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Transition of the Techniques and Diseases in Eel Culture

Abstract

The Japanese eel culture industry has passed a century in its history. Over the years, the

industry innovated its culture methods and techniques several times to improve productivity.

There had been several occurrences of diseases that produced serious damages to eel

production. Some of the diseases occurred with the changes in feed and/or environmental

conditio 肘 , which were related to the innovations of the culture methods and techniques.

Today, when the strength of the Japanese eel culture industry seems over, it may be

appropriate to review the relationship between the occurrence of diseases and culture

innovations. We report here the essential points of the review.

Key words: Eel culture in outdoor and greenhouse ponds, Anguilla japonica,

A. anguilla, Eel diseases, Formulated feed

1879, when

culture farm in Tokyoill. From that time, Japan has an

eel culture history beyond a century.

It was in the 1 890s that eel culture farms opened

successively in Shizuoka prefecture, situated in the

Pacific side of Central Japan where the climate was

rich

tOri an

genial and freshwater Shizuokawas In

prefecture has held the leading position not only in

industry bl

consistently from the start to the present. We have

carried out our studies principally in this prefecture.

production had increased gradually

since the start of the industry and reached around

8,000 tons in 1940 just before the Pacific War. It

decreased to almost zero during the war and just

which,

Jt also and

The annual

after the ended; theafter annual叭far

aka, H. P. and s. Egusa (2001) Transition of the techniques and
diseases in eel culture.). Taiwan Fish. Res., 9(1 &2): 53-67

eel

ved and reached around

which was intended to improve productivity.

hand, there had been

occurrences of serious damages to the production

due to di 間的 es. Some of the diseases encountered

On the severalother

are caused by new disease agents while others are

due to already known agents. Disease outbreaks due

changes ito the and/or environmental1

conditions or incomprehensible reasons, are often

related to innovations of the culture methods and

techniques.

We have studied these relations for many years.

Essential points of the study are reported here.

The diseases which will be dealt with here are

those which prevailed widely causing extensive
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sporadically, causing slight damage. These diseases

will be not discussed herelocally or

damages. There have been many kinds of diseases

of minor importance which occurred
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Fig. 1. 仁 hange in annual production of cultured eel in Japan (1919- 一 1999).

Drawn with the figures from Agriculture Forestry and Fishery Statistics 日 ulletin of Japan

The density of eels in the culture ponds at that time

was so small, 的 low as 0.3 Kg/ m2
12,3).

The eel culture area was extended in Shizuoka

prefecture and in addition spread to the neighboring

prefectures of Aichi and Mie. Thus eel 的 rms and the

Days of field pond culture between the

early time of eel culture and the time just

before the Pacific war

products increased year by year. Keepi ng up with th is

expansion, the demand for the feed in 仁 reased and

the main feed was converted into low-priced salted

sardine.

Sh izuokaIn亡 ultureeelforusedpondsThe

above-mentioned eel culture method was practiced

until about 1960s beyond the Pacific War. The total

production increased

about 8,000 tons in the 1940s.

In the meantime, the only serious dis 臼 se of the

with the above method

The

reachedand

the

conti nuously

likefishesmarinefrozenand

prefecture in the early time from 1890s to 1900s

were shallow and vast, with the area of some five to

ten ha. using creek water. The water quality of the

ponds was maintained at levels good for eels by

planktonic blue-green and other alg

grown in the water. Shrimps, mud snails or mysids

food i
﹒

ld

was anchorculturedeel

early days

silkworm pupae were used, which were abundant

and cheap byproduct of the silk spinning industry.

1asusedwere
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disease, caused by Lerr

parasitic copepod(4,51, The worm parasitized mainly

the mouth cavity of the eels. In most case, the

number of worms was too high, making the fish

unable to feed and respire. This condition together

with the deterioration of the water quality mainly due

to the death of the planktonic algae, resulted in

worm laea

morta I ities.

The disease first broke out in eel ponds using

surface water inhabited by wild fish carrying anchor

worm. Both adult anchor worm parasitizing on wild

fish as well 的 larvae were introduced into eel ponds.

multipliedAnchor ce

It 1955 that Dipterex (later namedwas

Mazoten), an agricultural chemical and a preparation

of an organophosphate, was commercializedl6J.

Days of field pond culture between

time after the war and the 1960s

the

before, the el

developed to produce 8,000 tons of eels before the

Pacific War(2). Although the industry was

suspended during and after the Pacific

activity was resumed just several years after the war.

Production exceeded 1,000 tons in 1951; attained

8,000 to

respectively. Highest production

1968 amounting to 23,640 tons, of which Shizuoka

shared about 68%, Aichi, 20% and Mie, 5%. The

high produ 仁 tion in these three prefectures in the

Tokai district was unchanged until around 1975.

As mentioned culture

almost

War,

3,000 and In 1954 1961,tons ns

was obtained

Since then, the production area expanded rapidly to

Kyushu and Shikoku districts in the south of Japan.

The eel cul1

period were basically the same as that of the previous

ure

55

le the use ofwas

Fungal disease ( Watakaburi-byo)

A strange disaster happened in the spring of 1955,

in the Hamanako area in Shizuoka prefecture. Many

eels appeared to the surface of the ponds with mould

on their skin, particularly on the head

mortalities which

This caused

鬥lass created among eel

the eel

panic

mortalities occurred allfarmers. Mass In

prefecture. The

happened in the spring of the following year and the

year after. The disease was first called fungal diseasel7)

and later saprolegniosisl81. Ho 的 ina and Ookubol71

the

culture ShizuokaIn sameareas

Its

identified 5

ld this disease

Aeromonas the wasname

changed had beento

10or

In
112)

Ina'
-,

than in the

disease.

The incidence and the magnitude of the disease

became sporadic and small after 1965. Thus they

became to be nothing to worry about for eel farmers,
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they became disinterested to the disease. The study

of the disease ended and its nature and entity was not

clarified at all.
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had been known as a popular disease since the old

days. Usually, it broke out spo 日 dically and seldom

prevailed widely and vigorously. In addition, fungus

disease was often associated with this disease. In his

report, he also stated that the disease is caused not

only by A. hydrophila but also by another bacterium

Paracolobactrum anguil/imortiferum

reidentified as Edwardsiel/a tarda}. Later the symptom

and the pathology of the disease by E. 的 rda were

differentiated from the

(later

)se of bythe

hydrophila and a new name, Paracolo disease or

Edwardsiellos 芯 , was given to the former.

sudden Iy

It lasted for about five years, in a

its strength afterwards.

After ten years, the preva lence of the disease ceased.

But neither the reason nor the cause of the sudden

Saprolegn iosis

springtime of 1955

wide area,

occurred In

and decreased

occurrence, gradual decline and disappearance of

the disease were clarified. There were no noticeable

changes in climate which might have affected the

health of the eels in ponds.

As mentioned at the beginning of this chapter,

no technical innovation was made in these days.

Nevertheless, the saprolegniosis occurred, raged

and ceased. This fact led us to consider that the

method legnia

both

and

Aeromonas "e

these pathogenic microorganisms in 1955?

There were no scientific informations about it.

Then, what made the disease to occur suddenly?

As described before, the density of eels in the

ponds had been becoming higher year after year in

these days. It can be easily imagined that the loads of

pollution in the ponds also became larger and larger.

This of the environment would havedisruption

brought stress and slowing down of the physiological

activity and lower the resistance of the eels, wh i Ie the

pollution migl

pathogenic organisms in the pond. C

each other, these factors would have made sporadic

and slight disease into frequent and serious ones.

It could have been presumed that high densities of

the cultured fish might have made the spread of these

diseases easy. Also, it should be thought that the

increase of the density of eels is a sort of change in

the cu Iture that wou Id have affected to the outbreak

thHYJ
亨

bring ofabout

1

A

and prevalence of the diseases.

Then, what made their influences to decline?

When a new epidemic disease breaks out, the

influence of the disease is strong in a certain short

the period of time for one to two seasons. But it becomes

weak after a long time, as if the energy of the disease

mortality become
(131

ter 鬥1

or trade

exhausted, lower in prolonged

pathogen ic this reason, someFor

shall co 門le Into eXistencecompromise

between the host and the pathogen, in a certain time

after their first contact. Therefore, the diffusion of the

diseases may become wider, but the amount of the

suffering becomes smaller.

Revolution in eel culture- Propagation of

formulated feed

The study on the development of formulated feed

was promoted acti

satisfactory formulat

completed and the practical distribution started

1965(1)

vely

ed feed

At la 哎 , a1960s.

mashof was

In

Owing

feed

advantages,

all the

theitsto many

的 rmulated eelbecame popular to

over )apan(141. The

formulated feed produced and consumed in 仁 reased

farmers all of thea 鬥lount

rapidly year after year (Fig. 2).

Fundamentally, there was no case in which the

formulated feed itself played the role of the direct

cause of some certain disease. But, an inconceivable

disease, which was suspected to be due to the

adoption of the formulated feed, emerged
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Co/umnaris dis 臼 se (Era-byo)

In the summer of 1966, many eel farms i 門 the

Yoshida area, one of the large eel culture areas in

Shizuoka prefecture, had mass mortalities which

observedhad never been

featu res visible eyes

observed on the exterior of the diseased fish or

before. Abnormal

to the werenaked

in the body cavity. But, the gill

filaments were decayed. The study of the disease

showed that this disease was columnaris disease

internal organs

caused by

80000
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the bacterium Chondrococcus

57

IS called as

in Shizuoka

not

Jt prefectu res.In

outbreak at that time in eel farms was not clear. Eel

farmers had used the formulated feed at the all

ponds where this disease occurred, and naturally

they suspected the relation of the disease to the

formulated feed.

1970 1980 1990

Year

Fig. 2. Change of annual production of the formulated feed for eel culture in Japan

(1965 -1998) (Drawn with the data of Japan 刊的 Feed Association)
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C. co/umnaris had never been observed in loach

collected from rice

1 natural muddy or

waters

But no evidence was obtained.

It is a well-known fact that when eels take pasted

formulated feed, particles of feed are discharged

vigorously from the gill openings. This suggests that

the particles, in particular bone dusts from the feed,

may injure the gill filament surface, and the injuries

become the site of C. co/un infection

門 , et

interesting paper, which supported strongly the idea

of concernment of the discharged eel formulated feed

from the gill openings to the outbreak of the disease.

They clarified that the bacteria grew highly on the

formulated feed particles suspended in the water ﹒

that bacterialThis clusterssuggested

n the of feedsu rface the

Branchionephritis (Era-jin-en)

At the end of 1969, a new mass mortality of

wintering eels happened suddenly in the Yoshida

area in Shizuoka prefecturellql. The affected eels

showed no visible sign of abnormality externally or

Nothing could beinternally and even in the gills

found wrong in the pond water. The same mortalities

occurred suc 仁 essively in many ponds in the same

district until the end of March 1970. The damage was

so great that eel farmers seethed with a panic again.

Similar mass mortalities occurred in many eel farms

in the next winter in various districts in Shizuoka

prefecture.

Bacteria, mould organismsother parasitic

died

and

com 付lon to moribund and fish were not

detected. Histological examinations, however,

revealed that marked prol iferation of epithel ial cells

of the gill filaments and fusion of the lamellae were

Hyaline droplet degeneration of tubules in

degrees and

present

various glomerulonephrosis In the

kidney were also observed. Egusa predicated the

anddisease named Itas onea new

branch ionephritisl191 鬥lass morta I itiesSimilar

occurred in many eel ponds in the same area in the

winter of 1970-1971. Nishio et al.1201 and Egusa et

al.(211 investigated the various aspects of eels collected

from farms where mortality prevailed and confirmed

the same phenomena as observed in the previous

an

year.

On the other hand, Shizuoka prefectural fisheries

(Japan)122-241 and Og

examined characteristics of the blood of diseased eels

experiment station ld

and found out that plasma CI-

remarkably low. In healthy eels, pi 的ma G is roughly

110 to 130 mEq/1 in the winter season. But the

plasma CI-in diseased fishes were lower than 50 mEq

/1, even below 30 mEq/1 in extreme cases. On the

concentration was

basis of these findings, low plasma concentrations of

G, pathological changes of gills, namely, hyperplasia

of lamellar epithelium, fusing c

pathological changes in the kidneys mentioned above

have been considered to be essential for the diagnosis

of this di 扭的 e, although no paper dealing with the

diagnostic procedure was publi 的 ed.

This disease was said to occur every winter since

then in almost all eel culture areas of the Tokai districts.

It and

Various searches for the cause of the disease were

was the ofpathogenic

branchionephritis that naturally occurred. However,

findings

on the cause of the

1e on

noteworthyessentially

described and any opinion

disease was expressed.

were notnew
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brought hn+EL elvers of the

as Importation

the

began In 1969

Pathogenicity

diseased eels

fTIO isolated fromIPN stra I ns

studied and experi menta I

eels

was

inoculation of into causedJapanese

pathological changes in the kidney, but not in the

gill! 詣 ,291
仁 hanges in blood characteristics were not

examined, These results deny the possibility that IPN

of branchionephritis,is the principal

of field

cause The

resu Its did not supportsurveys

possibility(3 日 ,31
)

Egusa suspected a stress due to low temperature in

the winter, as a po 的 ible cause of the diseaseI32),

Oka et a1.133) reported that these gill symptoms

POND1

Water temperature: > 憫。c

Feed in winter: irregular

59

were often andobserved In eelswintering

histological abnormalities in the gills might be a

normal reaction to the coldness and/or fasting in

F
品
ELUURU if the stress

of the IClon remained

Its

Oka concerning to this disease from the day of

doing

the

outbreak, surveying

experiments in the laboratory, came to attain some

idea about the suspicion presented above.

From this fact, they built up a hypoth 凹的 that the

related to the coldness and / or

eel ponds and

disease was

starvation. Then, they conducted a field survey from

I 1975. They monthly

POND2

Water temperature: > 4 �C

Feed in winter: nothing

-Sampling: The fishes of the two ponds were sampled
once a month from Sep. '74 to Apr. '75.

-Research: Histological observation of the gill and the kidney.
The concentration of CI ion of blood plasma and
the hematocrit value.

Fig. 3. The outline of the survey in two eel culture ponds in 1974-1975 (Ok 且 , unpublished).
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In one pond, the water temperature did not fall

below 10
�

C and eels there were fed irregularly

during the winter ﹒ In the other pond, the water

temperature dropped to 4 DC in the coldest month of

February and eels there were fed nothing during the

winter. Several fishes were sampled from these ponds

monthly. an these fishes, histological samples of the

gills and the kidney as well 的 the concentration of

plasma CI- and hematocrit value were examined.

As a result, eels sampled from the pond where it

and eels there were fedwas showedwarm

characteristics of the disease other than swelling of

gill filaments, which was seen occasionally during

the winter. While, the eels from the pond where it

was cold and eels there were fed nothing showed the

characteristics of the disease, especially the eels

日 mpled in Februa 巾 , the coldest month. The result

almost verif

concerned to coldness and/or starvation.

Then, an a 社empt was made to reproduce the disease

artificially. As mentioned before, if the coldness and/or

the starvation caused the disease and killed the large

amount of the wintering eels, it would occur the question

why the eel wintered before 1969 did not die in the

winter season.

fied that the disease

no aka, thinking the possibility that the formulated

feed involved in the disease, designed and started an

experiment from September 1983 to April 1984,

using the frozen fish and the formulated feed (mash),

的 the feeds for the eels in the experiment (Fig. 4).

-Group fish fed 句 : Feeding fish, outdoor pond (min. 4 �C in Feb.)
- Group fish fed 2: Feeding fish, greenhouse pond (24

�C const.)
- Group mash* fed 1 : Feeding mash, outdoor pond
-Group mash fed 2 : Feeding mash, greenhouse pond

"'mash: formulated feed

Sampling: The fishes of the four groups were sampled once a month
from Sep. ‘ 84 to Apr ‘ 85.

Researches: Histological observation of the gill and measurement of
Ht values and concentration of plasma cr of the sampled
fishes.

Result: Groups fish 1 & 2 : a few fish died during the winter.
No symptom of the Branchionephritis.

Group mash fed 句 : Died many, with the symptom of
the Branchionephritis.

Group mash fed 2 : Died many of the Edwardsiellosis.
No symptom of Branchionephritis.

Fig. 4. The reproduction experiment of branchionephritis in 1984 -1985 (Oka, unpubli 的 ed).
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hematocrit It the fishes were

examined.

many eels winter

hile the andIn

were

of branchionephritis were

groups, a few fishes died. Although swelling phase,

slight symptom of branchionephritis,

observed in the gills of the fishes of both groups, no

abnormality was found in blood samples.

This result suggests the possibility that eels, which

had taken formulated feed, may be subjected to

branchionephritis under the coldness as compared

with eels which had taken fish

observed. |
們

a was

The chief characteristic which was preferred for

the formulated feed at that time was to fatten eels

highly

mentioned experiment suggests that the formulated

feed has some defect in building up physiological

sou nd rather

In short ti 付le The result of the above

)r wlntenn 穹﹒

eel

It

at the nyu with

survive the bad conditions in the winter at that time.

The eels, which died of branchionephritis, died

in reality of coldness and nutritional deficiency.

The culture of European eel in Japan

It may be said that the history of eel culture is

61

that of the lack of seed for the eel farmers. Due to

business expansion, eel seed was always in short

Seed suppliers of the Hamanako area in

p refectu re

supply

Shizuoka used search for seedto

which were young eels larger than elvers by the

1920s134).

It was around 1925 when elvers were used as the

戶
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and often did not satisfy the demand of the eel

culture industry in Japan, which had often suffered

from 的 ortage of the catch. Shortage of the catch

was particularly serious in the later half of the 1960s.

All Japan Eel Culture Association (the Nichimanren)

has eagerly sought for elvers in foreign countries

and knew that elvers of the European eel, Anguilla

anguilla, are abundant in catch and cheap in price.

Then, the Nichimanren started to import them in

19691351. In the spring of 1969, 9.5 tons of elvers

were first imported mainly from France, and many

eel farmers tried to culture them by the traditional

method using outdoor ponds. The amount of the

import, afterwards, increased to 23 tons in 1972.

However, that was the maximum figure and the

import decreased to around 5 tons after 1974. Since

then, the importation of the European elvers has

been continued but the amount has always been

small

exclusively to

possible to culture them at the existing eel culture

areas by the traditional method. Neither search for

su itable

elver know whetherwas was

the

development

suitable culture method was the subject of the trial.

the the of thearea nor

�re

compared

parasitized

with nese were

severely often orvery
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particularly in seasons of high temperatures

the culture of the

Thus,

generallyEuropean was

abandoned, except for some special cases

After the propagation of greenhouse
culture-1. 仁。 ndition of known diseases

Although the cause of the branch ioneph ritis was

not cleared eventually, eel farmers, manufacturers

and dealers of the formulated feed and researchers of

local fisheries experiment stations, had no doubt of

the fact that the disease was related to the coldness of

the winter apart from the question of the mechanism.

In the present outdoor eel culture, survival rates of

elvers stocked in ponds of not heated from winter to

the beginning of feeding in spring, was generally 50

to 60%. From 1963, the Nichimanren had begun to

culture elvers experimentally in greenhouses using

heated water to raise the survival ratel351. Survival

jo0、
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were too expensive for the eel farmers at that time,

and the idea to culture elvers in the greenhouse did

not become popular among the people concerned.

In the beginning of 1970s, greenhouse market

Kochi prefecturegardeners the ShikokuIn In

conceived eels pondculture In thethe idea to

furnished in the greenhousel361. Their greenhouse was

'Quonset typed' and the expenses for making and

managing it were rather low. It was found that eel

culture in the greenhouse by using heated pond

water with the inexpensive heavy oil at that time,

was very successful. This eel culture method was

soon adopted by many eel farmers allover Japan

from 1973 to 1974

Traditional accustomed toeel farmers

and Shikoku

culture

regions declined.

Today, almost all the eel farms adopt that method.

The water temperature of the greenhouse pond

being kept to around 28
�

C through their experiences.

They believe that this temperature is the best in many

IS

pOints.

The aspects of the disease in the eel cultured in

greenhouse were changed thoroughly. The largest

change was the disappearance of saprolegniosis,

red-fin disease and branchionephritis, all of which

low temperature seasons, inwere the diseases In

outdoor ponds.

Sekiten-byo (red spot disease) disappeared also,

although being a local happening. This disease was

first found out in Shizuoka prefecture in 1971 and

was demonstrated to be a new disease caused by a

new bacterium Pseudomonas anguilliseptical371. The

disease never occurred again in that prefecture but it

tarmlngprevailed Tokushimaeel area InIn an

pretecture Shikoku 1 9711381In every year since

The wasIch

Europe by the importation of the European elver(411

Interestingly, the pathogenicity of the

changed with temperature and disappeared at high

above 27
�

C. I

propagated il
一

disappeared, and the reason clearly lay in the high

temperature of 28
�

C 1421.

There was also a large change in the frequency

of Edwardsiellosis in elvers and

bacterium

temperature 1

1 rokushima

of occurrence

the disease caused daby thermophilic

sporadically among

commercial sized eels during hot seasons in the

outdoor pondl431. I

method, elvers and

appeared grown or

1 the pond culture

culture ponds of lowwere In

disease
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and therefore often affected by the disease.

Although the damage is not small, the disease can

controlled by usi
、

agentsl441.

The columnaris disease also disappeared in the

the

28
�e

be n 月

greenhouse

bacterium,

thermoph i Ie,

harm. The reason for this fact has not been made

Althoughculture.

Cytophaga

it does not occur to produce serious

causative

co/umnaris relativelyIS

clear co/umnaris be feebleknownc. toIS

competition with other coexisting microorganisms,

particularly Citrobacter sp. which usually proliferates

in polluted pond waterI4S). This seems to be the main

reason for rare occurrence of columnaris disease in

the greenhouse ponds.

After the propagation of greenhouse
culture- 2. Outbreak of new diseases

Although diseases known the past

the

senous In

insignificant c

greenhouse pond, two kinds of entirely new di 間的 es

appeared. One of them is the abnormality in the gill

and the other is the abnormality in the body shape.

became Ir In

Both abnormal ities known

greenhouse ponds in the early 1980s146)

types were known in the gill abnormality. One was a

specifically marked gill congestion and often caused

high morta I itiesl471. The characteristics

abnormality

had been many

At least two

In

of

is of theconspicuoUS congestion

of the gillsI48).

etiolog ica Ily

characterized by

hemorrhage and degeneration of blood vessels of

Most

a

central sinuses Later thevenous

a bnorma I ity

confirmed

studied andwas was

beto system IC

various noticeable werefeaturesorgans.

degenerations of the endothelial cell nuclei of blood

vessels of the body.

viral

In many parts

observations revealedElectronmicroscopic

particles invading the

endothelial cells. Although the virus was 門 ot yet

isolated, it was thought to be the

abnormaliti4 日 ,特

This abnormality or disease was never found out

nuclei of the degenerated

cause

63

In

in the outdoor pond eels. This has aroused a great

deal of interest as to the source or origin of the virus.

We do not have any suggestive information about it

and have no idea whether its appearance is related to

the greenhouse culture method.

Another abnormality of the gill is the intensive

congestion and marked swelling of blood channels of

the gill lamellae in various parts of the gill filaments.

Eels with this abnormality are often found in

greenhouse ponds, but mortality due to it is regarded

as low(44). Electronmicroscopic observation revealed

that this abnormality is caused by the infection of

pillar cells of gill lamellae with a virusISO).

reported that the virus is Sp serotype of IPN and

inoculation of the isolated virus induced the same

symptom as that observed in natural occurrence.

The disease had not been known in outdoor eel

It was

ponds

Another abnormal ity that appeared among the eels

of the greenhouse ponds is marked deformities of the

body shape which are classified into two typesI44). An

upward bend in the trunk is one type. This type is

usually accompanied with a side bend. This type was

occasionally observed in eels in outdoor ponds in the

Another type is an upward bend of the tail

bend.

past

without side This had never beentype

the

observed in the past.

Neither marta I ity nor retardation of growth are

recognized. Abnormal eels are salable, although the

price is low. This seems to be the reason why eel

farmers are unconcerned with these abnormalities, in

spite of the fact that abnormal eels occur in many eel

ponds allover Japan at considerably high occurrence

rates around several percentages.

The cause of the deformities

ld

is not yet clear,

have madealthough Egusa and his colleag

investigations 什om various points of view.

There is no doubt that greenhouse culture has

induce

his

vanous defects which above mentioned

abnormalities. Strangely enough, no research work has

been done on this problem. An estrangement between

the research workers and eel farmers in recent years

seems to be a main reason for that
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Eel farmers are decreasing in number in recent

years and, accordingly, the production has decreased

year after year. It was around 40,000 tons in 1990 and

decreased to about 20,000 tons in 1998 (Fig. 1). This

tendency is expected to continue in the years ahead,

while the amount of imported eels from foreign

countries would continue to increase. In parallel with

this decline, the number of papers related either to eel

diseases or eel culture techniques and methods have

decreased markedly in recent years.

Eel cu Iture may no longer be attractive for research

workers.

仁 onclusions

Although the precaution, prevention and treatment

of fish disease are great concerns to fish culturists,

it seems to be a matter of concern to the researchers

of the fish disease whether or not the fish culturists

for Iish 鬥lent

differences

theofwaltl ng

Presumably, there

仁 oncern about the significance of the time between

exist In sense

the for andseeking

researchers seeking for the truth, in every case of fish

disease in the field.

fish culturists fortune

In almost all the diseases which were discussed

in this paper, the fish culturists lost their interest

against the diseases

completed.

Although it may be understandable for the fish

culturists to lose interest to the diseases,

befo re the beenstudy has

develop some

此

e

計
的

m+EL

confusions to cost money In

happen again

previous experience, to have left the study undone.

Continuing the fundamental 悶兒 arch wi II guarantee

the future of thei r busi ness.

occasion that the diseases as

On the contra 巾 , the researchers shou Id reconsider

the study of fish disease. As fish disease occurs in a

certain fish culture pond, the study of the disease

should be fundamentally pragmatic, 的 r fish cu Itu re is

also a business. The basic research should be as a

matter of cou 的科 but it should be differentiated from

the matter going in the field. What is required by the

people in the field is measured by the standard of

business, not of basic research. Furthermore, in spite

the mostof epizootiology

of

ItS Importance,

branch

IS

study

This

the scientificinsufficient In

to theresearches of fish disease. appl ies

due to theresearches of eel diseases. This IS

d ifficu Ities for the workersresearch In acquIring

outbreak andaccurate informations on the

disappearance of any disease, the damage due to it

and the actual daily fish management, etc., in many

informations c<farms. These In not

without the cooperation of fish cu Iturists.

More dialogue should be conducted between the

peoples of the two worlds, the world of business and

that of research.
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