl em confronting future culture operations is how to keep production costs

down. par t h is, mo re e 1 abora t e product ion plans and more advanced culture

technf ques wil 1 be nec essary.

A! Basic data collection:

In addit f on to studying and improving his own c ulture techniques,

the' i armer should recur'I and K !tht r ci 1L I pert inunt to each of hfs ponds.
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This is essential for research and improvement of cultu~~ technology. ere

many instances where a farmer'a eel production, output would not tabilize

and unnecessary pond management mistakes are made due to the lack of the

following basic data.

�! Temperatures of the source water throughout. the year.

The temperature of the source water  underground water or

bsoil water! must be taken regularly -- not necessarily every day, but at

~e»«h«e» «ur times each month throughout the year -- and recorded  this

mainly affects the heating eff iciency! .

�! Weather and tempex'atures.

If possible, these should be recorded every day. Eels do not

eat very well and their growth rate will sometimes decrease during the rainy

season. Temperatures affect heating efficiency.

�! Water temperature in the pond.

The water temperature in each pond should be taken every day

in the morning and at noon. This data is useful in caring for the health of

the eels and it makes some forecasting of the growth possible.

�! Number and wei.ght of eels when stocked. in the ponds and/or

graded.

Without this information, production plans cannot be made.

Eels are to be weighed according to sizes, and the sun total of the weights
is the total production.

 g! gind and volume of feed.

The kinds of feed for domestication> elvers, "kuroko", "futo",
etc. as well as the volume of feed given should be recorded every day
 inc jading nutritive drugs and feed oil!. Mhen �! is compared to �}
and �!, one can deduce whether the volume of feed is too much or too little
and an estimate of feed efficiency can be made.
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�! Rearing density  nuiber of eels, kg/"tsubo"!

Rearing density must be recorded when the eels are moved from

one pond to another. Whether or not added water supply and aeration are

necessary will depend on the density. By accumulating data, one will come

to know the appropriate density for each pond. Without this piece of data,

the farmer may make an unexpected mistake  i.e. not being able to calculate

the correct dosage shan a disease develops!.

�! Weight  growth! curve.

A wefght increase curve graphicalgy represents the relationship

of the weight at the tfme of grading and the number of days. This graph

can help the faraer plan appropriate increases of feed volume and harvesting

the ponds.

 8! Feed efficiency.

Feed efficiency Sa calculated with data on weight increases

and total volume of feed given from one grading to the next or yearly. Xf

food fa being wasted this wfll show clearly and the farmer can pfnpoint areas

for improvement.

 9! Heating ~ fffciency of boilers.

Thc farmer should know how much fuel oil ia needed to raise the

0temperature of the pond water by 1 C, Hcatfng coats can then be estimated

on the basis of this figure.

�0! Disease, dosage of drugs. recovery and number of deaths.

Tbia information helps the farmer devise countermeasures for

the next itea  ll!. Lt ia important that the effect of these figures on

the weight increase curve fs examined by the farmer.
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 ll! Relation between water supp3.y volume and water quality.

Whenever possible, water supply volume  liters or tons/minute!,

PH growing conditions of the phytoplanhton bloom, and +ammonia level  if

p««ble! in the pond water must be recorded. These records are very useful

for supervising the pond water quality.

�2! Other items.

Anything which attracts your attention in the daily operations

should be recorded in detail. These records may help later.

8! Computation of production costs:

production costs are the foundation of a culture operation and

should be calculated yearly  or for each production period! ~ If one neglects

these calculations, the operation vill become an "I-intend-to-operation".

and you may have to say, "I should have made some profit, but all I have is

debt", The necessary information is listed be3.ow.

�! Income

 a! Shipment sales

The number of eels, volume of shipment, unit price, and

date should be recorded, and the categorized total computed.

 b! Interest from savings.

�! Expendit urea

 a! Cost of seedling eels

The purchasing cost, volume, unit price of elvers and

medium-size eels, number of medium eels. and place of

purchase should be recorded.

 b! Personnel expenditure

This includes the wages of helpers and 1aborere  except

those of the owner himself! .
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 c! Cost of electricity

Calculate monthly electric consumption.

 d! Fuel costs

Record and total the amount used every delivery period
and the unit price.

 e! Feed costs

Record and total the unit price and volume for each

kind of feed.

 f! Medicine costs

Record expenditures for disinfection and treatment;

do not include the unused portion of the drugs

purchased.

 g! Mortgage interest

Interest on the mortgage for the construction of

facilities.

 h! Depreciation costs

The total of the purchasing costs of facilities

and machinery is divided by their usable years.

Without adding these, one cannot plan for a continuous

operation.

 i! Cost of repairs

Record expenditures for repair of broken facilitiea

and machines.

 j! Other costs

Expenditures for expendable supplies, correspondence,

transportation, and utilities for the administration

office should be included.
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Production costs are computed by dividing the sum of all the items in

expenditures  a through j above! by the production volume of eels. For

example, if the total of eels shipped to market is 10 tons and production

expenditures are 15 mil1ion yen, then the production cost is 15,000,0M yen

10,000 kg 1,500 yen/kg. If the average shipment price in that particular

year is higher than 1,500 yen/kg. the operation is in the black. If it is

lower, the operation is in the red.


