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PREPARATICN OF THIS REPORT
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te  INTRODUCTION

The FPAQ Fisheries (Aquaculture) Nission is the second FAD Professional Study Group
17 vieit China.

The first Mission concentrated on agricultural productivity and etudy of the people's
commnas, It travelled through China between 8 September and 7 October 1975.

These two study missions constitute g t of a "package" of three mutually agreed upon
by the Chinese Government and FAO in 19751/, The original invitation that made these
migsions possible was extended by the Minietry of Agriculture, through the FAO Regional
Office for Asia and the Far East, at the 12th FAO Regional Conference in Teokyo in 1974.

Late April and May ie the meason for artificial fish propagation in China. The
Ministry therefore suggesied thet the Aquaculiure Mission be in China between 21 April and
12 May 1976+ This was agreed.

The Miggion assembled in Bangkok on 19 April. The members were: Mr, D,D. Tapiador
anam Leuier;, Dr. H.F, Henderson (Lake and Reservoir Fisheries), Mrs. M.N. Delmendo
Aquaculture) and Er. H, Teutsui (Land and Water Management). They entered China on
21 April.

The Migmion's itinerary and a liat of persone met while in China are given in
Appendix I,

The Miggion viaited the provinces of Kwangtung, Hupei and Kiangsu ae well as the
municipalities of Peking and Shanghai. Notes were taken on the apecific places, stations
and communes vieited, and on the briefings received by the Mimsion.

The report which follows iz based mainly on these notes, supplementsd where indicated
by information drawn from available referencaes.

1/ The third Study Nisaion was concerned with forestry practices and visited China
9 Sepismber to 10 October 1976.




2. BACKGROUND INFORMATION

241 Geograg_k_g—"'

The Pecple's Republic of China is vast. Its territory sprawls over 9.6 million lcm2.
The distance from borders in the east to those in the west measures 5 000 lam and from north
to pouth it spans over 5 500 km,

China's preasent population ims about 800 milliong/.

Awinietratively, China conwists of three municipalities (Peking, Shanghai and Tientsin) -
directly under the central authority, 22 provinces and five autonomous regions. Figure 1
shows the main administrative subdivisions and their capitals.

China's topography varies widely. Cloud=capped pesks give way to basine of different
glopes and sizes, Wide, rolling platesus alternate with low, broad plains. There are great
deserts and wilde in the northwest. Rivers, streams and lakes slice the plains on the
niddle and lower reaches of the Yangtse River. The Miemion, while travelling almost
4 500 kn within China, saw only part of this diversity.

Some areas are warm the year round; others have long winters and short summers, Moaet
of the land lies in the temperate zone. A combination of high temperatures and adeguate
rainfall provides favourable farming conditions, especially in the east and south.

China hae rich water resources. From the Changpai Mountaine in the northeast to the
Hengtuan Nountaing in the southeast, huge potentialas for generating hydraulic power and
building water conservancy projecte exist.

The three major plains = ihe Northwest, the North China and the lower Yangise Plain =
have a total area of about a million square Kilometres, They make up roughly one tenth of
China's territory, These plaine are the most densely populated part and the region where
most cities are located,

Today, about 107 million ha (1 600 million gu_) are under crops, These are concentrated
mostly in the plains which, with thick top soil and mitable olimate, constitute the key
farming areas. The Yangtse Plain is also a key fishery area with large lakes and a terrain
favourable {0 fish culture.

242 Heoent history and sooial orﬂntiony

To understand China's recent progrees in agricultural and aquacultural productiom, it
is necessary to keep in mind a little of her history.

China's cultural and technological histories are very long. Nevertheleass development
and modernization were slow in coming, The general large~scale expansion of agriculture
and induetry, which ia now occurring, is relatively recent.

This expansion began with the end of the Revolution and formation of the Socialist
People's Republie in 1949. The new governnent, under Chairman Mac Tse-tung's leadership,
instituted a programme o¢f land reform, distributing the holdings of the landlords to
peasants, Mutual-aid teams were formed to enable pooling of resources ic fight recurrent
floods amd drought, The central government emphasized control of the major rivers along
with general reconstruction.

1/ This information is summarized from Anon., China, a geographical sketch, 1974.

g/ Estimate given by Huang Shu-Tse, leader of the Chinese delegation to the UN World
Population Conference in Bucharest, 1974.

3/ Most of this material is taken from the briefing given to the Mission by Mr. Liu, Ho
Law People's Commune, the Report of the First Professional Study Tour, and Solecki (1966).
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Success of these mitual-—aid teams led to the formation of the somcalled primary cooperg-
tives in 1955« In theae unite, regular as well as emergency work was shared. Income was
digtributed according to the individual's share in the cooperative (lanmd and other means of
production).

By 1956, primary cooperatives were changed to advanced cooperatives. All land and
machinery holdings were transferred to tha cocperative with work assigned according to
ability and income. This period coincided with the first Five-Year Plan (1954~68), Tt
stressed development of irrigation. Most of today's reservoirs were constructed then.
The cocperatives usually had only a single economy.

In coincidence with the Great Leap Forward (1958), cooperatives were welded together
to form communes witk diverse economies amd strengthened financial resources.

It may be debated whether the Great Leap Forward did succeed in its immediate aima.
But it is clear that the initiation of the commune system marked the beginning of comprehen—
Bive, eimultanecus development of all sectors of production. With this came a shift in
enphasis toward an agricultural economic base,

In 1957, the Yangtse was bridged for road and rail traffic, The first successful
artificial spawnings of pond-reared Chinese carps were alsc made, in Kwangtung, in 1958 - a
pignificant turning point in the expansion of fish culture and production.

By 1961, the main outlines of the new China had taken shape. Considerable Progrese in
agriculiure and industry produced improvements in income but elong with these came problems
of elitism in the professions and Commmnist Pariy cadres. This eventually became the
stimelus for the Cnltural Revolution.

“The Greai Proletarian Cultural Revolution" (1966-69) brought important changes in
orgapizations Measures tc provide more emphasis on social motivation or M™political
consciousness” were urdertaken. They also gave more participation in decimion-making to
the worker-farmer, especially within commmes and in traditionally professional activities
such as medicine, teaching, research and the military. The sirese on practioal experience
and on "learning from the masses" brought a markedly practical orientation to all education
and research, inclwding that on fish management and culture.

Evolution of China's socialist society is still contimuing. ‘

Today, land ie owned by the commune, a merger of social, political ani economic |
sdministration and a kind of township. It generally covers an area of 1 000 to 10 000 ha. ) |

Hand tools, small tractors, boate, etc. are useally owned by the unit that financed
their purchase, generally the production team. The team, at present, is the bagic accounting
unite On the average, a team takes in about 100 workers.

Tractors, trucks, larger boats and heavy equipment are generally held by production
brigades. These are a more diversified grouping of 10 or so teams.

Much of the housing ie imdividually owned and inheritable. Personal acquisitions such
a8 bicyclesand radios are also owned personally. Oradually, however, basic accounting ia
being passed from the production teams to higher levels. An upward movement of ownership
of the means of production is also occurring. In a mnber of communes the ownership of
individual houses has already been transferred to the commune.

2.3 Status of freshwater fisheries and aquaculture

Chine also has a very leng history of freshwater fisheries ani aguaculture. A Chinese
named Fan Li staried breeding and raising fieh (common carp) in wushi, Kiangsu Province,
eastern China, more than 2 400 years ago. In the year 473 B.C. Fan Li wrote a book, "Fish
Ereeding", which is the first lmown document on figh culture.
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Today China has about 20 million ha (300 million mu) of freshwater sreas. One third,
or about 6.7 million ha (100 million mm), can be used Tor fish culiure. Of this area,
about 60 percent is fish ponds (lowland and upland), irrigation ponds and village ponds,
while 40 percent ie lakes and reservoirs. '

The major freshwater fisb~produoing areas are located in the Heilung drainage system
apd the lowland reaches of tha Yellow-Yangise and Pearl Rivers. The Yangtse, with its marny
large and amall lakes, is the wost importent, amd includes the provinces with the highest
production, Kiangsu and Hupei (Solecki, 1966). Owing to the many canals and lakes the
Tangtse Delta is known as the “water net area" of China. Its focus is the city of Wuehi,
China's Venice.

The next most important production area is in the Pearl River Basin, Like the sastern
Yangtae Basin, the lowland areas of the Pearl have long been traditional fish culture
regions owing t¢ plentiful water and extensive natural epawning areas for the Chinese
"family fish" or major carpa.

While four oyprinid species dominate the freshwater fish production, there are over
500 gpecies occurring in the fresh watera of China of which at least 200 are suitable for
table use. The species to which reference will most often be made in this report are as
followay

Pour majors (family fish, or Chinese carps):

Graes carp Cteno on idells
Black oarp Xylopharyngodon piceus

Silver carp thalmichthys molitrix
Bighead carp griltioh‘l;@ noEiIia

Other species commonly weed in mixed culture with the above:

¥ud carp | Cirrhims molitorells

Common carp Cyprinmus carpio

Golden carp Carassiues anratus

Wachan fish llafa_lobrm amblycephala

Tilapia Tilapia momsambica
Favoured predatory species incliude:

Naxdarin fish Siniperca chautsi

Snakehead g

Freshwater figh culture in Ching caen be divided into two kinds: (i) pond culture,
and (ii) lake and reservoir culture. In lakes and reservoirs, culture primarily consists
of stocking fish raised in nearby ponds, while in pond culture the fish are also provided
with supplementary food both directly, and indirectly through fertilization of the waters

Pord cnlture ig carried out by two types of commnes: (i) fishery communes, and
(ii) sgricultural comsunes with fishery as sideline ocoupation. PFishery ocmmunes usually
adopt "alleround production”, i.e., integration through use of fish, pigs and vegetables
in the production process. Agricultural commnes, with fish culture as a sideline occupation,
adopt a comprehensive development of grain, fish, livestock and other crops.

There are three forms of lake and reservoir fishery management: (i) state~owned,

© (ii) brigade or commune, and (iii) brigede anl commne together. Usually, however, reservoirs
are wnder commune mansgement. In the biggest reservoirs, the State dees the fisk stocking

while production brigades organize the commune members to oatch fighe.




At all levels = from national down i¢ the provincial, county and commune - Chinese

agricultural policy ie repeatedly presented in the form of Chairman Mao's sayings. Every
citizen is aware of these sayings and the policiss.

The major ones include;

(1) "Take mgriculture as the foundation and industry as the leading faotor"
(ii}) ™Water conservancy or irrigatiom ig the lifeblood of agriculture”
(iii) "In water conservancy, take the direction of undertaking smgll-gize projects"
(iv) "Take grain as the key link and ensure all-round development of agrioculture,
industry, animal busbaniry, forestry, sideline occupations ami fisherieg"

The Mission found that freshwater fishery, especially pond oulture, has always besn
taken as an iniegral part of the faming systems Grain and fish promote each other and
they have developed together.

In freshwater fisheries, siress is laid on fish culture and the simultaneous development
of culture and catching.

Fish fry and fingerling production form the base for fish oulture. In the people's
commnes, fisk fry and fingerling stations have been set up and run by the communes them-
selves.




3» LAND AND WATER MANAGEMENT

31 Iutroduction

Thie section highlights some findings of the Mission regarding land and water manage=
ment as it relates to aguaculture. '

All over China Chairman Mszo's statements, "Irriéation is the lifeblood of agricul'ture"
and 'Take grain as the key link and ensure all=round development of agriouliure, irdustry,
animal husbandry, forestry, sideline ocoupations and fisheriee", are fregquently quoted.

It was ihe Mission's impression that ihese are not mere slogans as, in fact, the
Chinese make great efforis to ensure the availability of controlled and timely water supply
for agriculture and fisheries. :

Misaion nembers found that in the rural areas, crop production, animal husbaniry and
fish culture are effectively integrateds The basis for such close linkage is assured water
eupply ag a result of water development projects and rural electrification.

The Mission aleo noted that water conservancy projeets — completed or still under
construction, such as storage reservoirs, embankments, irrigation and drainage canals or
ditches — take fully intc account the use of water bodies for aquaculture. Clearly,
aquaculture ie an integral part of agriculture.

Perhaps the most striking reature ia ihe fact that such integration is praciieed at
the farm level by fammera who are the beneficiaries of water projects.

In China, land and water are used with high intensity io ensure gll=round development
of rural life through increased agricultural production that includes fisheries. This is
by far cne of the most sigmificant findinge of the Miesion,

The Mission found that China's technology is not unique or new. Most of its approaches
have been or are being used ocutside China, It was clear to the Mission, however, that China
is ona of the few countries putting these relatively simple techniques into practice on a
maspive scale at the farm level.

There are, at the moment, a number of countries engaged in land and water resources
development for crop production and fish culture, Chinese experience indicates the extent
to which aquaculture can form an integral component of agriculture. Thus, the close
relation between crop production and fish oulture, which both require controlled and timely
water supply, should be kept in mind when planning, designing and implementing lani and
water development schemes. '

3.2 Water and its usas

Water ie an emseniial input for agriculiure and fisheries. A nation's water resources
depend, basically, upon climatic and rainfall conditions and then on watershed corditions.
Estimates of the anmual water flow for China's major rivers are presented in Table 1 and
of precipitation and runoff in Table 2,

These tables indicate that the average runoff from the major rivers in the north is
markedly less than in the south, Given its more abundant water resources, the south is
able to carry rice cultivation and fish culture at more intensive levels.

The estimated water use pattern in tie Yellow and Yangtse Rivers ie shown in Table 3.
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Tabie 1

(Prom: van der Leeden, 1975)

(4) _Anmual flow

(B) Drainage area

A/B

River (m? per year) (km?) (m3/lcm2 per year)

Hai 15 x 107 0.26 x 10° 58 x 10°

Yellow 8 x 10° 0.75 x 10° 64 x 10°

Hwai 42 x 10° 0.26 x 10° 162 x i0°

Yangtse 1020 x 107 1.8 x 10° 567 x 10°

Pearl 156 x 10° 0.42 x 10° 848 x 10°

1551 x 107 3.4 x 100 456 x 10°

Table 2
Ching =~ Precipitation and Runoff in Major River Basine
(From: van der Leeden, 1975)
Basin .:;::1 Mean - Mean Ranoff
+ annual anmgl coeffi=-
Rver aysten "hrn.?a' p_:::ig;' runoff | evaporation cient
nm o om %
Sungari 523 580 512 141 371 27.6
Liao 219 000 465 74 301 15.9
Yellow (Hwang Ho) 745 100 415 €5 350 1547
Upper Yellow (Lanchow) 216 190 427 148 279 35.0
Fen (Hochin) 38 650 41 50 321 11,0
Lo (Clmangt®oul) 62 700 436 28 408 6.5
Ching (Chiangchia Shan) 41 800 462 47 416 10.1
g Heen) e | an 198 &2 236
2 23.

Yangtse 1 808 500 1 050 568 482 ) 52.1
Chinghg 502 050 662 329 333 t 50,0
Min 133 570 1 100 722 378 6546
Chialing 159 810 892 408 484 46.0
Wa 88 220 1135 586 549 52,0
Ha a0 | % 9 | %0
Poyang 158 680 | 1 670 71 259 58,2
Ch'ient'ang 49 930 1 650 940 710 5740
Nin 60 800 1 710 1 074 636 62.8
Han 29 700 1 655 982 673 59.0
Pearl ;Si Kiang) 437 230 1 890 590 60.2
Tung 26 300 1 758 1203 555 68.4
Pel 45 600 1 885 1 370 515 73.0
51 (Wachow) 328 000 1 370 770 603 5640
Upper Si (Namning) 74 310 1340 646 694 48.0
Total Fation 9 597 000 350 280 370 43,1




Table 3

China - Water Use in Yellow aml Yangtee River Basine
(Source: Tojin Sha, 1964)

(Unit: 100 million w>)

Water use Yellow River Yangtse River Total
Nonmproductivel 2244 15,0 37.4
Industrigl and wrban 12.8 12.8
Navigation 13.9 70 20,9
Irrigation 233.0 238,0 C 47,0
Fiahlns 11.8 11.8
Total 2939 260 553.9

1/ Topeproductive water uses include:

a) T40 million w3 of Tung-ping Lake water lossea

b) 1 000 million m3 of water logmes from the Yellow River

c) 500 million m3 of wster losses from irrigation in all the provinces

a) 1 500 million m3 of water losses from diverting the courses of the
Han, Chi end Yellow Rivers.

According to this table water used for fisheries conatitutes asbout 5 percent of irri-
gation water. In view of the fact that fish do not consume water, fish culture in irrigation
pords and canale is also encouraged and may point the wey for othere interested in the betier
use of water resources.

3+3 Land and water development gtrategy

32341 Major schemes

The Mission was informed that China givee top priority to water conmservancy in its
various development programmes, Masgive investment in both funds and labour has been
directed to this end.

Chiness officialas say there is muoch to do in this field. In the ocase of Hupei Province,
only 30 percent of the total water programmes have besen completed. Yet there ie no donbi as
to the tangible benefites this policy has gained. For example, there have been nc serious
floods on the Yellow or other major rivers during the past ten years.

It was stressed by Chinese officiale that the gtabilization of river flow and lake
water and the formation of new water bodies have created an emvironmment that favours agri-
culture production, particularly fish culture. PFarmers can now direct their efforts to
crop production and fish culture without Fear of floods and drought.

The hydropower generated has increased power suppliea in rural sectors. The Mission
was impressed by the faot that this had spurred mechanized operation of famming and fish
onlture, particularly water pumping, with the widespresad use of electric pumpa,




The Miassion was informed that the basic bench marks on government policy amd action in
water control and development may be broken down as follows:

1950=55

1955=60
1960=65

1965~

Elimination of major flood damage through rehabilitation and construetion
of dikes and increase in the flow capacity of rivers by river draining
work,

Storage of water, extension of irrigated areas, particularly in the north,

Increasing irrigacvion efficiency and preductivity of irrigated areas by
ingtalling water regulating structures in completed projects. Improving
irrigation system management, paying particular attantion to the combined
development of irrigation and drainage, and hydropower generation.

Continued ard increased emphasis on comprehensive development covering
flood control, irrigation, drainage, hydropcwer and navigation; intensifi-
cation of land and water use, including on=farm watering systems and land
consolidation,

A8 a result of these policies China completed an estimated 130 000 im of dikes and an
irrigation network eovering 28 000 000 ha of land betwsen 1950 and 1973. The totsl irrigated
area is estimated now at 44 000 000 ha,

343.2 Hupei Province {as an example)

Through discussions with Hupei Frovincial Government officials the Mismion noted that:

194953

195458

After 1959

Overall
achisvement:

Development
criteria:

BEnphasis was placed on flood control through the reconatructicon of river
dikes, particularly on those of the Yangtise and Hai Rivers. In total,
about 7 000 km of dikes, including t 200 km along the Yangtse and 900 xm
along the Hai, were reconstructed.

Irrigation development wa® & major objective and included the construotion
of repervoirs and irrigation canal systems; 5 000=6 000 dams were constructed
covering about 30 percent of the total provinoial catchment area.

Multipurpose water development, including flood control, irrigation, navie
gation, hydropower gensration and fisheries, has taken place.

The reconstructed and newly comstructed river dikes cover about 8 000 km.
More than 7 000 dame, including 32 big ones, have been consiructed, As

a result, flood damage has been greatly reduced while the production of
hydroelectric power has been substantially increased, Irrigation develop=
ment covering an ares of about 700 000 ha contributes te yisld increases;
compared with yield ieveis in 1949 the present grain yield is 2.7 times
higher and the cotion yield is eight times higher, .

Flood conirol aims at preveniing flood demage which might ocour at the
frequency of once in a hundred years while drainage pusps are designed
to oope with & maximum rainfall expocted once in ten years or omce in
20 years. As far as the spillway of dams iz concerned, it is often the
case to design for a thousand=year rainfall,
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Irrigation

workas Gravity irrigation is predominant in hilly areas and pump water supply is
extenasively carried out in the plains. BSmall reservoirs coupled with pords
are major scurces of water supply in mountain areas. At present irrigation
syatems are designed to cope with drought which might occur for a period
of 50 to 100 days.

FMiaheries: The promotion of fisheries is alwaye considered in reservoira and inten—
eive figh culture ip always enoouraged in mmall pondie. Fish culture
receives due attention in drainasge canals but not in irrigation canals,
Details are discussed in the following sections.

3e3e3 Integration of major, amall-scale and on=farm nchemes

The Mission noted that the major water conircl programmes discussed in the previous
chapter play a key role in stabilizing and increasing crop and fish production, and appre-
ciated the part being carried out by small-scale water conmervancy projects implemented by
the people's communes, production brigades and teams, During its stay in the country, the
Nission observed rmmercus emall water conservancy projects, such as small reservoirs, ponds,
pumping statione and canals. It was indeed impressive to mee a series of small reservoirs
and ponds linked together by irrigation networks in the hlily areas of Honan Province. From
the sky they looked like a string of pumpkins hanging from a long vine.

It was noted that China's policy on water conservancy is to execute major, minor and
on~farm works eimultanecusly to ensure iniegrated benefite from the various projects. The
States concentrates iis investment on key projects, while encouraging the people's communes
and their subdivisions to put up mmall and on=-farm projects, mobilizing the people, so that
the water made available from major prejects im immediately utilized for crop and fish
produetion. '

In the deltaic area of the Yangtse and Pearl Rivers, the Miswion observed that a mumber
of =zmall pnmping stations, including portable onee, are constructed by the communes. Linked
with state~run, large pumping stations ard hydraulic structures, they fvrm extenzive irri-
gation and drainage eysiems contributing to rice and fieh profustior,

It ig too often the came in other countries that major irrigation systems are kept idile
for years after their completion, simply because of the lack of on~farm water distribution
aystems and of integrated operaition of irrigation systems as a whole.

The Migsion was extremely impresmsed by the integration of key projects with small-scale
(on-farm) watering systems built and operated by farmers, The Miseion believes thet this is
an area for further study amd that FAO member countries would benefit by learning this
method from China and putting it into prastice in their own countries.

344 Reservoirs and ponds

Like countries all over the world, China builde its dams, reservoirs and ponds primarily
to regulate runoff or river flow and to store water for agricultural, industrial and urban
water use. Put the water surface thus created is used by China for fieh culture at a high
level of iptensity.

The Niesiocn had the opportuniiy to observe various types of dams at the Agriculiural
Exhibiition in Shanghai. From the engineering viewpoint, the design and construction methods
sdopted in China seem to be similar to those practised elsewhere. A great mumber of dame,

_ particularly small-scale cnes and ponds, are of the fill=type and are constructed mobilizing
local labour. :




From the fisheriee viewpoint, the bottom grading and clearing is noteworthy. The
Misgion noted that in most reservoirs built before 1958, when speedy construction wae neaded
for flood control and water storage, the bottoms were rarely cleared before water atorage
began. For the sake of smooth fish harvesting, however, the bottoms of small reservoirs
recently constructed are not only cleared but stumps are removed. In some reservoirs, the
bottoms are even graded. The subject is dimcussed further in the following chapter.

Over 280 large-scale reservoirs {storage more than 10'8 m3), 1 800 medium-scale_reser
voirs Eaturage 101-108 n3), urug countless small-scale reservoira (storage 105-107 m3)} and
ponis (storage less than 100 m3) were built in China. Of these more than 250 large,

1 300 medium und 11 000 small reservoira {formed by dams higher than 15 m) were constructed
after the Liberation.

From the fisheries viewpoint, the zmaller the water area and the shallower the depth
the higher the productivity ie per unit area. Since medium and large-scale reservoirs are
often conatructed in remote places, small raservoirs and ponds provide better opportunities
for fish culture. In particular, farm ponds olosely located to villages and cultivated
land are most suited to fish culture.

Chinese farmers seem to be well acquainted with the principles of gravity irrigation,
and they have accumulated considerable experiencs in the corstruction and use of small ponis.

The Mission cbaerved with interest the integrated management of the series of reser-
voirs and ponde interlinked by connecting canals. For example, water released from big
reservoira is directed to small reservoirs and ponds to ensure the water storage necessary
for irrigation and fish culture. The Mimsion was informed that when water bodies ars uaed
for fish culture, a winimum water depth is maintained, ssy 3 m in summer ard 1.8 m in winter.

In addition to reservoirs and ponds for water storage purposes, the special function
of check dams merits attention.

One of the popular methods for preventing or minimizing soil erosion in hilly areas is
to build a check dam. Thie is partly to store water. But themain purpose is to reclaim
new farm land in river bedas by precipitating and settling mutrient-rich eilt behind the
dams, Check dams are planned and constructed subsequently in a single small drainage basin,
In general, B~14 amall £ill dams (say 6~10 m high) per km? are installed. Small reservoirs
or ponis are thereafter created. They can be used for fish culture as they are located
very close t0 farm land reclaimed and easily accessible to farmers.

1.5 Netural lakes

The vast Chinese landscape is dotted with lakes, not only in the warm, humid eastern 2
plains but also in the cold high regionm in the west., Some 130 lakes have more than 100 k=
of water area. These are mainly located in the middle snd lower reaches of the Yangtse
River,

Lakes in the southeastern part of the country are mostly fresh water. They are
connected to major river systems. They play a very important role in promoting irrigetion,
ngvigation and fisheries.

The Mission was informed that lake waters were not regulated in the past. Unsystematic
utilization of lakes and watershed areas often resalted in devastating flood and drought
dMo

Regulation and control of these lakes became a major concern after 1949, The Government
laid down lake water regulations and launched control work that aimed at:

(a) stabilizing lake water level for promoting agriounlture, fisherias, navigation and
recreation; and




(b) improving the regulating function of lakes against heavy rainfall in watershed
areas ap an integral part of comprehensive watershed management.

For this purpcse a mumber of hydraulic structures, including pumps, are installed
along the lakes and in the watershed area. Exanples of such wate:-control works can be seen
at Taihu Lake in southern Kisngem Province, which the Mission visited on 7 May 1976. It
has an ares of 2 250 km® with a shore line of 393 km.

Taibu Lake was originally part of a shallow sea. Encroachment by sand bars in the

Yangise and along the coast encloped it to form the present~day lake, with water flowing
into the Yangtse through 42 outlets.

In the past, control of the water courses in the Tailm Lake region received mome
attention as they were utilized for transport. But from the Opiunm War of 1840 to 1949
conditions deteriorated, as the lake water ares was reduced to a wide expanse of paddy
fieldwe through the construction of dikes. This sharply reduced the water storage capacity
of the lake. :

Furthermwore, poor management of rivers ani streame connecting the lake to the Yangtse
River cut their drainage capacities, due mainly to siltation. 48 a result, the area along
the lake often suffered flood damaze.

After 1949, 18 reearvoirs were constructed. Hydraulic structures were installed in
sbout 300 small lakes in the watershed area to regulate the runoff to Taihu Lake.

Parailel to watershed management works, outlets to ihe Yangtse River were improved
through the dredging of the river bottom, embankment, insiallation of sluice gates andi
drsinage pumps., Numerous puaping stations were constructed for water supply to fam land
and fish ponds. :

The Mission wae informed that this comprehensive approach toward the lake regulation
has remulted in stabilized water levels {1 m), Together with an integrated management of
lakes, reservoirs, cansls and water atructures this ensures rational utilization of land and
dater resources in the region for agriculture, fisheries, navigation and recreation.

The Mission was not in & position to cbtain information and data on the water manage=-
sent eysteme of the lake and its watershed srea. I% seems that the integrated and systematic
speration of the mmerons hydranlic facilities inatalled is quite e complicated one. However,
» detailed study on the subject merits attention.

1.6 Canals and cresks

The Mission understood that in the low~lying plain where the slope of irrigation canals
is quite flat, flow velocity ie comparatively low = Bay O 10,3 m/sec = and fish culture i=
sractised without artificial feeding.

In these low-lying areas rice is the major irrigated crop and canala and oreeks usually
unction for both irrigation and drainage purposes. They are often also used for navigation.
fater uswally exists throughout the year providing good corditions for fish culture. Since
mch canals receive residuals from nearby farmlande and townshipa, water is usually fertile
ontaining & considerable amount of plankton. 4 regular supply of fry and fingerlings ie
/btained throngh intensive fish culture to stock these watars.

Canals are oft.n connected to main rivers or lakes with gate facilities that sometimes
\ave pumps. The mechanism and operation of these water facilities firstly aim at control=-
ing the water tabla in the canale and creeke to provide adequate water regime for irrigation
wd drainage. Due consideraticx: is, however, given to fish culturs as well as to navigation.
ithin the water course irrigation is mostly carried out with pumps which have no serious
frect on fish culturs provided that fish barriers are instelled around the pump suction.
he Miesion was informed that fish barriers in cenals and creeks, however, often oause navi-
ation problems go that quickly movable barriers or barriers with a boat passage are being
med ,
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On the other hand, the Miesion was told ihat irrigetion eupply channels on the farms
are generally not used for fish culiure. The members of the Mission conaider that this is
umderstandable as the water discharge fluctuatem from time to time in accordance with the
change in water requirement, Such channels are often dried out for maintenance work.
Furthermore, they are usually édesigned to minimize their cross=sectional arsas with the
velocity as high as posaible for economy. As & result, it is often the case that:

- velocity is so high that fish camnot cope with it;
= ingtallation of the structure for fish etocking prevents smooth flowing of water;
~ artificial feeding ie neither practicable nor possible.

In order to keep the hydraulic capacity of canals and creeks at the desired level,
regular maintenance work is carried out, which includes the excavation of the bottom and
weed cutting., The Mission obgerved that often the weed ocut and the mud excavated are returned
to the cultivated land as organic fertilizer. The effectiveness of grass-eating fish (e.g.;
grass carp) to clean water weedas in canals and creeks was mentioned but no technical details
of this practice in China were available to the Mission. In view of the interest shown by
some member couniries of FAO in the subject, it merita further study.

3.7 On=farm water supply system

In areas where fish ponds and cultivated land coexigt, on=farm irrigstion eystems
are often used for supplying water to fish ponds. This im particularly noticeable in low=
lying arean where water supply depends mostly on pumps. Water is lifted and led to the
ditches which are connected t¢ both farmland anmd fish ponds. It is the usual practice for
paddy fields to be irrigated contimously while water is supplied to fish ponds when the
water level falle below a certain limit (say 50 om from the full water level). A concen—
trated water supply is needed when refilling the ponds after drainage, which is usually
carried out in the winte.- when repairing ponds. While no detailed informgtion was given to
the Miassion, it is assumed that the water supply is well echeduled ac as tc minimize power
requirementa.

Concrete or magonry lining is the most popular bul precast concrete flume is also
pometimes used. In areas where the land is valuable an underground pipeline system is used.
The pipeline is buried under the farm road so as not to occupy the cultivated land. An
example of this wam cbaerved by the Mission in the Cher=tung Pesople's Commune near Shanghai.
The Miggion members felt that such a pipeline system coniributes to increasing irrigation
efficiency through the reduction of percolation loss during water distribution. It is
felt, however, that the introduction of heavy machinery for mechanized farming may necessi=
tate the uss of stronger pives and may require more earth covering of the pipes buried.

3.8 Fish ponils

The Mission observed a mumber of fish ponds constructed aml managed by comounes and
governmental agencies. Physical conditions vary according to location ard detsils on their
management for fish culture are diascussed under meotion 5.4.

Design criteria given below are extracted from "Fresh Water Fiuix Culture', prepared by
the Chanquan Aquaculture Research Inetitnte and publighed in Chinese by Nongguc Publishing
Company in 1974.

Water source

The availability of abundent and assured water of good quality at low cost is a baslo
need for planning and designing fish ponds. It ia demirable, therefore, to construot ponde
along rivers, lakes or canals with guaranteed water supply.

While efforts will be made to obiain water intake and drainage by gravity, the provision
of water«lifting devicea is necessary to oops with the fluctuation of cuter water leveles.
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Water surface

A large water surface area is desirable. The larger the water surface the greater
the effect of wind, which increases dissolved oxygen and promotes the mixing of upper and
lower water layers; 0.7 ha (10 E..“) is commenly used.

Water depth

Chinese experience shows that the most desirgble depth of ponde is 2=3 m. It has been
found that beiow 3~4 m there is not enough photosynthetic activity to keep the deeper water
oxygenated, and the water temperature is low and contains less plankton,

Other conditions

4e far ams poseible, high and dense forestis and buildinge should be avoided around ponds
B0 as not to intercept solar radiation and wind.

It is desirable that the length of ponds should be east=west line in order to benefit
from longer sunshine hours.
Dimensions and shape

A rectangular shape with 2:1 or 3:2 ratio is recommended,

The embaniment crest width should be decided taking into account its usage but 1.5=2.0 m
is usually sdopted (for the passage of vehicles a much wider crest, say 2e5=3e5 my, is needed).

The embankment slope should be decided taking inte account the soil stability but a
ratic of 1:1.5 is usuzally adopted.

The pond boitom is practically horizontal. In cases where the water inlet and outlet
are situasted in different places, a 1/200=1/300 slope from the inlet side to the outlet side
nay be needed,

Soil

As far am possible, permeable woils are avoided, If, however, ponds are constructed
on permeable soil, infiltration control should be practised, e.ge., s0il compaction, lining
with clay soil, lime, plastic film and asphalt.

Logcation
—— . ~

It ie economical and convenient to install poriiis in waterlogged aress or marginal land.
Full consideration should be given to the effect of floods and to the corvenience of transe
portation.

Ratio of various ponds
in example of the design of Tungshan fish breeding farm, Kiangsu Province, is given

balow: : _
Pond use Area (mu Water depth (m) Water area ratio
Water storage =5 =g
Adult figh AT N 34 T
Fingerlinge 3=5 2=3,5 2
Fry 1=3 145=2 1




3.9 Paddy fields

The Mission was informed that the extent of fish culturs in paddy fields is not as
gignificant as in lakes or fish ponds; some farmers raise fish in paddy fields during the
rice~growing period and during the off-season. The Mission could not obtain information on
the mubject through discussions. The information given here iz extracted from literature
cited in section 3.8.

Chinese experience of fieh culture in paddy fields has demonsirated that:

~ fish eat insectis that threaten the rice plant, such aa the leaf hopper and weed buda;
~ fish movemsnts stir the mud and promote mitrient uptake by the rice plant;
= figh excrsment nourishes both the water and rice plant.

39«1 Modification of paddy fielda for fish

Paddy fields should have high and steble ridges. They should be 35~4%5 cm higher than
the normal ones with a width of about 30 cme The ridges should be well compacted to prevent
the escape of fish and water leakage.

It is almo often the practice to dig a part of the paddy field to maintain proper
water depth for fish retention. Such fish ditches should have a weter depth of 60-90 cm.
The ditch area varies between 1=2 parcent of the paddy arsa.

Paddy fields used for fish culture are those with assured irrigation water supply amd
effective drainage. Inletm and outlets are guarded with screens or nets to prevent fish
escape. .

34942 Fish culture with rice cultivation

Fingerlings are put into paddy fields asbout a week after rice trangplantation, and
are kept there until afier the harvest., Stocking density varies from 3 000-9 000 fish/ba
(200-600/mu) depending on the fertility of paddy soils. Without feeding, fingerlings of
9=12 cm (carps and tilapia) at a density of 3 000=-4 500 fish/ha (200-300/mu) are often put
into the fieldc

There are casee, however, where figh are fed intensively. In Kwangtung Province, for
example, a brigade cultivates 2.7 ha (40 mu) of paddy field for rice and fish. It harvesis
about 4 000 kg/ha (530 jin/mu) frow the first orop of rice, 5 250 kg/ha (700 jin/au) of
rice from the second crop and 937.5 kg/ha (125 jin/mm) of fish as well.

The brigade also uses 0.4 ha (6 uu) of paddy field for intensive fish culture with a
daily addition of 175 kg (350 jin) of pig/cow mamure as fertilizer and 200 kg (400 jin) of
‘green grass as feed. The harvest of rice and fish appears to have been excellent.

349.3 Hater and farm inputs management

In the case of rice—cum=fish culture, it is mentioned that very careful management is
required io waitch watering, to avoid fieh escaps, and to prevent intrusion of ducks amd .
carnivorous fish., Also, it is required to ensure the required water depth in the field and
to prevent raieing water temperature to above 31°C. It is said that irrigating with colder
water achieves thias end.

In ec far as fertiligzer application is concerned, it ig said that the application of
chemical fertilizer should be limited to 30 kg/ha (2 kg/mu) per day. Applieation of
ingecticide is handled carefully to avoid harmful effecis on fish., Where heavy domes of
insecticide are unavoidable, fish are collected before iis application and are put back in
the field affer the insecticide toxicity comes within allowable limits.




In many instances, the shallower the water depth the higher the rice crop yield ami
: less the water requirement. Very often paddy fields require intermittent drainage,
ticularly at the late tillering stage to avoid harmful consequences due to the reduc-—
n of organic pubstances promoted under prolonged waterlogged conditions. Shallow water
intermittent drainage make fish culture in paddy fields difficult, if not impsssible.

One possible solution that could be used is to enlarge the area and Cepth of fish
ches, although this may result in less cropped area. Furthermore, the practice of
wing irrigation to conirel water temperature often results in low irrigation efficiency.
promoting fish culture in paddy fields, these points should not be overlooked.

0 Water lifting devices

The Mission observed a mumber of large-scale pumps. For example, at the Pai-Tan
ping Station in Hupei Province there were four sets of axial flow pumps with a capacity
8 m7/sec/pump at 8 m per head. On the occasion of vieiting the Agricultural Fair in
nghai, the Miesion learned that very large—scale pumps are inatalled in many water
gervancy projects.

The Mission was under the impression that the country is capable of manufacturing and
talling all kinds of pumps now being used elsewhere. The Mission thought that small
ps were marmfactured locally and that they are widely used by farmers for on=farm and
h-pond water supply.

Most fish culfure in China today is carried out in low=lying delta plains. Here the
er level of canals and oreeks is often below the surrounding land level. Thus, water
ting becomes indispensable for both irrigation and supply to the ponde. Water lifting
ices are also needed when the ponds are drained.

Traditional water-lifting devices, such as the dragon wheel, were occasionally observed
the Mission, but electric pumps are now used extenaively. On the cccasion of visiting
Chen—tung Pecple's Commne near Shanghai, the Mission was informed that the water
ply in the area was done using animgl-driven water-lifting devices with about 400 animals,
se devices were replaced by 21 electric pumps in 1958; however, the Commune still keeps
devices as well am cattle for an eventual energy crisis. During discussion with Commune
icials, the Mission was under the impression that the Commune gives epecial attention to
proper maintenance of pumps. The Mission was told that all 21 pumps were in good
king condition and that spare parts were readily available. It phould be noted that
etricity is available in every rural sector and is one of the key factors contributing
the rapid development of pump irrigation and fish culture. Movable low-lift pumps are
t commonly used. The lift varies from 1-3 m with an estimated discharge of 2-4 m3/m:i.n.
y often such & small pump ie put on a hoat and transported to the watering point. The

p ig either operated by electric power available on the spot or by a diesel engine
nally 10 bp) used for the boat.

1 Land coneolidation

The Mission was informed that the prime objective in land consolidation, including
d grading, is to increase land and labour productivity. The work consists of land
ding and reshaping (in most cases a rectangular shape) and provision of irrigation and
inage networks as well ae farm roads.

In main fish areas, euch as the delta of the Pearl River in Kwangtung Province, ponds
apy & considerable portion of the land, from 30 to 60 percent, Land consolidation,
refore, includes ponds or ihe water ares. In the Le Liu People's Commune in Shuneta
nty, for example, 50 percent of the lsnd area is taken up by fish ponds, but the land

water (fish pond) areas were consclidated. As a result the mmber of irregularly

ped and scatiered fish ponds had been sharply reduced and regularly shaped fish ponds
rectangular blocks of 60 x 90 m had been constructed instead. Overall, ithe rmumber of
is were reduced from 9 743 to 4 877, but the total area of fish ponds remained the same.
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Land between the fish ponds, used for cultivation, had alsoc been made more regular,
amd an irrigation network was installed at the same time. This was an impressive display
of integration.

Such land-cum-fish pornd consolidation, coupled with water control works, clearly
increase land, water and lsbour productivity since farming and fishing operations in regularly
shaped plois are more efficient. A timely water supply and application is also assured.
Equally important, efficient transportation of farm inputs and commodities through networks
of farm roads and water courses is provided.

The techniques used in China are largely identical to those used in other countries.
But what is s0 ocuistanding is the massive mobilization of labour for earthwork.

Obviocusly one major reason for China's ability to implement speedy and large-scale land
consolidation is the ownership systems Since land and fish ponds are state or commune owned,
decisions on reshaping and reallocating land and ponds do not run inio legal snags ag in
most other countrieas.

3.12 Fishways

The Mission wae informed that hydraulic structures built across rivers, such as weirs
and headworks, are usually provided with fish ladders so as not to impede the migration of
fishe Fish paths are also bunilt within gate stiructures. The Mission noted that as far as
major schemes are concerned, the Water Conservancy Department is responsible for the design
and installation of such facilities in consultation with fisheries agencies. Mission members
were told of the experience in the Hwai River t¢ illustrate the importance of the provision
of this facility. An estuary barrage was constructed there in 1956 and 1957 to conmtrol flood
and seawster intrusion in the deltaic area of the Hwai River and to store fresh water.

After completion of the work, migration of crab and mullet was impeded. Production inevitably
dropped. In 1965 the Tung-kou Fishery Commune harvested only 100=150 kg (200=300 %) of
crab per day and 50 kg (100 _E_n) of mullet per boat ~ a big drop from the 3 000=-4 000 kg

(6 000=8 000 jin) of crab per day and 1 250 kg (2 500 Jjin) of mmllet per boat recorded in
19554 '

4 special task force for fishways design was formed in 1965, It examined the location,
structure, capacity, velocity and water depth of the fishway together with the operation of
sluice gates,

A fishway was constructed in 1966, whioch restored smooth migration of fry. Furthermore,
the operation of sluice gates was improved, Theme resulted in increasing orab and fish
catches. More than 15 000 kg (30 000 jin) of crabs per day were harvested in 1972.

The Misgion was not able io get technical information on the construction. The Mission
considers that a coordinated approach toward the design and location of fishways built in
hydraulic structures ie often overlooked in FAO member countries end that a detailed study
of experience in China merits attention.

3.13 Summary and recommendations

3.13.17 Summary

China places the greatest emphasis on comprehensive and intensive use of land and water
regsources for agriculture and fisheries, People at all levels met by the Mission pointed
out that assured amd controlled water supply and timely drainage are the key to successful
agriculture and fisheries activities. :

One of the major contributing factors is the availability of electric power in every
rural area. '
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Most striking was the fact that techniques for effective and intensive use of land and
water resources are practised at the farm level by farmers. The techniques are not very
sophisticated, but they are indigenous and extremely practical.

The water bodies created or developed for irrigation and drainage purposes are
invariably utilized for catching and breeding fish.

The bottom mud of ponds and water courses, excavated to maintain hydraulic capacities
of these faciliiies, is returned {o cultivated land tq fertilize the soil. It is a pattern
gimilar to nature's own cycles and appears to be ecclogically sound.

Land consolidation projects cover both cultivated land and fish ponis,

Irrigation and drainage systems are ingtalled to serve crop production and aquaculiure,
and also navigation.

In short, irrigation and dreinage projects are plamned and executed to ensure the
fullest use of land and water resources,

3ea13e2 Recommendations

No doubt other countries have achieved much by way of gigantic water resources develop-
ment projects thai require sophisticated technical knowledge of design and conetruction
engineering ani huge capital outlays. But developing countries may firet benefit by studying
clogely:

(i) small-soasle water development projects in China being plamned, built and managed
by the farmers themselves at the commune and farm level at minimasl cost using
indigenous resources and materials;

(ii) integrated and intensive management of land and water resonrces for agriculture
and fish production at the farm (commune or brigade) level; and

(1ii) erop production, animel husbandry and fish culture/catching technologies adopted
ani performed by farmers in an integrated mamner,

For this purpose the following courses of action are recommended:

(s) 4 study tour of China for one month or more by key government officials of member
countries with a view to obtaining a general idea of the Chinese way of thinking
and performance, and.to idenitifying the areas of detailed study and training by
their colleagnes.

(b) In-service training of technicians, extension workers and farmers at the farm
level (commmne and brigade) for a period of three to sir months.

(e) Setting up pilot demonsirationwcum=training projects in member countries o be
managed by Chinese techniciar s and farmers,
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4. LAXE AND RESERVOIR FISHERIES

4.1 Productivity

4.1.1 Reservoire and lakes

Total area of fresh water in China is usually given as sbout 20 million ha. About one
third of this coneists of suwall lakes, reservoirs and ponds. This estimate, however, was
pade before 1956 (Solecki, 1966). Since then there have been increases in water area
available for fish culture. Active programmes for the construotion of ponds and small to
wmedium-eized reservoirs have continuned. Thus, the 6.7 willion ha of water area considered
suitable for aquaculture at the time have probably been increased to 10 million or more.

The traditional "five lakes" of China are: Tungting, Poyang, Hungtze, Tailm and Chao.
Together they make up nearly 1.4 million ha, and yield in the order of 70 000 tone of fish
anmually (estimated by the Mission at 50 kg/ha).

There are reported to be about 130 lakes larger than 100 km°, The 33 lakes over
100 km" in size listed in van der Leeden (1975) total over 4 million ha. Of this ares,
670 000 ha are salty.

The largest of the malt lakes, Koko Nor, has an elevation of 3 200 m above sea level,
It is sbout one percent salt and esupports a significant fishery of yellowfish and pike

{Anon., 1974).

In Hupei Province, lakes, rivers and reservoirs make up some 70 percent of the
270 000 ha of water, The Misaion wae told that the average yield of lakes over 10 000 ka
in mize is 60 kg/ha. Those of medium size reportedly yield 225 kg/ha. Small lakes and
reservoirs under 500 ha generally yield 1 000 kg/ha under intensive management.

The Chineme assuwe that reservoirs will produce about one third lees than natural lakes
of the same size. For small reservoirs and lakes, the national average is given ses "several
dozen j'gfg_g". This ie asboul one quarter to one third the figure given for Hupei.

Table 4 gives the reporied productivity of some reservoirs and lakes of various sizes.
Recent data on the deeper lakes and reservoirs of the hilly and mountainous areas are not
available, It may be assumed that their productivity would be substantially iess.

There are evidently etill some parts of the country where the small reservoirs built
for water storage are not used for fish production. The people in these areas have not been
accugtomed to eating fish. However, in mest areag, the Mission was told, such reservoirs
are now stocked and fished, following the national motto "wherever there is water there
should be fish". The required fish fry and fingerlings seem to be readily available in most
parta of the country where pond production is possible.

4.1.2 Rivera and canals

Larger rivers are also fished. However, liittle attention appears to be given to their
management for fishery purposes. Pishing here is umally carried out with traditional gear.
The Mission noted the use of large 1ift nets, with 5 to 20 m“ of netting, in several places,
and set nets and lines are reportedly also used.

Small rivers and canals in the delta regions of the Yangtse, the Pearl and sther rivers
are more intensively managed for fisheries. As at the Chen-tung Commne visited, some are
divided off into seciions (sometimes with guarde whose duties are to maintain the fences and
assiet boats in passing). These areas are stocked (see section 5.3) and provided with
additional food waterials such as manure and grasses. Productivity reaches nearly 1 500 kg/ha.
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Table 4
Productivity and Other Characteristics of Various Lakes and Reservoirs in China

4.2.1 Principles

Burface Ave Productivit
Name Province Area (ha) Depthx a'%:) (kg/ha/ye ap Remarks

Ho Lung Reservoir Kwangtung 200 8.3 70 (Present production;
200 kg/ha expected)

Tung Lake (Eaat Lake) | Hupei 1 467 4=5 278 167 ha not used for fish

Pai Tan Lake Hupei 400 2 T30

Miyun Reservoir Peking S 300 ? 150

Tailm Lake Kiangmu 226 000 3 52

Fan Li Lake Kiangsu 333 2 525 Connected to Taibu Lake

(2% 1i Lake)

Houar Wu Lake Kiangau 450 1.5 1 100

Tin Shan Lake Shanghai 6 600 ? 151 Also 450 kg/ha of snails
and other molluscs

Lui Hwe Lake Peking 33 2 5 000 (Report of Canadian
Mission)

Liang tse Lake Fupei 4 3130 K3 173 1953, In 1956 had been
reduced to % by excess
fishing. Anon., 1958

_ 4.2 Management

Management programmes developed for lake and reservoir fisheries are basically an

extension of the polyculture system so succesefully used in pond culture.

Reservoirs or

lakea under 100 ha in sigze are managed for intensive production with supplementary feeding
ag well am heavy stocking.

At the other end of the acale, the large lakes (over 10 000 ha) like Tailm Lake in the

Yangtse Baain are managed by a combination of techniques: stocking; protection of natural
spawning sites as well as creation of supplementary spawning eites; regulation of fishing
seagons and gear; and enclosure of suitable bays and coves for conversion to intensive fish
culture.

Much attention appears {0 be given to watershed management to increase lake fertility.
Conversely, sdditional resources of the lakes (fertile bottom mud, aguatic vegetation,
mails, etc.) are utilized to increase sgricultural production in surrounding areas.

Certain of the natural lakes, such as Pai Tan and Hsuan Wu once underwent large-level
fluctuations owing to the periodic droughts and floods. FPumping stations and other conirol
devices have now been installed to control the water level (see mection 3.5).

Special attention is given to the small and medium-siged lakes and reservoirs near
cities where the local facilities for both fish production and recreation are especially
needed. The Mission was told that grass clippings from the parks and vegetable waste from
the markets are utilized for supplementary feeding. Dikes and causeways provide walkways
and mid-lake pavilions; but they also merve to separate the lake into different kinds of
production units, as at Bast Lake (Fig. 2).




Fig. 2 Canseway on Bast Lake separating lako into different basine

4.2.2 Special methods

There are five unusual aspects of the Chinese approach to lake and reservoir fisheries
that merit detailed comment, There are:

{i} stocking
(ii) fertilizing
(iii) large-scale catching
(iv}) subdivision
(v} Vbottom grading and clearing.

Such policies are not unique. They are also followed in the U.S.5.R. for instance,
though with less consistency. Elsewhere, they have often been regarded as nct worth the
high cost. These aspects are discussed below in relation to the special conditions that
exist in China.

4.2.2.1 S‘I:ocking

In Agia there are fewer native species of freshwater fishes than in North America, and
many fewer than in South America or Africa. The Asian species are more typically riverine.
Thus, the natural or spontaneous fish fauna of lakes and reservoirs does not not encompass
the variety of feeding habits that is typical, say, of the faunas of most African water
bodies, Molluse, detritus, phytoplankton and plant feeders, and even zooplankton feeders
adapied to open water, are cften missing.
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Thue, the practice of stocking a combination of grass carp (herbivore), silver carp
(phytoplankton), black carp (mollusc ester) and bighead (zooplankton), along with such
bottom feeders as mud carp and common carp, utilizes more of the natural production of the
systewm. These species, however, do not reprodece naturally in the still waters of lakes
and ponds and therefore stocking must be regularly repeated ("catoh and stock in rotation"),
This requires sxtra work and facilities, but the system does allow closs control of stock
size. Thms catohes need not fluctuate from year to year ag they do when dependent on wild
gtocka,

The Misgion feels thal relatively low labour costs, and species that do not require
high protein foods, are the most important factors in the success of this technique in China.
It is also significent that bulk or large-scale harvesting of the stocks (see section 4424243)
where this is practised, leaves time for other activities than fish catching. In China, it
is the fishermen who usually also produce the fish to he stocked.

Uszally, the Mission learned, about 1 500 individuals (10-15 cm in length) are stocked
per hectare of lake (mee section 5.3). These fingerlings are usually produced near the lake
site (see sections 5.5 and 5.6).

442422 Pertilization

Direct feeding of fish and fertilization of water are considered an essential part of
small pond and reservoir management. It ia often undertaken in lakes up to 100 or more
hectares in mize. Animal manures, especially pig, are used to stimilate plaukion growth.

The Chinese rule—of-thumb is to raisel5 or more pige per hectare of water (see mection Sedle2).
Green grass and vegetables are fed to grass carp, which, in turm, produce animal (fish)
manure and food for other fishea, The Chinese say: "Feed one ‘grass carp well and you feed
three other fishea",

In most countries, fertilization of large lakes and reservoirs is not considered as a
practical fish-management tool. The fish manager also has little influence on the overall
development of the surrounding land., China, however, recognizes that its arable land must
be fully utilized to feed its people, Thus, a high premium is placed on utilization of
waters in the most efficient way possible. Fish menagement, the Mission found, is given
full consideration in agricultural plamning, especially at the commune level, The Chinese
plamner, it seems, would regard an attempt to improve a lake fishery without considering
the surrounding land as incomplete and wasteful.

There is little discussion of “he use of luman sewage in water management. It is clear
nonetheless that considerable effort is being put into impreving methods to ferment and
sterilize such wastea for both land and water fertilization (ses section 5.4.2).

4+242s3 Bulk or large-scale harvesting

In large lakes and rivers, harvesting is accomplished in more or lees conventional ways
(eegey gill nets and/or pair trawling). But in the smaller lakes and new reservoirs methods
of obtaining a large percentage of the stock in a short time are emphesized. Seine nets up
to 5 km long are common (e.g., Bast Lake, Wuhan). Encircling nets and seines up to 1 or
1.5 km are regulerly used. Most of the work is done mamially. Such seines may even be used
:8616’?&011 seines, with additional hamling ropes at regular intervals along the net (Solecki,

966) .

An interesting technique used is that of driving fish toward one end of the lake or
large bay with boats, with the boatmen heating the water as they move forward together.
“After proceeding for some distance (100 m or mo) a net is set behind the boats to prevent
the figh from returning (Fig. 3). After repeating the proceas the first net is removed to
be used for the next blocking, When the fish have tlus been concentrated, they are fished
from the remaining area with conventional gears such as encircling nets. In some cases
(esgey Ho Lung Reservoir) the last blocking net set incorporates a trap (Figs. 4a and 4b).




Fig. 3 Poster at East Lake showing successive positions
of the blocking nete used to concentrate fish into
one arm of the lake for harvest

The remaining fish are driven into this trap. Such an operation requires 20 to 50
pergons, and for big lakes it msy extend for 20 or mope days.
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Fig. 4a Lifting the trap portion of a large blocking net used in reservoir
harvest (Ho lung Reservoir, Kwangtung Province)
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Fig. 4b Emptying the trap, Ho lung Reservoir
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The method seemod very efficient to the Misaion. But the investment in fishing equip—
ment is high. Fermanent dikes are sometimes built to reduce the length of nets needeu for
concentrating the fish. The system is primarily effective for the grass, silver and bighead
carps, which remain in the upper part of the water column. Obviously the system is only
practical where it is possible to market large catches all at once.

4.2.,2.4 Subdivigion

Lakes and reservoirs are frequently subdivided to increase the efficiency of production
and barvest. On reservoirs such as Ho Lung, viaited by the Mission, dikes have been built
across several bays. These shorten the length of the roads needed to give access to various
parte of the lake shore. In addition, they form protected ponds in which to raise fry to a
size at which they may escape from predators when moved into the lake itaelf. These nursery
areas are small and shallow, g0 that systematic removal of unwanted fish is possible and their
eubgequent re—entry from the lake unlikely.

Subdivision ie used also to separate sections where water plants like lotus are grown
from the fishery areas, to partition recreationsal facilities from the main lake, and to
facilitate harvest (see section 4.2.2.3).

In Taim Lake, Migsion members were shown a dike constructed across a large bay. The
enclosed portion of about 150 ha was converted into fish ponds for intensive fish culture,
Built in three months by 2 200 workers with only emall tools, this dike will increase the
fish production of that bay from about 7 tons/yaa.r to perhaps 700, It seems likely that
subdivisions of lsgkes snd reservoire will be used increasingly inm China to convert parts
of such bodies to intensive fish culinre.

4.2.2.5 Botitom grading and clearing

Prior 1o 1958, the reservoirs built in China were rarely or only party cleared of trees
before flooding. In other parts of the world, c¢learing ia diecouraged as dead trees and
other such lefi-over atructures enhance the proeductivity of reservoirs, making more figh
available. Houwever, the Chinese practice of stocking and feeding in small reservoirs may
reduce the importance of this effect. The advantage of leaving irees, therefore, appears
correspondingly small., On the other hand, the trees hamper fishing operations, preventing
the use of moving gear, an important harvest method in China. Therefore after 1960, all
areag 1o be flooded in small reservoirs were not only cleared, dut alsc eall stumps and
other potential snags were removed and the bottom graded to an even contour to mske fish
harvesting ae¢ eaay as poksible,

It ie much less practical to attempt to clear the bottome of medium and large reserveoirs.
The Chinese, therefore, attempt only to clear natural coves, and other areas about 10 ha in
size (2 1i in circumference) where this would facilitate fishing operations. As supplementary
feeding is generally not done in these larger water bodies, the extra biological productivity
of uncleared bottom ia likely to be more important.

4.3 Environmental problems

China's handling of envirommental problems is like that of the ancient Chinese artisans
carefully carving a block of jade into a work of great detail still preserving its basic
form, Mountains are levelled end swamplands are converted to manageable lakes with regulated
water level, ponds and croplands, with a massive application of manpower. But at the same
time, large programmes of reforestation and erosion control are under way, in an attempt to
reverse the long over-use of Chinese hillsides and wountainsides and restore the ancient
landscape.

China attempte to use resources to the fullest but the ecological implications of such
development are coneidered. Waste, of any kind, is reduced as much as possible and the
range of fishculture practices seen and discussed by this Mission providesgood examples of
how wastes are recycled bask into productivity.
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Substantial development of industry has c¢reated noticeable air and water pollution
problems. The Mission was informed that government departmente for environment problems
have been recently created at both national apd provinciasl level. Standarde for air and
vater quality have been written into law. New factories are required to meet these etandards,
but most of the older ones are not, unlese special local problems exist.

A severe drop in fish production of the Nun-chiang River, Tsitsihon, in 1969, resulied
from diacharge of waste water. The waters of a large reservoir near Peking became polluted
with industrisl effluents resuliing in bad taste of the fish. These incidents helped show
the Chinese the importance of such legislation. Both of the above problems have now been
corrected. A

However, a different kind of concern arises from the large-scale efforts to domesticate
production. The conversion of swamplands, especially in large lakes, to fish ponds and fields
is seen elsewhere as a potential threat to water quality. It reduces the natural filtration
of water. Wild birds as well as fish require such areas for breeding and sometimes food.

The Chinese seem aware of such problems though they were not discussed with the Mission.
In Taibm Lake, shallow marsly and swampy areas needed for natural reproduction of several
kinds of fishes have been et aside as reserves and cannot be destroyed or even fished,

It seems likely, however, that the Chinese will prefer to find alternative ways of ful-
filling the ecological roles played by wetlande and ewampe (e.g., the anchored clumpe of graes
put cut in Tailm Lake}. Large-scale comversion of swamps to fish ponds or other uses of high
utility will probably continmue.

4.4 Summary and recommendations

The management systems for lakes and reservoirs that have evoived in China merit close
study and even emlation by some of FAQ's Member Governments. It is characteristic of
Chinese development that such methods evolve in place. In general the apprceches fit her
own social and economic system. It is impressive to note that specific local conditions and
constraints are well provided for and projecte, like pieces in a jig-saw pugzle, fit into
place with each elemeni matched to the local resources and setting.

It is thus neceasary to view their programme of stocking, fertilizing, and fishing all
available waters in the context of China's emphasis on agriculture as the key to development
and of the whole programme of agricultural production that reflects that policy. It is a
system in which, when needed, industry can be expecied to ~ and doss - provide capital for
agricultural investments.

Even more significantly, cost/benefit ratios appear o be evaluated in terms of overall
development rather than on an individual project basis. Thus, the cost of clearing a reser—
voir near a city may nrot be evaluated against the return from eale of extra fish but rather
by such factors as equalizing fish consumption, stimulating pig production, asnd so on.

The concept of controlling fish stocks throngh replenishment with artificially-raised
fingerlings warrants reconeideration in the light of Chinese experience. It im worth noting
that euch stocking of lakes and reservoirs is also widely practised in India, and other areas
of Asia. Special attention should be given, in cases where such stocking is proposed, to the
feasibility of constructing predator-free subareas for fingerlings and adjacent facilities
for fry production.

It is particulerly important for other countries to note the advantages of sllepround
integrated management of water rescurcea. This ias a very recent development in Chinese
practice tut a very impresaive one. In those countries where expansion of freshwater fish
production is a significant element in development plane, epecial efforts should be made
to ensure that fish and farm go hand in hand, in planning and in practice.
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5« FISH CULTURE SYSTEMS

5 «1 General

Freahwater aquaculture is an integral part of the overall agriculture production system
in China. It is practised either as a primary cccupation supplementied by other crops, a

sscondery activity or & sideline occupation dependmg on the rescurces availabls, Such

integration of aquaculture with agriculture is praciised in other countries to a lesser
extent (i.e., duck-cum-fish culture in Nepal and Hungary)}. It is only in China where aqua-
culture is undertaken on a fully-integrated, nationwide scale.

Integration promotea the full use of raw materials produced in the farm for food pro-
duction. Animals provide organic manure that fertilizes the ponds and the croplands; the
lani, in turn, produces crops and plantes for food for animals, fish and man; ihe wastes of
fish accumlated in the pond humue go back to the soil where land crops are grown. This
inter-relationship illustratee the practicality of China's approach to diversified agri-
culture and integrated rural development.

The Mission was informed that there are about 20 million ha of freshwater aream available
in China, of which about 6.7 million ha can be used for aquaculture (see section 2.3). This
is made up of 60 percent under pond culture, including irrigation water reservoirs and village
ponds, and 40 percent in natural or artificial water areas (lakes, dams and reservoirs)
utilized for aguaculture. :

Piah rearing in Chins has a long history. It used to depend on natural stocks of fry
collected from the Yangtse River. However, as a result of the development of artificial
spawning techniques in 1953, it became possible to produce black carp fry on a large ecale
for aquaculture use. By 1958, other species of the Chinese carps (grass, silver and bighead
carpa) were also succesafully induced to spawn and this marked the end of the dependence on
natural fish seed sources. Induced spawning has become a routine farm activity in the commnes
since 1958 and most farme produce their own fry and fingerlings. Fish breeding centres that
were established in ceriain commnes soon after artificial spawning was developed now take
care of the fish seed requirements of farms where there are not adequate facilities for
artificial spawning.

5.2 Aguaculture development

A key factor that has influenced aquaculture development in Chine is to be found in the
national policy on land and water development, wherein top priority has been given to water
conservation measures in the overall development programme. This has led to the nationwide
construction of water conirel structures for flood prevention and stabilization of river flows.
Lake levels have been likewise controlled by the comstruction of hydraulic siructuree and
aluices at the main rivar connexions, and new water bodies have been developed such as dams
and reservoirs (see section 3). These efforts gave tangible benefits in agriculture pro-
duction, including aquaculture, that China now enjoys. All water surfaces thus created in
land and water development, as well as natural lakes and ponds, are utilized for fish pro-
duction. The use of these areas for aquaculture is a manifestation of the slogan "Wherever
there is water, there must be fish".

50201 Ponde

.Some exigting fish ponds appeared to have been developed ag a result of lend consoli-
dation end fermland amelioration for agricultural crop production. Many are traditional
ponds in which fish have been cultivated for many years. In low-lying deltaic areas, ponds
came into eristence as a result of projects for development of "raised fields", constructed
by excavating soil from adjacent areas of land or by digging drainage ditches around rec-
tangular plots to elevate the fields and lower the water table. This, in effect, corrects
waterlogging problems in farmlands and creates ponde., In Nan Huei County, Shanghai, ponds
were creaied out of the diggings made for the manufacture of bricks.
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Marginal lands along river deltas, shallow margine and adjoining waterlogged areas are
reclaimed for agriculture, including fish-pond development. One example of this is the
reclamation of 2 400 ha near Tailu Lake, which was completed in 197%. Thie area used to be
under water most of the year and produced mainly aquatic plants. It was reclaimed primarily
for fish production.

The sige of mewly comstructed ponds is usually about 4 000-5 300 ma (6-8 g;_) with a
depth of 2-3 m. MNovement of waler in and out- of the ponds is usually accomplished by pumping
as the land nsed for construction of ponds is generally low=lying.

5+2.2 Lakes, dames and reservoirs

Lakes, dams and reservoirs are developed and ueed in aquaculture by applying the prin-
ciples of polyculture in ponds (Bee section 5.3). Shallow bays are blocked off by netting
or screens to serve as murseries or fish-breeding areas and for rearing fry and fingerlings
to stock the water bodies. Some lakes, such as the East Lake and Fan Li Lake, not only serve
as aquaculture areas but dlso for recreational purposes.

54243 Paddy fields -

Paddy fields used for aguaculture are those which have sdequate water supply and
drainage syetoms. )

There are two methods used, namely “deep water" and "shallow water”, The former uses
up to 0.5 m of water while the latter uses a minimm of 5-10 cm depth of water. PFor hoth
techniques trenches are constructed in the paddy for fish reiention. PFor details of paddy-
cur-f'ish culture see Bection 3.9.2.

Ye2e] Canals and ditches

Drainage canals and ditches within the farm are sleo utilized for aguaculture. In some
instances, agquatic plants are raised in theee areas to provide feeds and fodder for the live-
slock and other animals raised on the farm. While the Mission was not told the total area
of irrigation sector canals and ditches in China, it mst be substantial.

5«3 Fish culture techniques

Freshwater fish culture in Chins is mainly polyculture of the "family fish", the Chinese
mRjor carps, in combination with other spacies with complementary feeding habits, to utilize
all the available food materials in the water. Monoppacisa oculture is used only for fry and
fingerlinge up to 3 om size,

In ponds, the main species raised is the grass carp in combination with bighead, silver
carp, black carp, mud carp, common carp and bream, The proportion of each species varies
according to prevailing pond conditions and raw materials available for fish rearing.

There are two types of polyculture practised in China, namely multigrade and mixed-age
fish culture.

Multigrade fish culture is & technique whereby fish are reared in a series of ponds
from fingerlings to marketable size, with fish sorted in the ponds according to size. This
method takes advantage of the maximum growth potential of the fish as their density in the
ronds can be adjusted for the size of fish as well as for productive capacities of ponds.
This enables the farmer to undertake a continuous cycle of stocking and harvesting,
increasing the output. The rearing period is alse shortened and production of the desired
size of fish for market facilitated. This technique, however, can only be practised in
commnes that have several pond units for large~scale production.
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Ag shown in Table 5 the siocking density decreases as fish become larger.

Table 5
Stocking Denaity for Multigrade Polyculture
Sise of Stocking Density/ms (per ha) Rearing
Grade Fish Period
{g) Bighesd Grass Carpe Silver Carp Mud Carp (days)
1 14-65 450 (6 750) | 100 (1 500) 40
14-80 250 (3 750)
5=20 7 500 (112 500)
2 65-225 140 (2 100) 450 (6 750) 150
80-500 40 (600)
20-60 2 500 (37 500)
3 225-500 60 (900) 200 (3 000) 150
500=1 000 20 (300)
60270 850 {12 750)
4 500-1200 [ 25 (375) 70 (1 050)

The mixed-age or size polyculture is a iraditional method where fish of different
species of varying sizes are reared in the same pond from fingerling to marketable size,
The stocking density and combination of species vary from place to place., Selective har—
vesting is used to remove the larger individuals during the rearing period. Subsequently,
the pond is restocked with emall-size fish to replace the ones removed. In this method it
is comon to find a total stocking density of 15 000 fish/ha (1 000/m). Stocking com—
binations used in polyculture in China are shown in Table 6.

Both techniques, mltigrade and mixed-sge polycuiture, apply a principle of stock
manipulation also used in the monoonlture of milkfish in Taiwan and the Philippines. BHere,
different sizes of fish seeds are initially stocked and the larger ones are harvested
earlier in the rearing period with ewbsequent stocking cf small fish after each partial
harvest. In effect, there are three to four croppinge and stockings carried out during &
rearing cycle of 10 to 12 months.

In lakes apd reservoirs where managemeni is less intensive, silver carp and bighead
oarp form the major species and a density of 4 860 fish/ha (325/m) is used. This figure
also varies according to the ecological conditions and natural productivity of the water
areas concerned. An example of stocking combinations used in reservoirs (Ho Lung Reservoir)
is ag follows:

Silver carp 46%
Bighead carp 16%
Grass carp 10%
Mud carp 21%

Common carp
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Table &

Various Combinations of Species used in Polyculture in China

. Species : % composition

(In ponde visited in the Pearl River Delta)

1. Where major species is grass carp:

(rass carp 55
Silver carp 16
Bighead carp 10
Others 19
2. Black carp as major species:
Blaock carp 42
Grass carp 2442
Silver carp 12.4
Bighead carp T4
Wuchan fish Ted
Common carp 3.4
Golden carp a2

3+ Silver carp as main species?

Silver carp &5
Bighead carp 10 .
Grass carp : _ 12
Common caxp a2
Wachan fish : T8

Pish culture in canals and ditches observed in Chen-tung Feople's Commne uses a com~
bination of the following epecies:

Bighead and milver carp 30%
Grass carp . 154
Black carp 5%
Wuchan fish (bream) and other
bottom=feeding apecies 50%

5+4 Aquaculture management
5e4+1 Eradication ("sterilization") of pond pests and nuisances

Ae normally practised in most managed fish culfure operstions, ponds are treated 4o
eradicate obnoxious pests and nuisance organisms prior to stocking with fry or fingerlings.
Tea—seed cake and quicklime are commonly used for this purpoee in China. The former ie
applied at the Tate of 525-675 kg/ha (35-45 kg/mu) and the latter at 900-1 _030 ke/ha
(60-75 kg/m) in the case of dry ponds, and 1 875-2 250 kg/ha (125-150 kg/my) in wet ponds,
with 1.0 m depth of water, '
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5.4.2 Application of fertilizers

Organic manure is the main fertilizer used in ponds, lakes or reservoirs., No inorganic
fertilizers are applied for fish rearing. This is the main reason why all farms undertake
animal husbandry ~ to supply the necessary fertilizers for fish farming and at the same time
to diversify the economy.

The Mission was informed that two to three pige are raised to supply adequate organic
manure for each mi of pond (3045 pigs/ha). Manure of cows and chickens is also utilized as
fertilizer mixed with plant materials and soft mud. These are put together in a composting
pit and allowed to ferment for ten daya, after which the resuliing compost is transported to
the pondes or fieldsa.

In some places composting tanks are constructed in such a way that the liquid product of
fermentation flows directly into the water supply canals to the fish ponds (Piga. 5-7).

The use of human waste as fertilizer is a traditional practice in China and is continued
today. The system of utilizing such wastes, however, has been improved by the use of anaerobic
treatment for several weeks. Of still greater importance to the contimming decline in intes-
tinal disease has been the great increase in rural health care through the "barefoot doctor"
programme snd maseive programmes in rural health such as the campaign to eradicate enail fever
(schistosomiasis). It is estimated that "night s0il" constitutes es mich as one third of the
total fertilizer resources of the nation (McGarry, 1976).

The rate of organic mamure application in ponds ae practised in the southern part of
China (Kwangtung) varies from 5 625-10 125 kg/ha (750-1 250 jin/m) applied in three portions
with the first application more than the lagt two.

Pertilization of lakes and remervoirs is indirectly undertaken through intensification
of agriculture and snimal husbandry along water areas snd low=lying lande close to the shores.
Chicken, ocattle, pigs, sheep, ducks and geese are raised in these areas to increase the fer—
tility of water bodies. This is widely practimed in China in compliance with the national
policy of an all-=round development of a diveraified economy (see also section 4.2.2.2).

It is interesting to note,zaa mentioned to the Mimsion, that 50 kg of fish produce enough
pond lums to fertilize 6 670 m“ (10 m) of erop land, Thie ie the practical reason for
locating the ponds between croplands. The pond huma is collected four to five times a year
and applied to vegetables and land areas where other crops are grown (Fig. 8), Removal of
pond hume also helps to increabe 02 in the water due to the removal of organic materials.

544.3 Peeds and feeding of cultivated fish

Fieh culture in China makes use of plant materials as feeds which are produced on the
farm. Usually supplementary feeding with high protein of animal origin is not practisged,
sxcopt that the black carp may be fed with snails and clams gathered from lakes. The latter
practice was seen only in the lower Yangise region in Wushi and Shanghai, where black carp
;:: raiged as a major species because of the abundance of snails and clams in nearby Tailm

.I

Tn most other places grass carp is the major species cultivated and this is fed mainly
with varicus gressee and vegetables which are grown along the slope of the pond dikes. Silk-
vworn pupas and faeces are also utilized as feeds where they are produced in considerable
quantities. In the silk-producing aress mulberry is often cultivaied in betwsen the fish
pondﬂ (mg‘ 9).




Figo 5

Pig mamure composting tanks with canals to convey the liquid
product to the water supply system leading to the fish ponds,
Pai~tan Lake, Fish Cultivation Station, Hupei Province
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Fige 6 Water supply eystem fed with pig manure,
Pai~tan Lake Pish Cultivation Station




Fig. 7
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Water control structure along the water supply canal,
Pai-tan Lake Pish Cultivation Station




Pig. B

_3"‘_

Collection of pond humus and its application
to crops grown near the pond, Shia~Kia People's

Commune, Kwangtung Provinoe
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Fige 9 HMulberry trees planted between ponds, Le Lin People's
Commine, Kwangtung Province
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The Mission was informed that feeds given to fish usually consiet of 99.6 percent of
rough plant material (grass and vegetable tops) and only 0.4 percent fine food consisting
of residues of fermented products (soybean curd, soybean and peamut cake, rice and wheat
bran). The natural fertility of the water is also enhanced by the application of organic
manure which promotes the growth of plankton feeders, such as the silver carp and bighead.
Other species suck as the common carp and Wuchan fish are boitom and detritus feeders,
while black carp feeds on snails. Based on the availability of these feed materials, the
ponds, lakes and reservoirs are stocked with appropriate combinations of different species
of palyculture,.

According to information given to the Miseion members, 60-70 kg of grase and vegetable
tops produce 1 kg of grass carp; i? kg of enails and clams produce 1 kg of black carp;
100 kg (200 jin) of fertile waterl/ produce 1 kg of silver carp. Fieh excrement accumlates
in the pond botitom and serves as osganic manure which helps fertilize the wates for plankton
growth. It was mentioned that 500 g (1 jin) of fish waste produce 0.8 kg of silver carp or
bighead; 25 kg of animal manure produce 500 g of silver carp and bighead.

Grass and vegeiables being the main feed materials for fish, the pond dikes are ususlly
wide — providing enough land space for the production of these items. InfoEmation obtained
in this regard was that 66.7 m® (0.1 mi) of land is needed to provide 667 m* (1 m) of fish
pond with plants as feed materials (Fig. 10).

Pige 10 Pond slopes planted with grass to ssrvs
as food for grass carp, Shia-Kia People's
Commune, Kwangtung Province

1/ Fertile water consists of 77 percent residues of bean curd and 23 percent residues of
fermented products
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It is common practice in China to utilize the slopes and both sides of the crown of the
pond dikes for planting elephant grass, 0il seed plants and vegetables to feed the fish and
other animale raised on the farm. Elephant grass is particularly useful ag the roots
atrengthen the dike and prevent soil erosion. It mazy be harvested every ten days.

As with other aspects of Chinese fish culture, the feeding practices are not unique to
China. The Migsion was much impressed, however, by the simple and practical approaches seen.
It seemed particularly significant that all of the major inputs, such as feed, fertilizer and
fish seed, are produced within the farm. In other couniries, some or 211 of these are produced
at a distance, adding transport costs and uncertaintieg of supply and @elivery. The use of
organic fertilizers and locally-produced feed materials is especially to be recommended for
most of the developing countries. Unfortunately, the latter hawve often elected to adopt
commercial fertilizers and feeds simply becamse it is the practice in the developed countries,

5.5 Artificial spawning of fish

Almost all of the farms visited by the Mission produce their own fry by artificial
spawning methoda, This is a common practice among the farmers in China, a situation that is
not yet found in other countries, Although induced spawning techniques are well known out—
gide China, their practice is limited to specialized workers in research institutions engaged
in artificial spawning studies and to stations epecialized in fry production. The practiocal
application of several such techniques developed in research institutions has yet to find itse
way to the fish farmers at the farm level in many developing countries,

The main reason for this slow transfer of technology eleewhere is often that research
workers keep to themselves and do not try to simplify the techniquee enough for the use of
farmere themselvea. Extension workers must fill the gap to bring the technology to the farm
leval, Unfortunsatly, trained practical aguacultural and extension workers are not available
in most developing countries to undertake intensive farm extension work.

The Chinese have familiarized themselvea with the reproductive behaviour and the physical
requirements of their species. They have developed practical techniques of artificial fish
spawning using eimple facilities that the farmere can construct and operate. This apparently
came about am a result of the ‘armeyr—researcher-soldier or "three—in-one" work combination
and their "open-door" researck policy {see sections 7.1 and 8.6).

5.5:1 Pacilitiea for spawning

The deaign and conetruction of the fish spawning facilities include apewning ponde and
incubation pools, These are located close to the broodstock ponds.

5a5.1.1 Spawning pools

Thege are ugually ecircular cement tanks, 8~9 m in diameter and 1.2-1.5 m deep. Water
capacity is 50 (Fig. 11a}. Some spawning ponds are rectangular or oval in shape, but the
circular shape has been found to be the moet effective. The derign of spawning pools is
Bhﬂm in Figc 11‘bn

The bottom of the pool slopes toward the centre where there is an outlet pipe leading
to the egg—collection chamber. The walls of the tank are provided with water inlet pipes
installed in a diagonal position to create a circular water flow during the spawning
period {(Fig. 12).

Fach spawning pond is provided with a collection chamber where the fertilized eggs are
gethered for counting and transfer to the incubation pools. The outlet pipe from the
epawning pond is fitted with a net to facilitate collection of eggs for counting (Fig. 13).




»

Fig. 11a A ciroular spawning pool and hatching facility,
Pai~tan Lake Fiash Cultivation Station, Hupei FProvince
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Fig. 12 Water inlet installed in a diagonal position on
the wall of a spawning tank to circulate water,
Pai=-tan Lake Fish Cultivation Station

Fige 13 Rec’ungular collection chamber between a large spawning pool
(lower right) and two circular hatching pools, Nan-hai Station,
Kwangtung Province
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5.5+1.2 TIncnbation and hatching pools

These are also circular in shape with one or more chambers for incubation. A single-
chambered hatching pool (Figs 14) has an inside diameter of 3.5 m, and a depth of 1.0 m with
a water capacity of 9.0 m~; multi-chambered hatching pools are also used (Figs. 158 and 15b).
Water circulation is very important in the incubation and hatching period. For this purpose
there are several diagonally~installed pipes at the bottom of the rool, FPaddle wheels are
used where there is inadequate running water supply to circulate the eggs in the pool.

Portable hatching jars are also used when unusually large numbers of eggs are obtained
(Figa. t6a and 16b), These jarm are alao very practical for emall-scale spawning activities,

De3¢2 Methods and procedure of artificial fish spawning

The success of artificial spawning of fish is dependent on the condition of the brood
fishe Particular attention is given in this regard to ensure better reeults.

5'5.2.1 Braodfiah rea-ring

The sizes of brood ponds vary from place to place but a size of 2 000—4 000 m° (3-6 mu)
with a depth of 2-3 m is commonly used. Meticulous pond preparation is carried out by treat—
ment with tea-seed cake, guicklime and green manure. )

The rearing of brood fish also uses polyculiure techniques with species combinations
varying according to the major species desired. In Kwangtung Province broodfish stock
density is 1 500-2 250 kg/ha (100-150 kg/mu) composed as shown in Table T below.

Table 7
Stocking Combination for PBroodstock Rearing in Kwangtung Province
. Ave Weight
Species No. of fish/ha (;.?;ish)

1. Grage carp as major spacies:

Grass carp 150-200 8-12

S8ilver carp 60~90 2

Mud carp 600-960 20-50 g each
2, Bighead as wain species:

Bighead 80-96 7-12

Grass carp 96-128 5

Silver carp 3248 2

Common carp 320-480 (monosex) 0.25
3+ Silver carp as major species:

Silver earp 150240 3=6

Grass carp 96=-128 2

Mud carp 480=-640 2050 g
4. Mud carp as major species:

Mud - carp 1 600~-2 240 - 0.8-1,45

Bighead 3248 556

Silver carp 64-92 2~3
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Pig. 14 Another type of hatching pool from the Hwa Chung
Agriculture Academy, Wuhan
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Pig. 158 A multiple-chambered hatching pool with paddle wheels for
water circulation in locations where there is insufficient
water for continuous circulation, Hwa Chung Agriculture
Academy
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Fig. 16a Portable hatching jars inatall:
below a concrete water reservo: .
Hwa Chung Agriculture Academy
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Fig. 16b Design of portable hatching jars as used at Hwa Chung
Agriculture Academy
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Water in the broodstock pondas is renewed in spring, once or twice a month, with water
flowing two to three hours ai a time, This simulates flooding and promotes spawning. The
depth of water in the pond is maintained at 2-3 m.

Brood fish attain semual maturity in ponds from two to five years. Silver carp : iture
in two or three years; grass carp four to five years; bighead three to four Years, ar. md
carp three to four years., The males mature a year earlier than the Females.

5¢542.2 Induced spawning technique

Mature fish are selacted by seining from the broodstock ponds and confined for a short
period of time in a crowded condition, either blocked off by nete in one corner of the pond
or suspended in the seine. This operation is carried out once or twice before treatment with
hormones, i¢ acclimatize the fish to handling and transport. It alsc excites the fish and
facilitates removal of wastes from their system before actual injection is made so that no
waste products are excreted in actual spawning or release of egga, In this manner, the
spawning ponds are kept slean.

After the desired mpecies of brood fieh have been duly selected, they are injectad with
human chorionic gonadotiropin (HCG), 800-1 100 IU per kg of body weight {Fig. 17). Hormone
injection is given twice, with an interval of eight hours, the firet dose being 10-15 percent
more than the second, The first is usually given in the evening and the last at daybreak.
Nales are injected once, usually at the same time as the females are given their second dose.
Treated fish.are kept in the epewning pools with a sex ratio of two males to one female for
natural fertilization. The dry method of fertilization is known to the Chinese tmt they
prefer the wet method or natural fertilization in the spawning poole as thie prevents injury
of the brood fish. The mame brood fismh can be used for as long as ten years by using this
method, and they are able to obtain more complete fertilization of the egzs.

Fige 17 Injection of hormone to induce spawning at
Nan-hai Station, Kwangtung Province
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Pish normally spawn after a few hours from the time the second injection is given. It
is not uncommon to have fertilization even an hour or less from this period, which ia very
good. During the whole period when :r{he treated brood fish are kept in the spawning pools,
vataer flows at the rate of 0.2-0.4 m /second. Water temperature may range from 20 to 3000,
with the optimum 26 C.

5:5+2.3 Inoubation and hatching

After the fish have spawned, eggs are collected by opening the outlet of the spawning
pond leading to the egg-collection chamber (Fig. 18). ™his is fitted with a net with which
the egge are concentrated for countin End transfer to the hatching poole., The eggs are
atocked at the rate of 1 500 to 2 000/m~ of water volume.

During the incubation periocd, 2 constant flow of water is maintained at 0.2-0.3 m/ Bec
velocity to keep the eggs rolling in the water and simlating the riverine conditions under
which natural incubation and hatching takes place. Hatching occurs after 36-48 hours,
depending on water temperature.

Optimum water quality conditiona for hatching are a temperature of 26.500, pH hetween
T+4 and 8.5, and dissolved oxygen concentratign grea.ger than 4 mg/l. Satiefactory hatching
is obtained with temperatures ranging from 24" to 310°C.

The newly-hatched fry are then iransferred to fry nets (Fig. 19) inetalled in a nearby
pond until the egg yolk im absorbed and the swim bladders have developed. They are then
transferred to nursery ponda for growing or are sent to other fish farme,

5.6 Rearing of fry and fingerlings
5.6.1 Pry rearing

Prior to stocking of fiy in the nursery ponds, treatment with 900-~1 125 lcg/ha.
(60-75 kg/mu) of quicklime in case of dry ponds and 1 875~2 250 kg/ha (125-150 kg/mu) for
wet ponds {with 1 m of water) is made to eliminate unwanted Bpecies and peats., Tea—-seed
cake is also applied at the rate of 325-365 kg/ba+m (3545 kg/mism) depth of water. Appli-
cetion of lime and tea-seed cake is done alternatively to maintain the normal pH of the
water. Organic fertilizer or base manure (compost) is applied at the rate of 11 250-18 750
kg/ha-m (750-1 250 kg/mue.m} depth of water, 10-15 days before stocking of fry. Thie is
divided intc two to three applicationa, with the firat dose more than the second and third.
Water quality is observed prior to seeding the fry in nursery ponds. Bighead carp ("testing
bighead") are used for this purpose. For the test, fingerlings 14-18 om in length, stocked
at a rate of about § OOO/ha., and adults, at a rate of 7 500/ha, are used, If dissolved
oxygen is low, the bighead will surface, particularly in the early morning before sunrise.
The Chinese aesociate low oxygen with over—fertility of water. This testing method is rather
crude but perhaps the farmers have observed this through long years of practice. Certainly,
the use of portable chemical kits for water quality analysis would be a simple thing to apply
in this respect, and the techniques are well within the capability of the farmers.

The teat fish are removed and fry are stocked at the following rates:

Low density stocking:
Grass carp )

Bighead ; 1.6-2.4 million/ha (100 000~150 000,/mu)
8ilver carp

Fud carp 4.8-6.4 million/ha (300 000-400 000/mu)

Bigh demsity stocking:

Grass carp 3+2-4+0 million/ha Ezoo 000=250 Q00/m)
Bighead 244=3.2 million/ha (150 000=200 000/mu}
Silver carp 3.2-}.0 million/ha (200 000-250 000/mm
Mud carp 4.6~6.4 million/ha (350 000-400 00C/mu
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Fig. 18 Egg collection net installed in the egg-
oollection chamber, alsc nged for collecting
fry from the hatching pool

Pige 19 ‘Transferring fry from holding nete to plastic
bage for transport, Nan~hai Station, Kwangtung
Provinoce
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Feeding: elephant grass and vegetables at the rate of 13 tone/ha (875-900 kg/m) is
given in addition to fine food (wheat bran, rice bran) at the rate of 0.56 per—
cent of total weight of fish during the rearing period of 30 days. The fry are
3.0 cm at the initial ebtage of rearing. Fry rearing is monceulture.

5¢6+2 Rearing of fingerlings

Pond preparation for rearing fingerlinge is similer to that undertaken in fry-rearing
ponds. A uniform size of fingerlings, 3-3.5 om long, is used.

Polyculture is adopted at this stage, depending on the plans of production. The finger—
lings are reared in two stages. In the first they are grown from & length of 3.5 to 6 om.
This requires about 10 daya, Orass cerp, bighead and silver carp are all stocked at & rate of
4 500 000/ha (300 00O/mu).

genond thav are tran

Por t hey

-3
437

12 cm. The following stocking rates were given £
45 000/ha {3 000/mu) - grass carp g 1
30 000/ha {2 600/m) - bighead

45 000/ha §3 000/mm

90 000/ha {6 000/mu bighead )

45 000/ha %3 ooo//f% grass carp ; 3
135 000/ha (9 000/m) - mud carp

silver carp ) N

The fish are fed at the rate of 150-300 kg/ha (10-20 kg/mu) of duckweed, and 3 000-4 500
kg/ha (200-300 kg/m) of green mamre every ten days; 30 kg/he (2 kg/g:._) of peanut cake daily
and 45 kg/ha. (3 _ny._) of vegetable tops daily are given as supplement. During the first
month 30 lr.g/ha of vegetables are used daily while in the second month 30-50 kg/ha of grass
are added to green mamre daily.

5.7 Fieh diseases

The Mission was told repsatedly that preveniion of fish diseases waa emphasized rather
than treatment. Nevertheless, studies on treatment of dimease also continue energetically.
The Aquatic Biological Research Institute of Hupei Province is one centre for such work. It
gives particular emphasis to treatment with locally available herbacecus materials.

The diseases being studied include bacterial gill rot, white-head and mouth disease,

enteritis, white blood disease (Ichthyophthirius multifilis), Myxosporidae (Myxobolus sp.),

Lernea and Cestodes, gill lice (mussel glochidia) and fungus diseases.

Plants that have proven efficacious for treatment include Platycarva gtrobilacea,
Rlue chinensie, Carpetia japonica and various Duphorbia. These are all used in combatting
diseasea cawsed by elime bacteria, i.e., gill rot, white-head and mouth disease.

5.8 Fish-farm desien

In view of the integration of fish farming into the overall agriculture farming system,
fish ponds are designed in such a way that a close link between fish pond and crop land is
realized, In plgces where fish is a primary crop, ponds are constructed in rectangular sizes
of 4 000=5 336 mgc(ﬁ-a m) each with pond dikes of a width varying from 1,2-1,8 m and a slope
of 1:1 ratio.

On the other hand, in places where agriculture (i.e,, soybean, sugar cane, mulberry) is
the main activity and fish farming is a secondary crop, the size of ponds may be the same but
the land area in beiween the ponds is much wider. This latter design was observed at the
Shia-Kia Pgople's Commune, where a ratio of water to land of 40:60 is used in farm develop-
ment (Fig.azﬂ). The technical details of farmland/fish pond layout are also discussed in
section 3.8,
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Fig. 20 A section of the fishpond/farmland layout of the Shia-Kia
People's Commmne, Kwangtung Province (see also Fig. 10)

The water supply is, in most cases, obtained through small canals constructed on top
of the dikes., Drainage is almoet always accomplished by pumping (Fig. 21). In the areas
visited water for the ponds is obtained from nearby rivers, lakes or reservoirs through
canals and ditches which, in many casea, were constructed primarily to provide irrigation
vater. The pumping stations usually include screens to prevent wild fish and other nuisance
organisms from entering the canals and ponds {see also section 3.6).

5.9 Adquaculture production

The productivity of Chinese aquaculture is high. In Peking, the Mission was given the
following figures used in national plamming for production in fish ponds:

North of the Great Wall - 1 500 kg/ha
North of the Yangtse River - 3 000 kg/ha
South of the Yangtse River - 3 750 k~/ha

The average productivity of the places vieited was generally higher than these target
levels, in some cases much higher. Data for the fish farms visited are given in Table 8.
In the irrigation ditches near Shanghai about 1 300 kg/haﬂyaar are obtained, even though
thege ditches are aleo used for boat traffic., The productivity per hectare of water surface
isy of course, much less in lakes and reservoirs where intensive feeding and fertilizing is
more difficult (see section 4.1.1).

Total production figures were not available. It is nevertheless clear from the figures
given to the Mission on the water area used for fish culture that intensive culture is a
major, if not the major source of fish in China.

5410 Aquaculture devices and equipment

5.10.1 Aerators

The ume of mechanical aerators to improve the output of ponds has been recently developed.
These devices are mounted on floats insitalled at the centre of the ponds. Their use was
observed in Shanghai at the Jie—fang Commune and at Ho Sung People's Commune in Nanking where
a factory manufacturing the equipment was visited.
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Figs 21 Pond layout at Pai-tan Lake Fish Cultivation Station.
Structure in foreground is used as a holding area for
fry before release and pumping well. An electric water
pump used to emply the ponds can be seen in the background
Tahle B
Production in Intemsive Culture
Total Average Maximum
Location Province |Pond Area Prgductivity Productivity Remarks
(ha) {kg/ha) (kg/ha)
Fang tsun Experimental} Kwangtung 13 4 500 7 500 Research
Station
Le Liu Commmine KWangtung| 2 400 3 000 -
Shia-Kia Commune Kwangtung 80 2 235 -
Ho Law Commmne Kiangsu 170 11 430 - Increaged to 12 750 in
ponds with aerators
Nan Huei Breeding 3hanghai 23 6 225 15 €00 Adult fish. Aerators used
Famn (1979) with supplementary feeding
_ of crushed snails.
Jie~fang Commune Shanghai 900 4 000 8 000 Aergtors used with supple-
mentary feeding of crushed
enzila,
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The farm machinery factories of both commnes produce aeraiors. The machines consist
of an impeller, with air tubes, which is rapidly rotated, throwing aerated water up and
away from the unit. They are supported by floats and anchored in position with lines
extending to the banks of the pond. One unit (7.5 kW) is adequate for a pond of about
0.5 ha (8-10 mu) in siza.

Thege commnes were using aerators in their fish ponds quite extensively. Previously,
when the oxygen level in the ponds became too low, water had to be pumped into the pord, at
first by hand and later by power pumps. Such pumping, however, was observed to reduce the
fertility of the ponds by dilution. The aerator, by stirring the water, increases oxygen
without water exchange. Aerators were operated for two to three lLiours around rioor, Or in
the morning on overcast days. Frequent operation (once a day for au hour) has been shown
to increase yields by sbout 14 percent (28 percent for silver and bighead carp). Thie is
presumably brought sbout by the circulation of nutrients, stimilating plankton growth and
by increasing the {eeding activity and metabolic rate of the fish., The machine is now
called a "yield-increasing machine" instead of a "fish~maving machine" (PFig. 22).

Pig. 22 TFloating serator as used at the Jie-fang
People's Commine, Shanghai

5.10.2 Dredging machine

For deepening and excavating ponds, a hydraulic dredging machine has been developed by
the farmers in Nan Huei County, Shanghai. The machine has a nigh pressure pump (20 kW),
tube and nozzle to produce the jet stream used for digging. A suction pump and tube trans-
porte mddy water to the embankment site, Excess water is removed from the embankment with
a vacuunm pamp, sand filter and suction pipe (see Figse 23 and 24).
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Operation of the dredging machine, Jie~fang Feople's
Commune, The suction pump at the centre transports
the md formed to the site of dike constmction
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Fige 24 Settling of md from the dredging operation to form
a pond dike, FPipes at right pump excess water from
gand filters embedded in dike
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5.10.3 Harvesting equipment

- Har vesting of fish is done mainly by the use of seine nets dragped from end to end of
the pond. The net may be operatsd with the use of flat boats at both ends to drag the seine
or simply by nulling the net by hand through the length or a section of the pond, The fish
are concentrated in a small portion of the net where they are scooped and loaded in baskets
for transport to market. One umisual feature of the operation, seen at the Ho Law Commmne,
was the uze of inflated autogobile tires as floats to pupport the head rope. Wooden Frames
about 0.5 m high were mounted on top of the rubber tires. The top of the seine could he
hooked on these floats {(Fig. 25). These devices hold " the float line about 0.25 m above the
water surface reducing the escape of jumping fish. As the fish-catching operation neared
completion the floats were removed from the net. This is a very practical innovation as the
nets are less heavy and more convenienit to store when not in use. The floats can alsc be
used in other fishing operations within the farm without necessarily hauling the whole net
asgsenbly to another place. After using such {loats, the rubber tires can be deflated for
storage. Wot all communes use the same iype of Cloat in the seine. This is an indication
of local innovation in harvesting equipment.

- " No mechanical equirment for fieh transport on ihe farm vas seen. Such transport is
usually accomplished by shoulder pole from pond to pond or from the pond to the live fish
boat that brings fish to the market place (Fig. 26).

Pig. 29 Seining a pond using rubber tire floats to hold net above
water, Ho Law Feople's Commune, vushi




Fig. 26 PFish transport al le Liu People's Commune:
(a) shoulder pole, (b} live fish boal in canal

5.11 Other aguaculture aclivities

95.11.1 Pearl culture

Freshwater mussel culture is undertaken in some ponds, lekes and reservoirs (Fig., 27).
The species used are Anodonta woodiana (Lea) and Hyriopsis cumingi (Lea).

Fig. 27 Pond for culiure of the freshuwater mussel for pearl
production, Chen=iung Feople's Commune, Shanghai




These mussels are used for pearl culture. The technique of pearl production is eimilar
to that used in Japan. However, because ithe pearls are produced for medicinal purposes, the
shape and qualily of the pearls are not so important to the Chinese fish farmer. Pearls are
obtained in one or two years of rearing, usually two. A rmussel can be made to produce from
20-40 pearls (Fige. 28a and 2Bb}, depending on the number of nuclei implanted in it.

Fig. 28a  lreahwaler mssel opeasd {or ihe removal of pearls,
Chen 'Tunyr Lormumane

Pig. 23b Fearls produced at Chen Tung Commune

h......I....llIlllllIllIIlIIIIIIIIIIHl--------I
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The culture of freshwater pearls might well be introduced in other countries in lakes
and reservoira as a produciive sideline occupation for artisanal [ishermen. It does not
require a big space nor sophisticated equipment and farm implements. However, ekill is
required in implanting the nucleic material For pearl formation, and further research is
needed to improve the shape of the pearls for mosi markets.

5+11.2 Kink production

FMink are raised as a sideline occupation in some fish farms 1n 3hanghai. The Chinese
call it a precious water animal because its skin is mafle into coats. Mink are fed with trash
fish collected from the ponds or nearby lakes and reserveirs, or from marine waters. The
feed consists of O.4 kg of Fish, 0,01 kg of grain and 0.01 kg of vegetables daily. Mink
produce a litter every year, nomally two to three young per female, but some individuale
can give birth to six td eight young. The animal attains full growth in a year at which
time it is slaughtered for its fur and ihe meat is fed to pigs. The skin is valued at
Yuan 18 (U.S.$ 9.00) per piece.

5.12 Fish genetics

Cross-breeding of the mirror carp and common carp has been carried out at the Freshwater
Research Institute at Wuhan. The hybirid was found to have a much faster growth rete than the
parents. A hybrid fingerling of 10 cm grows lo 1.0-1.5 kg in six months rearing period.
Tests in the use of the hybrids in polyculture, ai a stocking density of 10 0060 normal
“family fish" species plus 10-20 hybrids, showed thal the hybrids would attain 1.5 kg in
six months.

Silver carp and bighead have also Leen croas-bred but itbe characieristics of the
hybrids are still under evaluation.

5«13 Jummary and recommendations

5.13.1 Gummary

Aquacullure in China ie a part of the overall agricultural farming system. It is either
carried out as a primary [arm occupation, a esecondary or sideline activity depending on the
extent and nature of land and water resources available. This integration of farming acti-
vitieas provides a vivid demonstration of how ihe full use of all raw materials available in
the farm can be cycled into the production of food. Animal manmures are used to fertilize
the ponds and croplands; the land, in turn, produces crops for food of animals, figh and
man; the wastes of fish accumlated in the pond and/or iake humus are recycled back to the
goil where land crops are grown. This illuetrates the practical reasons for integration
and diversification of land and water farming.

Integration of agaculture with agriculiure is carried out only on a limited scale in
other countries, unlike the full integration that is found in China. A majer reason for
thie is the difference in the control of the means of production, and in the ownership of
resourcez used for production. Most countries have private land ownership systems where it
ia difficult to implement z unified development strategy. In China, land is state~owned and
development programmes are centrally directed even though implemeniation is highly
decentralized. This gives flexitkility at the local lewel in vnderbaking their respective
production activities but at the same time maintains centiral contrel over the resources
decisive for nationwide development. Local needs and experience are the basis of planning
which provide a strong motivetion for rural production and development. Innovation in
methods and equipment is encouraged.

Generally, agricultural development plans and programmes elsewhere overlook aguaculture
simply because agquaculiure has not gained recognition as an integral part of farming acti-
vities., It would, perhaps, be beneficial to FAO member countries and to FAO itwmelf to re-
exanine their approaches to agriculture development to include the development of aguaculture
to effect the maximum use of resources, such asg land, water, manpower and raw materials of
production.
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While the polyculture technique of freshwater agquaculture is known in other countries,
its practice elsewhere, except in ¥ndia, is not as wide and extensive as is found in China.
The reasons for this may be:

(a) the lack of orgsnizational and statutory arrangements {c promote acuaculiure in
general and pelyculture in particular;

{(b) +the lack of suitable species of fish for polyculture;
{c) the lack of readily available fish seeds for aquaculture use;

(d) the lack of demonstration activities by which polyculture of locally-available
species may be brought to the attention of farmers and local plamners;

{e) the lack of adequate research activities to back up the development of freshwater
aquaculture;

(f) the lack of an effective mechanism for extension work to transfer aquaculture
technology at the farm level;

(g) the lack of financial support for small-scale aquaculture operaiors.

One imporiant feature of the recent development of Chinese fish culture is that research
activities are undertaken with the combined participation of fish farmers and technicians,
Scientists work in the farms, which facilitates rapid transfer of technical information and
practical experience among the workers. The rapid dissemination of tachnical information
and any new innovations in fish-farming techniques take place through regular sessions of
summing—up farm experiences among the production teams from different locations. Improve-
ments in farming methoda therefore take place quickly, even before the research rosults and
experiences have been written down in printed form. Extension workers, such as those being
trained in other counitries, are less necessary in China. The problem of commnication paps
between farmers and lechnicians, so typical in olher developing countries, does not exist in
China on account of the work system thal prevails in the country.

5.13.2 Recommendations

The role of aquaculture in integrated rural development was vividly demonstrated to the
Mimsion. While such development has been the goal in most developing countries, it has
remained an elusive one due in large part to problems of organization and institutions which
somehow preclude the attainment of sueccessful results.

There is a great potential for aquaculture develupment in the developing world on siiesn
which are 8till in the public domaine. There is aleo an abundant supply of human resources,
the majority of which are made up of subsistence farmers who do not own the lapd they till.
Adquaculture technology is already developed and different methods of production are known,
including those practised in China. Species used for aquaculture in China are also found
in other countries. There are alsc similar species which could be used for polyculture.

With the above resources, the developing countries might greatly benefit from the
Chinese experience with the help of FAO by:

(i) organizing study tours to China composed of goverament officials and others con-—
cerned with decision-making in aguaculiure, agriculture and water resource develop-
ment policies and planning;

(ii) establishing pilot projects to demonstrate the feasibility of a fully integrated
aquaculture development in developing countries. A project propesal of this
nature is already in the pipeline prepared with the collaboration of the
Department of Fisheries.




Farthermore:

(i)

(ii)

(iii)
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FAQ should promote and encourage the development of integrated aguaculture by
examiniag ite own procedures and approach to providing itechnical assistance to
member countries on agriculture development, The involvement of farmers in the
actual project planning and implementation ehould be looked into as a means of
reaching the grass—root level as directly as possible.

FAO should assist in the documentation of the Chinese aguaculture systems. 4
documentary film, which could be used in the dissemination of information through
seminars and training of farmers, woull be specially useful. Such a film, if
produced in different languages, would educate and inform as many people as
possible at one time in many places ajyound the world, particularly in developing
countries where food production is more urgently needed. As an initial step,

the commentary of the Chinese film on artificial spawning of fish should be
iranslated into English and perbaps Spanish and French for use in the training

of fish farmers in developing countries.

The Mission brought back to Headquarters various practical mamals on aqua-—
culture in China. Sowe of these documents should be translated for the use of
FAQ and FAO member countries. A list of this material is given in Appendix II.
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6, FISH DISTRIBUTION AND MARKEPING

Fish distribution and marketing are major problems in mosi developing couniries. While
the Miseion did not examine these gquestions in detail, there seemed to be few problems in
China.

The Chinese like fresh fish and most of the freshwater fish is sold this way. Ice is
seldom used as the fish are not transported over long distances. A considerable portion i=
marketed live, especially in southern China.

Most people's communee produce and supply their own fish requirements. Special efforis
are now being made to intensify fish produciion near the cities to minimige transpert amd
supply problems. The Mission was told that city authorities know the daily requirements of
their populations and only enough fish are harvested to meet these requirements.

A similar principle appears to govern the harveeting of vegetables., They are gathered
usually the day or night before being carted into the ciiy.

Around the cities and towns, the full fishery potential of =mall and medium-sized lakes
iz realized by combining fish production with animal husbandry and vegetable crops.

The Stat= has purchasing centres which hendle fish marketing. In Le Lin People's
Commune in Kwangtung Province, which the Mission visited, there are three State Fish
Purchasing Centres. Fish produced in the Commune are generally transported live from the
production area in small boats {3~5 tons) with figh compariments in the perforated hull.

On arrival at the Fish Purchasing Centre, the fish are sorted aeccording to epecies, weighed
and transferred to a bigger (30-ton) transeport boat, also with a perforated hull to supply
water to fish compartmenis. This boat carries fish to the market areas in Canton. Some
fish are subscquently exported, still alive, to Hong Kong markets.

The mar.;et size of the fish ie at least 1.0=1.5 kg. Prices are fixed by the State and
the average price is about Yuan 0.76 {U.5.8 0.38) per kg,

A comparison of the retail price of fiesh in the Shanghai area, with cther basic food
commodities is as follows:

Food Iiem Retall Price
{(in Yuan per kg)

Pork sfirst grade; 2.4
Pork (third grade 1.60=1.80
Vegetables Q.04
Fish 0.60-0,80
Chicken 2, 40=2 4 603,00
Duck (a little cheaper than chicken)

The Mispion was informed that there is very little processing of freshwater fish, at
least of the culture species. Such processing as is done is negligible, usually limited to
epall and/or wild fishes from capture fisheries.

At the Canton Trade Fair, the Mission did see samples of canned freshwater fish. These
were silver carp with meat filling, silver carp in tomato sauce, and fried carp with scal=
lions.




7+ _ RESEARCH, EDUCATION AND TRATRING
7.1 Introduction
The policy adopted in China is that reeearch, education and training should serve

productions Ia putiing this into practice, they have adopted what they call an open—door
policy of research and ieaching.

These policies are being achieved through "three-inwc~e" combinations, Leaders,
researchers and worker/faxmers identify production probleas together amd work together to
golve the problems., MTeachera, researchers and worker/fanmers teach each other and learn
from each other.

Furthermore, the combination of ™theory with practice™ is more than just talk. In the
Mission's view it seems to be a hard and fast rule at all levels of research, education am
‘l:raining‘.

A practical effect of these working policies has been that even artificial fish propaga~
tion is now commonly and widely practised by ordinary fish farmers in the countryside. In
contrast this is a highly specizlized field in most other countries, usually only done by
government scientists/technicians.

7«2 Reszearch

The Mission viaited several research institutes in Shanghai Municipality and in
Kwangtung, Hupei and Kiangsu Provinces. Everywhere the “open—door® methed cof carrying out
acientific research was evident.

Research institutes have organized "three-in-one" groups composed of workers, techniclans
and scientists. Together these groups identify problems of production; together they plan and
carry out research, not only in the laboratory but more often in the field st actual site
operations,

Production unite themselves also develop scientific research through the "three-ineone®
combination.

The institutes have adopted a basic pattern by which researchers ge to the production
field to learn from fishery workers and fishermen, while assisting them in preduction and in
practiical research. Thus, the fishery workers and fishermen play a very significant role
in the scientific research effort; the researchers, on the other hand, combine the generali-
zation of scientific work with production.

In Shanghai there are ten counties. A network system of collecting ail problems of
production, views and experiences from these conuniies has been organized by the Fisheries
Research Institute of Shanghai. It is a "Science Technigue Exchange Croup™ ard seeks to
increase the level of gcience and technique of the fishery production workere.

The Qroup collects all problems in the field which have to be salveds Research workers
take part in thia job. Through this "Science Technique FExchange Group" and the "three=ine
one" combination, the research workers combine their sciemjific lmowledge and discuss
possible avermues for solution. Meetings are held once a year for one to three days with
about 200=300 people participating.

7.3 Blucation and training

Like the research institutes, the educational and traiming institutions of China have
also adopted the Mopen~door” policy.
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Teachers themselves mst go to the field, egpecially to the more advanced production
units, not only to teach but also to learn from the worker/farmers. They join the peasants
and workers and participate in physical labour in the communes.

For the students, the result of an enirance examination is no longer the criterion for
entering an educationel training inetitution. Colleges and universities admit students in
accordance with Chairman Mao's instructions that "Stuwlenta should be selected from ameng
workers aml pegsants with practical experience®. They musi have a minimum of two years',
preferably five years', working experience in the field. They are a2lso selected from, among
and by the commune memberss On completion of their education the graduates usually return
t0 their respective production units in their commune.

4 few graduates, who have to further their edncation amd training for specialized amd
advanced scientific research, are assigned by the State to research institutes.

Teazchers and students often go together to fish breeding farms in the communes, combining
production with scientific education and research.

Since students have practical experience before entering an educational institution,
they slso take part in management of the schools, Together with the teachers, they comment
on teaching metheds and materigle and help in raising the quality of teaching.

University technical education has now been reduced to three yeara from the former four
to fivemyear programme, The rmumber of subjects taught hae been reduced., The courses
retained are those most directly related to actual production.

Pducational inatitutions and even communes organize shortwterm training courses perio-
dicallys In at least two communes visited by the Misaion there were aspecial buildings to
house and provide laboratory space for research. These were called "peasant universities".

Such training courses for peasants are usually organized during the slack labour season
or during evenings., Parts of training courses are, however, also held during the actual
fieh~breeding season. Throughout the whole educationsl and training process, emphasie is
laid on combining theory with practice.

Workers, students and farmers with political consciousness and practical experience
take to such a university type of eduncation and short training courses “iike fish to water'.
Another educaiional policy is the so—called "ups and downs" system of college teaching,
"Jp" means the students combine work with study within the college. "Down" meane the students
retwrn temporarily to production teams to put what they have learned into practice. The
ectivities, duration of periods, and number of "ups and downs" vary according to different
spacialities and grades.




8. SOCIOECONOMIC ASPECTS OF THE DEVELOPMENT OF AQUACULTURE
8.1 Introduction

The suceceas of aruaculture in China stems partly, of course, from histo-rical, resource
and technological factorss The Migsion believes, however, that a large meas:'re of this
smceess has come from the close linking of fish culiure with sgriculture and w'th other
sectors of production, and from various other characteristics of the Chinese social and
economic gystem. A4s background for considering how China's experience might be put to use
in other couniries,; these characteristies are summarized in thie section,

8.2 Integration of productive activities

"Comprehensive integrated develcopment', and especially "integrated rural development'
are popular concepts in development planning. However, such iniegration remains a somewhat
elusive goal in most developing countries, 1In China it is happening — and on a large scale.

8.3 The organization of the commnes

It was not until 18 years ago that the communes became the accepted major unit of
social and economic organization. They are large enough {in the order of tens of thousands
of persons) to undertake major supporting projects such as road and reservoir construction,
industry and merchandizing. But they are also small enough to ensure that local experience
and local needs are the basis of plamning.

Individual income is also distributed from this level by sharing communal proceeds.
Thus integration of production is beneficial to everyone, provided it leads to an overail
eain in communal income, even if some kinds of productive activiiy are reduced. An improve-
meni in fish production ig as much concern to ithe farmer or factory worker as to the fisher=
mane. Cost/oenefit ratios are calculated on a community, not a project basis, and not on
sirictly monetary groumds.

8.4 !"Take agriculture as the base"

Following the difficulties of the Great Leap Forward in 1958, amd particularly since
the Cultural Revolution (1969), China has given development of agriculture first priority.
China intende to achieve self-smufficiency in grain with a sound rural economic base.
Irrational growih of cities is to be prevented., Hence, imdustry must grow on the purchasing
power of the countryside, thet is, of the farmer. Fish culture has benefited greatly from
this emphasise. Accelsrated development of irrigation and slectrification of grain farms
provides water and power for fish farme. Fish make efficient use of waste agriocultural
producte and are useful in maintaining soil fertility, In many areas fish culture is as
traditionally a part of farming ag the reising of pigs and ducks.

8.5 Simple but effective promotional campai gns

The Chinese have traditionally used proverbes and slogans as a major tool of eoeial
inetrustions Such instrustions are repeated everywhers and convey nationsl policy to the
farthest villages. Thege directives are repeated in every explanation. They appear on
. signs and posters, in meetings for oriticism and meetings for plamning, in the edncation of
smzll children as well as of fishery technicians and workers. :

Among the mayings are:

"DPake grain as the key link, and ensure an all-round development of agriculture,
industry, animal busbandry, forestry, sideline occupatione and fisheries"

"In fisheries do stucking and catching in rotation”
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“Freshwater fishery is ihe side-line of agriculture"
"Lay siress on culture and simltaneous development of culiure ard capture™

"Wherever there is water there should be fish"

8.6 The "“three-in-one" combination snd “open—door" research and education

The Chinese Revolution sought to curb the gross economic inequalities of the landlord
system of old China. . The (reat Proletarian Cultural Revolution aimed, among other things,
at curbing elitism epecicslly among officials amd intellectuwals. The resmult is that working
experience is put ahead of education as a gqualification of the individual, and practice
(experience) is seen to precede theory (summing up of experience}, There is full recognie
tion given to the special experience of alls Thus work and planning are done by "threeein-
one" combinations such ae: "young, middle-aged, and old"; "researcher, technician, and
peasani=farmer".

imiversities are now open to the farmer, not only te learn, but aleo to teach. The
fisherman now has access to the research laboratory not only sc he may get new ideas but
also ego that he may give his own ideas. Conversely, the teacher and ihe research scientist
spend time in the field, on the fish farms or on the fishing boats in order to share
experiences and to learn what the problems really are, Siwilarly, management is opened to
all (though there appears to be an emphasis on political ami production experience).
“Three~in—~one! combinations are also a part of the structure of the Revolutionary Commitiees
of communes as well as of production brigades and teams.

The benefita of emphaais on practioce and experience, and the frequent movement of
people from production to education and research and back to production, carrying the
experience from one place to the other, were seen by the Mimsion in the relatively rapid
spread of techniques in artificial propagation of fish, largewacale fish catching and the
design and use of aerators in fish pondss A proven idea iz rapidly put into practice.

8.7 Productionm-oriented motivation

Interpersonal competition and rivalry bave not disappeared from Chinese life. Yet the
currerwy by which achievement im judged seems to have been effectively changed from consump-
tion to production. Prestige is not earned by individual posseseions. (In fact, they seem
to be something of = liability, if not shared by others.) Nor is it earned by purely
intellectual achievement. One succeeds by producing imdividually, and more importanily as
member of g groups. "Learn from Tachai?” is oite of the mort common mottoes seen and heard.
3uch groups as the "Iron Girls" are praised and emilated. The ease with which large
volunteer work teame are mobilized to bulld dams, o dikes or fish ponds is difficult to
understand for an outaider. This kind of motivation also makes it relatively easy to assign
people to work at jobe which are needed by the community rather than thogse correspording to
the individual's interest or even previous experience, Over—fishing of lakes in China ig,
for example, no longer a difficult problem to correct owing to this communal perspective on
production. )

8.8 Other factors

- There are cther social and economic factors that have helped stimmlate the development
of fish culture. These include: movement of fishermen from their boats to the shore for
housing; the needs awd mpecial characteristicse of the planned economy; provieion of parks
and other recreational facilities for the workers, and also the traditional appreciation of
Tish as food.

8.9 Moving fishermen to the land

Until recently, Chinese fishermen of lakes, rivers, and sea lived on their fishing
boate, The 1949 Revolution freed them of the worst of the economic abuses of the “"fisghery
despots®, It was not until some time later that theinr special problems were considered.
First, cooperatives were formed to help them buy gear, share labour and market their fish.
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But the cooperatives were unable 1o cope with larger problems, The formation of communes
from cooperatives provided a structure to cope with these problems, A policy deoision to
emphasize fish culture rather than capture then fecllowed. This pelicy sought to increase
productivity and settle fishermen on the land. Fishermen were encouraged to farm as well
as fishs In the communes formed from fish cooperatives, such as Chern-Tung Commune, many
persons are ne longer sclely engaged in fishing at all but have diversified their economic
bass, The first fishermen's village was built in Shanghai Municipality, a traditional
fishery area, in 1965, Now fishermen all over the country are settled in such fishing
villages or in other kimg of housing units such as Ten=5han Workerse Village Complex
vigited by the Mission. These changes have spurred fish culture.

8410 A planned economy

The socialisi economic system attempts to produce only those things for which there is
need ard only in the amount required. It was difficult for Mission members to understand
such responses as: "No, we are not plamning to expand fry production facilities. We are
already producing all that are required™. Certainly this approach facilitates planning,

It can stabilize prices and encourage diversified development, It stimulates fish stocking
in lakes and canals to curb fluctuatio.. in catch.

It also produces some peculiar problems for fisheries. The Mission, for example, was
not quite sure how the three or four large catches per year, which comprise most of the
harvest in Pai Tan Lake or Ho Lung Reservoir, are coordinated with harvests in other places
1o ensure a steady supply of fish in the markeis, As most of ithe fish sold in the scuth
is fresh or live, there is little flexibility in distribuiing fish once harvesied.

8.11 Provision of recreational facilities

Water resources near cities have received extra attention in China as mites for
recreation as well as fishing., Recreational use places some constraints on fish preduction
(eeges distribution of feeding sites) but the overall relationship seems beneficial.
Recreational use i3 an additional stimlus to lake and reservoir improvementa.

8412 Pish as food

In most of China, freshwater fish ie a highly appreciated food item., The Chinese have
developed many wayas of preparing fish for the teble, In some places, per capui consumption
is high, as in the Le Lin People's Commune (48 kg/year)s, In other areas, however, fish has
not been a traditional item in the diet, This i’ the case in Shansi and Kansm Provincesa,
or in the Inner Mongolian or Wingeia Autonomoue Regionz, thcin liwvis arée ilmnery réscurdes
there, This is now changing. But fish consumption, for the country as a whole, is still
relatively low. And the need for fish for domestic consumption has ceriainly not yet been
satisfieds This need and desire for figh will contime to encourage the expansion of fish
culture for some time,

8413 Summary

The Mispion believes that the kind and rate of expansion of aguaculiure which has
cccurred recently ie linked to China's socialist economic and scoial system, The Miseion
is not fully convinced that such sociocmeconomic organization ie, however, eseential or
pre=roquisite to the rapid development of aquaculture and freshwater fisheries elsewhere,
But it does believe that such development will ocour only when careful atiention is paid,
as it 18 in China, to the simultaneous development of all local resources, ae well as to
the technolegy of fish culture, and above all when the details of aquaenlture are plammed
and evolved at the level of the fisherman or fish worker. The Miseion further thinke that
it ie essential to strengthen motivation conducive to real "integrated rural development”,
and to the development of practice along with thecry in all developing countries.
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9 CENERAL OBSERVATIONS AND RECOMMENDATIONS

9.1 JImpressions

Certain key impressions stand out in the Mission's initial observations. These include:

(a) In many Asian countries, aguacultiure tends to be an "elite craft". Artificial
spawning iz a highly specialized field limited to technicians and scientists.
In China, ordinary farmers throughout ihe countryside practise this craft.

{b) Concepts in integrating agriculture and fisheries are well known (worldwide), but
China puts these concepts into practice. Integration is realized to an effective
degree.

(c) The Chinese have broken away from the traditional monoculture pattern and rely on

polyculture. In this practice, there is effective use of indigencus materials and
simple technology.

9,2 Conclusions

The Mission feels that the potential for preduction of fish by intensive culture is
more fully developed in China than in any other country.

(a) There is full integration of fishery and fish culture with water conservancy, agri-
culture, foresiry, animsl hughandry, sideline occupations and intenaive use of land

and water resources, specially &t farm level.

Throughout the trip, the emphasis China places on comprzhensive and intensive use of
lard and water resources was evident to Mission members. Water bodies for drainage or
irrigation weve almo used for fish breeding and catching. Fish reared in these areas
convert agricultural wastes to fertile water and the humus-enriched bottom mud of ponde is
used a8 fertilizer for crops.

Watershed management sesks noi merely to control erosion but alge o increase water
fertility. Pigs, dairy herds, banure crops and orchards are actively promoted to benefit
fish production, Lamd conseolidaticn includes fish ponde aes well. This multiefaceted
approach was impresasive.

(v) Pish polyculture is practised within the same body of water

Mixed species cultivation or polyeulture is the general practice. The Mission was
told that wherever there is water - in pomds, lakesa, reservoirs, ditches or paddy fields -
fish are being raised, Major Chinese carp species are raised in combination with other
species, Monoculture is praclised only in the rearing of fry.

Management of watcr for agquaculture consiets of organic marmure application and feeding.
Inorganic fertilizers or commercially prepared feede are noi used, Fodder grown along dikes
ig the main suppiementary feed. Thus, fish do not compete with people for focd.

Aerators are used to increase productivity by 20 percent or more., There ie stress on
disease prevention. Since 1958, artificial spawning produces a reliable source of fry amd
fingerlings for both pord culture and for stocking lakes and reservoire.

(¢} Lakes and reservoirs are effectively managed for alleround development.

Extension of polyculture principles in ponde to thewe bodies of water results in full
use of natural foods in lakes and waetes from surrounding land.




Effective use of direct management methods like fertilization and systematic stocking
or imdirect methcds like watershed management raisee productivity. Generally, shallow lakes
and reservoirs of the heavily populated lowlands iike Tailm Lake in Kiangsu Province produce
about 50=70 kg/ha in large bodies. Yields of 1 000 kg/ha were reported in lakes smaller
than 1 000 ha.

() The policy of “open—door" research, education and iraining translates itself into
preductivity increases.

48 in other agriculiural sectors, research in fisheries is problem—oriented and combines
theory with practice, Researchers and farmers teach and learn from each cther. At least
two years' production experience is required of those who enter universiiy or technical
schools Teachers mast work in the field too,

{e) Programme planning is deceniralized and enables popular participation, This results in
effective implementation.

The commune structure enables farmers to plan their programmee to meet local needs.
The commne, ai the same {ime, has enough resources and skills to meet those needs,
Planning and implementation are done at local level zml therefore achieve effective integram
tion and parallel development of related sectors.

(f) Efforts to sustain community consciousness and collective action are unremitting,

At all levels of Chineae society, emphasis is given to motivating people to work for
the benefit of all. The rapid develcpment of fish production appears partly due to this
mobilization of people and to their pride in their own contributione to communal productions.

9.3 Recommendations

The Misgsion believes that FAC and wmany of its Member Nations may gain coneiderable
benefit from knowledge of China's experiences in fish culture and its development. The
particular forms of fish culture practised in China may not be directly applicable in many
countries, particularly outside Asia. But the perspectives of Chinese figh farmers on
self=reliance and on the imter-dependence of aquaculture, agriculture and animal husbaniry,
and their familiarity with fish and fish behaviour undser conditions of intensive oulture,
make their experience most valuabie elaewhere.

The Chinese insistence on adopting the living standards of the loocalities in which they
work, especially their insistence on doing so in their programmes of aid to others, make it
difficult to fit individual Chinese experts into the usual FAO-maneged projecis. Provisions
mast also be made for the problems of language. '

Considering the above, the Mission recommemls that FAO encourages the use of Chinese
expertise and experience in some or all of the following ways:

!
(1] Projects and sub-projects in emall-ecale water development, irrigation, and
reservoir management, especially where fish productisn is one of the objectives.

(2) Projects for the development of medium to large-scale culture of Chinese carps.

(3) Combination pilot, demonstration and training projects in intensive culture of
figh and/or in the management of the figheries of small reservoirs {lems than

1 000 ha).

(4) Exchange programmes and/or study tours for fish farmers (groupe of 10 to 20) for
both Chinese groups visiting other member countries and vice versa (a group should
have common langusge).

(5) Study tours for inlagnd fishery administrators and planners to provide them with
new or different perspectives on their own preoblems.




(6)

(1)

(&)

Freparation of mamuals ard training masterials on the polyculture of Chinese carps,
management of swall reservoirs for multiple use, irrigation works and water
management. These should be prepared, in the official languages of FAQ, by
gerding to China experte in the respeciive fields whose language is that of ihe
mamial to be prepared. Periods of twe to six months are appropriates

Research and practical iraining for FAO staff in China for periods of one to three
months under the Refresher Training Programme in such topics as induced breeding
of fish, pond productivity, culture of freshwater tmesels,

Preparation of a documentary film on integrated agriculture~aguaculture in China
for the use of FAO in promoting integration of lamd and water use in developing
countries.

Finally, the Mi=eion was impressed by the degree to which individuals and local groups
participate in the planning ard management of China's development. The Mission felt
strongly that FAO and its member countries should re-examine ways in which development
projects of all kinde can be identified, planned and execuied at the lccal or village level.
Particularly for the rapid development of fish culture in rural development everywhere, such
emphasis on "grass roots” activities amd projects seems essential,
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Appendix I

ITINERARY AND PER3ONS MET

21 _april 1976 (Wednesday)

09.30 hours Depart Hong Kong by train

10,45 houre (09.45 local time) Arrive Lowu (Hong Kong border side)

13.00 hours Depart Schumehung (China border)

14450 hours Arrive Kwangchow, checked in Tung Frang Hotel

Afternoon Briefing given by Chineee officials

Evening Dimmer given by Mr. Yang, Depuiy Director, Figheriese Bureau,
Kwangtung Provincial Government

People met

Mr. Chang Shib-jang Ministry of Agriculture and Forestry (MAF), Peking

Me. Chu Teung-hseian Interpreter, Ministry of Agriculture and Forestry, Peking

Me. Kung Chien=ying Interpreter, Ministry of Agriculture and Foresiry, Peking

Mr. Yang Taue—sheng Deputy Director, Fisheries Bureau, Kwangtung Province

Mr. Lue Qu-feng

Chief, Fisheries Research Institute, Kwangtung Province

Mr. Tsung The-sung Staff Fisheries Pureau, Kwangtung Province

Mr. Cheng Chia-yi
Mr. Tmai Fuechun

Staff Fisheries Bureau, Kwangiung Province
Interpreter

22_April 1976 (Thureday)

Morning

Afternoon
Brening

Vieit Kwangtung Freshwater Culture Experimental Station - Kwangtung
Provineial Government

Digeusegion and obeervation of the station
Visit to Canton Trade Fair .
Visit to Song and Dance Performance

People met = PFreshwater Culture Experimental :tation

Mr. Teung Chu=pien Chairman of Revolutionary Committee

Mr. Lin Chis=chao
Mr. Chung Lin
Ma, Teung Mei=ti

22 April 1976 (Friday)

Morning

Afternoon
Evening

Deputy Chairman of Revolutionary Committee -
Profeseor
Tachnical Staff

Le LiuPeopla's ommune in Shun~Te County
Field visit and diecussion

jameh at the Commine

Procesded to Nanhai County

Stay overnight at Su chao Shan Hotel




People met — Le Liu Peovle's Commune

Mr. lLu Hwei=yuan Chief, Commune Office
Mr. Su Chuo Deputy Chief, Commune Office
Mr. Wn Kung-sheng Deputy Pirector, Fisheries, Shun~ta County

24 april 1976 (Saturday)

Morning Vieit Nan-hai County Aquaculture Station
Discussion, observaticn and lunch
Afternoon Shia=Kia People's Commune, Shun=ta County
Field observation and discussion
Return to Hotel Tung Fang in Kwangchow

People met — Nan-hai Couniy Aquaculiure Station

Mr. Tac Tien=jung Deputy Chairman of Revecluticnary Commitiee
Mr. Tsen Chi-chiang Technician

People met — Shia=Kia People’s Commune

Mr. Kuo Pun Deputy Chairman of Revelutionary Committee
Mr. Ho Shun=fa Deputy Chief of Commune Office
Mr. Lu Kang-ming Cadre of Shun-ta County Revolutionary Committee

25 April 1976 (Sunday)

Morning Vigit Ho Lung Reservoir of Tai=ho Commune
Discuasion and fish catching observation
Afternoon Final discussion with the Provincial Government officials

People mei = Tgi=ho Commne

Mr. Hwang Wan Deputy Chief of the Commune
Mr. Yan Chen-feng Chief, Ho Lung Production Brigade
Mr. Yang Sheh=you Deputy Chief, Ho Lung Production Brigade

Final discusmsion

Messrs. Lue, Tsung, Chen, Tsai and Chu from Fisheries Department of Kwangiung
Provincial Governmentf

Megsrs. Liu, Chung and Teung from Kwaugtung Freshwater Culture Erperimental Sta.tiong/
Mr. Cheng and Me. Chu and Kung from MAF Peking.

1/ See record of 21 April 1976
2/ BSes record of 22 April 1976
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26 April 1976 (Monday)

08,30 hours Leave Kwangchow by air

11.30 hours Arrive Wuhan, met by Hupei Provinecial Covermment Officials

Afternoon Programme briefing and the introduction of fisheries in the Hupei
Provinoe

Evening Dinner given by Mr. Lin, Director of Water Conmervancy Bureau of

the Province, at the Hotel Victory

Feople met ~ Hupei Provincial Government

Mr. Liu Chen-Hsia Director, Water Conservancy Bureau
#Mr. Lee Chen-Sheng Leader, Fisheries Division

#Mr. Chiu Chi~chuan Staff, Fisheries Division

*Mr, Wang Chin Staff, Fisheries Division

*Mr, Liu Wan-Han Staff, Foreign Affairs Office

27 april 1976 {Tuesday)

Morning Visit Aquatic Biological Research Institute, Hupei Province
Diacuseion and observation
Lunch and observation of Tung Lake (East Lake)

Afternoon Visit the East Luke Fish Breeding Farm

Evening Film, "Chin Miao", story of girl barefoot dector

People met — Aquatic Biological Research TInstitute

Mr. Chen Tin-chu ‘ Chairman, Revolutionary Committee
##Mr. Liu Chien-Kiang Director, Fish Research Office

Mr., Cheng Sung-chuan Deputy Director, Fish Research Office

Mr. Chen Ying-dia Staff, Fieh Reaearch Office

Mr. Peng Che-bei Staff, Fish Research Office

¥r, Yu Chi=tang Staff, Fieh Research Office

Ms. Wu Chine=chiang Staff, Pish Research Office

People met —~ East Lake Fish Breeding Faim

¥Mr. Hsia Chengesung Director, Revolutionary Commitiee
28 il 1976 (Wednesad

08.00 hours Depart Hotel in Wuhan

11.00 hours Arrive Wang Kong County, office of Revolutionary Committee

Afternoon Pai Tan Lake Fish Cultivation Station — Provincial = Field
observation and discueeion

Evening Films: (i) "Artificial Fish Propagation; (ii) "Sunflower®

Stay overnight at Wang Kong County

*  Accompanied Mission throughout Misaion's stay in Wuhan
il Englisbh~speaking

“
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People met ~ Revolutionary Commitiee of Wang Kong County, Hupei Province

Mr. Ting Yun~Ron Deputy Director of the Committee
Mr. Liu Ji=cheng Director of the Office of the Committee
Mr. Wahg Tewchiang

Persong met -~ Revolutionary Committee of Pai Tan Fish Breeding Farm

Mr. Tsao Pieng~Shan Director of the Committee
Mr. Wu Pai=Lian Engineer
Mr. Liu tou-fa Deputy Director of the Committee

29 april 1976 (Tiursday)

08.00 hours Depart Wang Kong County Revolutionary Committee Office
Morning Vieit Pai Tan Pumping Station
Observation and discussion
12.00 hours Arrive Wuhan, Victory Hotel
Afternoon Viait Hwa Chung Agriculiure Academy

People met — Pzi Tan Pumping Station

Mr. Cheng Chieyuan Director of the Station

People met — Hwa Chung Agriculture Academy

Mr. Kan Te-chien Deputy Chairman, Revolutionary Committee
Mr. Hsiu Cu=ying Director, Academy Office

Mr. Wang Hung Director, Aquaculture Department

Mr. Wu An-le Chief, Workers Propaganda Team

Mr. Chou-Hungeliang Worker-peasani-goldier Teacher

Mr. Cheng Ching-lan Worker-peasantw~soldier Student

30 April 1976 (Friday)

Morning Diascuseion about water conservancy programme in Hupei Province,
with Mr. Chang, Engineer Water Conservancy Bureau, Fupei Provincial
Government

16,00 hours Depart Wuhan by air

21.00 hours Arrive Peking met by Mr, Lee Yung~Kai. Stay in Peking Hotel

1 May 1976 (Saturday)

Obegervation of International Labour Dey festival. Visit to the
Sumner Palace in the morning and Sun Yat Sen Park in the afternoon.

Pireworks in the evening.
1976 (Sund

Visit to the Oreat Wall, Ming*s tomb and 13 tombs reaervoir,
accompanied by Mr. Li Tung=Kai
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People met
Mr. Li YTung-Kai Director, Foreign Affairs Bureau, MAF
Mr. Kung Ming-shan Deputy Director, Aquaculture Bureau, MAF

Mr. Cheng Yang-chung Leader, Freshwater Fisheries Division, MAR

Mr. Yi Chen=par Deputy Leader, International Department, Ministry of Poreign
Affaire ’ '

Mr. Tung Chieng-sung Foreign Affairs Office Bureau, MAF
3 May 1976 {Monday)

Morning Briefing of freshwater fisheries in China by Mr. Cheng Yang-chung,
Division Leader, Freshwater Fisheries Division, MAF and discussion
Afternoon Heport writing and rest
4 May 1976 {Tuesday)
Morning Tour to the Forbidden City
Afternoon Study tour to China Agriculture Exhibition
20.07 hours Deparl Peking for Nanking by train

5 May 1976 (Wednesday)

14.30 hours Arrive Nanking. Stay in Nanking Hotel

Af'ternoon Vigit to the Nanking Yangtse River Bridge

Evening Dinner given by Mr., Tang, Director of Agriculture, Kiangsu Provincial

Government

People met

Mr. Tang Lu=-yu Director of Agriculture, Revoluticnary Committee of Kiangsu
Provinee

Mr. Ou Chiang Leajer, Aquaculture Division, Agriculture Department,
Revelutionary Committee of Kiangsu Province

Hr. Li Wen-che Technical Officer, Aguaculture Division

Mr. Ma Yunetan Technical Officer, Aquaculture Division

Mr. Wang EKnang-shiang Foreign Affairs Office, Revolutionary Committee
6 May 1976 {Thursday)

Morning Vigit to the Hsuan Wu lake, observation and discussion

Afternoon Viaits to historic places

17.40 hours Depart Nanking by train

20,50 hours Arrive Wushi (Wuri). Shori briefing on arrival. Stay at Taihu Hotel

People met — Revolutionary Committee of the Heuar Wu Lake Office

¥r, Uong To—nieng Deputy Cheirman
Mr. Hein How Chief, Fisheries Brigade
¥r. Chm Chau=jung Technical staff




People met — Wushi Municipality

Mr. Wu Chen

Mr. Koo Chiun-ping
Mr. Ma Wen-nen
Mr. Tang Sung-nen

7 May 1976 (Friday)

Merning
Afternocon
Evening

Deputy Director, Agriculture and Water Conservancy Department
Deputy Chief, Agriculture anmi Fisheries Division

Secretary, Fisheries Office

Technician, Agriculture and Water Conservancy Department

Vigit to Ho Law People's Commune
Visit to Tailu Lake

Dinner given by Mr. Wu, Deputy Direcior, Agriculture and Water
Congervancy Depariment, Wushi Municipality

People met — Ho Law People's Commune

Mr. Liu Wei-ping

Chairman, Revolutionary Committee

Mr. Shen Chung=lun Aquacul ture Techmician

Mr. h'ang L
Mr. Cho Yung-Kuo

8 Nay 1976 (Saturday)

Morning
09.50 hours
12.25 houre
Afterncon
Evening

Aquaculture Technician
Fisherman, Production Brigade

Visit Fan Li Lake

Depart Wushi by irain

Arrive Shanghai. Stay at Ching Chiang Hotel
Programme discussion of vieit to Shanghai
Film show "Unforgettabls Fighting"

People met — Shanghai Municipality

Mr. Hgiao Lin
¥Mr. Wo Lan

*Mr, Hsui Shong=ta
*Mr. Teao Pin=mei
*Mr, Lin Te-pei

9 May 1976 (Sunday)
Morning
Afternoon
Evening

Director, Revolutionary Committee of Pisheries Department
Leader, Office of Fisgheries Departmant

Technician, Freshwater Fisheries Division

Technician, Freshwater Fisherieg Diviaion

Working staff, Freahwater Fisheries Division

Visit Shanghai Industrial Exhibition
Visit Fish Breeding Farm of Nan Huei County Govermment

Dinner given %y Director Helao of Shanghai Municipality, Fisheries
Department

People met ~ Nan Huei County Fish Ereeding Farm

Mr. Ni Ya=ping

Director, Revolutionary Committee

Mr. Song Lung-Kuang Member, Revolutionary Committee
Mr. Ting Yung-liang Research staff, Shanghai Fisheries Machinery Research Instiiute

* Accompanied Mission throughout their stey in Shanghai




10 May 1976 (Nonday)

Morning Visit to Jie=fang (Liberation) People's Commne in Qing-pu County
Afternoon Digcumsion with Fisheries Research Institute of Shanghai
Evening Opera "White-Haired Girl"

People met — Jie-fang People's Commune

Mr. Li Lian-pin Deputy Director, Revolutionary Committee

Mr. Wa Kung-wang Chief, Office of the Commune

¥r. Cin Jin-Ken Chairman, Revolutionary Committee of Fish Breeding Farm

Mr. Ku Yu-ming gaha:m’ Revolutionary Committee of Fisheries Machinery
ctory

People met — Fisheries Research Institute of Shanghai

Mr. Wang Ke-fu Chairman, Revolutionary Committee
Mr. Ching Lung Chief, Freshwater Aquaculture Laboratory
Mr. Wang Hein Ching Staff, Freshwater Aquaculture Laboratory
Mr, Chang Cheng-pian Staff, Freshwater Aquaculture Leboratory
Mr. Ting Jen-fu Chief, Marine Rescurces Laboratory

11 May 1976 (Tuesday)

Morning Vigit Ten-shan Workers Village Complex (new village for factory
workers)
Afternoon Visit Chenetung People's Commne in Cha Ding County

people met — Chen-tung People's Commune

Mr. Chen Chih-lung Director, Commune Office
Mr. Kan Shib~chang Staff, Commune Office
Mr. Cim Ken-shan Staff, Commune Office
12 May 1976 {Wednesday)
07.20 houre Depart Shanghai by air
09,40 hours Arrive Kwangchow. Stay at Tung Fang Hotel
Afterncon Viait Kwangtung Exhibition of Aquatic Products
Evening Dimmer given by the Mission
Pecple met

Same as those on 21 April 1976
13 May 1976 (Thuredey)

08,30 houra Depart Kwangchow by train
14430 hours Arrive Hong Kong
14 May 1976 (Friday)
15.25 hours Depart Hong Kong by air
17.30 hours Arrive Bangkok. Met by Dr. D.L, Unali, Mr. P. Mengin and Chinese

Embassy Staff (Mr. Chang, First Secretary and Interpreter)




- 82 =

Appendix I1
LIST OF PUBLICATIONS BROUGHT FROM CHINA
1. "Building of =mall sluice gate"
Published by Shanghai People'r Publishing House
2. "Building of emall resgervoir®
Published by Shanghai People'sz Publishing House
3. "Contrcl of flood and water-logging, reclamation of saline and alkaline land, and
water and soil conservation"
Published by Shanghai People's Publishing House
s “Raising fish in reservoira"
Published by Agricultural Publishing House
De "How to raise fish"
Puvlighed by Shanghai People's Publishing House
6. MRaising fish in fresh water"
Published by Agricultural Publishing Houae
T« "Irrigating farmland with sewsge water"
Published by Liaoning Provincial New China Bookstore
8. "Compilation of experiences on the management of water conservancy facilities"
Published by Water Conservancy ami Electricity Publishing House
9. '"Diverting floed to bring water amd silt te crop field"
Published by Water Conmervancy and Electricity Publishing House
10. "levelling sloping lard in reverse order"
Published by Water Conservancy and Electricity Publiehing House
11. "On water management”
Published by Shanghai People's Publishing House
12. "Knowledge on mamures and fertilizers"
Published by Shanghai People's Publishing House
13, "Do well the work of cepital construction on the fermland, volume 2"
Published by Agricultural Publishing House
14. "Warious kinds of mamures and fertilizers and their rational application"
Published by Shanghai People's Publishing House
15« "4 county of fish and rice by the side of the Psarl RKiver!"
Published by Agricultural Publishing House
16. "Cultiva{;ion of water plants®
Published by Shanghai Feople's Publishing House
17. '"A bumper harvest of foodgra.in and fimh"
Published by Agricultural Publiehing House
18. "Pish farming in Inner Mongolian Autonomous Region"

Published by People's Publishing Houge in Inner Mongolian futonomous Region




19.

21.

22.

23

24.

25+

26,

27.

28.

29.

30.

3.

J2.

33

.

35

36.

kY

38.

"Orowing of red duckweed"
Published by Kwangtung Provincial People's Publishing House

"Raising African silver carp"
Publighed by Agricultural Publishing House

"Control of common diseases of grase carp (CtenOphmodon idellug)w
Publighed by Hunan Provincizl People's Publishing House

"Raising African silver carp"
Published by Seientific Publishing House

*"Pechniques of artificial propagation - * family fisghes"
Published by Agriemltural Publishing House

*"The work on methane gas should be done well and seriocusly"
Published by Agricultural Publishing House

"The stories of taming the rivers"
Published by Water Conservancy amd Electricity Publishing House

"Raising crab®
Published by Agricultural Publishing House

"Afforestation for the conservation of scil and water®
Published by Water Conservancy and Electricity Publishing House

"Managemert of water for irrigation"
Publighed by Water Conservancy and Eleciricity Publishing House

"Production and application of methane gas in rural areas"
Published by Agricultural Publishing House

"Five mmall farm machines"
Published by Kwangtung Provincial People's Publishing House

"State farme are advancing forward"
Publighed by Agricultural Publishing House

A tour of § 000 kilometres along the Yellow River"
Published by Water Conservancy amd FElectricity Publishing House

"Po grope for the law of raising pigs"
Publiched by Shanghai People's Publishing House

"To protect irrigation canal from seepage™
Publisghed by Kwangtung Provincial People's Publishing House

"Preparation of soil map in big scale"
Published by Scientific Publishing House

"On fish sieve" :
Published by Agricultural Publishing House

"Questions and anewers of techniquea on pig lmsbandry"
Published by Shanghai People's Publishing House

"Making horizontal terraced field on gradient surface of lam"
Published by Water Conservancy aml Eleciricity Publishing House




39.

40.

41,

&2

43.
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"ArtifTicial propagation of seaweed, Undaria and Porphyra"
Published by Scientific Publishing House

mirtificial propagation of shells in the sea"
Published by Shantung Provincial People's Publishing House

"Excavation of wells for agriculture”
Published by Water Conservancy and Power Publishing House

"Radial wells"
Published by Water Conservanrcy and Power Publishing House

"Well installation techniques"
Published by Water Conservancy and Power Publishing House







