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A llfetlme spent in ‘the study anchracthe of aquaculture in Chma and

The Author

T

B T

Taiwan enables T P Chen to give in thig practical and informative WOLK’
detailed guidance on the successful commercial culture of no fewer than 29. .
species of fish and one plant. After gradgtatmg from college in Pckmg he
studied at the University of Washmgtoq Seattle USA takmg “his M Sc
degree in 1925. On returning to China he speedily won exeputlve € positions. -
at important Expertment Stations until 1nAerrupt10n occasmned by the war
with Japan 1936—1945. He emerged fron}l that perlodfm 1946 as general
manager of the Taiwan Fisheries Corporapon and from'that time onwards
he has been in thé forefront of leadership: in develo ing aquaculture in
Taiwan as is outlined in the introductory clhapter of this work. After three
year’s directorship of the Fisheries- Rehabilitation- Admlmstpattenhewakw*
for nine years fisheries specialist on the Cohm1551on of Rural Rcconstru_;_.s-v-‘ -
thl‘l finally b commg chlef of the FlShel‘leF DlVlSlOI’l f that Com 18 :

\

Inc
hpbughrout hxs career T P Chen has wr e /
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TAIWAN

‘Taiwan lies'some 90 miles east of the Chmese mamland between the north R

~ latitudes of 21°°45 and 25° 38" and is ¢rossed about mid-length by the |

;  Tropic of Capricorn. It is approxrmately 260 miles long by about 90 miles
“at the widest part. In area it is 13,000 square miles. The eastern part of the -
island is mountaindus and forest covered. The highest peaks rise to 13,035
feet and 12,072 respectively and the western plains are.watered by many
rivers from these heights. The soil is very fertile and produces sugar, rice, ‘
tea, bananas, pineapples, Asparagus and “mushrooms.” ‘Coal, sul hur iron
and petroleum are also produced and copper and gold are mined. The'
fisheries of the country are important — both marine and aquaculture — the

‘ latter especially having expanded markedlyurl recentyears.

The population exceeds 18,000,000 and is: basically Chmese For many
centuries Taiwan was admrmsf/ ed-as part of China. It was, however,
administered as a province of Japan from 1895 to 1945. After the Second
World War it was retroceded to the Republic of China which now admini-
sters the territory as distinct from mainland China. The two principal

- seaports are Keelung in the north with a populatron of about 400,000 and
Kaohsiung in the south with a population -of about 900,000. The capital
Taipei has a.population of-about 2,000,000. A mutual deferice treaty was*
signéd between the United States and Taiwan in 1954, RS

- There is consrderable difference between the south and north in the S

.season of rainfall and air temperature In southern Taiwan the: rainy season
is in the summer; in northern Taiwan, in the winter. The average monthly = =

- temperature in Ilan (the aquaculture centre innorthern Taiwan) and Tainan e

. (the aquaculture centre in SOuthern Talwag) (recorded from 1897 to 1945),.,,,“.-.
are glven as follows: ‘, : L

/‘,
=

; (In centrgrade) Ilan Taman | T e
- January ~  15:8 17 0.
February 1600 17:1r S
March 179 197
- Aprit - 20-6  23.4




- . . i ‘a';,
o May . % 235 263
\ June e 26 27-4° |

| , ' July 27

A August 27
| | } SeRtefnber 25.
N " “-October 22 \ ,
- November- 20-2  21-8 L,

L, December 17.2 18.5 ' |
* .. These temperatures are given as a guide to aquaculturists elsewhere in
co‘nsidering-‘the applrcability of Taiwan practices in their own localities.- -
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INTRODUCTION -~ . .« .+
. . B . ) ) \‘I\ ., ) | ) : ) .
- The production from -aquaculture in Taiwan -(ineludirig-‘Penlgvh'u‘)——in-—-’l-9 74 - -
. totalled 114,472 metric tons, which was 16-4% of the total fisheriesw ,
.. production of 697 871 metric tons. ThP more 1mp0rtant species cultured :
were: j
R Quhntzty of Va-lue .
Species b T productzon (mt) (NT$1,000) )
1, Milkfish " 28,907 1‘06‘7'609
v 2. Carps : - 416,816 \ 339,629
3. Tilapia oo 14,772 220,934 o
4. Oyster | 13,859 - \559 397 o -
5. Eel ) 11,827 2,089,513 7
6. Meretrix clam 11,695 " - 197;911
7. Gracilaria 15971 ¢ 21,897
8. Asari clam | 2,203 93 352\ b
9. Mullet ~ ‘ 1,298 88,1914
10. Freshwater clam 1,013 " 13, 382 '\ SN
11. Soft-shell turtle 282" . 38,715 %\
12. Sand shrimp . 223 © 12,025 b
137 Serrated crab o 150‘ e 23 839 4 . ;
14. Grass shrimp 140, . 21,581 -
15. Bldfi cockle . 57“ e 1400 -\ - e

g

The value of the 108, ’{ 13 metric tons of produce listed above: totalled in
Taiwan dollars 4,769/381,000. At exchange rates current at time of
preparing this book thlS sum converted into Sterling at £65,500, 000.
- It will be seen from this above table that although tfie eel production
ranked fifth in terms of quantity, yet it ‘took first rank in terms of value. It
was almost twice the value of mllkﬁsh which had the hlghest actual 1 s
productlon among a11 cultured spec1es / R | -* '
- Aquaculture in Taiwan is noted for its diversification. In the present
book, the cultural practices of 29 species of animals and one species:of plant = -
are described. They include one species eaeh of a é: reptlles and amphp— [

A
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s, ﬁve sﬁemes of molluscs four species of crustaceans and elghteen
spec1es of fish. The culture of some of these specigs is not known or
\r g&Hiture of snakehead,
| W’alku}g catﬁsh mud skipper, Corblcula clam and the viviparous sn‘fl The
cultury of'the seaweed Gracilaria in ponds is also unique in Taiwah.
JAt 1s the spirit of progressiveness that has been respon51ble for the success
' —of.aquacultural developments in Taiwan. The- fish- farmers are ot only
industrious but are eager to acquire new technical know-he# The moment e
~  they learn that some new techniques have been-develope oS ne
~ species have been introduced by the research institutions, thevafn\gned1 b
flock to the institutions for information and request demonstrations. There- §
is literally no. gap between research and commercial operation. This is #
markedly different to what is the case in many other areas, where, in spite
of demonstrations and goverifment assistance, the fish farmers are often still
reluctant to make improvements or adopt new practices. The success in
many fields of aquaculture in Taiwan as described in this book will perhaps
provide incentives and enc%uragement to people in these areas.
Taiwan leads the world in some aspects of aquaculture. Examples are the
culture of milkfish, the polyculture of Chinese carps and the artificial
propagatlon of the grey mullet. The utilization of sewage for culture of
tilapia is also noteworthy. If this ican be accomplished in Taiwan, it
obviously can be doneaother parts of the world where climatic and other
conditions are similar to or are even better than in Taiwan. For instance,
Philippines and Indonesia, wherg the chmate permits the growth of milkfishy.
all year round, have-a combined pqnd area of over 300,000 hectares used
for milkfish farmmg with a total annual production estimated as 135,000
mt. This production could be 1ncreased to about 600,000 mt annually, if
- only the Taiwan practices were adopted in the existing ponds. )
Genetally speaking, aquaculture has two purposes: first, the production
of food, particularly ‘animal protein f 100u,\1or the protein hungry population;
and secondly, to provide a good income to the fish farmers. The first of these
two purposes characterizes the position of aquaculture in Taiwan from
1945 to about 1960. In that period the épemes produced, by aquaculture,
predominantly milkfish, carps and oysters, were mostly consumed by the -
local populgce to meet their need for ammal protem food. But from 1960
onwards, to meet the demand of the more afﬂuent people, partlcularly the
gourmets, for foods that were new and dlffe\'}ent in taste, luxury items —such
as soft-shell turtles, ayu, rambow trout — were produced in even greater -
quantity by the fish farmers. An export trade too began to expand and it
provided an incentive to ﬁsh farmers to grow Certain species such as the eel. |
The export of eel to Je apan in 1974, about ‘7L000 mt was valued at about ‘,

X1l ' | | Ry
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US$ 50 million. This was accompamed by the stea y mqrease over theE
years of eel farm acreage to about 1,200 ha (or about 3. 000 acres).
"During the 14 years thatd;he author has served as Chief of the Fisheries
Division, Joint Commission on Rural Reconstruction in Taipei, many.
aquaculture workers from other lands have come to Taiwan for training in

'aquaculture, including some from Thalland Malaysia, South Vietnam,
Phlhppmes\lndonesmf;‘ alain i lt—}shopedrthapthsrsbook———

4/ - Wwill benefit not only people in! these countmes but all others who are.

interested in acquiring mformatlon on aquaculture as practised in Talwan
and so beable toapply th’e techmques developed here to their own ],ands

It should be stressed, however, that many of the practices as deserlbed in
this book cannot be adopted dlrectly as such ga other areas. This is due
mainly to env1ronmeﬁtal institutional and socio-economic differences,
such as temperature, e,/ water supply; land avallablhty, cost of feeds and
labour and market de/mand The aquacultunsts in other. areas will have to
use their Judgeme@%m adopting and modifying these practlces s

It has taken the author about two years-to prepare this bqok. Thanks are
due to Mr Ting-lang Huang and Dr I C Liao for supplying information on - .
> some of the subjects and to Mrs Ruth Lee and Miss Gloria Luh for -
assistance in the preparatlon of the manuscnpt )

N

L T P Chen
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1. INTRODUCTION R | \

The mllkﬁsh Chanos chanos (Forskal) (Fig 1) has a geographlcal dlStI‘lbU-
tion from longitude 40°E to about 100°W and from latitude 30—40°N to
30-40°S. This area covers the tropic and subtropic sections of the Indian
and the Pacifi¢ Oceans.' It has not been reported from the Pamﬁc coast of
the United States north of California. .
Farming of milkfish is an important mdustry in the Philippines, Indo-

‘nesia and Taiwan. Although farming the smallest acreage/among the three

regions. Taiwan has the highest yield per unit area. Accordmg to the
Fisheries Yearbook published by the Taiwan Fisheries Bureau * the total
milkfish culture area in, 1972 was 15,624 ha with a total productlon of
24,950 mt. The average yield per hectare of pond was therefore-about 1,600
kg. This includes yield figures from newly developed ponds which have low

‘production. Yields as high as 3,000 kg/ha are reported from some of the

good ponds as a resut of .adequate fert1hzat10n and stock mampulat1on

@ . ’ ’ . .

zodu

L iy ' j

Fig 1 Milkfish Chanos chanos .
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2. HISTORY - | ” S .o

It is generally believed that the culture of milkfish in Taiwan dates ba k to
" the reign of General Cheng Cheng- kung (Koxinga) more than t

hundred years ago." The Chinese fish farmers who migrateéd to Taiwan burlt
~ dykes on the low land alon%
built with the fry of milkfish obtained from the littoral waters. Mﬂkﬁsh :
ponds were first’built in the Anping area of Tainan.

About 1910, during the Japanese occupation, a fish culture station was
ﬁ,,,,festabhshed in Tainan by the Talwan Governor-General with Takeo Aoki as
‘its head to carry out experlments in milkfish culture.* This station, which
became a field statron of the Talwan Fisheries Research Institute in 1945, is
~ now being moved to a new S1te of 70 ha in the Tsengwen Tidal Land area.

3. SUPPLY OF MILKFISH. FRY

Estlmated at 10000 per hectare. the number of milkfish fry required
annually for stocking the 15, 624 ha of milkfish'ponds in Taiwan is about
160,000.000. In recent years, due to the-increase of ponds for production of
- smaller milkfish as longlining bait, which practice requires heavier stock-
ing, the demand for fry has increased considerably. On the other hand;.the -
production of milkfish fry fluctuates widely from year to year (Table 1),
" resulting often in shortages ~t'

! ’ P : \

Table 1. Yearly Fluctuatrons of Production of Milkfish Fry,, N
1963-1972
1963, 8§,000,000 - 1968 96,562,000
1964 .+ 153,200,000 1969 137,456,000 -
1965 . 98,200,000 . 1970 207800,000 ¢ .
1966 187,000,000 - 1971 130000; '
1967 28 000 0g0 1972 128,310,000

the coast of Taiwan and stocked the ponds so -

" The milkfish fry are captured 'in Taiwan in;the months from Aprilto’

- August,” with the peak during April to June. The maximum catch occurs at -
full or new moen, ie at the time of the spring tide. Dupng these months,: .
thousands of coastal ‘people, women and children included, ghther on the .
beaches and in estuaries and coves to reap the: harvest of th sea. :
.. The gear most commonly used i isa triangular scoop net (F1 2), Whrch is
pushed forward by the fishermen wading in chest high water. /A drag netis
also used at some places. It is towed by two ropes, one of which is attached
toa bamboo raft and the other is towed by a mamrwho walks along the shore




At shallow places. the drag nét can also be towed’ bv two persons. each
"*holding ®nto the tip of each wing. ‘

In 1967. the fry tollectors in the southern part of the island bcgan usmg
powered sampans to catch the milkfish fry. Two.nets were towed. one on
each side of the boat. These boats can operate as far as one kilometre out
from the shore and they catch many more fry thanas done by the older
methods.

The milkfish frv'captured along the coast of Taiwan are free from \oll\
sacs. They are transpafent and average 1-5 cm in length.

Fig 2 Scoop net for catching milkfish fry

In some years. when the local supply of mllkﬁsh fry was not sutﬁcnent

quantmes were imported from the Phlllppmes and Indonesia. Because these

countries are often plagued by.cholera. the government of Taiwan. has
‘recently required that the milkfish fry be sterilized with anfuran S i
concentration of 0-5 ppm upon their arrival. -

4. TRANSPORTATION OF MILKFISH FRY

After their capture. the milkfish fry are kept in sea water in wooden Buckets..

or are te;nporarlly put in small cement troughs on the beach. They are sold
to fry collectors who take them to Tainan and sell them to milkfish fry
dealers. Formerly, the fry were put into water-tight baskets or galvamzed
iron cans with sea water and transported by train or automobile. Since the
trip required four to ten hours. two changes of water and its agitation were
necessary for the longer trips. vac;a 1962. the use of plastic bags has

3
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become prevalent The bag contains'water of 1 15%0 sahnlty and is ﬁll d 3
‘with oxygen. Ice is added during the hot eather. Thus mortality is

lowered and much labour saved.

®

i

5. MILKFISH FRY DEALERS e,

4 i

o

The milkfish fry dealers are concentrated in the city ot Tainan: Thefe are - -
seven dealers at the time of wrrtmg Each dealer, has a number of small

- cement tanks of about ten square feet-in area‘and about seven inches in ™
depth of water. Each tank holds about 30,000 fry. As the fish fry d&alers are
located in the city, tap water 1s often used. Salt is added to obtain a salinity
of 5 to 127, , ;

"~ The fry are fed with wheat flour (occasionally egg‘yolk) twice a day.
About an hour after feeding. one bucket of fresh watef is added to each tank.
This has the effect 6f. starting-the-eircular-swimming-motion of the fry and .-
the excretion of faeces This is removed with a dipper from the centre of the
botthm after the water 1S strrred and begins a clockwise circular motton _

»Water is changed ouce or more daily, Fish fry remaining too long in the’
tank may become stunted by the increase of salinity to about'25%,. = .

* The fish Try-dealer; sells the fry to fish farmers who come to the city 1o e

buy. The price of the fry fluctuates widely from day to day accordrng to '

supply and demand. _ I

U o, . . . e P

6. MANAGEMENT OF MILKFISH PONDS = .~ |

6.1 Area and Clinfate , " e
The Emi'irl;hsh ponds'r Tarwan are confined to the coastal areas=uf
Yunlin, Chiayi, Tainan, Kaohsiung and Pingtung, whete climatic condi-
tions permit a growing  season of about. e1ght months per year. No
milkfish ponds exist in the area nortpyof Yunhn,\whrch has a longer and
colder wmter and on the -east coast, Wthh ha‘s nd“jtrdal ﬂats

e

16.2 "Location, - A

B 4

The ideal ]OC%UOH of a mtlkﬁsh pond is one in Wthh (1) the temperature
~is above 15°C in about eight months of the year, (2) there is'no great :
exposure to danger ofﬂoodmg (3) the pond water is not liable to serious
dilution during the rainy season, and (4) fresh water is available to adjust

”the ‘pond ‘water to/a salmtty of not over 50/ oo during the dry season.
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6.3 Elevation ,
LR, ) g : _ | 3
The optimum elevation of a fish pond is'from the mean sea-level to an
altitude of 0-45 m.” The average tidal difference on' the west coast of
. Taiwan is less than I m. Full drainage of the pond ig difficult if the pond
bottom is*belowthe mean sea-level. Such ponds are e found in the
Pingtung agea. where milkfish are reared in association with shrimp and
crab. On the other hand. if the elevation is more than 0-45 m, then
pumping has to be used to fill the pond. Most ‘of the ponds in the
Taiwan area-have-an elevaticb;of 10-30 cm above mean sea-level.
: 6.4 Soils _ : ' ;

R

loamy soils are most favourable for growing pasture algae. Seepage 1s
small with this type of soil, and it forms strong dykes. It should contain
suitable amounts of organic matter to serve as nutrient for the benthic
algae. This accounts for the fact that newly constructed mllkﬁsh ponds
are of low productlvmy. e T

El

6.5 General layout of ponds

A unit for milkfish production consists of the following: dykes (outer and
inner ), rearing ponds, winteringsponds, nursery ponds, water passagé
(for filling and drainage) and sluice gates (outer and inner).
The purpose of the outer dyke, or sea dyke is to resist the encroach-
~ment of seawater. It has to be hrgh enough to prevent appreciable

the charaeterlstlcs of the hlghest wave Wthh may occur at tne dyke sne
~and the run-up height of wave on the dyke.

Aecording to Tang and Chen,” the algal pasture soils of milkfish pondsin
__Taiwan. consist of .alluvial.tidal -flats- of-reeent -origin: -Silty- toam~and -~ -~

" everflow of seawater over the top and structurally strong enough to -
— - remain stab’[e nder the statlc pressure and dynamlc attack of tide and -

On the western ¢oabt of Taiwan, the slope of the outsrde portlon of the
- seadyke is generally 1:2-5to 1:3. and the inner portlon is 1 2 The top of

The mner dykes are built forthe purpose of dividing the mrlkﬁsh

ponds accordmg to ownership and are generally 1-7 min height with-a

~~ slope varying from 1:1-5to 1:2 accordn@oto the nature of the soil. The
top is about-4 m in width to facilitate transportation by truck. . ~

—

.. __the dyke is about 2 m-in widthe—— - e "*w

.~._

o In addition te the above the ponds are further lelded by small dykes e
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~of 0-8 to 1-0 m in height. The inner surface of these small dykes is
~ generally lined with brieks laid on loosely over the soil. This has been
" found to be quite economical, because the damaged bricks can be
‘removed and replaced very easily. _

~.— The water passage or canal serves as -a- -a passage for incoming and - ;
outgoing water, for bamboo rafts used to transport feeds, f‘ertlhze“gﬁsh**, '
etc, and for temporarily holding the fish when needed, There are inner o
swater passages and outer water passages. The former are generally 6 min .

~ width and 1-5 m in depth. The width of the outer water passages varies
according.to the size of the ponds they serve and the tidal COl’ldlthl’l For
ponds of 20 ha in total area, their width is generally 12—15 m. The water
passages should have a lower elevation than the ponds they serve to
facilitate drainage. :

Sluice gates, are usually placed at pOints where the elevation is lowest.
“THe slufce gate-at the-outer-dyke-is-made of bricks. Jhgserles ofwooden.. ..
boards, which are inserted into grooves on both sides of the gate can be

removed or installed one by one tg admit or discharge water in the -
desired quantity or level. Inner sluice gates are much smaller and formed
L b;u&ooden boards on both>sides of the inner dyke. A

The shallow pond in front of the wintering pond is often used.as a
nursery pond. Water in the nursery pond is malntamed at a depth’ of 20—
50 cm. * ;o7 ~

. Wintering ponds (Flg 3) are often located close to the’ outer water
passage where the admission and the drainage of water are easy: They are
long, deep ditches protected on the windward side by windbreaks, which

. consist of bamboo frames thatched with straw or other plant material.
The width of the w ntering pond is about 5 m at the top and about-1-5m -
on the bottom The depth is about- 2 m. The windbreak is’ placed ;
obliquely atan angle varying from 25 to 40 degrees to ward off the wind. o

The rearing ponds are generally 3—6 hectares in area. They are‘,"
“rectangular in shape with the longer axis runmning from east to-west, in— -
“order to minimize disturbance of the water from the monsoon wind from = |
the north. The narrow width also facilitates harvesting of the fish by
me pond bottom should be levelled, with shallow Frenches ~~~~~ -
leadmg from the water inlet to the outlet. o % e
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6,6 Rearmg of the ﬁngerlmgs and nursery ponds
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I'he overwintered fingerlings are either those uyndersizeﬁ (less than
150 g) fish harvested by the fish farmers at the close of the rearing season |
and kept in wintering ponds, or those late fry captured from the sea.in
July and August and stocked in wintering ponds by fish farmérs who
specialize in this trade. In the former case, the undersized fish are placed
in the wintering ponds as described above. In the latter case, the =~ -..
facilities consist ot shallow ponds (20-40 cm) and deep wintering
~ ditches (1-5 m). Feeds are generally rice bran, peanut meal and soybean
- mgal. Benthic algae also serve as feed during the initial period. To stunt
the growth of the fingerlings, as many as 300, uOU to 500,000 fingerlings
are planted to each hectare °

Fig 3 Milkﬁsh wintering pond

The new fry purchased from the fry dealers are planfed in the nursery

pond which is a smalf pond of less than 20 cm in water depth 4nd 100to

200 m? in area. This'iis often a temporary structure: When its embank--

ment is removed. it becomes a part of the re;m’ﬁg P ,after the

‘ ﬁngerlmgs are transferred to the rearing and The’ usual practlce o

is to utilize the shallow area of the wmtering ponds for this purpose.
The water in the nursery- pond IS drluted to 10—15/(, befnre the fry are

‘ mtroduced B NP0 L
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After the mi.lkﬁ;h are held in the nu\rse‘ry pond for a day d‘r less, ah
opening is made between the nursery pond and the,rearing pond. This

opening is screened to prevent the fry from entering the rearing pond. -

The interchange of water results in the water in the two ponds approaeh/—

ing the sa‘me salinity. The screen is then reimoved and the fry are a}lowed o _‘

to sw1m mto the rearing pond of their own accord. A

i
|

6.7 Preparation of thé rearing pond e

o ‘ .
Since the temperature from November to March {stoo low for the growth
of milkfish, the rearing punds in this perlod are treated to promote the
growth of benthic algae, which are the-main food of the mllkﬁsh They

consist of blue-green algae (0sczllat0rza Lyngbya, Phormzdzum,“f
Spirulina, Micrococcus, etc) and diatoms (Navicu a, Pleuroszgma :
. .Mastogloia, .Stauroneis,-Amphora, Nztzschza, etc).b A £60d- grow:th FoY -

benthic algae is respopgl/ble for the success of mrlkﬁsh farmrng ‘The
followrng is the practice in the Tainan area.
In the middle of November, the water in the pond 18! dralned off, the

bottom levelted and the dykes are repaired. The bottom is then exposed -

" to the sun unfil the soil cracks and crumbreb easi f under‘ the pressure of

the finger (Fig 4). Seawater is then let in to a depth of 10—15 cm. If the

pond is defidient in organic-matter, the pond showld be fertrhzed with

* dried chicken droppings or hog manure (500—1,000 lqg/na) or Ticg
bran (300-500 kg/ha) before the introduction of sea water. More
fertilizers should be used on newly constructed ponds. The sea water is

allowed to evaporate until the bottom is dry, whrcn will be the end of

December or January. Sea water is again let in in February. Before the

introduction of sea water a second time, the bottom should be fertlhzed

again if the growth of algal bed is found to be poor. With adequate

application of- fertlhzers and the accumulation of nytrients from- ‘the

introduction of sea water, the algal beds should have developed toa =

thickness of 1-3 mm by March, and sea water is let in to a depth of

10—15 cm. At thlS time, tea seed meal is often added to’eradicate the

undesirable species of fish in the pond. The cakes of tea—seed meal are .

simply broken up mto small p1eces and cast into the water . at various

.o L
!

e ‘

pomts B ) : R
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Stock mampulatron is the key to the high yreld of mrlkﬁsh ]ponds in

Talwan Its mamtfob_lectrve is the maximum- utlhzatlon of the food;ef;

L]
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_resources (in jthis case benthic algae) in tte pond\ In lewm thls 1s

acwmpllbhed by the following: mdndgemelnt technigue: - C
In the early part of April, the pond iy stocked W1th overwintered

hngulmgq of size varying from 5 t&6 150 g in welght\lThe number of
fingerlings planted varies from 3,000 to 5,000 accordmg to 31ze

[ 4/"
e
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R e Elg 54,,Rondmbottom 1s.sun-dried till it .cracl(é - ° o v‘ .g‘ ..... S

R

Beginning from April. new fry. collected from the sea become avail- Af
able. They are purchased dnd planted at intervals of two to four. weeks.
- Each time about 1,500 are planted. Table 2 shows the number planted at

dlffer ent times of the year. e
. Table 2. Number of Fingerli—ngs Planted in Different Months-
. Average weight of -~ Number of

. Month of stockmg ﬁngei lings planted  fingerlings planted d R

" April - - .5-150g— - - ..5000.. - _ S
May - 0-05 ' 2,500 £ ey
June e ' 0-06 . 2,500 3 o
July A | - 0-06 2,000 : G
August-—- Septemlver » 0-06 3,000
Total number planted o 15,000 o
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6.9 Harvesting

s

+ - Harvesting of the fish begins at the end of May, and about eight harvests
| are made until the middle of Nove ember. The overwintered fingerlings
grow to a weight of 300-400 g, at which size they are harvested at about
_four different times from the end of May to the middle of August The
new {ry grow to a weight of 200-,300 gin August or September,.when. /...
they are harvested. The new fry planted in July do not reach marketable
size by November and are put into the wintering ponds ~ ~/

‘ Flg 5 G111 nets fer harvestmg the crop

Ty

($ o
: -
N

0

4,

‘The highest total weight of fish in the, ponaas occurs in Jung and July,

when it reaches 700—-800 kg/ha. This is perhaps the 'alghest‘ carrying

- capacity, at which point the fish population should be: thlnned out by
frequent partial cropp{ng as mentioned above. ,
e - —Gill mets-are used-for-harvesting-the-milkfish (Fig—5) )ﬁheﬂmesh size
at of the net varies with the size of the fish to be harvested. The: helght
' of the net u; about 1.6 m. In operation, a number of nets, each about
30 m in length are joined together and towed across the length of the, o

pond . . W :
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Before actually catching the fish, a net of large mesh size or a device
consisting of a rope to which-a number of bamboo pieces are strung is
towed across the pond to scare the fish into emptying their stofna'chs.
Sometimes a number of persons on moving bamboo rafts strike the
water with- bamboo poles to accomplish the same purpose. The milk-
fish with empty stomachs keep better when they are trucked to the

—.market.- e

When the ﬁsh are harvested at the end of the rearing season in October
or November, the ponds-are drained of water after netting, and any ﬁsh
left over are picked up. .

The fish are packed in bamboo baskets (Flg 6) loaded onto trucks and
taken to the market. Crushed ice is spread on top of each basket to
preserve freshness.

The ordinary size of fish harvested for food is frorn three to four fish -
per kllogramme Those used as bait for longlining are harvested at the
size of 10 to 12 fish per kilogramme. As the mrlkﬁsh orow to over IO

TTL kilogrammies innatures-these” ﬁshm1ndeed4§abres e I e

" 6. 10 Feedmg and fertlllzatlon ’ . _}

- Beginning in May when the rainy season starts in south Taiwan and the
salinity of the pond water becomes too low to support a good growth of
benthic algae,.the milkfish in the ponds are given supplementary feed.
Prior to this, little or no artificial feeds are given, because the benthic”
algae are quite abundant in the ponds and some of the organic fertilizers
applied in March may still remain to serve as food.

- “The feeds"commaonly used aré rice bran, soy“t‘)e_an meal and peanut

meal. The quantities given are generally 30 kg of rice bran or 25 kg of

- soybean or peanut meal per hectare daily.

Fertilizers in the form of. chicken and hog manure are also @pphed
daily during a clear day to maintain the growth of the algal beds. No
feeds or fertilizers should be giveén on cloudy or rainy days. Otherwise

- excessive production of phytoplankton will result. -

2, .

6.11 Pests and predators - L A Gt
o The common pests-in-a milkfish- pond_are the Chironomid. lanueghe o
.polychaete worm Nareis and the salt-water snail Corithida, of which the®
Chironomid larvae are the most important.® It is estimated that during =~ =
‘the early part of summer when these larvae attain the quantity of 200to @

500 kg/ha, the benthlc algae they.consume darly may amount to 30t0 60 o

ttttt N e e e
e e i e e e ,11., S e
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kg/ha They also consume other organic matters on the pond bottom and
\ 'thus lower the fertility of the pond.”
\\The Chironomid larvae on the pond bottom may be eradlcated by
applymg Accothion, Abate,  Lebacid, Sumithion or some other
pesticide,'* without harming the mllkﬁsh (Fig 7).

6.12 Wmtering

The milkfish being a semi-tropical fish is sensitive to low temperature.
According to Yamamura,'' it becomes sluggish when the water tempera-
ture'drops below 15°C and dies at a temperature of about 12°C. A great
deal; however, depends on the environment and the condition of the fish.
exposure to cold is prolonged. '

As the temperature of pond water may drop to 5 or 6° C in the w1nter

4
Tt may dieat a hlgher tempesature if COI‘IdlthI‘lS are unfavourable or if the |

in Southern Taiwan. the milkfish could not survive the winter unless they
are protected. It is customary to hold some of the milkfish over the
winter, because (1).the late fry planted after June do not reach market-
able’ size in October and (2) sonie fish should be made available for

- not be available until April.
~ The milkfish are placed in the wintering ponds in October or Novem-
ber and held until Ma(ch when they could be ‘planted in the rearing
ponds: There is usually h shallow ‘area adjacent to the wmterng pond in

- On really cold days the milkfish do not eat.
The causes of high mortality are (1) low temperature (below 11°C),
‘bottom and consequent productiof of noxious substances.®

- néecessary, therefore, to add fi

h water to tde ponds to maintain the
‘proper salinity. " |

L2

7. PROBLEMS

inadequate supply of fry and (2) high mortality in the  wintering ponds.
As mentioned before, milkfish fry are obtained from the sea. They are

ey

stocking the ponds early in the next rearing season as the ‘new fry’ will -

which the milkfish can graze and be fed (with rice bran) on warm days.
Intensive care is necessary to reduce mortality in the wmtermg ponds -
(2) oxygen deficiency and (3) accumulation of waste materials on the -

As winter is the. drought season in southern Taiwan, the water in the -
wmtermg ponds tends to galqgahmty due %p evaporation. It is often

* The main problems in milkfish farming in Taiwan are: (1) the often

 abundant in the Philippines and Indonesia, but often deficient in Taiwan. =
. 13




The problegn 1s aggravated by the recent practice of rearing mllkﬁsh as bait

. for longlining which requires heavy stocking at short intervals. To solve the

RS problem the Taiwan Fisheries Research Institute, with the assistance ofthe
ay . Joint Commission on Rural Reconstruction (JCRR), has begun an experi-
” . ment to produce milkfish fry by induced spawning in its Ttngkaug Marine
~ *Laboratory Thus far difficulty has been encountered in obtaining ripe
 males and gravid females of good condition at the same time. Steps aré

) being taken to improve the facilities. :
A Shortage of stocking material is at times the result of high mortahty n
: " the wintering ponds. When mortality ran as high as 60% in January and™
February of 1974, there was a serious shortagc of overwintered fish for

stocking the ponds in March. ' :

To prevent the temperature of the water in the wmtermg ponds from
mented on covering the pond with épr‘i’éistrc sheet tent WLthyentllatLon holes
and found that the water temperature in the covered pond could be ‘

. maintained at 2°C higher than in the uncovered pond. However, this is not
sufficient protection during a severe cold spell and the cost is high. The -
solution to this problerm seems to be the use of underground water, which
has a temperature of not less than 20°C in the winter to raise the tempera- |
ture in the wintering ponds. To encourage this ‘practice, JCRR has sub-
sidized the digging of a number ‘of deep wells in the Tainan area for the
purpose of demonstration. The only drawback is that the water from some -
wells often has high iron content. : , /
Recently (since 1974), several devices have been tried to raise the
temperature of the water in wintering ponds. The most effective one. conswrs/ e
of a propane gas water heater to supply recirculated hot water to the/pond e
by pipes. This has been found to be very convenient, and meetffcold spell
normally last for only a few days, it is not too experrs’ﬁe Plastic beads, the
size of marbles, are used to cover the ‘water surface to reduce heat loss. -

14
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II. Eel Farming

L INTRODUCTION . "' . e ]
The culture of eel in Taiwan has a comparatively short history:. Before the

“retrocession of Taiwan to the Repubhc of China. experlmental rearing of p
the Japanese eel. Anguilla japonica, was carried out by some- of the;
government fish culture stations. Unti} 1952 there was no eel culture on :
commercial scale. This was due to the small demand for*eel and, con,
sequently. the lack of interest on the part of fish farmers. Around 1950t e

- chief demand for eel was as live baits for shark longlining.

In 1952. an eel farm was established at Taoyuan by the government-

operated China Fisheries Cnrpnratmn The Tﬂlwar' Fisheries Reseaﬁch
Institute also started experimental eel farmting at Lukang in 1956. These
attempts were followed by eel farming on a small commertial scale/: In
1966, there were only about 60 ha of eel ponds in Taiwan;in 1967, the area
.of eel ponds increased to 80 ha. Since’1968, as a result of heavy demand

~from Japan for seed eels and later for eels of table size, the eel farms/have | |
increased rapidly in number as well as in size. The total acreage reached -/
660 ha in December 1971 and 1,058 ha in June 1972. The value of xport |
of eels to Japan in 197,1 exceeded USS10 million and was reporte tobe/= |
US$29-5 millionin 1972, ° SR

In spite of the continued heavy demand and the high’ prlce pald ﬁor eel by |

Japan, the eel farming industry in Taiwan: is plagued, by one/serious |

. problem — the inadequate supply of,seed eel, Wthh will be dlSCUSSGd in

: vdetall in the accounts that follow. /

¥

2. SPECIES CULTURED

The eel cultured in Taiwan consist mamly of two species, the Japanese eel
Angzu[la japonica (Fi ig 8), which is a native of the Taiwan drea, and the ‘
European eel. A. anguilla, which is imported as”seed eel in 4recent years.

g




" to grow to market size.

&

Another exotic eel, 4. marmorata, known locally as ‘donkey eel’ hasa mgH
market vahte,\_,but an attempt to culture it d1d not Succeed. ,

As the family Anguillidae has, onsly one genus all eels of this famrly ‘
belong to the genus Anguilla. Some other better known species are:

. grq’enbacker (New Zealand) o s
ustralis (New Zealand)

A. bicolor (Indonesia, Philippines)

A. pacificus (Indonesia, Philippines)

A. rostrata (U.S'A)) f

The life history of the 4. ngullla and A restrata istargely known. They
both grow from elvers and mature in rivers and migrate downstream into
the ocean to spawn in the Sargasso Sea, but very little is known of the life
history of the A4. japomca partrcularly its spawnmg ground.

§@P0ND AREA AND DISTRIBUTION _\

Accordmg to a survey made by Kuo, Huang and Su,! the areas of eel ponds
in Taiwan in January 1972 were distributed &s follows: -

it "’R\earing o \Nu‘rser_y
. Ponds Ronds* , Total

Changhua County  212-30.ha \— 212-30 ha
Pingtung County ~198-19 ha 10-00 208-19 ha

Ilan County - . ~ 49-03, hg © 68:15 . 117-18 ha -
Yunlin County . 69.81 ha 23417 92.98 ha
Chiayi County " 43.84 ha - 20-00 63-84 ha
Taoyuan Cou.nty’g A 44.22ha  10-98 55-20 ha .~
Hsinchu County " = ' 16-09 ha - 691" | 2300 ha
Other Countres " ~ 50-38 hg, T 9.05N ,59-43 ha
Total \ - 683-86 h.:i 148. 26 \\ 832 12 ha

- * Ponds used for rearing the glass eel to stockmg size. So e\eel farmers ,
specialize in rearing the glass eel to varrous sizes and selling them to other§

\

It is estimated that the total eel farmmg acreage had reached 1\200 ha by;-
~ the miiddle of 19%73. Changhua, Pingtung, Yunlin-and Ilan Co&ntles cét\'t

tinue to be the main areas of eel farming. In Ilan, irrigation water is used m [N
most cases for providing runmng water to the ponds whereas
other areas underground water is used. S ul;e*

R
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TION AND WATER\SUPPLY, ‘

4. POND CONSTRU

- , 3 \ |
Eel pondigequrre : 'enty of fresh water and should be located i in areas of
good watersupply both quantitatively and qualrtatrvely The water should

be.free from pollution and have pH value between, 6-5 and 8-0. The
. Japanese eel can live both in tropical and temperate envrronn"lent, but they -
generally cease to feed and grow at a temperature belov\{ 12°C. .
In Taiwan, most of the eel ponds use underground water|from deep wells, .
but irrigation water is also used in some parts of northleastern Taiwan.
Irrigation water-is-not desirable, because it be polluted partrcularly \
wrth pest1crdes Underground water shoullLXe‘ aerated by sptraymg or
‘Most eel ponds have perpendicular concrete o, brick” Walls and sandyu_.«
soil bottoms (Fig 9), although some are mud ponds lmth steep, mud
embankments. It.is claimed that if the Water qualrty 1S g;od and the eels
well .fed. they w1ll not try to escdpe even in ordlnary ﬁs; ponds built of
mud. o .
- Some eel ponds have concrete protrudmg lips at the top of the ¢oncrete
 walls. These are now considered to be unnecessary, except for seed eel
rearing ponds. The seed eel, being light in weight, can climb considerable
drstances up a perpendicular wall. Escape is made usuall durrng heavy
rain.

Most-ponds are equrpped with paddle wheels driven by electrrc motors
(Fig 10). The whirling wheels with paddles turn roud andiround on the
water surface to act as aerators. They are turned on usually a nrght and in
the early, morning when the dissolved oxygen is low.

. After the practice of Japanese eel farmers, some eel ponds have the . .
portron equipped with agitators partitioned off into a pool’ where the eels
can congregate at time of low oxygen supply. This is, hi wever, not
c,ommon

)

;N ost ee' p‘onds are now constructed above-ground (with the bottoms on

ground levgl) /to facilitate drainage and save the cost of excayation. But
ponds thdt iise irrigation water have to be built below the level of the
irrigation canals. ;

- size Of a pond is 0-1to 0-2 ha.” Large-size ponds of over a hec are in area T
may also be found. Ponds for running water eel farmmg, haowever, are.
generally small. | e

e
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5. SUPPLY OF SEED EEL - C /

The natural histqry of the Japanese eel is not fully known iv/spite of
investigations made by Japanese scientists. It is generally believgd that the
adult eel, after spendmg some years to grow and mature in fresh water,
‘descend the rivers to the sea to spawn at some locality soutly of Taiwan.? -
‘After hatching. the larval eel known as leptocephalus, follow/the Kuroshio
current and drift into estuarine waters, where they are caugl}t' By that time,
the leptocephalus have transformed to become a;transparent young eel of -
several centimetres in length known as glass eel. This long/and complicated
life history explains why it is yet impossible to spawn the el artlﬁcLally and
rear the larvae to glass eel size.

The seed eel catching season in Taiwan is from Octpber to March, W1th
the peak in December and January.' The glass eel of another local species,
Anguilla marmorata, are found in abundance along /fhe east coast, but no
success has been obtained in rearmg them in ponds Iﬁ is sa1d that, in spite of
feeding, they increase very little in size. /

The glass eel are caught with scoop glets pushed by one person wading in
~.shallow water. by drag nets towed by a powered raft, or by trap nets set in
the estuaries.' The glass eel come in with the tide, usually at night.

The glass eel caught-are temporarily placed with water in plastic con-
tainers to wait for buyers. The buyers, after collecting sufficient quahtities
of glass eel, sell them either to the eel farmers or middlemen. ,

No other commodity has experiencéd a rise in price within the span ofa -
few.years as fabulows as the seed eel in Taiwan. Before the commercializa-
tion of eel farming, the seed eel had no market and were caught as duck feed.
Later, in about 1966, the price for one kllogram of glass eel (4. japonica)
was only NTS$60 (NT$40 = US$1:00). The current market price (March
1973)is.now about NT$60s000, an increase of 1,000 times in seven years.*

This phenomenal price increase-of the seed eel is due to two reasons, the
" shortage of supply and the heavy buymg and hlgh price pa1d by the
: Japanese eel importers. -

6. TRAINING OF THE ELVERS S TRy
v . e ' ~
The glass eel ofAnguzlla]apomca are caught in estuarine waters all along
the coast of Taiwan. They‘are transparent and about 5-6 cm in’length, and :
about 6,000 individuals make up each kilogramme. As they ascend the
rivers, the elvers assume a dark colour gnd are difficult to catch.
‘In the pond, the elvers have to be trained to take artificial feeds. They are _
fed' with tublfex worms or minced meat of oyster and clam. Mmced ﬁsh of

22
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good quality may also be given. The feeds in a basket are lowered to the

bottom of the pond at night. At first the elvers are reluctant to eat, and left-
over feeds must be replaced with fresh feeds each night. This is kept up for
about 20 days. when most of the elvers will come to feed. Gradually. the
feeding-time is changed to early morning. and the feed basket is raised to
just belc@w the surface. At the same time, minced trash ﬁsh or mixed eel feed
is gradually added to the feed. until finally the feed consists entirely of
minced trash fish or commercial eel food. From then on, the elvers will grow
rapidly. "

Some eel farmers treat the tublfex w1th 0-2% sulfamonomethoxme
solution for one hour and wash them before giving to the elvers.

-

7. FEEDS AND:FEEDING

The eels feed mainly on animal protein food. During the initial stage of eel
farming in Taiwan. silkworm pupae formed the miin feed of the eel.
Because of the decline of the silk industry and the expansion of the eel
farming area. the supply of pupae has, become inadequate, and trash fish

~ (small fish of poor quality from trawlers) and scraps from fish processmg

plants have been used extensively as eel feeds.
~ The trash fish or scraps -are minced with a meat grinder to form a thlck
paste (Fig 12). which is then placed in a wire basket and lowered to a point |
just below the surface of the eel pond. At a few eel farms the trash ﬁsh or
scraps are cooked. before mincing. The merit of this practlce is yet to be
determined. 4 : .
Most eel farms are-equipped with a small feed processmg plant w1th -
poWered grinders, and targe farms have cold storage fac:111tles as well. &
Every. eel pond is provided with a feeding platform from which the feed -
basket is lowered. Feeding time is early in the morning. The eels in the pond,
having learned when and where they can get food. will come qwck y to the

wire basket, enter through the mesh. and literally bury themselves in the loaf
~ of, say. fish pa%te eating very voraciously.

The Taiwan Fisheries Research Institute began experiments on the
formulation of an artificial feed for eel in 1966. In 1968 it produced a
mixed feed in powder form with the followmg formula

White fish meal o 6170 "
Gamma starch <+ ' . 14.0°
Defatted soybean powder < 10-0 |

Fish soluble. dried 50 (oo
‘ g .



Fig 11 Air-biowers to inérease oxygen supply -

E Lo 4

Fig 12 Trash fish or scraps minced with a meat.grinder
~ B ’ ’ :
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Yeast powder : ~ 10-0
Vitamins 1.0
L-Lysine : ) 0
'D.L. Methionine 0-
Binder | 0
Anti-oxidant 0]

~ Its chemical composition is as follows:

Crude protein 45-43
Crude ash 14.66
Carbohydrates . 21-34
Crude fibre
Water

The above artificial feed was compared with minced fish in a 90-day
feeding experiment. At temperatures ranging from 9.6 to 18-6°C, the
conversion rate of the artificial feed was found to be 2-45 as compared to
13-49 for tr/};tsh fish. The experiment was performed on young eel of about
45 g in iniyial weight.*

In appvaatlon the artificial feed in powder form is well mixed wrth 5%to
10% ofﬁsh liver oil and 10% of water to form a stiff paste, Wthh is then’

‘placed’in’ the feed basket. . ' = .

‘The quantity of feed grven per day 1s 5% to 15%,of the total welght of the
eel in the pond in the case of minced trash fish and 1-0% to 3; 5% in the case
of artificial feed. The quantrty is limited to what the eel can ‘consume in 20
minites.’ -

Because of its comparatively high cost, no eel farmers in Tarwan use the
artificial feeds exclusively. Usually they keep artificial feeds in Stock and .

use them when the supply of trash fish is low and its cost high.

3

8. HARVESTING AND MARKETING

From June to September, when some of the eels have reached marketable
size, they are harvested daily or once every few days at feeding time by a net
placed below the feeding platform and taken to the local market. This will
réduce the population in the pond as Well as prov1de a revolvmg fund to the
eel farmer. '

 In addition, the eel ponds.are drained at least once a year and all the eebs

taken out. This is for three purposes: o
1. To remove all the eels of marketable size for export and for local_ '

=
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consumption. Eels of the size 5 to 8 per lrrlooramme are preferred by the
export market and those of 3 or 4 per kllogramme are preferred by the .
local market. A . o
2. Toclean and disinfect the ponds and exposeihe bottoms to the sun.
3. To segregate the eels as to size and restock them in different ponds
This 1s important for uniform growth. .
After the eels are removed from the ponds, those to be sold or exported
are segregated by size and impounded in elean water for a few days to empty
their guts and condition them for transportation (Fig 13).

Fig 13 Eels for market are kept in clean water for few days before transpdrtation

. -

Eels are sold either in the domestic market or export market. In inland
transportation: over short distances; the eels are first chilled in ice water to -
put them in a state of suspended dmmatlon and then put’in.bamboo baskets -
- over which ice water trickles. For export to Japan, the previously chilled -
eels are put.into a plastic bag with a small quantity of water and filled with
oxygen. Two such bags are encased in a strong carton for shipment by air.
~ Elvers are shipped either in oxygen-filled plastic bags or in shallow
plastlc boxes with some ice and water: - They are also 1mpounded in’ cl
water and chilled before shipment. :
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9. THE SEED EEL DILEMMA
The supply of seed eel for eel farming is the most perplexing problem. faced .
~ by the eel farmers of Taiwan today. The average yearly catch of glass eel

from the estuarine waters of Taiwan is about 15 mt;whictrares eaugm for
stocking the 300 ha of eel ponds in the past. With the raprd mcrease of eel .
ponds. a serious shortage of seed eel has developed since 197 I. The price of
locally produced seed eel has gone up tremendously, and there is arushto =
buy the less costly imported seed eels. In 1972, the price of each locally
© produced glass eel once went-up to NT$22-00 (US*&O 58) as compared to
-about NT$2-00 for an 1mportedglass eel. In 1973, the Government lifted
the ban on importation of glass eels that are not of the species Anguilla
Japonica. and a large quantity (estimated at 20 mt) has been imported since
February.. The price of each imported eel dropped to=-about NT@9~—70*A~
(US$0-02). Facing such strong competition, the price of locally produced o
glass eel was forced down to.NT$12-00" (US$0-32) each®y ~ R
Although the Japanese eel, the culture techniques of which have long
been mastered by the local eel farmers, remains the favourite, the disparity 5
“in cost has influenced many eel farmers to buy the imported eel. They ﬁgu.re 7
“that even if the imported seed eel suffer a high mortality of 80%, they would
still save money. N j
The short supply of seed eel is not a problem peculiar to Taiwan. Japan
the leading eel farming oountry ‘and the largest eel consumer of the world,
faces the same problem The fish- “culturists of* Japan are performing exten- ’
sive experiments to utilize the 1mported seed eel of varrous origin for =~
stocking their ponds. / .
Although somé elvers from Australia and New Zealand have been
imported into Japan for tr1a1 the elvers of the European eel, A. anguilla,are -
- -still looked upon as the most promising and the largest soi source-of-supply. ’
* The European eel has 4 very large distribution inthe North Atlantic and
Meéditerranean. extendmg from .the coast of Denmark down to the north :
coast of Africa.’ : 4 :
The imported glass eel, of the species- Anguilla anguilla, cannot tolerate a |
high temperature and is liable to many diseases and parasitism. The writer
has visited many eel farmers who kept imported seed eel in their ponds and
found that in sprte of the different culturé methods uised and intense care, -
such as, (1) use of water of temperatures not” exceeding 25°C, (2) the k
ap’blrgatron of pestlcrdes antibiotics and sulpha- dr.ugs (3) more-frequent
’ feeding and (4) larger flow of runnmg water, mostsof them suffered losses.
/ Others claimed sticcess of varying degree ie a survival rate of 70 to 90% up v
~ to thé time of marketable size. " '

w




‘\ It is found that the techniques successfully used by the eel farmers Vary in,

. one way or another. Among eel farmers who use identical technique, some
——succeeded and-others faited=One eetfarmer who ctaimed-successin 197 [~
\ failed utterly in 1972, employing the same techniques. This leads some eel

‘\ farmers to believe that they are not dealing with eels of the same species or
\ origin. : ey

e
The 1mported seed lare purchased from Japauese exporters The -
\buyers in Taiwan have-no-definite knowledge of their origin. France, Italy,
“Spain, Morocco England, the Phtlrppmes Indonesia and Sabah have been
. cited ‘as the countries of their origif. Morphologicallygit is well mgh
- 1mpossrble to distinguish the seed eel of vA\anguzlla from that of A.
Japonica. As a matter of fact, the 4. anguilla is distinguishéd from the A:
Japonica by the: application of the pesticide Ciodrin, the 1.ppm solution o
which will kill the A anguzlla elver in 20 mmutes leavmg the.A. Japomca
-unharmed. c 4
- It seems necessary therefore for the' Talwaﬁ eel farmers to: import seed
) eels directly from the countries of origin. A project should also6 be initiated”
. to experiment on the rearing of eels of drf;fepent orlglns and determme Wthh
is the more desirable. R - | NNy
For the purpose of minimizing drsease and parastte 1nfestatlon of the \
imported seed eel, the-eel farmers of Taiwan dose their eels with dlfferegt :
preparations of sulfa drugs. antibiotics, pest1c1des and growth promoting
substances. This practice of trial and-error is not only, unecqnomical but
will undoubtedly impair -the ‘health of the eels. $In this respect, SClentlﬁc ) ,
mvestggatton/should be instigated to look into the cause ofeaéh dlsease and 10
“parasitism and institute treatments and preventlve measmes
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III Polyculture of Chmese Carps in FreshW/ater
“Ponds

"~ .1. INTRODUCTION

Polyculture of carps is the backbone of fish culture in China. It began .
thousands of years ago and has been improved with the passing of time.
William E. Hoffmann was perhaps ‘the first westerner to describe it in
detdil." It is particularly common in the delta region of the Pearl River-and
the Yangtse River. where natural supply of the fry is plentiful and the
general conditions favourable.

In Taiwan. the total acreage of freshwater fish poff’és in 1972 was 10,275
ha. most of which were used for the polyculturesof Chinese carps together
with other suitable species. In order of importance, the species of Chinese

. carps planted are grass carp. Ctenopharyngodon idellus (Fig 14), silver
carp, Hvpothalmichthys molitrix, bighead. Aristichthys nobilis, mud carp,
Cirrhina molitorella, and snail carp. Mylopharyngodon piceus. Other fishes.

" often reared with the Chinese carps are mullet, common carp. (Flg 15),
Crucian carp. tilapia. etc.
s+ Polyculture of Chinese carps is belleved to be capable of achlevmg the
£ highest productivity in-a given unit area, because. first. these fish occupy
different strata of water: the mud carp and the snail carp generally stay at
the bottom, the silver carp and the bighead usually at the top, and the grass
carp roam all strata of the water. Secondly, they have different feeding
habits: the grass carp feeds on grass and otherplant-materials; silver-carp—
on phytoplankton, bighead on zooplankton, mud-carp on detritus-on the- -
bottom. and snail carp (also known as black carp) on 11ve food, prmcrpally
molluscs and crustaceans on the bottom =0 T
a savmg, in feeds as well as space. The ratio or number of each species
~ planted in the pond varies with tfie condition of the pond and management
' practice and will be discussed latet.
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2. SUPPLY OF FRY OR SEED

¥

The five species of Chinese carps have their origin in the rivers of China,

mainly the Yangtse River and the West River (also known as Pearl River).# -
~ The spawning grounds of the mud carp, however, do not extend to the =
Yangtse -area, and are Jimited to the rivers of South. China. Fertilized eggs
are carrigd dewn by the streams. hatch on the way. and are collected as fry.*
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-~ As th¢ Chinese carps do not spawn naturally in_confinement, Taiwan,
untrl 1964 had to depend on ﬁsh seeds imported from Hong Kong and to a

from Chma had started to spawn in the Tone River. The number of fry
imported was from 30 to 40 million each™year. :

In 1962, with the success in induced spawning of the grass carp and
silver carp by ‘the Tainan Fish Culture Station, the Taiwan Fisheries
Research Institute began to produce fingerlings of Chinese carps, and this—;
was soon followed by a large number of small commeréial hatchéries. So, ’
beginning from 1964, Taiwan was not only self-sufficient in the supply L —

" of seeds of all the species of Chinese carps, but was ‘also able to export =

them to Southeast Asian countrres as well as small quantrtreSato thelnited |
States.

3. PRODUCTION-OF FRY BY INDUCED SPAWNING

The season for the production of the fry of the Chinese carps in Taiwan -
begins in March and continues to July. Fhe commercial producers have -
now completely mastered the technique of artificial propagation.’ T
- The first and most important step in the artificial propagation of the
Chinese carps is the culture of spawners. From the stock of Chinese carps in
ordinary commercial ponds, spawners are selected for use in induced

- spawning (Fig 16). ] \’ ,)

Grass carp intended to serve as spawners should be glvem plenty of feeds . - ,/_,/
“such as tender grass, vegetables, aquatic plant, peanut meal, soybean meal
and rice bran. Over-feeding, however, will cause the fish to grow fa