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By Lauren Bennett , Dr. James Diana  and Dr. Lai Qiuming

Evaluating practices in Yingbin Bay, China

To improve water quality for shrimp, farmers integrate seaweed
culture into their farming systems. Water discharged from ponds
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As global aquaculture production continues to increase, researchers and farmers are exploring ways to
integrate a variety of low-trophic organisms, such as seaweed and bivalves, into culture of shrimp and
other high trophic-level species to reduce the negative environmental effects associated with intensive
aquaculture.

Such integrated aquaculture practices are not new. They have been used for thousands of years. While
the commercialization of aquaculture has caused dramatic changes to and intensi�cation of culture
practices, contemporary aquaculture researchers and practitioners can learn a great deal from the
design and implementation of traditional integrated aquaculture practices.

In a study, the authors collaborated with local farmers at Yingbin Bay in China’s Hainan Province, both
to conduct water and sediment quality studies in and around several integrated farms during a single
three-month grow-out season, and to administer a socioeconomic survey to local farmers. Two types of
integrated aquaculture systems were examined: an intensive operation utilizing shrimp and abalone
and a semi-intensive farm utilizing shrimp, seaweed and ducks.

Large-scale integration
Yingbin Bay is long and narrow, and located just west of Haikou City. The bay has been altered
hydrologically by a dam constructed approximately 4 to 6 km upstream from its con�uence with the
Qiongzhou Strait. This dam created an 8,500-km  brackish water lagoon in which a variety of
aquaculture activities takes place, including shrimp, duck, abalone and seaweed farming.

The bay is fed from the northwest by runoff from rice farms through a straightened channel. There are
many additional surface and groundwater water sources, and innumerable nutrient sources, including
sewage and farm runoff. While the original characteristics of the bay are unknown, it is likely it was
formerly fringed with mangrove forests.

While some shrimp farmers in the area have access to clean groundwater, many do not. To improve
water quality for shrimp, they integrate culture of seaweed (primarily Gracilaria verrucosa) and abalone
into their farming systems. The farms cycle pond water through seaweed ponds prior to using it for
shrimp grow-out. The seaweed is used or sold for abalone production.

Collectively, the farmers in Yingbin Bay have created a large, integrated culture system that is effective
in reducing concentrations of some nutrients. Over 150 ponds line the sides of the lagoon, and a large,
open seaweed-only farming area is located just upstream of the dam. Thus, water discharged from
ponds upstream is �ltered by seaweed prior to exiting the lagoon.

Water quality
Both the semi-intensive and intensive integrated systems examined in the study maintained adequate
water quality for shrimp production. Interestingly, data from the seaweed-farming area indicated that
water quality did not decline over the approximately 11.5 km from the upstream-most sampling site to
the dam downstream, despite the plethora of duck and shrimp ponds in the area.

�lters through a large seaweed-only farming area, effectively reducing
concentrations of some nutrients.
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Phosphate and total ammonia concentrations were consistently lower at the seaweed farms than they
were at upstream sites. Nitrite concentrations were also lower downstream sites, although the
reductions were not as striking. There was no reduction observed in chemical oxygen demand, total
suspended solids and total phosphorus concentrations. In fact, these parameters were occasionally
higher at downstream sites.

More detailed study of Yingbin Bay is necessary in order to determine the nature of these water quality
improvements, water circulation in the bay and the role that integrated aquaculture may play in
improving water quality there.

Integrating socioeconomics
Socioeconomic data collected from 22 interviews with local shrimp-only, seaweed-only, shrimp-
seaweed and shrimp-duck farmers provided an interesting perspective on aquaculture in Yingbin Bay.
Some farmers on Yingbin Bay believed strongly that integrated aquaculture both improved water
quality and led to better production rates for all species involved. The survey results also indicated that
farmers were aware of negative environmental conditions in the bay and were interested in �nding
ways to resolve these environmental problems.

Those who completed the survey tended to be small-scale farmers who owned or managed a few
ponds. Shrimp-only farmers had, by far, higher gross incomes than any other farmers. While shrimp-
seaweed farmers estimated they produced 9,000-22,500 kg shrimp/ha/year, shrimp-only farmers
estimated they produced 10,500 kg/ha/crop. Thus, shrimp-only farmers produced as much shrimp in
one three-month crop as some shrimp-seaweed farmers produced in one year.

Moreover, shrimp-only farmers produced more crops per year than shrimp-seaweed farmers and sold
their shrimp at a higher price. The additional pro�t that shrimp-seaweed farmers made from seaweed
production was not enough to equal that of shrimp-only farmers. Therefore, the economic incentive for
shrimp monoculture still exists. It is possible that less-intensive integrated systems are used primarily
by those who do not have or cannot afford access to the clean groundwater sources that would allow
intensive shrimp-only production.

A dam constructed upstream from Yingbin Bay created an 8,500-
square-kilometer brackish water lagoon in which a variety of
aquaculture activities takes place.
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Seaweed shift?
Interestingly, casual conversations with farmers suggested they were beginning to perceive farming
seaweed as providing less risk and more consistent pro�ts than farming shrimp. This is surprising,
given that, according to survey results, shrimp farmers generally made much more money than
seaweed farmers.

The incidence of white spot syndrome and other viruses appeared high in Yingbin Bay, while the
abalone farms that purchased seaweed as feed were doing quite well. Thus, the certainty of pro�t and
low costs associated with seaweed – should the abalone farms continue to do well – might sway even
more farmers toward seaweed in the future. Water quality in the bay could bene�t as a result.

Clearly, the integration of seaweed and abalone farming into the aquaculture systems surrounding
Yingbin Bay has not solved all water quality problems in the bay and surrounding region. However,
Yingbin Bay, as a whole, is a hopeful example of the potential positive environmental and
socioeconomic effects of integrated aquaculture when implemented on a large scale.

Building on tradition
The negative effects of intensive aquaculture systems on biodiversity and ecological health are
frequently cited and discussed, and aquaculture has not had a good environmental image in some
regions and instances.

However, the ecological data suggested that farmers on Yingbin Bay used integrated culture techniques
with some success to grow high-trophic-level organisms that require good water quality, such as
shrimp. Increased focus on developing traditional integrated aquaculture systems such as those
utilized in Yingbin Bay could assist in ongoing efforts to increase the sustainability of aquaculture
systems, improve environmental quality and change public perceptions about aquaculture.

(Editor’s Note: This article was originally published in the November/December 2012 print edition of the
Global Aquaculture Advocate.)
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