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Reservoir Fisheries: Broad Strategies for Enhancing Yields

Sena S. De Silva*

Abstract

Reservoirs are an important water resource in Asia. Inland fisheries in the world account for
about 9% of total fish production, and of these, Asia accounts for nearly 60% of world production.
In the light of stabilising marine fish catches, inland fisheries, in particular reservoir fishery
potential, need to be exploited. The reservoir resource is diverse and therefore the strategies to be
adopted for optimising yields are also different. In small reservoirs, culture-based fisheries have
been very effective, particularly in the case of China, with a current production of 1 165 075 Mt
(from a total area of 1 567 971 ha), amounting to 743 kg/ha/yr. The reasons for this success are
discussed. Fish production in large reservoirs is very variable and there is very little information on
stocking, the cost-effectiveness of which has not been demonstrated adequately. 

RESERVOIRS and fisheries thereof are not new to Asia.
Long before the modern era of dam building and
reservoir impounding, in the period after World
War II last century, reservoirs were an integral com-
ponent of certain Asian cultures, dating back 4000
years or more. From a fisheries view point, it is
important and relevant to note that the reservoir
fishery resources were harnessed and, more impor-
tantly, there is documentation, dating back more than
1000 years, to indicate that certain regulatory
measures were in place with regard to its exploitation.
The greatest expansion in reservoir acreage was wit-
nessed in the post-war period, and the expansion is
best exemplified in the case of mainland China, when
the reservoir acreage increased to about 2.47 × 106 ha
from 1949 (Lu 1986). In spite of concerns of varying
lobby groups, often headed by environmentalists,
reservoir impoundment, particularly in developing
countries, goes on almost unbridled. 

Reservoirs are never impounded for fishery
development per se. But fisheries are beginning to be
recognised as an important secondary user of
reservoir water resources. In certain instances, it is
reported that the income from the fishery exceeds that
from the intended primary function of the reservoir,
such as for example in Ubolratana reservoir, Thailand

(Fernando 1980). Indeed, fishery aspects did not and
still hardly command a consideration during the
planning of reservoir impoundment, perhaps with a
few exceptions in the region. Of the latter, the
situation in China is the most significant exception,
when a hatchery and associated facilities (such as fry
and fingerling rearing ponds) were provided for
below the dam of almost every medium and large
reservoir (De Silva et al. 1991), the reservoir bed was
prepared to facilitate harvesting, and associated
management aspects put in place. One other aspect
witnessed in the recent years is the incorporation of
fish ladders as seen in some recently constructed
reservoirs in Thailand, such as Sirinthorn, which in all
probability satisfies the concerns of environmentalists
and conservationists, even though there is a dearth of
scientific information showing the efficacy of fish
ladders in the tropics. 

In the light of increasing human population
growth, reservoirs are becoming increasingly
important in the current millennium as an important
provider of animal protein and employment oppor-
tunities, particularly to poorer sectors of the com-
munity, which also often happens to be rural. Unlike
in the past, reservoir fishery activities are considered
a significant avenue for resettling displaced persons,
particularly exemplified in the case of Saguling and
Jatinuhur reservoirs in Indonesia (Costa-Pierce and
Soemarwoto 1990).

This paper deals with the reservoir resource of
Asia and its fisheries, in relation to the global capture
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fishery and fish as a food resource. It also highlights
issues related to increasing fish yield from reservoirs
and the potential advantages of a more holistic
approach to reservoir fisheries management. An
attempt is made to highlight ensuing problems asso-
ciated with increasing reservoir fish production in
the region, and to suggest plausible strategies
towards that end.

Reservoir Resource

The extent of the reservoir resource in Asia has been
documented previously and was reviewed by De
Silva (1996). According to those estimates the
reservoir acreage was 5 376 618 ha in Asia and was
predicted to reach 16 798 000 ha by 2010 (Costa-
Pierce 1991), which is tantamount to a 212%
increase in reservoir acreage in approximately 25
years or so. According to Avakyan and Iakoleva
(1998) in the post-World War II phase when
reservoir impoundment proliferated, the number of
reservoirs of capacity exceeding 0.1 km3 grew five-
fold worldwide, and their volume 12-fold. More
importantly, this increase was most evident in Latin
America (40-fold) and in Africa and Asia (100-fold).

The trends in reservoir construction in Asia in com-
parison to that in the world are shown in Figure 1.
The importance of reservoirs in Asia is further exem-
plified when a comparison is made among all con-
tinents in respect of the reservoir acreage and river
density index (Figure 2), where it is seen that Asia
has the highest percentage of reservoir acreage
(exceeding 15 m dam height) and the second-lowest
river density index. 

The point to be noted, however, is not the absolute
extent of the resource but the diverse nature of the
resource. For example, as exemplified in the case of
Thailand (these Proceedings), the resource varies in
size, age, soil type of the basin, the nature of the
basin shape and depth, submerged vegetation, etc.,
the maturity of the system, the catchment character-
istics and degree of water exchange, to name a few,
all of which either directly or indirectly influence the
limnology and natural productivity of reservoirs. In
addition, the nature of the indigenous fish fauna of
the reservoirs and their potential to sustain the pres-
sures of at least an artisanal fishery, if not a commer-
cial large-scale fishery, vary immensely. Obviously,
these factors make it imperative to use different strat-
egies for effective, optimal and sustainable exploita-
tion of the fishery resources of reservoirs.

Figure 1. The number and volume of reservoirs impounded in Asia at different times, and the Asian reservoir volume
expressed as a percentage of that of the world. The figure indicates only those reservoirs exceeding 0.1 km3 in capacity
(using data from Avakyan and Iakovleva 1998).
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Fish as a food source

Fish and other aquatic products are an important
food source, and in the world as a whole contribute
approximately 16% and 12% to the animal protein
and total calorie intake per head, respectively
(Figure 3). However, in Asia, the dependence on fish
as a food source is significantly higher; the region
has the highest population concentration in the
world, and currently consumes annually about
17.2 kg of fish per head. 

The population in the region is expected to reach
4.16 billion by the year 2020. If the current fish con-
sumption rate is to be maintained the region will
require 70 million t of fish by 2020, an increase of
nearly 26 million t from the present Asian production
of 43.96 Mt. 

In the light of stable, if not dwindling, marine
capture fisheries in the region as well the rest of the
world, inland fisheries development and aquaculture
become increasingly important in bridging this
shortfall.

To most intents and purposes, particularly as most
river fisheries have or are declining, with a few
exceptions for varying reasons, future developments

in inland fisheries are destined to become synony-
mous with sustainable developments in reservoir
fisheries (Welcomme 1996). 

Inland fisheries

In the world, the total number of inland fisheries is
relatively small, and has contributed about 7–8.5% to
fish supplies over the years (Figure 4). In Asia, the
inland fishery currently accounts for about 10.5%,
and what is important to note is that it has been
increasing over the past decade or so, albeit to a
smaller extent (Figure 5). 

Similarly, when one considers the inland fishery
sector by itself, it is evident that Asia contributes in
excess of 50% of world production (Figure 6). The
importance of reservoir fisheries as a component of
the inland fishery sector in Asia is perhaps seen from
a different and a clearer perspective when some of
the relevant indices of the different continents are
compared (Figure 2); in essence, Asia has the highest
relative share of the inland capture fisheries produc-
tion and reservoirs, but the second-lowest (next to
Oceania) river density index. The implication is that,

Figure 2. The percentage contribution to world inland capture fishery and the percentage distribution of reservoir acreage
(dams exceeding 15 m) and the river density index in different continents (from FAO 1999). 
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Figure 3. The changes in percentage contribution of aquatic food supplies to per head calorie and animal protein intake.

Figure 4. The changes in the total and the inland capture fishery in the world, and the percentage contribution of inland
fishery to the world’s total (based on data from FAO 1999). 
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Figure 5. The changes in the total and the inland capture fishery in Asia, and the percentage contribution of inland fishery to
the total fish production in Asia (based on data from FAO 1999).

Figure 6. The total world and Asian inland capture fishery (× 1000 Mt) and the percentage contribution of Asian capture
fishery to the total (based on data from FAO 1999).
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in Asia, reservoirs make a significant contribution to
the former. 

From a species point of view, two species groups,
Cyprinids and tilapias, contribute most to the Asian
inland production. Of the cyprinids, the five species
caught in largest quantity are common carp, silver
carp and Java barb in Asia, freshwater bream in
Europe, and silver cyprinid in Africa.

Reservoir Production

Reservoirs are a very diverse resource, and strategies
to enhance fish production differ significantly. One
main difficulty that confronts fishery scientists is the
different classification of reservoirs adopted by dif-
ferent nations. 

For example, in India (Srivastava et al. 1985)
reservoirs are classified as small (<1000 ha), medium
(1000 to 5000 ha) and large (>5000 ha), whereas in
China the classification is based on capacity (De
Silva et al. 1991) when small, medium and large
reservoirs refer to capacities of less than 10 × 106,
10–100 × 106 and less than 100 × 106 m3, respec-
tively. In Sri Lanka reservoirs are classified as
perennial and non-perennial (= seasonal tanks), and
generally the latter rarely exceed 20 ha.

Small reservoirs

Reservoir productivity is very variable (Table 1), sig-
nificant variations being observed in reservoirs of
comparable size and geology even within the same
river basin. One obvious difference in fish pro-
duction is a result of reservoir size and depth, based
on which different strategies are adopted to optimise
fish production. 

Best examples of this are seen in China where in
small and medium-size reservoirs fish production is

based on a stock-recapture strategy with Chinese
major carps. The resulting yields can be high (Li and
Xu 1995), when small reservoirs less than 70 ha are
known to yield 750–3000 kg/ha. However, the
successful utilisation of small and medium-size
reservoirs in China for fish production depends on a
number of factors, the foremost being:
• fishery aspects taken into consideration at the

planning stage of reservoir construction; e.g.,
preparation of the reservoir bed;

• incorporation of fry and fingerling production
facilities in most reservoirs;

• almost complete eradication of predatory species;
• stocking uniform-sized fingerlings, generally

exceeding 12.5 cm;
• species ratio at stocking maintained to enable

efficient utilisation of food niches;
• prevention and/or minimisation of escape from the

reservoir through the incorporation of barrier nets;
and

• efficient harvesting.
In China, reservoir stock and capture fisheries (plus

cage culture) are included under aquaculture. Accord-
ingly, reservoir aquaculture production in 1997 was
estimated to be 1 165 075 Mt (from a total area of
1 567 971 ha), a yearly average increase of 52.6%
from 1979 to 1997 (Song 1999). It is estimated that
this activity yields on average 743 kg/ha/yr. In Sri
Lanka a comparable strategy was put in place to utilise
the seasonal and/or non-perennial reservoirs for a
culture-based fishery. Unfortunately, and in spite of
encouraging early results (De Silva 1988), the pro-
gram was not continued due to logistical problems,
foremost of these being fingerling availability and
marketing. The program is to be revived, and hope-
fully will augment a much-needed animal protein
supply to the rural poor. Sugunan (1995) estimated

*mean values for large and small reservoirs, respectively.
@ calculated from data from Bernacsek (1997).

Table 1. Range in fish yield (kg/ha/yr) from reservoir capture fisheries in selected Asian countries. Name and size of
reservoir, when available, in parenthesis. Where possible a mean yield is also given (modified after De Silva 1996).

Country Production range (kg/ha/yr) Mean Authority

Minimum Maximum

China 85.5 (Heidi 6733 ha) 1460.0 (Zishanchum 64 ha) 214 Jiankung et al. 1992
India* 11.43 49.9 20.1 Sugunan, 1995
Indonesia 15.0 (Jatiluhur 8300 ha) 380.0 (Pascal 450 ha) — Hardjmulia and Rabegnatar, 1989
Philippines 16.0 (Pantapangan 84 240 ha) 1508.0 (Magat 4460 ha) — Moreau and De Silva, 1988
Sri Lanka 40.0 (Huruluwewa 2 125 ha) 650.0 (Pimburettewa 834 ha) 283 De Silva, 1988
Thailand 7.3 (Srinagarind 2 600 ha) 69.3 (Nam Phung 2165 ha) 23.1 @
Vietnam 6.5 (Thacba 23 400 ha) 248.2 (EaKao 274 ha) 63.3 @
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that 1 485 557 ha of small reservoirs in India currently
yield on average 49.9 kg/ha.yr and suggested that
yields could be easily doubled by introducing appro-
priate management measures. In essence, apart from
China, the smaller productive reservoirs in most coun-
tries are utilised sub-optimally for fish production, and
suitable strategies, perhaps developed regionally, may
facilitate such development.

Stock and recapture or culture-based fisheries
yield best results with smaller reservoirs, generally
less than 50 ha. However, a fishery based on a mix-
ture of stocked and self-recruiting populations is also
a possibility, particularly in medium-size reservoirs
(100–300 ha), such as Ea Kao Reservoir in Vietnam
(Phan and De Silva 2000).

Large reservoirs

As shown in Table 1, reservoir fish productivity
differs markedly. However, not all differences can be
accounted for by climatic, geographic and/or edaphic
differences. This obviously raises the possibility of
increasing fish production in large reservoirs through
the adoption of appropriate managerial measures. 

One major characteristic of Asian reservoirs and
fisheries is that the fisheries are basically dependent
on colonisation of the reservoirs by riverine
indigenous species which do not spawn in lacustrine
waters, such as, for example, Indian major carps and
Chinese major carps. Of these cyprinid species there
is only one documentation, yet to be confirmed, of
the spawning of a major carp in the main stream of a
reservoir, viz. silver carp, Hypophthalamichthys
molitrix, in the Gobindsagar in Himachal Pradesh,
India (Kumar 1989). 

Consequently, the fisheries have developed
around suitable exotic species which have estab-
lished self-recruiting populations, such as in the case
of Sri Lanka, and/or regular stocking of appropriate
carp species to augment natural recruitment from the
rivers. In addition, other indigenous species, particu-
larly carnivorous species such as catfish and ophice-
phalids are known to breed in reservoirs and
augment most fisheries. 

Also, in a few reservoirs in Asia, particularly in
Thailand and Lao PDR, fisheries have developed
around pelagic clupeids such as Clupeichthys
aesarnensis (Thai river sprat). Indigenous fish
species, such as for example Notopterus notopterus,
Cyclochelichthys armatus, Hampala macrolepidota,
and Mystus nemurus are known to dominate the
fishery in a number of reservoirs in Thailand and
Lao PDR. Data available for reservoirs in the
Mekong Basin in Thailand suggest that in 15 out of
19 reservoirs the fishery was based on indigenous
species, when these accounted for over 80% of the

catch (Bernacsek 1997). However, the situation is
somewhat different in Indian reservoirs (Sugunan
1995).

It can be generalised that in Asian reservoir
fisheries exploitation is confined to a few species
only. This may be a reflection of market demand(s).
However, there is an increasing trend to exploit
small-sized pelagic fish resources, a resource which
can be fairly substantial (De Silva and Sirisena
1989), for other than human consumption, as a feed
ingredient (Ariyaratne, these Proceedings).

There have been few cost-benefit analyses of
stocking in large reservoirs in Asia (Bhukaswan
1989). In contrast, in small to medium-sized
reservoirs the benefits of stocking have been evalu-
ated in China (Li 1988; De Silva et al. 1991) and a
number of general principles such as these on
stocking efficiency (Li 1988; Lorenzen 1995;
Lorenzen and Garaway 1997) developed. In respect
of large reservoirs, therefore, much needs to be done.
A possible approach is represented schematically in
Figure 7. Accordingly, it is suggested that any
stocking strategy should be based on the potential
yield, predicted through the use of an appropriate
empirical model. This information should be linked
to the preferred harvest size, and previous experience
of stock-recapture data, if available.

In effect, the data available on reservoirs have not
been analysed in detail with a view to developing
suitable management models. This is a priority area
of research into reservoir fisheries in the region.

Role of introduced species 

It was mentioned previously that in some instances
introduced species, in particular tilapias, have estab-
lished self-recruiting populations sufficiently large to
sustain artisanal fisheries in reservoirs. A case in
point is the reservoir fishery of Sri Lanka, almost
entirely based on the introduced cichlids Oreo-
chromis mossambicus and O. niloticus (De Silva
1988). It has been argued that the success of tilapias
is a result of the lack of truly lacustrine species in the
region (Fernando and Holcik 1982). This in all prob-
ability is too simplistic an interpretation. A closer
examination of data from Thailand, India and Laos
PDR suggests that exotic cichlids, and indeed exotic
species, are not the mainstay of fisheries in reser-
voirs that exceed 10 000 ha or so. The reasons for
this may be many; perhaps one important one is the
limitation of nesting sites in large reservoirs, which
generally tend to have steep banks and limit the area
available for nesting. In large reservoirs the landing
size of cichlids tends to be much higher. A detailed
analysis of data may help to counteract fears of the
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potential destructive influence of cichlids on the bio-
diversity of inland water bodies.

On the other hand, Lorenzen et al. (1998) reported
that stocking had no effect on indigenous standing
stock in their study of a number of small water
bodies with different management regimes.

Cage culture

Cage culture is often mooted as a possible strategy to
increase fish production, providing alternative
employment to displaced persons and poverty
alleviation of rural communities (Costa-Pierce and
Soemarwoto 1990). However, it is not always
possible to make such activities profitable, the main
constraints being a dearth of suitable and low-cost
feeds and a suitable market for the produce. Both
constraints can be overcome with proper planning, as
was the case in Jatiluhur and Saguling, and Batang
Ai reservoirs in Indonesia and Malaysia, respec-
tively. There the activity is at almost at an industrial
level, where large volumes of fish (primarily red
tilapia) are produced, and a large proportion destined
for export. Similarly in China reservoir cage culture
is utilised to produce very high-valued fish such as
mandarin fish (Siniperca chuatsi), again on almost
an industrial scale.

One other important factor is that in large
reservoirs small-scale cage-culture developments
generally tend to occur upstream, and are undertaken

by artisanal fishers in the hope of supplementing
income. Such developments are not always desirable,
for a number of reasons. Firstly, the material needed
(timber) is always extracted from the catchment,
exacerbating and contributing to the problem of
catchment damage. Secondly, and more importantly,
such activities tend to be located in the sheltered
bays or coves upstream, which are often the nursery
areas of the indigenous fish, and which become dis-
turbed and indeed unsuitable as nursery areas. Such
destruction of nursery areas may have a long-term
negative influence on the reservoir ecosystem, and
on its biodiversity. 

On the other hand, utilisation of large reservoirs to
nurture fry to fingerling rearing has not been
explored sufficiently. Most nations in Asia produce a
large number of fry of major carp species (Chinese
and Indian) for use in pond culture and for culture-
based fisheries of small-size reservoirs. Due to lack
of rearing facilities in most instances fry are stocked
and consequently the returns are less than desirable.
Cage culture in large reservoirs can therefore be used
effectively for fry to fingerling rearing, particularly
in nations where there are limited facilities.

Reservoirs in Asia are used for finfish production
only, with the exception of China. In China,
reservoirs are commonly used for freshwater pearl
production without any impediment to fish pro-
duction. Comparable opportunities in other nations
need to be explored. 

Figure 7. A schematic presentation of the proposed strategy for the development of management strategies for optimising
fish yield in large reservoirs.
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Conclusion

Asia has a large reservoir resource very diverse in
nature. Its inland fishery makes a significant contri-
bution to world fish supply. In view of its diverse
nature, strategies to be adopted to optimise fish
production are variable. In smaller-size reservoirs a
culture-based fishery is most suitable, and practices
in China enable production exceeding one million
mt. In large reservoirs the economic viability of
stocking has not been proven. There is a need to
analyse available data for existing fisheries and to
develop suitable management strategies to optimise
yields.
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Fish Resources in Chinese Reservoirs and Their Utilisation

Daoming Huang, Jiashou Liu and Chuanlin Hu*

Abstract

China has more than 86 000 reservoirs. The diversity of the landscape, water resources and
climate in the reservoir catchments provides a variety of habitats for fish, resulting in a diversity of
fish species. More than 1020 species of fish have been found in Chinese freshwaters, most of
which also occur in reservoirs. However, the lotic species move to the upper reaches of rivers and
the migratory species gradually disappear because of the dams. The economically valuable fish in
reservoirs are the lacustrine fish and these species prefer slow-flowing waters. About 100 such
species are commonly found in reservoirs in China. The species of most economic value in
Chinese reservoirs are cyprinids. Typical species include Hypophthalmichthys molitrix, Aristi-
chthys nobilis, Cyprinus carpio, Carassius auratus, Ctenopharyngodon idellus, Mylopharyngodon
piceus, Megalobrama terminalis, Cirrhina molitorella, Erythroculter mongolicus and E. ilishae-
formis. The composition of fish fauna in Chinese reservoirs is complicated and differs in different
regions. Almost all reservoirs in China are used for fish enhancement or culture-based fisheries.
The 1998 fish yield in Chinese reservoirs was 1 294 000 t, of which more than 60% was silver carp
and bighead carp. A series of strategies such as artificial stocking, transplantation, domestication,
control of predatory fish, protection of spawning grounds of economically valued species, and
extensive, culture-based fisheries in the small and medium-sized reservoirs is adopted to improve
yields. About 30 species of fish are stocked or transplanted into reservoirs. 

CHINA is a country rich in reservoirs. The cultivable
surface area of reservoirs is more than 2 × 106 ha
(Liu and He 1992), amounting to 40% of the total
cultivable freshwater surface area. Fisheries yield in
Chinese reservoirs in 1998 was 1 294 000 tons with a
mean yield of 810 kg/ha (FBCMA 1998). Reservoir
fisheries are a major component of freshwater
fisheries. The diversity of the landscape, water
resources and climate in the reservoir catchments
provides a variety of living and reproductive habitats
for fish, resulting in a diversity of fish species. The
rich fish resources provide huge potential for
reservoir fisheries development.

Number and distribution of reservoirs

More than 86 000 reservoirs have been constructed
with a total storage of 4 × 1011 m3 (Table 1) (Liu and

He 1992). Reservoirs in 29 provinces, autonomous
regions and municipalities come directly under the
jurisdiction of the Central Government in China,
with the exceptions of Shanghai and Tibet. The
reservoirs are located between 18°9′N and 35°26′N.
Most are distributed in the main seven river systems,
including the Changjiang, the Huanghe, the Huaihe,
the Hai-luan, the Zhujiang, the Songhuajiang and the
Liaohe rivers, amounting to 77% of total storage
(Liu and He 1992).

The Changjiang River system has the most
reservoirs of the main seven river systems, in which
the large and medium-sized reservoirs amount to
36.7%, and the small-sized reservoirs 56.5% of the
total number in the same size ranges across main-
land China (Table 2). According to the Chinese
classification system, a reservoir exceeding 677 ha is
ranked as large, 66.7–677 ha as medium-sized, and
less than 66.7 ha, small (Wu 1998). There are also
some plain reservoirs in Xinjiang and Inner
Mongolia. Most reservoirs in China are medium or
small, and most large-sized reservoirs have surface
areas ranging 10–50 km2.

*Institute of Reservoir Fisheries, the Chinese Ministry of
Water Resources and the Chinese Academy of Sciences,
Zhuo Dao Quan, Wuhan 430079, PR China
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The origin and succession of fish resources

The fish resources in reservoirs originate from the
impounded river. Reservoirs in different districts of
China normally maintain their own fish faunal
characteristics. For example, the mud carp Cirrhina
molitorella occurs only in reservoirs of Southern
China, Schizopygopsis only in reservoirs of the
Northwestern Plateau, and Brachymstax lenok only
in reservoirs of the northeast.

After the impoundment of reservoirs, the flow
decreases, the surface area widens, the water column
deepens, the transparency increases, nutrients accu-
mulate, and fisheries production potential increases.
Especially, some large and medium-sized reservoirs
share the characteristics of both lotic and lentic
waters. The fish species in these reservoirs are sig-
nificantly more diverse than in the original rivers.
The obvious changes of fish resources are the move-
ment of lotic species upstream. The migratory
species gradually disappear because of obstruction
from dams. The economically valuable fish are the
lacustrine fish, and these species prefer slow-flowing
waters.

In the early years of impoundment, many plants
and agricultural lands are immersed, and piscivorous
fish, except the demersal snakehead, do not exist in
great number. Snakehead fish spawn on aquatic
plants. Furthermore, lower water levels at this stage
interfere with the life of pelagic piscivores, but the
air-breathing snakehead is less affected (Liu and

Huang 1998). Economically valuable species grow
quickly and their yield increases rapidly at this stage.
Later, water levels are raised, nutrients are lost
because of the high water exchange rate, and most
aquatic plants disappear. Pelagic piscivorous fish
gradually develop and become dominant. Predation
from piscivorous fish and capture pressure on
economically valuable fish are strengthened at this
stage. The development of economically valuable
fish is prohibited, and the trash fish populations with
high rates of reproduction grows quickly to compen-
sate for losses from predation. Since trash fish have a
low market value and are hard to capture, their rapid
development decreases the production potential of
reservoirs.

Piscivorous fish play a very important role in the
succession of fish resources. Their succession in
reservoirs of the middle and lower reaches of the
Changjiang River shows an obvious succession:
demersal piscivorous fish (Channa and Silurus) →
pelagic Culter → pelagic Elopichthys bambusa →
Culter again after heavy human control of E. bam-
busa (Chen et al. 1978).

In some reservoirs of Northern China, piscivorous
niches are vacant. Trash fish dominate in such reser-
voirs and fish resources are small. Fish assemblage
is simple in these reservoirs, and only a few fish
species are found in some reservoirs, resulting in low
fish yield.

Fish composition is heavily affected by human
beings. Since fish culture in Chinese reservoirs is
comparatively intensive, natural fish yield amounts
to a very small proportion of the total fish yield; in
the medium and small-sized reservoirs, it is less than
5% of total yield.

Fish composition and distribution characteristics

China is one of the richest countries in the world in
freshwater fish resources; 1020 species of freshwater
fish have been recorded. These fish belong to 266
genera, 46 families and 18 orders. Among them, 750

Table 1. Data of all sizes of reservoirs in China.

Reservoir size No. Storage

(× 106 m3) (%)

Large  326 2 975.4 72.0
Medium 2 298  605.2 14.7
Small (1) 14 108  365.8 8.9
Small (2) 70 120  184.2 4.4

Table 2. Reservoirs in the main seven river systems of China.

River system No. Storage

Large Medium Small (1) Small (2) Total (× 106 m3) (%)

Changjiang 101 864 6 700 40 881 48 546 1 186.6 37.3
Huanghe 14 141  848 2 567 3 570  569.5 17.9
Huaihe 36 149  905 4 317 5 407  393.3 12.4
Hai-luan 26 108  343 1 481 1 958  228.3 7.2
Zhujiang 35 327 1 907 7 300 9 569  465.1 14.6
Songhuajiang 17 97  425  942 1481  198.9 6.3
Liaohe 16 67  208  460  751  136.9 4.3
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are Cypriniformes, 109 Siluriformes, 70 Perciformes,
39 Salmoniformes, and nine Acipenseriformes.
Cypriniformes account for 73.5% of the total.
Among them, 530 species are Cyprinidae, 145
Cobitidae and 72 Homalopteridae. Moreover, the
main economic fish in Chinese reservoirs are
Cyprinidae (Yue 1995).

Reservoirs in China are widely distributed and
their characteristics differ from place to place. Most
reservoirs in Eastern China are normally plain-typed,
and some are valley or river-typed. Their economic
characteristics are similar to those of lakes. Reser-
voirs in Southern China have natural conditions suit-
able for tropical fish, and in Northern China, suitable
for cold-water fish. Reservoirs in Qinghai, Tibet,
Inner Mongolia and Xinjiang have ecological charac-
teristics of plateau areas. The ecological diversity in
Chinese reservoirs results in a diversity of fish
species. In fact, it is very hard to distinguish clearly
reservoir fish from river and lake fish. Almost all
freshwater fish in China can be found in reservoirs. 

Of the cyprinids, about 100 species are of
economic value. The four major domestic fish, silver
carp Hypophthalmichthys molitrix, bighead carp
Aristichthys nobilis, grass carp Ctenopharyngodon
idellus and black carp Mylopharyngodon piceus, are
indigenous to China. Bighead carp and silver carp
especially play a very important role in Chinese
reservoir fisheries. Their yields amount to more than
60% of the total. The common carp Cyprinus carpio
and the goldfish Carassius auratus have the widest
distribution. Their yields amount to about 20% of the
total in non-stocked reservoirs. In some reservoirs in
Northeastern China, their yield may amount to more
than 50% of the total (HFI 1985). Parabramis,
Megalobrama, Cirrhina and Xenocypris also have a
high yield in non-stocked reservoirs. These fish feed
mainly on aquatic grasses, periphyton and organic
detritus. Culter, Silurus, Channa and Siniperca are
mild predators and are widely distributed in Chinese
reservoirs. They are higher-valued in markets and
play an important role in controlling trash fish (Liu
and He 1992). 

The composition of the fish fauna in Chinese
reservoirs is complicated and is different in different
regions. Fish species in reservoirs of the East China
Plain Region are very rich. Normally, 40–50 fish
species can be found in large and medium-sized
reservoirs. For example, there are 68 species in
Danjiangkou Reservoir (Yuan and Huang 1989). The
species mainly comprise river and plain fish. Fish
originating from the Tertiary come second. Fish of
the Indian plain species also have an important role.
Fish of the Sino-Indian Plateau species can also be
found in the upstream of reservoirs. The East China
Plain Subregion is the most important base of

reservoir fisheries. Almost all reservoirs in China are
used for fish enhancement or culture-based fisheries.
Main species include silver carp, bighead carp, grass
carp, Parabramis, Megalobrama, Silurus, Siniperca,
Culter, Channa, Protosalanx, Neosalanx, and
Elopichthys (Li 1981; Chen 1990; Liu and He 1992). 

South China is also rich in fish species. Normally,
30–40 species can be found in its reservoirs. The
region is affected by a warm air flow. It has a long
summer and no distinct winter. Its fish composition
is close to that of the Oriental region. Proportions of
the Indian plain species and Sino-China plateau
species obviously increase. Fish originating from the
Tertiary and the river and plain species can also be
found in this region, which is another important area
of reservoir fisheries. There are some endemic
species in this region, e.g. mud carp Cirrhina molito-
rella, large-scale silver carp H. harmandi sauvage,
the ratmouth barbel Ptychidio jordani, Channa
asiatica, some species of Barbinae and introduced
tropical tilapias (Li 1981; Lin 1987; Liu and He
1992). For example, the yield of the mud carp
amounts to 70% of the total in Songtao Reservoir,
Hainan Province. 

Reservoirs in North China have about 20 fish
species, characterised by cold-water fish, such as the
northern plain fish, northern plateau fish and North
Pole fish. In reservoirs of the Heilongjiang River (the
Amur River) system, there are some river and plain
fish and fish originating from the Tertiary. The
species peculiar to this region include the minnows
Phoxinus phoxinus, the silver crussian carp Carassius
gibelio, the Atlantic salmon Salmo salar, the black
crussian carp, the roach Rutilus rutilus, the sculpin
Cottus gobio and the pikes Esocidae (Li 1981). It has
the lowest reservoir number and fish species in the
West China Region. The common species are fish
of the genera Schizothoracinae, Barbinae and
Nemachilinae. Typical species include Gymnocypris
and Schizopygopsis (Liu and He 1992).

Fish Resources Protection and Development

Status of reservoir fisheries in China

China has a long history in freshwater aquaculture.
In 1995, the yield of land-based aquatic products
amounted to 51.3% of the world’s total. Compared
with pond and lake fisheries, reservoir fisheries have
a later beginning, but a more rapid development and
a greater potential. Reservoir fisheries began in the
1950s. With the construction of many reservoirs in
the 1960s and 1970s, and the success of the artificial
propagation of domestic silver carp, bighead carp,
grass carp and black carp, reservoir fisheries devel-
oped fast. The application of Joint Capture Methods,
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which use driving-nets, bar-nets, gill-nets and stake-
nets, has enabled the effective harvesting of pelagic
fish (Li and Xu 1995).

Stocking with big-sized fingerlings and the appli-
cation of protective devices to prevent escape accel-
erated the development of reservoir fisheries. After
1979, the administrative responsibility was moved to
the Chinese Ministry of Water Resources in the
Chinese Ministry of Agriculture. More fisheries
equipment was built. Technical aid for pond culture
and lake culture and the ecological characteristics of
reservoirs were considered. Reservoir fisheries
developed from extensive culture to semi-intensive
and intensive culture. 

After the 1990s, with increasing demand for live
aquatic products, the development and transplantation
of new species were carried out, population structure
of cultured species was changed on a large scale, and
proportions of high-valued species were increased.
Reservoir stocking according to ecological character-
istics was more rational, and more attention was paid
to sustainable and highly efficient development.
During the past 20 years, surface area for reservoir
culture has increased by 27.3%, amounting to
1 596 000 ha. Fish yield in reservoirs increased at a
mean rate of 14.2%, amounting to 1 294 000 t in 1998
with a yearly increase of 12.7%. The mean fish yield
was 810 kg/ha in 1998 (FBCMA 1998) (see Figure 1).

Protection and enhancement

The protection of fish brood stock and its spawning
grounds is the precondition of fish resources pro-
tection and enhancement. Based on the spawning
time, migration path and the spawning sites, closed
seasons and areas are determined. If spawning
grounds are not suitable, artificial spawning grounds
are provided. Protection of fry and fingerlings is also
important. 

According to the biological characteristics and
resource status of fish, the minimum fish size and
capture rate are determined, capture tools and
capture methods regulated, and lethal capture tools
and capture methods prohibited. For endangered and
high-valued species, methods of artificial propaga-
tion and stocking are adopted.

Reservoir stocking

Reservoir stocking is the most important and most
common feature of reservoir fisheries in China,
because the main cultured species in Chinese reser-
voirs are silver carp, bighead and grass carp. These
fish cannot reproduce naturally in reservoirs. Even if
they can reproduce in reservoirs, their survival rate is
very low because reservoirs cannot provide riverine
conditions for hatching. In reservoirs of the South
China Region, mud carp is commonly stocked. In the

Figure 1. Aquaculture yield and unit yield in Chinese reservoirs (1979–98).
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shallow reservoirs of the East China Region, the
mandarin fish Siniperca chuatsi is also stocked to
control trash fish. Most stocked fish in reservoirs use
natural feeds which result in high yield and good
economic returns. Two types of stocking can be dis-
tinguished according to the main species stocked:
type of silver carp and bighead carp, and type of
common carp and goldfish.

Silver carp and bighead carp: these are the
traditional species cultured in China. They are plank-
tivorous, have very high adaptability and their food
conversion efficiency is high, showing a rapid
growth rate from the southern Hainan Province to the
northern Heilongjiang and Xinjiang provinces. In
reservoirs with silver carp and bighead carp, their
yields normally amount to more than 80% of the
total. The stocking efficiency is normally 3–7. In a
large-sized reservoir of Northern China, Dahuofang
Reservoir, with a surface area of more than 5000 ha,
the yield reached 300 kg/ha. In a medium-sized
reservoir of Hubei Province, Meichuan Reservoir,
the yield is as high as 1000 kg/ha. This type of
stocking is also adopted even in some huge reser-
voirs, for example, Xinanjiang Reservoir, with a sur-
face area of 27 000 ha (Li 1994).

Common carp and goldfish: reservoirs in
Northern China are mainly stocked with common
carp and goldfish because of the cold weather, as
they grow better than silver carp and bighead carp in
cold water. Goldfish have been stocked in Wuyi
Reservoir, Heilongjiang Province, and the mean
yield in that reservoir is 375 kg/ha.

Transplantation and domestication

Transplantation and domestication of fish began in
the 1950s in China. The silver carp, bighead carp and
grass carp were the first to be transplanted into reser-
voirs. After the 1960s, the work of transplantation
and domestication of fish rapidly developed. Some
cold water species were transplanted into reservoirs
of Northern China, e.g. the peled Coregonus peled,
the pace Leuciscus leuciscus, the roach R. rutilus and
the tench Tinca tinca. Xenocypris, Megalobrama and
white goldfish were transplanted into reservoirs of
Eastern China. The tilapias, mud carp, walking cat-
fish Clarias batrachus and the round spadefish
Ephippus orbis were transplanted into reservoirs of
Southern China (Wang 1987). 

In the past 10 years, fish transplantation was
strengthened with the adjustment of species structure
in reservoirs. So far, about 30 species have been
introduced into reservoirs. Large-scale fish trans-
plantation not only enriches fish resources, but also
contributes to increasing fish yield. Some introduced
fish have become the dominant species and the main

contributor to fish yield, showing both good
economic efficiency and ecological efficiency.
Typical transplanted species include the pond smelt
Hypomesus olidus, the large icefish Protosalanx
hyalocranius and the new icefish Neosalanx
taihuensis.

 In the late 1980s, most reservoirs in Northwestern
China, Beijing and Northern China were transplanted
with pond smelt, resulting in a yearly yield of 3000 t.
In the past few years, icefish have been transplanted
into reservoirs on a large scale all over China. The
icefish yield was about 10 000 t, of which half the
yield was from reservoirs. In Shandong Province,
95% of large-sized reservoirs and more than 150
small-sized reservoirs with a total surface area of
73 300 ha were stocked with large icefish eggs. More
than 70% of reservoirs so stocked have yielded fish;
in reservoirs of Shandong Province, 820 t in 1997.
The new icefish was mainly introduced into reser-
voirs of Southern China, to Dianchi Lake, Yunnan
Province. Now the new icefish have been introduced
into almost all reservoirs in the province. Its yield
was 1000 t in reservoirs of Yunnan Province, about
60 kg/ha (Hu et al. 1998).

Intensive fish culture in reservoirs

Intensive fish culture is carried out in some medium
and small-sized reservoirs, in some large and
medium-sized reservoirs, and in ponds below
reservoir dams. The cultured species differs from
place to place, but includes almost all freshwater
species cultured in China. It is an important culture
method in reservoirs, characterised by heavy invest-
ment, high yield and good economic returns.

Intensive culture in medium and small-sized 
reservoirs and coves

The poly-culture method from the traditional pond
culture of China was adopted in some medium and
small-sized reservoirs and coves. These water bodies
are stocked with artificially reared fingerlings;
manure or supplemental feeds are added. In some
places, the integrated fish culture method has been
adopted including forests, fruit trees and livestock.
Yields of this culture method may be as high as
7500 kg/ha (Li 1994).

Cage culture

This culture method began in the 1970s. It was first
used for rearing fingerlings of silver carp and big-
head carp without feeding. Later, adult fish were also
cultured in cages with different species and different
culture methods, including about 20 species, e.g. the
common carp, tilapias and long-snout catfish
Leiocassis longgirostris, fed with formulated feeds,
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and the mandarin fish and southern catfish Silurus
meridionalis fed with fish. The mean yield of fish
culture in cages is 300 kg/m3 (Wang 1989).

Fish culture in flowing water or slowly flowing 
water below dams

Normally, high-valued species are cultured in
flowing water below reservoir dams taking advan-
tage of the good water quality, sufficient dissolved
oxygen and different water temperatures at different
water levels. These species include the rainbow trout
Salmo gairdneri, sturgeons, the long-snout catfish
and eels. The mean fish yield is about 45 kg/m2

(Yang et al. 1993) in flowing water and about
4.5 kg/m2 in slowly flowing water (Sheng et al.
1993).
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