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s species of fish and one plant. After gradyating from college in Pekmg he

* research and screntlﬁc papers for many of} officigf ubllcatlons This work now

_ bllg‘led in Taiwan so that other areas ;

| The .Author

L.
i T

A llfetlme spent in -the study and_practlce of aquaculture in Chlna and
Taiwan enables T P Chen to give in thig practical and informative; worak’
detailed guidance on the successful commercial culture of no fewer than 29

studied at the University of Washmgtoq Seattle USA takmg is M Sc

degeee in 1925. On returning fo China he speedily won exe_putwe € positions- ..
at important Expertment Stations until ml!erruptron occasroned by the war

with Japan 1936—1945. He emerged from that period-in 1946 as general
manager of the Taiwan Fisheries Corporation and from'that time onwards -
he has been in the' forefront of leadershi& in devel ing aquaculture in

Taiwan as is outlined in the introductory ghapter, of thjs work. After three 4
year’s directorship of the Fisheries- Rehabilitation -Administeation-he-was——--
for nine years fisheries specialist on the Commission of Rural Reconstru__,----'-" -
tion, finally b coming. chief of the Fisheries Division df that Com
for the years 1959-1973. in this perrog Fé

Taiwan’s aqhac_,": '
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* Taiwan lies" some 90 miles east of the Chumse mainland between the north
latitudes of 21°"45" and 25° 38  and is crossed about mid-length by the
= Tropic of Capricorn. It is approxlmately 260 miles long by about 90 miles
“at the widest part. In ared it is 13,000 square miles. The eastern part of the
island is mountaindus and forest covered. The highest peaksrise 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, sulghur, 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 markedly_lp recent years. |
 The population exceeds 18,000,000 and is basically Chinese. For many
centuries Taiwan was admmlst/ ed a8 part of China. It was, hoqever
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 fwo principal
« seaports are Keelung in the north with a populatton of about 400,000 and
Kaohsiung in the south with a population-of about 900,000. The capltal .
Taipei has a.population of-about 2,000,000. A mutual defence treaty was®
signéd between the United States and Taiwan in 1954.- | R
" There is conmderable difference ‘between the south and north in the
. .season of rainfall and air temperature. In southern Taiwan therainy season |
is in the summer; in northern Taiwan, in the winter. The average monthly -
- temperature in Ilan (the aquaculture centre in northern Taiwan)and Taman o
. (the aquacuiture centre in SOuthem Talwal;t) (recor;}ed from 1897 to 1945).
are gwen as follows: '

. . R I

e | (In centlgrade) Tian Taman_
- January : 15_-;.8 170 - . - S
Febroary  ~ 16.0+ 171+
March o179 1970 s
~ Aprit - 20-6 .23.4




A - May " 23.5 263
\ June e 26:1 2747
| © July | 27-5% 218 .
o August 27.2 275, - -
1% Stheﬁnber 25.8 27-1
B " "~October - 22.8 24:8 | . .
; November- 20.2. 21.8 o
_ , December 17.2  18.5 . S
© . These temperatures are given as a guide to aquaculturists elsewhere in
considering-lthe applicability of Taiwan practices in their own localities. -
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~ The pI‘OduCthfl from aquaculture in- Talwan (meludmg Penghu) 1974 -
.. totalled 114,472 metric tons, whith was 16 4% of the total fisheriesw
product10n of 697 871 metrlc tons. {The more 1mp0rtar1t species cultured .
were: . \ ; S
L o Quiantity of . Value .
Species | productzon (mt) (NT$1,000) '
1, Milkfish | 28,907 1'06’7'609
v 2. Carps - 416,816 \ 339,629
3. Tilapia Co 14,772 220,934 ~
4. Oyster 13,359 \559 397 o
5. Eel o 11,821_ \ 2059,313 T
6. Meretrix clam - 11,695 - 197911 -
7. Gracilaria 15,971 - 21,897
" 8. Asari clam | 2,203 7. 93 35‘8\ oo
9. Mullet =~ - 1,298 - 88,191 . [
10. Freshwater clam 1,013~ 13,382 \_ T B
'11. Soft-shell turtle 282 38,715 \
12. Sand shrimp . 223 12,025 -
13 Serrated crab ~ © 150 23 839 %\ ...
14. Grass shrimp 1400 Tolsst L. b
15. Bl-c?’d cockle . ‘ 57 SR 1__1§m0___;'_ R [_ —

The value of the 108 é; 13 metric tons. of produce hsted above. totalled in | o
Taiwan dollars 4,769/381,000, At exchange rates current at time of T
“preparing this book this sum converted into Sterling at. £65,500, 000.

It will be seen from this above tabne 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 Pt
pI‘OdUCthI’l amung all cultured species. o 'l'

" Agquaculture in Taiwan is noted for its dnvermﬁcatlon In the present
book, the cultural practices of 29 species of animals and one species:of plant =

are descrnBeH They include one species eaeh Qf a &e, reptlles and amphl,_ :‘ ..

4 Xl ff
: 5.
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3pecnes of fish. The culture of some of these spec'

. -
[ Qi“‘?

S, ﬁve sﬁemés of molluscs four speCIcs of crustaceans and exghuee*l ’
‘is not known or

bi

| .'ufalki g catﬁsh mud skipper, Corbzcula clam and the vlwpafous snaik. The |
'culturzx of'the seaweed Gracilaria in ponds is also unique in Taiv . + !
JAt is the spirit of progressiveness that has been respon51ble for the success
-of .aquacultural developments-.in Taiwan.- The-fish: farmers are™ot only
industrious but are eager to acqulre new technical know-he& moment B

o

- species have been introduced by the research mst:tutlnns the}, \m udlat-‘-'
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 goveriment 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 encBuragerhent to peopie 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 don&u‘l&other parts pf the world where chimatic.and other
conditions are similar to or are even'better than in Taiwan. For instance,
Philippines and Indonesia, where the chmate permits the growth of milkfish,
all year round, haye-a combined pqnd area of over 300,000 hectares uded
for milkfish farming with a total annuul production estimated as 135,000
mt. This production could be mcreaseH to about 600,000 mt annually, if
- only the Taiwan practices were adopte;d 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 #pecws produced, by aquaculture,
predominantly milkfish, carps and oysters, weﬂe mostly consumed by the -
local populgce to meet their need for. ammal proteln food. But from 1960
onwards, to meet the demand of the more affluent people, particularly'the - - *
gourmets, for foods that were new and dlfff:\'kﬂt in taste, luxury items —such
as soft-shell turtles, ayu, rambow trout — Were produced in éven greater
quantity by the fish farmers. An export trade too began to expand and it
provided an incentive to fish farmers to grow Eertain species such as the eel. .
The export of eel to Japan in 1974, about 7,000 mt was \value_d at about

Xi] ) ' ’ '!I. ;:'
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US$ 50 million. This was accornpamcd by the steady mérease over the'.
years of eel farm acreage to about 1, 200 ha (or about 3.000 acres).

"During the 14 years: that..the author has served as C hief of the Fisheries.
Division, Joint Commission on Rural Reconstruction in Taipei, many .o
aquaculture workers from other lands have come to Taiwan for training in :
‘aquaculture, including some from Thailarid, Malaysia, South Vietnam,
Philippinesndonesis:Pat rea“%émgem Mh@ped—th&t—tms-beek——w
- will benefit not only people in' these countries but all others who are.
interested in acquiring mformatmn on aquaculture as practised in Taiwan
and so beable toapply the tcchmqucs developed here to their own l,‘ands

It should be stressed, however, that many of the practicés as descrlbed in
this book cannot be adopted dnrectly as such ja other areas. This$ is due
mainly to enwronmeﬁtal institutional and socio-ecdnomic differences,
such as temperature,/ water supply; land avanlab:hty, cost of feeds and
labour and market démand. The dquaculturists in other areas wifl haveto + . -
use their Judgemegvm adopting and modifying these practices. g

It has taken the apthor about two years to prepare this book. Thanks are :

L]

;‘ %

- due to Mr Ting- lang Huang and Dr 1 C Liao for supplying information on -
some of the subjects and to Mrs Ruth Lee and Miss Gloria Luh for St
assistance in tt{e greparatlon of thc manuscript. : )

L T P Chen
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& INTRODUCTION

The mllkﬁsh Chanos chanos. (Forskal) (Flg l),, has ageograph1cal dlstnbu-‘
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 Pacific coast of
the United States north of California. .

Farming of milkfish is an important mdustry in the Philippines, Indo- o .T
‘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 Flsherles Bureau the-total

milkfish culture area iny, 1972 was 15,624 ha with a total pl‘OdUCthI] 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 result of adequate fertxhzatlon and stock mampulatlon

@

. e - kY \
: L}

9 OCﬁl

‘Fig 1 Milkfish Chanos chanos -

4




~ the reign of General Cheng Cheng- kung (Koxinga) more than t

2. HISTORY - | " I

Tt is generally believed that the culture of milkfish in Taiwan dates baq‘icmﬂ\

- dykes on the low land along the coast of Taiwan and stocked the pondsso -

built with the fry of milkfish obtained from the littpral waters. Milkﬁsh

ponds were first’built in thé Anping area of Tainan. .
About 1910, during the Japanese occupation, a fish culture station was

..-_.-establlshed in Tainan by the Talwan Governor-General with Takeo Aoki as

its head to carry out experlments in milkfish culture.* This station, which

became a field statlon of the Talwan Fisheries Research Institute in 1945, 1s

~ now being moved to a new S1tq of 70 ha in the Tsengwen Tidal Land area.

hundred years ago.’ The Ch{nese fish farmers who migrated to Taiwan built

3. SUPPLY OF MILKFISH:- FRY

Estlmated at 10000 per hectare the number of milkfish fry requnrecl
annually for stocking the {3, 624 ha of milkfish'ponds in Taiwan is about
160,000.000. In recent years, due to the<ncrease 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. l

x

Table 1. Yearly Fluctuatnons of Production of MllkﬁSh Fryr | \\

1963-1972
1963 83,000,000 - 1968 96.562,000-_ - o
1964 153200000 1969 137,456,000 - e
1965~ 98.200,000. 1970 207800000 ¢ ‘. e
1966/  187.000,000 1971 139330000
1967 28,000,090 1972 128.310,000 N

B e — » i

et

T | - * s o
‘The milkfish fry are captured'in Taiwan in;the 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 qf the spring tide. Dupng these months,: .
thousands of coastal ‘people, women and children included, gli\ther on. the
beaches and in estuaries and coves to reap the: harvest of the sea.
. The gear most commonly used is a triangular scoop net (Fig 2). which i 1s
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 attache
to a bamboo raft and the other is towed bya gnaf who walks along the shore
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At shallow places. the Ljﬂ.’l&‘. nét can also be towed” b\' two pusom cauh e
“*holding dnto the tip of each wing. oo
In 1967. the fry tollectors in the southern part of the island buzan Llsmu
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 thands done by the older

methods.
The milkfish fry captured along the coast of Taiwan are free from yolk
sacs. They are transpafent -and average 1-5 cm in length,

w 2

Fig 2 Scoop net for catching milkfish fry

In some years. when the local supply of mllkﬁsh fry was not sufficient,
quantities were imported from the Philippines andIndonesm Because these
countries are often plagued by-cholera. the government of Taiwan .has
‘recently required that the milkfish fry be sterilized with Panfuran S ‘",.-'
concentration of 0-5 ppm upon their arrival. - ( .

+ TRANSPORTATION OF MILKFISH FRY -

- After their capture. the milkfish fry are kept in sea water in wooden buckets.. .
or are tegporartly 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 g‘llvamzed! o
iron cans with sea water and transported by train or automobile. Since the =
trip required lour to ten hours. two Changes of water and its agnl'ltlon were'
I'ICC@SSchy for the longer trips. SlI’l*CE 1962. the use of plastlc bags has

- "

S
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bedome prevalent The bag contains'water of 1 1 5% salinity and is filled .3
" with oxygen. Ice i5 added during the hot eather. Thus mortality is

lowered and much labour saved,

5. MILKFISH FRY DEALERS S

# §

o

The milkfish fry dealers are concentrated in the mty ol Taman Thefe are -
seven dealers at the time of wrltlng Each dealer. has a number of small
- cement tanks of about ten square feet-in area‘and about seven inches in %
depth of water. Each tank holds about 30.000 fry. As the fish fry dgalers are
iocated in the city, tap water le often used Salt is added to obtain a Sallnlty
of 5 to 12%,. i
" 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 of.gtarting-the-eircular-swimming motion of the fry and
the excretion of faece‘§ This is removed with a dipper from the centre of the
bottbm after the watgr is stirred and begins a clockwise circular métion.
~Water is changed onee or morée daily. Fish fry remaining too long in the = 7]
__ __tank may become stunted by the increase of salinity to about'25%,. - .|
“The fish: t”ry dealer: sells the fry to fish farmers who come to the city ‘to.
buy. The price of th¢ fry fluctuates widely from day to day actordmg to -
supply and demand .
6. MANAGEMENT OF MILKFISH PONDS AN

6.1 Area and Climva_te . ] o - | L i

The milkfish ponds in “Taiwan are confined to the coastal areds i-’uf_..__ -
Yunlin, Chiayi, Tainan, Kaohsiung and Pingtung, whete climatic cond1— '-
tion$ permit a growing season of about. elght months per year. No - .
milkfish ponds exist in the area northof Yunltn,,whlch has a"’longer and” -
colder winter, and ‘on the east cQast' which ‘has notidal flats. N

6.2 ‘Location_ o ~ - = S

) The ideal Iocatton of a mllkﬁsh pond 1s one in Wthh (l) the temperature

“is above 15°C in about eight months of the year, (2) there is'no great

exposure to danger of ﬂoodmg, (3) the pond water is not liable to serious -

dilution Huring the x*amy season, and (4) fresh water is available to adjust
A_the pond’ water to /a«*sallnlty of not over 50/ %o during the. dry season.
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6.3 Elevation ) S o
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*below"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- haveran elevatio@of 10-30 cm above mean sea-level.

’ 6.4 Soils ' - s
" ' L]

According to Tang and Chen.® the algal pasture soils of milkfish ponds in .
_Faiwan coopsist of .allnvial.tidal flats. of-reeent--origin:--Silty- toam-amd-~- -
loamy soils are most favourable for growing pasture algae. Seepage is |
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 C
are of low productivﬁy, i B —

L

6.5 General layout of ponds

A unit for milkfish production consists of the following: dykes (outer and
inner ), rearing ponds, wintering-ponds, nursery ponds, water passage _
(for filling and drainage) and sluice gates (outer and inner). B
The purpose of the outer dyke, or sea dykc, is to resist the encroach-
_ ment of scawater. It has to be thh enough to prevent appréciable
-- - remain stabie-under the static pressure and dynamic attack of tide and
wave. The designer must know the_height of the highest sea water level,”
the characteristics of the highest wave which may occur at tng,dyke site
and the run-up height of wave on the dyke.

On the western ¢oakt of Taiwan, the slope of the OUISIde portlon of' the

- sea dyke is generally 1:2-5to 1:3. and the inner pOl‘thI’l lS 1: 2 The top of -

... _the dyke is about 2 m-in width—— — St R

The mner dykes are built for the purpose of dmdmg the mllkﬁsh '

- ponds according to ownership and are generally 1.7 m in height witha
"~ slope varying from 1:1-5 to 1:2 dccordingfo the nature of the. sonl The

h top is about-4 m in width to facnlltate transportation by truck.
- In addition te the above, the ponds are further dlvuded by small dykes

B - . . . R B




of 0-8 to 1-0 m in height. The inner surface of these small dykes is
~ generally lined with bricks 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. ] |
i T.he Water passage or canal serves as -a -passage for mcommg and -

ete, and for temporartly holding the fish when needed, There are 1nner o
water passages and outer water passages, The former are generally 6 min .
~ width and 1-5 m in depth. The width of the outer water passages varies
according.to the size of the ponds they serve and the tidal condition. For
ponds of 20 ha in total area, their width is generally 12—15 m. The water
passages should have a lower eievation than the ponds they serve to
facilitate drainage.
Sluice gates, are usually placed at points where the elevation is lowest.
" "The stiice gate-atthe outer dyke-1s-made of -bricks. ‘.Th\e: series.of. wooden. . |
boards, which are inserted into grooves on both sides of the gate, can be
removed or mstalled one by one tg admit or discharge wafer in the =~
desired quantity or level. Inner siuice gates are much smaller and formed
—hy. wooden hoards on both>sides of the inner dyke. )
The shallow pond in front of the wintering pond is often used as a
nursery poud Water in the nursery pond is man;ltamed at a depth of 20— -
50 cm. ¥ ;o
. Wintering ponds (Fig 3) are often located close to the’ oﬁter *’water
passage where the admission and the drainage of water are easy: They are
long, deep ditche§ protected on the windward side by windbreaks, which
. consist of bamboo frames thatched with straw or other plant material.
The width of the ntering pond is about 5 m at the top and about-1-5m =
on the bottom. The depth is about- 2 m. The windbreak is’ placed - -
obliquely at an angle varying from 25 to 40 degrees to ward off the wind. g
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 -
seiriing. The pond bottom should be levelled, with shallow trenches e
leadmg from the water 1n1et to the outlet. | . K

§

Two kinds-of- rmlkﬁsh ﬁngerlmgs are used—--for stgckmg the ponds, th:_
overwintered ﬁngerlmgs and the new fry captured from the sea in spnng :




ot

The overwintered lingerlings are either those undersizea (less than
150 g) fish harvested by the fish farmers at the close of the rearing season
and kept in wintering ponds, or those late fry captured from the sea.in
July and August and stocked in wintering ponds by fish farmérs who
specialize in this trade. In the former case, the undersized fish are placed
in the wintering ponds as described above. In the: latter case. the
- factlities consist ot shallow ponds (20~40 cm) and deep wintering
~ ditches (-5 m). Feeds are generally rice bran. peanut meal and soybean
meal. Benthi¢ algde 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 whlch 15 a smal pond of less than 20 cm in water depth and 100 to
ment is remove_d it becomes a part of the reem’ﬁg poncr after the"‘ *“_‘"*'
fingerlings are tfansferred to the rearing pond The' usual practice - '
is to utilize the shallow area, of the wintering ponds for this purpose. . "
The water in the nursery: pond S dlluted to 10—157%, before the fry are |
. mtroduced . R S > SRR




pomts

After the milkfish are held in the nursery pond for a day dr less, an_
opening is made between the nursery pond and the;rearing pc!md This
opening is screened to prevent the fry from entering the rearing pond.
The interchange of water results in the water in the two ponds approaczh— )
ing the sa‘me salinity. The screern is then removed and the fry are allowed :
to swnm mto the rearing pond of thelr own accord. /1 : A
6.7 Preparation of thé rearing pond o e
Since the tem perature from November to Marc:h is too low for the growth
of milkfish, the rearing ponds in this perlod are treaLed to promote the
growth of benthic algae, which are the-main food of the milkfish. They
consist of blue-green algae (Oscillatoria, Lyngbya, Phorm:dtum,"" .'
Spirulina, Micrococcus, etc) and diatoms (Navzcu}a, Pleuroszgma ro
- -Mastogloia, Stauroneis,- Amphora, Nitzschia, etc).2-A good -growth of .-
benthic algae is respops’ible for the success of mllkﬁsh {armmg The
- following is the practice in the Tainan area.

In the middle of November, the water in the pon_d 1$ dr_amed off the
" battom Tevelled and the dykes are repalrecl The bgttom is then exposed.
" to the sun unfil the soil cracks and crumbles easi}y under.the pressure of
the finger (Fig 4). Seawater is then let in to a dépth of IQ—IS cm. If the
_pond is deficient in orgamc matter, the pond should be fertlhzed with
~ dried chicken droppings or hog manure (500-1,000 lqg/na) or ricé - .
bran (300-500 kg/ha) before the introduction of sea.water. More .
fertilizers should be used on newly constructed ponds. Thé sea water is S
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 fertlllzed
again if the growth of algal bed is found to be poor. With- adequate "
application of ferplnzers and the accumulation of nytrienfs-from the - -
introduction of sea water, the algal beds should have developed toa
thickness of 1-3 mm by March, and sea water is let in to ajdepth of ~
1015 cm. At thlS time, tea-seed meal is often added to'eradicate the ,
‘undesirable species of fish in the pond. “The cakes of tea—seecl meal are
simply ‘broken up mto small p1eces and cast into the water at various -

;o

68 Stookmg o | . | -

Stock mampulatlon is the key to the high yleld of mllkﬁsh {ponds in N
Talwan Its malﬂﬁwbjecnve is the maximum utlhzatlon of the foodf“'-'-'j”"“"j

: - L - _f T
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-resources (in:this case benthic algae) tlle pond\ In lede this 1s
dCLOlllpllShLd by the following'managemeht technigque: - .o
In tllg early part of April, the pond i"stocked with overwintered R
fingerlings of size varying _l'r_‘om 56 1500gin welght\*The number of = - \

fingerlings planted varies from 3,000 to 5,000 accordmg to size.

C o - - FEig 4. Pond bottom is.sun-dried till.it cracks'~ L _. T

.,

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

dlffer nt times of the year. e
- Table 2. Nu‘mber of Fmgerlmgs Planted in Different Months-
. Average weight of ' Number of

. Month of srockmg ﬁngerlmgs planted f nger!mgs plamed : o
April - - 5150 g-. . -5000. . S o e
May S 0-05 | ' 2,500 - R
June ; ; 0.06 2 2,500 )
July - - 0-06 2,000
August—Septeml‘per »  0:06 3,000
Total number planter : 15,000



6.9 Harvesting

ol

Harvesting of the fish begins at the end of May, and about eight harvests

are made until the middie 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 fry grow to a weightof 200300 gin August or.September,.when. /...
they are harvested. Tﬁe new fry planted in July do not reach marketable

size by No»ember and are put into the wintering ponds : ?(
.t ‘~

‘ __ Flg 5 Glll ncts Eer harvestmg the crcrp

-
' R - -

& r
LY

.

The highest total welght of fish in the ponds occurs in June and J uly,

when it reaches 700-800 kg/ha. This is perhaps the Righest carrying

- capacity, at which pomt the fish population should be thmned out by
frequent partial cropp{ng as mentioned above. o L
- e —Gill metstare used-for-harvesting: the-nilkfish-(Fig-5)-The- mesh srze"' o
o of the net varies with the size of the fish to be harvested. The: height =
of the net lﬁ 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. T S
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Before actually catching the fish, a net of large mesh size or a device
congisting of a rope to which a number of bamboo pieces are strung is
towed across the pond to scare the fish into emptying their stoﬁla'chs.
Sometimes a number of persons on moving bamboo rafts strike the
water withr 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. N

The fish are packed in bamboo baskets (Flg 6) loaded onto trucks and
taken to the market. Crushed ice is spread on t0p of each basket to
preserve freshness.

The ordinary size of fish harvested for food is from three to four fish .
per kilogramme. Those used as bait for longlining are harvested at the
size of 10 to 12 fish per kilogramme. As the milkfish’ grow to over. lO '

L Kilogfaminies in-nature,-these fish-are indeed-babies:— - == o

6. 10 Feedmg and fertlllzatlon | o

" Beginning in May when the rainy season starts in south Talwan 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
applled in March may stlll remaln 1 to serve as. food

meal. The quantltles given are generally 30 kg of rice b!ran or 25 kg of
- soybean or peanut meal per hectare daily.

Fertilizers in the form of chicken and hog manure are also gpplled _
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 : B S R
o The common pests-in-a mitkfish: poncLare the Chironomid lauzae,_the. S—
.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 . 1+ -
500 kg/ha, the benthlc algae they consume datly may amount to 30to 60 |
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" 'thus lower the ferality of the pond.* .

The Chironomid larvae on the pond bottom may be cradlcated by
applying Accothion, Abate, Lebacid, Sumithion or some other
pesticide,'® without harming the mnlkﬁsh (Fig 7). :

6.12 Wmtering

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

exposure to cold is prolonged.

- in Southern TFaiwan. 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 afier June do not reach market-
able” size in October and (2) somie fish should be made available for

" not be available until April.

" The milkfish are placed in the wintering ponds in October or Novem—
ber and held until March, when _they could be ‘planted in the rearing
ponds. There is usually & shallow area adjacent to the wintering pond in

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

: necessary, therefore, to add fr

h water to tle ponds to maintain the
‘proper salinity. . . '

7. PROBLEMS

kgfha They also consume other organic matters on the pond bottom and

Tt may die at a higher temperature if condltlons are unfavourable orifthe

As the temperature of pond water may drop to 5 or 6°C_ in the winter
~stocking the ponds early in the next rearing season as the ‘new fry’ will -

which the milkfish can graze and be fed (with rice bran) on warm days.

Intensive care is necessary to reduce mortality in the wmtermg ponds.

As winter is the.drought season in southern Taiwan, the water in the
wmtermg ponds tends to gau;galmlty due %o evaporation. It is often

(2) oxygen deficiency and (3) accumulation of waste materials on the =

* 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 Philippines and Inclonesm but often deficient in Talwan I

e
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The probiem IS aggravated by the recent practice of rearmg m1lkﬁsh as bait
for longlining which requires heavy stocking at short intervals. To solve the

"~ problem, the Taiwan Fisheries Research Institute, with the assistance of the

Joint Commission on Rural Reconstruction (JCRR), has begun an eXperi-
ment to produce milkfish fry by induced spawning in its Tqukaug 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 mortallty k

the wintering ponds. When mortality ran as high as 60% in January and ™

February of 1974, there was a serious shortagc of overwintered fish for
stocking the ponds in March. :
To prevent the temperature of the water in the wmtermg ponds from

droppmg tu a uangerous lcht, the Taman Fish Culture Statmn_experlm

and found that the water ternperature in the covered pond could be

maintained at 2°C higher than in the uncovered pond. However, this is not-
sufficient protection during a severe cold spell and the cost is high. The .

solution to this problem:segms 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 trled to raise the

temperature of the water in wintering ponds. The most effective one COnsists . -

of a propane gas water heater to supply rec¢irculated hot water to o the pond o

by pipes. This has bgen found to be very convenient,‘and gmee the ecold spell

normally last for only a few days, it is not 00 experrs/ ve. Plastic beads, the
size of marbles, are used to cover the ‘water surface to reduce heat loss

14
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II. Eel Farming

CLINTRODUCTION . -~ .

B L L

The culture of eel in Taiwan has a comparatively short history. Before the
“retrocession of Taiwan to-the Repubhc of China. experimental rearing of p
the Japanese eel. Anguilla japonica., was carried out by somsg-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 1950 the
- chief demand for eel was as live baits for shark longlining. .
In 1952. an eel farm was established at Taoyuan by the government-
operated China Fisheries Corporatlon The Taiwan Fisheries Reseaﬂch-
Institute also started experimental eel farmting at Lukang in 1956. These
attempts were followed by eel farming on a small commertial scale: In
1966, there were only about 60 ha of eel ponds in Taiwan; in 1967, the area
of eel ponds increased to 80 ha. Since’1968, as a result of heavy demand
“from Japan for seed eels and later for eels of table size, the eel farms/have
increased rapidly in number as well as in size. The total acreage re ched A
660 ha in December 1971 and 1,058 ha in June 1972. The value of export/ , .\ . * .
of eels to Japan in 197/1 exceeded USS 10 million and was teporte t'o'fb'e e
US$29-5 million‘in 1972, |
In spite of the continued heavy demand and the high" prlce pald ﬁor eel: by
Japan, the eel farming industry in Taiwan: is plagued, by one serious - |
problem — the inadequate supply of,seed ecl whrch will be. dlscussed in

y
2. SPECIES CULTURED
The eel cultured in Taiwan consist mamly of two species, the’ Japanese eel o
A ifgza!!a Jjaponica (Fi iz 8), which is .a native of the Taiwan area, and. the
European eel. A. anguilla, which is imported as”seed eel in recent years.

- . A 5 u . Fa
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" to grow to market size.

&

Another exotic eel, 4. marmorata, known locally as ‘donkey eel’ hasa h;gh
market _value,but an attempt: to cujture it did not Succeed. . :
ASHHE family Anguillidae has, ondy one genus all eels of this farmly

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

iefenbacker (New Zealand) o Lt
A ustralis (New Zealand)
A. bicolor (Indonesia, Phrllppmes)
A. pacificus (Indonesra, Philippines)
A. rostrata (U.S'A)) 5

The life histogy of the d. drzgmlla andA-rastrata istargety kitown. 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
hlstory of the A. japomca parhcularly its spawnmg ground.

-

3 POND AREA AND DISTRIBUTION s

Foi

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

ht '“ch‘:aring . Nurséry

. Ponds onds* , Total
Changhua County ~ 212-30.ha \— 212-30 ha
Pingtung County ~ 198-19.ha 19-00 208-19 ha
Ilan County - . © 49.03, ha 68-15 " 117-18 ha -
Yunlin County | 69-81 ha'. 23417 92.98 ha
Chiayi County .. " 43.84ha 20-00 63-84 ha
Taoyuan County. \ 44:22 ha > 10- 9% 55-20 ha
Hsinchu County™ 16-09ha . 691  23.00ha’
Other Countres o - 50-38 ba';- T - 9:05 \\ +.59-43 ha
Total 683- 86 ha 148. .26 \\ 832 12 ha

- * Ponds used for reanng the glass eel to stockmg size. Sod're\eel farmers
specialize in rearing the glass eel to vanous sizes and setling them to other$

[t is estimated that the total eel farmmg acreage had reached u\goo ha by
- the middle of 19%73. Changhua, Pingtung, Yunlin- and.Ilan Co\vntles cop .
tinue to be the main areas of eel farming. In Ilan, irrigation water is usedin =

most cases for providing runmng water to the ponds whereas - the three\
other areas underground water is used. Flo ey
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4 POND CONSTRULTION AND WATER\SUPPLY.

' \ .

Eel pond\i}requrre enty of fresh water and should be located i in areas of .

good ‘wat supply both quantitatively and quahtatwely 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 envrronrﬁent, but they -
géneraily cease to feed and grow at a temperature below 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 nortneastern Taiwan.
Irrigation water-is-not desirable, because it be pollulted particularly _
with pesticides. Underground water shoulmag. aerated by sp‘raymg or
agitation. L AR

‘Most eel ponds have perpendlcular concrete or. brick? walls and sandy,,,._.
soil bottoms (Fig 9), although some are mud ponds _wlth steep, mud
embankmerits. It.is claimed that if the Water quality'is gdod and the eels
well.fed. they will’ not try to escdpe even in ordinary: ﬁs_; ponds h.urlt of
mud. - "

- Some eel ponds have concrete protmdmg 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 dunng heavy
rain.

Most-ponds are equipped w1th paddle Wheels driven by e\ectnc motors
(Fig 10). The whirling wheels with paddles turn round and round on the {
water surface to act as aerators. They are turned on usually a nlght and in -

L the early, morning when the dissolved oxygen is low.
. After the practice of Japanese eel farmers, some ‘eel ponds have the . .
’portron equipped with agitators partitioned off into a ‘pool’, wltere the eels
can: congregate at time of low oxygen supply ‘This is, h wever, not
common.
v “Some eel farmers install a compressed air blower at the b ttom of the :

R“Mos.t el p‘ends are now constructed above-ground (with the bottomson -, .
. ground lev l)!to facilitate drainage and save the cost of €xcayation. But '
ponds thdtUse irrigation water have to be bullt below the l vel of the
irrigation canals. " :
" An ee] farm requires a large number of ponds because eels of different .
" sizes have to be segregatéd to maintain more unifort growth--’-l{J he- average-----'-'.f--’f,*”
size of a pond is 0-1 to Q-2 ha.’ Large-size ponds of over a hectare inarea: .7
may also be found. Ponds for runmng water eel farmmg, h wever, are R
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’ Fig 9 Eel ponds in Lotung '
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Fig 10 Paddle

wheels driven by electric motors
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5. SUPPLY OF SEED EEL : ]

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 eels known as leptocephalus, follow/the Kuroshio
current and drift into estuarine waters, where they dre caug}}f By that timé,
the leptocephalus have transformed to become aatranspar?nt young eel of -
several centlmetrce. in Ie.ngth known as glass eel. This long/and comphcated '

rear the larvae fo glass eel size.

The seed eel catching season in Taiwan is from Octpber to March. w1th
the peak in December and January.' The glass eel of another local species,
Anguilla marmorata. are found in abundance along /the east coast, but no
success has been obtained in rearing them in ponds. Iﬁ is said that, in spite of
feeding, they increase very little in_size. i

The glass eel are caught with scqgsp nets pushed hy 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 tidg, 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 fabulous 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 kilogram of glass eel (4. japonica)
was only NT$60 (NT$40 = USS$1:00). The current market price (March
1973)is.now about NT$60¢000, 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. o

6. TI(AINING OF THE ELVERS - f\“\ '

Lo

~

The glass eel of Angudla Japonica are caught in estuarlne waters all along e

the coast of Taiwan. They‘are transparent and about 5—-6 cm inlength,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 tubifex woerms or minced meat of oyster and clam. Mmc_ed fishof =

2




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 bel(aw 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 ee! food. From then on, the elvers will grow
rapidly. ' '

Some eel farmers treat the tlelf@X wnth 0-2% sulfamonomethoxine
solution for one hour and wash them before giving to the elvers.

7. FEEDS AND:-FEEDING T

The eels feed mainly on animal protein food. During the initial stage of eel
farming in Taiwan, silkworm pupae formed the mhin feed of the eel.
Because of the decline of the silk industry and the expansion of the eel
farmmg area. the supply of pupae has, become 1mdequate 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 thlck3
paste (Fig 12). which is then placed in a wire basket and lowered to a point |
just below the surface of the eel pond. At a few eel farms, the trash fish or
scraps. are ¢ooked. before mincing. The merit of this: practlce is yet to be
determined. . ‘ :

Most eel farms are-equipped with a smail feed processmg plant w1th
pcﬁ)’«ered grinders, and targe farms have cold storage facilities 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 QUlckly to the
wire basket, enter through the mesh, and literalty bury themselves in the loaf
~ of, say. fish paste, eating very voraciouSly. :

The Taiwan Fisheries Research Institute began expenments on the
formulation of an artificial feed for eel in 1966. In 1968, it produced a
mlxed feed in powder form with the fo!]owmg formula

White fish meal , ' 6 I70 “ o !
Gamma starch  «« : . 14.0
Defatted soybean powder 100 |

Fish soluble. dried h 5-0 . Ir.:
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Fig 11 Air-blowers to increase oxygen supply b
Fig 12 Trash fish or scraps minced with a mﬁc_a__t.._g'rih_c'lcr_'
~ |l A ' ) ) B
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Yeast powder N
Vitamins

L-Lysine

'D.L. Methionine

Binder

Anti-oxidant

PP @

~ Its .chemical composition is as follows:

N o | - %; _)
Crude protein 45-43
Crude ash 14-66
Carbohydrates e 21-34 |
Crude fibre | 5301 N
Water - ’?&9 35 . m

The aboye 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 trash fish. The expefiment was performed on young eel of about
45 g in mlﬁ’al weight.”

In applvt:atlon the artificial feed in powder form is well mixed w1th 5% to
10% of fish liver oil and 10% of water to form a stiff paste Wthh is then'
‘placed’in’ the feed basket. . *

-The quantity of feed glven per day 18 5% to 15%,of the total welght of the
eel in the pond in the case of minced trash fishand 1-0% to 3. 5% in the case
of artificial feed. The quantlty is limited to what the eel can consume in 20.
minites.’ -

Because of its comparatively high cost, no eel farmers in Talwan 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.

!

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 prowde a revolvmg fund to the
eel farmer.

- In addition, the eel ponds,are drained at least once a year and all the eelvs e

taken out. This is for three purposes:

L. To remove all the eels of marketable size for export and for local_
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consumptlon Eels of the size 5 to 8 per ]-f;rloaramme are preferred by the
export market and those of 3 or 4 per krlogramme are preferred by the 3
local market. N . s
2. Toclean and disinfect the ponds and exposeihe bottoms to the sun. -
o 3. To segregate the eels as to size and restock them in dlﬂ'erent ponds
This is important for uniform growth. *.
After the eels are removed from the ponds. thosé to be sold or exported -
are segregated by size and impounded in clean water for a few days to empty '
their guts and condition them for transportation (Fig 13)

i

'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

.. put them in a state of suspended ‘4nimation and then putin.bamboo baskets "

- over which ice water trickles. For export to Japan, the previously chilled -~
eels are put.ntp a plastic bag with a small quantity of water and filled with B
oxygen. Two such-bags are encased in a strong carton for sh1pment byair. . .-

« . Elvers are shipped elther in oxygen-filled plastic_bags or in shailow.___.._'__-_{.:-"-”
plastlc"'boxes with some Tce and” water, They are also 1mpounded in clean B
water and chilled béfore shipment. "

L2 " |
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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 1s about 15 mt-'wlrfelﬁare-caughﬁorm
stocking the 300 ha of eel ponds in the past. With the rap1d increase 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, andthereisarushto .
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$0-58) as compared to
;about NT$2-00 for an imported glass eel. In 1973, the Government lifted
the ban on importation of glass eels that are not of the species Anguilia
Japonica. and a large quantity (estimated at 20 mt) has been imported since
February.. The price of each imported eel dropped to=about- NT§6-70-— -
(US$0-02). Facing such strong competition, the price of locally producecl .
glass eel was forced down to.NT$12-00° (US$0-32) each%ﬁa T R
Although the Japanese eel, the culture techniques of which have long
been mastered by the local eel farmers, remains the favourite, the disparity 1
"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 leadmg eel farming c;ountry ‘and the largest eel consumer of the worlcl
sive experiments to utlllze the’ 1mported seed eel of varlous orlgm for S
stocking their ponds. )
Although somée elvers f‘rom Australia and New Zealand have been
1rnported into Japan for trtal the elvers of the European eel, 4. angu:lla are ##;

* Thg¢ European eel has 4 very large ___ci.tsmbutron i the North Atlantlc and
Meéditerranean. extendmg fromthe coast of Denmark down to the north :
coast of Africa.® . .

The imported glass eel, of the species Anguilla anguilla, cannot tolerate a |
high temperature and is liable to many diséases and parasitism. The writer
hgs visited many eel farmers who kept imported seed eel in their ponds and
found that, in splte of the different culture methods used and intense care, -
such as (1) use of water of temperatures not exceeding 25°C, (2) the *
ap‘bln&atlon of pesticides, antibiotics and sulphaﬁwgs, 3) morefrequent
feeding and (4) larger flow of runnmg water, most; of them suffered losses.
Others claimed success of varymg degree, ie a survival rate of 70 to 90% up s

" to the time of marketable snze | -
Ca a "27 |
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o It is found that the techniques successfully used by the eel farmers varyin, =~
5 _ \

~ one way or another. Among eel farmers who use identical technique, some -
-~ i——succeeded and others failed=One eel-farmer who ctaimed-successin t97 ;==

failed utterly in 1972, emplaving ¢t _same_techm yes. This 1e_ads omeee|
_"\ farmers to believe that they are not dealmg with eels of the sag‘le Spemes or

origin. - e
\ The 1mpo;;tecl seed l~are purchased from Japauese exp%rters The
buyers in Taiwan have-no-definite knowledge of their origin. France. Italy, . -
Epam .#Morocco, England. the Phihppmes Indonesia and Sabah have beep

. Gited as the countries of their origid. Morphologrcallm;xt is well nigh

- 1mpossrble to distinguish the seed eel of »A. anguilla from that of A _
Japonica. As a matter of fact, the 4. anguilla is distinguished from the A.
Japonica by the application of the pesticide Ciodrin, the I ppm solution of

which will kill the 4. angmlla elver in 20 mmutes leavmg the.A. japomca

-unharmed. . - 4

-1t seems necessarjz therefore. for the Talwaﬁ eel farmers to; 1mpor'r seed

. to experiment on the- rearmg of eels of chf;fepent ortgms and determme whrch
is the more desirable. T - e,
For the purpose of minimizing djsease and paras,}te mfestatlon of the \*
imported seed eél, the eel farmers of Taiwan dose their eels with. drfferent I
preparations of sulfa drugs. antibiotics, pestrctdes and growth promot\ng '
substances. This practice of trial and-error’is not only. unecqnomical but
will undoubtedly impair the ‘health of the eels. In this respect, scwntrﬁc L
lnvestroattgn should be instigated to look into the cause @f each dlsease and
~parasitism and institute treatments and preventlve measU‘res VL

-3 i ki
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III Polyculture ‘of Chinese Carps in Freshwater
Ponds |

"~ -1. INTRODUCTION

Polyculture of carps is the backbone of fish culture in China. It began .
thousands of years ago and has been improved with the passing of time.

William E. Hoffmann was perhaps “the first westerner to describe it in
detdil." It is particularly common in the delta region of the Pearl Riverand
“the Yangtse River. where natural supply of the fry is:plentiful and the
general conditions favourable.

In Taiwan. the total acreage of freshwater fish po‘lﬁ’}s 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. vaofhalm:chfhvs molitrix, bighead. Aristichthys nobilis, mud carp,
Cirrhina molitorella, and snail carp. Mylopharyngodon piceus. Other fishes.

" ofien reared with the Chinese carps are. mullet, common carp. (Flg 15), .
Crucian carp. tilapia. etc. '

s - 'Polyculture of Chinese carps 1s belleved to be capable of achlevmg the
~ highest productivity in-a given unit area. because. first. these fish occupy
different strata of water: the mud carp and the snail carp generally stay at
the bottom. the silver carp and the bighead usually at the top, and the grass
carp roam all strata of the water. Secondly, they have different feeding |
habits: the grass carp feeds on grass-and otherplant-materiats, silver carp—- .
on phytoplankton, b1ghead on zooplankton, mud carp on detritus-on the -~
bottom. and snail carp (also known as black carp) on lwe food, prmcnpally
molluscs and crustaceans on the bottom o K

a savmg in feeds as well as space. The ratio or number of each specw:s—
~ planted in the pond varies with thie CQHdlthl‘l of the pond and management
" practice and will be discussed laté¥.
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2. SUPPLY OF FRY OR SEED

The five species of Chinese carps have their origin in the rivers of China,
mainly the Yangtse River and the West River (also known as Pearl River).»:
~_The spawning grounds of the mud carp, however, do not extend to the =
Yangtse-area, and are Jimiited 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 thg Chinese carps do not spawn_naturally. in.confinerent, Taiwan,

.-small degfee Trom Japan, where the grass c‘a““rp“—cl—‘r“an Stlver

3. PRODUCTION OF FRY BY INDUCED SPAWNING

"

until 1964, had to depend on fish seeds imporged from Hong Kong and toa

from China, 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 commercial hatchéries. So,

beginning from 1964, Taiwan was not only seif-sufficient in the supply ..

© of seeds of all the species of Chinese carps. but was ‘also able to export f

them to Southeast Asian countries as ‘well as small quantltleSato thenited
States. Athtahdidon

\!.

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 propagatlon S
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 fuse in induced

T,
. T

- spawning (Fig 16).

Grass carp intended to serve as Spa\imers should be glven plenty of feeds . g

“such as tender grass, vegetables, aquatic plant, peanut meal, soybean meal

‘and rice bran. Over-feeding, however, will cause the fish t0 grow fat Wlth .
adipose tissues accumulated on the gonads, thus hindering egg and sperm "
development. L __
For silver carp, bighead and mud carp, peanut meal and soybean meal SN
are good feeds, and the brood ponds should be fertllrzed with morgamc
fertilizers and barn manures. - #
.Under the climatic conditions in Talwan the females of silver carp
becotne fully mature in two or three vears (2 kg or more), bighead thre¢ to ™ 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.

There is practically no commerc1a1 productlon of the fry-of the snall ’t‘:‘arp"
but small numbers are produced by the Taiwan Fisheries Buréau’s hatchery. -
on Coral Lake. Snait t carp is not popular in Taiwan and the demqnd for 1ts
fry is therefore small :




__Fig 16 Selection of silver carp spawnei—
eggs being stripped

% Fig 17 Miking spérm and eges
y o B |
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g\nzwners of'Chinese carps are held In small mucl 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

} .used 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 repé“éte‘dly 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 promineritly. Gravid femals can be recognized by

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

swollen anus, pinkish in front. i

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 12to

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

Synahorin’mixture is divided into two portions for injections at interval of
six hours. -

Usually no injection of hormone iS given to the male fish unless milting.is
female is admlmstered at the time of the second m_]ectlon

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 elght hours.

After the injections, when the female is ready to spawn, it is stripped by .
pressure on the abdomen (Fig 16). The eggs, in an 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 hatchlng net (a conical

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

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

sparent, with large yotk ‘saTsT They-are left in the hatching net 'with ™~

33

" ing) developed by the late Mou-chun Li5* (Fig 18) is usedefor hatching.




running water 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 Wthl’l they will be
bOlCl to fish fry dealers. -

Fig 18 Lin’s hatchirlg net - Fig 19 Hatchlings kept-in-nets for two days |

7 L

4, R__EARING OF THE FRY--«
Most carp fry dealers are located in the Taman and Changhua areas. They

buy the hatchlings from the hatcheries and seli them to fish farmers or fish -
fry exporters. They handle not only the Chinese carps, but'al/s:) the fry of =
many other species of freshwater porrd fish.including snake-heads. walking . . -
catfish, Cruciarf carp, leather carp, Tilapia, etc. They generally have a" -
‘number of Ttirsery ponds for holding_the fry. _,_k

Before stocking with fish fry, the nursery ponds are clraged drleﬂ'under
the sun, fertilized, and rid of undesirable organisms (byaf appllcatlon 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, ependmg on the weather. . :

The nursery ponds arg stocked at the rate of. net—mere than 300 000 per
hectare for purpose of stunting the fish. Th y grow to 2-—3 cm in length after
about ten days. when they should be stocked'in l_ponds at the rate o'f 70.000-_
T 80. OOO per tenth ol'a hectare. The stockmg rate should be Further reducecl

LN S Pt e I




. 2 --thefry. They are 40 cm x 30 c¢m X 120 cm high. Ea
- 7cm. 1.000 fry of 5 cm or 8.000-10, OOOfry f2-

| . gh

when the fish attain length of 4-5 cm. The fry may be used as stocking
material when they are 5—10 ¢m in length. '
About three days after the nursery pénds 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 guantity 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 of tadpoles 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 #RY

Less injury occurs to the fry during tl‘ansportatlon %vhcn they are about 20
days old or when they are over 30 days old. Before they are shlpped 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 mmutes before releasing them After an 1nterval of about 24 hours, the

20) for about six hours. For transportatlon over long distance. the fry =
should be further held in clear water for three hours or longer. No feeds are
given during conditioning. Conditioning-will accystom the fish to crowding
and also cause them to empty their guts. of fo d. ‘/' -
. Plastic (PVC ) bags are now the univérsal cohfainer used for transportmg
J};\ bag holds 500 fry of
m in 10 litres of water -
~ for a short haul of not more than ten hours. Irhot w;:ather ] k:logramme of
~ice is added’to ‘the water. __ v
. .

" 6. REARING FOR MARKET

\Two types of culture are practised in rearing the Chinese carps for market,

( I) extensive culture or ‘rough release’/in reservoirs or large water surfaces
and’(2) intensive culture in ponds
depends on natural feeds produced; fertilizers and supplcmcntary feeds ar& )
—only’ occasionally given. The turnpver of water in irrigation reservonrs

o affccts the yield and makes it 1mp actical to ferhlvze ‘the reservou‘ ponds

—= - : / ¥ T T

ith the former,-geowth-of -the-fish.-- - -
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The yield is therefore con/pmﬁtwely low {not exeeedmg 1,000 kg/ha),
except at places where there'is considerable influx of sewage, in which case
the yield may be much Hj gher (about 2,000 kg/ha). The following proce-
dure describes the c;ultur in ponds under mtensrve management and has °
given exceedmgly htgh ields.

6.1 Selectlon of pon d site
ya _ i
Th,e best ponds for, Chmese carps are located in areas with the followrng
. gualifications: . __
(1) Free from mundatlon ot __@
(2) Long exposure to sunshine; '
(3) Adequatef supply, of water — either surface or underground ©
(4) Supply of good quahty water (free from chemical pollution, low
. iron Content salinity lower than 1%,, pH 7-8-5 ) -
(5) Loamly soil with little seepage;

* (6) Close to transportation facilities.

-

! .
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6.2 The fish pond ' ' - R
' i
The ideal size of the pond is from O- 5 to 2.0 heetares A pond bmaller"”, )
than this will not provide the space required’ for rapid growth, and the .- |
smaller body of water will be subject to a rapid change of temperature
and other water quahtres ‘On the other hand, a large pond is more
difficult to manage, eg in harvestlng and pest control. It is prefera’bly
rectangular in shape. ' S .
Sluice gates are placed both at the water 1nlet and outlet, which are at’
opposrte 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 0-5% 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
degirable to maintain the depth%—of water at 1-5-2-0 m. LT

n .
“ : - - : R

6:3 Stocklng

,- Ponds which have been in use for years are. dramed after the wmterf’
-~ harvest, the debris and decomposed organic matters removed; the dikes
! repaired, and the bottom dried under the sun. To each hectare of pond s
1,000 kg of lime-is then added to eradicate pests and predators. Thts’-'""
- ‘'winter treatment of the pond is tmpbrtant to mamtarmng the ﬁsh yreld




The ponds are stocked generally in March and April. As propagatiornr
of the Chinese carps does not begin until late March, the stocking
materials held at the time are over- wmtered fingerlings of 7to 14 cmin
" length. *

Both stocking rate and stockmg 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 (Fig'21)
or hog-cum-fish farming is practigsed. In oligotrophic (poor m 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 k

frequently stocked in the freshwater ponds of southern Taiwam

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:

2 L 5
d

Table 3 Stocking rate c')f freshwater pond (per hectare)

Species " Size No. of fry Time of stocking
Exampte A (Central Taiwan) ,
Silver carpr 7-12 cm - 800 c March—April
‘Bighead * -~ 7-12cm | 1000 7 " -
Grass carp 7-12 cm 50 » »
Mud carp 5 cm - 1,000 ” .
Mullet 5 ¢m . 2,000 - v
Common carp 2.5 cm 1,000 ' v
Example B {Southern Taiwan) :
Silver carp 10-13 cm 1,000 February—April
Bighead 10—-13 cm ST 400 March
Grass carp 12—-13 cm 200 March
Mud carp 7-10 ¢m _ 1,500 March .
Common carp 3—4 cm 2,000 March
Crucian carp 3 em 2,000 ' February
Mullet = .. S5ecm 2,000 March
Walking catfish Sem i 500 ' May

Snakehead: _ 10 cm ' 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 tRe natural foods produced in the ponds. Feeding is .-

once daily. The amount of feeds given is about 2% of the total weight of =

the fish. As the opt;mum 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. - S

Fig 21 ‘Duck-cum-ﬁsi; ponds W

The grass carp. are mamly plant eaters. Before they are old enough t0r- :

e

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 st upplied as. feed :

&

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

should be fertilized to promote the growth of phytoplankton The use of -
organic fertilizers such as barnyard manur €, night soil, rice bran and
Soybean or peanut meal is still universal-in Talwan iry splte of pﬂforts to..

af

promote the use of inorganic fertilizers. At- presentﬂnorgamc fcrUllZo;s

are only popularly uised in central/arid nort‘leln Taawan paruou}arly m

Taoyuan and Hsinchu Hsien, where the supply of_o;g/“ahl&fertlhzer 1s K

1 a,-a ,‘!u :

! At i .. ;

inadequate, mconvenlent or toon:e’ipenswe.a o




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 also increase production in
acid ponds. : " :

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.

Expenments on the effectweness ‘of 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 containhing
silica (Si0, ). 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. :

Finally. it should be stated that whén orgamc fertlllzers are applled
‘they also serve as supplemental feed either in part or totally. -

)J;”])h)":i )3
! n“h’l'l‘l
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6.5 Diseases and pafasites .

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 threugh 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 Chloramphenicol, 10 mg per
kg of fish) in the.feeds given to the fish. The drug is mixed- with sweet
potato or wheat Hour 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.gas:ly Thetr 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 mfcstatlon

Fungus infection occurs usually in the winter and usu\ally 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,
especially 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 certain 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 fish are -
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 ,Ian"ary or Februa,r“ )
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For climatic 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 &f 10 tons/ha. |
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IV. Culture of.the Grey Mlille_t'
l ) . | . ..
1. INTRODUCTION | | .

There is virtually no monotulture of the grey mullet, Mugil gephalus, in
Taiwan. They are nearly always reared in the same pond with Cﬁnese c_arp§
and other freshwater fishés, and no special management practice is required
aside from that for the polyculture of Chinese carps. As the artificial

propagahon of the grey mullet is more successful in Taiwan than in other -
dreas of the world, greater emphasis will be placed in this chapter on the

artificial production of mullet ﬁngerlmgs than on pond cultyre.”

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

grey 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
migration. The mullet schools are most heavily concentrated in the waters
. off Kaohsiunig and Pingtung. As these fish are all mature. they are caught
mainly for the highly. prlced roes of the females.

3. 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

Tungkan@ by the Tungkang Marine Laboratory of the Taiwan-Fisheries e

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 worker's

from the Taiwan Fisheries Research Institute. National .Taiwan:
' ' B L 43
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University and Taiwan Fisheries Bureau té 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, transportatlon and
.impoundment of the spawners and hormone treatmqnt 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 - | | P ; _\_ﬂ_....,.;._,#__ :

The spawners are obtamed from amongst the mullet that mlgrate 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
S5mx7m x [-5m (Fig'25). In the tank, the males and females are
separated by a nylon net. Fresh sea water is continuously introduced mto
the tank, and adequate aeration is prov1ded

2.3 Induced spawning A : Py

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

The bést 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 ""th'ere 18 'no-response after the second or third injection




Indoor concrete tankg for holding spawners and rearing lar\f'ae :
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Synahorin and 0 to 300 mg of vitamin E. Intramuscular.injection on the
dorsal part of the fish is commonly ﬁractlsed ’
For the male mullet, hormon_e treatment is only needed for fish caught =
" toward the end of the spawning'season. The majority of the male muliet . "~
caught are fully rlpe gnd ready to yield milt w1th0ut any hormone: - =
treatmient. ]
Fully ripe and healthy ﬁsh respond readily to hormone treatment, The_ e

. - beuy Of_t_h&f@malg bec@mes crrPntLv extended. and the eggs come out’

f

- sometimes even wnthout pressing. To examine the condition of the eggs o
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 eggs.
——Thefemalefishis stripped by ore persomand theeggs are collected 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 - &
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 peused. The only difference -
18 that fertilization .pouId be done any time Wwithin an hour usmg the 'dry ., =~
method’, but it must be done within five mjhutes in case the wet method’
- 15 used. / :
- The fertilized egg is round, transparent, non adheswe, with a larg_e_ ....... B
~yellowish oil globule measuring about 0- 38 mm in diameter. The egg is ., ,
0-93 to 0-95 mm in diameter. The fertilized eggs stay afloat near the ’
- surface of the water under slight aeration, but some may settle down -
sIewLy i st111 water. Dead eggs sink to- the%ottom ]

-
1

2.4 Hatching .
- Plastic tanks of 0-5 and 1-0 ton capacity and large indoor concrete tanks
(5 rh\x 7m X 1.5 m) are used for hatchmg the fertilized eggs (Fig 30).
The water temperature is maintainéd at 20—-24°C, and the' water quallty
is maintained by continuous change of water and continudtis aeration. -
High d1s§ﬁ>lvcd oxygen content minimum variation in water tempera- -
ture, cleanliness and gentle movement of the water-are- essentlgl factorsof - -
success. After 16-30 hours of mcubatlon, the.-eggs will' have wcll- L
developed en bryos w1th obwo,us black plgments -

b




Fig 27 Injecting pituitary and Synahorin into mullet

Fig 28 Slg'ripping female mullet




temperature of the water in which the eggs are incubated. The eggs will -
hatch in 3438 hours at i tergperature of 23--24-5°C and 49=54 hours at. S

22.5-23.7°C. with sahmty“rangmg from 30-1 to 33-8%,.

. 2.5 Rearing the larvae _ - o E
This is the most difficult part of the whole operation. The newly hatched
"~ “larvae are very small, ranging from 2-5 to 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 gweak
swmmmg activity with belly up and head down, sometimies wnth{an up

‘ and down darting movement. Young larvae do not like strong llght and

... .tend to congregate.in places. dﬁi@s&z_nght-mtenaey—GldeHarvae-swtm in o
~ schools. o
Supply of suitable feeds is the most important problem n rearlngthe :

mullet larvae. Different kinds of feeds are used according to the progres-‘

sive development of the larvae as shown below:

i

Days afrer , 3
hatching - ~ Kind of feed ]
3rd to 13th Fertilized oyster eggs and trochophore larvae :
5th to 18th Rotifers {mostly Brachionus .plicatilis collected -
from brackish-water fish ponds) r
10th to 40th Copepods (minute species or larval stages col-
S lected from _b_[_acklsh-water fish ponds) '
16th to 40th First Artemia nauplu and later the adults
29th, to 44th Cooked egg yolk rnce bran, wheat ﬁour etc.

1t will be noticed that several kinds of feeds are songet.mes gtven SR

‘within the same period when one feed is to be- replaced;--b%z another. .~
Thus far the mullet larvae are reared-in indoor tanks. After the 40th SRR,

day, they will generally grow to fingerlings of 1-5t0 2.0 cm in length and

may be moved to outdoor ponds (Flg 32).

3. SUPPLY OF FINGERLINGS FROM NATURAL WATERS

~ Up to the present, practlcally all the mullet ﬁngerlm gs used forstocking the
- commercial fish ponds are caught from fatural waters, although the Tung- - - ....0
- kang Marine Laboratory has succeeded in the mass production of mullet
- fingerlings by induced spawning. The season for catching the mullet - D
fingerlings is from Oectober to March. Four kinds of fingerlings are .= " .~
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Fig 30 Hatching tank with aeration equipment
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differentiated. although they ev:dently belong to the same species. Those
caught frdm 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 ChinsLin, 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 fingerlings, which .
generally congregate in estuarine waters. A small floating drag net isused i in-
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. Mullét
fingerlings are not sensitive to change of salinity but are veRy sensitive to "
sudden changes of watertemperature. Cafe must be taken to see that any i
ehange of water is gradual | -

'4. POND CULTURE .
As stated earlier, nearly all mullet are polycultured with -Chinese carps,
tl]&pla, etc. in freshwater ponds, According to the Taiwan Fisherjes Ye
Book.} in 1973 there were 985 ha'of ponds in which mullet as the clommant
species is cultured with other fish; of Wthh only 54 ha were bracklsh water
ponds. The reasons for this are:.
a..It is 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 Marme\Laboratory, in"a recent expenment
demonstrated that the growth of the mullet was better in sea water 4nd -
brackish water than in fresh -water- ponds.* j “

& ;

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, depending largely on the condition of the pond 4nd the fish’
community in the.pond. :

The muliet is a begthic feeder witha stomach not uniike the glzzard of T

a ch1cken for grinding the:detritus which the fish picks up from 'the :

botton so in.a fertile pond with a bottom rich'in organic matter more -

mullet ay be stocked. "

~ Thentif.more of the. mhuspeqesoﬁﬁﬁaﬂfeﬂwckeﬁﬁe‘ﬁﬁﬁber of -

mullet should be reduced This is especnally the case if a large number of
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common carp and mud carp, botiﬂ benthic feeders, are placedinthepond. =
Generally, howevér, 1,000 to 2,000 per ha are stocked into pohds of
polyculture, and 4,000—-10,000/ha for ponds of monoculture

4.2 Feeding and pond treatment - |
. ‘ . . |
~—--Since the grey mullet-are reared in the same pond with carps and other
fish, no special feeds ang given to them and the ponds are treated in the
“safhe way as any polydulture. ponds for Chinese carps.

!
: “e ]
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V. Tilapia Cult‘ure

e -

1. INTRODUCTION OF TILAPIA INTO TAIWAN

- The Java tilapia, Tilapia mossalmbfca (Fig 33), was first introduced into
Taiwan from Indonesia by the Japanese in 1944, when both Taiwan and
Indonesia were under Japanese ogcupation. The fish were planted in the |
freshwater ponds in Pingtung, the youthernmost (also warmest) county of. ¢+

‘the Island. But they did not spread t@ other areas and were not given much "
publicity. In 1946, Wu Chen- huel\and Kuo Chi-hsin, two Taiwanese
returning from Singapore, brought with them thirteen Filapia mossambica :
to Kaohsmng They placed them in their ‘own ponds, and :the tilapia
multlpl ied and spread until they became a common food fish in all parts of ‘_
“the island. I ’ A
Followmg the mtroductlon of T. mossambzca, the Tzlapza zzllu was .~ . .
introduced ffom South Africa.in 1963. On account of its small’ size, slow - .
'growth and aggressiveness toward other fish, 1t has never beco;ne popular B
with fish farmers m Talwan . R :

and 1t'hybr1d with the mossambtca have AT ﬁ/few years become very
popular in Taiwan because of their rapid growth, large size and’ appg_:almg
appearance. : ,

T. aurea was introduced in 1974 from Israel. The main purpose of the
introduction was to- obtam all- male offsprings by crossing it wnth T.
mossambica. )

—_— Maplaha%beeemethmostmormntﬁesﬁﬁater pond h§h in Talwan in " [P
terms of quantity of production. In 1973, the total area of ponds in which L
tilapia is the main crop reached 4,528 ha. and«-the annuanrdducuon :of
tilapia reached 10, 923 mt.> : -

B .
o




Fig 33-_.9]5‘\13. tilapia Tilapia mossambica

2. HABIT OF TILAPIA °
* 2.1 Java tilapia, T. mossambica

, This'is the most commonly known of the tilapias.. k grows to a fairly
L. large size in Africa, reaching a length of 360 mm. In.Taiwan, due to -
over-crowding in the ponds and the short 'growin%;period, i:trarely 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 seﬂmlty is below 30%,. A tropical fish, the minimum
; - temperature it tolerates~ is reported to be about 10°C. Prolonged
W 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 reagh’ the age of four |
months. The number of eggs from each spawning increases with the size .
and age-of the fish, varying from 100 t6 over 1,000.
7% The sexes can be differentiated by the genitalia (3 orifices in the female o
and 2 orifices in the male). The males also have darker bocly colour and /o
deep red fins and are larger than the females. T
Before spawning, the pair of parent fish make a saucer- shaped depres‘
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sion (nest) on the pond bottom by digging with their mouths. The
preparation of the nests, however, is not absolutely necessary for spawn-

ik ing to take place. Java tilapia have been observed tospawnina pond with
a concrete bottom.

In spawning, the female fish drops its eggs into the depressmn and is
followed by the male, which ejects the sperm to effect fertilization. The;;
fertilized eggs are 1mmed1ately 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 arounﬁl 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 to5 days, the yolk'sac is

~completely absorbed and the body length attains 8 mm. In another 2 or 3
days, they swim olit from the mouth of the female fish.

The number of spawnings by one fish in one year is observed to be 6 to

* 11 in southern Taiwan. The interval between two spawnings is genefally
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.

~ 7

2.2 T. zillii( 5 .

This species has r‘yé been popular with the fish farmers of Taiwan
since its introductiow. So vnrtually no study has been made of its habits.
Accordmg to Breder and Rosen the 7. zzllzz is strictly herbivorous, feed- - L
ing on hlgl'ue.r--{;;l::mtsr and is aggresswe .towards other species. The . ... ..
optimum water-temperature is 22— 24°C ancl 26°C is the best tempera-'
ture for reproduction. : ’

Breder and Rosen’ stated that T. zzllu spawn in typlcal CLCh]ld fashlon L
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 -~ R

- confirmed by the experience of the fish farmers in Taiwan, who belleve’" B
that tl?sbreedmg habit of T zillitis similar to that of the T mqssambzca B

e

2 3 Nile tilapia, T. mlotzca

~ The bree.‘d.ing habit of the T. nilotica is the same asthe 7. mossambica. It~
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reac"nes 140 g in about 120 days and starts to breed at the age of ﬁve

months. It is omnivorous, but feeds inamly on phvtoolankton and hmher S N
plants

2

2.4 T. aurea

~ As fhis species was introduced only recently—- 1€hasnoi beendlstrlbuted to- _l
the ﬁsh farmers and no study of its habijtat has been made -

o ‘ I
-3.POND CULTURE '.

¥

3.1 Paddy culture

» I E
After its mtroductron in 1946, the T. mossambrca spread wrdely in tﬁe _e‘i
southern part qf Tarfavan but its extensive culture “Iaced several dxﬁCUl
P “a. Unfavourable chmate — The fish is krlled\by the low winter tempera— . *

ture in natural waters in most parts of Taiwan. It: has-a short gruwms )

season and must be protected in the cold winter months. . o 'y

b. Over-population — Die to its hi gh'fecundrty, the Java tllapla tEnds to

overpopulate the pond and fish of smait size are produced.

" ¢. Low acceptance — The small size as well as the smal] edible: portlon of _
.. the fish affects its acceptahce, except among the poor 1 rural people
"~ In order to increase the supply of anlmal protein, especxal]y for . the T

- poor people living in less acceéssible rural ,areas, the Goverrment of -

Tarwan carried out a programme in 1951 to pro te the paddy cultur@‘

of tilapia and acquaint the farmers with the profJ “method .of paddy.
= 4. .- culture developed by 'the Taiwan Fisheries ' lesearch : Instltu,tel Thie
% programmé Wwas fairly succéssful at first. According to the Tarwan ¥

Fisheriés Bureau, the acreage stocked with tﬂapra in: 1952was$ 438 ha
. 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
cﬁculj;u&of tilapia:soon ‘waned due to (1) the wide-spread use of pest1c1des
on rice fields, which kill the fish, (2) the stealing of fish, by people’ wh
consider the fish in the paddy as! “public property; and (3). ‘shortage
tabour. However,'many fish farmers have learned-the merit of the tilapia

- 1e fast growth, high production and Small amount ‘of care required,.
 the fish have become one of the favounte spe01es for stockmg poly'
ponds in southem Talwan - R )
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3.2 Utilizatfon 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 ajongside

the drainage canal in Tainan depending on the sewage-rich water of the

canal to supply food for the tilapia. The sewage consists mostly of city

waste and®is.of a black colour. .
* During theéwinter, the tilapia are moved into wmtermg ponds (same as

wintering ponds for milkfish). At this time, the’ rearmg ponds ar’e

thoroughly dried under the sun. Then the sewage water is let into. the -
ponds and allowed to evaporate. After the pond hottoms become dry-or_
partially dried, sewage water is again 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 supplementary
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 harvesti'ng beginsabout 40 days after stocking and is
continued at intervals of 10 to 15 days The annual yleld per hectare i is o
6,500 to 7.800 kg. - : :

3 3 Stocklng

_The t’llapxa ﬁngerlmgs ‘may either be produced by the ﬁsh farmers
themselves or procured from fish. fry dealers. For monoculture or ﬁsh
farming of which the tilapia is the dominant species (as in the ¢dse of fish-
cum-ducks orfish-cum-hogs farming), the general practice is to plant
. 20,000 tllapra ﬁhgerlmgs of 2to 3 cm in length in each hectare of pond:.
In polyculture with Chinese carps, the fish farmers generally stock each
hectare of pond with 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 hybnd of o

T. mossambzca ancl T mlonca

3.4 Pond management-

When t1lap1a are polyg:ultured with Chmese carps, no specnal manage--
< meént’is réquired 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 tnlapna begin to propagate and the
number shouldbe reduced to avmd overcrowdmg It 1§ reported that the




tilapia reproduce rapldly when the depth of water is about 40 e}n but, if

_ pigsties or duek houses beside the ponds. The excretions of the hogs or
~ dueks are introduced into.the ponds, with or without fermentat;on to

"~ reclaimed tidal land has also been used for, - fish-cum-hog culture. The fish -

" of this hybrid and their offspring (the F. hybrids are fertile) wei

“Fish farmers harvest the tilapia of marketable size for sale many timesin =

removed. In some fish stalls in rural areas of southern Taiwan, one can -~

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 cufture of tilapia, although desirable for control]mg thelr-

population, has not been practised il Taiwan.

Beginning in about 1972, enlture of fish in combination with hog or o
duck farming has gained popularity in Taiwan. Many farmers hive found-,
rice farming to be unprofitable due to the low price of rice and high
labour cost. They convert. their rice paddles into fish ponds and Buiid.

serve as fertilizers andXor feeds. Since’ that time, more than 5,000
hectares of paddy ﬁelds have_been convert#d into fish ponds. Some

stocked in these ponds are generally tilapia, silver carp, big head, grass B
carp and common carp, with tilapia (mostly T. niloti¢a) as the dominant = -
species. It is estimated that 50 to 70 hogs or 2,000 ducks could supply =
sufficient fertilizers and feeds for the fish in a one-hectare pond. |

3.5 Harvesting and marketing

P

a rearing § 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 ptarket however just.
before the onset of winter, when the ponds are drained and all thefishare ™ .,

find only tllapla and mullet in the months of December and January
Tllapia are generally sold fresh but live fish bring -a better pnce '

3.6 The tilapia hybrid

In 1969,° the Luka_ng Fish Culture Statlon roduced the hybrld of male-i'
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 gof 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 Y
(Blessed fish) and use it extensively. In 1973, over 16 million ﬁngerhngs_

produced bg the Station and distributed to ﬁsh farmers ThlS resulte
in an imme nﬁte Increase in- tilapla product:on | |

~ .
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The hybrid Fu-shou Yu is now immensely 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 needeéd..

*
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VI Culture-of the Snakehead =

1. INTRODUCTION

o
|
i

The snakehead commonly eultured in Taiwan (Fig 34) Channa maculafa 4

(Ophiocephalus tadianus Jordan and Evermann), occurs in creeks and

ponds throughout Taiwan, especially in still water. of about 1 m in depth
w1th 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. .

Gﬁxf//tp d-a

Fig 34 Snakehead Channa maculata .

-] 3

It is strictly a carnivorous fish, feedmg on earthworms tadpoles shrimp, -

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 Segptember, when water
temperature ranges from 20 to 30°C. Innatural watet, the male and female
fish make a slight depression on the bottom among the aquatic plants. Eggs
are released at thesbreak 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, aboﬁt
2 mm m diameter, float among the aquatic plants until they hatch. 4

& . _ . . | ) . | . 63
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Fig 36 Newly hatched snakehead fry
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The hatchlings measure 3.8 to 4 3 mm and are of a brownlsh Cofdur

When they reach 9 to 10 mm in length, they start feeding on ze*)Oplarlkton
and are able to fend for themselves. Up to this stage, the parents stand guard
beneath the nest against enemies such as 'snakes, frogs and ﬁsh

2. SNAKEHEAD FARMING

Until recently. the ___s_nake_héad, on account of its predatory habit. was
. considereda pest fish, and its preseénce in a fish pond was regarded as highly
undesirable. Not only was 1t not cultured, but it was removed whenever
found. But since it has been found to have a high table quallty 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, but also to

¢ontrol the number of small wild fish as well as the fish (eg the tilapia) that- -

tend to breed indiscriminately.. A small number of farmers, however, put

them under monoculture. y : /
: H - !
H : |

2.1 Supply of seed fish - o |

- - :r

. Suﬁply of seed fish is":ither"i:)y collection from natural Wa'tei's"‘(Fig 35)or
by artificial propagation. To obtain them from natural wlaters the fish

farmers locate a nest of fertilized eggs or hatchlings, gathf:r thern 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. Aeratlon is not necessary, and any change
of water should be gradual so as net to disturb the eggs. Ata temperatur
of about 26°C, the eggs-will hatch in about 3(ihours and at about 30°C
in 32 hours (Fig 36). , :
About three days after hatching, the "olk Sacs-are absorbcd and the
hatchlings 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 previously 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 sum Lime (1kg per- -

3-3 m?) is applied to neutralize the soil on the bottom and speed up the

decomposition of the-organic matters. Then fertlllzers in the form of -
soybean meal, chicken droppmgs etc. aré" applled ‘and water let in. In~

“about a week, there will be an abundance of daphnia and other plankton
organisms in the water to serve as food for the larval ﬁsh]

N
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~ Fig i?? Snakehead fry 12 days old

Sometimes daphnia and rotifers are cultured in a separate pond and-
scooped up to be used. I’he daphnia should be strained and only the small
ones are fed to the larval 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. they will reach 4 to 6 cm in length, turn dark grey in
colour and may be stocked in the rearing ponds.

For induced spawning. 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 belly and the large pinkish genital.pore (Fig. 38).

!
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Abgut 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 ina brood pond
“two or three months in advance of the breeding season. They are given _

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 B
I 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 portlons which are given

at an interval of about 12 hours. The male fish receives in one ll‘l_]f:CthI'l

only one-half of the dosage gwen to the, female 3 No second injection is

necessary. . )

After the hypophyseal freatment the practlce in Taiwan is to place the :
injected fish into an ordinary fish pond for spawning and fertilization to i
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 -t
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 theecompartment 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 and fertilization
usually take place the riext day or so. The eggs that turn white are dead
eggs and should be removed. The healthy eggs are of bright yellow
colour, spher‘ical transparent, buoyant non-adhesive, and about 2 mm-
in diameter. Deyelopment 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 pianted"' in ﬁalyé“l‘t‘ﬁ'i‘e'pon’d"witﬁ"'CE’jnese |
carps.! Some fish farmers however, put them in the same pond with -
tilapia, Whlcl’l serve as the forage fish. R

2.2.1 Polyculrure with carps >

- In case of polycuiture with Chinese (farps, they are plantcd for the
purpose of eradlcatmg the extraneous or pest fish. Not more than 500
snakehead of over 10 cm in length should be: planted ina onahectare
pond. They may be planted any time between March and September, °
but only when the Chinese carps in the pond have exéeeded 10 cmin
length in order to avoid predatlon It has been observed that a
snakehéad could easily devour a fish half its length. No. spemal feedlng
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stuffs are given: the snakehead forage on the wild ﬁsh and the young of _
the tilapia in the pond. L
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 of about 1-5 min
height should be erected on'the top of the walls to prevent the fish from
Jumping out. The water should be lto l-Smin depth Water hyacinth
may be planted on the/water surface to prevnde shade and a sense of
‘security. _
The initial stockmg is 90; 000 ﬁngerlmgs of 10 ¢m in length per -
hectare They ‘must be sorted as to size two or three times a yedr and
re- plantecl at a lower density to avoid cannibalism. The final stocking
density is 15,000 t0-24,000 fish per hectare. When only one or two

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

different ompartments formed by_anon nettings.

. A gooi arrangement is+to hayg the tilapia confined to a section

- of the pond by nylon nettings of/proper mesh size, through which the
baby fish can swim out and be §aten by the snakehead. The disadvan-
tage of this arrangement is the tilapia hatchlings are very small in size, -
and it takes many of them to lmake up a meal for the snakehcad

£

2.2.3 Monoculture- _,
Monoculture of snakehead is not ¢ommon. because the cost .of
productlon is high. The fish have to be trained to take artificial feed,
which is” usually a mixture of 80% mmced tragh 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 w1th l1ve daphma '
Then. gradua ly the daphnia are eliminated.— - —~ - .

3. HARVESTINGbAND MA__RKETING

weather. The 10 cm fingerlings planted will feach 600to 1.000gin9or 10
months, or over on¢ 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
any container with a small quantity of water. Only live fish are sold i in the
market. ' '

~

68



ERATURE CIT -D . o
LIT U E | T

‘1. Huang. ng tang: Aquaculture in Talwan Quarterlv Journ_al of Bank ofTMn, VbI _ )

25. No. 1. 1974, (In Chinese.}) ' -. ]

2. Huang, Tsmg man: -Artificial Propagation g&the S,nakehead China Ffshenes Momhfy,
No. 236. 1972. (In Ch'i'hei;e) o

3. Lee. Sheng-liang: A Preliminary. Report on Art1ﬁcual Propagation of ‘Channa maculata
(LACEPEDE). Aguaculture, Vol. 1. No. 3. 1971 «(In Chinese.) . _

4. Lee. Hsiao-chao and Sheng H51ang Chen: The Hablt and Culture of Snakehead, C‘hma
Fisheries Monrhh Wo. 232, 1972, (In Chmese)

P : ‘a -'f |

P




4
" Dy " ‘ (I \
‘ : ' ‘f.'ﬁff‘ !w 2
- VIL Culture of Walkmg C;«itﬁsh __ -
- , N
1. GENERAL STATUS O S T S

S I R
| R

The walkmg catfishes, Clarias fuscus and C. betrachus are conmdered a
pest in the United States and some westérn countries due t(;t 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’ countries:'In
Hong' Kong and Taiwan. the Chinese belleve that the walkmg~ catfish, _
steamed or prepared in soup. has tonjc quallty and it commands a hlgh pnce .
in restadrants. - - -

The indigenous walking catfish in Talwan is . fuscus, also known as
white-spotted freshwater catfish (Fig 39). Around 1972, the C. betrachus
was introduced from Thailand. The former is smaller in snze generally
weighing 150-200 g and reaching a maximum size of about 500 g. Thé
latter is faster growmg, reaching a/welght of two kilograms in a year. The C.
Suscus, however. is still the favourlte among consumers and fish farmers. Its
' culture is descrlbed herewmth /. -

. Fig 39 Wa.bking catﬁsh C_larz'hs fusbus o

The C. fuscus 1s found in all streams, erlgatl,op dltches and ponds It is a
sllmy fish with strong sharp spmes and, therefore, difficult to.handle. 5
Because of its relatlvely small size and the d:ﬂ'}culty of dressmg the ﬁsh
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~ without suffermg painful wounds, its pOpuLarlty 15 more or less hmlted to

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

R Wxt,h increasing industrial pollution'and-widespread use of pestlcldes by

2. ARTIFICIAL PROP’AGATION‘-{_‘_ IS L

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

_ culture of the: fish has gamed 1mpetus and is now practised by many fish.

_* farmers in different nnrfa of the qunpd

Aitaile

: 4

Because of the increasing difficulty of ‘obtaining the ﬁngerlings from the
wiid, the Taiwan Fisheries Research Institute attempted* the artificial
propagation. of C. fuscus in, 1970 whd succeeded in obtammgfa survwal

rate.of 80-90% on the 40th day after hatching.

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

350 m>.? The walls of thé pond should be of goncrete or brick -and the

. bottom of mud. The depth of water should be 1—1-5 m. To prov1de hiding"
. places for the fish and to famhtate catching the fish, caves should be

"+ provided along the sides, o } pipes made of cement or plastic may be’ placed

on thfe bottom. Floating
duckweed should be placed over one half of the water surface to prov1de
shadé¢ 'and a sense of security to the fish. |

Fish of over 1.5 years of age (over 150 g in welght) should be placed i in_._

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 m2

- The feeds c0n51st of minced trash fish, animal vnscerals, rice or wheat

bran. and soybean or peanut meal in the amount of 3— 5% of the total

we{ght of" fish. The amount.should be reduced in case- of & change m water—_

qu]ahty or a lower water temperature. s

aquatic plants such’ as water hyacinth" and .

Stk ST L oL -

’If the. spawners are from a wild stock, they should receive. 1mmed1ate
hgrmone treatment to avoid thé ill effect of injury and reabsorptlon of the |

sperm and-eggs during long holding. -

 Maturity is generally reached in fish at 1+-2 years of age. The female o
- 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 &f common carp-and

Synahorin, Gonagen or Pubergen are injected to induce spawning, The

dosage is pituitary from a carp of 2-3 t:mes the body weight of the remp;ent

catfish. For female catfish of 190 g-or less in weight, 20 rabbit units of -
Synahorm or 120 international units of Pubergen are 1n1ected with’ the""-_l_ __
pituitary. The mixture is.suspended 1n_R1nger s solution (0-7% NaCl,.

A ‘72 | T 1‘}. ) o . ‘! :}'_.\\‘ B .
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©0-03% KC1:0-026% CaCl and 0-003% NaHCO,) and divided into two

portions to be injected into the female fish at an inerval of 8>—10 hours.

- Injection is intramuscular below the pectoral fin.

Large and older males need no injection, but the small and younger miale
fish need to be injected with about one h,alf the total dosage given to the:
female at the time when the second injection 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 of the maturrty oF
the fish. ' .

To determine the ripeness of the eggs. the belly of the female ﬁsh is gently { B.
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 gperms. The testes are symmetrically located on the two
~ sides of the abdominal cavrty They are pinkish, elongatec_l_ and serrated

[y

ok

along the margin. They areremoved, cuf into strips of about 3 mm 1 width
and mixed thoroughly with the eggs to effect fertilization. The fertilized

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

the hatching pond

Fig 40 Female walking catfishand gonads ~ Fig 41 Walking catfish caught in plastic.
- a { pipe and 'en'lptied into container
: ~» I B | ’ I
The hatching ponds. are smal1 concrete or brick ponds “with water of
about 60 cm in depth. The fertrhzad eggs are evenly spread on the surface of
nylon screens ir trays, of wooden or. wire frame and submerged just below
thé surface of the water. The fertilized eggs are adhesive after absorbing
water and Become attached to the| screen.

At a water temperature of 27-29°C. the eggs hatch in about 30 hours

The hatchlings are about §:46 mm in length? with large yolk sacs Qf about
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. 0-18 mm i width. They lig on the screemand are mactlve exceptlng the

‘wiggling of the tails. After three’ days the yolk sacs are absorbed. The’ fry |
bgcome mobile and start feeding. . '
During satching, adequate dlssolved oxygen should be prowded elther
- by aeration-or graduai change of water, without dlsturbmg the eggs or -
hatchlmgs Sudden change of water temperature should be avoidéd. To
minifnize mould infestation, 0-2 ppm Malachite Green or 1- 2 ppm Mg
lene B{ue 'nay be applled to the water.

R

W8 REARING OF THE FRY . . H
When the fry start feedmg on the fourth day, they are fed daphma and
rotifers. These zooplanktons must be “Sﬁ]jtfhed”lrﬁ‘arge'guantrtrer and"those
larger than 600 micsons should be filtered out. Vi \

From the eighth day Emi they may be fed tubifex-and chopped oyster or—
clam meat in addition to daphnia. beginning from the 30th day, they are fed -
minced fish, animal blood and viscerals mixed with rice bran, whea
soybean meal or peanut meal, -etc.-On. the 40th day, th :
reached 2-5-4-0 cm in length, a size suitable for stoeking the ponds The
~gurvival rate may be as high as 70%, barring mishaps. i

If the fry are moved to earth ponds-when they are capabl df' ingesting
tubifex, better growth .rate obtained. But they must bé protected:
from predators and-the bottom of the pond should be dramdci and drled \

- under the sun before water-is-fetJn-*— — — — bl

~ Since daphnia forﬁp thé most- 1mportant feed of lthefcatﬁsh fry, they
‘should be cultured in a separate pond. The earth pond is first drained and the

' bottom dried under the sun. After appllcatlon of lime (300 kg per 0-1 ha)
“=vand Cfertilizers” “(barnyard “mariure ~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 with a dip net and1 fed to the .
‘ hatchlmgs - i SR L

n
\
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4 REARING FOR MARKET
4.1 Pond constructlon and stockmg L ! A
" Since the walking catfish has the habit of bonng its way t&ﬁ\ough mud
‘banks, the walls should be of ¢oncrete or brick. If the banks are of mud,
they should be tthk and strong. The ordinary siZe of the pond varies -
from 80 te 1,600 m?, with banks aboyt 1-5 min height. The water depth
is maintained at 40— 100 cm. A nuimber of caves are provided alqng the
banks or pipes. (concrete or plast1c) of about 13cmin dlametert and 5m-




v f : .
long may be sunk 1o the bottom to provide hiding places for the fish. As
in the case of the spawners” pond, about one half ofjthe water surface
should be covered with floating aquatic plants to provlde shade. ;

Monoculture of walking catfish is a‘recent practice in Taiwan. Since -
the fish has high tolerance for oxygen deficiency. the stocking rate is
high. Ggmrall\ 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 o e e

The walking catfish is an omnivordus fish and may be fed elther\ammal or
vegetable food. One efficacious feed consists of a mixture of minced fish.
sovbean 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,
varving with weather. water condition and feeding intensity.

PR

1,-.-.-.

4.3 Harvesting and marketing
Growth of the fish 1s most rapid in the period from the third month after
hatching to one year old. after which growth slows down. Fingerlings of
2.5~ % 5 cm reach a weight of about 120 g in one year.

Fig 42 Waikmg catﬁsh can be transported long dlstances in plastlc bagq partld]ly filled
. - with oxygen

d
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The fish is marketable when it exceeds 120 g in Werght 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 is sold live. To meet the market demand from time to time,. ™
selective harvesting is practised. The fish may-be caught by dipnets from. -
the caves where they hide or by lifting up the pipes and emptying them o
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 are mpounded 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). Inthe market they are kept alive in tanks with aeration.

1.

76

N X
Huang, Ting:tang et al; Experrment on Artificial Propagation of the Whrte spotted

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

. Huang. Ting-lang: Aquaculture in Taiwan. Quarterh‘ Journal of Qank of Taz’wan, Pp-

156—165. 1974. (In Chm_ese)




Lo

1. INTRODUCTION . __f

The mud sklpper Boleophthalmus chmenszs (Flg,43 isan echb;le bracklsh— \

. water goby. It is a delicacy among the peeple of T wan and is the hlghest'_

priced fish locally. g e

It is a small fish. The adults generally me#sure 12 to 15 cm in total,
length,, weighing 30 to 40g.' No recerd of its production in Taiwan is-
avallable It is certain, however, that only a small quantity is marketed
‘Although quite common in the sea foqd restaur.gants of southern Talwan 1t s
seldom served in the restaurants of Taipei. ‘

_ The mud skipper is found on mud and sandy flats in the tldal zone,: _
- particularly on the western and southern coasts of Taiwan. It builds atunnel

. ‘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 T

surfaces to feed on the benthic algae? +mostly diatoms. . _
All supply of mud skippers used t8 come from catchmg them in thenr .

natural habitat. Because of the dnfﬁeulty of ¢apturing the fish and the high K

price paid by the restaurants, as much as USSS 00 per kllogram,' many fish
farmers have become interested in their culture. At the time of writing;
some A0 héctares are devoted to its culture in the Taman and Yunlm areas.

2. POND CULTURE

2. I SuPPIY of seed fish - T

'The season of reproductlon of the mud sklpper is from Apnl to Septem-"-.'__- .

- ber. Most of the seed f,;:sh are ¢aptured in the months from June to
August. They can be found in ﬁifdafe&on the mugl or sandy shores alo" g

the estuaries at g sbb-tide: 'Theyzare generalty 1-5 to 3:0 cim in. lengt I
occur most abundantly n af‘ea‘s south of Yunlm 1 bracklsh water o ___es




.-




TR e T RIS

. S
5 / - |
thah 1¥015 specific gravity. The fry collectors catch them from the

puddles with small- d1p nets and sell them to the ﬁsh farmers.

7 2.2 The’fish pond @

The ponds for mud s}(ippeg culture are generally small, varying from O- 1
to 1-0 hectare in size (Fig 44). They are substantially the same as
milkfish ponds. except that Bambobd 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.
provnded in: the middle .of the pond and along the sides to facilitate
drainage and serve as shelter for the 'young fish durmg hot sunay days..

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

The s;it’nﬁc gravity of the water is preferably kept at 1 010to l 020

L=

2.3 Pre-stpcking treatment of the porrd®

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 is .
done to the milkfish ponds. There are however, some differences in the'- "
' practlce (1) The algal pastures need not attain such thickness, so less o
fertilizer needs:to be applied. (2) No repeated introduction 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 barnyard
manyre and rice bran are-applied;-and—sea-water of low salinity "is B
introduced to a depth.of 15 cm. The algal pasture will consist of diatoms .- /"
and blue-green algae. * | o
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 Sumlthlon or O 25 ppm Lebaymd -
for the latter. . :

b

'. o .' o

2.4 Stocking'the pond
Mud skipper fingerlings are 8btained from the professmnal collectors. / R
The stocking rate is generally 30,000 ﬁngerlmgs per” hectare, w1th e N |

v 79/\
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" “about 60%. | e R T

maximum of 50,000. Since it i$ difficult to recapture them once they are
planted in the pond. segregation as to size is rot done The mud skippefis
not cannibalistic anyway. ,

2.5 Pond management

Maﬁagement 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 penetration of sunlight to the
bottom. At the initial stage, the water in-the pond is maintained at about
15 cm in depth (about 30 cm in the ditches). The mugd skippers are then
still small in size and make oq!ye shallow tunnels, so the pond is not
treated. After about 45 days, when the fish exceed S cm in length, they
dig deeper tunnels in which they could hide, and the algal beds have
become toe decimated to support the growth of the fish. At this poinct, 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 1.010to0 1.020
specifig gravity is then introduced, and a new layer of benthic algae will
form. *

During this treatment, the mud skippers will h:de‘m their tunnels.
Care must be taken so that no largé)amounts' of mghtsonl get into the

]

tunnels and kill the fish. Mixing the feftilizers in the incoming sea water is -

safer and will accomplish the same purpose. After this, the water cl pth
may be reduced to 2 to 7 cm. '

The growth of the mud skipper is bést at temperature above 28°C It - v

- ceases to grow at a temperature below 14°C a"

-

JI. : e

2.6 Predators : -' | _ L -

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

3. HARVESTING AND MARKET]NG

The mud sklpper takes one to two years to grow to marketable size (Fig 46),
depending on ‘the condition of the pond ax[ld the management. The smallest
marketable size is 24 g, a.nd the largest may reach 40 g. Survival rate is

-
..
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Harvesting is done by coverilg the main entrance-of the tunnel with a_
bamboo trap (Fig 47). The job is done by a professional mud skipper
catcher. The mud skippers 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 S1mpl“ "

_ holdmg them. in a small amount of water at the proper. temperature

4. ARTIFICIAL PROPAGATION3

Experlments on the artlﬁc:lal propagation of the mud sklpper were carried
out by the Tungkang Marine Laboratory of the Taiwan Flsherle,s Research
[nstitute in the summers of 1972 and 1973. The brood fish used were 10 to
20 em 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 L to 1 carp pituitary and 5 to 10 rabblt
units of*Synahorin. A second 1n_|ect10n was glven on the third day. On the-
fourth day, they were ready for stripping, 'One fémale yielded over 10,000

. eges. The eggs were spherical and yellowish in colour, measurmg 0- 5-U 6
- mm in diameter. They were demersal and adheswe . <3

Sperms were obtained by cutting open the males, taking out the testes'
and cutting them into small pieces, which were then thoroughly “rmxed with
the eggs. The fertilized eggs were washed several times with sea water of
14.9-18-57,, salinity.- : s

The fertilized eggs hatched in 65 hr and 40 minutes ai watel: temperature- :
of about 28°C. The larvae at hatching were about 2-8 mm in length (Fig
48). They all died on the fifth day wnﬂrﬂ‘ﬁ‘? any sngmﬁcant increase in length.

|
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Fig 48 Egp and hatching of mud skipper,
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IX. Oyster Culture

‘1. INTRODUCTION . j .
. . ' 'i '_-f‘ : ) by

Fourteen species of oysters have been identified “in Taiwan: Crassostrea

gigas, C. echineta, Lopha cristagalli, Dendostrea folium, Ostrea turbinata,
O. crenulifera, Saxostrea dubia, S. vitrefactor, S. paulucciae, O. 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. Twhe strain is found to be similar to that cultured
i Kiushiu of southern Japan.” .

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 bcds and production in 1973 are shown m
Tabte 4. ) .

Table 4. Area of oyster beds and production in 1973
e _ 4 -
,. Area (ha) d PrOdﬁEthﬂ;(mt)*
Hsinchu Hsien ' - 447 L ! 2,052 _
Taichung Hsien - , .33 o S A b ’
Changhua Hsien 23850 7 4276
Yuniin Hsien , _ 3;630 TRy N 3,239 -
Chiayi Hsien Res 3,215
Tainan Hsien . s T 596
Kaohsiung Hgien - 480 o M
Pingtung Hsien =~ e .10 ‘ 7
Penghu Hsien % B | .32 -
" Tainan City =, "% 74 . .. 89 .
Kaohsiung City * . : 6 , : 39 .
Taoyuvan Hsien . 6 v S 15 4
Total ' 9,552 & 14 348

*Weight of shucked oyster
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Fig 49 Japanese oyster Crassostrea gigas
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Oyster was once the food’ of the poeor people in Talwa‘n The prlce of /
oyster meat.in 1963 was only NT$6to-10 (US$0-15— 0- -40) per kg. I
recent years, due to increasing demand fror s sea food restaurarits as well as,
common households-and the rise of labour cost, the retail prlce 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 anothpr
sense. The shallow waters on and around the oyster béds are rich in food
orgamsms (including the eggs and larvae of the oyster)? They therefore
serve as nursery grounds for young fisH ‘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 avall-
able for the plantmg of bamboo sticks to serve as cultch f

“y

2. ENVIRONMENTAL CONDITIONS
In some respects, the enwronmentgﬂ conditions 'of the coast of Taiwan are |
favourable for oyster farming. First:the year-round high 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 nearLy every part of |
.« the coastal waters. Secondly, there are abundant nutrients iff the coastal N
waters as'a result of discharges’ “frém rivers and drainage canals on’the
~western coast. Thirdly, the cultm:c of oyster on bamboo sticks is a labour
consuming practice. and TmWaﬁ‘ <fip to the present, can provide the cheap”
labour requlred = N
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 1mp0351ble to control the number of

. spats on the cultch'to avoid overcrowding. There is alsono separation of the
oystes beds into spat collection, growlng and fattening grounds. Another
" disadvantage of the year-round spawning is that the spawnmg activity - )
dissipates a large part of the energy that could otherwise-be spent for ..
growing. The discharge of water from rivers and drainage canal§ sthe ¥ .
' problem of water pollutnon ‘which may be the cause of mass mortality of DRI
~oysters and ¢lams in recent years.. Cheap source of labour, mostly family o
“labour at present, may not be readily’ available in the near future: with the #& = .=
recént rapid development of industry and the consequcnt exodus of young o
able-bodied people from thg rural areas. |

. On top of these disadvantages- the attacks of typhoons ¢ and ﬁoods often

{ . create havoc on the oyster beds by washmg away the. oysterdadcn bamboo
sticks and oyster racks. £ : o

¥ L
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N 3. CULTURAL PRACTICE
3.1 Collection of spats _ | ' - E

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 collectlon 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 arg allowed to: gr0w to,_ﬂ_
marketable size. SR I

The sticks used are of different. bamboo specnes For durablllty, they > ",
should be from older bamboo trees, and they should be low inr cost. Itis
now the practice in some areas fo treat the sticks with creosote to prolong
their service life. It is said that treated bamboo sticks may last five years
or more, but untrea d stfcks wi 1 last for only one or two years. Damage

————

their cost is prohlbtttve (Fig 50). ' =]

In most cases, the bamboo sticks are split from bamboo poles. Their _

~" " length varies from 30to 95 cm and width from 1to 5 cm accordmg tothe . /

depth of watei"at the locality. In the areas south of Yunlin, the bamboo *

sticks are split at the-upper end to hold one or twooyster shells’"'aas ‘i

collectors. . . .

' 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 barnaclqs and cause more fouling of the sticks. Sticks are also /.

' planted in July and August to collect what are called fall spatsp S s

- Collection of spats is not possible’ in the Plhgtung Hsien- due to .=

A unfavourable salmtty and Kaohsiung City areas, due‘ mamly to. heavy,;_. -

pollution. The oyster seeds required in thesc areas; ‘are’supplied ﬁ'om the_ __

Kaohsiung Countyﬁnd Tainan-areas, _amboo stlcks with oyster_' _

. seeds on shells are trucked and sold to: ‘Qyster growers in the Tormer two-: '

- .. areas for planting in March and April. e e B
o In 10to 15 days after their- deposmon the oyster seeds attal' ;

" 2 mmand are visibile to the naked eye. They are S‘w*anﬂ_ﬁtppe ;/‘,When

they reach a size of 6.6 9 mm. The number of seeds on a shel] variesa

great deal but the tdeal number is 25 to 3.0 R x’

Y ﬂh B . .\-“'“"".%----.‘-—.— _____ s o
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In recent years, spats have been collected along the coast of Changhua

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

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 th'e prevailing method inr

Taiwan. This is due to its simplicity and low investment as well as the
fact that the western coast of Tapwan cb)msts of gently sloping shallow
sandy bottoms not suitable for the adcasting off rocks and off- ~
bottorh culture. Any area where the seawater has a specific gravity of
1-005t0 1-025 (optnmum 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 m in width.
are also provided at suitable places tosallow the entrance of bamboo rafts

for transportation of the cultch material and the. harvested oysters. -

After the bamboo sticks (with oyster spat.s) are planted, the oyster
growers have to make frequent inspections (somet1me§’dally) of the be’ds
and make whatever adjustments that are needé‘d The disarrayed or fallen ..

-« sticks are put back into place. Sotae stlcks may need to be raised to avmd
’ bemg buried by sand and allow the oystersz-.on the lower end to grow. Sl’n is, -

is especially needed after a typhoon or flood. The dysters 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 catchmg the oyster
drills and their eggs. .
After 7 to 8 months, the oystets reach. a_length of 4‘3‘to 7 ¢m and can'be

U

\

| _ marketed. Some harvesting of the byster takes place at all times‘of the -

year in Taiwan, but heavy harvesting takes*place in the period from July
to September,and thenpenod from November to- February, when the
| oysters are fatter. . 3

Harvesting is done either by breakmg off the oysters from the-bamboo

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

by pulling up the entire st’fcksl These are loaded on to bamboo rafts and

T




ing oysters .

51 Rows of _Ba-m_b‘oo sticks
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Fig 52 Wind-driven cart for transport




taken to-dn open area in the village to be shucked. Sometimes a'wind-
driven cart is used tortransport 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 practisedv -~
The oyster meat 15 sold to travelling buyers who come to the growers’
to collect the meat and sell it to fish dealers, peddlers or processors who
produce dried oysters. _
The oyster shells are sold to be used for making qu1ck l1me

,.3.'3 Oﬂ'-bottom culture . ¥ & _.!;17’

-,

-

Off-bottom culture of oyster is comparatlvely new-in Ta1wan and 1s IS
practised mainly in Chiayi, where nearly 80% of the oyster productlon is™
_'from off-bottom culture, and in Penghu (Pescadores Islands), Whe‘re all a Fe
oyster production is from off-bottom culture (Fig 53). ) o
Both raft culture and long line culture are practised in Talwan.,Raft
| ulture is more gommon in deeper water further away from the shoré =<
The rafts are made up of bamboo poles and are usually 1§ m X T-5m% © 7
They are usually buoyed. by empty oil drums and™ anchored to the
‘bottom. Plastic strings, instead of the, wire used formerly, with By‘ster ERIEAS
shells strung 15 to 20 cm apart are suspended from the rafts: These, shells <"« 7 -
are spaced by loops made on the strlngs At most plaees, thé‘ shells serve, _'5
as spat collectors as well as for growing the oysters for market. B;ut in -
some places. notably in Penghu. shells with spats ¢ collected i i (;hanghua‘ " ": "‘f‘"_; _
and Chiayi are used. Very little care is requ1red durmg the growth of the-. R
oysters. The oyster farmers need only to mspect the rafts frequent]y 1o,

see if there is any damage t/c;il;l?md to removethose oysters of'_ su}tgble--:_._;-

market size. particularly if the strings become too heavy.” =~ . 7 > 7
_..Long line culture is pfactiSed in shallower Water, “and is es“" 1alh
‘ common in estuaries and drainage canals (F}g,:547 A pIastzc hrrb b;f- :
about three metres long is stretched between 1wo, bam“boo~st10ks, and * )
about 150 oyster shells are strung on the, lmgv As in the €ase, of raft .

cufture, a hole is made in each»shel}_and ;haplasﬁc lme runs through 1t e
“The shells are spaced by loops made or i A PR
- serve both for spat collectlon and

J‘ﬁigﬁ thcpySters Djfferent fnem thc~ '
ced 1o '\'_-alr pari orf the time.:, o

AcCordmg to Lm, in Chlay PR _
between April and August Growthmsl@WQd@wn orstops from September "
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4 MASS‘MORTALITIES

-.| ‘

 In recent years mass mortalmes of oysters and ¢lams have occurred along

37 ‘Lin. Yao-surig: Blolgg,tgal S]:ucly of Oyster Culture in Chiayi. JCRR Pubhcatlons B

'f'4 .Huang, T.:L;; Aguacmture in Taiwan, Journal of Bank of Tanvan, Vol. 25. No I~
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to Januarv In a pertod of nine months the oyster grows to 6—7.cm. a
growth condition similar to that in Hiroshima, Japan
According to experiments of long line culture in Suao Bay (Ilan) and
Makung Harbour (’Penghu) oyster seeds of 8§ mm in length grow to 6- 8
_ cm*m four months.* -
4[" raft culture, the oyster farmers harvest their oysters by going out to
thze oyster beds in bamboo rafts (with or without engines), removing the |
. _lmeé laden with oysters. and taking them back to shore. where they are’ Coz
cfulled tand shucked by women. The oyster meat is also bloated by .
oaking it in fresh’ water. which wilk increase -the ‘weight by 30%.
“In Taiwan all oysters are eaten in cooked tzondttton for the reason that - .
mo»t oyster growing areas are, heavily pol]uted “and that oysters have
/ spawns at most times of the year.

: ' . .
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the western coast in the months of April and May. The loss has been
»drlously estlm'tted to be about 30% of the number planted. It has been h
reported in Chiayi County that the mortality-did-net affect the-production -
of .oysters. The removal of thé dead oysters reduced the densuy of the—-— - =-"

P

population on the beds and resulted in better growth: . R
The cause of the mortality is as yet undetermined. Pollution from |
‘mdustrial waste. high density of planting. change of salinity or temperature
. or disease have ail been suspected, In®estigation of the cause and study of *
ct:mtrol measures are underway U
7 o/ : <
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X. Culture of Clam, Meretrix lusoria -

E] . .
b _ :

l. GENERAL STATUS o

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% sarfe®The specific gravity of the sea water

should be. 1-010—1-024. According to the Taiwan Fisheries' Year Book,':

the total culture area amounted to 3,799 ha, with a product:on of 4,283 mt

" in 1972.-Its culture is either for seed production or for rearing to market <. |

Size.

2. SEED PRODUCTION

Clam culture in Taiwan began as early-as 1925 n Kaohsmng Harbourand

gradually spread to other areas along the western coast.>[ts'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 supplied 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 frorn small crafts. The size of the seeds varied .from 700—

1.000/kg. Although they were found the year r round the main ;qqson of e

| _____collectlon was from May to August.

Tt was around 1971 that the fish farmers began to prodice seed Clamsof

stocking size. The practice has spread. In the Chiayi 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 (Fig 56). They are soldasa

‘mixture of &lams and sand. One kilogramme of this mixture usually. — 7"

&







|-
contains about 20.000 tiny clams. The higher the content of clams. the
~ higher will be the price of the mixture. :

The tiny seed c¢lams 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
light bgilgvn colour at 1-010-1-017 specific gravity. If this is not the case, .
the sitBation 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 eon31derably aeeordmg to management practice and-

_ _envrronment of the pond; *but generally it ranges from- 30 to 50 million per .
hectare.® They are either scattered as evenly as possrble over the entire pond

sifted as to size (Fig 57) and re-stocked in .ffereut sections of the entire
~pond at a later stage. Bamboo sticks are planted inthe different sections to -
serveas markers indicating the time of stocking and size of the clams.
Dunng the sifting. the miscellaneous species of $nails that argpreseit are
-remd&ved.’ Crabs, carnivorous snails and predatory species of fish should be
" 'screened out at the water inlet, and plastlc planks are set up along the walls
of the pond to prevent their entrance Frlamentous algae. such as Enfero-
morpha- and Chaetomorpha, are also pests ‘when they grow profusely .
~ and affect the fertility of the pond water. Their growth is difficult {o control. BN
~ The tiny clams planted in November may be’ harvested the following
May or June. when some reach a size of 800—1,000 per kilogramme (Fig _:
58). and are sold to farmers who grow them for the market. The disparity-in:
‘size is usually great. Theg undersized. ones are left in the pond. for further
\ _‘growth Usually 50-60% of the t’my clams planted survive:dand are har-
vested. Nylon sieves of proper mesh size are used to harvest*the clams (Fig o
39 : R
|

3. GROWING FOR MARKET o o R
3 1 Cho:ce of site " s S R

Clams are eultured for the market on sandy ﬂats t1da1 eStuarreS and the

recent years. they are also grown n ponds formerly used for mrlkﬁsh
_ +When the clams are cultured on sandy flats, the chorce of- locatxon e
sh‘ould take mt@ consideration these points:— | ‘ S e

i
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a. Elevation. Elevation with |- 2 hours of éxposure atheach low
tide 1S preferred Too lpng an exposure depriyes the clams of much of
their food and may cause mortality due tolofig e exposure (over 6 hours)
to the hot sun, An elevation’ with no exposure SleJGCtS the clams to
" destruction by predatory sp,qmes of fish, crustaceans "and molluscs,

+
‘starfish, etc. =

b. Nature of bottom. The bottom should have a sancl contem; of not less
than 50%. preferably 60—85%. The clams burrow_into aoft sahdy ’
bottom. and better growth is obtained. On such bﬁttom the tlams also
assume more attractive colouration (pink ) and have better markét value.
c. Salinity of sea water. The sea Wwater sl:;ould have a specrﬁc gfa;mty of
1.015—1:024. . S

d. Other considerations. Clam beds should be located on bottOms of _
little wave action. Bottoms with frequent changes ofcontour and llable o i |

pcdlutlon from industrial discharge are not suntable

- <, o . ’ ’ {

3.2 Equipment - .

Very llttle physncal 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. N
which helps them to float in the moving water. Barriers are thei'ef'ore \
erected to prevent their-eseape as-wetl a5 to-scresm out-predators:- e
Such{ barriers .consist of an.outer fence to- prevent the ‘intrusion of L
predatory fish and other animals 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 bamhoo sticks about 2 m). The-inner fence. . IR
consists of nets of smaller mesh size (about 1-5 ¢m) with'a height™of
about . 07 m. and its lower edge should be buried under the sand.
The- clam growers in central Tarwan simply. plant bamboo st1cks*..
around the beds at a spacing of -2 c¢m 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. - R
. Qther equipment includes a watchman’s shed built above the bcds and "
a. bamboo raft for use in planting, harvestmg and other. choresr

3.3 Planting - . - N .

Stockmg rate varies a great deal .in accordance with the peﬂsonal._ R
} L
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experience of the facmer 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.. |
oo - Phamting-mayrioe-made-any-time from-March-to-Nevermbelain. thes<ses
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 crﬁms should be
_planted over the surface as evenly as posmble

3.4 Growth
_ - ot . L . -
~ Growth rate varies with the stocking rate and the eénviron ment 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 bétween November_ oy

and March when the water temperature is low. The following measure>>

ments ofsweight of each individual clam are obtained from clam bedsin

Tatan havingza stocking rate of 20/sq’ft.

July 28,1972 (clams planted)
- September 8
- October 12
November 17 "‘x

h%:uember_z L. "“a_?
Jatbuary 18,1973

March 24
May 11 .
Qctober 5

&
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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 surfage, " T

but the result is not satisfactory. On tldal flats, care should be exescised
——-to-prevent-poeaching-and-to-fepair the™ FS-aftera-typhoon- o Fough il

weather~At-tow tide, the tidal flats shcbuld be inspected, and predatory

organisms {crabs, snails, etc.) removed

Industrial pollution has been the cause of heavy mortallty of ¢clams on
tidal flats in estuarme waters during thé\ months from Margh to June.
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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.

3.6 Marvestimg weenay

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 fiats is the iron rake behind whichia 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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X1. Culture of C'ockle', Anadara granosa___'_ |

g

L

l. GENERAL STATUS , L
. C
The cockle commonly cultured in Taiwan is locally known as blood cockle,-._
Anadara granosa. Its meat is red in cqlour,and is a highly pnced food :
.served in local restaurants (Fig 6 1). Although the production of _cbckles is .-
very large in Malays1a Thalland‘and Vietriam, their production m T’mwan B
is not sufficient to meet the local demand. -

The culture area is estimated as around 200 hectares with an, annual
‘productlon 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 commergial importance is the hairy cockle; -
Anadara subcrenata. Its meat is brownish or purplish in colour and
commands a lower price than the bleod clam. '

T Fig 61 Blood cockle Anadara gréuipsa

PR e - .
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2 HABITAT ANDV' DISTRIBUTION

In Talwan the cockle is found on cstua:me mud ﬂats along the wcstern
coast c?the Island, partlcularly in the Chlayl and Tainan areas: It generally
occu%s n shores where there is from: 15 to 30 cm of mud and the specxﬁ

— i



gravity of the water'is from 1-008 to, 1-014. E 1on with exposure of5 or . |
6 hours’ duration at low tide is considered ultable .
3. COLLECTION OF SEEDS |

.

- The §pawnmg season of the blood cockle in Taiwan is from January to
April. 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 fiets and the seeds are placedin ;.
baskets or tin cans. Hundreds of people, including women. ahd 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 OOO/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 will -
cause prolonged low salinity and should-be avoided. Muddg flats con- |
~tainihg up to 90% silt seem most favourable. for rapid growth.. . . | -

‘4.2 Installations |

- The cockles remain at one place nearly all the t:me Therefore, 1nstalla-"'~- .
tions to prevent their. .escape are not necessary. However the bleod =~
cockle is an éxpensive item in Taiwan, and mstallatmns to prevent theft
are necessafy. These consist: of bamboo sticks or bamboo splittings
enclosing the culture area to show that they are prwate ‘property- A :»
watchman’s shed on stilts is sometimes erected oh the water

4 3 Seed farmmg ‘

Some blood ceckle farmers bdy or collect the tmy cockle seecls at the.:f} '
beginning of the collection season and" grow them to size’ surtaole for L

. stockis
and ar
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4.4 Growing for market H
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 Wlth ,
the blood cocklies. )

As the cockle seeds do not reach stockmg size until 1ater 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 100-200/kg.

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

~ ¢ockle 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'cocklés would slow down. They
should be rédistributed over a wider area, thus reducmg the, stockmgr
density. '

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 | I , -
. f . . . i P

: Harvesting is by hand. The cockles of marketable size are removed for
* @% while the undersized ones are left behind for further growth., = - .
rdinarily; the cockle seeds stocked at the size of 5001 ,000/kg: rnay_, 0

be harvested by selection after one year of growth and harvested intoto -
after two years. Those stocked at the 51ze ,pf 2 000/kg or larger hay be.
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XII. Culture of theFr_eshW"at’é Clamf,'f,
- QCeorbicula fluminea’ . = |

l. INFTRODUCTION o R ]
Introduced from China, the freshwater clam, Corbicula sp. is/considered
more or less as a nuisance in the ponds and streams of U.S.A. But in
Taiwan and some other Asian countries. it 18 eaten as a deli?éﬁ-‘éy as well
as for its medicinal value for treatment of liver disease. i ’
> Three species are common in Taiwan, C. fluminea, C. maxima and C.
- formosana. The former is the species under cultivation in Taiwan.
The area used for culture of Corbicula has not been officially recorded.” -
since it is a compdratively new industry..From an.investiggtion supported

by the Joint Commission on Rural Reconstruction in’1973." the total area . .

of Corbicula culture (including ponds,.reservoirs and drafina-g'e canals) is-
estimated as 1.700 to 2,000 ha, concentrated in the -Taoyuf}fn and Changhu a
~ Once very abundant in lakes and streams, a large qualﬂtity of Corbicula
was formerly used as duck feed. Since the fifties, with industrial pollution
« , beconfing increasingly serious, they gradually disappearéd, and the fariners |
~ began to gear them. first in water reservoirs and drainage céri‘alfs and then in
* ponds, togmeét the local demand. . L f

!
Teg J'I

"2. BIOLOGY AND HABITAT R

The C. fluminea Miiller (Fig 62) belongs to the fam}'gly Corbiculidae. Its d -
sexes -are separate. and fertilization is' external: The eggs develop into-

veligers. @ft’fzr the plankton stage. they develop shells 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 1 gestion of food. :

~+ Inpature, they occur on bottoms of sandy loam where ﬂowin-g,,'wat%r'_'_i_s o

LA
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Fig 62 Freshwater clam Cofbicula ﬂumf&éa

E)

Fig 63 Dréinégc canal where corbic
- / are farmed
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present and are found in abUndanee in the Pstuarme areas where the
water is slxghtly 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'-

shell is greenish yellow in the young, but changes with the bottom condition
‘as they grox;ﬁ older, brown on sandy bottom and black on loamy bottom

L

S ) CULTURE PRACTICE ~

&

The Corbicula is farmed either in water reservoirs, dra#inage canals (Fig

63) or freshwater ponds. These water areas 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- oming
current to different parts of the ponds. Sandy bottom is pref red. The
depth of water is kept at about 1 metre. - :
The stocking rate is generally 1,000 o0 2,000 kg per

ctare, varymg

accordmg to the size of the seed clams and the fertility &f the water.. The -

Corbicula often reproduce in the cultural areas. in the second year,
less clam seeds are required for planting, especially when a number of
under-sized ¢lams 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 Corlzx&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 thcm remain wet-and
not piled too high to reduce mortality on the way.

Before stocking, the ponds are drained and the bottom dne;{ under the -

sun for two to three weeks,” after which the pouds are filled again with
‘water. The farmers then pile the Corb:culag seeds onto bamboo raf;s and
. scatter them umformly into the ponds. ™ o

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

soybean meal, wheat and/or rice bran, chicken droppifigs and morga:mc =
fertilizers (N, P, K) are often applied. . RN

* The growth rate' of the Cotbicula variés accordlng to the season, environ- -
ment and amount of foods available. Generally, planted at a size oﬁ) 11 gm

in weight, they reach 0-45 gm after 1-5 months, 0:94 gm after 3 months, NI
.2-25 gm after 4.to-4-5 months, 44 Ogm -after-5 o’ 6m0n£hs~ &I’ld‘ﬁ*ﬂ‘-“gm'&ftel“@“m

-——h-_

-7 to 7-5 months, at which sjze they may_ be~ha:rvestEJ_(F1g 4). .
An iron rake with a net tached is tised.to harvest the Corbtcu!a Tl'ley

are separated by size with a, wire sieve, and the, undéfsized ones are ¥

.returned to Eggonds’(c?r eservoirs or drainage canals) for fuﬂthex" growth

a4
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4. PESTS
The common carp is the /most 1mp0rtant 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 big
head, silver carp and grass-carp. - :

- One common disease of the Corbf'-cu_lciz is blackenmg of the shell peelmgﬁ .

off of outer covering of the umbo and finally perforation of the shell and
death. The cause of this dlsease has not yet been detérmined. Pc;smbly itis
due to malnutrltlon

5. MARKETING T

The Corbicula are usually sold to dealers who come to size up the gonds,
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. Durihg the Journey, they are kaept mmst and protected

]r”’."

from the-sun by a canvas covermg :

.
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1 INTRODUCTION N s

It 15 not known when shrimp culture began in Talwan For centt}nes fish
farmers in Taiwan have captured juvenile grass shrimps and sand\shrimps -
from the coastal waters and stocked them in mrlkﬁsh ponds where heyare . .,

years, however, that shrimps have been monocultured by some fa

Two specres of shrimps of commercial- importance are¥eultured in

Taiwan, viz. the grass shrimp, Penaeus monodon, and the sand sht\l‘m .

Metapenaeus monoceros. - Y _

The grass shrimp, P. monodon and the sand’ shnmp, M. monoceros, are LT

the species commonly stockéd in milkfish and Gracilaria ponds. Aecordm\g R

. 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 production,

was limited by the availability of shrimp seeds.. With the production ‘of -
shrimp seeds by a number of shrlmp hatcheries, the productlon of pond—

reared shrlmp is expected to increase rapldly in the future * :

z GRASS SHRIMP (Flg 65)

2.1 General characternstnes e " _ SR

| - T 0
+: ‘Also known.as sugpo in th.e Phlhppmes, this’ “{s the most important
, | speciesof shrnmp under culture in Taiwan and its.culture-holds much-.._
. promise of future ‘development. It is a large shnmp,reachmgamaxmum
. individual welght of about 250g, but 'those reared in. pond& seldom.,_;;_,_;._\5,;___‘ :
. exceed 120g.| n
L It is a tr0p1eal species, becoming slugglsh when . the temperature
*} drops below 18°C and succumbing to temperature below 14°C2 It is -

reared. “therefone, generally in the southevn part of Tatwan where the
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. Fig 65 Grass shrimp Pengeus monodpn

.. . Fig 66-Si1‘r_imp'h:£ch¢f)}‘ ggtic--'tan.kg_';f’“
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The grass shnﬁlﬁps are &al‘igfnt by commercml _trawlers cm bottoms of
le’ss than- 30, m deép in water of low salinity. Unlike m'any other, species. . 7
"~ of shrimps, theV do n@t °hlde in the Sand but stay on the surfacé\of the .
. bottom_ IR B N o - | _ -

v,

LI
e

? 2 Supply of seeds

2.1 Naral supp?y' 8 \
Before the arflﬁtral propagation - of;shnmps« was, accomplnshed all
rass shrlmp séeds were caught m estuarine wagers of low salinity.
t Sincé the Juvemles dike to hide among weeds and grass (hence the .+
name grass shrimp) in shdllow water. they are taken by the use of .
llures which consist of bundles pfgrass or twigs set near the shore. The
‘ fshrimp seeds that gather 1n the lures are collected with dip’ nets . .

Loy Tt
¥ 2732 ?lmﬂczml propaganon o - SR

0 ?{nee 1968, the T,aiWan Flshenes Research Institute has successfullyz- T
| ccompllshed the artificial productlon of shiimp seeds of Penacus .
wbonicus, P. mom)don,}M mono%eras,.and four other species of less . ..
portance. Now theie; are: some 30°) pnvate shr}mp hatcheries pro- -
| : ﬁucm.,g shrimp seeds; mostly P ‘monodon, wnth a total productlon of ”
.~ <« - abbut 30 millipn shrim]B juveniles. + ° ; )
.« '+ Asshrimphatchery- “Shoutd be locatéd on the se351de where clean sea.‘f_, SRR
water of 25-34 5, as'well as fre&h water (for dllutlon}ls available. ©
%" The essential equlpment comsists of.first a seriés of éiher mrcular,—" |
= plaetlc tartks-of 0-5 to'l-O-tan capatity.dngd/or concretetanks of 300"
B *70 ton capacity’ (Flg 66) "fhe number and size of these tanks depend .
“on “the scale of thé operation., These tanks are used for spawnmg,]
-~ hat hmg ﬁnd rearing the’ Tarvae. .
umping. equipment should be prov‘lded to take in sea , water. Thé,
_intake should be pldced as. far’oit and as deep as practlcal and at” a -
point aboat 30.cm above the sea bq;tom ‘The sea’ water should dg
=, through-a sand. layer or, if neeessaryl be filtered before’it'is use
' : Aetation equipment is alsa eésemlaerlr blowers-are used for large
f. ‘scale hatchenes and aif, cempr’essors are, used by small hatcheries. -
“Two sets are usuallyt prov1ded for alternate’use. Either an electiic
generat or- d:esel en‘“gme must be provnded to be used in case of 3
pOWET: llure h o RS T .
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Fig

67’ Dr, L. C.1Liao showing .
arass shrimp spawner  ’
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gshrimp ﬁshermen +Until rec>ently, e e
no mature. grass shrrmps ad peen found in ponds. It was in May 1975
. that the Tungkang Marine Laboratory succeeded in rearing two P
‘monodoh 1o maturity. Eggs were released and hatched, and 2, 500
: . larvae -were réared to Juvemles This was accompllshed without resort- .
R . fing to ‘removal of the eyestalks‘(I. €. Liao prrvate communication).
T The reproduction séasons of the-grass shrrmp are from March to Aprrl -
- * and from August to November The degree ‘of maturity of the spawner ~
" is determined by observrng the size of the oblong, dark brown oyaries |
visible through the do'rsal paﬁt of the shell. The bigger the ovarles the
. ' more mature is the sp@wner (Fig 67). . .
“™ One or two spawners are placed in the circular plastic tanks and T
 more may be placed in tHe larger oncrete tanks. At the beginrfing of -
the spawning season, the _spawners generally release their eggs in
dbout four days, but at the height of the season; lhey may spawn on the
same night or the next day. * Y
~ Newly released eggs float on the water surface. They are i roun-
-+ dish shape With a diameter of 0-25<0-27 mim. Each 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 L8
number reaches, 100 per titre, the spawner or spawners shoutd be f
removed and allowed to continue, spawmng in andther tank. -
o The nauplius-larvae measure 0-28—0-33 mm just after hatching.
They do'not feed. After about 50 hours at temperatures of 2’7—29°C
they deveIOp into the zoea larvae. At this stage, they begin fo feed and %™
are ‘given small planktons sych as Skeletonema costatum and Nitzs- .
chia closteriuni, marine yeast, fertilized eggs and trochophore larvae . - R
] . 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 Na,Si0,) and N :
5 g of FeCl;. Sea water containing Skeletonema is then 1ntroduced SR
. Y+ Under copstant aeration and with sufficient light, a brown'culture ‘of Rt
Skelétonema is obtained in 2 or 3 days. The zoea are very sgnsitive to
light and should be placed away from the hght soyrce.of dark coloured
plasti¢ tanks may be used. * . .
. The zoea stage lasts from t,hree to four days, after whnch they
i transform inta the miysis larvae (Fig 68). At, thls stage, they resem"ble
the ‘young shrimps, but swim in a vertrcal posrtlon with head down
' They feed ongthe nauplii of. Artemia and other zooplanktons such as
copepods, and rotifers of similar s;ze Artemia (brme shl‘rmp) eggs are "
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- meat of bivalves, trash fish or shrimps or egg custard.’ From the 5th

23 {)ver wmtermg o :

. defise gnd less feeds are given so as to stunt the shrimps. Feeds
~ consisting of cracked smails, small shrimps, trash fish, soybea_n and

1

. I

hatched in séa water of 30 o salTnty i about 20 hours at tefipera- " "
ture of about 28°C under constant aeration. Rotifers and copepods -
are gathered from the water su&ply canals of milkfish ponds with~
plankton nets. .::

After 3or 4 days the mysis larvae are transformed ll;lto post larvae,
measuring about 5 mm in length (Fig 69). Up to the 5th day they feed
on Artemxa or zooplankton supplemented with egg custard (oneegg .-
and 3:g.of milk powder).’. After the 5th day they may be fed'minced

day on they become benthzc clinging to the bottom or to-the'walls of
the tanks. On the 28th or.29th day, they.attain_a length of: about, -
20 mm and “are Sllltdblc for stockmg | B e

:2.2.3 Sale and rransporrambﬁ of shrzmpgeeds T
g
The Juvemles or young shnn‘lps are sold by the hatchenes d:rectly to
che shrimp farmers.’In transportatlon ‘they are held in plastic bags, -
which are filled with sea water and inflated with.oxygen. Since the
grass shrimp.]ike to stay on the bottom containers should preferably
have large bottom areas.* The- temperature of the water in the con-
tainer is main Lamed at [5°to 18°C by keeping a S"nfdl bag of ﬁ:e in Lhe
water 24 oo

Sl ce most of the grass shrlmp seeds are caught in the months from =~
August to November, and those from the hatcheries are produced
from July to October, it js too late in tHé season to plant the late
Juv iles in ponds and get a crop befordmter sets?in. They are’ = -
there*"ore placed in wintering ponds and reared unti! March, or Apnl,- e
whe they can be planted in.;ponds.

st of the shrimp wintering ponds arég in Tunﬁang, Kaohsmng--ff_
and Thinan. In Pingtung, the winter is mild, and wintering ponds are- -
simply, deeper ponds with no other- protection facilities.. Stockmg is

peanut- l’(\eal etc. are given dusihg warm-days (temperatﬁré“ =
18°C). Water is*changed weekly. The sur%val raté is generally 0
In Kaohs‘lung an,d Taman, the n‘ulkﬁsh wmtenng ponds usﬁally ery




Research Tnst:tute e\xpcrlmented on the over-wintering o grasé
shrimps and found that their survival rate was 28-8 to 49. 19 i -,
ordinary milkfish wintering ponds and 68% in a winterin pond\ [

specially designed by the Station. 6 | o~ \ ‘

! I \ . _ L o 1 X '\_I %;

2.4 Pond.culture ° \\ c ’ o
Ed . \ + . . . l .:.I..

2.4.1 1 n_association with-mykfish - %‘\’T " ' o L L1 | ”\ - ‘

If grass shrimp seeds are in 1a\ge sup_gly at low cost, probably most |
milkfish farmers in Talwan woﬁld stock their porids with some grass \ IR
shnmﬁ"Th—cost of grass shtimp juvenilés caught from natural water. S
is about US$0-03 to 0-05 each, but the cost of those produced by
shrimp. hatcherles is only about US$0-02 at the time of writing. So,
more milkfish farmers are buvmg shrimp juveniles to stock their ! |
‘ponds and in largér numbers in recent years. In fact. most of the -
grass shrimps. servefi in restaurants tome from ponds and not from the
sea (Fig 7). ! .
[n association with milkfish, the number of shrimps planted varies .
from 5.000 to 8,000 per hectare They are planted as early 35,-‘:?“-.
February ir"the Tungkang area. In Tainan they are planted in'early . -
April. They grow.to about 40 g each in three montha, 50 at |east two'
crops could be harvested per year. The survival rate is usually above ' "'
80%. No special feeds are given to the shrimps, which live oﬂ‘ the-'.."g.
natural food produced in the rhilkfish ponds. R sl e,
The most difficult problem in pond culture of shrimp is the control 7).

. of predators. The chief predators are Elops saurus, gobies, tilapia,
jelly fish and the small sirimp Caridina denticulata (Fig 70). The last
three are most destructive because they muiltiply fast and their eggs

. and [arvae 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 shrimps,’ but the worthless small

- shnimp C. denticulata remains a seripus problem both as a predator .
and a competitor for food One way to minimize such damages is to
keep the young grass bhrlmpb in the nursery pond, where C. denticu- =~ ., =

: lata rarely occur, until thgy reach 5 to 8 g in wel’ght before they are-_- - ww—v
planted in the rearing pond. : S
Another pest is the filamentous green algae and -aquatic p:ants .
growing abundantly in the milkfish ponds the waters of which-arg =
usually 1ess than one metre in depth Thetr: abundant growth mterferes*j R
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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 aquatrc
plants. _ _ i »

T ST v . >

- [ T “ . o »

‘1‘;'

2.4. 2 Monoculrme

Monoculture of shrlmp is uncommon ln Taiwan. Some monoculture
farms are found in the ngtung area. To avoid as much temperature -
and salmlty changessas possible, water in monoculture ponds is at‘
least One metre in‘depth. The stocking rate is 30,000.to 50,000 per
hectare, and two crops-per year are possrble The shrimp reaches 3 5 g
in & months, and survival rate is abolt’ 50%. o

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

Y

(1) The experimental pond — A 0-3 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, aif ‘was dellve;}'ed to a number of 1”

plastic pipes which were connected with the main pipe at intervals of. o

4 m. In these 1” pipes were many sniatl vents through which bubbles -
of air escaped to the water surface. A sluice gate was provided 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 teasseed meal and™~
potassium, cyanide were applied to eradicate the pests and predators
After three days, clean sea water was let in to ‘a depth of 50 em.

(3) Stocking — On June 17, 1974, 30,000 post larvae of 30 ddys

after transformation (P,,) were’ planted They averaged I 6 cm in
length and 0-019 g in weight. . | |

(4) Feeding'— In the first 10 days, crushed hornshells, Cerzthzdea '

chigtifata, were grven"-as-feed xfters his,-—*the-r-shrim e
clusively with a specially prepared pellet feed produced by sthe Presi-
dent Enterprises Corporation. The pellets had a moisture: content of
75%6. They were grven\ daily in late afterngon. The amourlts aﬁé feeds o
gwen were as follows: .

4 ed%w% E g




shrimp: the marketable size is 5 to 10 g | *-\\

".:I': * -
- - Kind of feed Amount given

Ist te 10th day Crushed hornshells  110% of total weight of shrimp
lith to 30th day  Pellet shrimp feed.  47% of total Wkight of shrimp’ '
3 st to 60th day - 15-21% of total welght of shrlmp !
6 1st to 90th day C10-12% .
91st to 120th day ' w T 652% -
After '120th day T C50% " o

The pellet shrrmp feeds used were made essentially with ﬁsh meal, -
shrimp meal. and plant materials, with the addition of amino amds and -

. vitamins. Its cride protein content was ‘46-56%.

K (5) Pond management -~ Depth of water in the pond was main-
tained at about 1 m. Water colour was closely watched to maintaimra -
good growth of phytoplankton and contrel the growth of fitamentous
green algae by timely change of water. Salinity of water was main-

tained at from 2360 to 34 43/00 Water temperature ranged from_"m

18° to 34°C. :

(6) Har vesting — The shnglps were harvested on November l7th
after five months’ rearing. The total harvest was385 kg. Total number
of shrrmp was 19,439, and survival rate was éstimated as 70%.-The
average individual weight was 20 g, and average length was 14-5 cm..

It is. srgmﬁcant that, during 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. _ o

3.SAND SHRIMP * I
The sand shrrmp, M. monoceros (Fig 72) are generally cultured in mllkﬁsh
ponds. It is monocultured only in recent years It is smaller than ,.he grass -

¢

3.1 Supply of seeds . N
Although mass produc'tion'.bf sand shrimp seeds | hatcherles is now
possible, yet the supply is still from }atchrng in natural water, which is

- _adequate to meet the requlrement They are cau ght in estuarme waters

throughout the island.”

3.2’ Pgpd management

20 ¢ . N
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' " \ Fig 73 Sand shrimps cropped from m.i._lkﬁ's,h""pond"" e 191
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+. 7. Tang, Yun-an: The Use of ;Saponm to Control Predacious Fishes in Shl‘lmp Ponds
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shrimp. Sandy bottom is prefcrred smce the sand shrlmp have the hablt N
of burrowing in sand. ’
. When cultured with miitkfish, the stocking rate is 60, OOQ to-t 90—999— ----------
per hectare and no special feeds are given. In monoculture ponds the B
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 aeration,
gquipment is providéd. In monoculture, animal protein feeds such as_
clam méat, trash fish and ground small shrimp should be givenyfeeds of
plant origin such as peanut and soybean meal are also accepted by the - _
* shrimps. Other managemnt practices are the sam*c asin culture of grass = |

shrimp. B

Suitable water sahmty is 15 to 20 Yo , but it is capable of growth .~
even when salinity is as low as 10 %s. . B e
3.3 Ha_rve!tmg and m"arketmg . : N

‘The sand shrimps reaclL marketable size of about 15 g in about 50 daySa
and may then be harvested. (Fig 73). They are generally .caught by g
placing a net at the sluice gate .when water is being discharged to take' | e
advantage of the habit, of the shrimp to swim with the current. They are %, >
marketed as medium sized Shl’lI‘IlpS As in the case of grass shrlmps they «*]
are iced and shipped to the cities by trucks. - 1

l- - T
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~XIV. Crab Culture -~
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I. INTRODUCTION .

The crab commonly cultured in Taiwan is the serrated crab, Scjlla serrata
(Fig 74). It is extensively used as food in-Southeast Asia, where it'is an
éxpensive item of food, relished especially for its ripe __gonad. S

o 1gem )

R . ._'. 1 .
Fig 74 Serrated crab Scylla serrata®

wh

According to the Taiwan Fisheries Bureau,! the production of S:Serrata -

in 1973 reached 782 mt, including those captur&d in coa$tAl waters and.
“those cultured in ponds. There are no datd of the are_a;(pf p'.dn”ds an'hIChS _
; Serrata are cultured as well as théir production from ponds. They are:




L

'stages and a single megalops stage; whrch takes about a month the larvaez._ﬁ

. ) o L] .
! ) ’ ' ) ) ) B L
. " . '

extenswely stocked in mnlkﬁsh and Gracz?arra ponds n southern Tarwan
partlcularly n ngtung County In Il,an County, they are reared 111 Tice *

Monoculture of crabs 1S practlsed in southern part of Talwan The main -
purpose is to rear the femalesfto maturlty, wrth fully ripe gonad SO as to get

Toa better price.

Three varieties. probably of the same’ specres are recogmzed by the ﬁsh
—farmers.> viz: C
(1) Sand crab. Largest in snze of wild dlsposmon inhabits ﬁowmg water
of higher salinity (20—30/0) | RS,
(2) Redﬁlegged crab. Smaller in. srze sHell hard; of wrld dtsposmof‘. VI
(3) White crab. Medium size; tarne and less active; tolerates wrder rangeg -
. of salinity. - . : : . , -
The white crab is the variety commonly cultured ' o '
Hatching of the eggs of S. serrata and rearing the 1arvae to adults: have
not been successful in Taiwan. According t&*Ong Kah Sin of the Malaysran '_
Department of Fisheries,* matmg of S. serrata occurs as early as the ﬁrst

-

-

approaching afemale in premoultmg eondrtlon chmbs over her, cl'asps her
with his chelipeds and the anterior pair of walkmg 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 copdlatton Wthh usually lasts 7 to
12 hours. - . _.gag._j
- Sperms are retamed by the female and fertrllzatlon may not take place-f" L
for many weeks or even months after mating.-A single copulation may =
provide sperms.for two or more spawnings. The fertilized eggsare attached B
to the female’s pleopods ‘where, they hatch in a few weeks.t T

The larvae hatch as planktomc zoeae, After passmg through &veral zo0éa.. e

h e T

metamorphose to- benthrc Juvemle crabs

. !

2. POND CULTURE
2 I Monoculture
2. 1.1 The crab pond B : e

‘The pond for monoculture of crabs shouid preferably be located in

estuarine areas where thie tldal ifference is great to facﬂltate chang
water. The salinity should-be from 15 to, 300/% For cIeanlm
sandy bottoms are preferred A L, ‘ - :

124
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T hc size of tlu pond 18 usually small, abolit ?%O n-. One good
" Llrmnoumm isito.divide dlarge square pond into four/smater square—
ponds with a eonu ete tanl\ of about 1-35 metres squard in the centre to
serve as a water inlet tank forall the tour ponds. When water is'let in,
the crabs will-congregate in this tank and can be caugfht there (Fig 75}

-

.
T

Fig 75 Bigsquare pond divided into four small ponds; c%’r‘ete water inlet témk at centre
" L o :

Usually. the w ails ofthe pond about 1 metre hlgh are elther made

of bricks or concrete with-protruding lips té prevent escape (Fig'76).

- Just inside the wall a layer of bricks should be laid%on the bettdm to
+ form a sloping surface on which feeds can be placed .Jn_ponds with
mud w allse bamboo screens are p]aced obliquely toward the msnde Of

€ . . b
- e .

the pond 18] prev ent edepe o _ ,

o2 l 2 S’m(Amv and pond m(magemeni - _
. " . d\‘" -' . . ' PR ’ e

Thc_ purpose of nwn@,g;uﬂure of crabs m Talqu ns to rear the temales S
that have just had cgy Hjatlon to the stage of full gonaq development.
The rearing period isigh ',i\bonetotwo months. Soincrease in weightis + >
- not the primary objéétive. Since only a limited number of post-
* copulation females eah be obtamed at one Elme a number of small

s - 12§
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- tfieucrabs usually feed ;

. lm"’ -

_ponds should be: prov1ded to hold the d1fferent batches of crabs whlch SR
are collected at intervals. o
.The seed crabs- may be planted ¢ any time between Apnl and Septem~._ s

- ber. The stockmg rate is generally three crabs per m?, varying.in ., -
accordance with the water exchange capaelty of the’ pond The smeaof B
 the crabs stocked varies from 7 to 12 cm’in carapace width. L
7* "7 ‘The.feeds usually given are sriails, trash fish, fish viscerals, and=_--
almost any kind of animal food. Soft-shelled snails (mostly fresh-_:.
,water spe61es) are ‘preferred. If hard- shelled shails are. given,they -
should be cracked first. Accordmg to " the experlence of the crab o)
e _:-ja,rmers snails are the most important feed for the maturation of the -
' rabs and should be given in plenty. The quantity-of feeds given daxly..z
is about 5%, of ‘the total weight of the crabs (about-35 kg per

21 14060 .crabs). Feeds aré given ¢ daily, in the later afternoon since -
feeds should be glven if the_"'f o
_searchmg for food o

%rabs are found to be active

2 1.3 Harvestmg and ‘marl(etmg

"The crabs are captured by hand w1th the help ofa small dlp net or thh___'

‘a large dip het baited with trash fish. Sometﬁﬁes plasnc or: cemegt.

pipes-are placed on the bottom and lifted up from:time to time.to -

empty the crabs that hide therem Catchmg themqn the: water inlet

. .tank as mentioned above seems to be-'the most efﬁcwnt method of
.. 'harvestmg Survwal rate is 70 to 90% o -
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lightly pressing the shells to feel if- they are firm (Fig 7).

»

T weight.

o

" owith heavy straw rope

\1"2 2 Polyculture in ﬁshponds

-

- fish and/or Graczlm ia ar¢ cultfured Generally the ponds are’ regular ﬁsh

: _concrete dykes are used.

' width or’larger ones of less than 60 g in weight They are. harvested and
sold when they attaina carapace widthof 12 cm or 220°g in'weight. -
The number plarited varies a greag deal, but it usually does not exceed

“both ‘males and ‘females dre planted.
quantities must be given to’ prevent canmbahsm N o
The crabs generally reach marketable- size in five or six mof fths- and
~-may be-captured for sale. .The gurvival rate is about 50% in those case:
“where the stall baby cra};s are stocked and about 70% if larger crabs'a_._
stocked. Most of” the crabs. marketed are male crabs or females without
E rrpe ovaries. SRR : o .

L

Crabs are also stoc’ked in brack1sh water ponds in which shrrmp, mrlk

- The crabs are generally captured to be sold 20 to 50 days after _' o
" stockmg Experienced -crab farmers™arg able to tell whether the - -
ovaries are full by examining the crabs against light and also by . =~ -

B During’ transportation, each individual live crab is bound with a
N - heavy straw rope wetted with water to facilitate handlmg as well as to L e
keep it moist (Fig 78). . " | Sl
The crabs. are sold by number accordmg to therr srze» and not by.-_:_ SR

_'_Flg 78. Each marketable crab 1S bound;. .

*The baby crabs planted are’ erther M se of l 5 to 3 0 cn of carapace |

10.000 per héctare. The purpose of the culture i prrmanly for growth 50 ,'

The feeds.given are similar to- those for monoculture Adequate

5. .




M3lE Erabs that have had many copulations have very little meat and h
bring a very low price. This is often the case after September To avoid
thlS farmers usually harvest their crabs before that time =
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" interested in it either as an occupation or avocatlon However,.nearly all-
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XV.F rg Cultubre .

L

I INTRODUCTION . I

Frogs are a luxury food in Taiwan and many ether areas, although they are -
not eaten in some countries, fqr instance in India. where frozen frog“legs . _
“form an important item of export. - L PR

The frog commonly eaten in Taiwan is the native green frog. Rana
tigrina var. pantherina Fltzmger (Frg 79) They are small in 31ze and are -

not cultured. - AR

- The species now under cultrvatron is the Amerrcan bullfrog, Rana ey
~vatesbiana, which was first introduced into- Taiwan by the Japan-
ese in 1924.and again by the Taiwan Fisheries Research Institute in 1951 '

The first mtroductlon was not successful. The few farmers who reared them -

soon became discouraged and discontinued the venture. ‘So the frogs

drsappeared The tadpoles and young frogs introduced from Japan in 1951 o

*were first reared by the fish culture stations of the Taiwan Fisheries - .

Research Instttute They were propagated ; and d1str1buted to; people who o

wepe dnterested in frog farming. -

Because frog farming required very- llttle caprtal mvestment and only a
small piece of land, many rural people as well as city dwellers became

these frog farmers at-that time depended on-the sales. of__breeclers_a_t,:dn
exorbitant price as their source of income. Bullfrogs wereé not sold.as food -
: because of the high cost of production ‘and consumer preference for the"
native green frogs. So the number of frog farms gradually decreased untrl
recently. : R o
There are at the time of wrrtmg some 200 frog farms on the 1sland most e

- of which are cottage industries. Some larger- farms have begun to sell their
frogs ‘to restaurants. This is possrble by the.use of ch_______'per feeds and

) rmproved culture techmques as descnbed in the followmg
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-pond, a tadpole pond, a pond for young frogs and a pond for growers,

The size ot' .J;he farms varles a great. deal accordmg to the scale of

-operation."Some make ube of only.50 to 60.square metres beside their - .
houses, while the Iarger frog farms are 5 0(10 to 6 000 square metres ,ln' .
size. . | %, - i

T o PR, A1

rne pOuus usuauy prOVlCleCl consist of a. Spawnmg pond, a natcnmg_,_

(larger frogs)

e T S

a.sS sSpawning pond. The spawning pond is usuauy 10 to 15 square metres
~ in size: It should be prepared to approximate natural environment with ~ *

. series to accommodatethc different batches of spawns. The water'should -

i of 15to 35 cm, ahd at least one- fogrth of the area should be land whlch_rs__
- slightly higher than the wat’er . '

130

.. provided to each pond.
' ¢. Tadpole pond. Several poirds with mud bottorrt and a water clepth of. 30_1.
" t0 40 cm should be provided for rearing'the tadpoles. To stabilize water -
""f-_temperature and $ecure better growth the tadpole ponds should be of a

'd. Pond for young frogs. Young frogs are frogs that are less than two_ff'":
- ‘months old after transformation. Several ponds should. be provided to.

-_.----'prevent escape, but some stlfl use wooden boards or w1re screen. B

trees and grass planted on the land area to provide shade and sheltér. 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. The hatchlng ponds are concrete pohds bullt ifi a

‘have 'a depth of about 40 cm, and a water inlet and outlet should be'

larger size. L
segregate them according to size. These ponds should have a water depth_'j_-

e. Pond for growers. The ponds for the larger frogs ate srmllar to those-
for young frogs, but the depth of water should be kept at 30 to 40. cm. In
some frog farms, land areas are-not-provided mtheseponds, -and floating
feed platforms are used instead.; -,Q&t#'fﬂg;farmﬁrsffence;their-.p‘ inds fo
young and larger frogs with.nylof e tmgs’both on the top and srdes to:
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will be done’ evertually. in the farms The bullfrog starts to breed at the*

| " age of about two years. It used to be the belief that an adult frog would
only embrace a mate of his gwn choice,” and frog farms sold only what
they clarmqg:l to be mated pairs. But this has been proved hntrue. A -
mature frog Wwit] matp with any competent frog of the opposrte sex if |
. given the proper mnronment : boegeas 7

A male bullfrog can be distinguished from the female by the s:ze ' ofats.
eardrums, which are twige the size of jts eyes; in the female, the eardrums .
are only slightly larger than the eyes. The male has a bright yellow throat, L
but the throat of the female is smudgy white, ‘mottied with brown.>

The Tale bullfrog croaks during the breeding season, _Wthh is. frgn
early March to late August in Taiwan. The sound 1t makes is 31mrlar to

the bellowmg of a bull, hence its name. ; c e
A '

2.3 Mating and spawmng

@It is customary to select large 'strong breeders and place the};}en the
spawning pond in the proporticp of one male to three or four femalés and |
wait “for - mating to take place. During this ttme they must not be .
disturbed.

During matmg, the male frog embraces the female in the water from
~.behind with its forelegs pressing the belly of the female. Thrs ‘may last one
. or two days. "Eggs ar® laid early in the morning and -are fertilized in the
“vrater. The eggs are surrounded by a jelly-like substance holding them :
together to form a floating mass on thé surface of the water.

.-"’

2. 4 Hatchmg
The average number of eggs laid by one female.is 9,000 Old*el' frogs may e
-lay as many as 12,000 eggs, but the fertilization and hatchmg rates are
3 2 low. Usually 1 ,000 tadpoles can be obtained’ from €ach spawning. When
. . anegg mass is observed, it is carefully scooped up i in a pan with water and
—————placed gently-inrthe hatchrng pond Thevegg mass must—not—be—myerted————
;- » - while being moved. - - A
The time requrred for the eggs t& hatch vanes w1th the water temper;a
ture. At 24° t0.27°C, they'hatch in about 72 hours I’t 1s desrrable to have
running water in the hatchmg pond S

2.5 The tadpole stage )
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| t“ and do not start to feed until the 7th or'8th day, when they may be ‘fed

- “boiled 8§ yolk. About 20 days_ after hatchrng the tadpoles may be
_ -removed to the tadpole ponds. :
- P?%per care-and ‘management of ‘the- tadpoles is an rmportant part of TN
L+ frog farm ne: ecauses.the \larger the tadpole&at the trmeof tpansformw -
X7 tion, the NrBErwill be thefregs. -« ¢ - TR

The usual practice is to stock 1 000 tadpoles jn one square metre As e
" many as 2,000 may be stocked if tunning water is provided. Several B
small pond 2tidhild be provided so that the tadpoles may. be segregated R
accordmg\to siZe 0 obtain more uniform growth.
: The tadpoles are fed fish soluble and peanut meal in the ﬁrst month

_ after which they may be féd sweet potato flour, rice bran,g@kchen waste -
n and other low-cost feeﬂs ‘The feeds are placed in a pan nés "theawater-_ o
surface to facilitate observation. The tadpoles are fed twrce daily, once in -
the morning ancf once in the afternoon. The tadpoles are- ommvnrous

~They cons /yme both ammal gj vegetable matter _ I

2.6 T-ransformatlon i ' l B
- The time it takes for the tadpoles to lose (absorb) their tails, grow l1mbs..5_-
" and transform into young frogs varies a great deal accordmg totempera- . .
ture, quality of the feeds and the inherent charactenst:cs of the tadpolesK L
. even among tadpoles from the same batch of eggs. Generally, the h1gherf
| * . the temperature and amount of feeds, the shorter time it takes for
R I . transformation to take place. In central part of Taiwan, the tadpoles frorn
\ 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 .
o . those from eggs hatched- after August do'"not transform unt11 after March
o of the next year and grow to large frogs. "~ - E
5 Q ot " To obtain larger tadpoles, transformation- may be delayed by d_'_
. "~ ing the water temperature (to below 16°C) This is more effectiveif a
S - same time-sun light is reduced by keeping: the Eadpoles indoors: or r
_a._..mm«m--eover Under-feeding- wﬂlalso—delay tr—ansformatton—but-may-resultfrn '
hrgh mortalrty :

. '__2.7 The young frOgs’ | - .' __r' AT :
Aftér transformatlon the frogs are moved to the ponds for young frogs
. Feeds are not given until all the tadpoles have completed their transfor
mation. They are then. segregated as to size, put into. d1ffercnt pond

feedmg may. begm When subsequent observatlons ﬁnd some frogs-:t be
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sagmﬁcantly d etent in size, they must be ‘again. segregated Thls is
: 1mportant to w}canmbalxsm
Over one-foufth f the_pond area must be land. Whep th’lS area is
" “paved with bricks ore Cement long exposure of its- surface_to the sun
- should be avuolded tcpprevent overheating. When it is earth surfaced it '

should be"pounded to,a hard surface to mlmmlze aceumulatlon» offchrt.:i ", ;

and food particles. . . -

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 $0-80. o : N
" 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 tobea cheap source of feed for
- the young frogs. They age 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

throu gh the wire $creen into the box. More food should be given when the.. - T .
temperature is between 20° and 26°C, ‘and the amount of food should be

reduced at higher or lower temperature The average amount ;
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 . 3

is placed on shallow trays, which are put at the margin of the lan (Fig-

80). e half of the tray, contammg earthworms, maggots, etc. is on, .

land #while the other half conta’mmg 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.
Small quantities of dead fish, snails, animal viscerals _etc are first added
and mixed with-the live feeds and given to the frogs. The.quantity of non=--~

moving food ts gradually increased untll it compleﬁely replaces the hve .
movmg food ' S - g

J.ll

sevetal ﬂoatm 18 feedmg trays are placed on the water-surface: Aathe frogs--: B

jump onto the tray, the tray’is mﬁd‘é‘to_lﬁb'arrdthedead*foodrappearar
alive. The frogs will then feed on it. - |

2.8 The growers

When the frogs are over two months old, they ate. moved into. th.g,_ ”
growers ponds For frogs of 12 cmiin length the stoc.k_g rate 1s 50 per'







oS

© .. active again whenever the temperature rises. So they grow at nearly all

. Taiwan has not yet developed an export trade of bullfrogs. All the cultured
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’ square metre for those over 15 cm, the number i is reduéed to 20--30. The

cultural practices arethe same as those for the latter stage of young frogs.

Meat of the giant African snatls is one of’ the cheapest feeds for adult_

frogs. The frog farmers buy the snails from the children who gather therii

~“and the meat is extracted. Being an agrlcultural pest, the eradication of o

this snail is encouraged by the Government: o e
In semi-tropical Taiwan, the bullfrogs-virtuaily do not lnbermslt-e In

. cold winter days. they become inactive and cease feeding, but become

times of the year. They usualty grow to-300 g in seven muntha after the
transformatlon ' .

2 A

2

2.9 Enemies v L

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, o
Birds. snakes and rodents are the chief enemies of the young frogs—-—-"
Adequate fencing and screenmg w111 keep them out. : :

k)

¥

3. MARKETING AND TRANSPORTATION

bl .-;.\.

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 thlS

size. they bring the best price. i S
For short distance transportation, they are simply held in gunny sacks or .

any cloth bags, but for long distance shipping . they are held in wood.en ' '

“h

boxes. They are kept cool and wet durmg tHe Journcy I ———

1. Lin, Chiu- chang Frog €ulture Tanvan F zsheﬁes Bureau F. fsh Guirure Pamphler _No i __

49: 1973, (In Chinese.) - - ‘a
2. Wright, H. H.: Frogs. Their thural Hlstory dncl Utlllzatlon Report U S Bureau of
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Although farming of the soft-shell turtle, Trionyx sinensjs Wiegmann (Fig ' __

* 81), had its beginning when Taiwan was under Japanese oceupation, the -
scale of operation at that time was very small. People were not interestedin = -
turtle farming, becayse the animal takes a.long time, two years or more. to
“ reach marketable s1ze The first aturtle farm of larger size was started in

~ Taichung.in 1926. The farm had only four small pends, totalling 155 sq m.- -
. Attracted by the high price-paid by restaurants for the soft-shell turtlein. - .

. tecent years, about US$6/kg at its lnghest more- and more people have =
taken to turtle farming, and the scale of operation has become larger. 7
According to the. Taiwan Fisheries Year \Book, the total acreage in turtle’ - o
culture was 104 ha with a productlon of\259 mt in 1972

1. GENERAL DESCRIPTION OF THE OFr-SHELL I‘UR?TLE L
" The soft-shell turtle actually has a poorly ossl{ﬁcd hard shell, but-itis /soft«..i_. S
edged and lacks horny scales. The male cansbe dlstm.gunshed frorn the . =

‘|

female by the following charactetlstlcs RS S .

1. The tall of the female is shorter than fhat lof the male, not prot dlnglf"s‘:‘""i_l_

- outside the carapace. ™ S
. The carapace of the female is [ess oval tllan that of the, male-/

2
" 3. The body of the femgle thlcker than that of the le/ -
4

. male. : e
5. Mature,mgles aremucl 1arger than the females often tw1ce m mze

_.—It-inihabits freshwater and may be found in, all the streamsf lakes and‘-':" :
ponds where the bottoms are muddy. Resplratlon \l?y lungs It loves, to_:_;_
climb water edges or aboard any ﬂoatlng objeet to get the warmth of the
sun. |




- Fig 81 _Sc_;ﬁ-shq]l turtle '?__'“n'on__}f_._t_s

inensis




[ ‘ e b

\! ‘ . S e
lnans or other animals. But lt is also vrserous and canmballstlc brtlng the
.h nd that comes closeé to-it. ) R “ LT

“ {1t is active and feeds well dunng the wal‘m weather When the water
tempera‘turejdrops below 12°C 1t buncs itself in the mud to hrbernate

.-

2. POND CONSTRUCTION AND WATER SUPPLY o }

——

I —_"“"——-——--—-______r_____ — . .

- [Ponds are of mud bottom The sides may be of mud, brick or concrete The
| walls are provided with protrudlng lips pn the top to prevent the turtles from

; escaplng -The 1¥p extends about 12 cm beyond the inside of the. walls 4
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 rlch grpwth of phytoplankton is preferred It
i not only gives the turtles‘a sense of security, but the ‘process. of. photo- =
. synthesis also adds oxygen to the water and removes obnox1ous gases
: formed by decomposrtlon S : :
Since the‘turtles are canmbalrstrc several ponds shouFd be promded ¢
'that they may "be segregated by size. The ponds vary from 700 to 1,700"
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 %Ould have 15 to. 30 cm of soft mud"
where the turtles can hibernate in the, winter. 'Ihe bottom of the. shallow
portion should preferably be a mixture of sand and 'mud. ‘The larger turtle
have a tendency to escape at the corners of the pond, so the lip at thes
locations should extend further out.; or a triangular piece of wooden boar_d
could be added to each corner. As i in all fish ponds, the bottom should slope .
toward the water outlet to facrlrtate drainage. - . - IR
Besides the pond for growers as descrrbed above, some turtle Ifarms-a

a small house or a platform wtth sandy bottom for egg laymg
.at one corner of the. rearmg pond (Flg 84) o

canmbaltsm by the large turtles They are usually located <
of the farmer or caretaker and vary in size. from 1 1
‘are paved with sand and a top cover lS usuall




3. CULTURAL PRACTICES

3.1 Rearing in nursery pond , BRI P
y . b o - .'-.-" S _
The farmers start operatton by buying young turtles from other turtle '
farmers or dealers. The young or seed turtles are 2—-3 cm in length They---
start feeding almost .immediately. In.thg nursery pond they are fed;
tubifex worms and crushed shrimp. Two feedings are given each day
The amount of feed given daily is approxrmately equal £c abor -10%.of
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 he-given,.
Mixed feed for eel i 1s also generally used in the daﬂy amOunt of 5% of the.,.-
total weight. !
Mortality is generally high in the nursery ponds, especflally in. thei
v ~second and third months after Thatching. This is due to accumulatlon of ]
unused feed and detritus on the bottom and consequently decomposntlon;
‘with the productton of methane, hydrogen suIﬁde, amrnoma, etel Re""""

. -

Joss. B . S
To maintain a htgher temperatur‘or growth, some nursery ponds are
covered by transparent plastic sheets stretched .on a wooden frame. The
sheet should be removed if the water- temperature exceeds 32°C : ’
The turtles in the nursery pond w1ll reach 200 gin welgnt ina year an
may be moved to the rearing or growers pond. . = . &

-

3.2 Rearing for market :;

in the growers’ pond the turtles are segregated by.-size- and put mto
different ponds to minimize canmbahsm ‘They are fed mainly tra,
which i is often mrxed with com or soybean meal. Low grade forrnula

';_\

L lox%red below the level of the water L
F ‘ In southekl'gl“ aiwan, the turtles feed alrgost year
S and norther ai '_ an they cease to feed from Decem




when the temperature is below 15°C. Feedmg is best when the w'/ter
temperature is between 20° and 26°C. -

\ The rate of growtft depends a great deal on the \cllmate In central an\cl

northern 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 -
7% -, reported that they reach 600 g-in one year. :
| 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 spendb a great deal of energy for

- J:eproductl\on

~ ~~TH& stocking rate varies. wrth the age of the turtles as shown in the

ki followlng table, - - : o e
, - Age o P Number per-Olha .  seo
o . l-year _ 3 ‘ I%OOMB‘ 600 ' ‘l .
: Q-year_ s 600--1,800 TN
. J-year T 300~ 450 . e N

" 4-yearand over . . -’ | - 90~ ‘300 e

1 . i e ; —
. -,

Some farmers put a small number of walking eatﬁﬁh, Clarius fuscus,in -
the turtle ponds to take care of the feed not crfnsun_;:led by the turtles. -

When the turtles reach market siZe, they are captured by nets draggeu
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. Cgremust o
be taken.to avoid being bitten by the turtle. If bitten, placing the turtle |
bacl( mto the water wrll cause it to release its* hold.

(.

~

\

-F

4, SPAWNING
The spawners are elther reared m specral spawners’ ponds or in the rearing - '
ponds i which the three- year—olds ar¢ kept. In some farms, a small brick or’
.wooden houge, usnally 10--20 m?.in drea and 100 cm hrgh is built. It is
_ provided with'a small window and a door. This is fer spawping and' mcuba— .
“tion of the eggs. The floor of this house has a gentle slope and is covered.
with clean sand to adepth of about 15 cm. One or two pieces_of wooden o
planks are placed at the gmall door (or hole) of the house sioping wjth the =~
- end.into the water to sepve as a ladder for the turtles to climb in tolay their.
eggs in the sand. In smallerifarms, an elongated slopmg platform with 'sand-_:'
on the bottom is provrded at one corner of the pond for the turtles to ;




.

Fig 83 Small brick
. v)'lo_i;sc for egg-laying

~"» 'Fig 84 Platform for tu_rt__le_'.-_ :




thelr eggs on. At the lowest part of Lhe floor of. the—small house or platform, -
\a small basm corttaining water is placed level with the topmost /s“andy
' g turtles will mstmctlvely drop “into the basin aftér they_

The spa_wners should be at least three years old Although’ turtles m'_ ,
southem‘_— Jdiwan start spawnifg at two. years of age, their e%gé are few in
number, i __egular in size (usually smaller) and do not develop into healthy. S
. ._yaun,giurtles It is best, therefore, to use as spawners large turtles elghtto_.,
‘nine years old. One or two males to one female , 1§ usually consmler,ed
appropriate. Voo
The turtle makes a hole in tN&sand and lays its eggs }«herem (Flg 8 Q;[he
- turtle farmer removes the eggs and examines them.to see if tHey have
‘ been fertilized. The eggs are spherical, 1-5to 3.0 c/m in dlameter They are
* grayish brown in colour. Unfertilized eggs aevelbp large white spots in a
" few days. The good eggs are arranged in rows w1th the air cell up and spaced
.about'2 cm apartand covered with about S ¢cm 6fsand to incubate. They are .
usually marked with numbers ard dates. The $éand should be kept warmand
slightly moist. At average temperature of 36°C the eggs hatch in about 50
days. Hatching rate is higher in an 1ncubat10n house tha.n on ;
platforrt, often exceeding 80%: ~ /

S
7

5. PREDATORS AND DISEASES

‘The most important predator is the snake, whlch devows the turtle eggs and
young.

T’he highest mortality occups when the: young turtles are thre months
old, when they are infected W1th mould. This is the result of hlghwglenmfy
stogking and consequent u.ylrtes from biting among t‘te turtles the'nselves o
Den:suy should be reduce and the mfectlon treated W1th 100 ppm formalm
or 2 ppm. malach1te green. PR

-~ -The most preyalent aud ;uost SCI‘]OUS chsease 18 what 1s known as swellmg

' of the' neck 1"/begF| with the appearance ef red spots on the plastron and

: -*sometlmes bllndness, followed by swelh g of the neck, earapace ‘and

- plastron. The, disease is lnghly infectious; and often causes mass. mortallty--

o The: coreron tre: tfment of giving the dlseased turtles antlblothcs and sulpha
o drugs is, ﬁot very effectlve """" e




spawning  platform  for- baby
turtles to drop inte




Four species of Gracilaria of economic impprtance are. recognizéd in -
Taiwan: G. gigas (or G. chorda). G. confe; voides, G. lichenoides and G.” =~
compressa. Of these ‘the G. confervoides is the species most commonly_ .

'_...f.cultured in ponds.! G. gigas is alsb cultured in some areas!

Gracilaria and Gelidium are the most important raw materials for the
manufacture of agar: Culture of Grac:larm (Fig-87) started in 1962, when . -
“demonstration in the Hsinta Lagoou (Kaoh?mng) was started by the Chllouj;_._ _'
Fishermen’s Assoctation. Later in that year, an experiment on the culture of
-Gracilaria by attaching them to ropes-was carried out in Tainan with the-
assistance of the Joint Commissigri on Rural Reconstruction. Since then .
C;‘ormeny used for milkfish has gradually -~ .+

ained populanty According to the Taiwan Flshenes Year Book the total R

" the culture of Gracilaria in ponds

400 ha. Pingtung Couuty alone accuun..ed for 1 10 ha, w;th a pI'UdUCtluu of PRI

1 000 mt of dried seaweed lf'_:

| 2. REPRODUCTION

'Graczlarza isa genus of red algeﬁe ‘with about 100 Spemes and ig w1dely"_'_'_'__.;
distributed .over most parts of the world. It has a cylmdncal or ﬁ’attened' o
“thallus, which is usually bushy drnd attached to the substratum by a small - -
discoid base, The thallus is d:qhotomously, 1rregularly or proleerouslyf.;“_-______'-_

i . brgnched

y Gametophy Grac:larm are heterothalhc “The male’ thalh produce-:.--*-.-.------;-

spermatangla The eggs produced by the female gametophyte are fertilized -
" and devclop into carposporoph: rtes, Wthh produce carpospores. The car-

‘pospores develop into tetrasporophytes Tetraspores are produced from---_---.’f'-‘-----'

tetraspomphytes and. germmate mto male and female gametophytes
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3. CULTURE-IN PONDS

In nature Gracilaria grow best in water of comparatlvely low salinity
and fow wave action. Inlets\d shallow sea with a salinity of 8 to 25%,
(specific gravity '1-005-1-020) " are\smtable for their growth. The best |
growth is obtained at temperatures o ° to 25°C. In the pdhd they ™
beginsto di¢ when the salinity exceeds 35 Yoo (opecific gravity 1-024)2 3
Most of the Gracilaria ponds in Taiwan are located in southern part of
the tsland where high temperature prevails. In the selection 9f pond srt;e
the; followmg should be taken into consideration: ; A _
a. The area should not be exposed to strong wind, which will plle up the
Grac:!ar:a on one side or one con‘nér of the pond.
b. Freshwater should be available to dilute the water when salmlty
becomes tpo high due to evaporation.
;¢. There should be sufficient tidal difference to facrlltate change of water.
/ d. The bottom should bé of sandy loaml P
e. The water should have a pH value of 6 to 9, preferably 8-2-8.7.
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 wu‘nd Preferably a "~
wmdbreak should be erectcd on the windward side. 7

3. 2. Planting -stock

LU ORI

Due to its aclaptablhty to a w1cle range of envrronmental condrt:ons, 1ts

The cuttmgs 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 or cut.
‘into pieces, which are planted uniformly oii the bottom of the: pond..

It is important to plant only healthy stock. The. hcalthy plants are
those which (1) feel elastic on touch, (2) possess rnansl shoots or stems .
with tips of reddish brown colour,(3) have heavy or thi¢k stems, (4)feel -
brittle on being bitten, (5) have straight stems with stralght ends; and (6)
are free from adhesion of detritus and other foreign. matenals _

The planting stock‘s are transported by trucks early i in the day orin”
the cool of the evemng They are frequently sprmklcd w1th sea water on-'
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~ 3.3 Pond management

. ’ =
* _-.\.._.

A

Perforated pipes of plastic or bamboo are" mserted .into the bottom ,
...portion.for.aeration toprevent«over-heatrng Upon arrival at the destr’na-__“"‘j T

tion. the planting stocks are immediately put into the pond

Y

- From 3,000 to 5.000 kg of the fragmented plants are planted in apond of
" one hectare in size. Too low a stocking rate-will result in profuse growth ‘-
" of phytoplankton. Planting time is usually in April. The plantrng stocks . i
~are'placed uniformly on the bottom. They are usually fixed on bamuuo el
sticks planted on the bottom or covered with old fish netS"'t'o‘"'prevlmt them e

from drifting to one side or one corner of the pond.~
The depth of pond water is generally 20 to 30 cm in the months from
Aprtl to June. With the increase of temperature after June,it 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*

[l

-proper salinity as well as to provide the nutrients for the growth of the
Gracilaria. During the dry season, some water should be introduced
every day to avoid undue increase of salinity due to evaporation. During

* rainy days. the pond water should not be changed, sometimes for as long IR
~-as a week, but if the salinity of the porid watgr drops too low, mtroductron o

of water of high salinity would be necessary.

To accelerate the growth of the Gracilaria, fertrhzatlon of the pond' '
water 1s nebebsary Either organic or inorganic f’ertlhzer is used. In some
areas three kilogrammes of urea are applied weekly to.a one- ‘hectare
" pond; while in some farms, 120.to 180 kg of fermented manure from - o
prgsties are applied to each hectare of the pond every two or three days at- -7

the i€ when water is being introduced.

Since Graeilaria do not tolerate temperatures below 8°C t,he depth of S
the pond water should be increased when winter sets-in, or they may be
‘moved into wmtermg ponds, which are deeper and protected with

windbreaks. ‘

~_ The main pests of the Gracilaria are the ﬁlamentous algae,. whrchf”-"‘-'i’--
- develop profusely, especially in the winter months. They enveldp the . -
Gracilaria; depriving them of nutrients and light, as well asmaking them %

difficult to clean when being harvested. Such algae are mamly Acamho-_

phora, Bangia, Hormisia, Entermorpha and Chaetomorpha The: lastf

two cause the most harm and: are:most; dtfﬁcult to: control “The- oo_mmon---- e
practice for control of the algae is to lower the water level and decrease

“the turnover of the pond water for 7 to 10 days, At the $ame time

* Gracilaria plants 6f Iarger size and more v1gorous growth are mtroduced' e




to absorb the nutnents which ctherwise wo-uld be taken up by the pest
h algae. About 500 to 1,000 Mllkﬁs?r"p‘e?'ﬁ’e‘c‘mge (size of 150 g or morej .
“may also be introduced at the early stage-to control the” green algae .. .
(Enteromorpha and Chaetontorpha). They witl consume the Graéilarift . *
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.
® canthophora look a great deal like Gracilaria and are removed by hand -
at harvest. ,
Many Gracilaria farms stock their pon cls with grass shnmps Penaeus
monodon, ot crabs Scylla serrata, to obtain additional income.

P e

3.4 Harvestmg, drymg and packaging

- The Gracilarig are harvested' once every ten days from ‘3hme to Decem-
ber. Harvestmé"is by hand or by the use of scoop nets. They are uprooted -
and washed in the pond water to remove the mud, detritus, sahd and
snails that adhere to them. After being thus cleaned, the Gracilaria are =}

" spread uniformly on bamboo'screens or plastic sheets (usually placedon
the sides of the pands) to be dried under the sun. Sometimes they are
spread- ofr~a concrete surtLace to dry. The drying ratio is about 1:7.

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

According to standards set up by the Bureau of Standards in Taiwan, "~
dried Gracilaria for export should contain not more than 1% of mud and T
sand, not more than 1% of mollusc shells and not more than 18% of
other weeds. In other words, féreign materlals should not exceed 20%.
Moisturé must not-exceed 20%. = . . :

. The dried Gracilaria are packed in gunny sacks in quantity of lOO kg :

~each, either. for export to Japan or sold to local agar plants i

ok LY
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Fig 87 Experimental-culture of Gracilaria
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X VIII. Other Culiiired Species i
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In addition to the cultured speC1es described in the prevlous chapters the
following specie§ are "being cultured but have:not attamed corrrmem’crl
importance: SR

'. & : ' ;_':.'r’ N R
1. RAINBOW TROUT | o

"J'apan in 1957 Three thousand fertrhzed eggs were brought in, hatched and,' |

llberated into a reservorr where they probably pemshed In 1959 and 1960

tmported and were hatched and reared to adults ina newly establlshed’“
hatchery at Ma-Lun located high on the upper stream of. Tachla Rwer

- The Ma-Lun Trout Hatchery has been in-operagion Since that time(Fig. '_ ';
- 89). Each year it produces 20,000 to 30 000 fingerlings. In 1974, the
. Hatchery sold 3.450 trout with-a total weight of 1; 623 kg, and lO 000

ﬁngerlmgs were: liberated {nto the_ Wanta Reservoir..

‘The feeds for the fingerlings consist of animal viscera. For larger fish; a
— ..‘ware of animal protein food.(55%) and plant protein food (45%) is fed. Ll
In addition to the Ma-Lun Trout Hatcheéry operated’ by-the Taiwan- =

Fisheries Research Institute, a private trout hatchery located at Kinshan =~

.. (near Taipei) is now producing .5 to T"mt of trout each year, most of whlch' : | f

are: sold to tourist hotels.

Due to the difficulty of finding sites. with adequate supply of cold water, e o

" there is very little possrblhty of expandmg trout farming in Talwan

It may be mentioned in this connection that g land- locked: Salman
Oncorh ynchus masot (Brevoort) 18 mdlgenous in. the mountain streams of e
Taiwan. Due to mdlscrlmlnate ﬁshmg by the abongmes it has now practl— P

caITy dlsappeared

. ,"cl




Trout 'po"nc_ls “at’ Malun e

N Fig89




2. AYU | | S e .
) . .. . L b ~ " *\f

Avu, Plecoglossus alnvelts (Flg 90) is a- smelt like ﬁsh It is the only

.................

' Taoyuan and Miaofi, but is ‘now practlca[ly extmct due'to the Use of™
- dynamite and the lack of ﬁprotectron - T e

The ayu ds a highly esteemed table aencaey, es—ecratm' AT T
are two ayu farms in northern Taiwan. They import fingerlings fmnlla]J_
——and rear—them _in freshwater ponds. They are sold o 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 91) to stocking size have not been

- successful,;alth-ough the ayu could be spawned in Taiwan.

: C - I
3. CATFISHES | ' ' '

Besrdes the native walkmg catﬁsh Clarzus Suscus, three other species of .. =
“catfish are knovgn to have been reared in ponds in-Taiwan. Th _yj_e_(_l_)_the =
Japanese common catfish, Parasilurus asotus, (2) Thal Catfish, Pangasius..... "
sutchi, and (3) the walking catish from Thailand, Clarius betrachus. In- = -
__addition, some fish farmers have 1mp.orte'd‘ﬁ‘“‘gerfmgs 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- thejy
western part of Taiwan, reaching 30.cm in length. Its food consists of .
molluscs, frogs and small fish. It. spawns in the months from Aprll to" o
June.. The eggs adhere to aquatlc planfs. The hatchlmgs inhabit bottoms o

depths. A covered feeding platfom‘l sh uld be provrded because it prefers -
to feed in the dark. - '
) Fmgerlmgs are purchased from ﬁsh fry deaters About 5’60 g of
o fingerlings in weight are planted id 3.5 m? of water area. /H’ecds, consist-
SR ing of minced trash fish mixed {ith formulated eel feed;. are. placed in.ag
wire basket and lowered-just bene th,the water surfade The quant1ty of -

- feeds given daily is. ‘about  10% of the ‘weight “of ‘the. ﬁsh varyi g
| accordmg to temperature and other envu'onmental factors o -
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E JAn-1971 and 1§ 12 the Chupel Fish L,ulture”Statlon of .the Tan\a‘n
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~of the year and may be harvestedf They are- 1mpounded in clean water and
marketed thé next'day. They are sold alive.’

" Fisheries Research Instltute sugceeded in an experiment on the artificial

' propagation of the P. asotus.! rifter 30.days, the hatchlmgs assumed the
_appearance of the adult fish, Brachionus and da (S¢-E 8ds .
~ for the larval fish. . | S -‘-

3.2 The Pangasr’hs catﬁsh "was mtroduced from Thatland through the \ |
8 « effort of 8. W. Ling in 1969. Ofnly afew live specimens now remaih inthe -
. fish calture stations, and they are as yet immature at time.of writing. T Lo
- difficulty with thjs speCIes is tfhat is cannot’ tolerate the low temperatur\e \
of winter in Taiwan. - L . _ B

3.3 C. betrachus found thelr way into Taiwan through 1mportat on. by
private fish*farmers. They grow faster and to a larger size thah the |
- indigenous C. f¥gcus and are gaining populanty Emgerlmgs are. n\ow
- produced localjl?!%" art1ﬁcra1 propagatlon | o Sl

)

4. SWAMP EEL .

The.__swam y eel, Fluta alba (Flg §3) is served as a delrcacy 1n"restaurants
‘and commands a high price. It is caught mmmddles and-has
‘not been cultured, except that some ‘are impounded to meet the off-season
market demand. R
~In 1969--1970, the Chupei Fish Culture Station’ of Taawan FlSth‘lCS P
Research Institute carried out an experiment on the. culture ‘of the: swamp -
eel. Three cement tanks with mud on the bottom were used. The: feedsﬂ_\}fere_ '“'”
earthwonns mmced trash ﬁsh and eel feeds.’ The conclus10ns reached
~WEre: o e - _ -_.-.-'
(1) ‘The swamp eel cou}d grow by art1ﬁc:al feedmg, b\lt the feed C ‘nver—
sion ratno was very’ hlgh 19 5 to 25 2 o

in Japan and is served i
consumed by the rural Dop}latlon m T ai Wan’" -4




an optlmum water temperature of about 25°C When walter temperatu:e-;__._-;_-ﬁ'.
drops below 8°C or exceeds 32°C, it burrows into the mud bottom and

_becomes sluggish. It 1s generally found in rice paddies, mud. ponds and.- R
intestines and.can- lwe in water of very low chssolved oxygen content. Tﬁe R
-'-!4:—5-'—--------‘?-“—----spawmng season of the pond loach is April to Atigust, with the peak: from- R
“* 'the end of May to the end of June. The eggs adhere to aquatlc plants and'.' )

woven. . _hatch in 2—3 days.
v Only a few fish farmers in the Talwan area aré engaged in the culture of e

" 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 .. "
sacs dlsappear and they may be fed with egg yolk and milk powder. A little o
later. natural feeds such as daphnia and rotifers, supplemented with fish. -~
meal. rice bran gnd other artificial feeds, may be given. In abouta year they
exceed 10 cm.in length and may be marketed. .
The stocking rate is about 130 g of fry to-3.5 m? in the nursery pond
They are transfefred to the rearing pond (0-0 1-0- 021 hain sme) when they"‘
reach 5—7 cm in- length at density of 300-500. g per 3-5 m% o
Often they are reared in ponds converted from rice paddies, in whlch case T
the ponds should be ; fenced with plasth ‘sheéts to prevent their escape )
They are harvested )y draining the ponds and should be: lmpounded m'
“clean water for one or two days to. empty the guts and remove ‘the muddy.--‘_-
taste. before marketmg They are sold allve T s

6. KURUMA SHRIMP

i The kuruma shrimp, Penaeus Japon-z-e-z-ts (Fxg 95), is-the- favourrte shrlmp of \ f,_'__
A ' the Japanese people and is the specres under extenswe cultwatron in Japarr”
K _  Small quantities aré airlifted. from
%= “bring very hlgh return. |

:"%E (Pescadores) due fo the followmg reasons: |
2% .. (1) The tidal difference along the coasts of Ta1wan is too small 10
A allow the construction of ponds with a depth of water over one metre

‘,"_*sg - unless pumpmg fac:httes are mstahed Deepe: ----- ponds are E'E{.gl.lil"ud by the

%‘-; . : -
%' ponds makes it difficult to ubtam from ihe eansls aud esiuanes the »::Ee R

. sea water_required by ‘the kuruma shrimp. o

-' % (3) Because ofunevenly distributed raml‘ai! jlis d1f'hr:ult Eu eontrol tl_
sallmty of the pond water __ ) N SRR

kS




Flg 95 K'uruma Shl‘lmp Penaeus japon-
- icus

an 96 La:ernufa sp;:. ¢l
C used as feed-f'or shnmp




"W_'_,,___.undetermmed

J' L hatchmg is imminent, and 5% sea water should be a‘}r:lded in auwﬂs on, Tt

e

(4) Most of the ponds in Talwan have bottoms of candy loam whlch'_-_'-
are difficult for the kuryma shrimp to burrow in. Nor is it practicaltoadd - -~
sand to the bottom, because the sand found on the coast of Talwan is too
fine and forms a hard surface in water. | R Ty

“(5) The best feeds (Fig 96) for the kuruma Shnmp are clams, small
shtimps and squids, which are expensive in Taiwan.

Production of kuruma shrimp seeds is no problem., Plenty oilépawnersi;__.z..
are ‘avallable smce many shnmp boats are equlpped w1th faCﬂltICS to-'

the' q‘lethod for monoculture of grass sh‘rlmp with llttle modlﬁcatlons and
are generally not very successful : o

7. GI::AN 1 FRESHWATER .-PRA-WN
The glant freshwater prawn, Macrobrac}uum rosenbergu (Flg 97) was":‘;
~ introdyced from Thailand in 1970, throughthe &ffart of Dr. Shaowen Ling, "
'FAO Inland Fishery Biologist. From.one male and one female survwors___-:f'___
from this shipment, hundreds of thousands of offsprmg have beeng)red by
the fisheries laboratories:and commercial hatcheries (F1g 98). At present,
there are several shrlmp farms engdged in. rearing the’ Mq;:robmch:um
prawns, but none of these-prawns have yet reached marketable size. So;the
.fate of this gnterprise, which depends on prlce and cost ef productlon 1s yet

The giant freshwater prawn is wu:lely dlStI‘lbuted in most of the tmplcal .
and subtropical areas of the Indo Pacific region, occurring in both fresh and
brackish waters,’ but only a few ‘wild specnmen have ‘been: caught in
southern Taiwan. It is omnivorous. Growth rate 15;_a1h§L rap1d reaching a
~ maximum-of 125 g.in.w elght in-about six- monthsi: -
' " Theacilities and equnpment for hatching and larvae rearmg are simil

to those for the grass shrimp. Since the new hamh!mga reguire a braeluah :
_water medium, the hatchery should preferably be located near thii sea.
Bep jed females are kept: separately., one in each tank of -5 to 1.-0-ton
o ity.! The fresh water used should balu;pt clegh s sdwellaemter:l When
'j:r.-.the fertilized eggs gradually change from orange to dark grey in i -colon

ilar

eggs genera y requlre 19 to. 20 days za hateh At water iemperamre a
1 28°C. -




Fig 97 Giant freshwater prawn Macrobrackium rosenbergii (female top, male bottom)
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'Fig 98 From single male and female breeders come hundreds of thousands of offspring
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‘given.

o and the water is gradually freshened. The juveniles at this stage are about

+ . stocking in the growers pond.

- shellﬁsh other animal matters and feeds of plant ongm

8. VIVIPAROUS SNAILS5

_added. From the first to ﬁfth day, thay are gwen mArtemla nauplit’ and

prepared feed, daily addition of sea water is made to increase the: salmlty to
13—17%,. In the following days the salinity is further incressed to 18%,, * -
and more mixed feed (ﬂesh of fish and shellﬁsh egg CUStaI'd éfc) tS-_

At temperatures of 26° to 28°C the larvae metamorphose into Juvemles,

7 min in length and may be tran §ferred to rearing ponds (cement ponds with
mud bottoms). They should be reared to aboﬁt 5 cm m length before_---_l-

The growers pond is usually a mud pond Feeds Cons:st of tr ash ﬁsh"' .

4

The vivig qe-f snail, Viviporus chynenszs malleatus, 1s anew comer in the_i.':_
aquacultal industry. Its culture is on a small scale; @d only a few smalli’-?'j

farms can be found on the 1slan ]

could be plcked up by stretchmg opt the hand The depth of the dltch 13‘31F

. sufficient flow of water, 3to § kg of snails’ may be stocked n each 3 5 tn2
area. : |

e {- matters. The farmers usually feed them with fish weste, TS
- weight of the snails. '

| marketed. They are caught by hand, sometimes with the help

160

60-cm. Flowmg—waterentefs—theidnchir m_one end and leaves from th'
other end. The water inlet and outlet are screened to preven X ate
level is maintained at 30 cm. Flowing. Water 18, needed because the vi
parous snails are sensitive to low oxygen content. iU
The ponds .are manured with compost and Teft for two,wéek T
stocking. The season of propagation is flom 1! March to’ Oc;ober Fertiliza-
tion is internal. The tiny baby snails welgh only 0-063 g each. With a.

““The" vwnparous sﬂa"l s ommvorous, feedmg on any plmt md
e vegetahl
etc once every 3 or 4 days. The quantlty glven is: 1 tﬂ 3% of

They reach 12 to 15 g in mdwndual welght in a yem' and

They are popular in’ f'ood stalls as’ well as in uome.s b




Man). AO.Frsh Rep Vol. 3, 1969. | -,

in Taiwdi Journa! of the F:Sher:es Soc_t by of mean, Vol. 2, No. 2 1973.
water Specms Talwan F Isherxes Research

A R R . - I e S P XV IV I SRR RT R RY P  FTE

T T

. Chen,«.‘_ in-fu: Induced Spawnmg of the Catﬁih Parasilurus asotus (LmnacusLJCRR_ |

- Lin, € la»kang Notes on 'EXPe“mc"tal Regf/‘ng of Swamp Eel. JCRR Fzsher:es Series .

.‘_q




v

N e e

kol

L]
T o . st
- . M H

List of other bOOkS‘ pubhshe’g,b\y

R |

Frshmg News Books Lmuted -
Free catg_ilogue_'_ a_vailable on 'yequest o | “‘*\_ ; “I; :_
A li.ving_frqm lobsters E o . ,\‘ m\

‘Better angling with simple science

British freshwater fishes

Coastal aquaculture in the Indo Pamﬁs reglon

~ Gommercial fishing methods '

Control of fish quality

Culfure. of bivalve molluscs

Eel capture, culture, processmg and marketmg

Eel culture I H

. Escape to sea " -

European inland water fish: a multilingual catalogue

FAO catalogue of ﬁshmg gear designs

FAO catalogue of small scale fishing gear

FAO investigates ferro- cement ﬁshmg craft
' Farming the edge of the sea.

Fish and shelifish farming in coastal Waters

Fish catching methods of the ‘world

Fish farming international 1 and 2

“'Fish inspection and quality control

Fisheries oceanography '

Fishery products

Fishing boats of the world 1 - ¢

Fishing boats of the world 2~ 7~ ' A

Fishing. bq_ats of the world 3 S

Fishing ports and markets: - | '

Fishing with efectricity |

Freezing and irradiation of ﬁsh :

- Handbook of trout and salmon diseases g

Handy medical 'g'uiﬁle for seafarers - =



'How to make and set nets : | 7 .

Inshore craft ‘of Britain in the days of sail and oar. Vols I amfi g

Inshore fishing: its skills, risks, rewards

International regulation of marine ﬁshenes a study of regional fisheries
orgamzatmns L S -

Introduction to trawlmg | o /'

Japan’s world success in fishing | o PR

Marine pollution and sea life o '

Mechanization of small fishing craft” o

Mending of fishing nets B

Modern deep sea trawling gear . .

Modern fishing gear of the world 1

Modern fishing gear of the world 2 _

Modern fishing gear of the world 3 o R

Modern inshore fishing gear .- '- '

More Scottish ﬁshmgquﬁan(‘l their work . I C -~
Maultilingual dictionaryaof fish and fish; products . /e

ok

- Neﬁm&matcrlals for fishing gear

Power transmission and automation for shlps and subme‘rmblcs R
Refrigeration on fishing vesséls g \ ~ S
Seafood fishing for amateur and professnonal -
Ships’ gear 66 _
Sonar in fisheries: a forward look _
Stability and trim of fishing véssels =~ .
Testing the freshness of frozen fish - :
Textbook of fish cultute; breedmg and cultlvanon of ﬁsh .
The festile sea o .« S T
The fish*resources of the ocean __ =, o ._ e
The fishing cadet’s handbook R -
‘The lemon sole - : |
The marketing of shellfish -
The seine net: its origin, evolunon and use L_ :
The stern trawler
. The stocks of whales

" Trawlermen’s handbook
‘Tuna: distribution and migration
“Underwater observation using sonar

-~

At
¥




Fishing News Books.Limited specialises
~ in books on a wide range of subjects con- -
- nected with world-wide commercial fisheries

_including aquaculture. A detailed catalogue

is available free on request from 1 Long
Garden Walk, Farnham, Surrey, England.

i

-iri

1

%




