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

The Author

mr -

T

Taiwan enables T P Chen to give in this practical and informative. work’
detailed guidance on the successful commercial culture of no fewerthan 29. .
species of fish and one plant. After gradlgatmg from college in Pckmg he
studied at the University of Washmgtoq Seattle USA taklng “his M Sc
degree in 1925. On returning to China he speedily won exeputlve € positions. -
at important Expertment Stations until mtlerruptlon occasmned by the war
with Japan 1936—1945. He emerged fron%l that perlod/m 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 ghapter of this work. After three
year’s directorship of the Fisheries- Rehabilitation- Admlmstpattenhewakw*
for nine years fisheries specialist on the CoEmmmsmn of Rural Rcconstru_;_.»‘ -
tion, finally b commg chlef of the FlShCl‘leF DlVlSlOH f that Com 18 J

\

Inc
hf%ughrout hlS 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 crossed 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 c6vered. 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 recent years.

The population exceeds 18,000,000 and is- ‘basically Chmese For many
centuries Taiwan was adminisféred a3 part of China. It was, hoygever,
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 populatlon 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_"f Lk
signéd between the United States and Taiwan in 1954, B

"~ There is consrderable difference between the south and north in the

.season of rainfall and air temperature In southern Taiwan the: rainy season o
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) (recor;ted from 1897 to 1945),.,,,“.-.
are glvcn as follows: ‘, : A

/‘,
=

‘ (In centlgrade) Ilan Taman | Do e
- January ~  15:8 17 0.
February ©16-0¢ 171
March 179 197
- Aprit - 20-6  23.4




L R |
, , 23.5 263
\ June e 26:1 2747
| , © July ' 2758 T s
e August 272 27.5. " ”
| } SeRteﬁnber 25.8  27-1
B ” *-October - 22-8  24-8 \ |
- November 20-2 21-8 SN
L, December 17.2  18.5 ' |
* .. These temperatures are given as a guide to aquaculturists elsewhere in
co‘nsidering-‘the applicability of Taiwan practices in their own localities.- -
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INTRODUCTION ~ .
: . ) . ) ) \‘I\ . ) | ) : ’d .
- The production from -aquaculture in-Taiwan (in¢luding-Penghu)-in-1974 - -
. totalled 114,472 metric tons, which was 16- 4% of the total fisheriesw ,
.. production of 697 871 metric tons. The more 1mportant species’ “cultured :
were: j
R , Qutmnty of Va-lue .
Species " production (mt) (NT$1,000) )
1, Milkfish " 28,907 1‘067'609
v 2. Carps . - 416,816 \ 339,629
3. Tilapia o 14,772 220,934 o
4. Qyster | 13,359 \\559 397 . -
5. Eel ) 11,827 2,089,513 7
6. Meretrix clam 11,695 - 197;911
7. Gracilaria 15,971 21,897
8. Asari clam 2,203 93 353\ : &
9. Mullet ~ f 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 150! & 23 839 -
14. Grass shrimp 140 21,581 - T
15. Bléfi cockle . 57 ——— 11,400\ =

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

production among all cultured species. ' e : -* i
~ Agquaculture in Taiwan is noted for its diversification. In the present
book, the cultural practlces of 29 spemes of ammals and one spe01es ;of plant

g
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s, ﬁve sﬁemes of molluscs four species of crustaceans and etghteen
species of fish. The culture of some of these specigs is not known or
'5'a§%tlsed in other parts of the world for example a%l ture of snakehead
) V\falktug catfish, mud skipper, Corbicula clam and the viviparous snaik. The
cultury of! the seaweeéd Gracilaria in ponds is also unique in Tai .
Jt 1s the spirit of progressiveness that has been respon51ble for the success
-of .aquacultural developments in Taiwan. The- fish- farmers are™not only
industrious but are eager to acqu1re new technical know-h , ";The moment e
they learn that some new techniques have been: develope Drkser Wi
~ species have been introduced by the research institutions, they im edtate
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 goverrfment 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 encburagement 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 thlS can be accomplished in Taiwan, it
obviously can be done\t‘%other 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 food,\ for 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, weI‘e mostly consumed by the -
local populgce to meet their need for anunal protem food. But from 1960
onwards, to meet the demand of the more afﬂuent people, partlcularly the
gourmets, for foods that were new and dlffetent 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 Jé apan in 1974, about ‘7}000 mt was valued at about ‘,

Xl ' | | Ry
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US$ 50 million. This was accompamed by’ "the steady 1nqrease over the '
years of eel farm acreage to about 1,200 ha (or about 3. 000 acres).

"During the 14 years t»hat-.the 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\lndonesm;‘ alain ' i lushope-drthapthsfsbook———

\JJ

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

mterested n acqumng mformatlon on aquaculture as practised i n Talwan
and so be-able toapply th’e techmques developed here to their own Lands

It should be stressed, however, that many of the practices as descrlbed in
this book cannot be adopted dlrectly as such ga other areas. This is due
mainly to env1ronmer‘1tal institutional and socio-economic differences,
such as temperature e,/ water supply; land avallablllty, cost of feeds and
labour and market de/mand The aquaculturlsts in other areas will have to
use their Judgemetculn adopting and modifying these practlces :

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 7.
assistance in the preparatlon of the manuscnpt )
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-~ —LMilkfish Farming
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L. INTRODUCTION | P | \

The mllkﬁsh Chanos chanos (Forskal) (Fig l) 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 fertlhzatlon and stock mampulat1on

4

2 Ocin

L iy ' j

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

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 thrae,
hundred years ago." The Chinese fish farmers who migrateéd to Taiwan bu1lt
~ dykes on the low land alon% the coast of Taiwan and stocked the ponds so -
built with the fry of milkfish obtained from the littoral waters. Milkﬁsh :
ponds were first’built in thé Anping area of Tainan.
About 1910, during the Japanese occupation, a fish culture station was
ﬁ,,,,festablrshed in Tainan by the Talwan Governor-General with Takeo Aokias
‘its head to carry out experlments in milkfish culture.* This station, which
became a field statlon of the Tarwan 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

Estrmated 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 ~Y’

! ' N : \

Table 1. Yearly F luctuatrons of Production of Milkfish Fry, N
1963—1972
1963 , 83,000,000 1968 96,562,000
1964 - 153,200,000 1969 137 456,000 - e
1965 98,200,000 | 1970 800,000 ¢ . .
1966/ 187,000,000 1971 13 0,000 . /
1967 o 28 000 OGO 1972 128.310,000 s /:

" The milkfish fry are captured'in Taiwan insthe months from April to’
- August,” with the peak during April to June. The maximum catch occursat
full or new mo®n, ie at the time of the spring tide. Dupng these months,:
thousands of coastal ‘people. women and children included, gather onthe.
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 net is -
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 man’" who 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 yolk
sacs. They are transpafent and average 1-5 cm in length.

i ¢

Fig 2 Scoop net for catching milkfish fry

v

In some years. when the local supply of m1lkﬁsh fry was not sutﬁcnent

quantities 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 in
concentration of 0-5 ppm upon their arrival. -

5

4. TRANSPORTATION OF MILKFISH FRY  +

After their capture. the milkfish fry are kept in sea water in wooden Buckets..
OT are tegnporanly 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 agltatlon were'
necessary for the longer trips. vac;: 1962. the use of plast'lc bags has
3

i
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become prevalent ‘The bag contains water of | 1570 salinity andis filled 3
* with oxygen. Ice is added during the hot eather. Thus mortality is

lowered and much labour saved.

®
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5. MILKFISH FRY DEALERS e L

4 i

o

The milkfish fry dealers are concentrated in the crty ol Tainan: Thefe are - -
seven dealers at the time of wrltrng Each dealer, has a fumber 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 d8alers 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 ofstarting-the-circular-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 is strrred and begins a clockwise circular ITlOthH _

»Water is changed once 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 to e

buy. The price of the fry fluctuates widely from day to day accordmg to '
supply and demand. o

—— L) . . . = N T,
P - " e ‘\\

6. MANAGEMENT OF MILKFISH PONDS = .~ =
6.1 Area and Clinfate | " o
The mrlkﬁsh ponds n Tarwan are confined to the coastal aredSs of :
Yunlin, Chiayi, Tainan, Kaohsiung and Pingtung, where climatic condi-
tions permit a growing season of about.eight months per year. No
milkfish ponds exist in the area northsof Yunlm,\whrch has a longer and
colder ‘winter, and on the east Coa}st Wthh has nd“*~t1dal flats.

e

6.2 "Location , N ~ , T

The ideal ]OC%UOH ofa mllkﬁsh pond is one in whrch (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
ﬂthe ‘pond water to /a salmtty of not over 5040 during the dry season.

O .
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6.3 Elevation .

. ; b

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*betow the mean sea-level. Such ponds are 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 pI‘OdUCUVlL)L. 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 eharaeterrstles of the hrghest wave Wthh may occur at the dyke srte
~and the run-up height of wave on the dyke.

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

" everflow of seawater over the top and structurally strong enough to -
— - remain stab’re under the statlc pressure and dynamrc attack of tide and -

On the western ¢oabt of Taiwan, the slope of the outsrde portron of the
- sea dyke is generally 1:2-5to 1:3. and the inner portlon 1s 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 m in height with-a

~ ~ slope varying from 1:1-5to 1:2 accordu@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— — - A ’”m

o In addition te the above the ponds are further drvrded by small dykes e

-'o_
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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*sﬁsh**, '
etc, and for temporarily holding the fish when needed, There are inner o
swater passages and outer water passages. The former are generally 6min .
- 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’ldlthI‘l For
ponds of 20 ha in total area, their width is generally 12—15 m. The water
passages -should have a lower elevatlon than the ponds they serve to
facilitate drainage. :

Sluice gates, are usually placed at points where the elevation is lowest.
““The sluicegate-at the outer-dyke-is-made of bricks. 4Th% series.of wooden. ..
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 .

) _u_byn&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 malntalped at a depth’ of 20—
50 cm. ™ ;o ~
. 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 wmtermg 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. -
The rearing ponds are generally 3—6 hectares in area. They are‘,"
rectangular in shape with the longer axis running 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 trenches ~~~~~ -
leadlng from the water inlet to the outlet. o %

§

6.6 Rearmg of the ﬁngerlmgs and nursery ponds

NV )

Two kinds-of- mllkﬁsh ﬁngerlmgs are used for stpcklng....the ponds the
overwintered ﬁngerlmgs and the new fry captured from the sea in spnng

ot .
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I'he overwintered fingerlings are either those uyndersized (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?,;jh‘
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 degscribed above. In the latter case, the = -..
factlities 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 300,000 to 500,000 fingerlings
are planted to each hectare °

Fig 3 Milkﬁsh wintering pond

The new fry purchased from the try dealers are planted in the nursery

pond which is a smal{r pond of less than 20 cm in water depth and 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 7

‘ 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/(, before the fry are

‘ mtroduced N « L
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After the milkfi;h are held in the nursery pond for a day or less, an
opening is made between the nursery pond and the,rearing pond This

opening is screened to prevent the fry from entering the rearing pond o

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

ing the sa“me salinity. The screen is then reinoved and the fry are allowed o _k

to swrm 1nto the rearing pond of their own accord. A

i
|

6.7 Preparation of thé rearing pond | e

e
-

- o ‘ .
Since the temperature from November to March {s too low for the growth
of milkfish, the rearing ponds in this per1od are treated to promote the
growth of benthic algae, which are the-main food of the mrlkﬁsh They

consist of blue-green algae (0sczllat0rza Lyngbya, Phormzdzum,“f
Spirulina, Micrococcus, etc) and diatoms (Navicu a, Pleuroszgma :
. .Mastogloia, .Stauroneis,-Amphora, lezschza, etc).b A £60d- growth ¥o) AR

benthic algae is respons’rhle for the success of mrlkﬁsh farmlng The
followrng is the pract1ce in the Tainan area. |
In the middle of November, the water in the pond is:drained off, the

bottom levelled and the dykes are repaired. The bottom 1s then exposed -

" {o the sun untfil the soil cracks and crumbles easi /l under‘ the pressure of

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

pond is deficient in organic-matter, the pond should be fertlhzed with

* dried chicken droppings or hog manure (500— 1,000 lqg/ha) 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, which 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 s¢a 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

points. S S

I3

i

Stock mampulatron is the key to the high yreld of mrlkﬁsh ]ponds in
Talwan Its mamtlobjectrve is the max1mum utrhzatron of the food;pf;

L3
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_resources (in jthis case benthic algae) in tte pond\ In leWdll thxs 1s
acwmpllshed by the following: mdnagemelnt technigue: - 0
In the early part of April, the pond iy stocked wnth overwintered & N\
hngulmgq of size varying from 5 t&6 150 g in wexght\lThe number of = &
fingerlings planted varies from 3,000 to 5,000 accordmg to 51ze IR |

¥

R e L

: Elg 54,,Rond~.lbottom is.sun-dried till it cracks ' IR .g‘ ..... SR

R

Beginning from April. new fry. collected from the sea become avail-
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

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

. Month of s[ockmg ﬁnge) lings planted  fingerlings planted d o

" April - - 5150 - . .. 5000.. - . T
May SR 0-05 ' 2,500 £ ey
June v ' 0-06 . 2,500 3 .
July | 006 2,000 : .
August-—- Septemlver » 0:06 3,000

Total number planted
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+ - Harvesting of the fish begins at the end of May, and about eight harvests
) are made until the middle of November. 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 200300 g in 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 : ~/

i~ / ' -
" Fig.5 Gill nets fer harvesting the crop
T ' At h .

o

‘The highest total weight of fish in the, pongas occurs in Jung and July,
when it reaches 700—800' kg/ha. This is perhaps the h1ghest carrying
- capacity, at which point the fish population should be: thmned out by
frequent partial cropprng as mentioned above. . o
Y -~ —Gill metsare used-for-harvesting the milkfish-(Fig-5)—F he~mesh size “
N of the net varies with the size of the fish to be harvested. The height
' of the net 1s 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 -
pond. e

. ¥ .
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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 stor‘hachs.
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.- :

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. 3

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 grow to over 10

N __kllooramnies in-hature; these” ﬁshmrndeed%abies LTI 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"commonly used aré rice bran, soytsean' 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 given on cloudy or rainy days. Otherwise

- excessive production of phytoplankton will result. .

2, .

6.11 Pests and predators L L R Gt
o e The common pests-in-a milkfish- pond_are the Chironomid. laﬂae,ihﬁw- —
.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 benthrc algae they consume darly may amount to 30t0 60 o
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Fig 6 Fish are carefully packed in bambo‘o ‘baskets

LY

F 1g 7 Pesti‘é’i'des are applied
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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 m11kﬁsh (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.
It may die at a higher temperature if condmons are unfavourable or if the
exposure to cold is prolonged. , ' -

As the temperature of pond water may drop to 5 or 6° C in the w1nter .
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
stocking the ponds early in the next rearing season as the ‘new fry’ will \ 1

» not be available until April. L
~ 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 & shallow area adjacent to the wmtermg pond in
which the milkfish can graze and be fed (with rice bran) on warm days.
- On really cold days, the milkfish do not eat.

Intensive care is necessary to reduce mortality in the w1nter1ng ponds
The causes of high mortality are (1) ‘low temperature (below 11°C), "
(2) oxygen deficiency and (3) accumulation of waste materials on the —
‘bottom and consequent production of noxious substances.® <

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

necessary, therefore, to add f] q&h water to tfe ponds to maintain the
‘proper salinity. " : |

7. PROBLEMS

* The main problems in milkfish farming in Taiwan are: (1) the often
inadequate supply of fry and (2) high mortality in the  wintering ponds.

. As mentioned before, milkfish fry are obtained from the sea. They-are .

‘ abundant in the Phlllpplnes and Indonema ‘but often deficient in Talwan

13
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The problegn 1s aggravated by the recent practice of rearing milkfish as bait

. for longlining which requires heavy stocking at short intervals. To solve the
BN problem the Taiwan Fisheries Research Institute, with the assistance of the |
a4y . Joint Commission on Rural Reconstruction (J CRR), has begun an experi-
” . ment to produce milkfish fry by induced spawning in its Tungkang 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. :

Shortage of stocking material is at times the result of high mortahty dn ,
the wintering ponds. When mortality ran as high as 60% in January and ™.
February of 1974, there was a serious shortage of overwintered fish for
stocking the ponds in March. ' :

To prevent the temperature of the water in the wmtermg ponds from
dropping to a dangerous level, the Tairan Fish Cultur_SIatlorLexpenw——wf
mented on covering the pond with a plastic-sheet tent with ventilation holes =
and found that the water temperature in the covered pond could be ‘

g 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 problemsseems 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 tr1ed to raise the
temperature of the water in wintering ponds. The most effective one. conswts/ =
of a propane gas water heater to supply recirculated hot water to the/pond Ky
by pipes. This has been found to be very convenient, and meet}ﬁold spell
normally last for only a few days, it is. not too experm?e Plastic beads, the
size of marbles, are used to cover the ‘water surface to reduce heat loss.

f
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II. Eel Farm;n‘g‘

I. INTRODUCTION . "' _: et
The culture of eel in Taiwan has a comparatively short history. Before the
“retrocession of Taiwan to the Republic.of China., experimerital 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 governmer, it-
operated China Fisheries Corporat1on The Talwan Fisheries Reseaﬂch
Institute also started experimental eel farmting at Lukang in 1956. These
attempts were followed by eel farming on a small commercial 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 acreagereached | |
660 ha in December 1971 and 1,058 ha in June 1972. The value of export| . i
of eels to Japan in 19771 exceeded USS10 million and was ceporte tobe/= |
USS$29-5 millionin 1972, ° e
In spite of the continued heavy demand and the high’ pl‘lCG 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 dlSCUSSCd in
: vdetall in the accounts that follow. !

¥

2. SPECIES CULTURED

The eel cultured in Taiwan consist mamly of two species, the Japanese eel
Anguilla Jjaponica (Fig 8), which is a native of the Taiwan drea,-and the
European eel. 4. angutlla Wthh is 1mported as seed eel in recent years.

g




" to grow to market size.

&

Another exotic eel, A. marmorata, known locally as ‘donkey eel’ hasahrgh

market vahte,\but an attempt to culture it did not Succeed. :
AS the family Anguillidae has, onsly one genus all eels of this famrly ‘

belong to the genus Anguilla. Some other bettér known species are:

. grefenbacker (New Zealand) - R
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 rastrata istargety 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 4. japomca partlcularly its spawnmg ground.

S“POND AREA AND DISTRIBUTION _\\

Accordrng 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\é;aring - Nursery
. Ponds Ronds* , Total

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

Ilan County - . ~49.03, ha © 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 cOurn%t Yoo 44.22ha  10-98 55-20ha .~
Hsinchu County " = ' 16-09 ha - 691" | 23-:00 ha
Other Countres T ~ 50-38 hag, - 9.05N 59-43 ha
Total k - 683-86 ha 148.26 \\ 832 12 ha

- * Ponds used for rearing the glass eel to stockrng size. So e\eel farmers R
specialize in rearing the glass eel to varlous sizes and selling them to other§
It is estimated that the total eel farmrng acreage had reached 1\200 ha by;- xs
~ the miiddle of 19/73. Changhua, Pingtung, Yunlin-and Ilan Cox;ntles cég

tinue to be the main areas of eel farming. In Ilan, irrigation water isusedin
most cases for providing runmng water to the ponds whereas the three\
other areas underground water is used. L FE

v
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TION AND WATER\SUPPLY, |

4. POND CONSTRU

- , 3 \ |
Eel pondct}requrre - 'enty of fresh water and should be located i in areas of
good watersupply both quantitatively and qualitatively. 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 env1ronn°1ent, but they -
generally cease to feed and grow at a temperature belovy 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 northteastern Taiwan.
Irrigation water-is-not desirable, because it be polluted partrcularly \
w1th pestrcrdes Underground Water shoulng‘ aerated by sptraylng or
‘Most eel ponds have perpendicular concrete or, brick? Walls and sandyw__ﬁ,
soil bottoms (Fig 9), although some are mud ponds Wrth steep, mud
embankments. It.is claimed that if the Wwater quahty 18 g;od and the eels
well .fed. they w111 not try to escdpe even in ordrnary’ ﬁsg ponds built of
mud. . L
- Some eel ponds have concrete protruding 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
dlstances up a perpendicular wall. Escape is made usuall durlng heavy
rain.

Most-ponds are equlpped with paddle wheels driven by e}ectrrc motors
(Fig 10). The whirling wheels with paddles turn round 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 . .
portlon equipped with agitators partitioned off into a ‘pool’, where the eels
Cal’(l congregate at time of low oxygen supply. This is, hi wever, not
gommon

b

.\ 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 thdtiise irrigation water have to be built below the level of the
irrigation canals. -

- size ofa 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 farrnmg, h wever, are,
generally sméli. : oo

e
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’ Fig 8 Japanese eel Anguilla japonica .
, _ e |




Fig 10 Paddle

wheels driven by electric motgrs




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 believed that the
adult eel, after spending 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 caugt}t' By that time,
the leptocephalus have transformed to ‘become aatransparent 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. X

The seed eel catching season in Taiwan is from Oct/ober to March, with
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 1S sa1d that, in spite of
feeding, they increase very little in_size. /

The glass eel are caught with scoop hets 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 NT$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 pald by the
: Japanese eel importers.

6. TRAINING OF THE ELVERS T S
i ‘ 'r?." ~
The glass eel of Anguzlla Japonica 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 tUblfCX worms or minced meat of oyster and clam. Mmced ﬁsh of
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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 main 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 madequate 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 garms 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 with -
pOWered grinders, and targe farms have cold storage facﬂltles 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 qulck 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 610 ’
Gamma starch <+ ' . 14.0°
Defatted soybean powder < 10-0 |

Fish soluble. dried 50 (o
‘ g .
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Fig 12 Trash fish or scraps minced with a mwcat,.griﬁder
~ 8 ’ ’ ’ :
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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?zsh fish. The experiment was performed on young eel of about
45 g in inipal weight.*

In appl»Catron the artificial feed in powder form is well mixed Wrth 5%to
10% of ﬁsh liver oil and 10% of water to form a stiff paste, whrch is then’

By

‘placed i in' the feed basket. . ' : .

‘The quantity of feed grven per day 1s 5% to 15%,of the total Werght of the
eel in the pond in the case of minced trash fish and 1-0% to 3; 59 in the case
of artificial feed. The quantrty is limited to what the eel can ‘consume in 20
miniutes.? -

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 provrde 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
I. 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 ktlogramme are preferred by the 2
local market. A . o
2. Toclean and disinfect the ponds and expose—fhe bottoms to the sun.
3. To segregate the eels as to size and restock them in different ponds
This is important for umform growth. +
After the eels are removed from the ponds, those to be sold or exported
are segregated by size and impounded in ¢lean 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 transportation

. -

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 3
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 shlpment by air.
~ Elvers are shipped etther in oxygen-filled plastic. bag§ or in shallow
plaStIC boxes with some ice and wafer - 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;whictrare= Ldugut 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*EO 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 -
“that even if the imported seed eel suffer a high mortality of 80%, they would
still save money. - ;
The short supply of seed eel is not a problem peculiar to Taiwan. Japan,
the leading eel farming eountry ‘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 trral the elvers of the European eel, 4. anguilia, are e
- -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 vasited 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” exceedmg 25°C, (2) the E
ap'plrgatron of pest1crdes antibiotics and sulpha- éll:.ugs (3) more.-frequent
’ feeding and (4) larger flow of runmng 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. " '
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\ 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 eel-farmer who claimed-success in 197 ;-
\ failed utterly in 1972, employing the same techniques. This leads some eel
“\ farmers to believe that they are not dealmg with eels of the same species or
\orrgm : S Y
The 1mported seed eel ~are purchased from Japanese expérters The -
\buyers in Taiwan have-no-definite knowledge of their origin. France, Italy,
~Spain.;Morocco, England, the Phtlrpplnes Indonesia and Sabah have been
. cited ‘as the countries of their origif. Morphologicallygit is well nlgh
- 1mposstble to distinguish the seed eel of A._anguilla 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 of
which will kill the A anguzlla elver in 20 mmutes leavmg the.A. Japomca
-unharmed. c 4
- It seems necessa.rj/ therefore for the Tarwaﬁ eel farmers to; import seed
) eels directly from the countries of origin. A project should alsé be initiated”
. to experiment on the rearing of eels of dtf;fepent orrglns and determme Wthh
is the more desirable. e = » T
For the purpose of minimizing dlsease and parastte 1nfestat10n of the, \
imported seed eel, the-eel farmers of Taiwan dose their eels with ehffere)pt .
preparations of sulfa drugs. antibiotics, pestrctdes 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, Sc1ent1ﬁc )
1nvest10attgn/should be instigated to look into the cause @f each dlsease and
“parasitism and institute treatments and preventlve measures .

@& i e
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III Polyculture of Chmese Carps in FreshW/ater
“Ponds

-1. IN FRODUCTION

Polyculture of carps 1s 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
detail." 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 poffés 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, Hypothalmichthys 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 aré€a, 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 other:plant-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, prmmpally
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 the condition of the pond and management
' practice and will be discussed late¥.
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2. SUPPLY OF FRY OR SEED

¥

The five species of Chinese carps have thejr 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 %

Yangtsg-area, and are Jmiited 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 imporfed 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 B

" 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 thednited |
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 grvem plenty offeeds . -~ -
“such as tender grass, vegetables, aquatic plant, peanut meal, soybean meal
and rice bran. Over-feeding, however, will cause the fish to grow fat wrth '
adipose tissues accumulated on the gonads, thus hindering egg and sperm
development. / \\

For silver carp, bighead and mud carp, peanut meal and soybean meal SN
are good feeds, and the brood ponds should be fertilized with 1norgamc
fertilizers and barn manures. §

.Under the climatic conditions in Taiwan, the females of silver carp |
become fully mature in two or three years (2 kg or more), bighead threeto ~ 3
four years (5 kg or more), grass carp four to five years (3 kg or,more) and
the mud carp three tofour years (1 kg or more). The males mature one year
-« earlier.than the females. '
~ Thereis practlcalhf no commercral productlon of the fry of the sna1l carp'

but small numbers are produced by theTarwan Fisheries Bureau’s hatchery | _
on Coral Lake. Snail carp is not popular in Taiwan and the demand for 1ts L
fry is therefore small. . v B
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Fig. 16 §C.IGCti0n..Qf Si‘l-VGI'v"GaI‘p spawn ef—~ ‘
eggs being stripped
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g\mawners of Chinese carps are held in small mud ponds of about 1,000

square metres in area with a depth of about 1 m. Several holding ponds

should be provided, so that the spawners in each pond could be netted and

uused in rotation. This will minimize injury to the fish. In most cases, the
spawners will die from shock and i injury after stripping, but with tender care

the same spawner could be used repeatedly for many consecutive years.
The next step is to ascertain the ripeness of the spawners. For the males

* . of all Chinese carps, a few drops of milt by application of light pressure to

the abdomen is indication of ripeness. Ripeness is also indicated by

secondary sexual characteristics. Serrated ridges, rough to the touch, occur

on the inner surfaces of the pectoral fins of the males of the mature silver
carp and bighead. Similar characteristics are also found in the mature males
of the grass carp but less prominently. Gravid femals can be recognized by

. the soft distended belly caused by full growth of the r1pe ovary, and the

swollen anus, pinkish in front. &

Spawning is induced by the injection of pituitary of cyprinids, generally ,

the common carp, with Synahorin, Gonagen forte or Puberogen as a

booster. The dosage and procedure vary a_ great deal according to the. . . ..

condition of the spawner and the experience of the operator. In case a
spawner is fully mature and in good condition, a small dose would be
effective; otherwise a heavier dose would be needed. In principle, however,
the-weight of the donor of the pituitary (or several donor fish) should be
equal to that of the recipient fish. The dosage of Synahorin is generally 12 to

14 rabbit units for each kilogramme of the spawner. The pituitary and-

Synahorin mixture is davrded into two portions for injections at interval of
six hours. |
Usually no injection of hormone is given to the male fish unless milting is

- found inadequate, in which case an injection of s1m11ar dosage glven to the

female is administered at the time of the second injection.
Differing from the other Chinese carps, the mud carp is given only one
injection, and the males and females are placed together in one pond, where

" natural spawning and fertilization will take place after about eight hours.

After the injections, when the female is ready to spawn, it is stripped by
pressure on the abdomen (Fig 16). The eggs, inan enamel pan; are fertilized
with sperm stripped from a ripe male by mixing gently with a feather
(Fig 17). The fertilized eggs hatch in about 30 hours at a temperature of
21-24°C, and about 19 hours at 28-30°C. Lin’s hatchmg net (a conical

I,

net with water coming up from a vent at the bottom' to keep the eggs roll-

The hatchlings are about 6 mm in leggth (4-5:mm for the mud carp),

sparent, with large yotk ‘sacs, They are left im the hatching net with
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T 80. OOTTper tcnth of a hectare. The stockma rate should be f'urther reduced

running Wwater for about two days'(Fig 19), after which they are transferred
to a rearing trough of fine-mesh netting suspended in a pond and fed with.
egg yolk, soybean milk, skim milk powder, wheat flour, etc. After three.or
four days, they are transferred to an earth pond, from whrch they will be
sold to fish fry dealers

Fig 18 Lin’s hatching net . Fig 19 Hatchlings kept-in-nets for two days

4. REARING OF THE FRY
Most carp fry dealers are located in the Taman and Changhua areas. They
buy the hatchlings from the hatcheries and sell them to fish farmers or fish-
fry exporters. They handle not only the Chinese carps, buf also the fry of
many other species of freshwater pond fish, including snake- heads. walking -
catfish, Cruciarf carp. leather carp, Tilapia, etc. They generally have a-
‘number of nursery ponds for holding the fry. ~ _
Before stocking with fish fry, the nursery ponds are dra/ed dr1edunder.; |
the sun, fertilized, and rid of undesirable organisms (by aj apphcatlon of lime
or tea-seed meal). After the ponds are refilled with water rotifers, daphnia
and other natural foods will develop in quantity to serve as feeds for the fry .
in seven to ten days, dependmg on the weather. ' L
The nursery ponds arg stocked at the rate of notmore thanl300 OOO per
tenth of a hectare. But sometlmes 500, OOO are planted f, (

about ten days. when they should be stocked m ponds at the rate of 70 QQO—
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when the fish attain length of 4 5 cm."The fry may be used as stockmg
material when they are 5-T0 c¢cm in length.-

About three days after the nursery ponds are stocked. the natural food
should have been all consumed, and supplementary feeds such as soybean -
milk. egg yolk. milk powder and liver extract should be given. A week later, |
these feeds are replaced by ground peanut meal. soybean meal, wheat-flour
or rice bran in the quantity of 4-10% of the total weight of the fry.

" The most serious pests in the nursery ponds are the predacious-diving
beetle. Hydaticus sp.. and tadpoles. The former may be eliminated by the
application of 0-5 ppm Dipterex. 0-3 ppm Sumithion or 0- 25 ‘ppm Lebay-
cid. To reduce the number oftadpoles the ponds may be fenced to prevent
the entry of frogs. and any frog spawns found in the ponds should be .
removed.

5. TRANSPORTATION OF THE EIRY

zLess injury occurs to the fry during transportatlon when they are about 20
days old or when they are over 30 days old. Before they are shipped. the fry
must first be conditioned-so as to reduce mortality durmg the journey.
Conditioning is done by towing a fine-meshed seine dcross the pond and
holding the fry thus collected in the seine at high concentration for about.
five minutes before releasing them. After an iriterval of about 24 hours, the
fry are again collected and placed in a cage net suspended in ‘the pond (Fig
20) for about six hours. For “transportation over long distance. the fry -
should be further held in clear water for three hours or longer. No feeds are
given during conditioning. Condltlonmg will accystom the fish to crowding
and also cause them to empty t their guts. of fo d. / - ;
| . Plastic (PVC ) bags are now the universal confainer used for transportmg
- 2 ~thefry. They are 40 cm X 30 cm X 120 cm high. Esf};l bag holds 500 fry of

7 cm. 1.000 fry of 5 cm or 8.000—-10.000 fry ¢f 2.5 cm in 10 litres of water -
* for a short haul of not more than ten hours. Irhot gather. lkllograrnme of
~ice is added’to the water. /j/’ \
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The yield is therefore. Con{pa(atively low (not exceeding 1,000 kg/ha),
except at places where there’is considerable influx of sewage, in which case
the yield may be much higher (about 2, OOO kg/ha). The following proce-
dure describes the c,ulturé in ponds under intensive management and has
given exceedlngly high {lrelds '

6.1 Selectlon of pond site
The lgest ponds for, Chmese carps are located in areas with the followmg
v /,f(uahﬁcatlons / | “ :
~ (1) Free from/inundation; . s
(2) Long exposure to sunshine; | ;
(3) Adequate supply of water — either surface or underground s
(4) Supply of good quality water (free from chemical pollutron low
.iron content, salinity lower than 1 %, pH 7-8. 5)
(5) Loamy soil with little seepage;
(6) Close to transportation facilities.

i
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6.2 The fish pond : RN

The 1deal size of the pond is from O- 5 to 2.0 hec'/tares A pond smaller"'. i
than this will not prov1de the space required for rapid growth, and the ..
smaller body of water will be subject to a rapid change of temperature :
and other water quahtles On the other hand, a large pond is more
difficult to manage, eg in harvestmg and pest control. It is pref‘erably S
rectangular in shape. ' ! el
Slurce gates are placed both at the water 1n1et and outlet, whlch areat
opp051te sides of the pond. Both should be screened to prevent the
entrance of undesirable organisms as well as the escape of fish. The pond .
- bottom: should be flat with a gentle slope of about 0O- 5% to effect ™
complete drainage of water whenever required. A trench' should be - -
provided near the outlet to collect the fish when the pond is drained. Itis
desirable to mamtam the depthrof water at 1. 5 2.:0m. LR e

8
L]

6:3 S_toekmg '

. Ponds which have been in use for years are drained after the winter
~ harvest, the debris and decomposed organic matters removed, the dikes® ~
" ! repaired, and the bottom dried under the sun. To each hectare of pond,]f .
1,000 kg of lime-is then added to eradicate pests and predators Thlsﬂ
~ winter treatment of the pond is 1mphrtant to mamtammg the ﬁsh y1e1d
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The ponds are stocked generally in March and April. As propagation
of the Chinese carps does not begin until late March, the stock,ing
materials held at the time are over-wintered fingerlings of 7 to 14 cm in
" length. e . . o ”

Both stocking rate and stocking ratio, as well as the species to be
planted vary a great deal according to locality, the fertility of the pond,
the "supply ®f natural and supplementary feeds, and the manner of
operation. Generally speaking, silver carp, bighead, common carp, Cru-
‘cian carp and tilapia are suitable species for eutrophic ponds (ponds rich
in nutritive matters), particularly when duck-cum-fish farming (Fig21) =,
or hog-cum-fish farming is practised. In oligotrophic (poor in nutritive '«
matters) ponds, especially when grass and weeds grow in abundance, the
grass carp should be the dominant species to be stocked. In ponds with
an abundance of extraneous fish, small number of predatory fish such as
sea perch (Fig 22) and snakehead may be introduced. Because of
temperature difference, tilapia are generally not stocked in ponds of
northern part of Taiwan. On the other hand, the euryhaline milkfish are
frequently stocked in the freshwater ponds of southgrn Taiwam o

It is difficult to give a formula of stocking rate and stocking ratio of . -
freshwater ponds in Taiwan. But it is possible to give two examples as
follows:

) 4
i . KR
“ . o i

2 .
q o

Table 3 Stocking rate 5f freshwater pond (per hectare)

Species " Size No. of fry Time of stocking
Example A (Central Taiwan) ,

Silver carp 7—-12 cm - 800 ‘ March—April o

‘Bighead ¥ 7-12 cm ‘ 100 ~ " " 1

Grass carp 7—12 cm 50 ” " -

Mud carp 5 cm - . 1,000 ,, ’s

Mullet ' 5 cm o 2,000 - v

Common carp 2-5cm 1,000 .

Example B (Southern Taiwan)

Silver carp 10—13 cm 1,000 February—April
Bighead 10—13 cm - 400 March
Grass carp 12—-15 cm 200. March
Mud carp 7-10 ¢m ‘ 1,500 March .
Common carp 3—4 cm 2,000 March
Crucian carp 3 cm 2,000 ' February
Mullet . . S5em 2,000 ~ March
Walking catfish 5cm 500 ~ May

Snakehead: ~10em ' 500 - June
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6.4 Feeds and fertilizers
The traditional feeds such as rice bran, soybean and peanut meal are
given to supplement the natural foods produced in the ponds. Féeding is
once daily. The amount of feeds given is about 2% of the total weight of
the fish. As the optrmum temperature for feed utilization is 20-28°C,

more feeds should be given within this temperature range. As the winter -

temperature drops below 15°C, feeding activity of the fish diminishes
and comes to a stop at about 5°C. So, feeding sh@uld be regulated
according to temperature changes. As a rule, no feeds are given during
the cold days in winter. ’ . "

Fig 21 Duck-cum-fish ponds .

ez
i
3

The grass carp, are marnly plant eaters. Before they are old enough to-

eat the tougher and larger aquatic or land plants, the grass carp finger-

lings are fed with duckweed; Lemna. Some farmers in the Tainan area
grow duckweed and sell it to fish farmers. The older and larger grass
carp.. if stocked in sufficient number, will soon' clean the pond of
vegetation, and cuttings of land plants should be supplied as. feed ’

-

As both the silver carp and bighead are plankton feeders, the ponds P

should be fertilized to promote the growth of phytoplankton Thé use of -
organic fertilizers such as barnyard manure night soil, rice bran and
soybean or peanut meal is still universal-in Talwan i spite’of efforts to..

promote the use of inorganic fertilizers. At- presentﬂnOrgamc‘ fert,rllZe;s *

are only popularly used in central/and porthern Ta&wan partloulariy in’
Taoyuan and Hsinchu Hsien, Where the supply of@r.g&hl&fertlhzer 1s

inadequate, 1nconven1ent or tooueg‘(pensrvea~ p e ‘?’ﬁ“ N
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Phosphorous is the most common limiting factor of the production of
natural foods in fish ponds. Application of phosphorous has been found
to increase the yield of fish tremendously in otherwise barren ponds,
particularly where silver carp and bighead are the dominant species in
the ponds. Application of slaked lime will %so increase production in ,
acid ponds. : B ,

Chinese fish farmers are experts in conditioning the water in fish
ponds.® They judge the quality of the water by its colour. Green water

Ymeans abundance of phytoplankton, which is food for'the silver carp as
well as for the zooplankton, which is food for the bighead. It also means
abundance of dissolved oxygen produced by photosynthesis of the
phytoplankton. = L _, 4 ' '

Experiments on the effectivenessof the addition of fly ash as a source
of minor elements and of acetic acid as a source of carbon to the fish
ponds have been carried out. but no significant results have been
reported. The addition of Zeolite, a commercial preparation containing
silica (S10,), to the pond water to promote the growth of diatoms has
been tried with some success. |

As mentioned, the depth of water should be maintained at 1-5to 2-0
m. At this depth or more, the lack of adequate light penetration will
discourage the growth of higher aquatic plants, and the application of
phosphorous fertilizers at intervals of not over five days will maintain the
plankton in good growth. . _ B |

Finally, it should be stated that when organic fertilizers are applied,
they also serve as supplemental feed either in part or totally.
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.Fig 22 A few sea perch Lateolabrax japlonicus are put into ponds
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6.5 Diseases and parasites - |

The most prevalent disease in polyculture of Chinese carps is the
inflammation of the intestine of grass carp..The wall of the intestine
becomes swollen and is marked with pink blotches. A larger quantity of
thick milky fluid can be easily pressed out through the seriously inflamed
anus. The fish die in a few days. In a study.® it was found that the bacteria
Aeromonas punctata was associated with the disease and that Chloram-
phenicol is effective in inhibiting the growth of this pathogen. The
common treatment. however. is to incorporate sulpha drugs. (such ‘as
Sulphaguanidine, 100 mg per kg of fish, or Chloramphemcol 10 mg per
kg of fish) in the.eeds given to the fish. The drug is mixed. with sweet
potato or wheat flour paste which is applied to. the feed grass. As a
prevention, this is applied once every one or two mgnths.

Gill rot is also common with the grass carp. It is a'protozoan disease.
Effective treatment is 8 ppm copper sulphate bath for 20 minutes.

The most common parasites of the Chinese carps and other gond
fishes are the anchor worm, Lernaea sp. and the fish lice, Argulus sp.
Their favourite hosts are the silver carp and bighead which have smaller
scales they can'penetrate.@)asﬂy Their infestation weakens the. ﬁsh
-making them susceptible to’disease, and is often fatal.

The larvae of the Lernaea can be killed with 0-5. ppm Dipterex while
0-5 ppm BHC is effective in treating Argulus mfestatlon

Fungus infection occurs usually in the winter and usua[ly dlsappears
when warm weather sets in. The common treatment is 0. 1—0-2 ppm
" Malachite green or 1-2 ppm Methylene blue.

6.6 Harvesting

In polyculture of Chinese carps, the time-honoured practice was to drain
the ponds at the beginning of winter (when the fish cease to grow)} and
harvest all the fish at once. This practice is .now no longer followed,
especnally with the inclusion of tilapia in the pond. The common practice
now is to net the fish several times in a year so as to avoid over-crowding
as well as to meet special market demands during cgrtain festivals. The
tilapia (in southern Taiwan) are netted from time to time after the month
of June. The silver carp that exceed 500 gm in weight are taken out to
meet the demand of the Moon Festival (in Septembér). The other fishare
not harvested until around December and January for sale during the
New Year season. (The Lunar New Year observed by the Chmese
' usually occurs in . January or February. )




For chimatic reason and for the reason that tilapia are stocked with
the carps. the ponds in southern Taiwan are more productive than those
in northern Taiwan. Four to five tons of fish per hectare are the usual

production in Kaohsiung and"Tainan. with a high of 10 tons/ha.

.
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1. INTRODUCTION ‘ o

There 1s virtually no monoculture of the grey mullet, Mugil gephalus, in
Taiwan. They are nearly always reared in the same pond with C%fnesye cﬁarpg
and other freshwater fishes, and no special management practice is required
aside from that for the polyculture of Chinese carps. As the artificial

propagatlon of the grey mullet is more successful in Taiwan than in other
areas of the world, greater emphasis will be placed in this chapter on them

.artificial production of mullet fingerlings than on pond culture.”

Eleven species of mullet are found along the coasts of Taiwan, but the

srey mullet. Mugil cephalus, is the species commonly Caught in the sea and
reared in ponds (Fig 23). It has a wide distribution. occurring in all tropical
‘and subtropical waters around the world. In Taiwan waters, it is most

abundant during January and February, when the mullet schools follow the

‘coast line of Taiwan moving from north to south in their spawning

'mlgratlon The mullet schools are most heavily concentrated in the waters
. off Kaohsiung and Pingtung. As these fish are all mature, they are caught
mainly for the highly. priced roes of the females. =~ *»

2. ARTIFICIAL PROPAGATION
2.1 Historical survey
The experimental work on the artificial propagatlon of the mullet begun

in 1964 has been carried out first in Sanwei of Kaohsiung County by a
research team organized by the Taiwan Fisheries Bureau and later-in

Tungkang by the Tungkang Marine Laboratory of the Taiwan-Fisheries
Research Institute: These strategic locations enabled the research

workers to obtain live ripe mullet. quite easily from the fishermen.

In 1963 the Taiwan Fisheries Bureau organized a team’of workers '

from the Taiwan Fisheries Research Institute. National Taiwan
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Fig 24 Research workers sele
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University and Taiwan Fisheries Bureau to carry out experiments on
the artificial propagation of the mullet.! The experiments were continued
each winter during the mullet migration season except in 1968 when no
funds were made available for this work. During 1963 and 1964, the
experimental work was mostly on the selection, transportation and
J,mpoundment of the spawners and hormone treatment. In 1965-1967,
experiments in the rearing of the larvae were started. In 1969, two
fingerlings were reared up to the 3 1st day; they measured 1-0 and 1-1
cm. respectively. and were covered with scales. In 1970,431 fingerlings
of size suitable for stocking were produced. The numbers of mullet
fingerlings of stocking size produced in the following years were 1971,
"7.,786: 1972, 23.695; 1973 21,688; 1974, 6,050; and 1975, 13,916,
respectively.

2.2 The spawners - | S

- S e e o e e S v

The spawners are obtamed from amongst the mullet that mxgrate each
~ winter to the waters off the coast-of Pingtung County to spawn.? The
research workers go out to sea on an outboard powered raft to select and
procure healthy ripe fish (Fig 24) from purse-seiners. The breeders so
procured are placed in dark coloured plastic bags filled with sea water
and oxygen and brought back to the stock tank of the Laboratory. Most
" of the mullet caught belong to the IV-year class, measuring 32—50 cm in
body length and weighing 1.0-2-1 kg each.

The stock tank is an - indoor concrete . tank measuring
separated bya nylon net. Fresh sea water is contmuously introduced mto
the tank and adequate aeration is prov1ded

2.3 Induced spawning | | s /

The materials injected to induce spawning are (1) pituitary gland
obtained from mature mullet (either male or female) (Fig 26), which may
be preser\ied in acetones at 5°C and (2) Synahorin, which is a mixture of
chor1ome gonadotrophin and mammalian hypophyseal extract.

The best result is obtained by giving the female fish the first injection
within an hour after its introduction into the stock tank and the second
injection'within the next 24 hours (Fig 27). A third or a fourth injection
is given if there is no-response after the second or third injection.
According ‘to Liao,' successful ovulation is often obtained by injecting
2-5 to 6-0 pituitary glands combined with 10 to 60 rabbit units—of-—.
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Fig 25 Indoor concrete tanks for holding spawners and rearing larvae
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Synahorin and 0 to 300 mg of vitamin E. Intramuscular, injection on the
dorsal part of the fish is commonly practlsed .
For the male mullet, hormont treatment is only needed for fish caught - - 1
" toward the end of the spawnmg‘season The majority of the male mullet R ‘
- caught are fully rlpe gnd ready to yield milt without any hormone’
treatment. o
Fully ripe and healthy ﬁsh respond readily to hormone treatment. The
+-belly oftheiemaleﬁbecomesgmad);extended;m the eggs come out’
freely thfough the genital pore when llght pressure is applied to the belly.
- sometimes even without pressing. To e€xamine the conslition of the eggs, N
one usually sucks some eggs from the genital pore with a pipette and .
examines them under a microscope. If the eggs‘are transparent and
- completely round with one oil globule, they are ready to be fertilized.' '
One female of 1-5 kg usually yields 1 to 1-5 million eges.
——Thefematefish is-stripped-by ome person and theeggs are cotlected in
.a plastic basin (Fig 28). Another person strips the male and lets the milt
fall onto the egg mass. A third person mixes the eggs and milt gently with
-a feather (Fig 29). The fertilized eggs are washed in several changes of 8
sea water to remove blood and other foreign matters. Then they are put
into-water in plastic tanks with.aeration to hatch. Either the ‘dry method”
- or ‘wet method’ ¢f artificial fertilization can pewssed. The only. difference s
« s that fertilization could be done any time within an hour using the ‘dry
method’, but it must be done within five m utes in, case the wet "method’
- 1s used. /

[

\\{\ ‘yellowish of11, globule measurmg about_O__38mm in diameter. The egg is . .
v 0-93 to 0-95 mm in diameter. The fertilized eggs stay afloat near the
: surface of the water under sllght aeration, but some may settle down -
s{owLy 1 stlll water. Dead eggs smk to- theJoottom '

-

i : i —

2.4 Hats:h,lng | . -

W

- Plastic tanks of 0-5 and 1-0 ton capacity and large indoor concrete tank's
(5 rh\x 7m x 1-5 m) are used for hatchmg the fertilized eggs (Fig 30).
The water temperature is maintained at 20~24°C, and the'water quahty'
is maintained by continuous change of water and continucus aeration. -
High dlséolved oxygen content minimum variation in water tempera-
ture, cleanl ness and gentle movement of the water-are-essential factorsof -
success. After 16-30 hours of 1ncubat10n ‘the. eggs” Wil have well-
developed embryos with obyvieus-black pigments. : T

fcleavage and embryomc development varles w1th the”

- e T
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Fig 27 Injecting pitu

Fig 28

-

iiary and Synahorin into mullet
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temperature of the water in which the eggs are incubated. The eg'gs will -
hatch in 34—-38 hours at temperature of 23-24. 5°QandA9~Ahoursm S

22.5-23.7°C. with sahmty rangmg from 30-1 to 33- 87%o. .

. 2.5 Rearing the larvae , | T

This is the most difficult part of the whole operation. The newly hatched
—larvae are very small. ranging from 2-5to 3-5 mm in size (Fig '3 1). They
are transparent with complete fin fold -and dark chromatophores scat-
~tered throughout the entire body. Their eyes are colourless, and the
mouth and digestive tract are not well-developed. They show @Weak
swimming activity with belly up and head down, sometinies W1th*an up
and down darting movement. Young larvae do not like strong 11ght and
_tend &eongnegatunﬂaees oﬁlomhght«mten&% deelarvaesmm o
schools. e
Supply of suitable feeds is the most important problem in rearmg the R
mullet larvae. Different kinds of feeds are used according to the | progres-*

swe development of the larvae as shown below:

Days after , )
hatching =~ Kind of feed ]
3rd to 13th Fertilized oyster eggs and trochophore larvae
5th to 18th Rotifers (mostly Brachionus .plicatilis colléected

from brackish-water fish ponds) ' .
10th to 40th - Copepods (minute species or larval stages col-

" lected from bracklsh~water fish ponds) "

16th to 40th First Artemia rzauplzz and later the adults
29th,to 44th Cooked egg yolk rice bran, wheat ﬂour etc.

: It will be notlced that several kinds of feeds are sometlmes given -
‘within the same period when one feed is to be replaced by another.

Thus far the mullet larvae are reared in indoor tanks. After the 40th- = .
day, they will generally grow to fingerlings of 1-5to 2-0 cm in length and
may be moved to outdoor ponds (Fig 32).

3. SUPPLY OF FINGERLINGS FROM NATURAL WATERS

" Up to the present, practlcally all the mullet ﬁngerlmgs used forstockingthe~ =
- commercial fish ponds are caught from matural waters, althotigh the Tung-
- kang Marine Laboratory has succeeded in the mass production of mullet
- fingerlings by induced spawmng The season for catching the mullet ,
fingerlings is from October to March. Four kinds of fingerlings are




Fig-29 Mixing sperm and eggs with feather to ensure 't:erﬁ—lri;ié;ﬁbn
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differentiated. although they evrdently belong to the same species. Those
caught frém October to December are locally called Ya Seng Tse, those in
- January are called Ta Chin Lin, those in February Yin Po Tse, and those
in March Ching Tse Tse. The fish farmers prefer the Ta Chindin, which ¢
they claim to be faster growing than the others and give the best results.

Two kinds of gear are used to catch the mullet fmgerlmgs, which .
generally congregate in estuarine waters. A small floating drag net is used i mn-
deeper water. and a small beach seine is used in shallow water.

The fingerlings caught are kept in fresh water for two weeks before they
are stocked into the rearing pond. This will increase the survival rate. Mullet
fingerlings are not sensitive to change of salinity but are veRy sen51t1ve to e
sudden changes of water temperature. Care J;nust be taken to see that any
ehange of water is gradual | -

F

'4. POND CULTURE \
As stated earlier, nearly all mullet are polycultured with -Chinese carbs
tilapia etc. in freshwater pondS\ ccording to the Taiwan Fisherjes Ye
Book.* in 1973 there were 985 ha of ponds in which mullet as the dommant
species is cultured with other fish; of which only 54 ha were bracklsh water
ponds. The reasons for this are:.
a..It 1s not desirable-to culture mullet together swith milkfish, the only.
‘brackish-water fish cultured in Taiwan, as it competes with the milkfish
for food and would destroy the algal beds. .
b. Most fish farmers believe that the mullet, grow better in fresh Water
although the Tungkang Marlne\Laboratory, in a recent experiment, -
demonstrated that the growth of the mullet was better in sea water and
brackish water than in fresh -water- ponds.* |

|

+

4.1 Stocking practice

Mullet are stocked in polycultuge ponds with grass carp, silver carp, big-
head carp, common carp, tilapia, etc. The stocking practicés vary a great.
deal, dependmg largely on the condition of the pond and the fish'
community in the.pond.

The mullet is a begthic feeder with a stomach not unlike the grzzard of \
a chicken for grmdmg the detritus which the fish picks up from the
bottomgysoin a fertile pond with a bottom rich'in organic matter more"
mulle‘@nay be stocked. Y B

 Thenff.more. of the mheuspe&e&eﬁﬁmareetocked—f' HUmBer of —
mullet should be reduced This is especrally the case if a large number of
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common carp and mud carp, botil benthic feeders, are placed in thepond. -
Generally, howevér, 1,000 to 2,000 per ha are-stocked into pends of
polyculture, and 4,000-10,000/ha for ponds of monoculture. E

4.2 Feéding and pvond treatment - ,
‘ o \ |
~—~Since the grey mullet-are reared in the same pond with carps and other
fish. no special fee‘dsv mglven to them and the ponds are treated in the
“same way as any pdlyéfiﬂturé ponds for Chinese carps.

|
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V. Tilapia Culture - | k

. L.

1. INTRODUCTIQN OF TILAPIA INTO TAIWAN

- ‘The Java t11ap1a Tzlapza mossambzca (Flg 33) was ﬁrst introduced into
Taiwan from Indonesra by the Japanese in 1944, when both Taiwan and
Indone51a were under Japanese occupation. The fish were planted in the
freshwater ponds in Pingtung, the outhernmost (also Warmest) county of *
the Island. But they did not spread te other areas and were not given much
publicity. In 1946, Wu Chen-huei \and Kuo Chi-hsin, two Taiwanese A
- returning from Singapore, brought with them thirteén Tilapia mossambica :
to Kaohsiung. They placed them in ‘their ‘own ponds, and the tilapia
multlphed and spread until they became a common food fish in ‘all parts of :
“the island.! : R
Followmg the 1ntroduct10n of T. mossambzca the Tzlapza zzllzz was _ f |
introduced from South Africa.in 1963. On account of its small size, slow -
‘growth and aggressiveness toward other fish, 1t has never become popular o
with fish farmers in Taiwan. . 2 :
In 1966, the Nile tilapia, Tilapia mlotzca was 1/ntwduced from “Japan. It
and itgghybrid with the 7. mossambica have-ina few years become very
popular in Taiwan becalfse of their rapid growth, large size and’ appeahng
appearance. o :
T. aurea was introduced in 1974 from Israel. The main purpose of the
introduction was to- obtam all-male offsprings by crossmg it W1th T.
mossambica. )
— - Tlapia-has beeemethemostmportantﬁfsﬁWater pond hs,h in Talwan n ;
terms of quantity of productlon In 1973, the total area of onds in Wthh SRR
tilapia is the main crop reached 4,528 ha, and-the annual productlon iof
tllapla reached 10, 923 mt.? ‘ 8 Lt

-
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Fig 33 _gé*va tilapia Tilapia mossambica
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2. HABIT OF TILAPIA °
" 2.1 Java tilapia, 7. mossambtca

This'is the most commonly known of the tilapias.. kt grows to a fairly
large size in Africa, reaching a length of 360 mm. In.Taiwan, due to
over-crowding in the ponds and the short grOng perlod it rarely attains
200 mm in length. : ;
- T. mossambica is a secondary freshwater fish and can thrive in
brackish and salt waters. It is reared in the brackish water fish ponds of

- Tainan, where the salinity reaches 75%o at times. Breeding also occurs
in these ponds when sahmty is below 309,. A tropical fish, the minimum

- temperature it tolerates+is reported to be about 10°C. Prolonged
exposure to ¢old, however, even at temperatures above 14°C will cause
heavy mortality of the fish in ponds. -

In Taiwan, the fish start to spawn when they reach’ the age of four
months. The number of eggs from each spawning increases with the size
and age -of the fish, varying from 100 to over 1,000.

"% The sexes can be differentiated by the genitalia (3 orifices in the female )
and 2 orifices in the male). The males also have darker body colour and /o
deep red fins and are larger than the females. ‘ PPN

Before spawning, the pair of parent fish make a saucer- shaped depres.




sion (nest) on the pond bottom by digging with their mouths. The
preparation of the nests, however, is not absolutely necessar'}”f for spawn-
ing to take place. Java tilapia have been observed to spawn in a pond with
a concrete bottom. .

In spawning, the female fish drops its eggs into the depression and is
followed by the male, which ejects the sperm to effect fertilization. The:
fertilized eggs are immediately picked up by the female in its capacious
mouth. The eggs are non-bupyant and non-adhesive. They are yellowish,
elliptical and about 2-5 mm in the long diameter. In the mouth of the
female. they are rolled around and are hatched in about 60 hrs at 28°C.- -

The larvae just hatched are about 4 mm in total length. They are feeble’
and remain in the protection of the mouth. In 3 to 5 days, the yolk'sacis

-completely absorbed and the body length attains *8 mm. Inanother 2or 3
days, they swim olit from the mouth of the female fish.

The number of spawnings by one fish in one year is observedtobe 6 to
11in southern Taiwan. The interval between two spawnings is generally B
22 days. The optimum temperature for spawning ranges from 20 to
35°C. ~

T. mossambica is not strictly herbivorous although its feeds are
mainly of a vegetable nature. It feeds on plankton, algae, rice or wheat
bran, soybean or peanut meal, chopped trash fish, etc. Live animal foods
are accepted by the young‘fish, but not by the adults.

2.2 T. zﬂli{ . )

This species has 1;1?4 been popular with the fish farmers of Taiwan
since its introductior. So v1rtually no study has been made of its habits.
Accordmg to Breder and Rosen,’ the T. zzllzz is strictly herbivorous, feed-
ing on hlgherﬁplants and is ‘aggressive -towards other species. The
optimum water- temperature is 22— 24 C, and 26°C is the best tempera—\'
ture for reproductlon ’ ,

Breder and Rosen’ stated that 7. zzllu spawn in typlcal clchhd fashion®
on a clean stone or other smooth objects, and do not mouthbrood,
although the parents do guard the eggs and young. They produce more
‘eggs, up to 5,000 from a smgle large fish. This statement has not been
- confirmed by the experience of the fish farmers in Taiwan, who believe

that th?sbreedlng habit of T zzllzz is similar to that of the T mqssambzca - |

2 3 Nile tilapia, T. mlotzca b

The breeding habit of the T. nilotica is th% s'anjle_a’e the 7. m%&sambica. It »; :

.
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- 3. POND CULTURE

Fisheriés Bureau, the acreage stocked with tilapia in. 1952-was 3,438 ha

! hﬁﬁultu&e of tilapia-soon ‘waned due to (1) the wide- spread use of pestlcldes
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reaches 140 g in about 120 days and starts to breed at the age of ﬁve o
months. It i is ommvorous but feeds tnamly on phvtoplankton and hlEhCI‘ |
plants. : :

-\

2.4 T. aurea

SRR CIERE

~As thls species was introduced only recently—» 1thasﬁ01 bee& dtstrlbuted to <

the fish farmers and no study of its habttat has been made e
: b
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" 3.1 Paddy culture
. I :
After its mtroductron in 1946, the T. mossambzca /spread wrdely in: t\he 1_5'»"
southern part qf Tat’wan but its extensive culture 1’Z ced several dlfﬁoulm —
. ties: ' : P
a. Unfavourable chmate — The ﬁsh is kllled\by the low winter temperafa 1
ture in natural waters in most parts of Taiwan. It ‘has a short growmg
season and must be protected in the cold winter tmonths. R
b. Over-population — Dite to its hrgh-fecundlty the Java tilapia tEnds to i
_ overpopulate the pond ard fish of smatt size are produced S e
" c. Low acceptance — The small size as well as the small edible: pOI'thIl of G
- . the fish affects its acceptahce, except among the poor rural people. - ; i
~In order to increase the supply of arnrnal protein, especrally for the :
- poor people hv1ng in less accessible rural areas, the Government of
Talwan carried out a programme in 1951 to promgte the paddy culturé :
of tilapia and acquaint the farmers with the pro{)er method of paddy
culture developed by 'the Taiwan FlShCI‘lCS esearch - Instltute ! The
programmeé was fairly successful at first. Accordmg to the Tarwan )

.. of paddy fields and 1,906 ha of fish ponds The average yleld of ﬁsh in’
Paddy fields was 235 kg/ha.

*'In spite of the initigl success, the mterest of the farmers in paddy

on rice fields, which kill the fish, (2) the stealing of fish by people who
consider the fish in the paddy as pubhc property; and (3).'sho Lrtage of
labour. However,'many fish farmers have learned“the merlt of the »,tllap
. ié fast growth, high productlon and Small amount of care redquired,
+ the fish have become one of the favourlte specres for stocklng pol
ponds in southern Taiwan. ‘ - o '



3.2 Utilizntfon of sewage for tilapia culture!

One of the interesting developments is the utilization of sewage for tilapia ~

farming. There are now some 30 hectares of fish ponds situated alongside
the drainage canal in Tainan dependmg on the sewage-rich water of the
canal to supply food for the tilapia. The sewage consists mostly of C1ty
waste and®is.of a black colour.

- During thewinter, the tilapia are moved into w1nter1ng ponds (same as -
wintering ponds for milkfish). At this time, the rearing ponds. are - -

~ thoroughly dried ynder the sun. Then the sewage water is let info the
ponds and allowed to evaporate. After the pond bottoms become dry- or._
partially dried, sewage water 18 agaln let in. This process is repeated 3 to
~ 4 times before the ponds.are again filled with water and stocked with..
tilapia from the wintering ponds in March., Generally no supplemeritary -
feeds are given, but sewage water is let in once every three days to make -
up the loss of water due to evaporation and seepage. The fish feed on the
ptanktons and benthic algae, which grow profusely as a result of fertiliza-

tion by the sewage Water, as well as the detritus introduced with the

sewdge. Selective harvesting beginsabout 40'days after Stocking and is
continued at intervals of 10 to 15 days The annual y1e1d per hectare i is
6,500 to 7,800 kg. :

u

3 3 Stocking

The tllapra ﬁngerhngs ‘may either be produced by the ﬁsh farmers
themiselves or procured from fish fry dealers. For monoculture or ﬁslf
farming of which the tilapia is the dominant species (as in the cdse of fish-
cum-ducks “or-fish-cum-hogs farming), the general practice is to plant
. 20,000 t11ap1a ﬁ}ugerhngs of 2 to 3 cm in length in each hectare of pond., -
In polyculture with Chinese carps, the fish farmers generally stock each
hectare of pond W1th 350 to 600 kg of tilapia fingerling of the size of 25

_ to 50 per kg. Most fish farmers now stock their ponds with the hybrid of

T. mossambzca and 7. nzlotzca
‘ o Y

3.4 Pond management@

When tllapra are polygultured with Chmese carps no spec1al manage—»

» ment’is required except multiple cropping or selective harvesting by
netting to remove the fish that have reached marketable size of 200 to
300 g in weight. At this size the t11ap1a begin to propagate and the
number shouldbe reduced to avord overcrowdmg It is reported that the

o



tilapia reproduce rapldly when the depth of water is about 40 cm, but, 1f
the water exceeds 100 cm in depth and there is no shallow areas in the
pond, they do not usually make nests and reproduction seldom occurs.
Mono-sex culture of tilapia, although desirable for. controlhng therr .
populat1on has not been practised }d Taiwan. : S
" Beginning in about 1972, culture of fish in combmatlon with hog or
duck farming has gained popularity in Taiwan. Many farmers hiave found-.
rice farming to be unprofifable due to the low price ‘of rice and high
1 labour cost. They convert their rice paddres into fish ponds and build.
_ pigsties or duek houses beside the ponds. The excretions of the hogs or
ducks are introduced into. the ponds, with or without fermentatjon, to
serve as fertilizers and/or feeds. Since’that time, more than -5, 000
hectares of paddy ﬁelds have been convertqd into fish ponds. Some
~reclaimed tidal land has also been used for, fish-cum-hog culture. The fish -
stocked in these ponds are generally tilapia, silver carp, ‘big head, grass
carp and common carp, with tilapia (mostly T. nilotica) as the dominant - 4
species. It is estimated that 50 to 70 hogs or 2,000 ducks could supply
sufﬁcrent fertilizers and feeds for the fish in a one- hectare pond. S F

/n‘h

/

3.5 Harvesting and marketmg

o

Flsh farmers harvest the tilapia of marketable size for sale many tlmes in"
a rearing s season to avoid overcrowding and to obtain money to ﬁnance .
their operatlon. So tilapia are harvested and marketed at nearly all times -
of the year. The largest number are put on the nlarket however Just
before the onset of winter, when the ponds are drained and all the fishare ..
removed. In some fish stalls in rural areas of southern Taiwan, one can :
find only tilapia and mullet in the months of December and January

Tllapia are generally sold fresh but live fish brmg a better pnce N

3.6 The tilapia hybrid

In 1969, the Lukang Fish Culture Stat1on roduced the hybrld of male
T. nilotica x female T. mossambica, which was found to have an average*
daily growth rate of 1-16 g as compared with the 0- 85 g of the hybrid of
male T. mossambica X female T. nilotica, 0-74 g of pure T. nilotica and
0:59 g of pure T. mossambica. They call this hybrid Fu- shou Yu';
(Blessed fish) and use it extensively. In 1973, over 16 million ﬁrtgerhng

" of this hybrid and their offspring: (the F. hybrlds are fertile) were
produced b(}; the Station and distributed to ﬁsh farmers ThlS resultedf
1n an imme 1§te increase in tilapla productron R
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The hybrid Fu-shou Yu is now irhmensely popular with fish farmers,
not only because of its fast growth, but also because of its larger size,
better colour appeal and consequently the much higher price it brings.
However, the characteristics of faster growth and larger size are undoub-
tedly due to heterosis, and it is not possible to tell what the later
generations will be like. Further experimentation is urgently needed.. /

hd
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VL Culture-of the Snakehead -

1. INTRODUCTION

-’
|
H

The snakehead commonly cultured in Taiwan (Fig 34) Channa maculata
(Ophiocephalus tadianus Jordan and Evermann), occurs in creeks and
ponds throughout Taiwan, especially in still water. of about 1 m in depth
with abundant aquatic plants. It possesses an accessory breathing organ
similar to, though not as hlghly developed as, that of the labyrinth fishes,
and thus they are able to withstand Very low dissolved axygen concentra—
tion as well as partial drying. . ‘

-

//4///—,/,‘7[4/“"6 < /"6‘l 2 B :
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Fig 34 Snakehead Channa maculata -
It is strictly a carnivorous fish, feedrng on earthworms tadpoles shrrmp,
fish and other#aquatic animals.
The snakehead in Taiwan matures in about two ygars.! The spawning
* season is from the middle of April to the middle¢ of Beptember, when water
temperature ranges from 20 to 30°C. In natural water, the male and female
fish make a slight depression on the bottom among the aquatic plants. Eggs
are released at the-break of dawn by the female while lying belly-up just
above the depression. They are immediately fertilized by the male, which
ejects the sperms while lying in a similar-position. The fertilized eggs, about
2 mm m diameter, float among the aquatic plants until they hatch. ,
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Fig 35 Natural water where snakeheads spawn

Fig 36 Newly hatched snakehead fry
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The hatchlings measure 3.8 to 4 3 mm and are of a browmsh cofo’ur
When they reach 9 to 10 mm in length, they start feeding on zbop adkton
and are able to fend for themselves. Up to this stage, the parents stand guard
beneath the nest against enemies such as ‘'snakes, fr@gs and ﬁsh /

w o

2. SNAKEHEAD FARMING

g

Until recently, the snakehead on account of its predatory ha it, was
~_considered a pest fish, and its presence in a fish pond was regarded as highly
undesirable. Not only was it not cultured, but it was removed whenever
found. But since it has been found to have a high table quality an brmgs a
good market price, fish farmers have become interested in its cylture in
recent years. Most fish farmers plant limited numbers in polyculture ponds,
not only to reap some extra profits from the sales.of this fish, put also to
control the number of small wild fish as well as the fish (eg the 11apla) that -
tend to breed indiscriminately.. A small number of farmers, however, put
them under monoculture. p o e
2.1 Suppvly of seed fish & L o ,/"
b
. Supply of seed fish is'either by collection from natural Watezfé'”(Fig 35)or
by artificial propagation. To obtain them from natural W/aters the fish
farmers locate a nest of fertilized eggs or hatchlings, gather themn with a -
_ small dip net and place them in a hatching basin or [nursery tank,’
respectively. In the case of fertilized eggs. they could be placed in a large
~ plastic basin with clean water. Aeration is not necessary, and any change
of water should be gradual so as net to disturb the eggs. Ata temperature
of about 26°C, the eggs -will hatch in about 36 hours, and at about 30°C,
in 32 hours (Fig 36). . ~
About three days after hatching, the yolk sacs-are absorbed and the
hatchlmgs can be placed in the nursery pond. The management practice
in the nursery pond is the same a§ when dealing with hatchhngs collected
from natural waters. The nursery pond should be prev1ously treated so
* that the water will contain plenty of natural food for the larval fish. The
.pond is first drained and the bottom exposed to the sun Lime (1 kg per-.
3-3m?)is apphed to neutralize the soil on the bottom and speed up the
decomposition of the-organic matters. Then fertlhzers in the form of -
soybean meal, chicken droppmgs etc. are” appl1ed and water let in. In”
“about a week, there will be an abundance of daphma and other plankton
organisms in the Water to serve as food for the. larval ﬁsh b




~~ Fig 5"7 Snakehead fry 12 days old

Sometlmes daphnia _ and rotifers are cultured in a separate pond and -
scooped up to be used. The daphnia should be strained and only the small
ones are fed to the arVal fish. After about twe weeks when the larvae
assume an orange colour (Fig 37), chopped tubifex worms are fed, and in
about 20 days unchopped tubifex worms are used. This ration, some-
times with the addition of chopped trash fish, is continued for six to seven
weeks. By this time, th’ey will reach 4 to 6 cm in length, turn dark grey in
colour and may be stocked in the rearing ponds.

For induced spawnmg mature fish of about two years old are used.’
The female fish can be distinguished from the male by its lighter colour,
soft and extended ljafelly and the large pinkish genital pore (Fig. 38).

f
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~Abqut 10,000 eggs can. be obtained from a female of 1 kg and over
30,000 eggs from a fish of 3 kg. The selected fish are kept in al)rood pond

two or three months in advance of the breeding season. They are grven

live food such as small fish and tadpoles When warm weather sets in,say -

in March, they are ready to receive hormone injection, which varies in
amount according to the maturity of the fish. Generally, for a spawner of
1 kg in weight, the pituitaries of one or several common carp of a total
weight of 2 to- 3 kg may be injected together with 20 rabbit units of
Synahorin. The dose is divided into two equal portrons which are given
at an interval of about 12 hours. The male fish receives in one mjectlon
only one-half of the dosage g1ven to the. female 3 No second injection’ i3
necessary. ‘ )

After the hypophyseal f.reatment ‘the practlce in Taiwan is to place the
injected fish into an ordinary fish pond for spawning and fertilization to
take place One male and one female fish are placed in a compartment of
3—4 m’ formed by nylon nettings. Sometimes 5 or 6 pairs of fish are
placed together in a small pond of 7 to 10 m? without segregation into
compartments. Depth of water is kept between 60 and 100 cm. The top
of thescompartment or pond is covered usually with nylon netting to
prevent the fish from jumping out. Plastic tanks of 0-5 to 1-0 ton
capacity may also be used for this purpose. Spawning 4nd fertilization
usually take place the next day or so. The eggs that turn white are dead
eggs and should be removed. The healthy eggs are of bright yellow
colour, spher"rcal transparent buoyant non-adhesive, and about 2 mm-
in diameter. Development of the eggs and hatchlings.is the same as when

fertilized eggs are collected from natural waters.

2.2 Pond management

The snakehead are usually plantedﬂi‘n’: polyé“lt'ﬁ‘fepon’c’l” with Chinese

carps.* Some fish farmers however, put them in the same pond wtth c |

tilapia, whrch serve as the forage fish.

2.2.1 Polyculture with carps

- In case of polyculture with Chinese darps they are planted for the
purpose of eradtcatmg the extraneous or pest fish. Not more than 500
snakehead of over 10-cm in length should be: planted ina onellectare
pond. They may be planted a any time between March and September
but only when the Chinese carps in the pond have exéeeded 10 cm'in

length in order to avoid predation. It has been observed that a -
snakehead could easily devouraﬁsh half its length. No specral feedmg i
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stuffs are given; the snakehead forage on the wild ﬁsh and the young of ,

the tilapia in the pond. .
2.2.2°In combination with tilapia e

In case of combination with tilapia. the ponds either have mud or
“concrete walls, but bamboo fencing or nylon screen ofabout I“Smin
height should be erected on'the top of the walls to prevent the fish from
jumping out. The water should be 1to 1-5min depth. Water hyacinth
" may be planted on the water surface to provrde shade and a sense of
‘security. /

The initial stockmg is 90; OOO ﬁngerlmgs of 10 cm in length per . |

hectare They ‘must be sorted as to size two or three times a year and
re- planted at a lower density to avoid cannibalism. The final stocking
density is 15,000 to” 24.000 fish per hectare. When only one or two

@ -

- ponds are available, the fish are segregated according to size in

»

different ompartments formed by nylon nettings.
LA goog arrangement is+to hayf the tilapia confined to a section
~of the pond by nylon nettifigs offproper mesh size. through which the
baby fish can swim out and be ¢aten by the snakehead. The disadvan-
tage of this arrangement is the i
and 1t takes many of thern to imake up a meal for the snakehead
2.2.3 Monoculture- : // _)
Monoculture of snakehead is not ¢ommon. because the cost of
productton is high. The fish have to be trained to take artificial feed,
which is" usually a mixture of 80% mmced trf fish and 20%

formulated eel feed or wheat flour: which is less degirable. To train the
fish to eat this artificial feed, the feed is first mixed wrth 11ve daphma

Then. gradually the daphnia are eliminated.— - -

3. HARVESTING@AND MARKETING

ilapia hatchlings are very small in size, -

weather. The 10 cm fingerlings planted will feach 600 to 1,000 gin 9 or 10
months, or over one kg in one year. Survival may reach 90% if proper care—

" is taken. },

The snakehead are harvested at the close of the rearmg season by
draining the pond and capturing them by hand or with a dip net. They can.
be easily taken to the market alive by holding them in“evet gunny sacks or o
any container with a small quantity of water Only live fish are sold in the

market.
,
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1. GENERAL STATUS o« SR
The walking catfishes. Clarias fuscus and C. betrachus. are cons,idered a
pest in the United States and some western countr1es due toi, the fact that -
they are predatory fish and that they are capable of ‘walking’ from one pond
to another. but it is a commercial food ﬁsh in-South Asian’ countrles In -
Hong Kong and Taiwan, the Chinese belleve that the Walklng«- catfish,
steamed or prepared in soup. has tonic quahty and'it commands a hlgh prlce .
in restadrants. - / S -
" The indigenous walking catfish in Talwan is C. fuscus, also known as
white- spotted freshwater catfish (Flg 39). Ayound 1972, the C betrachus '
was introduced from Thailand. The former is smaller in size, generally. =~
. weighing 150-200 g and reaching a maximum size of about 500 g. The” |
latter is faster growing, reaching a/ weight of two kilograms in a year. The C. e
~fuscus, however, is still the favonrlte among consumers and fish farmers. Its
culture is dCSCI'led hereW1th : ¥

L 10cm ——%}@—S‘r

. Fig 39 Walking catfish C‘ilari'as JSuscus ©

\%\ 9
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) The C. fuscus is found in all streams, 1rr1gat1,om dltches and ponds It 18 a .
shmy fish with strong sharp spmes and, therefore difficult to handle
Because of its relatlvely small size and the dlfﬁ(culty of dressmg the ﬁsh .
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~ without suffermg painful wounds its popuLarIty is more or less limited to

restaurants and rural households. .
Until about 1969, it ‘was not cultured in ponds but caught in the wild.

e Wxth increasing- industrial pollution’and -widespread use of pestICIdes by

- farmers, its natural supply has dImInIshed As a result of its high price,

_ culture of the fish has gained Impetus and 1S now practised by many fish

_farmers in different narfc of the quqnd

Lid Wi viiw adaliiaNa.

2. ARTIFICIAL PROPAGATION o B

“ﬁ; " {‘_('
Because of the increasing difficulty of obtaInIng the ﬁngerllngs from the
wild, the Taiwan Fisheries Research Institute attempted* trﬁe artificial
- propagation, of C. fuscus in, 1970 and succeeded mn obtaInIngca survival
rate.of 80-90% on the 40th day after hatching.!

To get the best result, the spawners should be cultIvated in ponds of 35— | N

350 m2? The walls of thé pond should be of concrete or brick and the
- bottom of mud. The depth of water should be 1-1-5 m. To provide hiding"
. places for the fishr and to facilitate catching the fish, caves should be :

. provided along the sides, o ; pIpes made of cement or plastic may be placed

on the bottom. Floating’ aquatic plants such’ as water hyacinth® and
duckweed should be placed over one half of the water surface to provide
shade ‘and a sense of security to the fish.

Fish of over 1.5 years of age (over 150 g in weIght) should be placedin .

the spawners’ pond 3—4 months in advance. It is best to have the sexes
separated by ponds. The best stocking rate is 15— 17 ﬁsh per m>
The feeds consist of minced trash fish, animal Vlscerals rice or wheat
bran _and soybean or peanut meal in the amount of 3— 5% of the total
weight of‘fish. The amount should be reduced in case: of a change in water
quality or a lower water temperature. Y e
'If the spawners are from a wild stock, they should receive, ImmedIate
hormone treatment to avoid thé ill effect of injury and reabsorptlon of the
sperm and-eggs during long holding. : :

S c

 Maturity is generally reached in fish at 14 — 2 years of age. The female g |
wIll have soft extended belly and round, enlarged red genital (Fig 40) The

belly of the male fish is flat and the genital pore small and oval in shape..

As in the case of Chinese carps, the pituitary of common carpand
Synahorin, Gonagen or Pubergen are injected to induce spawning; The ,
dosage is pituitary from a carp of 23 times the body weight of the reCIpIent
catfish. For female catfish of 190 g.or less in weight, 20 rabbit units of
SynahorIn or 120 international units of Pubergen are injected with the
pItuItary The meture lS suspended in RIngers solution (O- 7% NaCl o

Y
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~ sides of the abdominal cavrty They are pinkish, elongated and serrated

- eggs.0-19 mm in diameter, are washed 5 or 6 times wrih water and put into

o : s " i1

O 03% KClI. 0-026% CaCl .and 0-003% NaHCO;) and drvrded into two
portions to be injected into the female fish at an mterval of 8~10 hours.
Injection is intramuscular below the pectoral fin. “

Large and older males need no injection, but the small and younger male
fish need to be injected with about one half the total dosage given to the’
female at the time when the second mjectron is given to the latter.

After the hormone treatment, the male and female fish are impbunded in
large plastic tanks or small concrete ponds with adequate aeration. At.a
temperature of 26-29°C, they will be ready for stripping in 18-24 hours
depending on the difference in temperature and the degree ofthe maturlty of
the fish. ' » .

To determine the ripeness of the eggs, the belly of the female fish is gently N
pressed. The ripe eggs will flow freely and are dirk red in colour. The green '
eggs or the over-ripe eggs cannot be stripped easily and are of whitish
colour. Stripping the female fish follows the same procedure as in the case of
the. Chinese carps. But the male fish cannot be stripped and must be cut
-open to obtain the sperms. The testes are symmetrically located on the two

along the margin. They are removed, cut into strips of about 3 mm in width
and mixed thoroughly with ‘the eggs td effect fertilization. The fertilized

the hatchmg pond

Fig 40 Female walking catfish and gonads ~ Fig 41 Walking catfish caught in plastic. |
~ » / pipe and emptied into container
. : w ' C o # |
The hatchmg ponds are smaH concrete or brick ponds ‘'with water of
‘about 60 cm in depth. The fertrhzed eggs are evenly spread on the surface of
nylon screens m trays. of wooden or wire frame and submerged just below
the surface of the water. The fertl\hzed eggs ar€ adhesive after absorbing
water and Become attached to the\ screen. r
At a water temperature of 27-29°C, the eggs hatch in about 30 hours
The hatchlings are about 046 mm in length? with large yolk sacs of about e
T , B - b : 73 ,
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. 0-18 mm in width. They. lie 01‘1 the screenxand are 1nact1ve exceptlng the
‘wiggling of the tails. After three’ days the yelk sacs are absorbed. The' fry
bgcome mobile and start feeding. . ' :

During satching, adequate dlSSOlVCd oxygen should be provided elther -

~ by aeration.or gradual change of ‘water, without dlsturbmg the eggs or» I
hatchhngs Sudden change of water temperature should be avoidéd. To
minifnize mould infestation, 0-2 ppm Malachite Green or 1-2 ppm
lene Btue may be apphed to the water.

;%

A8, REARING OF THE FRY . . Vel
When the fry start feedlng on the fourth day, they are fed daphnia and.
rotifers. These zooplanktons must be supphed*rn*iarge c}uantrtres andthose
larger than 600 micsons. should be filtered out. Y \ o

From the eighth day: %n they may be fed tubifex and chopped oyster Or ..
clam meat in addition to daphnla beginning from the 30th day, they are fed -
minced fish, animal blood and viscerals mixed with rice bran, whe
soybean meal or peanut meal -etc.-On. the 40th day, they-would have
reached 2-5—-4-0 cm in length, a size suitable for s ing the ponds. The

~survival rate may be as high as 20%, barring mlshaps

If the fry are moved to earth pondswhen they are capable f"mgestmg A

. tubifex, better growth. rM obtained. But they must \)Q protected- -

~ from predators and-the bottom of the pond should be dramdd and dried

- under the sun before water- is- IeJein:é — il : s

-~ Since daphnia form thé most- ‘important feed of the catﬁsh fry, they ;
'should be cultured in 4 separate pond. The earth pond is first dramed andthe.

' bottom dried under the sun. After apphcatlon of lime (300 kg { ]%)er 0-1 ha)'_i_ A
7 and “fertilizérs (barnyard manure or “inorganic fertilizers), water is »
~introduced to a depth of 60 cm. Daphnia will develop in abundance after
about two weeks They may then "be collected w1th a dip net and fed to the
hatchhngs : | S R

‘4 REARING FOR MARKET

4.1 Pond construction dnd stockmg o
7 Since the walking catfish has the habit of boring its way t=‘h‘ ough mud
‘banks, the walls should be of ¢oncrete or brick. If the banks.are. of mud,
: they should be thick and strong. The ordinary siZe of the pond varies
- - from'80to 1,600 m? with banks about 1.5 m in height. The water depth '
is mamtamed at 40~100 cm. A number of caves are provided along the
banks or pipes (concrete or plastlc) of about 13 cm in dlametert and;'5"m :
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long may be sunk to the bottom to provide hiding places for the fish. As
in the case of the spawners’ pond, about one half oTJthe water surface
should be covered with floating aquatic plants to provlde shade.
Monoculiure of walking catfish is a‘recent practice in Taiwan. Since
- the fish has high tolerance for oxygen deficiency. the stocking rate is
high. Guwrdllv 100--200 fingerlings of 2-5-3-5 cm in length (total
weight 1-1-5 kg) may be stocked in an area ‘of 3-3 m% As the fish
increase in size. they are redistributed into ponds at lower stocking rates.

’

4.2 Feeding - e,

- The walking athsh is an omnivorous fish and may be fed elther\ammal or
vegetable food. One-efficacious feed consists of a mlxture of minced fish,
soybean meal powder and cooked oatmeal formed into balls. Cracked
snail may also be given. The feeds are put into a wire basket and lowered
into the water. Usually the fish are fed once a day.in the‘late afternoon.
The ‘amount of feeds is from 3-5% of the total weight of the fish,
varyving with weather. water condition and feeding intensity.

v

)

—
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4.3 Harvesting and marketing
Growth of the fish is most rapid in the period from the third month after
hatching to one year old. after which growth slows down. Fingerlings of
2.5-3 5 c¢m reach a weight of about 120 g in one year.

{Q‘
)

Fig 42 Walkmg catfish can be transported long distances in plaistlc bage partldlly ﬁlled
e . . with oxygen

K




The fish is marketable when it exceeds 120 g in Welght but the larger :
the size the better the price it brings. A pond of 0- 1 ha will produce about
2,160 kg of fish of 150 g in individual welght per year. The walking
« catfish i1s sold live. To meet the market demand from time to time, - ™
selective harvesting is practised. The fish may be caught by drpnets from - -
the caves where they hide or by lifting up the pipes and emptying them
into a net (Fig 41). Those of marketable size are separated from the
undersized fish, which are returned to the pond for further growth ’
After capture, the fish a/re 1mpounded in small cement or brick ponds
for one or two days to empty the guts and rid them of the muddy taste.
~ They are then taken to the local market in- ‘metal or plastic tubs. For:
longer distances, they are transported in plastic bags partially filled with
oxygen (Fig 42). In the market they are kept alive in tanks with aeratlon

}
1. Huang, Ting-lang et al: Experrment on Artificial Propagation of the Whlte spotted

Freshwater Catfish, Glarias fuscus (Lacepede) JCRR F isheries Series No. 12.,. 1972
(I Chinese with English abstract.)

2. Huang. ng-lang Aquaculture in Taiwan. Quarterlv Journal of lfarzk of Taiwan, pp.
156—165. 1974. (In Chinese.)
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2, l Supply of seed ﬁsh

VIIL Culturé of the Mud Skipper

# @ . . ’ ;i
B B

) ~ |
1. INTRODUCTION

{
I
P . * f

The mud sklpper Boleophthalmus chinensis (Fig,43),isan edlb}le bracklsh— \

© water goby. It is a delicacy among the people of T 1wan and is the h1ghesti

pI’lCCd fish locally. %
It is a small fish. The adults’ generally meaSure 12 to 15 cm in total‘ |
length,, welghtng 30 to 40g.! No record :of its pI‘OdUCthD in Taiwan is-
avallable It is certain, however, that only a small quantity is marketed.
Although quite common in the sea foqd restaugants of southern Taiwan, 1t is
seldom served in the restaurants of Taipei. :

The mud skipper is found on mud and sandy flats in the tldal zone,; oL

particularly on the western and southern coasts of Taiwan. It builds a tunnel' ‘

. ‘with two or more entrances, which serves as shelter as well as the spawning =
chamber. At low tide, it leaves the tunnel and slides on the sandy or rocky

surfaces to feed on the benthic algae ﬁmostly diatoms. ,
All supply of mud skippers used to come from catching them in their .

natural habitat. Because of the dlfﬁculty of capturmg the fish and the high .

price paid by the restaurants, as much as USS8: 00 per kilogram,' many fish
farmers have become interested in their culture. At the time of ‘writing,
some AO heéctares are devoted to its culture in the Taman and Yunlm areas.

: LN

2. P()ND CULTURE

The season of reproductlon of the mud sklpper is from Apl’ll to Septem-lf oy

- ber. Most of the seed @sh are captured in the months from June to
August. They can be found in Eudd’reson the mugd or sandy shores along; :
the estuaries at ebb tide. T hey,are generalty 1.5 to 3:0 cim in. length and -
occur most abundantly 1n al‘*eas south of Yunlm in bracklsh water of les'

| . ] L Ll e
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than l’Ol5 specific gravity. The fry collectors catch them from the
puddles with small: dlp nets and sell them to the ﬁsh farrners

- 2.2 The'fish pond

The ponds for mud s’kippe‘r culture are generally small, varying from O- 1
to 1-Q hectare in size (Fig 44). They are substantially the same as
milkfish ponds, except that bambod or plastic fences should be erected
on the dykes to prevent the escape of the fish and the entrance of
predators. Since it is necessary to drain the pond and sun the bottom, the
elevation of the pond bottom must be above the mean water level. .
Ditches of about two metres in width sloping toward the sluice gate are. | »
provided in:the middle .of the pond and along the sides to facilitate
drainage and serve as shelter for the young fish durmg hot sunny days.;’

The pond bottom should be of loam, because benthic algae grow better
on loamy soil and the tunnels excavated in loamy soil do not collapsq as _
easily. as those ‘built in sand.

The spizlﬁc gravity of the water is preferably kept al l 010to 1 020

=

2.3 Pre-stocking treatment of the pond?®

Since the mud skipper feeds on benthic algae, it is necessary to obtain a
good growth of the latter before the ponds are stocked. This is accom-
plished by sunning the bottom and the application of fertilizgrs, as 1s
done to the milkfish ponds There are however, some differences in the -

‘ practlce (1) The algal pasturas need not attain such thickness, so less
fertilizer needs:to be applied: (2) No repeated mtroductlon of sea water .
and evaporations are done, as they will increase the salinity of the water.
For each hectare of newly excavated ponds, about 600 kg of barnyardk

- manyre and rice bran are-applied; -and-sea-water of low salinity “is )
introduced to a depth.of 15 cm. The algal pasture will consist of diatoms ,
and blue-green algae. ¥ _

Snails and Chironomid larvae are consumers of the benthlc algae and

should be eradicated by the application of 0-3 ppm Bayluscide. for-the
former and 0-25 ppm Abate 0-3.ppm Sum1th1on or 0-25 ppm Lebaymd :
for the latter. : -

4

.

2.4 Stocking*the pond
) . A, ' o L) N
Mud skipper fingerlings are dbtained from the professional collectors. - / s

g
i

The stocking rate is generally 30,000 fingerlings per’ hectare W1th a s
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maximum of 50,000. Since it i¢ difficult to recapture them once they are
planted in the pond. segregation as to size is not done. The mud skippefis
not cannibalistic anyway.

2.5 Pond management

, Mai’{agement of a mud skipper pond is a. modification of the practice in
milkfish culture. Since both species feed on benthic algae, the water must
be kept clear and shallow to allow good penetratlon of sunlight to the
bottom. At the initial stage, the water in the pond is maintained at about
"15cm in depth (about 30 cm in the ditches). The mug skippers are then
still small in size and make orgy; shallow tunnels, so the pond is not =
treated. After about 45 days, when the fish exceed 5 cm in length, they .
dig deeper tunnels, in which they could hide, and the algal beds have /
become too decimated to support the growth of the fish. At this point, the
pond-is drained (except that some watér should be left in the ditches) and
dried under the sun for 3 to 6 days (Flg 45), after which fertilizers in the
form of nightsoil, rice bran, etc. are applied. Sea water of 1.010to 1-020
specifig gravity is then introduced, and a new layer of benthlc algae will
form. °
During this treatment, the mud skippers will hlde\m thelr tunnels. i
Care must be taken so that no largé)arnounts‘ of nightsoil get into the ,
tunnels and kill the fish. Mixing the fertlhzers in the incoming sea wateris - = .
safer and will accomplish the same purpose. After this, the water depth
may be reduced to 2 to 7 cm.
The growth of the mud skipper is best at temperature above 28°C It g
- ceases to grow at a temperature below 14°C @“’ e -

~

2,-,6,-Predators ; : ' . { R

\\\v.

The common predators are fish (tilapia, Elops sp., etc.), which'shotild be
removed when the pond is drained and screened out during the introduc-
tion of water, birds (which should be frightened off) and crabs (Whlch
should be kept out with fences).

o ' PR

3. HARVESTING AND MARKETING

The mud sklpper takes one to two years to grow to marketable size (Fig 46 )

dependmg on "the condition of the pond and the management. The smallest

- marketable size is 24 g, and the largest may reach 40 g Su;vwal rate is
\ about 60% ‘ . il . G '
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Harvesting is done by coveriJTg the main entrance-of the tunnel with a_
bamboo trap (Flg 47). The job is done by a professional mud skipper
catcher. The mud skrppers may also be caught with g dip net placed at the
water inlet. When water is being introduced, the mud skippers gather JUSt
above the net and may be caught.by lifting the net. -

" Transactions are done between the fish farmers. and the dealers at thé-
pond side. Mud skippers can be transported over long distance by srmply “

~holding them. in a small amount of water at the proper. temperature

4. ARTIFICIAL PROPAGATION

Experrments on the artrﬁcral propagation of the mud skrpper were carried
out by the Tungkang Marine Laboratory of the Taiwan Flsherres Research
Institute in the SUMIMers of 1972 and 1973. The brood fish used were 10 to
20 cm in length. They were ed.in plastic tanks and provided with plastic
pipes for them to hide in. Enough water was put into the tank to: cover Just
the nostrils of the fish. ,

The females were injected with 1 to 1 carp pituitary and 5 to IO rabbrt
units of*Synahorin. A second mJectlon was glven on the third day. On the"
fourth day, they were ready for stripping, 'Oné fémale yielded over 10,000

. eggs. The eggs were spherical and yellowish in colour, measuring 0-5— O 6
*mm in diameter. They were demersal and adhesrve S
Sperms were obtained by cutting open the males -taking out, the testes
and cutting them into small pieces, which were then thoroughly ixed with
the eggs. The fertilized eggs were washed several times with sea water of
14.9—18-5%, salinity. o N
The fertilized eggs hatched in 65 hr and 40 minutes at wateL temperature
of about 28°C. The larvae at hatching were about 2-8 mm in length (Fig
43). They all died on the fifth day wit any mgmﬁc’ant increase in length.

e
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IX. Oyster Culture

~

‘1. INTRODUCTION T . i o
Fourteen species of oysters have been identified ‘in Taiwan: Crassostrea
gigas, C. echineta, Lopha cristagalli, Dendostrea folium, Ostrea turbinata,
0. crenulifera, Saxostrea dubia, S. vitrefactor, S. paulucczae, 0. “densela-
mellosa, Caxostrea mordax, Pycnodonta chemnitzi, P. hyotis, and P. hyotis
imbricata." The Japanese ‘oyster, Crassostrea gigas (Fig 49), however, is
the main species cultured. TJ;e straln is found to be similar to that cultured
id Kiushiu of southern Japan e
Culture of the oyster began in Taiwan probably some 200 years ago»
According to the Fisheries Year Book? published by the Taiwan Fisheries™
Bureau, the area of oyster beds and production in 1973 are shown 1n

Tabte 4. ‘ : !

~
m
T

' Z’ane 4. Area of oyster beds and productzgn zn1973 |

3 Area (ha) + Productlon;(fnt)*
Hsinchu Hsien ' 447 ! ! 2,052 ,
Taichung Hsien = . _ - 339 B o112 ’
Changhua Hsien o T 4276
Yunlin Hsien £o3 3239
Chiayi Hsien - 3,215
Tainan Hsien D ' 596.
Kaohsiung Hsien n 480 T
Pingtung Hsien =~ W& "% 10 . 7 -
Penghu Hsien Y Rl | B A
Tainan City =, ' 74 . 89 )
Kaohsiung City ~ : . 6 L 39 .
Taoyuan Hsien . 6 ' T 15 4
Total ‘ 9.552 " . 14348

*Weight of shucked oyster

?
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Oyster was once the food” of the poor people in Talwan The prlce of /

“oyster meat.in 1963 was only NT$6°to 10 (US$0- 15— O 40) per kg. In"

recent years, due to increasing demand from sea food restaurarits as well as
common households-and the rise of labour cost, the retail price of oyster
(shucked) has risen to NT$60 (US$1-50) per kg. The income of the
oyster growers has consequently been much increased.

Oyster culture contributes to the coastal fisheries resources in anothﬁr
sense. The shallow waters on and around the oyster beds are rich in food
orgamsms (including the eggs and larvae of the oyster); They therefore
serve as nursery grounds for young fistt ‘and crustaceans. -

As seen from Table 4, oyster farming in Taiwan is confined to the south

“and southwestern coasts where large stretches of sandy bottoms are avail-

able for the plantmg of bamboo sticks to sorve as cultch

“

2. ENVIRONMENTAL CONDITIONS

In some respects, the env1ronmentpl conditions of the coast of Taiwan are
favourable for oyster farming. First;the year-round hlgh temperature of the
sea water (15—-30°C) speeds® up the.growth of the oyster and enables °
spats to be collected nearly all time of the year and in nea_rLy every part of

. the coastal waters. Secondly, there are abundant nutrients ifi the coastal

#

waters as-a result of discharges’ “from rivers and drainage canals on’the

~ western coast. Thirdly, the culture of oyster on bamboo sticks is a labour

‘.}‘] _J_f*w‘

consuming practice, and Ta1Warf :up to the present, can provide the cheap
labour required. -

These seeming advantages, however, have their drawbacks. The year-
round high temperature enables the oyster to spawn at all times of the year
along the western coast. This makes it 1mp0551ble to control the number of
spats on the cultchto avoid overcrowding There is alsono separation of the

oyster beds into spat collection, growmg and fattening grounds Another s
" disadvantage of the year-round spawning is that the spawnmg activity
»dlSSlpatES a large part of the energy that could otherwise-be spent for

growing. The discharge of water from rivers and drainage canal;,{' creates the
problem of water pollutlon which may be the cause of mass r
oysters and clams in recent years.. Cheap source of labour, mostly family

" labour at present, may-not be readily‘available in the near future: w1th the #:
recént rapid development of industry and the consequent exodus of young e

able-bodied people from the rural areas.

On top of these disadvantages: -the attacks of typhoons and ﬁoods often e K

create havoc on the oyster beds by washmg away the. oysferaladen bamboo

sticks and 0yster racks. F S
A | ‘ B %
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- 3. CULTURAL PRACTICE
3.1 Collection of spats | " o -

Bamboo sticks serve as cultch on which the oyster grow to marketable
size at most places in Taiwan. Only at a few places (Tainan and Chiayi) '
where there are sheltered areas with a water depth over 1 metre is off-
bottom cultch used. ) : :

Since there is no separatlon of spat collection grounds from the
growth ard fattening grounds in most oyster growing areas, the oyster
growers simply plant bamboo sticks on the shallow bottoms. On these
sticks, the oyster spats are collected and the seeds are allowed to grow tor
marketable size. LT

The sticks used are of different. bamboo spec1es For durabrhty, they >+ .
should be from older bamboo trees, and they should be low in cost. Itds
now the practice in some areas to treat the sticks with creosote to prolong
their service life. It is said that treated bamboo sticks may last five years
or more, but untreated stzfcks wrll last for only one or two years. Damage
is mostly from the: shlpworm Teredo. Plastic sticks have been trred but B
their cost is prohibitive (Fig 50). | o T

: In most cases, the bamboo sticks are split from bamboo poles. Their
-~ length varies from 30 to 95 cm and width from 1 to 5 cm according tothe . ‘
depth of water"at the locality. In the areas south of Yunlin, the bamboo Lo
sticks are split at the upper end to hold one or two oyster shells"as
collectors. . s : T
' Because the peak of the oyster spawning season in Taiwan is in
December, the bamboo sticks are generally planted during the period -
- from October to February. Too late planting will catch less spats and
~ also delay the growth of the oyster, while too early planting will collect &
more barnacles and cause more fouling' Jf the sticks. SthkS are also b
l planted in July and August to collect what are called ‘fall spats L
‘ Collectron of spats is not p0531ble 1n the ngtung Hsren due to

Kaohsmng Countyand Talﬁ&nfareas TE amboo sticks with oysteri‘
. seeds on shells are trucked and sold to-oyster growers in the former two' :
. areas for planting in March and. AprlL ~ : R

o In 10to 15 days after their deposrtlon the oyster seeds attain a srze of
T 2 mm ‘and are VlSl le tO the naked eye They arc s“ld*ancf‘ﬁlpped Wnen




< /‘ -

In recent years, spats have been collected along the coast ofChanghua

and shipped to Penghu, where spat collection is difficult. These spats are E

collected on oyster shells strung on a plastic rope stretched horizontally
between two bamboo sticks. About 150 shells are strung on a rope of
three metres long and are spaced by loops on the rope.

3.2 Culture on bamboo sticks

The bamboo stick method of oyster culture is the prevailing method in”

Taiwan. This is due to its simplicity and low investment as well as the
fact that the western coast of Talwan co ists of gently sloping shallow
sandy bottoms not suitable for the’ bgosadcastmg off rocks and. off- ~
bottorh culture. Any area where the seawater has a specific gravity of
1-005to0 1-025 (optlmurn 1-020), at an elevation of less than two metres
above low tide, and with an exposure time not exceeding the submerged
. time can be utilized for this method of oyster culture.

The bamboo sticks are/ planted in rows (Fig 51). The space between

rows is 40 to 80-cm and that between sticks is 20 to 30 cm, varying with,
- localities. At every 4 to 12 m, a passage of 50.to 100 cm in width is
provided to facilitate working on the beds..Passages of 2 to 3 min width -
are also provided at suitable places tosallow the entrance of bamboo rafts
for transportation of the cultch material and the harvested oysters.

'.{-'?(j “

After the bamboo sticks (with oyster spat,s) are planted, the oyster
growers have to make frequent inspections (sometlmeS‘ daily).of the beds

and make whatever adjustments that are needéd. The e disarrayed or fallen -~ T
- » sticks are put back into place. Sotne stlcks may need to be raised to avord :
) bemg buried by sand and allow thef oysters»on the lower end to grow.This,

is especially needed after a typhoon or flood. The Jysters that have fallen
from. the sticks are picked up to be sold. Oyster drills ¢adults and eggs)

and other pests are also removed and eradicated when they are recog—\

nized. The Changhua County offers a reward for ca>tch1ng the oyster
drills and their eggs. :
After 7 to 8 months, the oysters reach alength o of 4"to 7cm and canbe

T

‘, marketed. Some harvesting of the oyster takes place at all times’of the -

- year in Taiwan, but heavy harvesting takes*\place in the period from July

to September,and thenperrod from November to February, when the
oysters are fatter. \ %o

Harvesting is done either by breakmg off the oysters from the-barnboo '

sticks with a steel pick and- p1ck1ng up the fallen oysters on the ground or

by pullmg up the entire sﬂcksa These are loaded on to bamboo rafts and |
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taken to-dn open area in the village to be shucked. Sometimes a'wind-
driven cart is used to‘transport the oysters (Fig 52).

Shucking is done by women, usually members of the oyster grower’s
family. The yield of meat varies according to the size and condition of the ~ * __
oyster. The lean oyster will yield only 7 to"9% of meat, but the large fat - "
oyster will yield as high as 20%. The average is 10—15%. Bloating with
fresh water to increase the weight of the oyster is universally practiseds - *

The oyster meat is sold to travelling buyers who come to the growers’ e
to Collect the meat and sell it to fish dealers, peddlers or processors Who .
produce dried oysters. ) f -ei o

The oyster shells are sold to be used for makmg qutck hme AR

™

e
N

33 Off- bottom culture .

.

ey
i .

Off-bottom culture of oyster 1s comparatlvely new in Talwan and 1s
practised mainly in Chiayi, where nearly 80% of the oyster produc‘uon is™
from off-bottom culture, and in Penghu (Pescadores Islands), where all
oyster production is from off-bottom culture (Fig 53). A s
. Both raft cylture ang long line culture are practised in Tarwan«,Raft

culture is more ¢ommon in deeper water further away from the shore.
The rafts are rnade up of bamboo poles. and are usually Smx 7 Sm B
They are usually buoyed by empty oil drums and- anchored to the
bottom. Plastic strings, instead of the, wire ‘used former‘ly?, wlfh oyster

shells strung 15 to 20 cm apart are suspended from the rafts. These,shells »' : 7
are spaced by loops made on.the str1ngs At most’ places thé‘ shells serve;;* L\/
as spat collectors as well as for growing the ‘oysters for market But 1 SR

some places, notably in Penghu, shells with spats ¢ eollec&ted i’ Qhanghua' TR
and Chiayi are used. Very little care is requrred durtng the growth of the):_. RO R
oysters. The oyster farmers need only to inspect the rafts frequently to .
see if there is any damage to them and to remove those: oysters of' sultableﬁ;:--- gt
market size, particularly 1£\the/s/t‘:l1ngs become,;too heavy B A &
-_Long line culture is pract‘lsed in shallower water, and is e3DE lly -7
*common in estuaries and}dramage canals. (F}g 54) A plastrc hne 'o;f *‘
about three metres long is stretched hEtWeen two, barrtboo\ SthkS and =
about 150 oyster shells are strung on thq lmg, -As in the case: of raft

culture a hole is made in each»shelland thexﬁlas‘ttc lme runs through 1t

‘1ﬁg the oysters leferent from the-
ed to ;arr part of the trme

raft culture method, the long. ltne ,‘ (
: Accordmg to Lin,? in Chrayrthe' oyste P B
between April and August Growthﬁslowts dewn orstops from S“eptember




N Fig-53 Off; [bott-opd cultureof ‘o~y.s_t~c7;fr‘s“i‘r1“estuary
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to Januarv In a perrod of nine months the oyster grows to 6—7.cm. a
growth ‘condition similar to that in Hiroshima. Japan.
Aecordmo to experiments oflong lme culture In Suao Bay (Ilan) and

~cm*in four months.? -
}n raft culture. the oyster farmers harvest their oysters by going out to:
the oyster beds in bamboo,rafts (with or without engines), removing the
_lme§ laden with oysters. and taking them back to shore, where they are
dulled @nd shucked by women. The stter meat is also bloated by .
o ‘-Ysoakmg it in fresh’ water. which wilk mcrease the ‘weight by 30%.
" - In Taitwan all oysters are eaten in cooked condmon for the reason that

~most oyster growing areas are, heavily poHuted and that oysters have
4/ spawns” at most times of the year.

"

/4' R b

{4. MASSsMORTALITIES |,

In recent years mass mortalities of oysters and ¢lams have occurredalong .
the western coast in the months of April and May. The loss has been
\arrously estrmated to be about 30% of the number planted. It has been’
reported in C hlarCounty that the mortality-did-net affect the-production:

.

population on the beds and resulted in better growth:
The cause of the mortality is as yet undetermined. Pollution fr@m

‘mdustrial waste. high density of planting. change of salinity or temperature
_or disease have all been suspected. In®estigation of the cause and study of *

cOntrol measures are underway I e A e

& ﬂ
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X. Culture of Clam, Meretrix lu‘s'oriq

4 . : ‘ W
[ ) ) i

I. GENERAL S‘TATUS =

The Meretrix lusoria (Fig 55) is found along the western coast of Taiwan
.and in scattered spots along the northérn coast wherever the sandy beaches
~slope gently toward the sea. It inhabits bottoms with a sand content of 50—

90%, especially those of 60—80% sard®The specific gravity of the sea water

should be. 1- 010~1 024. According to the Talwan Flsherles Year Book b

" in 1972. Its culture is either for seed,productlon or for rearmg to market .

size.
2. SEED PRODUCTION

Clam culture in Taiwan began as early-as 1925 in Kaohsmng Harbour and
gradually spread to other areas along the western coast.> Its" expansion was

~ formerly limited by the supply of seed clams. Although clams are found

practically along the entire western coast, seed clams were captured only in
a few localities. Up until about 1970, the seeds were supplled mainly from
the estuary of the Tansui River of Taipei Hsien and, in smaller quantities,
from Peimen of Tainan Hsien. There the seeds were collected with rakes
operated from small crafts. The size of the seeds varied from 700—

1,000/kg. Although they were found the year round, the main season of -

AAAAAAAAAA R R )

.0.5,

7 mcollectlon wasfrom May to August. | o

Tt was around 1971 that the fish farmers began to produce seed clams of

~ stocking size. The practice has spread. In the Chlayl area some 700 ha of
milkfish ponds are now used for this purpose. The fish farmers gather the

tiny clams with a sieve from the sandy flats in tidal areas. These tiny clams

are about 0-5 mm in length and white in colour (Flg 56). They are sold as a

’mlxture of ¢lams and sand One k110grarnme of this mixture usually.

&
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contains about 30, 000 tiny clams. The higher the content of clams, the
higher will be the price of the mixture. :

The tiny seed clams are sold to seed clam growers who put them in
shallow (30-50 cm in depth) brackish-water ponds If- the pond is of
sufficient fertility, no application of fertilizers is necessary.® Otherwise,
fertilization is desirable. The fertilizers applied are nightsoil, hog manure,
chicken droppings. rice bran, etc. The pond water should be clear and of

gy colour at 1-010-1-017 specific gravity. If this is not the’ case, .
the siffation should be corrected either by change or ‘addition of water.
Generally about one half of the pond water is changed every three or four
days. Fertilizers are applied during the change of.water.*

‘Stocking rate varies con51derably accordmg to management practice and"

, envxronment of the pond "but generally it ranges from 30 to 50 million per _
hectare.’ They are either scattered as evenly as possible over the entire pond
or concentrated to cover one half of the bottom. In the latter case, they are
sifted as to size (Flg 57) and re-stocked in different sections of the entire
pond at a later stage. Bamboo sticks are planted in the different sections to -
serve as markers indicating the time of stocking and size of the clams.

Durmg the sifting. the miscellaneous species of énails that are present are
‘remdved.’ Crabs, carnivorous snails and predatory species ofﬁsh should be -

" . screened out at the water inlet, and plastlc planks are set up along the walls
of the pond to prevent their entrance. F1lamentous algae. such as Entero-
morpha- and  Chaetomorpha, are also pests when they grow profusely .
- and affect the fertility of the pond water. Their growth is difficult to control. .
~ The tiny clams planted in November may be harvested the followmg
May or June. when some reach a size of 800—-1,000 per kllogramme (Fig
58), and are sold to farmers who grow them for the market. The disparity-in:
size is usually great. The undersized. ones are left in the pond for further
\ ¥growth Usually 50-60% of the tiny clams planted survive; dnd are har-
vested. Nylon sieves of proper mesh size are used to harvesi the clams (Fig N
. 59). : : '

3. GROWING FOR MARKET S B

3.1 Choice of site R

\
\

Clams are cultured for the market on sandy flats, tidal estuaries and the e
inlet and outlet canals of milkfish ponds along the western coast. In "v = *
recent years, they are also grown in ponds formerly used for milkfish.

_ *When the clams are cultured on sandy flats, the ch01ce of location
_Shou d take 1nta> conmderapon these points:— | e

e
¢
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a, Elevation. Elevation with I~ 2 hours of exposure ‘atheach low
tide is preferred Too long an exposure deprr es the clams of much of
their fuud and may cause mgrtahh/ (lnp tol 1g PYanler (nver 6 hm1rsl
to the hot sun, An elevation’ with no exposure subjects the clams to
" destruction by predatory species of fish, crustaceans 'and molluscs,

‘ctarfich eotr ) ) N :

dlAllldll. Vi,

b. Nature of bottom. The bottom should have a sand contenta of not less
than 50%. preferably 60—-85%. The clams burrow into soft sahdy
bottom. and better growth is obtained. On such Bcttom the tlams also

assume more attractive colouration (pink) and have better markigt value.

c. Salinity of sea water. The sea Wwater sl:;ould have a specrﬁc gl\avrty of .
1.015—1:024. -~ c

d. Other considerations. Clam beds should be located on bottOms of

little wave action. Bottoms with frequent changes of contour and llable to

pollutlon from industrial discharge are not sultable |

w . ) . v |

a

3.2 Equlpment ' T

Very llttle physwal equipment is required for clam culture on tldal flats.
The only installations are bamboo sticks and synthetic fibre nets sur-
rounding the beds to serve as barriers. Clams have a tendency to-escape
into deeper water with the current. They secrete a mucilaginous thread. =

which helps. them to float in the moving water. Barriers are thel‘efore \ o

erected to prevent their-escape aS‘well"am—scree’n—U‘ut‘predamrs*
Such barriers.consist of an-outer fence to- prevent the intrusion of
predatory fish and other animal3 and an inner fence to prevent the escape.
of the clams.- The outer fence consists of synthetic fibre nets of larger
mesh size (about 5 cm) supported by bamboo sticks reaching above the

high water- mark (length of bamboo sticks about 2 m). The-inner fence R

consists of nets of smaller mesh size (about 1-5 ¢m) ‘with a heightof
about 0-7 m. and its lower edge should be buried under the sand.

The: clam growers in central Talwan simply. plant bamboo, SthkS'
around the beds at a spacing of 1-2 cm to prevent the escape of the
clams. Some just plant bamboo sticks at spacing of 1-3 m to serve as
markers with no provision to prevent escape of the clams.

. Other equipment includes a watchman’s shed built above the beds and S

a. bamboo raft for use in planting, harvesting and other: chores, e

§>l‘

. 3-3 Planting‘ . .~ &"a' 3 | a0

Stocking rate varies a great deal in accordance .with the personal

@
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experience of the farmer as well as his financial status. Generally 2,000—,
5,000 kg of clam seeds of size 600/kg are planted in a pond of one
hectare. Fewer numbers are planted on sandy flats, where as little as
100 kg/ha are sometimes planted.

ey ey Hamtngmayﬂbe« ‘made-any-time -from-~March-to-NeysmberL.inthe<zszssm.
evening of a cloudy:or rainy day, and should be completed just before

high tide. This will enable the clams to burrow almost immediately into

the sand and so increase their chance of survival. The clams should be
planted over the surface as evenly as possible. }

3.4 Growth )
~ Growth rate varies with the stocking rate and the eénvironment of the tidal
‘flats or ponds. Generally, clam seeds! of 800/kg in size will reach
marketable size of 35/kg in 18 months. Best growth rate is obtained from
July to September, and there is practlcally no growth between November_, oty
and March when the water temperature is low. The following measure>> E
ments of-weight of each individual clam are obtained from clam beds in
Tatnan havingga stocking rate of 20/sq’ft.

July 28, 1972 (clams planted)
_ - September 8 e
. October 12 oL

November 1 7

‘ﬁ%“fxmberﬂ, c
Jatuary 18,1973,

March24 ’ ‘_
May 11 = - -
October 5 : R

@

W — OO 0O 00 LD
N N LW = N O W
LNV OOND
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3.5 Management and care

No fertilizers are applied on tidal flats, and very rarely are the clam ponds
fertilized with chicken droppings suspended in baskets on the surface, T
but the result is not satisfactory. On tldal ﬂats care 'should be exercised |
et @-prevent-poaching-and-t6-FEPair the™ BTSalter a-typhoon-of-rough— . c
weather—At-tow tide, the tidal flats sh(\)uld be inspected, and predatoryi o
organisms (crabs, snails, etc.) removed |
Industrial pollution has been the cause of heavy mortahty of clams on
tidal flats in estuarine waters during the\ months from vMarch to June

s b




.Clams cultured in outlet canals of milkfish ponds often suffer heavy
mortality when*water of high salinity and eutrophlcatlon is let out from
the milkfish ponds.

e - B Harvestimp pesnsr = e e

The survival rate of clams varies a great deal,-as much as 30—75%, but
50% is considered satisfactory. The common gear used for harvesting the
clams on tidal flats is the iron rake behind which!a bag of proper mesh
size, to ‘collect the-clams is attached (Fig 60). Spades are also used. In
pond culture, the clams are collected by hand without draining the ponds.
The clams harvested are put into gunny sacks or plastic bags and
transported to the market.
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XI. Culture of Cbckle‘, Anadara granosa‘;, '

£

1. GENERAL STATUS | L

T}

The cockle commonly cultured in Taiwan is locally known as blood cockle,‘w, ,
Anadara granosa. Its meat is red in cqlour,and is a highly prlced food
__served in local restaurants (Fig 61). Although the production of cockles is .-

s

very large in Malaysia, Thailand-and Vietnam, their production in Talwan
is not sufficient to meet the local demand.
The culture area is estimated as around 200 hectares with an, annual

~produc:tlon of about 120 to 180 metric tons. Most of the production areas

are in Chiayi County in southwestern part-of the Island. The extent of
culture is limited by the supply of seeds.

Another species of less commercial importance is the hairy cockle :

Anadara subcrenata. Its meat is brownish or purplish in colour and
commands a lower price than the blood clam.

Fig 61 Blood cockle Anadara gren\bsa :

RN e

In Taiwan, the cockle is found on estuarme mud ﬂats along the western ";‘ b
coast of the Island, partlcularly in the Chiayi and Tainan areas: It generally

occurs/on shores where there is from. 15 to 30 cm of mud and the spec{'

(‘(a [N . SRR
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gravity of the water is from 1.008 to, 1-014. E ion with exposure ofS or
6 hours’ duration at low tide is considered &uitable.' |

. - ¥ '
3. COLLECTION OF SEEDS -

Tk

The spawnmg season of the blood cockle in Taiwan is from January, to -
Aprrl The season for collection of seeds is from March to'September. They
are collected from natural waters mostly off the coast of Chiayi County. ™
Collection is by hand or small mesh ramie hets and the seeds are placedin ;|
baskets or tin cans. Hundreds of people, including women and children, are
engaged in this business during the collection season. At the beginning of
the season, the seeds collected are of the size of 40,000 to 50,000/kg, and
they may reach the size of 800 to 4,000/kg late in the season. -

4. COCKLE FARMING

4.1 Selection of site

- It is important that the site must not be exposed for more than six hours
at low tide. Too long exposure and consequent rise of temperature will
cause high mortality of the cockles. Places of continued heavy rain W1ll S0
cause prolonged low salinity and should-be avoided. Muddy flats con- .
~ tainihg up to 90% silt seem most favourable. for rapid growth. - j 5

4.2 Installations

The cockles remain at one place nearly all the tlme Therefore 1nstalla—
tions to prevent their escape are not necessary. However the blood =~
cockle is an expensive item in Taiwan, and 1nstallat10ns to prevent theft
are necessary. These consist: of bamboo sticks or bamboo splittings
enclosing the culture area to show that they are prlvate property A& P
watchman’s shed on stilts is sometimes erected on the water o o

4.3 Seed farming - .

Some blood ceckle farmers blly or collect the tiny cockle seeds at the ;
begmmng of the collection season and grow them to size-suitable for
. stoe | Lin. :1t0.0-3
‘and are enclosed by nylon nettmgs supported by bamboo SthKS T
seeds 1n1t1ally stockedare 20, OOO to 30 OOO/kg in S1ze They are sowrl at

~them Ior Tmarket: MO £
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4.4 Growing for market [(
Most of the cockle farms are located in Chiayi or Tainan County. The
total area is estimated as 200 hectares and is limitgd by the supply of
seeds. Some growers collect their own seeds and plant them at a size of
about 70,000/kg in February. Some buy them from collectors in March
at the size of 20.000 to 30. 000/kg. Others buy them from seed growers

«in July. when they reach the size of 5,000/kg. The preferred size is
2,000/kg. Some growers stogk-clams and/or hairy cockles together w1th ,
the blood cockles. '

As the cockle seeds do not reach stockmg size until later in the
collection season, the growers usually stock them in June and July.
Those stocked at the size of 5,000/kg will reach the size of 500— 600/kg
in one year. and the marketable size is about 100-2007kg.

There is very little that needs to be done in the management of the

* cockle beds, except vigilance to prevent theft and possible actions in case
of pest and environmental changes. If algae develop profusely, covering
the cockles. efforts should be made to remove it. When the beds become
too hard due to prolonged use or when there is an increase in sand
content of the bottom, growth of the'cockles would slow down. They
should be redistributed over a wider area, thus reducmg the. stockmg
density. ‘ g ~

The more common pests are wild ducks crabs, puffers (globefish) and

_ sea snails. They should be driven away or fenced off.

Environmental changes caused by heavy rain or severe heat are
difficult to control. Efforts should be made, however, to prevent damage

* from industrial pollution. ’ :

4.5 Harvesting ‘*J’
: i

Harvestlng is by hand. ‘The cockles of marketabllfe size are removed for
b while the undersized ones are left behind for further growth.,

after two years. Thosev stocked at t»he 51ze pf 2 OOO/kg or larger may be.

LITERATURE CITED ‘
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Ordinarily, the cockle seeds stocked at the size of 500—1,000/kg. may“\ - |
be harvested by selection after one year of growth and harvested in toto s
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XII. Culture of the Freshwat/ Clam,
- 9Corbicula ﬂummea\ A

I. INTRODUCTION o N
! \ /
Introduced from China, the freshwater clam. Corbicula sp. 15/con51dered
‘more or less as a nuisance in the ponds and streams of U.S.A. But in
Taiwan and some other’ Asian countries. it iS eaten as a del 1éaéy as well
as for its medicinal value for treatment of liver disease. / >
> Three species are common in Taiwan, C. fluminea, C. mfixzma and C.
Sformosana. The former is the species under cultivation in 71“a1war1
The area used for culture of Corbicula has not been ofﬁc;lally recorded, -«
since it is a compdratively new industry..From an. mvestlgatlon supported
by the Joint Commission on Rural Reconstruction in 1973 "the total area . .
of Corbicula culture (including ponds,.reservoirs and drainage canals) is 1
estimated as 1.700 to 2,000 ha, concentrated in the Taoyua/n and Changhua
areas.
- Once very abundant in lakes and streams a large quamttty of Corbicula
‘'was formerly used as duck feed. Since the fifties. with industrial pollution
.becontmg increasingly serious. they gradually dlsappearéd and the farmers ,
began to tear them. first in water reservoirs and dramage canalfs and then in

aponds to meet the local demand. . . j ,_
{ “ ) o “,r:"'
o0 S / oL e

2. BIOLOGY AND HABITAT . ,;f

The C Suminea Miiller (Fig 62) belongs to the famlly Corblcuhdae Its 4 Ca
sexes -are separate, and fertilization is- external. The* eggs develop into
veligers. After the' plankton stage they develop slpells and sink to the
bottom to lead a sedentary life. They burrow into the bottom and extend
their siphons up to the water for respiration and ingestion of food. '

. In pature, they occur on bottoms of sandy loam where ﬂowmg water 1S

T ’ o "107"_
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. e ,
present, and are found in abundance in the estua.r/ ne areas where the
water is slightly brackish. They may reach the size of 4-3 x 3- 8 cm.,

‘ The shell is triangular in shape. The colour of the outer surface of the o
shell is greenish yellow in the young, but changes/wnh the bottom condition
‘as they grov% older, brown on sandy bottom and black on loamy bottom.

/ o

Y- . . e

“ 3 CULTURE PRACTICE ~ -

- The Corbicula is farmed either in water reservoirs, drainage canals (Fig
63) or freshwater ponds. These water argas must be free from pollution
and must not be over-eutrophic. In freshwater ponds, flowing water or
aeration should be provided to supply sufficient oxygen to the water. In
some of these ponds., baffle dykes are.erected to divert the in-eoming .
current to different parts of the ponds. Sandy bottom is pref; red The .
depth of water is kept at abeut 1 metre. - /b/

The stocking rate is generally 1,000 4o 2,000 kg per hectare, Varymg
accordmg to the size of the seed clams and the fertility-0f the water. The -
Corbicula often reproduce in the cultural areas. in the second year,
less clam seeds are required for planting, especLally when a number of
under-sized clams are left in the cultural areas.’

The seed clams are 800 to 4,000/kg in size. They are purchased from

- seed collectors or other Corlzz%ula farmers generally in the Changhua
and Taoyuan areas. They ‘are packed in gunny sacks or straw bags and.
transported by trucks. Care should be taken to let them remain wet-and
not piled too high to reduce mortality on the way.:

Before stocking, the ponds are drained and the -bottom drledﬁ under the -
sun for two to three weeks,” after which the ponds are filled again with
‘water. The farmers then pile the Corbzcula seeds onto bamboo rafgs and
. scatter them umformly into the ponds. ~ o

No fertilizers are applied when the Corbicula are cultured.in reservoirs -
and drainage canals, where. they depend on -natural foods. But in ponds, -

- soybean meal, wheat and/or rice bran, chicken dropplﬁgs and 1norgamc
fertilizers (N; P, K) are often applied. ,
* The growth rate’ of the Corbicula variés accordmg to the season, envrron—

“ment and amount of foods available. Generally, planted at a’ size 0%\0 11gm ‘

: in weight, they reach 0-45 gm after 1.5 months, 0:91 gm after 3. months, T

.."..~.2:25 gm after 4.to 4.5 months, 4/0-gm-after-5 to-6;months;and 5~ 4~gmvafter@- et

. 7 to 7-5 months, at which sjze they rnay be-harvested . (Fig 64).

An iron rake with a net attached isused.to harvest the Corblcula Tliey
are separated by size with a, wire sieve, and the, undéfsized ones are .

- returned to th/ep/onds/ (/ Or Yeservoirs or dralnage canals) for fuﬂther growth

e SRR \ | \ »j,ii:i‘a 109 -
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4. PESTS

The common carp is the most 1mportant predator. So, when ﬁn fish are
cultured in Corbicula ponds as is often done, the common carp must be

excluded. The fishes.commonly cultured with the Corbicula are the b1g

head, silver carp and grass carp. = ..

- One common disease of the Corbzcula is blackenmg of the shell peelmgi e

off of outer covering of the umbo and finally perforation of the shell and
death. The cause of this disease has not yet been determined. Pgssmly itis
due to malnutrltlon : )

b
s

5. MARKETING | | “ ,

The Corbicula are usually sold to dealers who come to size up the gonds g
make trial harvest, examine the catch and buy the crop of the entire pond.
They are then packed in gunny sacks and transported by trucks to the

cities. for sale. During the journey, they are kept m01st and protected;

L 1--1"‘1

from the sun by a canvas covermg :

f
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1. INTRODUCTION S \ - _

It is not known when shrimp culture began in Taiwan. For centuries fish
farmers in Taiwan have captured Juvenrle grass shrimps and sand shrtmps

Taiwan, viz. the grass shrimp, -Penaeus monodon and the sand -shrimp,
Metapanaeus monoceros. .- : - -'\ ) :

The grass shrimp, P. monodon and the sand’ shrrmp, M. monoceros,are e
the species commonly stockéd in milkfish and Gracilaria ponds. Accordln\g BERSE
to the Taiwan Fisheries Bureau, the production of grass shrimp from ponds
was 140,000 kg and sand shrimp 223,000 kg in 1974.' The productlen
was limited by the availability: of shrimp seeds. With the production‘of
shrimp seeds by a number of shrrmp hatcheries, the productlon of pond-
reared shrrmp is expected to increase raprdly m the future P

2 GRASS SHRIMP (an 65). " L
2 1 General charactenstlcs S ! o | TR
. , f a ‘ A (-

» . ‘Also known.as sugpo in th.e Phlhppmes fﬁrs J1s the most 1mportant ‘
. species ‘of shrimp under culture in Taiwan and its_culture holds much~._ =
. promise of future ‘development. It is a large shr1mp,reach1ngamax1mum Sy

. individual werght of about 250g, but *those reared in. pond& seldomr.:...;r.\;;.w;,;,...,
. exceed 120g., ‘
L Ttis a troprcal species, becoming slugglsh when the temperature e
"’ drops below 18°C and succumbing to temperature below 14°C21tis
reared, "therefor\e generally in the southe/vn part of Tarwan where the,”
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‘ Fig 65 Grass shrimp Pengeus
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S\ wmter lS mlld \,lt is relatrvely stenohalme w1tl:ea s lmlty rang: of 15 /O ot

Lt 38, T ; ""/"'%s" ’ y
. The grass shrrﬁlips are caﬁght by commercial. _trawl‘;ers on bottoms of
e‘ss tHan- 30,m deép in water of low ‘salinity. Unlike many other. speC1es. o

" of shrnnps thev do net °h1de in the Sand but stay on the surface\of the .

bottom R e . ‘

LI
£ o

S ;2 Supply of seeds

2.1 Natztral suppJV' . )
Before the artificial propagatlon oquhrrmps*’ was. accomphshed all
/sgrass shrlmp seeds were caught in estuarine waters of low salinity.

i Sinc€ the Juvenlles dike to hide among weeds and grass (hence the = .°
name grass shrimp) in shallow water; they are taken by the use of .
llures which consist of bundles of'grass or twigs set near the shore. The

f/shrrrnp seeds that gather 1n the lures are collected with dip' nets

w ( 3 ':
l d, e

7‘ 2 Arufczcrl propaganon, L SR

* fnce 1968, the Tarwan E 1sher1es Research Instrtute has successfullyz-
ccomplrshed ‘the artfﬁmal product1on of shtimp seeds of Penacus o
Jabonicus, P. monodon,)M monoceros,,and four other species of less

S 4 portance Now" there; are- some 300 prlvate shrrmp hatcheries pro- -
o ucmg ‘shrimp seeds; mostly P ‘'monodon, W1th a total productlon of )
. - about 30 million shrunb juveniles. « - : o J

¢ '+ Ashrimp hatchery “Should be looated on the sea51de where clean sea A
water of 25-34 4)0 as’ well as fresh water (for drlutron)rs avarlable o

" The essential equrpment comsists: of.first a series of éigher mrcular;:: 5
j plaStIC tartks:of 0-5 to_1-O-ton capagity and/or concrete tanks of 300 -
' 70 ton capacity’ (Frg 66) The number and size of these tanks depend -
: “on “the scale .of thi€ operation. These tanks are used for spawnlng,f "
-~ hat hmg and ‘rearing. the*larvae.
umping equipment.should be prowded to take in sea water The,/ -,
.intake should be placed as. far out and as deep as practlcal and at’ a" k
point about 30.crm above the sea. bottom ‘The sea’ water should: go’; b
~». through.a sand. layer or, if necessaryj be ﬁltered before it is used. f

g Aeratlon equlpment is also es;sEntlal/Alr blowersvare used for large

,» ‘scale hatcherles and aif, compr“essors are. used by small hatcheries.
“Two sets_are. usually~ provrded for alternate use. Either dn electrlcf .
generat ‘ or d1esel engme ‘must be provrded to be used in case of
pﬂ)WCI‘ 1lure A s f i

—
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. =Y - Fig 68 Grass shrimp mysis stage
Fig 67 Dr. 1. C,/Liao showing . ) 6 B
T grass ~'shr.r‘imp spawner '’ - R

¥

_‘ ~ Fig 69 Grass shrinip post‘larvae
114 o " '




0 thegshrimp ﬁshe—rmen * Until recently, e o
no mature. grass shrlmps ad been fouhd in ponds. It was in May 1975
. that the Tungkang Marine Laiboratory succeeded in rearing two P..
monodoh to maturity. Eggs were released and hatched, and 2,500
. ~ larvae were réared to juveniles. This was accomphshed without resort- .
-8 > fing to removal of the eyestalks*(L. C. Liao private communication).
T The reproduction séasons of the-grass shrimp are from March to April - -
* and from August to November The degree of maturlty of the spawner ~
~is determined by observrng the size of the obldng, dark brown ovaries
visible through the ddrrsal part of the shell. The bigger the ovarles the
. ' more mature is the spawner (Fig 67). . .
N One or two spawners are placed in the circular plastic tanks and
 more may be placed in tHe larger concrete tanks. At the beginring of -
the spawning season, the ~spawners generally release their eggs in
dbout four days. but at the height of the season, they may spawn on the
same night or the next day. *
. Newly released eggs float on the water surface. They are ‘of roun-
- dish shape with a diameter of 0- 25~0-27 mm. anh spawner releases

\‘

-about 300,000 eggs. They hatch in about 13 hours at témperatufes of
~27-29°C and become the, nauplius larvae. The eggs and nauplius
* larvae may be counted by the naked eye in a beakerful of water. If their e
number reaches, 100 per titre, the spawner or spawners should be jr

removed and allowed to continue, spawmng in andther tank.

K ~ The nauplius-larvae measure 0-28—0-33 mm just after hatchrng
They do'not feed. After about 50 hours at temperatures of 27 29°C,
they develop into the zoea larvae. At this stage, they begin to feed and #
are ‘given small planktons sych as Skeletonema costatum and Nitzs-
chia closteriuni, marine yeast, fertilized eggs and trochophore larvae

. of oysters, etc. Skeletonema is the most common feed of zoea larvae. It .
may he cultured in 0-5 ton tanks. ‘To each ton of sea water are added
100 g of KNO,, 10°g of Na,HPO,, 1 g of K,SiO; (or Na2S1O and v
5 g of FeCl;. Sea water containing Ske’letonema ris then introduced. - - |

"Under copstant aeration and with sufficient light, a brown’ culture of e
Skeletonema is obtarned in 2 or3 days The zoea are very sensitive to

L i DL IPTRAVE L

plasti¢ tanks may be used. AN

y The zoea stage lasts from ghree to four days after Wthh they
‘| transform into, the mysis larvae (Fig 68) At thls stage, they resemble -
the young shrlmps but swim in a vertical posmon Wlth headj down
“They feed onsthe nauplii of. Artemia and other’ zooplanktons such as,
copepods, and rotifers of similar srze Artemra (brlne shrlmp) eggs are

- L - AR ‘ 115 o
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2.3 bver-wintering ' A g
i . . ‘
N i o : ¥

. Since most of the grass shrimp seeds are Ca;uéht in the months from

- defise and less feeds are given so as to stunt the shrimps.’ Feeds
' ..consrstmg of cracked spails, small shrimps, trash fish, soybean an

: i
Co

hatched in séa water of 30 %o sah’nty in about 20 hours at” tempera— .
ture of about 28°C under constant aeration. Rotifers and copepods -
are gathered from the water supply canals of mrlkﬁsh ponds wrth
plankton nets. . ;oA DR
After 3or 4 days the niysis larvae are transformed 1nto post larvae
measuring about 5 mm in length (Fig 69). Up to the 5th day they feed
on Artemia or zooplankton supplemented with egg custard (one egg .
and 3:g.of milk powder).>. After the 5th day they may be fed minced
meat of bivalves, trash fish or shrimps or egg custard.’ From the 5th
day on théy become benthic, clinging to the bottom or tothe! 'walls of
the tanks. On the 28th or 29th day, they- attain a length of about
20 mm and *are su1table for stockmg .

1 2.2.3 Sale and transportatzefz of shrzmp geeds . T DS

: n r~= : o ,
\The juveniles or young shrrmps are sold by thé hatcherres d1rectly to
the shrimp farmers.‘In tranSportatron ‘they are held in plastic bags, =
which are filled with sea water and inflated with oxygen. Since the =~
grass shrimp like to stay on the bottom containers should preferably :
have large bottom areas.* The- temperature of the water in the con-
tamer is marntarned at 15°to 18°C by keeping a small bag of fte in the |
water. S ~ . - =

S

August to November, and those from the hatcheries are produced’
from July to Octaber, it js too late in tHé season o plant the late .
juveniles in ponds and get a crop beforé‘v{nnter sets?in. They are’
therefore placed in wrntermg ponds and reared unt11 March or Apr1l
when they can be planted in ;ponds. : :

M:%;st of the shrimp wintering ponds aré in Tungang, Kaohsmnggfj
and Tainan. In Pingtung, the winter is mild, and wintering ponds are
srmply deeper ponds with no other protection facilities. Stocklng is

peanut- meal etc. are given dumng warm days (temperatﬁre above
18°C). Water is changed weekly. The suryrval raté is generally‘7O°/*7
In: Kaohsmng and Tainan, the milkfish wmterrng ponds usually er
the. purpose and oftentrmes the shrn’nps are placed t“ g‘th
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Research TInstitute experimented on the over- wintering of grass
shrimps and found that their survival rate was 28-8 to 49- 19% in}
ordinary milkfish wintering ponds and 68% in a wmterm pond

specially designed by t Statron Lo~ }
bood o, 3 s ‘ ) I \ o

2.4 Pond. culture : \ . S oy
’ S : \ R R \

24.1 In associat'fon with - mykfish— - ; — \ o
If grass shrrmp seeds are in lzﬁrge supply at low cost, probably most Lot
milkfish farmers in Tarwan wor\ld stock their porids with some grass \ S
shrimp. The cost of grass shfimp juvenilés caught from natural water i
is about USS0-03 to 0-05 each, but the cost of those produced by
shrimp. hatcherres is only about US$0-02 at the time of writing. So,
more milkfish farmers are buying shrimp juveniles to stock their .
‘ponds and in larger numbers in recent years. In fact most of the -
grass shrimps. served in restaurants tome from ponds and not from the
sea (Fig 71). . o

In association wrth milkfish, the number of shrimps planted Vartes
from 5.000 to 8, 000 per hectare They are planted as early as
February i the Tungkang area. In Tainan they are' ‘planted in early
April. They grow to about 40 g each in three months so at leéast two
crops could be harvested per year. The survival rate is usually above .
80%. No special feeds are given to the shr1mps whrch lrve off the
natural food produced in the rhilkfish ponds. ey

The most difficult problem in pond culture of shrimp is the control

. of predators. The chief (‘predators are Elops saurus, gobies, t1lap1a,
Jelly fish and the small shrimp Caridina denticulata (Fig 70). The last
three are most destructive because they multiply fast and their eggs

. and larvae easily gain entrance through the screen at the ‘water inlet.
Predacious fishes can be killed by the application of saponin (in the
form of tea seed meal) in concentrations ranging from 2-5 to
10-0 ppm without injury toathe shrrmps but the worthless small
shrimp C. denticulata remains a seripus problem both as a predator) P
and a competitor for food. One way to minimize such damages isto ,,
keep the young grass shrrmps in the nursery pond, where C. denticu- J e

» lata rarely occur, until tth reach 5 to 8 g in Wer‘ght before they are i
planted in the rearing pond. e

Another pest is the filamentous green algae and aquatic plants s
growing abundantly in the milkfish ponds the waters of which arg
usually less than one metre in depth. Their abundant growth interferes”

.« Co e T ',117
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Fig 71 Grass shrimps cropped from milkfish pond
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with the movement of the shrimps, and, when they die off, they pollute
the bottom of the pond. One remedy is to promote the growth of
phytoplankton by minimizing the change of water in the pond so asto"
retard the growth of the filamentous green ‘algae and other aquatlc
plants. ﬂ »

. ?
LT
-

2.4.2 Monocultuie

Monocu)ture of shrlmp 1S uncommon Kn Taiwan. Some monoculture :1
farms afe found in the ngtung area. To avoid as much temperature -
and sahmty changessas possible, water in monoculture ponds is at\
least one metre in°dgpth. The stocking rate is 30,000 to 50,000 per
hectare and two crops per year are possrble The shrimp reaches 35 g
in 6 months, and survival rate is abott 50%. e ,

‘The following is a brief account of an experiment on.monoculture
of grass shrimp carrred out by the Tainan Fish Cul’ture Station in
1974: L

’J.

(1) The experimental pond — A 0-5 ha pond constructed on the
tidal land of the Tsengwen area was used. The bottom was sandy, and
the walls, 1-8 m in height, were of concrete Aeration was provided
by a blower which delivered air to a 35’ ’ plastic pipe on the bottom
of the pond. From this main pipe, air ‘was dellvepr)ed to a number of 1”
plastic pipes which were connected with the" main pipe at intervals of -
4 m. In these 1” pipes were many smiatl vents through which bubbles -
of ajr escaped to the water surface. A sluice gate was peovided with
a screen of fine mesh. : .

- (2) Pre-stocking treatment — The pond was drained and dried
under the sun. To the water puddles that remained tea.seed meal and

potassium, cyanide were applied to eradicate the pests and predators s

After three days. clean sea water was let in to a depth of 50 cm.

(3) Stocking — On June 17,1974, 30, 000 post larvae of 30 days
after transformation (P,,) were planted They averaged 1: 6 cm in
length and 0-019 g in weight. ‘

(4) Feeding — In the first 10 days, crushed hornshells Cerzthza'ea 8

- ctagtilata,. were grven\ -as-feed. Aftersthisy-the- shrimpse :
clusively with a specially prepared pellet feed produced by the Pre51—
dent Enterprises Corporatron The pellets had a moisture content of
75%0. They were glVCI’l\ daily in late afternqon. The amounts @%feeds T

glven were as' follows: ;

:
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W’} - Kind of feed Amouut given
Ist to 10th day Crushed hornshells  110% of total werght of shrimp
Llth to 30th day  Pellet shrimp feed. 47% of total WErght of shrrmp
31st to 60th day - 15-21% of total wetght of shrrmp ¥
6 1st to 90th day o C10-12%
91st to 120th day ) - T 6:52% -
After 120th day T, C5.0% - oo

The pellet shrlmp feeds used were made essentially with ﬁsh meal, -
~shrimp meal. and plant materials, with the addition of amino acrds and .
vitamins. Its cruide protein content was 46-56%.

(5) Pond management -~ Depth of water in the pond was main-
tained at about 1 m. Water colour was closely watched to mdintainra -
good growth of phytoplankton and contrel the growth of filamentous -
green algae by timely change of water. Salinity of water was mam- R
tained at from 23-60 to 34- 43/OO Water temperature ranged fromj '

g

-

18° to 34°C. |
(6) Har vestmg The shrimps were harvested on November 17th
after five months’ rearing. The total harvest was385 kg. Total number

of shrimp was 19,439, and survival rate was estimated as 70%. The
average individual weight was 20 g, and averagelength was 14-5 cm.

It is. srgmﬁcant that, durmg harvesting, ‘about 90 kg of Caridina
shrimps were harvested together with the grass shrimps. This amount
was 23-3% of the quantity of grass shrrmps harvested and. posed a -
serious problem. 4 o

3. SAND SHRIMP ' * |

The sand shrirrip M. monaceros (Fig 72) are generally cultured in milkfish
ponds. It is monocultured only in recent years It 1s smaller than the grass -

shrimp; the marketable size is 5 fo 10 g |
. & / ‘ \\ 2 . !
it 3.1 Supply of seeds o AN ;

Although, mass production of sand‘shrinﬂlp seeds hatcherles is now

possible, yet the supply is still from}atchmg in natural water, which is
,adequate to meet the requlrement They are caught in‘estuarine waters e

throughout the island.™ B

3.2j Pond management

120 ¢ - \
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shrimp: Sandy bottom is preferred since the sand shrlmp have the habit

of burrowmg in sand. ’ -
- When cultured with miilkfish, the stocking rate is 60, 000 t0-19(—)—999—

per hectare and no spec1a1 feeds are given. In monoculture ponds the :

stocking rate is over 200,000 per hectare, but may be raised to 300, 000 SN

per hectare if .the depth of water is over 1-5 metres and aeratlonu__ o

gquipment is providéd. L[g) monoculture, animal protein feeds such as -

clam méat, trash fish and ground small shrimp should be given;:feeds of

plant origin such as peanut and soybean meal are also accepted by the

* shrimps. Other managezlsnt practices are the sarne asin culture of grass

shrimp. a8
Suitable water sahmty is 15 to 20 %o ., but it is capable of growth

even when salinity is as low as 10 %,. , \_,,ﬁ—

3.3 Harve!ting and m‘arketing | ‘ :

The sand shrimps reach marketable size of about 15 g in about 50 days@j ERTeE
and may then be harvested. (Fig 73). They are generally caught by e
placing a net at the sluice gate.when water is being discharged to take®
advantage of the habit of the shrimp to swim with the current. They are = .
marketed as medium sized shr1mps As in the case of grass shrlmps they :
are iced and shipped to the cities by trucks. . )

T . —a .
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1. INTRODUCTION ,; i

The crab commonly cultured in Taiwan is the serrated crab, Scylla serrata
(Fig 74). It is extensively used as food in-Southeast Asia, where it is an

expenswe item of food, relished especially for its ripe gonad

4 ,;'-g‘yw :3)@ o

. 1pem ) . 1

Fig 74 Serrated crab 'Scylla‘serr;atz‘r" e .

According to the Talwan Fisheries- Bureau the productlon of S: serrata

in 1973 reached 782 mt, including those capture’ﬁ in coaStal y waters and

“those cultured in ponds. There are no datd of the area of ponds in. which S
serrata are cultured as well as thelr productlon from ponds They ar_

4
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~ to the female’s ple0pods ‘where they hatch in a few weeks.t -

‘stages and a single megalops stage; which takes about a month the larvae::""

l
£

extenswely stocked in mllkﬁsh and Graczlarza ponds in southern Talwan .
_particularly in Ringtung C@unty In Tlant County they are reared in rice
‘paddies together withr §#irin imps and fish after the first rice crop is harvested. .
Monoculture of crabs is practrsed in southern part of Taiwan. The main
purpose is to rear the females to maturrty, wrth fully r1pe gonad SO as to get L

S a better price.

Three varieties. probably of the same’ specres are recogmzed by the ﬁsh ,
—farmers,” viz: T
(1) Sand crab. Largest in size; of wild d1sposrtron inhabits ﬁowmg water
of higher salinity (20-3050 o o
(2) Red-legged crab. Smaller in. srze sHell hard; of wrld d1Sposmof”
(3) White crab. Mediam size; tame and less active; tolerates w1der rang
.. of salinity. -
The white crab is the variety: commonly cultured
Hatching of the eggs of S. serrata and rearing the larvae to adults. have,
not been successful in Taiwan. According t6’Ong Kah Sin of the Malaysian
Department of Fisheries,* mating of S. serrata occurs as early as the first .
year of life after the female undergoes the precgpulatory moult. A male}"
approaching afemale in premoulting condition climbs over her, clasps her -
with his chelipeds and'the anterior pair of walking legs, and carries. her. .
around. They may remain so paired for 3%o 4 days until the female moults.
The male then turns the female over for copdlatron whtch usually lasts 7 to .
12 hours. - | g
Sperms are retamed by the female and fertrhzatron may not take place .
for many weeks or even months after mating. A single copulat1on may -
provrde sperms.for two or more spawnings. The fertilized eggs are attached: o

The larvae hatch as planktomc zoeae. After passing through Sveralzoea |

metamorphose to- benthrc ]uvemle crabs

o":"
f .

2. POND CULTURE
2 1 Monoculture

‘“2.1.] The crab pond ” G d @
"The pond for monoculture of crabs should preferably be located in
estuarine areas where thie tldal drfference is great to facilitate.chan
water. The salinity should:be from L5 to 30 / For cle,a

,‘ sandy bottoms are preferred ol
124 o
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The size of LhL pond is usually small, about 330 . One good
arrangement is, Lo divide a'large square pond into four smaﬂer square
ponds with a wnu ete tanl\ of about -3 metres squar¢ in the centre to

serve as a water inlet tdnk for all the four ponds. When water is'let in,

the crabs \ylll-e(vngreoate in this tank and can be caught there (Fig 75).

Flg 75 Bxg square pond divided into four small ponds; cb rete water inlet ténk at centre

(

L
Usually. the walls ofthe pond about 1 mretre hxgh are elther made
of bricks or concrete with-protruding lips td prevent escape (Fig'76).
- Just inside the wall a layer of bricks shoul d be 1a1d~0n the bettom to
+ form a slopmo surface on whlch feeds can be p aced In ponds with
mud walls: bamboo screens are placed obliquely toward the 1n51de of

the )ond Lo prevent escape

o S’mcl\m" and pond nmnagemenl

Pa "7

ure of crabs in Ta1wan 1s to rear the females " BN
ation to the stage of ful gonaq development

i) s
i Nk

that have. just had egg ;

The rearing period 1S»I,idg§

- not the primary objéetwe Since only a llmlted number of post—
. copulation females cah be obtamed at one t‘lme a number of small

} ! R




L ot _ ponds should be: prov1ded to hold the dxfferent batches of crabs whxch
i ~ are collected at intervals. ST : .
\ "The seed crabs may be planted any time between Apr11 and Septem—. .

- - ber. The stockmg rate 1s generally three crabs per m?, varying in
¢ accordance with the water exchange capacity-of the’ pond The sr O
V u the crabs stocked varies from 7 to 12 cm’in carapace width. ;
‘The.feeds usually given are snails, trash fish, fish Vlscerals and{
dlmost any kind of animal food. Soft-shelled snails (mostly frest
water spedles) are preferred. If hard-shelled shaﬂs are given, they
should be cracked first. According to the experlence of the crab
e Tvf£arrners snails are the most important feed for the maturation of the
g ‘drabs and should be given in plenty. The quantity- of feeds given dallyf ,,
is about 5%, of the total ‘weight' of the crabs (about 35 kg per

R lg@QO crabs). Feeds are given onge aily, i in the later afternoo since
théucrabs usually feed afte ore feeds should be glven 1f the \
rabs are found to be acti searchmg for food |

i R ! e

e ] 3 Harvestmg and mctrketmg

- The crabs are captured by hand W1th the help of a small‘f het or W1th_f
‘ ‘a large dip et ‘baited with trash fish. Sometfﬁres plastlc or cemeht
p1pes are :placed on the bottom and hfted up from tme:t e

‘._tank as. mentloned above seems to bevthe most efﬁ01e
harvestmg Survwal rate is 70 to 90% '




i

The crabs are generally captured to be sold 20 to 50 days after
stockmg Experienced crab farmers™are able to tell whether the,,‘
ovaries are full by examining the crabs against light and also by
lightly pressing the shells to feel i they are firm (Fig 77).
- During transportation, each individual live crab is bound wrth a
N \ heavy straw rope wetted with water to facrlrtate handlmg as well as to .

‘ keep it moist (Frg 78). ‘ - 0

The crabs are sold by number accordmg to therr 51zey and not by
T weight. o . ST L Sl

. Lo . N > ' L '
‘Fig 78 Each marketable crab is bound |
" with heavy strawrope

':_"22Polyculture in ﬁshponds ' L T By
Crabs are also stoc’ked in brackrsh water ponds in which shrrmp, mrlk s
fish-and/or Gracilaria are cultured. Generally the ponds are regular fish -
ponds of 0-5 to 2-0 ha in size, but bamboo or _plastic fences. should be |
erected on the mud dykes to prevent escape Sometrmes ponds w1th L
concyete dykes are used. ~ ...
“The baby crabs p anted are either Mse of 1 5 to 3 O cm of carapace .
width or larger ones of less than 60 g in Wetght They are harvested and
“sold when they attain a carapace widthof 12cmor 220 g in wetght o
The number plarrted varies a great deal, but it usually does not exceed, o
10,000 per hectare. The purpose ofthe culture is prrmarrly for growth 50
, both ‘males and females are planted. .
The feeds. given are similar to those for monoculture Adequate‘
quantities must be given to prévent canribalism. -,
The crabs generally reach marketable 81ze’ in five or six nlorﬁh/s and*; .
~ may be captured for sale. The survival rate is about 50% in those case
" “where the small baby- cra}gs are stocked and about 70% 1flarger crabs are
stocked. Most-of’ the crabs marketed are male Crabs or females wit
r1pe ovaries. ) SR ‘

)




Male Crabs that have had many copulations have very little meat and
bring a very low price. This is often the case after September. To avoid
hls farmers usuallv harvest their crabs before that time.
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" interested in it either as an occupation or avocation. However, nearly all

£5)

XV. Frog Culture

Y/

1. INTRODUCTION S B e )

Frogs are a luxury food in Taiwan and many ether areas, although they are
not eaten in some countries, fQr instance in Indra where frozen frog'*legs ,
“form an important item of export. R

The frog commonly eaten in Taiwan is the natrve green frog. Rana L
tigrina var. pantherina Fltzmger (Frg 79) They are small in srze and are
not cultured. ‘ : 5 ‘

The species now under cultlvatron is the Amerlcan bu lfrog Rana ;,

“catesbiana, which was first introduced ‘into Taiwan by- the Japan— ?

ese in 1924 and again by the Taiwan Fisheries Research Institute in 1951.

The first 1ntroduct10n was not successful. The few farmers who reared them

soon became discouraged and discontinued the venture. So the frogs

.disappeared. The tadpoles and young frogs 1ntroduced from Japan in 1951
“were first reared by the fish culture stations of the Taiwan Fisheries

Research Institute. They were propagated and drstrlbuted to; people Who -

wege interested in frog farmrng , : .

Because frog farming required very httle caprtal mvestment and only a0
~small piece of land, many rural people as well as city dwellers became

these frog farmers at that time depended on the sales of breeders at an,_\_;_
exorbitant price as their source of income. Bullfrogs were not sold as food

- because of the high cost of production and consumer preference for thef
native green frogs. So the number of frog farms gradually decreased untrl‘ .
recently. g 8 Lo
There are at the time of wrrtmg some 200 frog farms on the 1sland most

of which are cottage industries. Some larger farms have begun to sell their
frogs ito restaurants. This is possible by. the use of cheaper feeds and

"‘ 1mproved culture techmques as described in the followmg |

~$ 5 ; g
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a.sS Spa witing pond. The spawmng pond is usuauy 10to 15 square metres

series to accommodate-the different batches of spawns. The water should
‘have 'a depth of about 40 cm, and a water inlet and outlet should be -
~ provided to each pond. o
- ¢. Tadpole pond. Several porids with mud bottom and a-water depth of 30,;‘_
' to 40 cm should be provided for rearing"the tadpoles. To'stabilize water
""f»:temperature and $ecure better growth the tadpole ponds should be ofa

d. Pond for young f Fogs. Young frogs are frogs that are less than twoyf :
- ‘months old after transformation. Several ponds should be prov1ded to

- of 15 to 35 cm, and at least « one- foarth of the area should be land WthhJS'
- slightly higher than the wat’er -

- some frog farms, land areas are not- prov1ded - theseponds andﬂoat_ 1

. l\\ . N i ' . , /':.‘: - t
. N : . N ‘ "
2. CULTURAL PRA‘CT!.CE ) A -
\ ‘ R G N
:2.1 Size- and consrrucuon of. ponds - ,
e "wx' . F3 o - & o - - . . ,‘,;),r
" _ The size of ,Lhe farms var1es a great deal accordmg to the scale of,k r{;I
@’ operation. some maKe uSe of only .50 to 60. square metres beside their.. .

houses, while the larger frog farms are 3, OQO to 6,000 square metres 1n

size. ‘ S, -

The ponds usually provided consist of a. spawnmg pond a natcmng
pond., a tadpol ond, a pond for young frogs and a pond for growers,
(larger“ frogs)

TL 4 c-

in size. It should be prepared to approximate natural environment with
trees and grass planted on the land area to provide shade and shelter. The
bottom of the water area should vary in depth, but at least one -third-of the
water area, which usually comprises one-third of the pond area, should/
have a depth of 10 cm to serve as the spawning area.

b. Hatching pond. Yhe hatching ponds are concrete ponds bullt ii a

larger size. P

segregate them according to size. These ponds should have a water depthﬂ

,,,,,

e. Pond for growers. The ponds for the larger frogs are 51m11ar to thosef
for young frogs, but the depth of water should be kept at 30 to 40 cm. | n

R X

feed platforms are used 1nstead '":M‘?Sﬁ‘r far' ','rsfence therr p nds for;




s W

25 The tadpole stage

'l’

. o
will be done‘ eventuall:y in the farms The bullfrog starts to breed at the
age of about two years. It used fo be the belief that an adult frog‘v%u,ld
only embrace a mate of his gwn choice,? and. frog farms sold only what

they claune.d to be mated pairs. But this has been proved untrue. A

mature frog vill matp with any competent frog of the opposrte sex if |

- given the Jproper nV1ronment : LR P
A malebullfrog can be distinguished from the female by the size ofies
eardrums, which are twige the size of its eyes; in the female, the eardrums .

are only slightly larger than the eyes. The male has a bright yellow throat, -
but the throat of the female is smudgy white, mottled with brown.®>

The Tale bullfrog croaks during the breedmg season, ,whrch is fr;
early March to late August in Taiwan. The sound 1t makes is srmllar to
the bellowmg of a bull, hence its name. o

L]

-

2.3 Mating and spawmng

. . . EE :
It is customary to select large strong ‘breeders and place the\n the

spawning pond in the proportioch of one male to three or four females and |,

wait ’for -mating to take place. Durmg this tlme they must not be o

disturbed.

During mahng, the male frog embraces the female in the water from
- behind with its forelegs pressing the belly of the female. This may last one
- or two days ‘Eggs art laid early in the morning and -are fertlhzed in the-

water. The eggs are surrounded by a jelly-like substance.- holdmg them

together to form a floating mass on the surface of the water. -

I =
,/
/

2. 4 Hatchmg ‘ )

The average number of eggs laid by one female is 9,000 Old’ér frogs may | ‘4 a0
lay as many as 12,000 eggs, but the fertilization and hatchmg rates are -

low. Usually 1,000 tadpoles can be obtained from each spawning. When

. an egg mass 1s observed, it is carefully scooped up in a pan with water and
——plaeed gently-in-the hatchmg pond Theegg mass musm%beanverted
- while being moved. - » - i

The time requrred for the eggs td hatch varles w1th the water tempera-

ture. At 24° to-272C, theyhatch in about 72 hours 1"t 1s demrable to have
running water in the hatchmg pond T S

7
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‘ removed to the tadpole pdnds.

N h
S ‘
4

. even among tadpoles from the same batch of eges. Generally, the hrgherf .

,, those from eggs hatched after August donot transform untrl after March

S ~ same time-sun light is reduced by keeping the t"adpoles indoors: r
- cover. Under-feeding-will - also—delay transformaﬁon*but may“result‘—m,q

| _‘2.7 The young frOgs b L ;t’

g b Bt i ey S S [ . l’ AR

and do, not start to feed until the 7th or'Sth day, when they may be‘fedth#
boiled egg yolk. About 20 days_after hatchmg the tadpoles may be

Proper care ant management of the tadpoles is an 1mportant part of :
frog farm‘ng, ecausey the'larger the tadpole&at the time.of t transformar' :
tron the Mrper will ‘be the-fregs. « = s

" The usual practice is to stock 1,000 tadpoles in one square metre As o
" many s 2,000 may be stocked if Lunning water is provided. Several -
small i&ohd Shduld be provided so that the tadpoles may. be segregated g
accordrng\to s1ie4;o obtain more uniform growth. 7;

s The tadpoles are fed fish soluble and peanut meal in the ﬁrst month r
after which they may be féd sweet potato flour, rice bran,
and other low-cost feeds. The feeds are placed in a pan né: 'thea*water; .
surface to facilitate observation. The tadpoles are fed tw1ce daily, once in
the morning and once in the afternoon. The tadpoles are- omnrvorous e
They Consume both ammal an Vegetable matter R Gl

Pl
ol

2.6 Transformatlon R l S
The time it takes for the tadpoles to lose (absorb) their talls grow llmbsf;‘i \
and transform into young frogs varies a great deal accordmg to tempera-
ture, quality of the feeds and the inherent characteristics of the tadpolesK

the temperature and amount of feeds, the shorter time it takes for
. transformation to take place. In central part of Taiwan, the tadpoles from

eggs hatched in March transform in about three months; those from eggs
hatched in May to July transform in about two and a half months, and

of the next year and grow to large frogs.

" To obtain larger tadpoles, transformation- may be delayed by de
ing the water temperature (to below 16°C) ‘This is more effective i

high mortahty

After transformat1on the frogs are moved to the ponds for young fro
Feeds are not given until all the- tadpoles. have completed thelr,. t
" mation. They are then ,segregated as to size, put into different por
feedmg may begm When subsequent observatrons ﬁnd some*f “]g




srgmﬁcantly drfferen( In size, they must be agam segregated Th1s 18

- important to canmbalrsm , s e
" Over one- fo th ‘of the_pond area must be land. ‘Whep th;s area is / ;

- "paved with bricks ore cement long exposure of its- surface to the sun .
* should be avolded tQ- prevent vverheating. When it is earth surfaced it
should be“pouhded to,a hard surface to m1n1mlze accumulatlon of dirt.
and food particles. S ——

Generally, 100120 young frogs may be stocked in one square metre .
of pond, but if they are as large as 6—7 cm in length, the number should be
reduced to 60-80. .

At the initial stage, the young frpgs are fed earthworms, maggots of
flies, small fish, small shrimps and other janimal foods that are live and
moving. The maggots have been proved to be a cheap source of feed for
the young frogs. They arg produced by placmg fish v1scerals and trash

- fish-on a wire screen on top-of a wooden ‘box Flies are attracted and lay
eggs onto the putrid fish. The eggs develop into maggots which drop
,through the wire screen into the box. More food should be given whenthe
temperature is between 20° and 26°C,‘and the amount of food should be *~ -
reduced at higher or lower temperature The average amount qffgeds i ‘

10% of the total weight of the frogs, given twice a day. At first. the eed is |

scattered on the land surface to make it awailable to all the frogs. Later, it
is placed .on shallow trays, which, ’are put at the margin of the lanc (Fig"
80). Ghe half of the tray, contammg earthworms, maggots, etc. is on,
land #while the other half contarmng small fish, shrimp, etc. is partly
immeMed in water. The purpose ‘of this is to accustom the frogs toafixed
feeding place. '
After one to two months, the young frogs are trained to take non--
moving dead food. "This requires a great déal of labeur and patience. i
Small quantities of dead fish, snails, animal viscerals, etc. are firstadded =~
and mixed with-the live feeds and given to the frogs. The.quantity of nom=---"-"=
movmg food s gradually increased untrl it completely replaces the llve, .
= moving food. ' o B R
——Ir-seome-frog-farms;—r I ‘ :
sevetal floating feedm,g trays are placed on the water surface- Asthe frogs

jump onto the tray, the fray is-made t—b' b‘m‘rthlre*deadfood*appearsé
alive. The frogs will then feed on 1t :

2.8 The growers o : L ,‘ I
When the frogs are over two months old, .they ate. movcd mto ths;;»'
growers’ ponds. For frogs of 12 ¢ni in length the aoch rate is 50 per .

' 133
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square metre for those over 15 cm, the number 1S redueed to 20-30. The
cultural practices are’ the same as those for the latter stage of young frogs.
Meat of the giant African snails is one of the cheapest feeds for adult_
frogs. The frog farmers buy the snails from the children who gather therit
~"and the meat is extracted. Being an agricultural pest, the eradication of
this snail is encouraged by the Government. e LT
In semi-tropical Taiwan, the bullfrogs vrrtually do not hibernate. In
o Cold winter days. they become inactive and cease feeding, but become
., active again whenever the temperature rises. So they grow at nearly all
times of the year. They usually grow to 300 g in seven months after the
transfor matron N .

N

<

f«oﬂ

2.9 Enemies - v B,

During the tadpole stage, the main-enemies are aquatic insects such as
dragonfly larvae and diving beetles. Carnivorous fish such as snakehead
and catfish also attack .and eat the tadpoles. So the ponds should be .
drained and pesticides applled before stocking.
Birds. snakes and rodents are the chief enemies of the young frogs-r-':"?
Adequate fencing and, screemng w111 keep them out. ,

)

[ 42

3. MARKETING AND TRANSPORTATION

. Taiwan has not yet developed an export trade of bullfrogs All the cultured | .

frogs are sold by the farmers directly to restaurants. The common market =
size is 150-220 gm which the frogs reach in 8 to 10 months. At thlsj,’
size, they bring the best price. i )

For short distance transportation, they are simply held in gunny sacks or

any cloth-bags. but for long distance shipping. they are held m wooden w

boxes. They are kept cool and wet during- the Journey R
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 81), had its beginning when Taiwan was under Japanese oceupation, the

scale of operation at that time was very small. People were not interested’_in B
turtle farming, because the animal takes along time, two years or more, to
“ reach marketable S1ze The first vturtle farm of larger size was started in

Taichung.in 1926. The farm had only four small pends, totalling 155sqm. - ,
Attracted by the h1gh price-paid by.] restaurants for the soft-shel turtle in.

. Yecent years, about US$6/kg at its hlghest more and more people ‘have
taken to turtle farming, and the scale of operation has become larger.

Accordmg to the.Taiwan Fisheries Year \Book, the total acreage in turtle’ o

culture was 104 ha with a production of\259 mt in 1972.

L GENERAL DESCRIPTION OF THE\§OFT SHELL TURTLE
B k" :
The soft-shell turtle actually has a poorly oss\rﬁed hard shell, but-it 1s/soft-5:‘f;:;—-w

edged and lacks ‘horny scales. The male can, be dlstmgulshed from the o

- female by the following characterlstlcs \ S [

Although farming of the soft-shell turtle, Zrionyx sinensis Wiegmann (F 1_g

1. The tall of the female is shorter than that of the male not protttuomg
- outside the carapace. ™. s L
2. The carapace of the femalf: is Iess oval than that of the malf//
' 3. The body of the female is' thicker than that of the fe o
4. The distance between the two hmd/le}Sﬁ/greater than that of the -

male. R T "}j’”

L

5. Maturengles: are much larger than the fernales often tw1ce 1n Slze @

—It-ifihabits freshwater and may be found in all the streams lakes andf'
ponds where the bottoms are muddy. Respu‘atlon by lungs. It loves to;ﬂ,_g
climb water edges or aboard any ﬂoatmg object to g the warmth of the
Sun a: S \ - " .

O Ttis extremely t1m1d dlsappearmg mto the water at tne approach







. hand that comes close to-it.
/It is active and feeds well durmg the war’m weather When the water
tempera‘ture ‘drops below 12°C it bu;res itself in the mud to hlbernate

1 / '
N l / . o
. hu/‘mans or other animals. But )t is also v1s¢1ous and cannrballstlc brtlng the

,'4

L e

2. POI\/lD ‘CONSTRUCTION AND WATER SUPPLY;; ’
—_— \\_,L‘ B : [
Ponds are of mud bottom The sides may be of mud brick or con-crete The
walls are provided with protrudlng lips pn the top to prevent the turtles from '
escapmg - The 1% extends about 12 cm beyond the inside of the walls G
/ , The ponds should be: located in an open area with good sunhght (Fig 82)
The water should be from a warm source of supply. Cold spring water:
“is.not syitable. Still water with I'lCh growth of. phytoplankton 18 preferred It
4 hot only gives the turtlesa a sense oﬁ security, but the’ process of. photo—
- synthesis also adds oxygen to the water and removes obnox1ous gases o
' formed by decomposition. L ' :
Since the turtles are canmbahstlc several ponds should be prov1ded so
'that they may ‘be segregated by s1ze The ponds vary from 700 to 1, 7001"[ W
m? in size with a water depth of 40 to 80 cm and a freeboard of at least 30
cm. The deep portion of the pond’ should have 15 t0.30 cm of soft mud
where the turtles car hlbernate in the, winter. The bottom of the. shallow
portion should preferably be a mixture of sand and mud. The larger turtles
have a tendency to escape at the corners of the pond, so the lip at these
locations should extend further out ‘or a triangular piece of wooden board
could be added to each corner. Asii frn all fish ponds the bottom should slope
toward the water outlet to facﬂrtate drainage. . - = - -
Besides the pond for growers as descrlbed above, some turtle ’farms also

eggs (Flg 83). IR e g e
- The smaller farms generally: have no specral pond for the* Dawn

a small house or a platform with sandy bottom for egg laym

. .at one corner of the.rearing pond (Flg 84). . S

It is necessary to provrde nursery ponds for the young ;t




3. CULTURAL' PRACTICES
3.1 Rearing in nursery/pond" " T Sl

The farmers start operatlon by buying young turtles from other turtle
farmers or dealers. The 'young or seed turtles are 2—3 cm in length They«"-

The amount of feed glven dally is, approxrmately equal to abi ,
the total weight of the turtles. Later, minced fish and boiled yolk of egg in
the daily amount of 20% of the total weight of the turtles may be-given.
Mixed feed for eel is. also generally used in the daﬂy amount of 5% of the
total weight. ‘ ! |
Mortality is generally high in the nursery ponds, especﬁally in. the !
v second and third months after ‘hatching. This is due to accumulatmn of
unused feed and detritus on the bottom and consequently decomposmon
‘with the production of methane, hydrogen sulfide, ammoria, etc.'Re
gulatronﬁof feedrng and. tnnely*change ofwater a’renecessary—towr‘educ
loss. n
To maintain a higher temperatur*or growth, some nursery ponds are
covered by transparent plastic sheets stretched. ona wooden frame The
sheet should be removed if the water- temperature exceeds 32°C. -
The turtles in the nursery pond wrll reach 200 g in welght ina year an
may be moved to the rearmg or growers pond. . = &

3.2 Rearing for market )

in the growers’ pond the turtles are segregated by size and put mt’
different ponds to minimize cannlbahsm They are fed malnly trash ﬁsh
which is often mixed with corn or soybean meal. Low-grade formulat
eel feed is also used in the daily amount of 5% of the-total welght of t
turtles. Feeding is .once to thrice daily, accordmg to observatlon'of t

A ! appetlte of the turtles and the water temperature Fatty fish may.
L *as feed in the winter months, but lean fish should be used i in the sum
\ - Salted fish should never be glven, as thlS 1is often |the cause of

mortality. : L e

\ ‘The feeds are placed elther on a wooden tray ora barrlboo bas‘
g ' lo%red below the level of the water. - . e |
g%ﬁ , In southe& n Taiwan, the turtles feed alrgost year’ un
“and northern 'Fa1 van they cease to feed from Dec
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A reported that they reach 600 g-in one year.

when the temperature is below 15°C. Feedmg is best when the water

temperature is between 20° and 26°C. -

\, The rate of growtlt depends a great deal dn the \chmate In central and

' nprthern Taiwan, the turtles will reach the market size of ‘about 600 g in

[ two and a half to three years, but in southern Taiwan, where they feed\" .
‘almost the year round, this size is reached in one and a half to two years.

. In the Chiaochi hot-spring area, with the use of geothermal water, it is

For turtles of one to three years in age, the feed conversion rate is 6—8
using trash fish and 2 using dry. mixed feed (for eel). From the fourth
~ year on, the feed conversion rate is lower and growth slower. This may be

due to the fact that the mature turtle spends a great deal of energy for
A reproductlon ~
. ~-The stockmg rate varies wrth the age of the turtles as shown in the

i Lfollowmg table, - - : = R

- Age o R Number .per. -01 ha
" l-year . 1%00-3 000
2-year R 5 600-1,800
N 3-year = T \ ' 1300~ 450 .
4—year and over . . 90~ 3@0\ v

'~
T

R . ) TR ‘ \)"N\—\

Some farmers put a small number of walking catﬁsh Clarius Juscus, in -
the turtle ponds to take care of the  feed not consumed by the turtles. - '

When the turtles reach market siZe, they are captured by nets dragged
across the bottom'or by, hand::When the ponds are drained of water, the.
farmers wade into the ponds and grab the turtles from the rear. Cgre must o
be taken .to avoid being bitten by the turtle. If bitten, placing the turtle
back mto the water ‘will cause’it to release its’ hold .

~f

4. SPAWN[N G | 5\ |
.The spawners are elther reared m spemal spawners’ ponds or in the rearing -

ponds in which the three-year- olds are kept. In some farms, a small brick or
.wooden houge, usually 10~20 m? in drea and 100 cm high, is. built. It is
_ provided with’a small window ahd a door. This is fer spawping and' 1ncuba— n
“tion of the eggs. ‘The floor of this house has a gentle slope and is covered

with clean sand to a.depth’ of about 15 cm. One or two pieces_of woode,n

planks are placed at the mpall door (or hole) of the house slopmg with the
. end,mtp the water to sesve as a ladder for the turtles to climb in tolay their
eggs in the sand. In smaller'farms, an elongated slopmg platform w1th~sand S
'on the bottom is prowded at one corner of the pond for the turtles to lay

) P T e
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o g - e o B Fés.% Small brick
] : : i ; RN Jlouse for egg-laying
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thelr eggs on. At the lowest part of the floor of the-small house or platform, / B
\a small basin containing water is placed level with the topmost /s/andy '
floor. Thé roung turtles will 1nst1nct1vely drop into the basin aftér they

The sp(_ ihers should be at least three years old Although/ turtles in
southern n’i‘ﬁlwan start spawnifig at two years of age, their egg$ are few in
number, ﬁegular in size (usually smaller) and do not develo into healthy

, ,youngturtles It 1s best, therefore, to use as spawners largeLturtles elghttowv,, o

‘nine years old. One or two males to one female 1;5 usually conmdered
appfopriate. v

The turtle makes a hole in thgsand and lays its eggs ;l{ereln (Flg 86) The
turtle farmer removes the eggs and examines them to see if they | have
been fertilized. The eggs are spherical, 1-5 to 3-0 9m in dlameter They are

. grayish brown in colour. Unfertilized eggs deveLOp large white spots in a

\ few days. The good eggs are arranged in rows with the air cell up and spaced

.about'2 cm apart.and covered with about 5 cm 6f sand to incubate. They are

usually marked with numbers and dates. The $and. should bekept warmand - -

slightly moist. At average temperature of 36 °C, the eggs hatch in about 50

days. Hatching rate is higher in an 1n9ubat1on house than on

platfo"m often exceeding 80%: / '

/

5. PREDATORS AND DISEASES

‘The most important predator is the“ snake Wthh devou;rs the turtle eggs and

young.
The highest mortality occups when the: young turtles are threla; months o
old, when they are infected with mould. This is the result of hlgh\densny
stogking and consequent injuries from biting among thie turtles thernselves \
-Dert,suty should be reduce and the 1nfectlon treated w1th 100 ppm formalm
or 2 ppm malachlte -green. 0

* “The most prevalent and ;nost serious dlsease is what is. known as swellmg

of the neck: Tt begfns with the appearance of red spots on the plastron and.
| ‘*sometlmes bhndnes,s, followed by swelh g of ‘the neck, carapace and
l plastro ‘The, dlseaSe is highly infectious, a}md often causes mass mortahty
- Theco o treatment of giving the dtseased turtles antlblotlcs and sulpha
B drugs 1s not verz effectlve ~ , el i S




Fig 85 Small waterbasmon
~spawning platform for baby
. turtles fodrop into
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" and develop into carposporophytes which produce carpospores. The car-

1

~ . . |

XVIL Culture of Gracilaria- -

-

I INTRODUCTION . *

i

Four species of Gracilaria of economic impprtance arerecognizéd in
Taiwan: G. gigas (or G. chorda), G. confervoides, G. lichenoides and G.
compressa. Of these ‘the G. confervoides is the species most commonly .
~cultyred in ponds.' G. gigas is also cultured in some areas! | e
Gracilaria and Gelidium are thé most important raw materials for the o
manufacture of agar: Culture of Graczlarw (Fig-87) started in 1962, when |
““demonstration in the Hisinta Lagoon (Kaoh?rung) was started by the Chilou...
Fishermen’s Association. Later in qhat year, an experiment on the culture of
Gracilaria by attaching them to rd es was carried - out in Tainan with the -
assistance of the Joint Comm1551 on Rural Reconstructlon Since, then
* the culture of Gracilaria in pondsj'orrnerly used for milkfish has gradually
Eamed popularlty According to the Taiwan F isheries Year Book, the total .
fculture area in 1973 was only 112ha, but the area in. 1974 was estlmated as
400 ha. Pingtung County alone accounted for 1 10 ha, with a productron of

1 OOO mt of dried seaweed K

2. REPRODUCTION |

|

Gracilaria is: ‘a genus of red algae "with about 100 specres and i is W1de1y
" distributed over most parts of the world It has a cylindrical or ﬂ’attened
‘thallus, which is usually bushy dnd attached to the substratum by a small
discoid base, The thalTus is drchotomously, 1rregularly or prohferously
brdnched " . : q o

Gametophytes of Graczlarta are heterothalhc The male thalli produce .
spermatangra The eggs produced by the female gametophyte : are fertlhzed

‘pospores develop into tetrasporophytes Tetraspores are produced from :
tetrasporophytes and germmate into- male and female gametophytes '
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3. CULTURE-IN PONDS

) )
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the way and covered wrth wet straw or gauze to mlmmlze evaporatlon .
146 | o :

/

' e. The water should have a pH value of 6 to 9, preferably 8-2-8-7.

f,\
In nature, Gi acilaria grow,_best in water of comparatlvely low salinity

and low wave action. Inlets and shallow sea with a salinity of 8 to 25%,
(specific gravity '1-005—1 020)\1‘ suitable for their growth. The best =
growth is obtained at temperature:}I\lQ’Cto 25°C. In the p&nd they ®
begin/to di¢ when the salinity exceeds 35 %, (Specific gravity 1-024)2 :
M/ost of the Gracilaria ponds in Taiwan are located in southern part of
the tsland where high temperature prevails. In the selection of pond S1t,e, o
the/ followmg should be taken into consideration: ., R
a. The area should not be exposed to strong wind, which will pile up the =~
Gracz[arza on one side or one coﬁnér of the pond. _—
b/ Freshwater should be available to dilute the water when salm1ty.
becomes tpo high due to evaporation.
;c. There should be sufficient tidal difference to fac1lttate change of water.
'd. The bottom should bé of sandy loan. #

Most of the ponds now in use are those formerly used for milkfish.
They are small in size (about one hectare) and rectangular in shape, with -,
the long axis perpendicular to the direction of the wmd Preferably a
wmdbreak should be erected on the windward 51de

3.2 Planting stock

Due to its adaptab1l1ty to a w1de range of envrronmental conditions; its
high cropping rate and-high jelly strength of the drled product, the G
confervoides is the most extensively cultured spec1est in. Taiwan. o
The cuttings or torn sections of the Gracilaria are usually used as.
planting stock. The Gracilaria farmers buy the, plantmg stocks from .
other farmers. Each plant is either torn apart at the base by hand orcut.. I
‘into plCCCS which are planted uniformly ofi the bottomn of the: pond o
It is important to plant only healthy stock. The. healthy plants are:
those which (1) feel elastic on touch, (2) possess many shoots or stems .
with tips of reddish brown colour,(3) have heavy or th1¢k stems, (4)feel
brittle on being bitten, (5) have straight stems with strarght ends, and ( 6)’ L
are free from adhesion of detritus and other foreign. matenals :
The planting stock?s are transported by trucks early in the day or in:
the cool of the evemng They are frequently sprmkled w;th sea water on



~

\57\_57?' —proper salinity as well as to provide the nutrients for the growth of the

Ml

- 3.3 Pond management

" one hectare in size. Too low a stocking rate-will result in profuse growth
- of phytoplankton. Planting time is usually i in April. The plantmg stocks

- rainy days the pond water should not be changed sometrmes for as long

the tifi& when water is being introduced.

|- W
#N

s , 2

Perforated pipes of plastic wor bamboo are “inserted into the bottom R

-.portion.for.aeration to.prevent. over—heatmg Upon arrival at the destl’na-j"""“““ e

tion. the planting stocks are immediately put into the pond ' "
Co

*

-

_ From 3,000 to 5.000 kg ofthe fragmented plants are planted in a pond of

“are 'placed uniformly on the bottom. They are usually fixed on bamboo' gy
sticks planted on the bottom or covered with old fish nets to pre\‘/‘e“nt themf"‘” Ty
from drifting to one side or one corner of the pond.
The depth of pond water is general y 20 to 30 cm in the months from
April to June. With the increase of temperature after Juneyit is increased
-to 60 to 80 cm. One change of water in two or three days is the general
practice. The frequent change of water is necessary to maintain: the -

Gracilaria. During the dry season, some water should be introduced
every day to avoid undue increase of salinity due to evaporation. During

of water of high salinity would be necessary.

To accelerate the growth of the Gracilaria, fertilization of the pond
water is netessary. Either orgamc or inorganic fertilizer is used. In some
areas three kilogrammes of urea are applied weekly to.a oné- ‘hectare -
. pond; while in some farms, 120, to 180 kg of fermented manure from
p1gst1es are applied to each hectare of the pond every two or three days at -

Since Gratilaria do not tolerate temperatures below 8°C t.he depth of
the pond water shoul d be increased when winter sets in, or they may be .
-moved into wmtermg ponds, Wl’llCh are deeper and protected wrth L
windbreaks. : ’ i

The main pests of the Graczfarla are the ﬁlamentous algae, which: .
develop profusely, especially in the winter months. They envelop thegj;};__ o
~ Gracilaria, depriving them of nutrients and' light, as well asmaking f them '
difficult to clean when being harvested. Such algae are mainly Acantho—
phora, Bangia, Hormisia, Entermorpha and Chaetomorpha. ‘The last
“two cause the most harm and are most. difficult to-control. ‘The' common«s
practice for control of the algae is to lower the water level and de
"the turnover of the pond water for 7to 10 days At the Same tlm
Gracilaria plants of larger size and more VlgOI‘OUS growth are mtroducedg .
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to absorb the nutrients which- dtherwise would be taken up by the pest
algae. About 500 to 1,000 Mllkﬁsﬁﬁm (size of 150 g or more) -
‘may also be introduced at the early stage to control the” green algae. . .
(Enteromorpha and Chaetomorpha). They will consume the Gracilariga =
after the green algae are gone. When this happens. efforts should be made ™~
to remove them by netting them at the water inlet where they congregate.
o canthophora look a great deal like Gracilaria and are removed by hand -
at harvest. .
Many Grarcilaria farms stock their pOnds with grass shrimps, Penaeus
monodon, or crabs, Scylla serrata, to obtain additional income.

3.4 Harvesting,' drying and pack‘ﬁg‘fhg

The Gracilaria are harvested’ orice every ten days from Ci?‘une to Decem-
ber. Harvestm&s by hand or by the use of scoop nets. They are uprooted -
and washed in the pond water to remove the mud, detritus, sand and .
snails that adhere to them. After being thus cleaned, the Gracilaria are oy

" spread uniformly on bamboo'screens or plastic sheets (usually placed on
the sides af the ponds) to be dried under the sun. Sometimes they are
~spread: off-a concrete surface to dry. The drying ratio is about 1:7.

. Generally 10,000 to 12,000 kg 'of dried Gracilaria are produced from
one hgctare of pond annually. :

According to standards set up by the Bureau of Standards in Taiwan, -

dried Gracitaria for export should contain not more than 1% of mud andﬁ
sand, not more than 1% of molusc shells and not more than 18% of
other weeds. In other wordsz/[érelgn materlals should not exceed 20%.
Moisturé must notexceed 20%. . .

~ The dried Gracilaria are packed. in gunny sacks in quantity of 100 kg

- each, either. for export to Japan or sold to local agar plants ‘

o %
#
3
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Fig 87 Experimental-

culture of Gracilaria on
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In addition to the cultured species deser’ihed in the ‘previous chapters, the -

following specie$ are being cultured but have” not attamed commercial
importance: S , |

1. RAINBOW TROUT

o

“Japan in'1957. Three thousand fertilized eggs were brought in, hatched and. A
hberated into a reserv01r where they probably pemshed In 1959 and 1960 ‘
f'terhtres and typhoon damage respectlvely In: 196 1, 50 000 eyed eggs were -
imported and were hatched and reared to adults in a newly . estabhshed’”
hatchery at Ma-Lun located high on the upper stream of Tachia Rrver ;

- The Ma-Lun Trout Hatchery has been in -operagion since that timé(Fig .

89). Fach year it produces 20,000 to 30,000 fingerlings. In 1974, the
- Hatchery sold 3,450 trout with-a total weight of I 623 kg, and 10, 000 -

ﬁngerhngs were liberated into the Wanta Reservoir.

‘The feeds for the fingerlings consist of animal vrscera“ For larger ﬁsh a

mlxture ofammal protein food (55%) and plant protein food (45%) isfed.

In addition to the Ma-Lun Trout Hatchery operated by -the- Tarwan-f,7"’"“"”'""‘““’-"
_Fisheries Research Institute, a private’trout hatchery located at Kinshan

_ (near Taipei) is now producing 5 to. Tmt of trout each year most of whrch .

- tare sold to tourist hotels.

Due to the difficulty of finding sites. with adequate supply of cold Water L
" there is very little possrblhty of expanding trout farming in Tarwan

It may be mentioned in this connection that &' land- locked salmon
Oncmhvnchus masou (Brevoort) is 1nd1genous in the mountain streams of'f{f_
Talwan Due to indiscriminate ﬁshmg by the aborrgmes it has now pract1—.j,~

0
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Taoyuan and Mraol but is now practrcally extmct due to the use of 'V'jff‘—“
.. dynamite and the lack of protection.- - St e ;
The ayu ds a highly esteemed table delicacy; espemauy T Japan 1ne1<e S
are two ayu farms in northern Taiwan. They import fingerlings fr.omiap_
-—and rear-them in freshwater ponds. They are sold to local Japanese
restaurants at a size of about 20 cm.
The culture technique is similar to that of trout culture. Differing from

trout. they tolerate higher temperature and lower dissolved oxygen content.”
Efforts to rear the hatchlings (Fig 9 1) to stocking size have not been

. successful, although the ayu could be spawned in Talwan

. (o : , BRI
3. CATFISHES " ‘ | ‘

Besrdes the native walking catﬁsh Clarzus fuscus three other species .of
“catfish are known to have been reared in ponds in-Taiwan. They ar e -
Japanese common catfish, Parasiluriis asotus, (2)' Thar Catfish, Pangasius... . .. ...
sutchi, and (3) the walking catish from Thailand, Clarius betrachus. In- * »
—__addition, some fish farmers have lmp.OPte(fﬁ"gerllngs of’ the channel catﬁsh R
Ictalurus punctatus, and rear them on trial. '/' [

3.1 The P. asotus (Fig 92) is a large freshwater catﬁsh found in the
western part of Taiwan, reachrng 30.cm m length. Its food consrsts of

to feed in the dark.
Fmgerhngs are purchased from fish fry dealers About 5’(/)0 g of

ﬁngerlmgs in weight are planted in 3-5 m? of water area. F/eeds consist- . 3 ,

mg of minced trash ﬁsh mlxed &ut formulated eel feed are nlaved in.a?
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i In-1971 and 1972, the Chuber Fish Culture Statlon of .the Ta1 an'

- . indigenous C. ﬁgs and afe gaining popularity. Frngerhngs are nowv" ,,
| ]

S

a - B "
e .

of the year and may. be harvestedj They are. 1mpounded in clean water and
marketed the next day. They are sold alive.’

" Fisheries Research Instrtute sudceeded in an experiment on the artificial
" propagation of the P. asotus.! After 30- days, the hatchlings assumed th

appearance of the adult fish. Brachionus and danhma were used as feeds .
for the larval fish. . / A : o A !

\'_ 3.2 The Pangasrus catfish ‘wals mtroduced from Thalland through the AR
- effort of 8. W. Ling in 1969. O/nly afew live specimens now remaifi inthe .

__ fish calture stations, and they are as yet immature at time.of writing. The - \

* difficulty with thjs species is t/hat is cannot tolerate the Tow tempemture-g“ ‘
of winter in Taiwan. . .

3.3 C. betrachus. found therr way into Taiwan through 1mportat on. by;‘j
private fish-farmers. They grow faster and to a larger size tha the"%\.“l'j

produced local

artlﬁcral propagatlon T T
4SWAMPEEL o A T
.'j.The swamp eel, Fluta alba (Flg §3) is served asa dehcacy in restaurant-s’fy":; B
‘and commands a high prlce It is caught mamlyffoﬁrcerpaddws and has' .
‘not been cultured, except that some are impounded to meet the off-season s
market demand. PR

- In 1969-1970, the Chupei Fish Culture Station’ of Tarwan F1sher1es
Research Institute carried out an experrment on the culture of the swamp e
eel Three cement tanks W1th mud on the bottom were used The feeds were )

- WETe: L e S
(l) The swamp eel could grow by artrﬁcral feedmg, but the feed c“nver— g

~sion ratio was very' high,. 195 to 252+ - Yo

(2) They could be tramed fo teed in day trme




‘an optnnum water temperature of about 25 C. When ‘water temperatuxef
drops below 8°C or exceeds 32°C, it burrows into the mud bottom and
becomes sluggish. It is generally,..,-found in rice paddies, mud ponds and
’ other stagnant waters. It is- capable of breathing through the skin and the .
mtest1 es and can-live In water of very low dlSSOlVCd oxygen content. Tfl’e[

FR— he end of May to the end of June The eggs adhere to aquatlc plants andl‘f"."f'"*f -
_hatch in 2-3 days.  ° \ .
. Only a few fish farmers in the Taiwan area are engaged i the culture of
“ the pond loach. The ponds are similar to the eel ponds, but 2030 cm of
. mud should be added to the bottoms. ‘The fry are collected from the wild.
They are 3—5 mm in length when newly hatched. After 2—3 days, the yolk .

5acs drsappear and they may be fed with egg yolk and milk powder. A little .
later, natural feeds such as daphnia and rotifers, supplemented with fish
“meal. rice bran and other artificial feeds, may be given. In about a year they
exceed 10 cm.in length and may be marketed. o
The stocking rate is about 130 g of fry to-3-5 m’ in the nursery pond .

They are transfefred to the rearing pond (0-01-0- 02 ha in 51ze) when they"j L
reach 5—7 cm in length at density of 300-500 g per 3-5 m2  ° S
Often they are reared in ponds converted from rice paddies, in whrch case .
the ponds should be fenced with plastrg ‘sheéts to prevent their escape. ;’;_';
‘They are harvested )y draining the ponds and should be 1mpounded in
“clean water for one or two days to.empty the guts and remove the muddy
taste, before marketrng = hey are sold al1ve P o .

6. KURUMA SHRIMP

.. The kuruma shrimp, Penaeus Japonzcus (Frg 95) 18 the favourlte shrrmp of v
the J apanese people and 1s the specres under extenswe cultlvatron in J aparr” »

% " (Pescadores) due to the followmg reasons: .
% . (1) The tidal difference along the coasts of Talwan 18 too small to .
’9’?{,% allow the construction of ponds with a depth of water over one m\etre -
% unless pumping facilities are installed. Deeper ponds are reqr_»"_[, db '

L c’v{» . kuruma shrimp to minimjze changes in water temperature and salin
A % (2) The large quantity of eutrophic water discharged ‘from milkfish
” : %‘t; ponds makes it difficult to obtain from the canals and estuarres ‘,c;l‘e;a
ls sea water _required by the kuruma shrlmp . .

(3) Because of unevenly dlstrlbuted ramfall 1t 1s dlfﬁcult to con

Salmlty of the pond water

5 ’ o L ' o L .
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Fig 95 Kiiruma shrimp
. lcus

Penaeus japon- - Fig 96 Laternula sp, clam cor
. ... used as feed for shrimp.



Ea

(4) Most of the ponds in.Taiwan have bottoms of sandy loam wh1ch
@ are difficult for the kuruma shrimp to burrow i in. Nor is it practrcal toadd k
sand to the bottom, because the sand found on the coast of Tarwan is too .
ﬁne and forms a hard surface in water. .
(5) The best feeds (Fig 96) for the kuruma shrrmp are clams small
shrimps and squids, which are expensive in Taiwan. = ~
Production of kuruma shrimp seeds is no problem. Plenty oilsfpawners
are 'available, since many shrimp boats are equipped. with facrlrtres to
‘kee the kuruma shrlmps alive for export But practlcally no kuruma

the rpethod for monoculture of grass sh‘rtmp with lrttle modrﬁcatrons and f’_ :,” :,i
are, generally not very successful ~
7. GI:ANT FRESHWATER PRAWN B :

e T
The grant freshwater prawn, Macrobrachzum rosenbergzz (Frg 97) Was
1ntroduced from Thailand in 1970 through the effort of Dr. Shaowen Lm g,
FAO Inland Fishery Biologist. From one male and one female survivors
from this shipment, hundreds of thousands of offspring have beengé)red by
the ﬁsher1es laboratorres and commercral hatcher1es (F1g 98) At present
prawns, but none of. these prawns have yet reached marketable size. So the |
_fate of this gaterprise, which depends on pr1ce and cost of productron 1s yet .

,,,undetermrned - ,

T The giant freshwater prawn 1S wrdely d1str1buted in most of the troprcal
and subtroprcal areas of the. Indo Pacific region, occurrmg in both fresh and .
brackish waters,® but’ only a few wild" specimen have been caught in
southern Tarwan It is omnivorous. Growth rate is. rather rap1d reachrrbg* 1
maximum of 125 g in. werght in about six months. '

 “The'facilities and equrpment for- hatchmg and larvae rearrng are} m‘rlar
to those for the grass shrimp. Since the new hatchlmgs requlre a bracl

| water medium, the hatchery should preferably be located near th sea
" Berried females are kept separately., one in eac tank of 0 5t i
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‘given.

- and the water is gradually freshened. The Juvenlles at this stage are about

. stocking in the growers pond.

'shellﬁsh other animal matters and feeds of plant orrgm

8. VIVIPAROUS SNAILS* . "

i

added. From the first to ﬁfth day, thay are glvensArtemla nauplit” and
prepared feed, daily addition of sea water is made to increase the salinity to
13—17%,- In the following days the salinity is further incressed to 18 Doosnih
and more mixed feed (ﬂesh of fish and shéllfish, egg custard étc) is

At temperatures of 26° to 28°C the larvae metamorphOse into juvemles, .

7 mm in length and may be trangferred to rearing ponds (cement ponds with o
mud bottoms). They should be reated to aboﬁt 5 cm in length before'_'_

The growers pond is usually a mud pond Feeds consrst of trash ﬁsh

4

a |

. ”s snail, Viviporus chgnenszs malleatus, 1s anew’ comer in thegf{
aquapult 7al industry. Its culture ts on a small scale; and only a few small .
farms can be found on. the 1sland »

They are generally reared in di ches of about 1-5min Wldth SO that they

could be plcked up by stretchmg out the hand The depth of the dltCh 18 50—

marketed. They are caught by hand sometlmes W1th t,
They are popular m food stalls as’ well as m homes s
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