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Foreword

World aquaculture has grown tremendously during the last 50 years, from less than
a million tons in the early 1950s to 51.7 million tons with a value of US $78.8 bil-
lion in 2006. While the capture fishery production leveled off in the mid-1980s, the
aquaculture sector has maintained an average annual growth rate of 8.7% world-
wide since 1970. Most of the net growth in fish production over the past 20 years
has come from aquaculture, especially in developing countries. Aquaculture has, in
fact, been the fastest growing sector for food production, as well for rural livelihood
improvement and agricultural income earning worldwide for the past two decades.
It is foreseen that this trend will continue and aquaculture will be the major, if not
the only, contributor to the fish supply to meet the increasing demand of the grow-
ing population in decades to come.

Asia is by far the world’s leader in aquaculture production, producing more than
80% of the world’s total aquaculture output in 2006. Though much has been said
about Asian aquaculture, much more is yet to be understood about the reasons and
factors behind such a spectacular development. It is worthy to conduct such an
analysis of reasons conducive to the sustainable development of the industry, and
to evaluate ways whereby these success stories of sustainable and lucrative aqua-
culture practices could be beneficial for other countries with aquaculture potential.
It is believed by many that there is a need to document ““success stories” in aqua-
culture, and to advise the policy makers and practitioners, as well as the general
public, about the positive impact of aquaculture development in supporting rural
livelihood and economic development, particularly in developing countries.

A recent FAO global study on constraints facing aquaculture found some oppo-
sition for its future development. In some cases, the cause of the opposition is a
result of misinformation. The public misperception on aquaculture has occurred in
some areas, leading to negative impacts on local socioeconomic development and
rational use of resources. In some instances, such attitudes and perceptions toward
aquaculture have influenced decision-makers, pressuring them to regulate and often
to halt the expansion of aquaculture. The successful experiences and lessons
learned could help to bring about policy changes, particularly in emerging aquacul-
ture nations to pursue aquaculture development in a sustainable and an environ-
ment-friendly manner. Building awareness on success stories and highlighting the
positive impact of aquaculture were considered important. The practical country
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case studies of successful governance models could be referred to by others in order
to improve the management of the sector.

This is the initial step toward compiling stories of aquaculture successes, and the
editorial team is to be congratulated for its great efforts. In approaching this difficult
assignment, the team benefited from the leadership of the Network of Aquaculture
Centres for Asia and the Pacific (NACA), and the support of the World Fisheries
Trust (WFT) as well as the Institute for International Sustainable Development
(IISD) of Canada. We hope that the team will continue its endeavor in producing
other aquaculture success stories, also from other regions of the world.

Rome, Italy Jiansan Jia



Preface

We are moving into a turbulent and an uncertain era, particularly in respect of the
future food needs. Given the push to sustainability, the rise in food prices, and the
impending concerns around climate change and related complexity on providing
the food needs for an increasing global population, it is time to address coping
strategies. It is in this context that the issue on where will aquaculture development
move in the future is taken up. It is our belief that one of the best options available
in this regard is to address what we can learn from “success,” and consequently,
what types of lessons learned are likely to be most useful in guiding future aqua-
culture development?

We feel that the past successes of Asian aquaculture, which is the main driver in
global aquaculture developments in the last three to four decades, have a great deal
to contribute towards guiding its future development. Equally, we have also consid-
ered and discussed “failure” as an important learning tool, and in this book, we have
sought to incorporate some of those lessons learned into this thinking as well.
Overall, we felt that the flag of success was the more positive banner under which
to develop this work, so we have purposefully chosen to use success as our main
focus. In the following sections, we seek to explore this thinking in more detail
around the meaning of success, its various audiences, some history, and the evolu-
tion of these aquatic resources systems around more to social change and outcome/
impact-based thinking.

Success, ofcourse, can have many definitions. Success may refer to the achieve-
ment of one’s aim or goal and financial profitability (business); a person who
achieves his or her goals or a level of social status, achievement of an objective/
goal, or the opposite of failure.

However one chooses to define success, we feel that aquaculture has demon-
strated increasing instances of success, but to the best of our knowledge, few
authors have looked at these in any detail, and if done, those are in isolation only.
Initially we seek to introduce the reader to how this work originated, what were the
main issues guiding our thinking, and finally some thoughts on where we see this
work proceeding. In the introductory section, we have tried to set the stage for
the ideas and results that will follow. For instance, we outline the evolution
of aquaculture and seek to position this under a set of key drivers including
the environmental, changed and changing public perceptions, and moves to

vii
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sustainability, recent concerns around the food “crisis,” and other impending future
concerns such as climate change.

Background

Following the recommendations of the Workshop on “Research Needs to Sustaining
Aquaculture to 2025 and Beyond” (http://www.enaca.org/modules/news/article.php?
storyid=1733&keywords=IDRC), June 2007, held in Rayong, Thailand (sponsored
by IDRC Canada), the International Institute for Sustainable Development (IISD),
World Fisheries Trust (WFT), and Network of Aquaculture Centers in Asia-Pacific
(NACA) decided that there is an evolving demand and a clear opportunity to do
more to better define future development-oriented research directions. There was
agreement that aquaculture, particularly small-scale aquaculture, has always been
about people and rural communities, but the examination of social organization and
related issues have been relatively untouched in laying the future directions of
development-oriented research in this field, for example, the new management
practices evolving in Indian shrimp aquaculture (Umesh 2007). Furthermore, the
questions arise as to what approaches might be tried in regions where aquaculture
has a shorter (and different) history, but a significant potential scope to improve
rural livelihoods, such as in Latin America, the wider Caribbean, and Africa.

Our work has involved a variety of partners from government, academia, non-
government and international organizations. This group embarked on the undertak-
ing of a comparative analysis of the lessons learned from selected “success stories”
in aquaculture. It is hoped that these lessons learned from the successes dealt within
this compendium will provide some guiding examples for attaining sustainability
of other ongoing aquaculture practices as well as in future endeavors in the sector.

This study is intended to capture the trends and lessons learned that have driven
this evolution of aquaculture augmented with comparable cases on small-scale
fisheries. This material will form a part of the strategy for guiding the more detailed
follow-up steps, which will hopefully set a new course for a more sustainable devel-
opment of aquaculture. Our plans include the development of a series of influenc-
ing strategies to follow based on the lessons learned from this documentation and
analytic phase.

In brief, our objectives were to prepare case studies and a synthesis examining
the evolution and adaptation strategies in aquaculture and small-scale fisheries in
the developing world.

The purpose of success stories that we have chosen are expected to:

» Highlight experiences in aquaculture development which have led to positive
social change and negligible ecosystem impacts

* Provide a better understanding of the factors and approaches leading to sustain-
able aquaculture growth combined with positive societal change

e Show that small-scale farmers have incentives for and can act responsibly


http://www.enaca.org/modules/news/article.php?storyid=1733&keywords=IDRC
http://www.enaca.org/modules/news/article.php?storyid=1733&keywords=IDRC
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e Provide a direction for future policy change and collective improvement to
ensure sustainability of the sector
* Mitigate negative public perceptions of aquaculture

We set out to choose the list of success stories that was initially developed at the
Rayong Thailand workshop through a consensus-based process by the “experi-
enced group” assembled in Rayong. These cases were chosen to reflect activities
that have impacted on livelihoods of different socioeconomic groups and have
strongly contributed to aquaculture sustainability in Asia. This group promoted and
endorsed the concept that more needs to be achieved to emphasize how aquaculture
in Asia has been evolving particularly in terms of sustainability concerns, while
attempting to meet the market opportunities and the food/nutrition gap that is devel-
oping in this region.

Implementation Strategy and Impacts

It is expected that the “success stories” project, apart from its immediate impacts on
decision makers, will also lead to a variety of other activities that will bring about a
wider sectoral awareness and adoption of positive lessons learned from the success
stories. Such work is neither readily available, nor readily accessible at present in the
published literature. Also, we hope that the project will stimulate a number of cross-
level and cross-sectoral processes such as, horizontal (community to community)
and vertical (community/village, district, state, national) level changes and various
dialogue processes such as exchanges, farmer to farmer visits, workshops, training
programs as part of the continued learning from the success program.

Bangkok, Thailand Sena S. De Silva
Ottawa, Canada F. Brian Davy
Reference

Umesh, N.R. 2007. Development and adoption of BMPs by self-help farmer groups. Aquaculture
Asia X1I(1), 8-11.
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Chapter 1

Aquaculture Successes in Asia:
Contributing to Sustained Development
and Poverty Alleviation

Sena S. De Silva and F. Brian Davy

Abstract Aquaculture, though considered to have over a 2500 year history, was
mostly practiced as an art. It began to be transformed into a modern science in the
second half of the 20th century. Within a period of 25 years or more, it had begun to
impress upon as a major food production sector, having recorded an annual average
growth rate of nearly 8% in the last two decades, as often purported to be the fastest
growing primary production sector. Currently, aquaculture accounts for 50% of the
global food fish consumption.

The sector has been and continues to be predominant in developing countries,
particularly in Asia, which accounts for more than 85% of the global production.
Asian aquaculture by and large is a small scale farming activity, where most prac-
tices are family-owned, managed, and operated. The sector has provided direct and
indirect livelihood means to millions, a significant proportion of which is rural, and
for some Asian nations, it is a main source of foreign exchange earnings. Furthermore,
it has contributed to food security and poverty alleviation, and is considered to be
a successful primary food sector globally.

1.1 Introduction

Fish/aquatic food organisms have been inextricably linked with human life over
millennia. Indeed, it is even suggested that the prime impacting factor on the evolu-
tion of the human brain, which has made us what we are today, is linked to our early
ancestors depending on aquatic food sources as the main form of nourishment that
provided ample quantities of n-3 and n-6 series highly unsaturated fatty acids.
Homo sapiens in the recent history went through agricultural and industrial revolu-
tions, which gradually impacted on our life modalities including food sources.

S.S. De Silva (D<) and F.B. Davy

Network of Aquacultures Centres in Asia-Pacific, PO Box 1040, Kasetsart Campus,
Bangkok, 10903, Thailand

e-mail: sena.desilva@enaca.org

S.S. De Silva and E.B. Davy (eds.), Success Stories in Asian Aquaculture, 1
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2 S.S. De Silva and E.B. Davy

Science began to have a profound influence on our lifestyles and gradually the life
expectancy increased and the ability to combat epidemics of various forms and
sorts developed and began to impact on the rate of growth of human population.
In the early years of the postindustrial revolution period, the early philosophers
such as Malthus held a grim view of the sustenance of the growing human popula-
tion, and suggested that gains in food production will not be able to keep up with
the latter (Malthus 1985). He suggested that there will be a constant tendency in all
animated life to increase beyond the nourishment prepared for it, which would
result in an inevitable number of “positive checks” (e.g., starvation and deaths),
occurring when mouths outnumbered food production.

Impacts of science on our life have changed the above view. Indeed, some
economists (Boserup 1981; Simon 1981) have suggested that man is a resource, and
the greater the population, the more likely it is that invention and innovation will
flow and food will not become a limiting factor. Of course the latter position is not
universally accepted either, especially in the context of the notion that there is a
limit to the capacity in the biosphere, in that it is essentially a closed system, and
continuing sustainable gains in food production cannot be taken for granted.

In this opening chapter, an attempt is made to set the scene for the treatise as a whole.
Accordingly, the importance of aquaculture in the current context of population growth,
food demand, poverty and malnourishment prevailing globally, and its role in contribut-
ing to human food basket is brought to focus. The growth of the aquaculture sector is
traced, and the public perceptions associated with aquaculture development in respect
of its sustainability are discussed. The importance of public perceptions in current
development activities and on aquaculture is considered, and finally an attempt is made
to answer the simple question whether aquaculture is a success.

1.2 Contemporary Situation

The human population has grown from 1.5 to 6.4 billion from 1900 till now, and is
predicted to increase to 9 billion by the year 2050, barring major calamities that
could occur. Not surprisingly, the fact remains that malnourishment, defined as
human beings’ daily calorie intake is less than 2,200 KCal, is probably one of the
challenges if not the biggest challenge facing the globe, with an estimated 840 million
being in a state of malnourishment (UNWFP 2005). The situation is even more
burgeoning as nearly 80-85% of these malnourished people live in the developing
world, accounting for 16% of the world’s total burden of disabling illness and pre-
mature death, measured in disability-adjusted life-years (Murray and Lopez 1996).
Fish, however, is not primarily a source of calories. On the other hand, fish accounts
approximately 20% of the global animal protein intake, the contribution being even
higher in developing countries, particularly those of Asia.

Over the last half century or so, fish are also becoming an increasingly important
traded commodity, bypassing many traditionally traded commodities (Kurien 2005).
Moreover, in a significant number of Asian countries, the contribution of aquaculture
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to the national GDP has superseded that from capture fisheries, indicating the growing
importance of aquaculture to those countries (Table 1.1).

Recently McMichael (2001) recognized three consecutive eras over the past and
coming centuries show the changing balance between cereal-grain production and
population growth (Fig. 1.1). Furthermore, he summarized the contemporary situ-
ation under seven headings, of which the pertinent points are as follows:

Table 1.1 The relative contribution from cap-
ture fisheries and aquaculture to the GDP in
some selected Asian countries and Chile,

S. America

Country Capture Aquaculture
Bangladesh® 1.884 2.688
PR China* 1.132 2.618
Indonesia® 2.350 1.662
Lao PDR® 1.432 5.775
Malaysia® 1.128 0.366
Philippines® 2.184 2.633
Thailand® 2.044 2.071
Vietnam® 3.702 4.00
Chile* 2.17 2.63

“From RAP (2004)
"Vietnam Net Bridge
‘From De Silva and Soto (2009)

Land reform
GM technologies

Harvest shortfall

Climate change
Stratospheric O3 depletion

Harvest, Population (arithmetic scale)

Water shortage
Land degradation
o0 Plant pests and diseases
, N and S cycles
. ‘Green revolution; ,
1900 2000 2100

Year

Fig. 1.1 Schematic representation of three consecutive eras over the past and coming centuries,
showing the changing balance between cereal-grain production (dashed lines) and world popula-
tion size. Over the coming century, there will be tension between yield-enhancing science and
policies and yield-diminishing environmental forces. GM genetically-modified
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(1) the proportion of the world population that is hungry and malnourished is slowly
declining. However, because of the continuing growth in population, the abso-
lute number of hungry and malnourished people is not obviously declining and
one-quarter of them are aged below 5 years

(2) per capita food production has increased over the past four decades, but those
gains in yield were achieved via intensive inputs of energy, fertilizer, and water,
and at the expense of soil fertility and groundwater stocks

(3) an estimated one-third of the world’s arable land is significantly degraded, a
significant proportion of it (20%) occurring during the 1980s and 1990s

(4) per capita grain production (which accounts for two-thirds of the world food
energy) has plateaued since the mid-1980s

(5) the annual harvest from wild fisheries peaked at about 100 x 10° t per year in the
1970s, and has subsequently declined by about 20%

(6) aquaculture now accounts for approximately one quarter of the world’s total fish
and shellfish production, and

(7) the promise of genetically-modified food species, while potentially great, is
subject to resolution of concerns about unexpected genetic and ecological
consequences

Based on the above, McMichael proceeded to address issues of the impact of cli-
mate change on food production, as well as the associated scenarios on biofuels
production, for example.

1.3 Fish and Human Nutrition

Humans and fish have been inextricably linked for millennia, not only as an impor-
tant animal protein source, providing many millions of livelihood means and food
security at large, but also from an evolutionary viewpoint. Indeed, one school of
thought has suggested that the development of the human brain, and hence, what
humans are today, has also been linked to food sources rich in n-3 (DHA, EPA) and
n-6 (AA) PUFAs - literally fish constituting a major part of the diet of our ances-
tors. In this regard, a large quantum of evidence has been brought forward to show
that Homo sapiens evolved not in a savannah habitat, but in a habitat that was rich
in fish and shellfish resources (Crawford et al. 1999).

The fish production patterns and consumption patterns have changed over the last
3040 years, with both production and consumption being predominant in developing
countries (Delgado et al. 2003). Fish and all aquatic products are easily digested, and
though perishable, are easily processed into various forms avoiding wastage. Most
importantly, fish constitutes one of the main animal protein sources of the developing
world, containing all essential amino acids, thereby providing an affordable nutrient
source to most rural, impoverished communities. Fish also provides an excellent
source of essential fatty acids, the highly unsaturated acids of the n-3 and n-6 series
[e.g., DHA — docosahexaenoic acid, 22(6n-3); EPA — eicasopaentonic acid, 20(5n-3);
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AA — arachidonic acid, 22(4n-6)], though the amounts of the specific fatty acids
present in fish differ markedly between species, and in general, between those of
marine and freshwater origin. Fish also provides essential micronutrients in the
form of vitamins, mineral (e.g., best sources of iodine and selenium), and some
co-enzymes (CoQ 10), among others. Increasing quantum of evidence is becoming
available on the health benefits of fish consumption, with clear evidence being
brought forward with regard to its impacts on common diseases such as cardio
vascular related ones (de Deckere et al. 1998; Horrocks and Yeo 1999; Connor
2000; Ruxton et al. 2005, among others).

It is in this respect that there is an increase in fish consumption in the developed
world, whereas in the developing world, in all probability, the driving forces with
regard to increased consumption are its affordability and availability. There is clear
evidence that both in the developing and developed world, fish consumption is on
the increase and more so in the former (Delgado et al. 2003).

1.4 Traditional Fish Food Supplies

Traditionally, the great bulk of the food fish supplies (conservatively estimated at about
85-90%) were of marine origin, and it still is, but its share is declining. Historical devel-
opments of the industrial fisheries, which essentially were a post-World War 2 develop-
ment, have been aptly documented in the past (FAO 2007). Importantly, now for over
four decades, about 25% of the industrial fish landings are reduced into fish meal and
fish oil, currently approximating 25 million tons per year, and form the basis for the
animal feed industry, including some cultured aquatic species/species groups, such as
shrimp and carnivorous marine finfish in the main (Fig. 1.2).

Until the late 1960s, it was thought the seas were bountiful and harbored unlimited
amount of fish resources. This notion is now known to be proven erroneous. The
intensification of fishing has resulted in the depletion of stocks, perhaps some
beyond recovery, and the number of potential stocks that could be added to the fish
basket is known to be meager. It is almost universally accepted that the average
maximum fish production that could be obtained from the oceans is around
100x 10%tons per year.

1.5 Fish Food Needs

Although the production from the marine capture fisheries has plateaued, the
demand for fish has grown over the years, resulting from an increased global popu-
lation, exacerbated by increased consumption in some nations/regions. The esti-
mates of food fish needs for the future, even at the current rate of consumption, are
high. Table 1.2 summarizes the fish food needs upto 2020 based on the average of
different estimations that are available. In summary, the world will need an extra
40-60x 10°tons of food fish by 2020.
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Fig. 1.2 The status of exploited marine fish stocks (based on FAO 2007)

Table 1.2 Estimation of fish food needs by 2020 based on the current per caput consumption
rates

Continent Population (x 1000)* Fish supply/demand
Increase  Per caput  Current Demand
2005 2020 (%) 2001 (kg)* (tons) 2020 (tons)¢
Africa 905,936 1,228,276 35.6 7.8 7,066,301 9,580,553
Asia (e.g., 2,589,571 3,129,852  20.9 14.1 36,512,951 44,130,913
China)
Europe 728,389 714,959 -1.8 19.8 14,422,102 14,156,188
L. America and 561,346 666,955 18.8 8.8 4,939,845 5,869,204
Caribbean
N. America 330,608 375,000 134 17.3 5,719,518 6,487,500
Oceania 33,056 38,909 17.7 23 760,288 894,907
China 1,315,844 1,423,939 8.2 25.6 33,685,606 36,452,838
World 6,464,750 7,577,889  17.2 16.3 105,375,425 123,519,591
2Source: UN

"Source: FAO
€2005 population x 2001 per capita supply
42020 population x2001 per capita supply

1.6 Aquaculture

Aquaculture is purported to be an age old practice that commenced in China.
However, its significance to the contribution to “human food basket” is of only
three to four decades old. There is universal acceptance that aquaculture has
matured to be an important contributor to meet human food fish demands, and is
often mooted as the fastest growing primary production sector.
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1.6.1 Importance in Narrowing the Supply and Demand Gap

In the wake of the plateauing of the traditional fish supplies, it is generally accepted
that the shortfall in food fish needs has to come from aquaculture. Aquaculture
within the short span of three to four decades has continued to increase its impor-
tance in the food fish production sector, and is estimated to account for 50% of the
global food fish consumption (Fig. 1.3), and tantamount to approximately 35% of
the global fish production/availability.

1.6.2 Key Features of the Aquaculture Sector

The great bulk of aquaculture production occurs in Asia, and within Asia, in China.
Freshwater finfish culture contributes most to overall production (Figs. 1.4 and 1.5).
In general, the great bulk of aquaculture production is based on commodities that
command a farm gate price of less than US$ 2.00 kg™!, and all in all over the years,
the price of aquaculture produce has retained static and/or declined marginally, in
stark contrast to other food commodities. Of the major cultured commodities from
a unit (kg) value viewpoint, the most important cultured commodities are the sal-
monids and shrimp in temperate and tropical regions, respectively.

In Asia, the epicenter of aquaculture production, the traditional practices tend to
be largely small scale operations, often farmer-owned and managed, and often clus-
tered in an area that is conducive to aquaculture. Aquaculture practices are integrated
with other primary production practices, particularly in Asia, such as rice farming.

120 5 Contribution to food-fish supply

100 | = aquaculture
=3 capture
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Fig. 1.3 Contribution from capture fisheries and aquaculture to fish production and the percent
contribution of the latter to consumption (from Subasinghe et al., 2009)
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The rural dominance of aquaculture, particularly in Asia, has been emphasized in
detail earlier and by many. In this regard, aquaculture in some regions is the back-
bone of rural economies, and provides many millions of livelihood opportunities
(Edwards et al. 2002).

Needless to say that in the last decade or so, many rural aquaculture farming
practices have changed, the changes being primarily in response to market demands,
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traditional and new. Notable examples in this context are the tra catfish (Pangasianodon
hypophthalmus) and rohu (Labeo rohita) farming sectors of the Mekong, Vietnam
and Ayeyarwaddy, Myanmar deltas, respectively. These have remained rural inten-
sive and have flourished to cater to export niche markets, and gone on to generate
thousands of additional livelihood opportunities, particularly for women, in the
associated processing sectors (Aye et al. 2007). Inevitably such developments have
also highlighted on the difficulties of defining small scale aquaculture, as explicitly
as one could. For example, a shrimp farming practice in 1 ha could result in an
optimal annual yield of approximately 8—10 tons, as opposed to a catfish farming
practice in the Mekong delta that could yield 400—600 tons.

1.6.3 Growth Phases in Aquaculture

As pointed out earlier, the aquaculture sector has grown fast, averaging almost 7-8
percent annually, over the last two decades, significantly higher than any other
primary production sector (De Silva 2001). It will be naive to expect that an almost
exponential rate of growth could be maintained indefinitely, and evidence is coming
forth in that globally the relative rate of growth of the sector, expressed as a percent-
age of the global aquaculture production during the defined period, is declining
(Fig. 1.6; also see De Silva and Hasan 2007). In Fig. 1.6, the rate of growth of
human population is superimposed, and some degree of similarity in the trends is
apparent. Indeed, if the trends in absolute increase in aquaculture production and
growth in human numbers are considered, the trends appear to be somewhat com-
parable (Fig. 1.7). Ideally, it would be of further interest to consider the changes in
the growth rate of human populations of countries in which fish eating habit is
predominant with the corresponding changes in aquaculture growth.
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Fig. 1.6 Trends in aquaculture production, based on percent average change in production per
year in each of the 5-year periods, 1985-2005 together with that of human population growth
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Fig. 1.7 The trend in aquaculture production (FAO 2008) over the years and the corresponding
human population numbers (data source: http://geography.about.com/od/obtainpoulationdata/a/
worldpoulation/htm)

A detailed analysis of some of the above trends has also been provided earlier
(De Silva 2001), when it was pointed out that although there is a global decline in
the rate of growth, in some regions such as in Latin America and Africa, the rate is
on the increase, albeit the overall contribution to global aquaculture production is
still relatively small from these continents. However, this also indicates that there
is a high potential for aquaculture growth in these regions. Overall, therefore, although
the rate of growth in the aquaculture sector is decreasing, the absolute production
continues to increase. What is crucial is to recognize that there will be a limit to this
growth, and sustaining the optimal production when it reaches that point.

Over the last four to five decades, the aquaculture sector has gone through some
notable phases. The latter phases could be related to changes in global aspirations
in respect of development goals, commencing with the worldwide acceptance of the
Bruntland Report (UNEP 1987). The progress of the sector, therefore, had to
accede to public well-being in a holistic sense, and had to work toward a more
prudent use of primary resources, such as land and water, and be much more con-
scious of environmental impacts arising from the sector’s developments. A sche-
matic representation of the conceived phases of aquaculture growth is presented in
a schematic form in Fig. 1.8.

The question, therefore, arises that whether the sector is capable of complying
with global aspirations and what adjustments are needed to meet such a compli-
ance. The present attempt to document the “success stories” in aquaculture is one
such manner of demonstrating to a global audience that aquaculture could comply
with global aspirations and continue to contribute significantly to the human fish
food basket.
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Fig. 1.8 A schematic representation of growth phases of modern aquaculture

1.6.4 Public Perceptions on Aquaculture

Aquaculture is a relatively new primary production sector from the viewpoint of its
significant and important contribution to the human food basket. However, this
increasing importance happened to occur when the world as a whole became con-
scious and realized that all developments, be it in the primary production sector or
elsewhere, have to be sustainable and environmentally minimally perturbing, and
have to comply with increasing food quality and nutritional needs. Consequently,
the sector has had to encounter much more stringent public, scrutiny and “polic-
ing.” The current scenario is such it is not only important that present day food
quality demands are met, but equal importance is being laid on the manner it was
produced, including societal responsibility and equity.

Many public groups reckon that aquaculture is unsustainable and environmen-
tally degrading (Naylor et al. 1998, 2000; Aldhous 2004; Allsopp et al. 2008).
However, most of these perceptions revolve around shrimp and salmonid aquacul-
ture, two practices that contribute less than 10% to overall global production and in
value approximately 16%, and more often than not fail to consider its contribution
as a food source, an avenue for providing millions of livelihood opportunities and
contributing to the national and global trade. The major objections to aquaculture
development is based on excessive use of fish meal and fish oil in the feeds for
shrimp and other cultured marine carnivorous species/species groups. It has been
shown that very significant proportions of the primary resource used for reduction
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into fish meal and fish oil are being channeled for production of animals that are
not human food sources (De Silva and Turchini 2008). What is perturbing is that
such aspects have not received the attention of these groups who advocate the chan-
neling of the biological resources used for fish meal and fish oil production for
direct human consumption; on many an occasion, a level playing field has not been
lacking in many of these advocacies.

The most commonly highlighted aspects of aquaculture that are supposedly
impacting its sustainability are dependence on fish meal and fish oil in aquaculture
feeds, overdependence on exotic and/or alien species, and negative influences on
biodiversity. All of the above are refutable to varying degrees, but it is not to con-
clude that all aquaculture developments have been sustainable and environmentally
friendly.

Aquaculture, even to date, has to live with the notion that shrimp farming was
the prime cause for mangrove destruction, even though there is mounting informa-
tion that shrimp farming per se accounted for less than 5% of global mangrove
destruction. Equally, alien species in aquaculture, the dependence on which is not
different to any extent on all human food production sectors (De Silva et al. 2008),
are often highlighted as an environmentally destructive element primarily induced
through aquaculture. Here again the evidence is variable, and on occasions, refut-
able and in more often than not explicit evidence on cause and effect is lacking.

Irrespective of the correctness and/or the authenticity, and/or the biases of the
varying range of arguments, it is incumbent on all aquaculture developments to take
notice of the public concerns and act accordingly — aquaculture developers cannot
be complacent. The onus is on the sector to demonstrate to the public and policy
makers equally and convincingly that aquaculture developments are sustainable and
it could proceed in a socially and environmentally responsible manner, within the
societal guidelines, and still continue to be a dominant and important provider to
human food basket, millions of livelihoods, and income generation, and in turn,
contribute to food security and global poverty alleviation.

1.7 1Is Aquaculture a Success?

Success can have many definitions, and is equally interpreted in many ways.
Success may refer to the achievement of one’s aim or goal; (business) financial
profitability, a person who achieves his or her goals or a level of social status,
achievement of an objective/goal; the opposite of failure. On the other hand, what
is considered a success for one person, a community, a nation or region, and/or a
combination thereof in respect of a policy and achievement, a development may not
be considered a success by others. Indeed, even a consensual success at one point
could be treated as failure by others, downstream, and is of particular relevance to
aquatic resources-related developments.

If one was to assess the success of aquaculture from a purely food production,
providing employment and/or livelihoods opportunities, rural development and
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financial gain viewpoints, it has to be conceded that aquaculture has been a success
thus far. However, as pointed out in the foregoing section, this success as well as its
long-term sustainability is questioned by some, and in more instances than one, the
arguments are based on shrimp and carnivorous marine finfish culture of salmonids.
It is in the above context that the other chapters in this treatise set out to demon-
strate the successes of specific aquaculture practices, which have collectively con-
tributed to achieving significance as a food production system.

Development and success go hand in hand with public policy as well as with
attitudes. Accordingly, there is a need to address decision makers in the wake of
increasing use, and importance of coastal and inland waters in a timely manner for
a number of different reasons. Stabilization of wild fish catches has led to an
increased dependence on aquatic farming, which is being seen as the next best
alternative to meet the shortfall in demand for aquatic foods. It is in this context that
lessons learned from case studies presented here provide a basis for wider dissemi-
nation and lesson learning. In particular for newly emerging aquaculture nations,
these provide an important basis of lessons, including the steps that are needed to
facilitate developments and help guide future development, rather than on ad hoc
basis. Equally, the lessons learned will also be helpful toward attaining sustainabil-
ity of some ongoing practices, both in Asia and elsewhere. There is an overall need
for decision makers to be made aware that ad hoc developments are not the solution
to the problem, but developments based on lessons learned from the past successful
experiences, suitably modified and adapted, are a more effective way to proceed. It
is regrettable that such “show casing” under one banner is hard to find. The present
initiative aims to fill this gap in the interim and then carry forward the strategy in
the long term in respect of aquaculture.
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Chapter 2

Recent Developments in Rice-fish Culture in
China: A Holistic Approach

for Livelihood Improvement in Rural Areas

Miao Weimin

Abstract Rice field-fish culture, also popularly referred to as rice cum fish culture,
is a traditional integrated fish-rice production system. The earliest practices can be
traced back to more than 2,000 years ago. China is the largest producer of fish and
rice in the world. Rice-fish culture has achieved significant development in China
in the past three decades, in spite of the major socioeconomic changes that have
occurred during this period. There are some 1.55 million ha of rice-fish culture in
China now, which produces approximately 1.16 million tons of fish products (2007),
in addition to about 11 million tons of high quality rice. Fish production from rice—
fish culture has increased by 13-fold during the last two decades in China. Rice-
fish culture is now one of the most important aquaculture systems in China. While
making significant contribution to rural livelihood and food security, development
of rice-fish culture is an important approach for environment friendly holistic rural
development, and epitomizes an ecosystems approach to aquaculture.

Rice-fish culture in China utilizes a range of production systems and practices,
but all contribute to eco-environmental benefits and sustainable development.
Many factors have contributed to these developments, but equally and still, there
are challenges that need to be addressed for up-scaling these production systems
and practices.

It is estimated that the area under rice cultivation in Asia approximates 140.3
million ha, accounting for 89.4% of the world total. The potential for development
of rice-fish culture is very high in the region. The successful experiences and les-
sons of rice-fish culture development drawn from China can be a good reference for
sustainable rice-fish culture development in the region as well as other parts of the
world, thereby contributing further to food security and poverty alleviation.
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2.1 Introduction

China has a very long history of aquaculture. The earliest aquaculture practices
started some 2,500-3,000 year ago in China. Chinese aquaculture production has
ranked top most in the world for nearly two decades due to fast and steady devel-
opment in the past three decades. Aquaculture has been providing a very impor-
tant source of animal protein for Chinese people, currently estimated at 25 kg/
capita of aquatic products, accounting for about 70% of the total available aquatic
products, and more than 20% of total animal food supply for the Chinese people.
Moreover, aquaculture plays significant role in rural livelihoods and national
economic development. As an important subsector of agriculture, aquaculture
accounts for approximately 2% of the national GDP, and its contribution to the
latter exceeded that from the capture fisheries nearly a decade back (National
Statistical Bureau 2008). All these have occurred in China currently in spite of the
fast pace of industrialization and associated changes in the socioeconomic
conditions.

Compared with other subsectors of agriculture, aquaculture has been a more
dynamic food production subsector in China. It is characterized by much diver-
sified farming systems and practices and diverse range of organisms utilized.
The subsector has changed and restructured to adapt to the changes in socioeco-
nomic and environmental conditions in China during the last three decades.
Some aquaculture systems and practices are effective in adapting to such
changes and still continue to play an important role in improving rural liveli-
hoods and contribute to food security. Fish culture in rice fields is one such
farming system.

In the tropics, fish has been exploited over millennia as a second crop from a
range of aquatic habitats associated with rice fields, and has led to the develop-
ment of rice—fish culture in the Chinese and Indian regions. However, use of
high levels of fertilizer and pesticides and introduction of agribusiness tech-
niques had negative effects on the development of this form of fish culture,
especially in the 1960s. Recent trends of application of integrated pest management
and eco-friendly agronomic practices resurrected once forgotten rice—fish culture
in the Philippines and Thailand (dela Cruz et al. 1992), China (MacKay 1995),
Hungary (Szito and Jones 1997), and Egypt (Shehadeh and Feidi 1996; El
Gamel 1997). Worldwide coverage of literature on rice—fish culture is reported
by Fernando (1993, 1996), Halwart (1998), Fernando and Halwart (2000, 2001),
and Fernando et al. (2005).

Fish culture in rice fields is an integrated aquaculture system with a long history
in China. In the past three decades, it has developed into a more holistic manner and
adapted to significant socioeconomic and environmental changes in China. It has
retained its importance in inland aquaculture sector and rural development with
innovative changes. It is now one of the most environmentally friendly and socio-
economically viable aquaculture systems in China.
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Asia is the most important region for production of both rice and fish in the
world. Some 140 million ha of rice fields, nearly 90% of the world total, occur in
Asia (FAO 2008). Development of rice-fish culture can make substantial contribu-
tions to rural livelihood improvement and food security in Asia (Li 1988; Pullin and
Shehadeh 1980; de la Cruz et al. 1992). The objective of this presentation is to
review and evaluate the successful development of rice-fish culture in China and
provide valuable experiences and lessons for comparable developments elsewhere.

2.2 Development of Fish Culture in Rice Fields in China

2.2.1 Historical Aspects

China is a country with long history of rice plantation and fish culture. Areas pro-
ducing both fish and rice were considered as heaven on the earth in the ancient
times. Both rice and fish play extremely important roles in the life of Chinese
people traditionally and presently, and are among the most important food items of
food basket of Chinese people. Rice is one of the most important grain crops in
China. There are some 25 million ha of rice fields in China presently (Meng and
Wu 2002).

Integrated fish and crop farming is a traditional food production system in China,
and fish culture in rice fields started some 2,000 years ago in central China, such as
in the Sichuan basin and Hanzhong areas. Such practices were documented in
ancient writings and also depicted in ancient pottery unearthed from the tombs of
East Han Dynasty with designs of rice fields with fish (Zeng and Wang 2006).

Traditional fish culture in rice fields remained as a simple spontaneous
practice until the late 1950s when integrated fish farming was promoted by
the government, when the total area of fish culture in rice fields reached
nearly 700,000 ha in by 1959. Limited by technical know-how and manage-
ment skills, both the unit production and economic efficiency were rather
poor at the time. There was a significant setback in development of fish cul-
ture in rice fields in the 1960-1970s due to the overemphasis on crop produc-
tion (Miao 2002).

In China, fish culture in rice fields entered a new development phase in 1980s.
Total area of rice-fish culture (excluding the area used for fingerling production)
exceeded 1 million ha by 1995, more than double that in 1982. The production of
marketable fish from rice fields reached 273,000 tons with an average unit produc-
tion of 265 kg/ha.

Since the late 1990s, another fundamental change has taken place in the
development of rice-fish culture. Focus of fish culture in rice fields has shifted
from production centered practices to more ecologically and socioeconomically
focused patterns. Along with the relatively stable total culture area and
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production, various new culture systems and practices have developed and new
species have been introduced to improve the ecological and socioeconomic
benefits of production. Presently, fish culture in rice fields has developed into
an important agro-aquaculture system that contributes not only to food security
and rural livelihoods, but also to food safety and environmental integrity in
China.

2.3 Evolution of Fish Culture in Rice Fields

Fish culture in rice fields is a traditional integrated fish farming practice. This tra-
ditional food production system has gone through a series of changes in the past
three decades, which can be divided into a number of evolutionary phases. The
farming practices have different features to address, and are also limited by the
environmental conditions prevailing at the time.

2.3.1 Initial Development Stages

Fish culture in rice fields remained as a very primitive practice for a long period
in China, though great importance was attached to developing fish culture in rice
fields as early as late 1950s. Except for stocking, often of small size, there was
almost no other input. Hardly any specific modification was made to the rice fields
to meet any special requirements of culture of aquatic animals. Rice harvest was
the main production in the system and the fish yield was very low. Due to the
insignificant difference in price between fish and rice (fish price only doubled that
of the price of rice only in early 1980s in China), the economic importance of fish
in the production system was very limited due to its relatively small production
and low price. Although the areas of rice cultivation increased, fish production
from the systems did not keep pace. Fish production from rice fields was often
impacted by the efforts to raise rice production, such as increased use of pesti-
cides, chemical fertilizer, and introduction of new and high yielding rice varieties
which were often not favorable to fish growth. Such a situation lasted until the
mid-1980s.

2.3.2 Production Centered Rice-fish Culture

In mid-1980s, in order to meet the increasing demand of the people for aquatic
products and offset the stagnant production from capture fisheries, both inland
and marine capture fisheries, promotion of aquaculture, particularly inland
aquaculture, became a very important development policy of the Chinese
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government. A lot of effort was made with the government support to develop
rice-fish culture in China with a major emphasis to improve production effi-
ciency. Standard rice field engineering for different types of rice-fish culture
practices under different conditions (environmental, agronomic, social) and for
different fish species was developed and disseminated to vast areas. The dissemi-
nated system is typically called a Ridge-Field-Trench system. Dimensions and
proportion of different components of the system were standardized to meet the
best needs of both rice and fish, and resulted in improvements in the yield of both
rice and fish. It also made rice-fish culture widely applicable under different
environmental conditions and greatly facilitated the expansion and transferring of
the culture practices.

2.3.3 Rice-Fish Culture and Income Generation

Since the mid-1990s, increasing the income of rural populations and improving
the livelihoods have become a top priority of the government development policies
in China. A challenging task for governments at different levels in China (Central,
Provincial, Municipal, and County) was to improve the economic returns from the
land, so as to discourage leaving the land. Developing aquaculture, including rice-
fish culture, was widely considered as an effective approach to achieve the above
goal. Past practices of rice-fish culture with traditional species, mainly carps and
tilapia, due to low farm gate price, could not meet such requirements fully. Many
high valued finfish species and crustacean were, therefore, introduced to the sys-
tems and included swamp eel, pond loach, freshwater prawn, freshwater crab and
freshwater crawfish, etc. Introduction of these high valued species significantly
improved the economic return from rice-fish culture, though the unit production
remains more or less similar to that in the past or even slightly decreased.

2.3.4 Holistic Ecosystem Approach for Environmental
Integrity and Food Safety

Owing to the new trend of increasing concerns of the public about environmental
integrity and food safety, many traditional food production systems including
rice-fish culture, are confronted with new and more challenges. The means of
producing high quality and safe rice and aquatic products through environmen-
tally friendly approaches have become the focus of development of modern day
rice-fish culture. Various research and experiments have been carried out to
develop rice—fish eco-culture systems and models, which include design of rice—
fish ecosystems for different target species, environmentally friendly farming
management practices covering feeding and/or fertilization, pest and weed
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control, and water management. To ensure environmental integrity and food
safety, many new technologies were introduced to the farming systems, such as
the use of formulated bio-fertilizer and microagent for water manipulation. In
many areas, traditional rice-fish culture has gradually transformed into green/
organic food production systems. Certificated and labeled green and organic rice
and aquatic products not only bring the farmers more income, but also contribute
to holistic rural development.

2.4 Recent Developments

2.4.1 Trends of Change in Culture Area and Production

Since the mid-1980, fish culture in rice fields has achieved significant growth in
China due to various reasons. The area of rice field with fish culture increased from
648,606 ha in 1985 to some 1.55 million ha in 2007 (MOA 2008; Fig. 2.1). The
production of finfish and other aquatic animals from culture in rice fields increased
from 81,699 tons in 1985 to 1.16 million tons in 2007.

The rapid growth of rice field fish culture (both area and production; Fig. 2.1)
mainly took place during 1993-2002. This is largely due to the supporting policies
of central and local governments to develop rice-fish culture as an important strat-
egy to increase the income of rural farmers. However, expansion of area of rice—fish
culture was less compared to other aquaculture systems. For example, fish pond
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Fig. 2.1 Area of and fish production from fish culture in paddy fields in China (1985-2007)
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area increased by 162.3% during 1983-2006 in China. In comparison, the area of
rice-fish culture increased only by 139.2%. Although there has been a slight change
in the area of rice—fish culture, the production has maintained a fairly steady trend
of growth. This is a good indicator of improved management practices and culture
efficiency. The production growth attained is not significantly higher in the recent
past compared with the 1990s. This was largely due to the increase of area for cul-
ture of high valued species in rice—fish culture, such as freshwater prawn, crab and
high valued fish (e.g. swamp eel), the unit production of which is usually much
lower than the traditionally cultured carp species in rice fields. However, the eco-
nomic return has been significantly improved as these species usually fetch 3-5
times higher price than carp species.

The total production of fish from rice—fish culture has maintained a steady
growth trend for more than two decades, though the growth rate has varied in the
different periods. In general, the production increase has been much faster com-
pared to the area expansion of rice-fish culture. During 1985-2007, the total pro-
duction increased by 13-fold. It is obvious that such an increase is achieved mainly
through the improvement of production efficiency, which has resulted from both
increased inputs and improved management practices. Present average unit fish
production from rice-fish culture has reached about 780 kg/ha in China in contrast
to 126 kg/ha in 1985.

2.4.2 Species Diversification

In the recent decades, diversification of species of aquatic animals cultured in rice
fields can be considered as an important trend. Many indigenous and exotic species
have been introduced to rice—fish farming systems. These species are usually more
suitable for rice field environment, and are often of much higher market value.
Currently, some 30 aquatic animal species are cultured in rice fields in different
parts to China (Zeng and Wang 2006). Important species cultured in rice—fish sys-
tem are given in Table 2.1.

2.4.3 Proliferation of Rice—fish Culture Across the Country

In addition to the general growth trends of rice—fish culture in the past three
decades, there has been also extensive proliferation of the culture practices across
China in the past two decades. In 1990, rice-fish culture was practiced in 20 prov-
incessMDUCG/Autonomous Regions in China. Only 11 provincessMDUCG/
Autonomous Regions had fish production from rice fields exceeding 1,000 tons. By
2007, rice-fish culture expanded to 25 provinces/MUCG/Autonomous Regions in
China. There were 18 provinces/MUCG/Autonomous Regions that produced more
than 1,000 tons of fish from rice fields. Fourteen provinces/MDUCG/Autonomous
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Table 2.1 Important aquatic animal species cultured in paddy fields in China

Traditionally cultured species Recently introduced species

Common carp, Cypinus carpio; Crucian Swamp eel, Monopterus albus; Pond loach,
carp, Carasius auratus; Grass carp, Misgurnus anguillicaudatus; Oriental
Ctenopharyngodon idellus; Silver carp, river prawn, Macrobrachium nipponese;
Hypophthalmichthys molitrix; Bighead carp, Giant river prawn, M. rosenbergii;
Aristichthys nobilis; White amur bream, White-leg shrimp, Penaeus vannamei;
Parabramis pekinensis; Blunt snout bream, Freshwater river crab, Eriocheir
Megalobrama amblycephala; Tilapia, sinensis; Red swamp crawfish,
Oreochromis niloticus, O. niloticus (?) Procambarus clarkii

x O. aureus (3); Catfish Clarias spp.,
Pseudobagrus fulvidraco

Regions produced more than 10,000 tons of fish from rice fields, in contrast to only
three in 1990.

There were many features associated with such proliferation of rice—fish culture.
There has been a latitudinal expansion of the rice—fish culture practices, which, for-
merly, was mainly concentrated in low latitude areas, such as southwest, south central,
and eastern parts of China. Rice—fish culture has been extended to the northeastern,
northern, and northwestern parts of China. Topographic expansion of the culture
practices from hilly and mountainous areas in the past to plain areas and outskirts of
urban areas was also responsible for proliferation of rice—fish culture. Rice—fish culture
has also expanded across economic boundaries. Rice—fish culture that was mainly prac-
ticed in economically undeveloped areas in China before has now become a very popu-
lar practice in many economically advanced areas. For instance, Jiangsu province is one
of the most economically developed provinces in China. Rice—fish culture is now prac-
ticed in 90% of its over 60 counties.

2.4.4 Extended Scope and Well-organized Industry

Rice—fish culture was originally a very scattered small family-based operation. In the
past two decades, rice—fish farming has gradually developed into a well organized
business. With the general agriculture and aquaculture zoning, rice—fish culture
often forms large scope industry in designated rice—fish farming areas with good
infrastructure established by local governments. The production is still a family-
based operation of farmers who obtain long term (30-50 years) leases from the
government. The farmers are well organized through farmers associations or other
forms. Marketing facilities are also specially established close to large rice—fish
culture areas to facilitate marketing and obtaining reasonable prices.

The large scope operation of rice-fish culture in certain areas has a great advan-
tage for local fisheries service agencies to effectively provide technical support
to the farmers. It also facilitates the organization of production inputs and market-
ing of products.
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Proportion of different inland aquaculture systems by areas
(1000 ha) in China 1990
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Fig. 2.2 The relative proportions of inland aquaculture systems in 1990 and 2007

2.5 Role of Rice-fish Culture in Inland Aquaculture

The rapid development of rice-fish culture in China has significantly upgraded the
role of rice—fish culture production in inland aquaculture as well as the overall
agriculture sector in China. This is well demonstrated by change in structure of
inland aquaculture by systems between 1990 and 2007 (Fig. 2.2).

The share of rice field fish culture in total inland aquaculture areas increased
from 16.4% in 1990 to 26.3% in 2007. It occupied the second important position in
terms of area just after pond culture. Considering the reduced total area of rice
fields, increasing area of rice—fish culture has upgraded its position in the general
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agriculture sector. Meanwhile, the contribution of rice-fish culture to inland aqua-
culture increased from 3.5% in 1990 to over 6% in 2007.

2.6 Important Systems and Practices

Along with the development processes, diversified systems and practices of rice—
fish culture have been developed and adopted under different environmental condi-
tions or for different species of aquatic animals across China.

2.6.1 Concurrent Rice-fish Farming Systems

Culture of fish concurrently with rice during more or less the same production
period is a most typical rice—fish symbiotic farming system. Therefore, the poten-
tial ecological and economic benefits of rice—fish integration are assured.
Accordingly, specialized earthworks to modify the rice fields to meet the require-
ments of both rice and fish are needed. It also requires more careful management
in fertilization, pest/disease control, and water management. The suitable species
for culture are those which do not require a long period to reach marketable size in
grow-out culture. Concurrent rice—fish farming is very suitable for rice-crustacean
culture practices.

Concurrent rice—fish farming requires good engineering earthwork of the rice
field. Major earthworks for preparation of rice field include reinforcement of field
ridge. The rice field ridge should be at least 10-20 cm higher than the maximum
water level in the rice field. The rice field must be seepage free.

Peripheral and central crossing trenches are constructed in the rice field. The
peripheral trench is usually 80-100 cm inside the rice field ridge to avoid escape of
cultured animals. The trench is normally 50-100 cm wide and 60-80 cm deep. A
central fish pit (5-6 m? and 1 m deep) connected to the trench is sometimes dug in
the central area of the rice field in large rice plots (Fig. 2.3). The total area of fish
trench and pit usually accounts for 10—15% of the rice field area in order to main-
tain more or less the same unit production of rice. In concurrent rice—fish culture
system, the yield of fish usually ranges 300900 kg/ha, and that of prawn and crab
is in the range of 300-750 kg/ha. Production of crawfish is much higher.

The most important management aspects in concurrent systems include water
management and use of pesticides and fertilizer. While meeting the requirement of
rice at different stages, minimum water depth should be maintained for culture of
animals in trenches and pits, 30—50 cm depending on species and weather conditions.
Pesticides should not be used just before rain. It is important to avoid the pesticides
getting into the water when spraying. Organic fertilizer is preferred if fertilization is
needed. Use of ammonium fertilizers should be avoided as it often leads to high
ammonia level in water, which is toxic to cultured animals.
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Fig. 2.3 Layout of ridge-plot-trench rice—fish system

2.6.2 Alternate Rice—fish Farming Systems

In some rice—fish culture systems, instead of concurrent rice—fish culture, rice plan-
tation and fish culture are conducted alternately in the same field. Rice plantation
and fish culture may be conducted alternately by crop or annually. Compared with
concurrent rice—fish culture systems, rice and fish do not have close symbiotic
relationship in alternate farming systems. However, alternative rice plantation and
fish culture are beneficial to each other in many aspects. Alternative rice—fish cul-
ture is relatively easy and does not require extensive earthwork to modify the struc-
ture of the field. It is more suitable for fish species that require deep water and a
longer culture period.

To conduct alternate rice—fish farming, the major requirements to rice field
include reinforced rice field ridge, increased height of the field ridge (around 1 m),
and a seepage free ridge.

The alternate rice—fish culture usually includes one crop of rice followed by one
crop of fish within a year. The fish production usually ranges between 1,500 and
3,000 kg/ha or even higher depending on species and feeding. The stocking of fish
is usually carried out immediately after the preparation of the field where the rice
is harvested in October. The rice straw is buried into soil as fertilizer and feed for
fish. The fish is usually harvested in June before transplantation of rice seedlings.
In both concurrent and alternate rice—fish systems, water inlet and outlet are posi-
tioned diagonally and well fenced with screens of appropriate mesh-size depending
on stocking size of the cultured animals.
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Contribution of different aquaculture systems by production
(1000 t) in China 1990
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Fig. 2.4 Contribution of different inland aquaculture systems to overall production in 1990 and 2007

2.6.3 Rice-Finfish Farming Practice

In the ancient time, rice—fish culture started with the practice of concurrent rice—
finfish integration. This type of practice had been continued for thousands of years
with gradual modifications. Old practices of finfish species involved in rice—fish
culture were mainly carp species, such as common carp, crucian carp, grass carp,
silver carp, and bighead carp. These carp species are still important in present rice—
fish farming systems. However, many new finfish species have been introduced to
the practices (Plate 2.1), such as swamp eel, loach, catfish, and tilapia. These spe-
cies are either having high market value or more suitable to rice environment.
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Plate 2.1 Swamp eel-rice culture in Jingjiang city, China (Miao 2002)

Fish fingerlings of large size (8—15 cm body length) are usually stocked a week
after transplanted rice seedling turns green. The total stocking density is usually
3,000-12,000 fingerlings/ha depending on supplementary feeding. Omnivorous
species (common carp, crucian carp, and tilapia, for example) usually account for
60-80% of the total stocking, while herbivorous species (grass carp and blunt snout
bream) account for 20-40% of the total stocking. Without supplementary feeding,
450-750 kg/ha of fish can be produced, and supplementary feeding is required for
higher yields. Commonly used feeds include grass for herbivorous fish and fine rice
bran, wheat, soybean cake, and rapeseed cake for both herbivorous and omnivorous
species. Fish fingerlings are usually disinfected with saline water or bleaching
powder solution before stocking. Liming is also commonly practiced during the
preparation of the rice field at the rate of 450 kg/ha.

2.6.4 Rice—Crustacean Farming Practices

Crustaceans have been introduced to rice—fish farming just about a decade ago due
to the relative short history of inland crustacean culture in China. Currently, impor-
tant crustacean species involved in rice—fish culture include freshwater prawn (M.
nipponense and M. rosenbergii), Chinese mitten handed crab (E. sinensis), red
swamp crawfish (P. clarkii), and white-leg prawn (P. vannamei). Despite the short
history, rice-crustacean culture has gradually become a mainstream practice in
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many parts of China, driven by high market value and better adaptability to the rice
field environment. However, successful rice-crustacean culture requires different
modifications to the rice field, particularly installation of shelter and more careful
management practices, because crustacean are more sensitive to many chemicals
and pesticides used in rice cultivation. Economic returns from rice-crustacean cul-
ture are much higher than rice—finfish culture. Normal net income usually ranges
between $2,500 and $4,000 per hectare.

Red swamp crawfish-rice culture is a rapidly developing practice in the central
part of China. Apart from the normal fish trenches and pits inside the rice field,
vertical surrounding fence (30 cm deep into soil and 30 cm high above soil) estab-
lished with bricks, rigid plastic sheets, or other materials is required for prevention
of escape of crawfish. Aquatic plants are needed to be planted inside the trenches
and pits to provide shelter for postmolting protection, which usually covers about
30% of the trench and pit area. Some 300-750 kg/ha of berried crawfish or
150,000-225,000 individuals/ha of juvenile crawfish (2-3 cm) are stocked.
Supplementary feeding is required especially when stocking density is high.
Crawfish is typically omnivorous. By-products of grain processing and oil extraction,
animal feed such as snail, trash fish, earthworm, poultry entrails, and floating
aquatic plants are all well accepted. The feeding rate is dependent on the feeding of
crawfish, which should be monitored daily. It often ranges 3—5% of the body weight
and is subject to adjustment based on the water quality and weather conditions.
Feeding is much reduced when water quality is somewhat poor, or continuous rainy
and cloudy weather is encountered. The stocking is usually carried out in November
(for berried crawfish) or March (for juvenile). Harvesting is through both selective
harvesting (trap set inside the trench and pit) and total harvesting by draining the
water. The average yield is 6,000-7,500 kg/ha (Plate 2.2).

Plate 2.2 Rice-river crab culture in Nantong city, China (Miao 2002)
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2.7 Contribution of Rice—fish Culture to Overall Aquaculture
in China

As a unique production system producing two most important food items namely
rice and fish, development of rice—fish culture has been making outstanding con-
tribution to people’s life and social development in China in different aspects.

2.8 Social and Economic Benefits

Social and economic benefits are the most important contribution of rice—fish cul-
ture development in China, though rice—fish culture is basically a food production
activity. Social benefits of rice—fish culture development cover the following major
aspects.

2.8.1 Rural Farmer Household Income

Chinese rice farmers are characterized by small scale family operations. The land
farmed by one household is usually between 0.2 and 1 ha. The income level of
the household is very much limited by the small land area with farming produc-
tion of ordinary crops like rice, wheat, and maize. Farmers can hardly make a net
profit of $100 from 1 t of grain, i.e., a family with 1 ha of land (the actual average
farm is only 0.52 ha) may make a maximum of $1,500 net income with traditional
crops annually when harvest is good. Therefore, it is impossible to significantly
increase the income of rural farmers through growing only the traditional crops.

Rice—fish culture provides a much more effective approach to increasing the
income of rural farmer households in China. The average unit production of
780 kg/ha fish from rice—fish culture can bring the farmer $1,500-4,000/ha income.
The usual net income from good practice of rice—fish culture is $2,000—-4,000/ha.
The farmer’s income can be increased by 2—4 times compared with sole crop farm-
ing. In general, income of some 2—-3 million rural households has been significantly
improved through rice—fish culture in China.

Jiangsu province in central eastern China sets a very good example of contribut-
ing rice—fish development to rural peoples’ income. The province started a large
project to promote rice—fish culture with high valued aquatic species in 1997. The
total rice—fish culture area reached 136,615 ha in 1999. More than 80% of the area
adopted rice—fish culture of high valued species. The gross net profit of rice—fish
culture reached $2,912/ha on average. In Maxi village in Yancheng city, 146 ha of
rice fields were utilized for rice-crab seed production, where the net profit reached
over $11,000/ha in average (Wang 2000).
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2.8.2 Improvement of Women’s Social Status

Development of rice-fish culture can also contribute significantly to improvement of
social status of women. Rice—fish culture production is a typical production system
that provides equal opportunities for participation of both men and women. In prac-
tice, most of the daily management work of rice—fish culture is mainly carried out
by women. Some housewives are involved in selling of the products. This signifi-
cantly improves the participation of women in production activities and strengthens
their role in household livelihood.

2.8.3 Promoting Social Stability

Rice—fish culture development has contributed to overall social stability in China.
China is currently facing a huge population pressure. The surplus labor power and
limited means of making good living in rural areas have stimulated a rapid flow of
rural populations to urban areas. Urbanization can only be a gradual process in a
large developing country like China because rapid movement of population from
rural to urban areas may cause instability in both areas. Often the urban areas do
not have the capacity to accommodate a rapid inflow of rural population.
Development of rice—fish culture with sound economic returns provides rural farm-
ers with an alternative means to significantly improve their living standards, and
hence, induce them to stay in rural areas. It can ease the pressure on urban areas
caused by the rapid migration of population from rural to urban, thereby contribut-
ing to overall social stability in China.

In addition, production activities involved in rice—fish culture enhance the
good living style of the people in rural areas. It is a fact that crop farming activi-
ties on limited land require very limited labor inputs, so that surplus labor is
available for other uses in rural agricultural communities. If this surplus labor is
not effectively utilized, there is a risk of leading to unhealthy activities of rural
people such as gambling which could create social problems. As rice—fish cul-
ture activities require more labor input for daily management, rural farmers can
be better engaged in a rural economic activity. It, therefore, assists in diverting
rural people from unhealthy activities to productive activities which can improve
their living.

2.9 Contribution to Food Security and Safety

As an efficient production system of high quality food products, rice—fish culture is
making substantial contribution to national food security and safety in China.
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2.9.1 An Effective Approach of Food Production
with Minimum Natural Resource

Rice-fish culture system is a typical way of producing more food through
effective utilization of existing land resource. With good management prac-
tices, some 500-1,000 kg of fish products can be produced from one ha of
rice field through concurrent farming system with very limited other material
inputs.

Contribution of rice—fish culture to inland aquaculture production in 1990 and
2007 is presented in Fig. 2.4. The contribution of rice—fish culture to total inland
aquaculture production in China has increased from 3.5% in 1990 to 6.08% in
2007. In 2007, rice—fish culture provided 1.16 million tons of high quality fish
products to Chinese people with an increase of 8.87 folds since 1990. Considering
the fast development of the overall inland aquaculture industry, this contribution is
in fact very significant.

In addition to the increased fish production, well-managed rice—fish culture
practices can also increase the productivity of rice. Usually, unit production of rice
from rice—fish culture can be increased by 5-15% (Wu 2000). With the present area
of 1.55 million ha of rice—fish culture, it is estimated that some additional 1 million
tons of rice are produced every year.

2.9.2 Effective System Producing Green and Organic
Rice and Aquatic Products

With the improvement of living standards of people, there is increasing demand for
food of better quality, particularly safety. There is growing concern over the quality
of rice and fish produced with extensive use of chemical fertilizers, pesticides, and
aqua-drugs in intensive fish culture and rice cultivation. Market demand for green
and organic foods is growing in China, which results in much higher price of green
and organic food products than ordinary ones.

With the recent trends of development of ecosystem of rice—fish culture and
good management practices of rice—fish culture, there is a tendency to minimize
the use of chemical fertilizers, pesticides, herbicides, and various therapeutics
in the production process. Ecosystem rice—fish culture has now become an
important source of green and organic rice, and aquatic products. While meet-
ing the demand of consumers, it also brings the farmers’ additional income
through much higher market value. This has become an effective incentive for
rice—fish farmers to shift to environmentally friendly ecosystem production
practices.
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2.9.3 Contribution to Environmental Integrity

Environmental sustainability is attracting increasing concern worldwide in the new
millennium. Development of rice—fish culture in China has contributed signifi-
cantly to the environmental integrity.

2.9.4 Minimizing Environment Impacts Through Least Use
of Chemicals and Drugs

Ordinary rice cultivation and intensive fish culture often involve use of a range of
chemicals and drugs for the control of diseases, pests/parasites, and weeds. The
use of large quantities of chemicals and drugs not only affect the quality of the
product, but also cause adverse impacts on the environment with residues added
to water and soil. Rice—fish culture creates a symbiotic system where fish play an
effective role in the control of pests and diseases of rice in the system. Experiments
and production practices have shown that incidence of rice diseases/pests is sig-
nificantly reduced in rice—fish culture systems (Table 2.2). The application of
pesticides can be lowered by 50% of that of modern high-input rice production;
sometimes, no pesticide application is required (Lu and Li 2006). Fish and other
aquatic animals also help in weed control of the system. For example, when 1 kg
of grass carp is produced in a rice field, about 80 kg of weed is consumed by fish
(Zeng and Wang 2006). As a result, the use of pesticides and herbicides is signifi-
cantly reduced in rice—fish culture system. Herbicide is only used before the
transplantation of rice and weeding throughout the rice growing period is not
necessary.

On the other hand, incidence of fish diseases is also considerably reduced
compared with other aquaculture systems, particularly in pond culture. This is
largely due the feature of the rice system.

Hence, the environment impacts involved in rice and fish production are minimal if
not zero, while producing high quality rice and fishery products. Hardly any other food
production system can be compared with rice—fish system in this regard.

Table 2.2 The effect of bio-control of rice pests and disease in rice—fish ecosystems

Rice plant  Naranga Moore parnara Rice leaf Rice leaf  Sheath
Rice treatment  hopper aenescens  guttata roller hopper rot (%)
Monoculture 237 534 20 11 839 37.7
Rice—fish 75 107 10 6 227 4.9

Unit: head/patch™' (number of pest in one testing patch) (Lu and Li 2006)
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2.9.5 Maximum Utilization of Production Inputs and Discharge
of Nutrients to the Environment

Sole rice plantation and intensive fish culture usually depend on use of large quan-
tity of fertilizers and feeds. The conversion efficiency in either rice system or fish
culture system is often far from satisfactory and results in high production costs.
Moreover, it increases the nutrient loading to natural water bodies when discharged,
which might result in algal blooms and seriously hamper the normal functions of
aquatic systems. The problem is even more serious than industrial pollution now in
China because control of nutrient discharge from rice cultivation and fish culture
practices is much more difficult than industrial pollution.

In the symbiotic system of rice—fish culture, on the other hand, living organisms
produced in the rice field through fertilization can be utilized by fish. This also sig-
nificantly reduces the need for supplementary feeding for fish. The fecal matter of
fish also serves as rich organic fertilizer for rice, which reduces the inorganic fertil-
izer needs for rice. With a fish production of 375 kg/ha in rice fields, the feces from
the fish are equivalent to a fertilization of 93.8 kg/ha of ammonium sulfate and
33.8 kg/ha of calcium superphosphate (Zeng and Wang 2006). The nitrogen-fixation
role in the system also increases the organic matter content, total nitrogen, and total
phosphorus in the soil by 15.6-38.5% (Lu and Li 2006).

Ultimately, whatever fertilizers or feeds used in the system are efficiently uti-
lized and converted into food production, and nutrients discharge to natural envi-
ronment is minimized. rice-fish culture system also reduces the emission of CH,
by nearly 30% compared to traditional rice farming (Lu and Li 2006).

Chinese government is implementing more stringent control of waste discharge
from various production systems, including aquaculture. Water quality standards
for effluent discharge are being established and will be implemented soon. In
future, rice-fish culture will, therefore, have a better advantage over intensive pond
fish culture in this regard.

2.9.6 Maximizing Water and Land Resource Use

Although China has a high volume of freshwater resources, per capita availability
of inland water is very low due to high population. As such, water conservation is
an important national policy in China towards sustainable development.

Both rice cultivation and fish culture are water dependent. Practice of rice-fish
culture maximizes the utilization of water resources because it saves water required
for fish production.

Similar to inland water resources, China is also a country with very low per
capita availability of arable land. As such, wise-use of arable land resources is one
of the key national development policies in the country. Currently, arable land is no
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longer permitted to be converted into fish ponds. Development of rice-fish culture
is, therefore, one of the few options for further expansion of aquaculture in China.
Through the rice—fish integration, particularly the concurrent farming system, utili-
zation of land resources is maximized.

2.10 Key Factors Contributing to the Success
of Rice-fish Culture

In the past three decades, rice-fish culture has witnessed fast development and cre-
ated significant socioeconomic benefits in China. Many factors have contributed to
this development. The followings are among the most important ones.

2.10.1 Cultural and Socioeconomic Basis

Cultural and socioeconomic factors associated with rice cultivation and fish farm-
ing are important aspects to be considered in rice-fish culture. China has a long
history of both rice cultivation and fish culture. Lands producing both rice and
fish were considered as a paradise on the earth in the ancient times. Even in the
present day, both rice and fish remain as important food items to ordinary Chinese
people. China has a vast area under rice cultivation which is suitable for rice-fish
culture, and there are abundant low cost manpower resources in rural areas. The
market demand for fish products is increasing with the improvement of people’s
living standards. All these form solid cultural and socioeconomic basis for devel-
opment of rice field fish culture in China.

2.10.2 Changing Social and Economic Environment

Development of production sectors is generally related to the social and economic
environmental changes, which often raise new requirements/demands for changes
in production sectors. During the past three decades, China has passed through a
number of important development stages. The social needs in each development
stage have positively stimulated development of rice—fish culture in China.

China started its economic reforms in early 1980s. The government’s priority at
that time was to boost the production of major food products, particularly animal
food products, to meet the increasing demand. Fish products are among the most
important animal foods of traditional significance in China and fish supply from
capture fisheries encountered a stagnant production commencing in the early
1980s. Rice—fish culture production system was promoted by the government as an
important means to increase fish production, especially for increasing the supply of
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fish to rural areas. This stimulated a rapid development of rice—fish culture from
early 1980s to early 1990s.

Since mid 1990s, China has been successful in addressing issues of food supply
for the people. Fisheries products generally meet the demand of the consumers. The
Chinese government then faced another challenging task of increasing income and
improving the livelihood of its huge rural population effectively. The advantages of
rice—fish culture over the traditional crop farming have made it one of the priority
choices of government at different levels for increasing rural farmer income. As
improvement of economic efficiency of rice—fish culture was also a major focus,
many new rice—fish models with high valued species were developed and dissemi-
nated widely.

In the new millennium, environment integrity in development and food safety have
become pressing issues attracting increasing concerns worldwide. With regard to
environmental integrity and food safety, rice—fish culture system has an additional
advantage for further development. Refinement of technology and management prac-
tices of rice—fish culture has been promoted to meet the requirement of producing
green and organic food through a more holistic development approach and ecosystem
production system. Hence, rice-fish culture system in China was successful in grasp-
ing the opportunity and responding positively to such demand by restructuring and
refining the production system essentially driven by emerging external needs.

2.10.3 Changing of People’s Perception

Transformation of simple, traditional rice—fish culture practice into modern rice—
fish culture system often brings about difficulties to traditional rice—fish farmers
at initial stages due to their traditional ways of thinking. It was, therefore, impor-
tant to change their perceptions toward modern technology in order to enable the
rural rice farmers to understand the principles and benefits of new production
systems and practices. Such changes can only be done through good demonstra-
tion of the advantages of the new and advanced systems/practices and other
knowledge and information sharing mechanisms. This process must be facilitated
by the public service systems supported by the government.

2.10.4 Favorable Government Policy Steering and Public
Support

For most developing countries, any social, economic, and industrial changes need
strong government policy steering, especially for a large country with diversified
social and environmental conditions. It is the responsibility of the government to
develop favorable policies to support and encourage the sector to make needed
changes and to meet the new/emerging requirements of a changing society. Such



36 M. Weimin

policies should be developed and implemented at different levels of government
and public institutions.

The success of rice—fish culture development is largely because the Chinese
government developed appropriate policies and strategies to promote the develop-
ment. Most importantly, such policies have been effectively implemented at the
grass-root level.

In developing countries, rural development is often associated with large number
of small scale producers, often family-owned and operated. Strong public support
is, therefore, needed to facilitate the development and upgradation of a food pro-
duction sector or systems. Successful development of rice—fish culture in China has
greatly benefited from such support.

The public support, which has facilitated the successful development of rice—
fish culture, includes the followings. Many government-supported research and
extension institutions have endeavored in development and demonstration of new
rice—fish culture models and related management practices, which can lead to better
economic efficiency and environment benefits. Capacity building for promoting
good rice—fish practices has been supported by technical training of extension
workers at different levels and farmers in most provinces where rice—fish culture
has achieved significant development. Government-supported large scale technol-
ogy dissemination programs have played a major role in the development process.
Such programs usually involve not only technical support, but often provided finan-
cial support, particularly for improvement of infrastructure and production facili-
ties. Public support in facilitating the marketing of the rice—fish farmers has also
contributed to the success significantly. It is vitally important to enable the farmers
easily market their fish products from rice as it is often much more difficult than
dealing with crops and it is much needed for rice—fish production developed to a
commercial scale. Public marketing facilities and other related infrastructure have
been established as one of the measures to support the rice-farmer in China.
Establishing the physical infrastructure and facilities for fish marketing with gov-
ernment funding support not only benefited the rice—fish farmer, but also generated
revenue to local government for other public welfare organizations.

2.11 Way Forward

2.11.1 Potential for Further Development

2.11.1.1 Further Expansion of Culture

China is the largest rice producer in the world and there are some 25 million ha rice
fields in the country. About 10 million ha of rice fields are considered suitable for
fish culture (Meng and Wu 2002). Currently, only 15% of the area is used for rice-
fish culture, and therefore, there is a great potential for further expansion of rice-
fish culture.
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(a) Improvement in Production Efficiency

There has been a significant progress in production efficiency improvement in the
past decades. Nevertheless, the range in the unit production level is still relatively
high across the country presently. With the average national fish yield of 781 kg/ha
from rice fields in 2007, on average, the highest unit production reached 2,466 kg/ha
in Shanghai Municipality directly under the central government (MDUCG). In con-
trast, the lowest average unit production from rice-fish culture was 160 kg/ha in
Chongging MDUCG. Such large differences in unit production in rice-fish culture are
largely caused by the difference in technical and managerial practices, though it may
also be influenced by environmental differences to some extent. Therefore, there is
tremendous potential to raise the production efficiency through the dissemination of
modern culture techniques and advanced management practices.

2.11.1.2 Scaling Up the Production of Green and Organic Food

Currently, production of green and organic rice and fish products through environ-
mentally friendly rice—fish culture practice is still in the early stage in China.
Practice of environmentally friendly rice—fish culture requires more technical
inputs and careful management practices. As the educational level of majority of
rice—fish farmer is rather low, greater efforts should be made to conduct awareness
programs for the farmers about the practice of environmentally friendly rice—fish
culture and the potential benefit of such kinds of practices. Further expansion of
environmentally friendly rice—fish culture will bring the rice—fish farmers greater
economic benefits, and will contribute more to the food safety and environmental
sustainability.

(a) Challenges to Scaling Up and the Coping Strategies

Although potential of further development of rice—fish culture is great in China, full
realization of the development potential is dependent on how the following chal-
lenges are addressed effectively.

(b) Environment Constraints

China has enjoyed fast economic development in the past three decades, which has
greatly improved the living standards of Chinese people. At the same time, the rapid
economic development has been achieved at an environmental cost to a certain extent,
such as resource overexploitation and environmental degradation. Water scarcity and
quality issues are quite serious in some areas of the country. Although major actions
have been taken by the government at different levels in China to address these
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environmental issues, significant improvement to environmental quality is a rather
slow process. Good quality water supply can be a key constraint to further develop-
ment of rice—fish culture in certain areas of the country as ecosystem of rice—fish
culture is more dependent on the supply of good quality water. Concerted efforts are,
therefore, needed to restore and improve environmental quality.

(c) Improvement of the Public Service for the Small Farmers

Rice—fish farming involves large number of small scale farmers. Traditional rice
farmers often have limited knowledge about rice—fish culture. Strong technical sup-
port services are, therefore, required for further expansion of rice—fish culture and
upgrading of present practices. In the restructuring of local government and public
service institutions, less number of technical staff supported by local government is
maintained at grass-root level resulting in high workloads of such personnel. As
such, the extension mechanisms are still rather inefficient in upgrading and scaling
up rice—fish culture production.

On the other hand, economic return to farmers from rice—fish production is highly
dependent on market changes. Small scale rice—fish farmers have poor access to
reliable timely market information, which often results in difficulty to market the
products at reasonable market prices and profit margins. In a market-oriented eco-
nomic system, predicting market trends and guiding rice—fish farmers based on these
predictions are other challenges to the public service institutions.

It is, therefore, time to establish public market study and information distribution
systems for small-scale farmers. Promotion of farmers’ associations at different
levels is apparently an effective approach to assist individual farmers in addressing
marketing problems. Government facilitation and sharing of successful experiences
across the regions and sectors are very important.

(d) Leading Rice—fish Farmers Towards Ecosystem Practices

Environmentally friendly ecosystem rice—fish culture practices have not been
widely adopted among rice—fish farmers due to the limited knowledge and manage-
ment skills of the majority of rice—fish farmers. Some farmers are more influenced
by short-term benefits. Empowerment of farmers with required knowledge and
skills for shifting from traditional rice—fish practices to more ecosystem rice—fish
culture is a major challenge.

It is very important to establish a conducive climate for socially and environmen-
tally holistic development approach through public advocacy. In addition to demon-
stration of good practices of rice—fish culture and sharing of successful lessons
among farmers and across regions, market forces should be used to drive small scale
rice—fish and rice farmers towards better practices of ecosystem rice—fish culture
practices. The production of organic rice and fish should be encouraged in rice—fish
systems, which would add economic value to the system and also raise farmer
income (Lu and Li 2006). A scheme of certification and eco-labeling for green and
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organic fish products and rice, and development of the market demands will be help-
ful to lead rice—fish farmers towards adopting ecosystem practices.

2.12 Regional Perspectives

Asia is the most important area of rice and fish production. Both rice and fish products
play an extremely important role in food security and livelihoods of rural populations
in the region as a whole. The rice-fish culture systems, therefore, have a great potential
in rural development in the region. With some 140 million ha rice fields (nearly 90% of
the world total), the potential of rice-fish culture development is immense.

Rice-fish culture has been practiced in many countries in Asia. Nile tilapia seed
is produced in rice fields in Bangladesh (Barman and Little 2006). Performance of
common carp, C. carpio L. and Nile tilapia, O. niloticus (L.) in integrated rice—fish
culture was also assessed in Bangladesh (Frei et al. 2007) and found that carp/
tilapia mixed culture with supplementary feeding would maximize the output from
rice—fish culture. In India, 0.23 million ha of rice fields out of a total of 20 million
ha are considered to be suitable for the adoption of rice—fish integration systems
(Mohanty and Mishra 2003). In northeast Thailand, the major species stocked in
rice fields are the silver barb (Puntius gonionotus = Barbonymus gonionotus), com-
mon carp, and Nile tilapia (Little et al. 1996). In addition, rice-fish culture is also
practiced in other Asian countries, such as Cambodia, Myanmar, Indonesia, and the
Philippines. However, rice-fish culture has not received sufficient attention of gov-
ernments and the public in most Asian countries. In general, the production scope
is relatively small and the production efficiency is rather low and is often limited
by the lack of constant supply of fish seed and impacted by the use of pesticides.

The favorable climatic conditions in many Asian countries for rice—fish culture
also indicate a high potential for rice—fish culture development. Establishing a regu-
lar supply of fish seed and introducing ridge-plot-trench systems might enable the
rice—fish farmers in the region to improve production efficiency. Efforts should be
made by the public sector and NGOs to demonstrate the advanced rice-fish culture
systems, models, and environmentally friendly management practices to the rice
farmers. New species of aquatic animals of high value having better adaptability to
rice cultivation conditions should be introduced to improve the economic returns to
farmers. In conclusion, with the abundant natural and human resources facilitated
with appropriate strategies, rice-fish culture will have a bright future to make greater
contribution to rural development in the region.
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Chapter 3

Shrimp Farmers in India: Empowering
Small-Scale Farmers through a Cluster-Based
Approach

N.R. Umesh, A.B. Chandra Mohan, G. Ravibabu, P.A. Padiyar, M.]J. Phillips,
C.V. Mohan, and B. Vishnu Bhat

Abstract The great bulk of shrimp farming in India, as in most of Asia, as well as
that of aquaculture in general in the region, is based on small scale farming activi-
ties, and in this regard, is no exception to other primary sector activities. The work
on the development of better management practices (BMPs) on the shrimp culture
sector commenced with the recognition of the need to place the sector on a firmer
footing, while combating the problems of frequent disease occurrences, and to
ensure its long term sustainability. The process commenced with the organization
of small scale farmers into groups — clusters and/or aquaclubs — grouping farmers
in a given area, drawing on common resources such as a common water supply
channel, and inducing the farmers to act collectively rather than individually to
the betterment and benefits of all. Such clusters and/or aquaclubs were later trans-
formed into Societies with a legal standing, with the establishment of the National
Center for Sustainable Aquaculture in 2007, with a purview to monitor society
functioning and dissemination of technical know-how to other areas. The outcomes
include improved shrimp yields, less impact on the environment, improved prod-
uct quality, and better relations among players in the market chain. In short, the
society formation and/or organization of small scale farmers into groups facilitated
the adoption and implementation of the BMPs providing benefits to the farmers,
environment, and society. As a result of the cluster approach, and hence, adoption
of BMPs, shrimp production has increased from 4 tons in 2002 to 870 tons in 2006.
Implementation of simple, science-based farm level plans (e.g., BMPs) and adop-
tion of cluster farming through the participatory concept reduced disease risks in
cluster farms significantly, for example, in the demonstration farms, it was reduced
from 82% in 2003 to 17% in 2006. Economically, for every Rs. 1,000 (US$ 25)
invested by a farmer, around Rs. 520 (US$ 13) was earned as net profit in 2006.
This was a substantial increase compared to the Rs. 250 (US$ 6) profit made by
nondemonstration farmers during the same period.
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The organization of small scale shrimp farmers in India has (a) empowered
small-scale farmers, (b) increased stakeholder interaction and involvement within
the clusters, and (c) is an ideal model for small scale farmers to meet market
requirements, a model accepted by many Asian countries and being increasingly
adopted. The model is of a self propagating nature, and most of all, has contributed
to the sustainability of shrimp farming in India, and indeed, in the region. Needless
to say, this example drawn from India best exemplifies how small scale shrimp
farmers could remain economically viable and are able to comply to the increasing
demands of sophisticated markets, and most of all, achieve sustainability.

Abbreviations

CAA Coastal Aquaculture Authority

MPEDA The Marine Products Export Development Authority
NACA Network of Aquaculture Centres in Asia Pacific
NaCSA National Centre for Sustainable Aquaculture

NATURLAND  Association for Organic Agriculture was founded in 1982 with
its headquarters in Graefelfing, near Munich, Germany
SIPPO Swiss Import Promotion Programme

3.1 Introduction'

The Network of Aquaculture of Centers in Asia Pacific (NACA), in collaboration
with the Marine Products Export Development Authority (MPEDA), Government
of India, conceived and implemented a project for “Shrimp disease control and

!Definitions used in this presentation are as follows:

o Better management practices (BMP): Management practices aimed at improving the quantity,
safety, and quality of products taking into consideration animal health and welfare, food safety,
and environmental and socio-economic sustainability. BMPs are management practices, and
implementation is generally voluntary; they are not a standard for certification. The term “better”
is preferred rather than “best” because aquaculture practices are dynamic and continuously
improving (today’s “best” is tomorrow’s “norm”).

o Cluster: Cluster is a group of farmers whose shrimp ponds are situated in a specified geographical
locality; commonly all ponds are dependent on the same water source.

o Agquaclub: Aquaclub is a term used in India to describe an informal group of farmers cooperating
with each other on various aspects of management in the cluster.

o Society: Society is a term used in India to describe a formal (legal) registered group of (20-75)
aqua farmers in a farming locality. Societies are setup according to a model established by the
Indian government, and they are legally registered by the Ministry of Revenue and subject to
annual audits by government officials to verify accounts and ensure a democratic and transparent
management.



3 Shrimp Farmers in India: Empowering Small-Scale Farmers 43

coastal management” to address disease and environmental problems in the shrimp
industry in India, and ensure that small shrimp farmers of India meet high standards
for biosecurity, food safety, and environmental protection. The project aimed to
address capacity building in shrimp health and quality management at the grass-
roots level by organizing small scale farmers into aquaculture clusters.

The shrimp industry is a key sector in India’s economy because of its significant
contributions to export earnings and gainful employment. Given its vast natural
water resources, India has tremendous potential to excel in aquaculture. But in real-
ity, the country’s shrimp exports had stagnated since the late 90s. Problems began
a few years earlier with the outbreak of white spot disease (WSS). Later on, the
judgment by the highest court of India on shrimp aquaculture also impacted its
advancement. In response, to address the rising concerns about the sustainability
of the sector, in the year 2000, the MPEDA with the technical assistance of NACA
initiated the aforementioned project. The project started in 2001 with a large-scale
epidemiological study aimed at identifying the risk factors for key shrimp diseases
and developing and disseminating better management practices (BMPs) to minimize
farm-level risk factors for disease outbreaks and address more broadly shrimp farm-
ing sustainability.

The project has since been institutionalized to organize small shrimp farmers
and build capacity at grassroots level in India, and provides a strong basis for future
progress, as well as an example for other countries in addressing some of the spe-
cial problems and concerns facing small scale aquaculture farmers.

3.2 The Shrimp Industry in India

The development of more commercial hatcheries, coupled with credit facilities
from commercial banks and technical and financial assistance programs from
MPEDA, led to a phenomenal increase in the area under shrimp farming between
1990 and 1994. The tiger prawn, Penaeus monodon indigenous to the region, was
the main species cultured. In the states of Andhra Pradesh and Tamil Nadu, a large
number of commercial integrated shrimp farming units with foreign collaboration
also emerged adopting “scientific” culture systems with facilities for production of
shrimp seed, shrimp feed, and processing. But this trend did not continue for long
as the large scale corporate shrimp farms failed to make profits, and consequently,
shrimp farming became more or less a small farmer activity. Presently, coastal
aquaculture in India is synonymous with shrimp aquaculture and mainly carried out
by small scale farmers. Shrimp farming in India involves three categories of farm-
ers/entrepreneurs, i.e., small and medium farmers, middle-level entrepreneurs, and
big entrepreneurs. The farming of shrimp is largely dependent on small holdings of
less than 2 ha; these farms account for 90% of the total area utilized for shrimp
culture, 7% of farms are between 2 and 5 ha and the remainder has an area of
greater than 5 ha (Jayaraman 1998; MPEDA 2008). The small scale farmers were
unorganized and most of the farmers did not have access to technological innovations
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Fig. 3.1 The value chain for farmed shrimp (source MPEDA, 2008)

and scientific applications. They contribute around 80% to the total shrimp production,
but were poorly served. Small-scale farmers are innovative and productive, but
because of poor organization, lack of skills, inadequate information, and knowledge
base, they are vulnerable to the numerous risks and hazards that impact their liveli-
hoods, farm productivity, and competitiveness.

Shrimp farms are operated using both leased out government/private lands and
landowner-operated shrimp farms. A credit system functioned throughout the sec-
tor, operated and controlled primarily by intermediaries. Intermediaries also acted
as input suppliers and providers of credit at each stage in the supply chain, and were
also involved in buying back the harvested shrimp. On average, farmers end up
paying a whopping 30% interest on the loans from the intermediaries that affect the
profitability of their operations.

At present, about 283 shrimp hatcheries operate in the country providing a total
production capacity of 1,254 billion PL/year. Farmed shrimp production increased
from 40,000 tons in 1991-1992 to 143,170 tons from a 140,000 ha farming area,
and another 42,820 tons of scampi (the giant freshwater prawn, Macrobrachium
rosenbergii) from a 4,300 ha area during 20062007, generating about Rs. 40,790
million in export sales equivalent to US $ 0.8 billion (MPEDA 2008). The value
chains associated with the shrimp farming sector is shown in Fig. 3.1.

3.3 Background to MPEDA-NACA Project

In November 1994, the WSS, which is caused by a systemic ectodermal and meso-
dermal Baculovirus, led to extensive damage to shrimp culture in India (as else-
where in Asia), and continued its devastation in 1995 and early 1996 throughout the
west and east coasts of India. Both P. monodon and P. indicus in extensive,
improved extensive, and semi-intensive farms, irrespective of the source of water
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for culture, were affected by the disease and the total loss was estimated to be about
Indian rupees 6,000 million (Vijayakumaran 1998). With improved biosecurity
measures, the severity of the WSS syndrome has since decreased in India and
shrimp farming was limping back to normalcy until a court order issued by the
Supreme Court of India in December 1996 suspended coastal aquaculture within
500 m from the high tide level in coastal regulation zone. This decree also led to
the establishment of an Authority to regulate the development of coastal farms and
farming practices. Subsequently, the Government of India enacted the Coastal
Aquaculture Authority (CAA) Act, 2005, enabling the establishment of the CAA
for enforcing proper regulatory measures for coastal aquaculture in a more sustain-
able and eco-friendly manner. The Act encompasses all forms of aquaculture in
saline or brackish waters in the coastal areas, but excludes freshwater aquaculture.

While analyzing the issues concerned with small farmers, it was amply clear that
the majority of the shrimp farmers neither had the skills to adopt scientific norms,
nor access to useful technical information essential for shrimp farming. The aware-
ness levels of farmers were inadequate and neither the Government nor the farmers
were geared to meet the challenges that were posed by issues, such as pollution,
viral diseases, and traceability and food safety concerns. The availability of techni-
cal personnel in the fisheries departments in the respective states to support the vital
extension functions at the grassroots level were inadequate, resulting in poor trans-
fer of technology, lack of coordination with other departments, and poor research
linkages. With the conventional top-down approaches showing limited success in
extension services, there was a need to promote the bottom-up participatory
approach with effective coordination and convergence at the appropriate levels.

In order to address the rising concerns about disease and sustainability of the
sector, in the year 2000, the MPEDA with the technical assistance of NACA initi-
ated a project on “Shrimp disease control and coastal management.”

3.3.1 Key Steps Adopted in the Project (also see Fig. 3.2)

e 2000: A baseline study of the major diseases affecting the shrimp aquaculture
operations.

e 200I: Longitudinal epidemiological study in 365 ponds in Andhra Pradesh to
identify major risk factors associated with WSS and low productivity in P.
monodon culture ponds.

e 2002: Development of farm level contextualized BMPs to address the identified
risk factors. Pilot testing of BMPs in selected farms.

e 2003: Development and testing of the concept of cluster farming for effective
BMP adoption among farmers in a cluster.

e 2004: Expansion of BMP promotion to a large number of clusters. Extension of
some of the BMPs to downstream activities such as hatcheries.

e 2005: Review and refinement of BMPs and production of BMP extension leaf-
lets for each stage of the culture operation.
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Fig. 3.2 MPEDA/NACA Project development since 2000. The figure indicates the adoption of
the strategies by different states and increasing number of farmer groups (A — Andhra Pradesh,
G — Gujarat, K — Karnataka, O — Orissa, T — Tamil Nadu)

e 2006: Expansion of the BMP program to clusters in five different states.
Conceptualization of an institutional framework for sustaining the cluster
approach as aquaculture societies for sustainable aquaculture.

e 2007: Establishment and inauguration of National Center for Sustainable
Aquaculture (NaCSA) to carry forward the MPEDA/NACA project activities.

3.3.2 Risk Factor Study (2000-2001)

Following the base line survey and study of the major diseases that were affecting
shrimp farming operations and also with some preliminary consultations with farm-
ing communities and other stakeholder groups, a detailed longitudinal epidemio-
logical study was conducted on shrimp disease problems during 2001. The study
involved 365 ponds in West Godavari and Nellore districts of Andhra Pradesh state,
and used an epidemiological approach to better understand the key risk factors
contributing to shrimp disease outbreaks and low pond production, with an empha-
sis on the economically impacting “WSS.” The findings from the risk factor study
and management practices to address the problems have been published into a
“Shrimp Health Management Extension Manual” (MPEDA/NACA 2003).
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3.3.3 Development of BMPs Based on International Principles
Jor Responsible Shrimp Farming

The outcomes provided a better understanding of the risk factors for WSS outbreaks,
and those causing unusually low pond productivity. Toward the end of 2001, results
were discussed widely with farmers and other agencies in Andhra Pradesh, and
some consensus was reached on the study findings and their practical application
to improve performance of shrimp farming systems of Andhra Pradesh. Risk factors
significantly associated with disease outbreaks and low pond productivity were
then used to develop locally relevant management strategies BMPs to reduce the
identified risks.

The MPEDA/NACA project in India has also provided a good example of trans-
lating the International Principles (FAO/NACA/UNEP/WB/WWF 2006) for
responsible shrimp farming into BMPs adapted to local farming conditions, and
ensuring their easy implementation by relevant stakeholders. The findings from
these projects provide evidence of the advantages of small farmers being organized
(into aquaclubs or societies), sharing resources, helping each other, and adopting
BMPs. The outcomes include improved shrimp yields, less impact on the environ-
ment, improved product quality, and better relations among players in the market
chain. In short, the implementation of the BMPs has provided benefits to the farm-
ers, environment, and society (Mohan et al. 2008).

In order to enhance BMP uptake and promote adoption in different coastal states
of India, BMP brochures on ten key thematic areas were developed in English and
translated into the five regional languages of the respective states. For each of the
thematic areas, the illustrated brochures describe the field procedures in 15 simple
steps in the local language. The BMP dissemination was principally through weekly
farmer meetings, society coordinators, and regular pond visits by the NaCSA staff.

The key BMPs developed and implemented in the project are:

1. Good pond/water preparation: The soil should be checked for the presence of
black layer and should be removed from the pond. Water should be screened at
the water inlet point to avoid entry of virus carrying fish and crustaceans, which
may be predator or competitor for shrimp. Water depth of at least 80 cm should
be maintained in the pond.

2. Good quality seed selection: Seed is best purchased through contract hatchery
seed procurement system where all the group farmers purchase quality seed for
whole group.

3. Water quality management: Basic water quality parameters like dissolved oxy-
gen, pH, and alkalinity must be maintained at optimum level. Water exchanges
only when felt necessary and during critical periods.

4. Feed management: Efficient use of feed. Demand feeding using check trays and
feeding across the pond using boat/floating device. FCR must be kept below 1:1.5.

5. Pond bottom monitoring: The pond bottom soil should be monitored on weekly
basis, especially at the feeding area or trench for black soil, benthic algae, and
bad smell, and corrective actions should be taken.
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6. Health monitoring/biosecurity: No draining or abandoning of disease affected
stocks. Farmer groups are encouraged to discuss common actions that can be taken
during disease outbreaks to avoid spreading of disease from one farm to another.

7. Food safety: No use of any harmful/banned chemicals like pesticides and
antibiotics.

8. Better harvest and post-harvest practices: Quick harvesting, chill killing of
harvested shrimp, and quick transport to processing plant.

9. Record maintenance/traceability: Maintenance of hatchery/pond management
record book by hatcheries and farms to identify problems in the tank/pond envi-
ronment, and to rectify these problems at the earliest during the production
cycle. This is also required for traceability purpose.

10. Environmental awareness: Improved environmental awareness about man-
groves, pollution, and waste management among farmers.

3.4 Implementation of BMPs and Evolution of the Group
Approach

3.4.1 Pilot Testing of BMPs at Farm Level (2002)

In 2002, demonstrations were conducted in five selected private farms, involving ten
ponds, in three villages in West Godavari and Nellore districts of Andhra Pradesh on
the east coast of India. NACA and MPEDA provided technical assistance to demon-
stration farmers for on-farm testing of BMPs, and supported monitoring and evalua-
tion to understand benefits and constraints. The demonstrations were also used more
widely to disseminate information on risk management strategies to farmers.
Although the adoption of BMPs did not completely eliminate shrimp disease prob-
lems, the outcomes as judged by participating farmers and the MPEDA/NACA study
team were very promising. Adoption of pond level risk management practices led to
improvements in both profits and productivity. In demonstration farms, returns
shifted from a loss in 80% of ponds in 2001 to a profit in 80% of ponds in 2002.
During district level workshops in November 2002, with over 470 farmer participants
from Nellore and Bhimavaram, farmers responded positively to the findings, and
requested urgent support for more demonstration activities and initiatives to extend
the concept of BMPs to the wider farming community.

3.4.2 Promotion of BMPs at Group Level (2003)

In 2003, MPEDA and NACA responded positively to farmer requests and sup-
ported an extension of the project for further demonstrations in one farmer group
in a village of West Godavari District of Andhra Pradesh. The objective was to
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promote adoption of BMPs across a wider number of farmers to create a visible and
quantifiable impact on the village community through organization of a “self-help
group” (aquaclub) to collectively address common shrimp health and farm manage-
ment problems using a participatory approach (collective planning, decision mak-
ing, and implement crop activities).

The core NACA/MPEDA team lived in the village during the early part of 2003,
promoting adoption of BMPs, supporting farmers to establish the Aquaclub, facili-
tated weekly farmer meetings, and organized “service provider — farmer” contacts
and exchange of information, thereby trying to build up mutual trust among these
parties. At the same time, the team established a monitoring program and at the end
of the 2003 crop, evaluated with farmers the outcomes of the village demonstration
to better understand the benefits and constraints to adopting better health manage-
ment practices.

3.5 Promotion of BMPs at the Cluster Level and Expansion
of the Program (2004-2006)

Following the success of BMP promotion at the group level, the program moved
one step higher and promoted BMP adoption among clusters along a creek (their
shared water source). In 2004, 130 farmers with 254 ponds were assisted to orga-
nize into seven aquaclubs/clusters in Andhra Pradesh and BMPs were promoted
at the level of clusters (MPEDA-NACA 2005). The results of all of the above are
best illustrated schematically when the number of farmers adopting BMPs
increased almost exponentially within half a decade, and the individual profits
obtained increased significantly (Fig. 3.2). Most of all, the farmer clusters have
become sustainable and the livelihoods of small scale farmers that were in jeop-
ardy previously have been ensured by scaling up and institutionalization of the
program.

The MPEDA-NACA project was very successful, and the enthusiasm of the
farmers involved in the project motivated MPEDA to expand this mechanism for
capacity building in shrimp health and quality management at the grassroots level
by organizing small scale farmers into Aquaclubs and clusters. MPEDA invested in
a separate Technical Service Agency called the NaCSA under the administrative
control of MPEDA. NaCSA has become operational since April 2007, and is func-
tioning as an outreach organization of MPEDA primarily to cater to the extension
needs of small scale aqua farmers. The primary objective of NaCSA is to support
development of sustainable aquaculture in India through efforts primarily aimed at
empowering the marginalized and poorest of the poor in the aquaculture sector,
besides disseminating technologies and information on better practices, sustainable
and judicious utilization of the resources, use of science in day to day activities,
marketing of the produce, etc., for the benefit of the shrimp farmers and sustain-
ability of the shrimp sector in the country (Fig. 3.3).
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SUSTAINABLE AQUACULTURE
THROUGH EMPOWERING
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Fig. 3.3 Schematic representation of NaCSA mission and programs

NaCSA continues to consolidate and expand the BMP implementation work
through the cluster concept initiated under the MPEDA-NACA program across the
country through a network of aquaculture societies.

In the preparation and institutionalization phase, the NaCSA facilitated the for-
mulation of a work plan by involving multistakeholders consultation in September
2007. The meeting was attended by over 35 delegates representing Indian Council
of Agriculture Research, state fisheries departments, farmers, farmer organizations,
hatcheries, processors, feed companies, professional organizations (SAP), PCR
laboratories, and NACA. From MPEDA, Chairman, Director, and senior officers
were present.

Now farmer groups are referred to as societies, which were called as aquaclubs
earlier. Societies are setup according to a model established by the Indian govern-
ment, and are registered by the Ministry of Revenue and subject to annual audits by
MPEDA to verify accounts and ensure a democratic and transparent management.
In a society, all the members register their farms with CAA and obtain a license.
Each society consists of 20—75 farmers with strict conditions for membership and
elected board members, and is a legal entity. The societies are also eligible for
availing financial assistance from MPEDA and other agencies for various activities
related to farming.

Intensive work in pilot clusters by project team members has led to the gaining
of expertise. Moving this knowledge beyond pilot clusters required scaling up
through human resources recruitment. NaCSA, accordingly, has recruited addi-
tional 20 field staff, training them and disseminating the project findings to more
farmers. Also developed were organizational structure and work mechanisms and
increased public awareness through various media and direct farmer meetings.
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Andhra Pradesh is taking the lead in society organization as most of the BMP
work was done in this state over the last 5 years. At present, NaCSA is working
with more than 150 aquaculture societies, and expected to promote BMPs in 500
societies within the next couple of years.

3.5.1 Why the Approach is Considered a Success

A number of factors are thought to have contributed to the success of the approach
adopted in the present exercise. Foremost among these are:

(a) Empowering small-scale farmers

(b) Ideal model for small scale farmers to meet market requirements

(c) Contributing to sustainability of shrimp farming

(d) Increased stakeholder interaction and involvement within the clusters
(e) Acceptance of the model by other NACA member countries

(f) Self propagating nature of the model

3.5.1.1 Empowering Small-Scale Farmers

Organized farmer groups (societies) are one of the key mechanisms for supporting
farmer empowerment. They have the potential for cooperative action, which can
change the position of the farmer in relation to the opportunity structures, and thus,
influence the business environment of the farming community. Moreover, small-scale
farmers can, through organization, gain the advantages of economy of scale in access-
ing services and markets, which are otherwise limited to large commercial farmers.
Farmer groups also improve information exchange and sharing among group mem-
bers. The small scale shrimp farmer groups of India are in a better position today to
gain these benefits compared to the situation when they were unorganized.

3.5.1.2 Society Management

Each society has its own guidelines and implements them. The societies are audited
every year by MPEDA for the implementation of guidelines and BMPs, so far 52
societies have been audited and found to be implementing BMPs. Societies which
fail to implement them would lose their society registration. Some features of the
registered societies are as follows:

* A society consists of 20-75 farmers and has a clear organization with strict
conditions for membership, and elected board members.

*  Membership to a society is purely on voluntary basis.

e In a society, all the members register their farms with the CAA.

e The members contribute an admission fee of Rs. 1,000 (US$ 25), and in addi-
tion, members have to pay 0.5% of their revenue to the society corpus fund.



52 N.R. Umesh et al.

e The optimum stocking density for each cluster is decided and abided by farmers/
members.

e Seed purchase is through contract hatcheries 45 days prior to stocking.

e All the cluster farmers stock at the same time (within 2 weeks period).

e Agreement by all society farmers for not using any antibiotics and no/reduced
chemical use.

Each of the farmer societies has one coordinator selected among its members or
from the community by society farmers with a prescribed minimum education
level. The society coordinator is trained in society management, BMPs, and exten-
sion techniques by NaCSA. The coordinator will be responsible for implementing
BMPs in societies, and act as link between society farmers and NaCSA. Each of the
NaCSA field managers will coordinate and manage the activities of ten such societies.
MPEDA’s society scheme provides partial financial assistance for farmers to
employ a society coordinator for the first 2 years. The working mechanisms of
NaCSA are schematically represented in Fig. 3.4.

To facilitate farmer involvement, ensure commitment, and inculcate confidence,
the previous MPEDA-NACA and NaCSA field staff stay closer to farmer societies
for the entire cropping season. Key farmers from other villages where MPEDA/
NACA, NaCSA had worked previously are invited to new villages to share their
experiences. Wherever possible, field visits are arranged for farmers to other villages
for first hand information exchange among farmers. A contract hatchery seed
procurement system is followed in registered societies. Farmers’ field days are
organized at the end of successful crop cycles in societies to spread the message of
success to more farmers.

Project Regional
Coordinator Coordinator
(Technical) (Management)

State
Coordinator

Field Field Field Field
Manager il Manager [l Manager il Manager [ Manager
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Fig. 3.4 NaCSA farmer society management plan
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3.5.1.3 Capacity Building

NaCSA has taken up an extensive awareness program through village level meet-
ings, which are key in educating farmers about market requirements and promoting
the benefits of implementing BMPs through organized societies. During 2007-
2008, a total of 251 village level meetings involving more than 5,000 farmers were
conducted. The concept of BMPs and its implementation through society formation
and the market requirement are explained in detail to all the farmers in a given area.
Small farmers who do not have any other alternative other than shrimp farming are
the ones who are keen to adopt BMPs through organized societies. In the process,
we are seeing an emergence of farmer leaders in each society who are willing to
work for the benefit of the group, many of them are voluntarily sparing their time
and resources. In a village, there will be some aquaculture producers who are soci-
ety members, while others are not members and prefer to keep conventional pro-
duction and marketing practices. However, this trend is changing with the societies
achieving better crop successes with reduced production costs, and having an
opportunity to market their produce at better prices. All these have induced more and
more farmers from a village to join either an existing society or form a new one.

There are 30 well-trained technical staff with NaCSA, besides 42 society coor-
dinators trained by NaCSA. Professional Fisheries Graduates are also being trained
in societies in various aspects of aquaculture, social, and environmental issues.
NaCSA is planning to expand the same in future involving all the fisheries colleges
in India.

3.5.2 Contributing to Sustainability of Shrimp Farming

For the aquaclubs/societies to be successful, they have to be economically and
environmentally sustainable besides being socially responsible.

3.5.2.1 Economic Sustainability

Economic sustainability in aquaclubs/societies is achieved through

* Reduced disease risks
* Reduced cost of production and increased profits
e Improved service provisions

3.5.2.2 Reduced Disease Risks

The project has made significant progress, increasing from five farmers who
adopted the cluster farm approach in 2002 to 730 farmers (813 ha) in 28 aquaclubs
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in five states (Andhra Pradesh, Karnataka, Orissa, Gujarat and Tamil Nadu) in 2006.
The production of BMP shrimp through the program has increased from 4 tons in
2002 to 870 tons in 2006. Implementation of simple, science-based farm level plans
(e.g. BMPs) and adoption of cluster farming through the participatory concept
reduced disease risks in cluster farms significantly. The prevalence of shrimp dis-
ease in the demonstration farms was reduced from 82% in 2003 to 17% in 2006
(Fig. 3.5), while in nondemonstration ponds, the reduction in disease prevalence
was limited during the same period.

In 2006, the program was run in five coastal states, namely, Andhra Pradesh,
Karnataka, Gujarat, Tamil Nadu, and Orissa. BMPs were promoted in 28 clusters
(aquaclubs) comprising 730 farmers with 1,370 ponds. Participation of farmers in
BMP implementation during 2006 included:

e 20 aquaclubs in Andhra Pradesh
e 3 aquaclubs in Tamil Nadu

e 2 aquaclubs in Orissa

e 2 aquaclubs in Gujarat

e 2 aquaclubs in Karnataka

Compared to surrounding nondemonstration ponds, the crop highlights included:

* 30% increase in production

* 8% increase in size of shrimp

* 30% improvement in survival

* 31% reduction in disease prevalence

* Disease risks are reduced mainly through good quality seed

Good quality disease free seed is purchased through a contract hatchery system in
which society farmers place bulk orders, 45-60 days in advance of the planned
stocking date. Through a consultative process, initially facilitated by NaCSA, a
mutual agreement is reached between selected hatcheries and societies. These
agreements include compliance on the use of BMPs in hatcheries and other terms
and conditions for production and procurement of quality seed (Padiyar 2005).
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Fig. 3.5 Comparison of the prevalence (%) of disease in BMP and non-BMP shrimp ponds
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e Same time stocking with optimum density
* Health management stress on prevention, rather than treatment
e Cooperation among farmers

3.5.2.3 Reduced Cost of Production and Increased Profit

Economic analysis of 2006 data clearly demonstrated that farmers adopting BMPs
have higher profitability, lower cost of production, and are able to produce quality
and traceable shrimp without using any banned chemicals. In the demonstration
ponds for every Rs. 1,000 (US$ 25) invested by a farmer, around Rs. 520 (US$ 13)
was earned as profit in 2006 (Fig. 3.6). This was a substantial increase compared to
the Rs. 250 (US$ 6) profit made by non-demonstration farmers during the same
period.

Prior to forming aquaclubs/societies, farmers never perceived in improving (e.g.,
de-silting the canal) the common water intake, but now with collective effort and
pooling of resources, this has not only been made possible, the members appreciate
the importance of regular de-silting to improve production. Now some farmers are
progressing toward getting electricity for the entire cluster, which otherwise would
have been beyond the means of individual farmers. Recognizing farmers’ interest,
Government is also coming forward to help the groups for development of infra-
structure facilities.

Key factors responsible for improved profit in BMP implemented farms are:

¢ Efficient use of resources (feed)

* Reduced chemical use

* Sharing of expenses (deepening of canals, seed testing, transport of inputs, labo-
ratory analysis, electricity, etc.)
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Fig. 3.6 Profit made by BMP (demo) and non-BMP farmers for every thousand rupees (US$ 25)
investment
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3.5.2.4 Facilitating Favorable Policy Decisions

The initiative has helped to create change towards policies that are more favorable
to the small scale shrimp farmer. The Ministry of Commerce and Industry has
approved a scheme for implementation through MPEDA on registration of
Aquaculture Societies for adoption of code of practices for sustainable shrimp
farming, with a total outlay of Rs. 25,000,000 (US$ 625,000) during the 10th and
11th plan period.

In the state of Andhra Pradesh, as soon as 100 societies were registered, all
the society farmers gave a representation to the Chief Minister of the state
requesting to intervene in helping small scale shrimp farmers with favorable
policy changes.

3.6 Environmental Sustainability

The program also led to reduction in other aquaculture-related risks. The environ-
mental risks were also reduced by the decrease in pollution resulting from efficient
use of resources (energy and feed), reduced use of chemicals, antibiotics, and lim-
ited discharge of sediment and water exchange. In addition, the following initiatives
have also been taken which will have positive environmental impacts.

3.6.1 Organic Project

The eco-friendly low density aquaculture practices of society farmers encouraged
MPEDA to implement the first Indian Organic Aquaculture Project, which is a col-
laborative project of MPEDA and the Swiss Import Promotion Program in two
aquaculture societies of Andhra Pradesh. MPEDA is providing financial assistance
for the farmers to meet part of certification and expenses toward organic feed. The
products will be certified by Naturland (www.naturland.com) against Naturland
organic standards, providing market access with premium price. NaCSA is coordi-
nating the implementation of the project in Andhra Pradesh.

3.6.2 Revival of Abandoned Ponds

Until mid-1990s, shrimp farmers earned good returns, but investments on technolo-
gies leading to good management practices were generally ignored. Consequently,
shrimp farming in many areas failed to withstand the impact of viral outbreak in
this period. As the situation failed to improve, a large number of farmers abandoned
shrimp farming. In Krishna District of Andhra Pradesh where 1/3 of the farming
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area developed was abandoned, NaCSA took up demonstration with the objective
of reviving the livelihoods of those farmers, in particular small scale farmers. Three
societies consisting of 63 farmers (84 ponds, 67 ha) agreed to follow the BMPs
starting with sourcing disease free seed through the contract hatchery system. After
110 days of successful culture, farmers started harvesting and none of the ponds of
the three societies were affected by disease. More than 50% of non-society ponds
were affected with WSS in this area during the last summer season, while 95% of
the BMP adopted ponds made good profits during the period. Seeing the success of
these societies, more and more neighboring farmers from abandoned areas are com-
ing forward to organize themselves into societies. Positive impact of this success
will be seen in coming crops as new societies implement BMPs and more societies
will be organized in Krishna District. This could pave the way for full-scale revival
of most of the abandoned ponds in Andhra Pradesh and an example for other parts
of the (Table 3.1).

3.6.3 Social Responsibility

The social impacts of group farming include reduction in risks to livelihoods and
improved awareness of biosecurity and environment integrity among cluster farmers.
The key indicators of increased social responsibility among cluster farmers are:

e Regular information sharing among farmers during weekly meetings.

» Cooperation in selecting/testing and buying seed through contract hatchery seed
production systems.

e All farmers in a cluster stocking at the same period, thereby avoiding continuous
stocking and harvest.

e Reduced contamination when there is a disease outbreak due to information
sharing among cluster farmers followed up with immediate remedial actions.

* Increased cooperation in sharing common facilities-deepening inlets, drains, etc.

Table 3.1 Details of farmer Societie organized to date (2008)

Organized No.

State societies farmers Area (ha)
Andhra Pradesh 121 2,492 2,697
Tamil Nadu 22 665 1,270
Karnataka 05 120 197
Orissa 03 49 55
Gujarat 02 53 38

Total 153 3,379 4,257
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3.7 Opportunities to Comply (for Small Scale Farmers)
with Market Requirements

Over the years, the approach to quality management has assumed greater signifi-
cance and importance in the seafood sector worldwide, both in production and
supply chains. New trends are emerging in production and marketing, such as
traceability, eco-labeling, and certification. For farmers and producers in develop-
ing countries, supplying goods for national and international markets can present
a life-changing opportunity. Retailer demand is there especially for products with
ethical and green credentials. The difficulty lies in meeting those retailer needs
and identifying the right products where developing country producers often lack
the skills to deal with the high demands of the export markets and access to capi-
tal and business expertise. These factors collectively present a formidable barrier
in entry to sophisticated markets. At the other end of the supply chain, retailers
often lack the ability to be able to reliably source quality products that are
required.

Farmer societies provide a good opportunity to link up with retailers following
the existing controls that ensure that basic requirements of markets, including
social and environmental responsibility and food safety, are in place.

e Traceability back to shrimp farms and hatcheries through proper record keeping
and use of GIS maps.

e Legally registered farms — in India all shrimp farmers are registered by the CAA.

e Societies follow BMPs to control the hygiene and safety of shrimp produced by
registered farmers.

e Society produced shrimp are safe — no use of antibiotics at any stage in society
farms.

o Existing societies organized following the model of the Indian government and
controlled by government officers, which have a high degree of compliance with
fair-trade requirements in terms of democracy and transparency.

e Members of societies are familiar with export requirements.

3.8 Adoption of the Model by Other NACA Member Countries

Although BMPs are often simple farm level plans to prepare for and respond to
disease, their systematic adoption by farming communities and countries to manage
shrimp health problems and achieve widespread sustainable shrimp production has
a relatively recent history. The MPEDA/NACA project has the distinction of being
the first program moving in this direction in the region. Since then, this approach
towards sustainability has been adopted by several countries, and it is expected to
spread to many other countries in the Asian region and be suitably modified and
adopted for other cultured commodities such as marine fin fish.
The following are the examples of positive uptake in countries in the region.
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Vietnam has used the “International Principles” to adapt legislation and develop
its national program toward better management of shrimp farming. In addition to
supporting the development of the International Principles for Responsible Shrimp
Farming, projects were initiated to translate the principles into practices, which
targeted better production, product quality, and environmental and socio-economic
sustainability. Among the government’s initiatives to promote a more sustainable
development of the sector was the project that supported coastal aquaculture, which
demonstrated the private and social benefits of adopting BMPs. In 2003, NACA
and the Ministry of Fisheries (MOFI; currently designated as Ministry of Agriculture
and Rural Development — MARD) with the support of the DANIDA-funded
Fisheries Sector Program Support (FSPS) began implementing a project to support
the promotion of responsible shrimp farming at all levels and for all links in the
production chain.

BMPs were developed for broodstock traders, hatcheries, seed traders, and farmers.
Focus was given to the development of simple and practical BMPs, which addressed
the needs of less resourced small-scale farmers. Ten sets of extension material were
developed and disseminated in close collaboration with the MARD. The tangible
outcomes include the following:

e Implementation of BMP for hatcheries was supported in six hatcheries and
resulted in seed production up to 1.5 times higher and a price per unit seed of
about 30—40% higher than non-BMP seed.

¢ BMP implementation was also supported in seven pilot farming communities
(655 direct beneficiaries). Implementation led to a remarkably lower risk of
mortality, higher production, and higher probability of making a profit.

* Farming communes that introduced seed testing increased their chances of mak-
ing a profit of over 7 times.

e BMP application led to average yields that were sometimes more than 4 times
higher than in farms where BMPs had not been adopted.

e The project BMPs were also incorporated into the draft standards for the produc-
tion of organic seed.

* The project also strengthened the institutions involved with seed health manage-
ment by conducting training courses and supporting the development of national
and provincial-level legal documents to improve the process of seed screening
and certification.

Benefits of BMP application in Vietnam were visible from the early stages of its
implementation. Farmers complying even with only two recommended practices —
testing of seed for WSS Virus and removal of sludge before stocking, reduced the
risk of crop failure from 61.0 to 47.8%.

In Indonesia, BMP experiences from India were used in the rehabilitation of the
shrimp farming sector in the Province of Aceh, following the 2004 tsunami. A
practical BMP manual was prepared during 2006 based on the International
Principles for Responsible Shrimp Farming, and the manual has been widely pro-
moted and used by various agencies involved in assistance to rehabilitation of
livelihoods in Aceh. The results from practical implementation are also promising,
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with similar outcomes of reduced disease risks and improved productivity in tradi-
tional shrimp farms compared to farmers not adopting better practices.

3.9 Increased Stakeholder Interactions and Involvement

The message from this project is guided by the importance of government support
and collaboration of various institutions and partners to translate Principles into
Practice. By coming up with the project ideas and committing resources to their
implementation, the government of India provided opportunities for other local,
national, regional, and international institutions, organizations, and agencies to take
part in these projects. In India, MPEDA, State Department of Fisheries, ICAR and
its relevant institutions particularly the Central Institute of Brackish water
Aquaculture (CIBA), All India Shrimp Hatchery Association, Farmers’ Associations,
Seafood Exporters Association of India, academic institutions like the College of
Fisheries, Mangalore, ACIAR, and FAO all had various roles to play.

Farmers being the primary producers, there is a need to link them to all other
stakeholders in the industry both backwards and forward. Farmers are being linked
to hatcheries, input suppliers, processors, scientists, Research Institutes, Government
institutes, banks, and others. Bank loans for working capital, which are not avail-
able now for most of the small scale farmers, are likely to be made available once
the societies are linked up with the market. The operational links are depicted sche-
matically in Fig. 3.7. MPEDA is extending financial assistance in the form of the
society scheme to kick-start the formation of the clubs and implement the BMPs.
There is better flow of valuable information from field to research institutes. During
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Fig. 3.7 NaCSA model of linking societies to all the key stakeholders
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any new disease outbreak, it is easier to coordinate the quick flow of information
and samples from field to research institutes, and report back the outcome of the
diagnosis and necessary precautionary measures to farmers. Seeing the efficient
implementation of the program, corporate companies are showing interest to adopt
societies for further infrastructure development. Retailers from developed countries
are showing keen interest in buying society produce, which are now becoming
increasingly well-known for implementing sustainable farming practices in a
socially responsible manner.

NaCSA is working toward developing societies as a potential business model
through public-private partnership where all the concerned stakeholders help the
societies to sustain for mutual benefit. The success of the approach largely depends
on getting market recognition for the traceable, good quality, BMP shrimp pro-
duced responsibly and ethically without harming the environment. With the help of
all the stakeholders, NaCSA is working towards this goal, thereby making society
formation an attractive proposition that can motivate the rest of the farmers to
organize themselves into societies. Smallholder farmers will benefit much from
increased institutional coordination, capacity, and support in assisting them in man-
aging their societies. They will also benefit from more widespread application of
proven technological, social, economic, and governance innovations to reverse
losses and improve livelihoods.

3.10 Self Propagating Nature of the Model

Indeed, today we are seeing the emergence of numerous farmer societies through-
out India because of the farmers’ confidence in participatory group farming and the
concept becoming mainstreamed. Cluster organization is progressing very well,
which is mainly due to the belief among the farming community that if they have
to succeed as shrimp farmers, they have to organize themselves. The reasons for
this confidence in group farming according to a farmer are, “we are strong as a
group, we can address issues affecting us, but alone we cannot progress especially
in shrimp farming.” Grassroots action in India demonstrates that group activities of
the farmers can improve their well-being in many ways that individual approaches
cannot. Farmer organization as groups is generating improvements for the indi-
vidual producers in the following areas:

e Enhancing their incomes, self-respect, and bargaining power in markets.
Clusters offer economies of scale, buying inputs and improve market power
when dealing with suppliers and selling product.

e Clusters improve information exchange and sharing of experience among
participants.

» Farming skills and technical knowledge.

* Ability to articulate demands and interact with markets and market forces, other
political, and social actors.

e Access to financial services and ability to manage funds.
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* Knowledge and tools to use information on markets, services, technologies, and
rights.

e Self respect, social esteem, and relationships to authorities and other social
actors.

With better informed farmers and the spreading awareness building about the soci-
ety concept, more and more farmers are approaching NaCSA to help themselves
organize as societies.

3.11 Cost Benefit Analysis of MPEDA-NACA Project

Tables 3.2 and 3.3 summarize some economic data from 2006, which show that the
investment in the project gave a significant economic return. Further economic
analysis of the investment would be useful, but the outcomes suggest such invest-
ment in small scale shrimp aquaculture is extremely viable from an economic
perspective.

Table 3.2 Production summary of BMP and non-BMP farms from 2004 to 2006

2004 2005 2006

Parameter BMP Non-BMP BMP Non-BMP BMP Non-BMP

Number of 130 736 425 730 741
farmers

Number of 254 187 1187 517 1,370 949
ponds

Area (ha) 173 131 663 500 813 605

Production 40 672 296 870 620
(tons)

Expenditures/ 39,141 30,428 173,820 114,899 187,646 133,131
ha (Rs.)

Revenue/ha 48,776 36,651 196,145 119,489 289,229 141,716
(Rs.)

Profit/ha (Rs.) 9,636 6,224 22,325 4,590 101,583 19,577

Table 3.3 Project cost, increased profits of BMP farmers
and return® per unit investment by the program, 2004—2006

Year Project cost Increase in profit ~ Return®
2004 1,300,000 590,276 0.45
2005 1,800,000 11,758,305 6.50
2006 3,191,500 66,670,878 20.89

Total 4,991,500 79,019,459
All values are Indian Rs. (one US$=Rs. 48)
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3.11.1 Economic Analysis MPEDA-NACA Project Costs,
2004-2006

1. Cost of MPEDA-NACA project from 2004-2006 is Rs. 4,991,500.
2. Improvement in profit made by BMP farmers compared to non-BMP farmers
from 2004-2006 is Rs. 79,019,459.

For each one rupee investment in the program, it generated an average of Rs. 15.8
higher profit for BMP farmers.

3.12 Summary of Positive Impacts

Farmer societies rely more on the fundamental disciplines of sanitation, animal
health, nutrition, food safety, and sound management. The BMP implementation
through cluster concept has reduced disease risk and made a significant improve-
ment in yields, less impact on the environment, production of wholesome products,
and better relations among the players throughout the market chain. In short, it is

Table 3.4 Summary of MPEDA/NACA project impacts

Positive impacts Remarks

¢ Reduced disease e 27% decrease of disease prevalence in BMP ponds
incidence compared to non-BMP ponds

* Reduced chemical and * 10% random BT samples from society ponds tested
antibiotic use and complete negative for presence of antibiotics
traceability of the product

e Increased opportunity for e Efficiently managed small farmer societies provide
market access similar advantage of integrated larger units

* Traceable shrimp from societies. Traceability from brood
stock to pond level

e Improved profits e By reducing the cost of production, profits have been
e Opportunity for bank credit increased. Non-BMP ponds got Rs. 39 for every Rs.
access 1,000 spent and where as BMP ponds got Rs. 128 for the

same amount of investment
e Democratic and transparent ¢ Democratically organized farmer groups, regular

societies: information sharing among farmers

e Sharing of costs » Cooperation in selecting/testing and buying quality seed
and other inputs

e Increased communication e Farmer field days helping farmers to share their
successful experience

e Harmony among farmers » Each society is having minimum of ten meetings during
the crop period

e Lower stocking densities e The stocking density of shrimp ponds in societies vary

from 2 to 6 shrimp per square meter which is far below
the level when compared to other countries
¢ Reduced pollution * Two societies have adopted organic aquaculture practices
e Increasing awareness on * Abandoned shrimp ponds being revived
environment
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helping small farmers to sustain their livelihood through responsible shrimp farm-
ing. Specifically, they show evidence of the advantages of small farmers being
organized, coming out to mainstream and sharing resources, helping each other and
adopting BMPs. The implementation of the BMPs through the cluster concept has
provided benefits to the farmers, the environment, and the local community. The
summary impact of the project is highlighted in Table 3.4.

3.13 Summary of Lessons Learned

Needless to state in an exercise such as the one presented here that there are many
lessons to be learned (Table 3.5). Such lessons are not only useful in improving the
processes with time, but could have relevance and application to the development
of small scale practices elsewhere, irrespective of the commodities farmed. The
lessons learned as work progressed were not only of a technical nature, but also of
a significant quantum of it was developing human-relationships, especially between
the extension workers, authorities, suppliers, buyers, and the farmers. The latter

Table 3.5 A summary of the lessons learnt over the last 5 years during the success of adoption
of BMPs by small scale shrimp farmers and the benefits gained

e Improved farm management practices can reduce environmental impacts, ensure food safety
and improve farm profit. The “win-win” situation created by adoption of better management
provides a strong incentive for positive change

¢ Organization of small-scale aquaculture farmers brings about positive social and economic
benefits to members. These benefits include
e Collective planning and shared responsibility helps achieve better management of risks

¢ Cluster model of BMP implementation is developing into a self propagating model
(farmers believe farmers)
* Interaction between technical service providers and farmers at the ground level on a
regular basis enhances the capacity of both

* Farmer groups can have stronger negotiation power with the input suppliers and traders

¢ The following points should be considered while organizing farmer groups
Farmer groups comprise farmers with different needs, interests, skills and financial and
technical capacity. A few common interests can hold them together in a group

* Provision of technical services should be independent and without conflict of interest to
secure the confidence of farmers

¢ Investment in institutions (NaCSA) that is focused on small scale farmers can facilitate
formation of groups and adoption of BMPs

» It should be recognized that this support takes time, investments in capacity building and
institutions are necessary for sustainability

e Revival of the shrimp sector is possible. Shrimp farming can be a source of sustainable
livelihood for small scale farmers provided risks are managed through improved
management and institution building

* Experiences from India are more widely applicable in other countries across the region

¢ Links between farmer groups and markets have proved difficult to establish and need to be
improved
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aspects enable not only easy dissemination of technical information, but also an
appreciation of farmer innovations, which are often not taken into consideration.
Indeed, in the current day and age, sustainability of small scale farming practices,
the backbone of Asian aquaculture, will rest significantly on the successful adop-
tion of farmer innovations.

3.14 Way Forward

For the small scale shrimp farmers to continue to advance, we need a new approach
to development. Similarly, for poor and marginalized farmer groups to access ben-
efits of poverty reduction efforts, the position of the farmers in relation to public
and private institutions has to change. The farmers must move from being passive
recipients of information, services, and regulations to a situation where they take
full responsibility for their own development and use public and private institutions
as resource providers.

Effectively, engaging with the thousands of aquaculture producers in India and
helping them to develop farm level plans for sustainable development will not be a
small task, but it is one that can only be achieved with the involvement and contri-
bution of the many players involved in the supply chain, from producers to consumers.
The farmers, especially in the current market economies, need the strength that
groups can offer for their economic and social advancement. Linking small farmer
clusters to sustainability conscious buyers will go a long way in sustaining small
farmers’ livelihoods.

In this direction, NaCSA is in negotiation with one of the prominent buyers of
seafood from USA for purchasing. Society produced shrimp and selling the same
with a unique brand name, thereby giving a premium price to the product, which
would motivate the farmers to grow the shrimp to the buyer specifications and
ensure steady supply of best quality, chemical free, traceable shrimp. This market
recognition for the society produce will help us to spread the message of “sustainable
aquaculture” far and wide to more areas across India, and will help in sustaining
shrimp sector, thereby contributing to a new vision for the aquaculture sector in
support of small farmers’ livelihoods in India.
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Chapter 4
Backyard Hatcheries and Small Scale Shrimp
and Prawn Farming in Thailand

Hassanai Kongkeo and F. Brian Davy

Abstract Thailand has continued to retain the global dominance in shrimp production
for over a decade in spite of many adversaries, providing a source of major income,
foreign exchange generation, and livelihood opportunities. The Thai shrimp farm-
ing sector essentially consists of small scale owner-managed and operated prac-
tices, with an average farm size of 1.6 ha. The farming systems have been resilient
and adaptive, which has been a key to their sustainability. One of the keys to con-
tinued success has been the emergence of backyard hatcheries that provide reliable
quality seed stock to the industry. The government support to these hatcheries in
the early stages, together with the effective dissemination of culture technologies
through the initiatives of the farmers themselves at all stages of the cycle, has
facilitated and enabled the farmers to be on a firm footing and encouraged them to
embrace changes, and make it sustainable. All these factors together have made the
Thai shrimp farming sector a success, while the sector in many of the neighboring
countries became almost complete disreputable.

4.1 Historical Development of Backyard Hatcheries

Backyard hatcheries refer to small scale usually family-owned and operated seed
production operations that were most often located in the backyard of the owners;
hence, the choice of this name (see Plate 4.1).

This close proximity to the family home was critical as it provided family labor,
and almost round the clock vigilance, which were the key reasons for success. The
development of these hatcheries was closely tied to the overall development of
marine shrimp and the giant freshwater prawn, Macrobrachium, as well as other
cultured marine finfish species, a point that will be dealt with later in this case
study.
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Plate 4.1 Backyard hatchery

These backyard hatcheries were first developed as part of the major extension
thrust in a Thai Department of Fisheries (DOF) — FAO freshwater prawn project
that started in 1974. This project was developing technical know-how, but ended up
providing free Macrobrachium rosenbergii postlarvae (PLs or seed) for stocking for
the initial grow-out operations in neighboring farms. Large quantities of PLs were
produced at the fisheries station in Bangpakong District, Chacheongsao Province,
and distributed by road and rail all over Thailand. However, more interestingly,
many of the technical staff of the Bangpakong station also began to produce PLs at
their nearby homes, adapting the technology to less conventional smaller holding
containers locally used for storing drinking water. Before long, many of the stilted
houses of the staff and their friends and neighbors had small production units
underneath their living quarters. Even nonscientific staff learned the necessary
techniques quickly and then this technology was transferred from DOF technical
staff directly to interested farmers. Soon, the first “commercial backyard hatcher-
ies” began to spring up in nearby areas all around Chacheongsao Province. This
new approach followed the principle of traditional backyard kitchen garden and fish
pond operations, and developed in direct contrast to the massive species-specific
concrete fixed structure hatcheries that were set up elsewhere in the 1970s and
1980s. These simple backyard hatcheries were later easily and cheaply modified to
produce marine shrimp PLs (Penaeus monodon, P. vannamei), grouper (Epinephalus
spp.) and seabass (Lates calcarifer) fingerlings, and other marine finfish species.

This backyard hatchery concept was revolutionary in terms of the low initial
investment on land, physical facility construction, and limited need for large scale
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costly equipment; also the operation costs were relatively low because of the simple
techniques and small scale of the operation. These innovations demonstrated the
resourcefulness of small farmers and their abilities to take ideas for development
and modify them to suit the local conditions. Farmers were eager to experiment and
continue learning from their own mistakes. For instance, the use of hypersaline
water from coastal salt farms was found to be more cost effective when transported
by truck and subsequently diluted to the desired salinity with disinfected freshwa-
ter. More importantly, this hypersaline water is pathogen-free (i.e. virus free). The
business is organized with these hatcheries purchasing P. monodon or P. vannamei
nauplii from nauplii producers who are located near the open sea areas (better water
quality and circulation assist in the maturation process). For Macrobrachium,
hatchery operators use spawners both from grow-out farms and from the wild. The
present success of Thailand in shrimp and prawn industry is testimony to the per-
sistence and ingenuity of Thai farmers in utilizing applied science to its utmost
potential.

As mentioned earlier, small hatcheries run by family owner-operators are usu-
ally more efficient than larger scale hatcheries, which are operated using hired
labor. This family manpower is more flexible with mainly family members, such as
the husband, wife or children assisting as needed after school hours. Backyard
hatcheries originally started as a secondary occupation for rice farmers or fishers,
but soon these activities yielded more income than the primary occupation. The
decrease in price of shrimp fry caused by the spread of these backyard hatcheries
also helped to stimulate the rapid expansion of grow-out ponds. This family busi-
ness approach contrasts sharply with the large scale high capital cost hatcheries in
which the high fixed costs of wages, power supply, supporting facilities, and other
overheads made closure, even for relatively short periods, very difficult.

Backyard hatcheries, in contrast, could discontinue production when disease or
other serious problems occurred, even for relatively long periods, without undue
hardship when small scale farmers could switch back to their primary occupations
of rice farming or fishing. It turned out that periodic discontinuation of the back-
yard operations was, in fact, useful in checking disease by facilitating the recondi-
tioning, drying, and disinfection of tanks, ponds, aeration, and water systems.
These concepts are summarized in the Farm Performance Survey (ADB/NACA
1997), in which Thai small-scale operations yielded more benefits than medium
and large scale operations in Indonesia, Taiwan, and Philippines, respectively
(Table 4.1).

To complement the backyard hatcheries operations, a variety of ancillary locally
developed farm equipment and supply operators developed as well (such as aerators
or paddle wheels, water pumps, harvesting sets, commercial larval and adult feeds,
probiotic products, and miscellaneous farm supplies). Associated with this was the
development of a variety of ancillary businesses such as broodstock suppliers, nauplii
producers, PLs distribution, pond preparation, PCR (a disease diagnosis tool) and
water quality testing services, harvesting, pond construction, and supply of heavy
machines for pond construction. These ancillary businesses developed as different
operators identified new entry points in the previously large scale operations.
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Table 4.1 Annual financial performance in 1 ha intensive pond (in US$; adopted from Kongkeo,
1997)

Parameter Indonesia Philippines Taiwan Thailand
Average farm size (ha) 5 9 3 2
Average scale of operation Medium Large Medium Small
Stocking (PL/m?) 78 38 73 114
Yield (ton) 6.06 3.05 2.88 10.49
Shrimp sale/kg 6.5 7.1 12.46 6.94
Total shrimp sales 39,390 21,655 35.885 72,801
Labor/kg (% of total) 0.20 0.43 0.20 0.19
5.7 (6.3) (2.8) 4.4)
Feed/kg (% of total) 1.41 2.62 1.65 2.01
(39.9) (38.4) (22.6) 47.1)
Seed/kg (% of total) 0.58 1.27 0.87 0.59
(16.4) (18.6) (11.9) (13.8)
Power/kg (% of total) 0.36 0.29 0.67 0.33
(10.3) 4.2) .1 (7.8)
Other/kg (% of total) 0.18 0.08 0.58 0.26
(5.1) (1.1) (8.0) (6.2)
Overhead/kg (% of total) 0.13 0.00 0.68 0.37
(3.7 0.1) 94) (8.6)
Depreciation/kg (% of total) 0.67 2.14 2.64 0.52
(18.9) (31.3) (36.2) (12.1)

Production costs/kg (total) 3.53(21,370) 6.83 (20,820) 7.29 (20,990) 4.27 (44,870)
Net profit margin/kg (total) 2.97 (18,030) 0.27 (880) 5.17 (14,910) 2.67 (27,930)

The risks in these ancillary businesses are also reduced due to shorter periods of
operation and the specialized expertise in each business. In addition to the socio-
economic benefits to these small-scale operators, local communities were shown to
have less social conflicts within their own communities, unlike the experiences of
larger scale investments in South America and elsewhere. This is similar to the suc-
cess of small-scale intensive grow out ponds, which spread all over the country
(more than 80% of Thai marine shrimp production came from approximately
12,500 intensive farms in which small farmers typically operate 1-2 ponds with
average farm size of 1.6 ha and a total production area of 27,000 ha, Kongkeo 1995,
1997). However, it is recognized that large scale operators are usually important to
pioneer development and adaptation of new technologies from government or over-
seas operations. After being developed in Thailand, the backyard hatchery technol-
ogy has been transferred through assistance of FAO, Network of Aquaculture
Centres in Asia-Pacific (NACA), UNDP, Royal Thai government, and the private
sector to Indonesia, Vietnam, India, Bangladesh, and Myanmar. These transfers
were then locally adapted, for instance, in some countries, direct seawater was used
because they have better seawater supply sources.
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4.2 Present Status of Backyard Hatcheries in Thailand

There are more than 2,000 small scale hatcheries in Thailand, mainly located in
Chacheongsao, Chonburi, and Phuket provinces, with a total production of more
than 80 billion marine shrimp PLs per year (approximately 90% of the total pro-
duction). Despite their survival over many crises in the past 20 years, these opera-
tors recently suffered from disease-related competition with specific pathogen
free (SPF) PLs supplied by large scale hatcheries. Such hatcheries can utilize
high cost technologies such as SPF and disease resistant strains, bio-secure sys-
tems, raceways, etc. taken from overseas. To cover their high investment costs,
these large scale hatcheries are under pressure to increase their margin by selling
PLs directly to grow out farms, instead of selling nauplii to backyard hatcheries
as they had formerly done. After lengthy negotiations, the regulations were then
relaxed by releasing SPF nauplii to some backyard hatcheries, which are able to
adapt this technology to their present business conditions in 2008. It is expected
that the backyard hatchery operators will continue to adapt the SPF concept, but
the new world economic crisis caused by US economic slump has led the Thai
shrimp industry to reduce its production by 30% in 2008. On the other hand,
the Thai shrimp industry is also reducing its dependence on export income
through an increase in local consumption, which has reached nearly 35% of the
production.

Other new challenges are developing. Traceability of broodstock and certifica-
tion requirements of developed countries are also difficult problems for these back-
yard hatcheries because they purchase nauplii from external suppliers. Although
nauplii producers can issue PCR negative certificates, it is difficult for them to sort
out the source of shrimp (P. monodon) by particular backyard hatcheries.
Distributors usually mix nauplii from various sources for easy distribution and
economic reasons.

The Thai DOF has tried very hard to assist small scale operators. A farm
registration system and code of conduct (CoC) and good aquaculture practice
(GAP) certification systems have been implemented since 2003. At the moment,
98 hatcheries and 727 backyard hatcheries have been certified with CoC and
GAP standards, respectively. Furthermore, the use of the “Movement Document”
and traceability system at the grow-out farm level has been recently imple-
mented and is expected to be functioning properly to cover the hatcheries in the
next few years.

4.3 History of Freshwater Prawn Farming

As mentioned above, backyard hatcheries grew in relation to freshwater prawn
and shrimp farming and it is important to understand their evolution. Besides,
both prawn and shrimp farming are dominated by small scale operators and illus-
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trate the related successes of the backyard hatcheries (Kongkeo and New 2008).
One of the important milestones in freshwater prawn farming occurred in the late
1970s when the United Nations Development Program decided to fund a 3-year
FAO-executed project, “Expansion of Freshwater Prawn Farming,” in Thailand
(New 2000). As a result of these efforts, farmed freshwater prawn production
expanded from less than 5 tons/year before the project began (1976) to an esti-
mated 400 tons by the time it ended in 1981 (Boonyaratpalin and Vorasayan
1983). Soon afterwards (1984), the DOF reported to FAO that Thai production
had exceeded 3,000 tons/year (FAO 1989), a very rapid expansion indeed.

This DOF-FAO project not only enabled the establishment of a significant aquacul-
ture sector in Thailand, but also facilitated the development of freshwater prawn farm-
ing globally. This facilitation included steps such as the publication of a technical
manual on the topic (New and Singholka 1985; New 2002) that was translated into
many languages. In addition, the Thai DOF hosted “Giant Prawn 1980,” the first inter-
national aquaculture conference ever held in Thailand (New 1982). Many Thai experts
later advised Macrobrachium projects and ventures elsewhere in Asia. By 2005, the
aquaculture production of M. rosenbergii in Thailand had risen to 30,000 tons/year
(valued at US $79 million) and to more than 205,000 tons/year globally (FAO 2007).

Though there has been a great potential for expansion of farming areas and
yield, Thailand has maintained production at this level, despite the lack of export
markets, unlike for marine shrimp. Similar to mud crab, Macrobrachium has a thick
shell and a big carapace; when frozen with its shell-on or head-on, it is not well
accepted in the international market. Also, it deteriorates after defrosting or refreez-
ing and has a small meat to body weight ratio making it uneconomic for export in
the form of frozen peeled prawn. In fact, the head is the most delicious part of
prawn for Asian dishes. However, prices in domestic markets are more stable than
marine shrimp, which mainly relies on export markets. Similar to the export market
of marine shrimp, the domestic market of freshwater prawn was enlarged by reduc-
ing the selling price (Fig. 4.1). Farmers also practice partial harvest for the live
prawn market to yield better prices. This partial harvest could reduce biomass den-
sity, thereby improving the growth of the remaining prawns and reducing the risk
of a long culture period. Though there were the serious problems in terms of dete-
riorated broodstock and Nodavirus outbreak in 2005, farmers could recover in the
next year due to their skills in pond management and their efficient scale of opera-
tion (Fig. 4.1). In addition, a similar quantity of a related species, M. nipponense,
was produced in China in 2007. In total, the global farm-gate value of freshwater
prawn farming had reached almost US $1.84 billion/year by 2007.

4.4 History of Marine Shrimp Farming

At the beginning, extensive culture of banana shrimp (P. merguiensis) and
greasy shrimp (Metapenaeus spp.) using wild seed stocks were practiced over
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Fig. 4.1 Giant freshwater prawn (Macrobrachium rosenbergii) production and average farm gate
prices in Thailand (FAO Fishstat Plus)

the past 60 years. Though there was no seawater available, the Bangkok Marine
Laboratory successfully cultured to PLs stage P. merguiensis, P. semisulcatus,
P. latissulcatus, M. monoceros and M. intermedius in 1972 (Cook 1973).
Seawater had to be brought from offshore by boat. All gravid female shrimp
were captured in the Gulf of Thailand. Experiments on pond culture of artifi-
cially bred seed were carried out at private shrimp farms in Samutsakorn
Province and Bangpoo, Samutprakarn Province, but the results were not
satisfactory.

In 1973, the Phuket Coastal Fisheries Research and Development Centre (for-
mer Phuket Marine Fisheries Station) successfully bred P. monodon by induced
spawning from broodstock caught from Andaman Sea. PLs of the early batches
were stocked in semi-intensive ponds in Bangkrachai, Chantaburi Province,
Klongdaan, Samutprakarn Province, and Klongsahakorn, Samutsakorn Province in
1974. This brought shrimp farming the much needed technique that enabled the
farmers to have better control of their crop and sustainable production, instead of
reliance only on wild seed for stocking in an extensive culture system. This impor-
tant research later led to the highest peak of P. monodon production of 304,988 m
in 2000 (Kongkeo 2006) before substitution by P. vannamei and the increased
demand for the backyard hatcheries.

Though commercial semi-intensive culture of P. monodon using hatchery produced
fry commenced in 1974, it expanded rather slowly compared to Taiwan due to the
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lack of suitable feed, low demand in the internal market (only US $2.50-3.20/kg),
and suitable farming practices. Prior to 1985, Taiwan was the only supplier to the
Japanese shrimp market due to the cheaper cost of transportation. However, Japan
had to stock Taiwanese shrimp in their cold storages for whole year-round
consumption. After 1985, the labor and electricity costs went up very significantly
due to the Japanese economic boom. Japanese cold storages could no longer bear
the heavy increase in operational costs if shrimp had to be stored for long periods
(2-10 months in a year). As a temperate country, Taiwan could produce only
one crop per year and export to Japan only during a few months of the year before
winter. Therefore, Japan had to urge tropical countries, like Thailand and the
Philippines, to produce P. monodon for a continuous supply throughout the year to
save on cold storage costs. Thus, Japan increased the buying price of shrimp from
tropical countries to US $8.00-10.00, in order to encourage the expansion of
shrimp farming. This brought heavy profits to farmers and leading to the first
boom of P. monodon intensive culture in the country. In 19871988, the collapse of
the shrimp industry in Taiwan led to further increases in shrimp production in
Thailand.

Similarly in 1993, P. chinensis shrimp crops collapsed, probably due to
Whitespot viral disease in China; Thailand was able to rapidly increase produc-
tion to more than 200,000 t to make up for the shortfall in the world supply. The
sharp increase in shrimp prices in 1993 (Fig. 4.2) was driven mainly by the high
demand in the global market, again spurring shrimp farmers to boost their
production.

The outbreak of Yellow-head virus disease in Thailand starting in 1990 did not
lower overall production (Fig. 4.2) due to good management practices and efficient
small scale operations. Whitespot disease outbreak slightly affected the production
during 1994-1997, before launching again in 1998, because the technologies on
intensive closed system and on-screening of broodstock and PLs by PCR test were
well adapted by farmers. These technologies were simplified and locally adapted to
suit local conditions and farmer capabilities.

Similarly in 1993, P. chinensis shrimp crops collapsed, probably due to
whitespot viral infection. In 1999, the Thai Government issued a decree to ban P.
monodon farming in inland areas to avoid the negative environmental impact from
saline water, which was not fully enforced until 2001 (Fig. 4.2).

Consequently, 30% of the total shrimp farming area that was located in fresh-
water areas of the country was affected by this decree. Farmers could not revert
back to Macrobrachium culture, which yielded a very low price and had a limited
market. Therefore, SPF P. vannamei from Hawaii was first introduced by the pri-
vate sector in late 1999 for trials to replace P. monodon in freshwater areas. In fact,
research has been conducted successfully in China to culture P. vannamei in fresh-
water areas without any introduction of saline water. After successful trials in
Nakorn Pathom farms, it spread throughout all inland shrimp farming areas within
2 years. However, culture in pure freshwater yielded only small shrimp (15-20 g)
and mortality occurred after 3 months. Because of the small size, farm gate price
was low at the beginning of this development (Fig. 4.3), but this was compensated
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by increasing the number of crops, for example, to 3/year. When P. vannamei
culture expanded into coastal areas beginning in 2003, production increased
sharply. Prawn size and farm gate price also increased up to 20-30 g and US
$3.0-4.0/kg, respectively, because saline water prolongs the culture period to
3.5-4.5 months.

Similar to P. monodon, an outbreak of Taura syndrome virus in P. vannamei
began in 2004, but it did not lower the overall annual production (Fig. 4.3) as
locally produced SPF PLs were commonly used for stocking. Government and the
Thai Shrimp Farmers Association also promoted domestic consumption (as now
more than 30% of total production) to avoid export price drops, which resulted
from oversupply.

Thailand has been able to keep its position as a world leader in shrimp exports
since 1988 (FAO Fishstat) due to its constant supply of raw material and efficient
processing facilities. In order to expand export volume, the exporters had to reduce
the shrimp price as much as possible to compete with other producers. Lowering
the selling price also resulted in drawing in more customers in both export and
domestic markets. Fortunately Thai shrimp farmers were able to reduce production
costs by using small-scale operations and shifting to low cost species like P. van-
namei, while maintaining high standards and quality of their products. Sharp
increases in the volume of shrimp exports during 2002-2007 were mainly caused
by reductions in shrimp price to increase shrimp consumption (Fig. 4.4). This trend
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mirror imaged the trends of the past with commodities such as salmon and
chicken.

4.5 Key Factors for the Success of Small Scale Operators

In fact, the success of backyard hatcheries and small scale shrimp/prawn farmers
more generally must be seen as part of a dynamic process involving continual adap-
tation to solve new problems. To be the leader in global shrimp production is not
easy, but to keep this position for more than 20 years is even more difficult. These
small scale farmers played a very significant role in maintaining this coveted status.
They were able to survive during crises through which large scale operators could
not. The key factors for their success include the following.

4.5.1 Key People and Organizations

Farmers always have new ideas for development or modification, and are eager to
experiment on their own. This is similar to the success of fruit, rice, and orchid
farming in Thailand. Due to the long experience in aquaculture, particularly fresh-
water species and extensive marine shrimp farming, Thai farmers are able to cope
very well with advanced technologies. Shrimp culture technology was mainly
transferred among farmers from lead farmers who were the more innovative initial
risk takers. It has been proven that shrimp culture technologies were rapidly trans-
ferred by observation and enthusiastic learning mostly from more experienced
farmers, than through the government extension services. For instance, DOF budget
for information and training is only 7.2% of total DOF budget (Table 4.2) or 0.38%
of total shrimp ex-farm value, or 0.30% of total export value.

Nevertheless, government has an important role in areas, such as in research and
development, regulating the industry, improving infrastructure (e.g. water sources),
as well as providing many free services (disease diagnosis, diatom stocks, water and

Table 4.2 Budgetary allocations of the Thai Department of Fisheries (DOF) 2008

Item US $ %
Research and development 15,332,024 18
Information and training 6,155,827 7.2
Rural aquaculture 4,935,960 5.8
Quality control 26,926,481 31.7
Fisheries control 8,721,464 10.3
Stock enhancement and resource improvement 22,602,196 26.6
Other 305,411 0.4

Total 84,979,363 100
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soil analyses, shrimp consultancy, and market advice). DOF Quality Control Section
has a larger budgetary allocation (32%) and plays a very significant role in improv-
ing the seafood quality (international food safety standards and requirements from
individual importing countries). Not only the DOF, but also the Ministry of
Commerce, assists the shrimp industry in the promotion of shrimp products in domestic
and international markets, improving the image of shrimp culture in international
forums and negotiating trade barrier issues with importing countries. Universities
and vocational colleges also assist in capacity building of resource persons for the
shrimp farming industry. Many skilled farmers, who became leaders of farmer
groups, were later trained and received further education in aquaculture. Many uni-
versities also conduct high quality research on P. vannamei and Macrobrachium
farming in Kasetsart University, domestication of P. monodon and PCR in Mahidol
University, shrimp genetic and recycling pond in Burapa University, and treatment
of farm effluent and sludge in Prince of Songkhla University.

Feed factories also play important roles in shrimp extension programs through
their sales services, including provision of regular training programs at their train-
ing centers through the support of overseas training for selected farmers.

4.6 Government Policy and Support

As Thailand is an agricultural country, government has had a major policy to pro-
mote crop production as “the world kitchen” and fully aims for development to
assist the poor small scale operator. These policies directly benefit over 30,000
families of small scale farms, over 2,000 backyard hatchery families, and also many
thousands of laborers in 184 shrimp processing plants, 49 canneries, and over 10
shrimp feed mills (DOF 2007). Good infrastructure facilities, such as roads, elec-
tricity and water, were critically important initial facilities provided to these areas.
Free technical assistance through DOF is the main policy that assists small scale
farmers. DOF policies for disease prevention also permitted and strictly regulated
only the SPF P. vannamei from Hawaii to enter the country. This partial relaxation
on the import of certified, SPF PLs from Hawaii prevented the private sector and
other interested parties from importing PLs from elsewhere (which could have been
viral contaminated, thereby leading to serious impacts on the industry in Thailand
in a major way). As mentioned earlier, the Ministry of Commerce, in cooperation
with DOF, heavily promoted sales in both domestic and international markets. Price
stabilization policies also helped small scale farmers to sell their products with
guaranteed prices offered through the Agricultural Bank. The Agricultural Bank
usually provides loans with minimal interest rate only to small scale farmers.
Government also provided income tax exemption schemes to small scale farmers
and fishermen if their net profits do not reach the ceiling.



4 Backyard Hatcheries and Small Scale Shrimp and Prawn Farming in Thailand 79

4.6.1 Networking and Information Exchange

Networking and Information exchange have been very important mechanisms for
farmers to avoid/reduce their losses from disease outbreak, drops in market price,
increase in feed and seed prices, poor weather condition, etc. Information on new
initiatives or shrimp farming products, alternate species, and advanced technology
also help farmers to improve their profits. Such information will support them to
make judgments regarding shifting cultured species, farming practices, or tempo-
rary discontinuation of production.

At the village level, farmers generally exchange their ideas on new initiatives,
market information, disease outbreaks and aquaculture news with neighboring
farms through visits and/or via mobile phone. Farms are always open for visitors
who need information even without any appointment. In some villages, they also
have established shrimp farmer clubs as a forum for regular meetings to exchange
ideas and information, as well as to increase the bargaining power with shrimp buy-
ers/collectors. These farmers’ clubs were also established at district and provincial
levels for the same purposes. At national level, shrimp farming associations and
shrimp industry association (farms, feed plants, processing plants, and exporters)
were established mainly for policy making and planning for shrimp culture devel-
opment, information exchange, coordinating with government or outsiders, harmo-
nizing trade conflicts, and bargaining with importers. In addition, information is
exchanged at the regional or international level through regional organizations,
such as the NACA, South East Asian Fisheries Development Centre (SEAFDEC),
INFOFISH, shrimp website, international/regional magazines, and conferences.

Farmers also receive information on shrimp markets and new technologies from
newsletters/publications from major shrimp feed producers, the national shrimp
farming association, local shrimp farmer club, DOF magazine, over ten local aqua-
culture magazines, as well as the internet. Such information is also exchanged
during meetings or conferences regularly organized by national associations, local
farmer clubs, universities, DOF, feed producers, processing plants, and the direct
communication with shrimp buyers/collectors and processing plants.

4.6.2 Crisis as One Key Driver of Success

As described above, there have been a number of crises (mainly diseases and mar-
ket changes), which have acted as barriers to the success, but more importantly
served as key drivers for innovations by small scale operators. These crises
included:

* Yellow-head disease outbreak in P. monodon beginning in 1990
* Whitespot disease outbreak in P. monodon starting in 1994
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e Devaluation of the Thai currency (Baht) in 1997, which caused significantly price
increases in imported artemia, artificial plankton, chemicals and drugs, oil, etc.

e Government ban on P. monodon farming in inland areas in 1990, which made
farmers switch to P. vannamei culture

e Strict application of EU regulations on zero tolerance for antibiotic residues in
2001

e Taura syndrome outbreak in P. vannamei beginning in 2004

e Tsunami disaster which damaged many hatcheries and broodstock centers in the
south in late 2004

e Limited distribution of SPF nauplii from major commercial SPF broodstock
centers to backyard hatcheries in 2007

e Traceability and certification requirements by importing countries in 2007

* Global economic downturn caused by US economy and increase in oil price in
2008

4.7 Switching of Crustacean Species and Sustainable Farming

P. vannamei is not native to Asia (Fig. 4.5) and was first introduced to Taiwan in
early 1990s to replace the problematic species, P. monodon. It was later transferred
to China, Thailand, and Indonesia in early 2000s. Asia accounts for 85% of P. van-
namei global production in comparison to its native countries in Eastern Pacific
(15%). Though it has been introduced for culture on the Atlantic side of Central and
South America, Tahiti, Hawaii, and Taiwan nearly 20 years back, it is not signifi-
cantly observed in the wild. This may be due to its poor mating habit, which is the
major problem in hatchery production.

Fig. 4.5 Geographic distribution of native shrimp species, P. monodon and P. vannamei (Holthuis
1980)
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In principle, for culture of any crop, farmers should have alternate species for
their sustainable production, livelihoods, and profits. They should have a wider
range of species for selection when the existing species encounters problems such
as market, diseases, environment, etc.

Increases in P. vannamei production in Asia are mainly due to:

» Shifting from problematic species, P. monodon in Southeast Asia and Taiwan as
well as P. chinensis in China

 Its ability to be domesticated and use as SPF broodstock compared to P. monodon;

e Less virulent diseases

» Tolerance to wider ranges of salinity and temperature

* Better survival in poor pond bottom condition according to its schooling habit

* Simple hatchery and grow-out technologies

* Lower production costs, particularly seed, feed, water exchange, and aeration

In fact, reduction in the use of wild P. monodon broodstock may improve its health
and enable a rebuilding of the wild population for future aquaculture use.

During its development in Asia, the industry had to solve the problems of price
drops in international markets mainly due to oversupply. Thus, both Chinese and
Thai industries launched heavy promotion for domestic consumption and intra-
regional trade. As a result, domestic consumption in China and Thailand reached
90% and 30%, respectively, in 2005. They also reduced the cost of production by
using lower protein diet, higher stocking density, less water exchange, etc.

New diseases such as Taura syndrome, Infectious Hypodermal and Hematopoietic
Necrosis (IHHN) were also introduced to the region. Thai farmers learned from the more
virulent white spot and yellow head diseases of P. monodon how to solve the problems
from these new diseases. For instance, SPF PLs from locally adapted broodstock are
commonly used by farmers. Closed system small ponds (<1.0 ha) were another simple
innovation to reduce stress by starting with an initial low salinity environment.

There are still many constraints that need to be solved by shrimp industry for
their sustainability in the future such as:

* Increasing costs of aeration, water pumping, and transportation

e Declining demand: less consumption of seafood (as a luxury commodity) fol-
lowing the world economic crisis

* Climate change is bringing a variety of impacts (warmer surface water, increased
frequency and intensity of storms, flood and cold bottom currents affecting wild
broodstock)

* Drops in supply of high protein fishmeal

e New disease outbreaks leading to long-term sustainability of farms;

*  More export competition if the rapid growth of Chinese economy slows leading
to oversupply to the domestic market

e Under threat in key export markets due to adverse publicity concerning environ-
mental impact such as mangrove, saline intrusion, etc.

* Increasingly stringent international rules and agreements, such as

— Food safety and trans-boundary movement
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Table 4.3 Shrimp production from CP Royal Shrimp-cum-
rice Project, Prachinburi

Parameter P. monodon  P. vannamei
Salinity (ppt) 2-10 2-10
Density (PL/m?) 27 60

Culture period (days) 135 120
Survival rate (%) 72 83

Harvest size (g) 26.3 16.6
Production (kg/ha) 5,117 8,281

— Eco-labeling and traceability

— Biodiversity concerns regarding the introduction of exotic species

— Trade barriers and specific rules (e.g. GSP in EU, antidumping and C-bond
in USA, GMOs in soybean, child labor, human trade, animal welfare, other
social parameters, etc.)

In general, the international environment is continuing to present new challenges
with the increasing international rules for the Asian shrimp industry. Small farmer
operations face a variety of challenges here, many of which may only be solved by
stronger networking and social organization. In early 2008, rice prices increased
dramatically due to the global shortage of food and conversion of food crops to
energy crops. Therefore, many Macrobrachium and P. vannamei farmers in fresh-
water areas in Thailand converted to the more profitable rice farming in their ponds.
Organic load left from previous shrimp crops provided fertilizer for rice cultivation
saving inorganic fertilizer costs. Similarly, many marine shrimp farms in brackish
water areas also converted their ponds to rice production in the rainy season and
switched back to shrimp production in the dry season. Before rice planting, farmers
wash the surface of the pond bottom with freshwater to remove precipitated salt.
Periodical discontinuation of shrimp production and replacement by rice cultivation
will also break shrimp disease cycles and improve the quality of the deteriorated
pond bottom (see the average results of 15 shrimp crops in Table 4.3).
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Chapter 5

Cage Fish Culture: An Alternative Livelihood
Option for Communities Displaced by Reservoir
Impoundment in Kulekhani, Nepal

Tek B. Gurung, Raja M. Mulmi, K.C. Kalyan, G. Wagle, Gagan B. Pradhan,
K. Upadhayaya, and Ash K. Rai

Abstract In Nepal, fisheries and aquaculture were hardly envisaged during
the planning of the hydropower project inception phase of the impoundment of
Kulekhani Reservoir. However, one of the joint projects between the International
Development Research Centre (IDRC), Canada and the Government of Nepal
demonstrated that cage fish cultivation in the reservoir is a promising alternative
livelihood option for displaced communities. Impoundment of these riverine waters
left most aboriginal communities who had been livi