
Three Gorges Dam and Its Impact on the Potential
Transmission of Schistosomiasis in Regions along
the Yangtze River

Huai-Min Zhu,1 Shuo Xiang,2 Kun Yang,3,4 Xiao-Hua Wu,4 and Xiao-Nong Zhou4

1Department of Etiologic Biology, Second Military Medical University, 800 Xiang Yin Road, Shanghai 200433, China
2Bioinformatics Group, David R. Cheriton School of Computer Science, University of Waterloo, 200 University Avenue West, Waterloo, ON, Canada

N2L 3G1
3Jiangsu Institute of Parasitic Diseases, Meiyuan, Jiangsu 214064, China
4National Institute of Parasitic Diseases, Chinese Center for Disease Control and Prevention, 207 Rui Jin Er Road, Shanghai 200025, China

Abstract: Large-scale hydroprojects have a propensity for incurring schistosomiasis epidemics by altering the

environments of their vicinities. As the construction of the Three Gorges Dam, one of the world’s largest

hydroprojects to date, draws near its conclusion, an assessment of the dam’s capacity in causing schistosomiasis

becomes more urgent and pressing. This article reviews recent investigations into the possible effects of the dam

on schistosomiasis in the Three Gorges region and areas along the Yangtze downstream from the dam. Data

used in this article were extracted from peer-reviewed papers found in PubMed, Chinese Journal of Parasitology

and Parasitic Diseases, and Chinese Journal of Schistosomiasis Control. Results indicate that the Three Gorges

Dam is capable of inducing a wide variety of environmental and ecological changes both within the Three

Gorges region and in downstream areas. These changes, however, carry ambivalent implications for the

reproduction of Oncomelania snails and the spreading of schistosome infections. Furthermore, major changes

in the demographics and agricultural practices of the Three Gorges and downstream Yangtze areas caused by

the dam could also exert significant influence on the transmission of schistosomiasis in these regions. Major

conclusions of this review include the need for further ecological simulations of the Three Gorges Dam and the

need for deploying monitoring and intervention systems to provide successful prophylaxis of the Three Gorges

Dam-associated schistosomiasis emergence.
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INTRODUCTION

The Three Gorges Dam is one of the world’s largest hy-

droproject aimed at controlling and developing the Yangtze

River (Government of China, 2006). Although instrumen-

tal to the alleviation of flooding in areas surrounding the

Yangtze River, the dam nevertheless creates many envi-

ronmental changes. In particular, the potential impact of

the dam on the transmission of S. japonicum both within its

vicinity and in downstream Yangtze regions has invoked

concerns from researchers worldwide (Maszle et al., 1998;
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Engels et al., 2005; Winter, 2005). In the last century,

schistosomiasis emergences or re-emergences resulting

from large-scale hydroprojects have been reported for the

Sudanese Gezira-Managil Dam (Omer, 1978; Amin, 1977;

Fenwick, 1989), the Egyptian Aswan High Dam (Khalil,

1949; Strickland, 1982), and the Ethiopian Melkasadi Dam

(Teklehaimanot and Fletcher, 1990). In China, the Danling

Dam in the province of Sichuan and the Huangshi Dam in

the province of Hunan have all had adverse effects on local

schistosome transmission (Guo and Zheng, 1999; Zhang

and Guo, 2006). However, not all dam regions suffer from

schistosomiasis. For example, when the Ertan Dam in the

province of Sichuan became operational, local schistoso-

miasis control centers collaborated with dam management

office and government ministries to actively monitor and

prevent the spreading of schistosome worms. As a result of

these efforts, potential schistosome transmissions in the

Ertan region were successfully averted (Gu et al., 2001).

Currently, the Three Gorges region is a non-endemic

area for schistosomiasis. However, regions of the Yangtze

River both upstream to and downstream from the Three

Gorges area form schistosomiasis endemic foci (Fig. 1) (Xu

et al., 2000a; Wu CG et al., 2005a). Therefore, one primary

focus of our exposition is the possible introduction of S.

japonicum to the Three Gorges region through environ-

mental changes caused by building the Three Gorges Dam.

The rest of this review is organized as follows: Section 2

briefly summarizes the environmental and geographical

characteristics of the Three Gorges region. Section 3 pre-

sents some possible environmental changes induced by

building the Three Gorges Dam. Section 4 discusses the

influences these changes may have on the transmission

dynamics of S. japonicum in the Three Gorges region.

Section 5 examines the impact of the Three Gorges Dam on

the transmission of schistosomiasis in downstream regions

of the Yangtze River. Finally, Section 6 concludes the entire

review with some additional recommendations.

ENVIRONMENTAL AND GEOGRAPHICAL

CHARACTERISTICS OF THE THREE GORGES

REGION

The Three Gorges Dam is located in the Three Gorges re-

gion in the upper reaches of the Yangtze River (Fig. 1). It is

situated upon Sandouping Island in the province of Hubei,

China. The reservoir associated with the dam occupies a

total area of approximately 1084 km2. It is a narrow and

long reservoir about 600 km in length and 1.1 km in width.

Its maximum water reservation level is 175 m (Hong,

1992). The reservoir stretches from 106� E to 111� E and

from 28�500 N to 32� N, which places it in between two

major schistosomiasis endemic regions—the Jianghan

Plains of the province of Hubei and the Chengdu Plains of

Figure 1. A map of the Three

Gorges Dam showing schistoso-

miasis endemic foci and names of

various geopolitical divisions used

in the article.
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the province of Sichuan (Fig. 1). No noticeable differences

exist between the temperature and precipitation levels of

the dam region and the two surrounding schistosomiasis

endemic regions. The lifestyles of people living around the

dam and those living in the endemic regions are not sig-

nificantly dissimilar (Wang and Zheng, 2003). A investi-

gation performed in 1983 revealed that the species

spectrum of mollusks distributed in the Three Gorges re-

gion is not significantly different from that found in the

endemic regions. Some species of snail other than Onco-

melania hupensis are in fact identical to those found in

endemic regions in western Sichuan. However, the presence

of many cliffs, precipices, and jagged shores formed by the

rapid flowing waters of the Three Gorges segment of the

Yangtze River, along with the lower temperature of the

water, discourages Oncomelania snail life and reproduction

in the Three Gorges region. Hence, the Three Gorges is

currently a non-schistosomiasis endemic area because of

neither a suitable place for Oncomelania breeding nor for

transmission of S. japonicum (Gu et al., 1987).

POSSIBLE ENVIRONMENTAL CHANGES

ASSOCIATED WITH THE THREE GORGES DAM

Guo and Zheng (2000) predicted that the Three Gorges

Dam’s environmental adjustment capacities allow for sig-

nificant changes to the Yangtze River’s water and sedi-

mentation levels in its mid and lower reaches. These

changes, in turn, will significantly alter the environments

and ecologies of numerous regions and provinces from mid

to lower reaches of the Yangtze River. Before discussions on

their implications for schistosomiasis could begin, the

environmental changes brought about by the dam must be

made more clear and concrete. This section enumerates

some of these changes, and quantifies them in such a way as

to facilitate further discussions in subsequent sections.

Water Level

When the Three Gorges Dam becomes operational, the

natural river course lying within the dam will be submerged

and changed into a lake-like reservoir whose water level is

adjusted on a seasonal basis. The flood season alone the

Yangtze River lasts from June to September, and during

this period the operational water level within the Three

Gorges Dam will be maintained at 145 m above sea level to

prevent flooding in the mid to lower Yangtze River. Water

intake commences in October, and a normal water reser-

vation level of 175 m will be kept throughout November

and December. Hydroelectricity generation lasts from

January to April. To ensure the generation of adequate

electricity, reservoir water level from January to April is

kept higher than the seasonal basal level of 155 m. By the

end of May, reservoir water level falls back to 145 m in

preparation for the new flood season (Zhang and Guo,

2006). Thus, the Three Gorges Dam operates in a so-called

Winter-Water, Summer-Land (WWSL) cycle, where water

levels rise in winter and fall in summer. WWSL will cause

the formation of marshlands between water levels of 145

and 175 m.

Silt Deposition

The Three Gorges Dam will change the environment of

many marshlands and rapid flowing waterways in the Three

Gorges segment of the Yangtze River. Rapid flowing waters

will slow down and sedimentation will increase. Silt from

six major tributaries of the Yangtze River will merge at the

entrance of the Three Gorges Dam to form an alluvial

plain. Zheng et al. (2001) predicted that, in the 200 km

river segment above Peiling’s backwater change area,

marshlands will form in 10 to 14 years after the dam be-

comes operational. In 30 years, more than 60 marshlands

will emerge. In 100 years, 27 large-scale marshlands with a

total area of 34 km2 will form. The elevations of these

marshlands will range from 149 to 175 m above sea level.

Climate

The latitudes occupied by the Three Gorges Dam (28�500 N

to 32� N) fall within China’s schistosomiasis endemic lat-

itudes (Xu et al., 2004). Oncomelania snails in China are

found mainly in zones with average temperatures >14�C,

average January temperatures >0�C, and annual precipita-

tion levels >750 mm (Xu et al., 2004). Peng et al. (2006)

applied statistical analysis to spatial airflow distribution

data collected using Geographic Information System (GIS)

to more accurately evaluate the meteorological character-

istics of schistosomiasis endemic zones in China. Their

analyses placed 95% confidence intervals for the average

temperature of January at 0.9�–12.4�C, and for the average

annual temperature at 9.4�–21.1�C—ranges that are most

compatible with the lifestyle of snails. Studies by Zheng

et al. (2001) and the Yangtze River Committee on Water

Conservancy revealed that the Three Gorges region’s

average temperature in January is 3.9�–7.5�C. Its average

annual temperature is 16.4�–18.8�C. Its annual precipita-
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tion is >1000 mm. These climate traits match well with the

confidence intervals established by Peng et al. (2006) for

schistosomiasis endemic regions in China (Tables 1, 2).

Furthermore, Jia et al. (2005) showed that submersion

within the dam’s perimeters will increase the surface area of

available water in the Three Gorges region. Due to water’s

greater heat capacity, the average winter and spring tem-

peratures of the Three Gorges region will increase by 0.3�–

1�C, while the summer and autumn temperatures will de-

crease by 0.9�–1.2�C. Three Gorges’ annual precipitation

level will also increase by 3 mm with a corresponding in-

crease in soil water content. These climate changes will

cause the environment of the Three Gorges region to

gradually evolve in a direction more suitable for the sur-

vival of snails.

IMPACT OF DAM ON SCHISTOSOME

TRANSMISSION IN THE THREE GORGES

REGION

The Three Gorges Reservoir is based in an area consisting

of three consecutive narrow water passageways on the

Yangtze River known collectively as the Three Gorges.

Yangtze water found in these passageways is rapid flowing

and collides with the many precipices, cliffs, and sandbars

that flank the river. This makes Three Gorges’ environment

extremely hostile to the reproduction of snails. Indeed,

studies conducted toward the end of the 1980s have con-

firmed that the Three Gorges region does not form an

endemic focus for schistosomiasis (Gu et al., 1987). How-

ever, many environmental changes take place in the Three

Gorges region both during and after the construction of the

Three Gorges Dam. The possible impact of these environ-

mental changes on the distribution of Oncomelania snails

and S. japonicum worms in the Three Gorges region will be

discussed in this section.

Snail Survival and Reproduction

Xiao et al. (1998) proposed that the Three Gorges Dam’s

WWSL cycle of operation contradicts with the snails’

‘‘winter-land, summer-water’’ (WLSW) breeding cycles.

Therefore the conditions present in the Three Gorge Dam

will not be ideal for the reproduction of snails. However,

He et al. (1999) concluded that the Three Gorges Dam will

decrease the population environmental capacity of the

Hubei segment of the Yangtze River. According to the rules

of resettlement, some migrants from the Three Gorges are

resettled near their original homes but away from the res-

ervoir; the slope lands adjacent to the Three Gorges Dam

will be increasingly reclaimed by the resettled farmers. This

reclamation causes soil erosion which increases the rate of

silt arrival into the Hubei segment. Furthermore, the flow

rate of the Yangtze River and its silt-carrying capacity will

both decrease due to the Three Gorges Dam. Together,

these changes will cause sedimentation and formation of

marshlands conducive to the reproduction of snails.

Comparative ecological studies by Lai et al. (2000) showed

that marshlands situated at higher than 175 m above sea

level in the Three Gorges Reservoir are exposed above the

normal winter water reservation level of the reservoir. This

will create an opportunity for snails to live through the

winter on land. During summer, although the water level is

Table 1. Temperature, Precipitation, and Cumulative Temperature of Various Cities and Towns in the Three Gorges regiona

Location

name

Annual average

temperature (�C)

Average temperature

in January (�C)

Annual precipitation

rate (mm)

Cumulative temperature

of days �10�C (�C)

Dangyang 16.4 3.9 996.8 �5000

Fengdu 18.2 7.1 1087.3 5892.7

Jiandong 17.2 5.9 1091.2 6985.3

Peiling 18.1 7.1 1073.5 5903.8

Wanxian 18.1 6.7 1185.4 5757.9

Wushan 18.4 7.1 1049.4 5694.0

Youyang 18.2 3.7 1389.4 4651.5

Yichang 16.8 4.5 1031.0 �5000

Yunyang 18.8 7.5 1145.1 5994.1

Zigui 18.0 6.8 1028.7 �5000

aSource: Zheng et al. (2001).
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lowered, thereby taking those marshlands further above

water and making them unfavorable for snail dispersal, but

flooding will repeatedly raise the water level for a period

long enough to provide an adequate water source for an

underwater habitat for the young snails. Furthermore, the

concaving tablelands found in the reservoir also possess

geographic characteristics similar to the marshlands

(Fig. 2). Therefore Lai et al. (2000) concluded that the belt

above 175 m and below the temporary inundation line,

along with the concaving tablelands in the reservoir, could

form the main potential habitats for Oncomelania snails.

Snail Dispersal

The modes of dispersal employed by Oncomelania snails

were categorized as active or passive (Wu CG et al., 2005b).

Active dispersal is accomplished via young snails exploiting

surface water current as a means of locomotion to spread

themselves to other places. Active dispersal could also be

achieved in adult snails by their suspending themselves

below the water surface and taking advantage of surface

water currents. Passive dispersal is accomplished via snails

attaching themselves to other waterborne objects to spread

to new places. Hence, passive dispersal takes on more di-

verse forms than active dispersal. Gu et al. (1987) and Xu

et al. (2000b) found that schistosomiasis endemic regions

along the upper Yangtze River are situated far from the

Three Gorges region (Fig. 1). The nearest such endemic

region is 299 km away from the Three Gorges region. The

maximal distance traversed by snails under favorable cur-

rents is 168 km. Therefore it is very difficult for snails from

endemic regions along the upper Yangtze River to migrate

to the Three Gorges region via active dispersal. Although

endemic regions in lower Yangtze River are nearer to the

Three Gorges region (Fig. 1) (Xu et al., 2000a), a study by

Xiao et al. (1998) showed that it is very difficult for snails

in lower Yangtze River to spread to the Three Gorges re-

gion via passive dispersal. This is because snails adhering to

the bottom of boats cannot travel countercurrent for more

than 30 km to reach the Three Gorges region. The Three

Gorges Dam will make it harder still for snails to expand

into the Three Gorges region because they will need to pass

through two sets of dam gates in order to enter into the

reservoir itself. Li and Lin (1998) investigated correlations

between the morphology of various species of snail inter-

mediate hosts and the prevalence of schistosomiasis in

various hydroprojects. The authors concluded that the thin,

broad, and light shells of African snails facilitate their

migration through active dispersal. On the other hand, the

Oncomelania hupensis snails (in particular, adult O. hup-

ensis snails) are prone to sinking due to their relatively

smaller volume and greater density (Zhang and Guo, 2006).

Since the O. hupensis snails form the sole vector of schis-

tosome transmission in mainland China (Mao and Shao,

1982; Ross et al., 1997b), it is highly improbable for the

Three Gorges Hydroproject to facilitate the active dispersal

of upstream O. hupensis snails to the Three Gorges region.

Table 2. Monthly Survival Rates of Snails in Simulated Three Gorges Dam Environment in Yiling (%)a

Experimental area type Snail type 2002 2003

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May

Control area Rib-shelled 63 51 32 31 19 46 21 14 11 25 36 43 37

Sedimentation area Rib-shelled 95 95 78 66 68 62 62 33 27 32 55 85 53

Smooth-shelled 99 98 78 75 62 41 33 40 25 35 43 54 51

Irrigation area Rib-shelled 92 97 79 86 40 74 57 55 33 30 57 65 41

Smooth-shelled 98 97 87 71 53 63 41 22 42 21 58 59 46

aSource: Zheng et al. (2001), Xu et al. (2004), Jia et al. (2005).

Figure 2. A cross-section diagram of the reservoir showing an

adjacent concaving tableland, the various water reservation levels,

and the temporary inundation line.
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However, past research had considered biological fac-

tors to the exclusion of economic and social factors that tie

in closely with the migration and dispersal patterns of snails.

There have been reports of paper-making reeds carrying

schistosome infested snails (Wei et al., 2004). Dead snails

have also been found within warehouses of paper-making

factories in the Three Gorges region. This shows that there

exist other venues through which snails could make their

way into the region. Xu et al. (1999) found that many dif-

ferent types of plants from schistosomiasis endemic regions

are imported into the Three Gorges region every year in

large quantities. The possibility thus exists of snail and snail

egg-carrying soil being taken with the imported plants into

the Three Gorges region. Furthermore, the Three Gorges

Dam will improve the existing Yangtze River transportation

infrastructure, thereby greatly enhancing the flow of mate-

rials and merchandise and facilitating the introduction of

more snails into the Three Gorges region.

Sources of Transmission

Goldsmith and Hildyard (1985) showed that environ-

mental impacts on intermediate hosts are closely related to

statistical socioeconomic and population variations. After

the Three Gorges Dam starts its normal water intake,

21 prefectures, 356 towns, and 1711 villages will be sub-

merged (Zhang and Guo, 2006). Gu et al. (1988) predicted

that, in 2020, the average farmland-to-farmer ratio of the

19 rural counties in the Three Gorges region will be greatly

reduced due to submersion, migration, and the construc-

tion of new cities and towns. Thus, agriculture alone could

no longer sustain the economic development of the Three

Gorges region. Export of labor, real estate, tourism, and

business activities are needed to ensure the continued

economic prosperity of the Three Gorges region. However,

these activities will cause influxes of people from nearby

schistosomiasis endemic zones and greatly increase the

prevalence and intensity of schistosome infections in the

Three Gorges region.

Zhang et al. (2000a) reviewed that the Three Gorges

Dam will lower the immigration capacity of the Three

Gorges region. Approximately 1.13 million migrants from

the reservoir areas need to be settled in other places (Li and

Yin, 1992). Of the 1.13 million people, approximately

250,000 will enter schistosomiasis endemic regions to work

(Zhang and Guo, 2006). According to recent reports from

hospitals and Centers for Disease Control and Prevention

(CDC) in the Three Gorges region, incidences of acute

schistosomiasis occurred frequently among residents orig-

inally from the Three Gorges region after they started to

work in schistosomiasis endemic regions. Every year, there

are approximately 100,000 people acting as potential

sources of infection for schistosomiasis and returning to

the Three Gorges area (Xu et al., 1999). These people have

the potential for causing schistosomiasis emergence in the

Three Gorges region if Oncomelania snails exist there at the

same time. According to data reported by the Sichuan

Parasitic Disease Prevention Research Center, every year

approximately 85,000 schistosome-carrying people from

endemic regions enter the Three Gorges region to travel

and work. Wei et al. (2004) performed seroanalysis on 175

merchants from Badong and Zigui counties near the Three

Gorges Dam and obtained at least one seropositive case for

schistosomiasis. Furthermore, a recent investigation of 372

people working in three districts of Wanxian, Fengdu, and

Yubei in the Three Gorges, who came from endemic re-

gions, revealed 14 cases of historical infections with S. ja-

ponicum and 5 cases of seropositivity (Wu CG et al.,

2005a). Another investigation on 133 Three Gorges natives

returning from endemic areas revealed 56 cases of contact

with infested water and 2 cases of seropositivity (Wu CG

et al., 2005a). These evidences show that the potential

human transmission sources for schistosomiasis may have

been introduced into the Three Gorges region. Fortunately,

no local transmission foci have been found because no

Oncomelania snail has been detected up to now.

In addition to humans acting as sources of S. japoni-

cum transmission, cattle, sheep, pig, mouse, and many

other types of livestock and wild animals also harbor

schistosome worms (Mao, 1990). In fact, the definitive host

range of S. japonicum spans more than 40 species belonging

to 34 genera in 18 families extending across seven mam-

malian orders (Ross et al., 1997a; Li et al., 2000), making it

a true zoonosis (Ross et al., 1997a; Zhou et al., 2001). A

study by Zhang and Guo (2006) showed that 89.7% of

Three Gorges region’s population consists of farmers, and a

great majority of these farmers raise cattle and sheep for a

living. Due to the zoonotic nature of S. japonicum, these

livestock have the potential to act as significant sources of

infection for schistosomiasis. Furthermore, some of the

livestock introduced to the Three Gorges region come from

schistosomiasis endemic regions and may already be in-

fected. Although there are currently no reported cases of

schistosomiasis infection in animals, livestock introduced

from endemic areas nevertheless pose a clear and present

danger to human health in the Three Gorges region.
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IMPACT OF DAM ON SCHISTOSOME

TRANSMISSION IN REGIONS ALONG MIDDLE

AND LOWER REACHES OF THE YANGTZE RIVER

Flowing eastwards from the Three Gorges, the Yangtze

River passes through the provinces of Hubei, Hunan, Ji-

angxi, Anhui, and Jiangsu, and joins many other rivers and

the Dongting and Poyang Lakes before emptying into the

East China Sea (Fig. 1). Zheng et al. (2001) showed that the

Three Gorges Dam will decrease the probability of flooding

in mid and lower reaches of the Yangtze River from once

every 10 to 20 years to once every 100 years. This much-

reduced probability of flooding will effectively deter the

dispersal of both snails and schistosome worms. Some

scholars also believe that the WWSL operation cycles of the

Three Gorges Dam contradict with the WLSW life cycles of

snails in regions along mid and lower reaches of the Yan-

gtze River (Liang et al., 2002a). Therefore, the Three Gor-

ges Dam will not create conditions favorable to the long-

term survival of snails. Structural and enzyme chemistry

research has also shown that water submersion in winter

suppresses catalytic activities of snail enzymes, thereby

decreasing snails’ membrane enzyme solubility and reduc-

ing their long-term survival rates (Liang et al., 2002b).

However, the Three Gorges Dam will not completely alter

the WLSW environment of marshlands in mid and lower

reaches of the Yangtze River. Furthermore, the Three

Gorges Dam increases the rate of silt deposition in the

Three Gorges region. This increased rate of silt deposition

leads to expansion of marshlands, blockage of river pas-

sages, and alteration of exposure times of downstream

marshlands. These environmental changes caused by the

Three Gorges Dam could affect the transmission of schis-

tosomiasis in regions along the Yangtze River downstream

from the dam.

Jianghan Plains

The Three Gorges Dam will cause changes in the flow rate,

water level, and water quality of lower Yangtze River, and

effect environmental changes in lakes both north and south

of the Jin segment of the Yangtze River (Cai et al., 1987).

The Chinese Academy of Science and many other research

agencies have made long-term observations of under-

ground water levels in the Jianghan Plains (Xu et al.,

2000b). These observations show that water percolates

from the Yangtze River into natural underground water

reservoirs in a process of lateral transfer. During flood

seasons, the farthest point of lateral transfer is 15 km.

During dry seasons, the farthest point of lateral transfer is

7 km. Areas within 2–3 km of the Yangtze River are sen-

sitive to water-level changes in the Yangtze River. There-

fore, Xu et al. (2000b) concluded that water percolation

from the Yangtze River into underground reserves will

cause the underground water level of the Jianghan Plain to

rise. The increased water level will cause the degeneration

of rice paddies into marshlands, thereby providing new

habitats for Oncomelania snails in the region.

Lake Dongting

Lake Dongting is situated on the southern shores of the Jin

segment of the Yangtze River. Here, part of the Yangtze

River forks into the Songci, Ouchi, and Taiping creeks that

flow into the lake (Cai et al., 2000). Prior to the con-

struction of the Three Gorges Dam, water from the Yangtze

River entering the lake contained high quantity of silt and

mud. Every year 154 million metric tons of silt enters the

lake. This leads to yearly increases in the elevation of the

lake bed (Li et al., 2000). In order to predict the impact of

sedimentation rate changes on the transmission of schis-

tosomiasis in regions surrounding the lake, Cai et al.

(2000) took soil samples from several marshlands in the

lake. A comprehensive analysis of these samples allowed

Cai et al. (2000) to make the following predictions

regarding the effects that Three Gorges Dam will have on

schistosome transmission in the Dongting region:

(1) The rate of growth of snail-harboring marshlands in

the lake will decrease. Fifty years after the completion of the

Three Gorges Dam, silt entering from the Yangtze River into

the lake will decrease by 80% due to the extra silt deposited

within the dam itself. Decreased silt input greatly decreases

the rate of marshland formation in the lake, which effectively

curbs the reproduction of snails. In 80 years, the Three

Gorges Dam will reach its maximum silt containment level.

At that point, extra silt will be displaced from the dam. The

extra silt will enter Dongting and restore its sedimentation

and marshland formation rate to pre-dam times.

(2) Large numbers of schistosome-infested snails in-

habit marshlands lying within 1000 m of the shores of

Dongting. Agricultural activities taking place on these

marshlands place both humans and livestock in jeopardy

from contracting schistosomiasis (Wu and Wen, 1988).

Sedimentation rate changes in the lake caused by the Three

Gorges Dam will not alleviate this situation. In fact, these

changes will cause the regression of reed-type marshlands

Three Gorges Dam and Schistosomiasis 143



within 1000 m of the shores of Dongting into grass-type

marshlands or mixed grass–reed marshlands. Since humans

and livestock will make use of the vegetative blankets found

on these regressed marshlands, the probability of humans

and livestock coming into contact with cercariae-infested

waters around the marshlands will greatly increase. Fur-

thermore, miracidia hatched from eggs in the stool left

behind by infected livestock will initiate new rounds of

schistosome infections in snails. In this respect, schistoso-

miasis epidemics in regions surrounding Lake Dongting

will be made worse by the Three Gorges Dam.

Lake Poyang

Research data concerning Lake Poyang are provided mostly

by the Yangtze River Committee on Water Conservancy

and an on-site investigation conducted by Zheng et al. in

2001. Zheng et al. (2001) predicted that after the Three

Gorges Dam becomes operational, Lake Poyang’s water

level will rise by 0.11–0.90 m in January, February, and

March. It will lower by 0.07–0.13 m in December.

Regardless of the annual precipitation levels, the water level

of Lake Poyang has always been lower than 13 m above sea

level. Snails at Poyang live in places that are higher than

13 m above sea level (Zheng et al., 2001), with a majority of

snail infested marshlands located at a height of 14–16 m

above sea level (Ning et al., 2003). Therefore, snail repro-

duction will not be affected by changes in Lake Poyang’s

water level caused by the dam. From April to June, Poy-

ang’s water level will experience different degrees of in-

crease. Yet these changes also have very limited effects on

the epidemiology of schistosomiasis in and around the lake.

Zhang et al. (1995) showed that the water level of Lake

Poyang from April to June is critical for the survival of its

snails. The Three Gorges Dam will cause the water level of

Lake Poyang to rise slightly in April. This slight rise in

water level will cause flooding of Poyang’s marshlands

15 days earlier than the corresponding flooding times in

pre-dam years. However, the premature flooding takes

place after peak periods of snail reproduction have passed,

thus the distribution of snails in Lake Poyang will remain

unaffected (Wang and Zheng, 2003). On the other hand,

the early flooding will lengthen shallow-water periods on

Poyang’s marshlands. The longer periods contribute to an

increase in the number of shallow-water areas formed on

Poyang’s marshlands. This increases the density of schis-

tosome-harboring snails by 20% and expands the schisto-

somiasis infection zones in Lake Poyang by 20%.

Anhui Segment

The 416 km-long Anhui segment of the Yangtze River has

200,000 hectares (ha) of river marshlands, lake marshlands,

and lake beaches. Out of the 200,000 ha, more than 26,000

harbor snails. Of the three types of marshlands, lake

marshlands have the highest snail-coverage ratio at 45.69%

of their total area. Lake beaches have the lowest snail

coverage ratio at 5.6%. Lake marshlands and beaches are

more susceptible to water submersions. Data were provided

by the Yangtze Committee on Water Conservancy con-

cerning monthly water levels measured by Datong hydro-

metric station (located at the western end of Anhui

segment) and Nanjing hydrometric station (located at the

eastern end of Anhui segment). These data project a higher

water level from January to June, and a lower water level

from October to December, for the Anhui segment after the

dam becomes operational. Water levels will not change

noticeably from July to September; while in February,

March, and November, the most significant changes in

water levels will be observed after the dam is built

(Table 3). Zhang et al. (2000b) predicted that the changes

in water level in autumn will advance the exposure times of

marshlands on the Anhui segment and allow for early

planting of crops like wheat and rape (Chinese canola).

This will prolong the period of agricultural development

and suppress snail activities on the marshlands. On the

other hand, farmers spending long periods of time working

on the marshlands will have an enhanced chance of con-

tracting schistosomiasis from the surrounding bodies of

water. This problem is greatly exacerbated by the increased

water levels in spring, when farmers spend prolonged

periods of time harvesting the wheat and rape they have

planted in autumn.

Wang et al. (1998) found that water level changes in

the Anhui segment of the Yangtze River caused by the

Three Gorges Dam will occur at elevations below those

necessary for the formation of snail-harboring marshlands.

Thus, the Three Gorges Dam will not greatly increase areas

of snail reproduction. However, with the formation of new

marshlands and blockage of Yangtze tributaries, it is pre-

dicted that the number of available snail habitats in the

Anhui segment will increase after the completion of the

Three Gorges Dam (Wu CG et al., 2005b). More frequent

spring water submersions caused by the Three Gorges Dam

will also increase the probability of fishers coming into

contact with cercariae-infested water and contracting

schistosomiasis. Early water recessions caused by the Three
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Gorges Dam in autumn will lengthen the amount of time

humans and livestock spend on marshlands. This will

greatly increase the chance of livestock ingesting schisto-

some-infested snails. Zhang et al. (1998) found that the

Three Gorges Dam will cause the Anhui segment marsh-

lands to shift upwards by 0.5 m. This increase in marshland

elevation will advance the marshlands’ agricultural devel-

opment by half a month to one month, and lengthen the

time cattle spend plowing the marshlands to plant crops.

This increases the chance of cattle contracting schistoso-

miasis. It also increases the exposure time of marshland

snails to miricidia and, hence, the density of schistosome-

infested snails.

Jiangsu Segment

According to data from Nanjing Hydrometric Station

(Table 3), upon completion of the Three Gorges Dam, the

Jiangsu segment of the Yangtze River will not experience

any water-level change from August to September. Small

changes in water level are predicted for January, May, June,

July, and December. Water-level increases of 0.15–0.40 m

are predicted for February, March, and April. Water-level

decreases of 0.29–0.75 m are predicted for October and

November. Experiments conducted by Liang et al. (1999)

have shown that advanced flooding of the Jiangsu segment

caused by the Three Gorges Dam from February to April

will increase the mortality rate of adult snails and decrease

their fecundity. Therefore, the density of snails in Jiangsu

segment’s marshlands will decrease by approximately 80%.

On the other hand, advanced flooding will make conditions

more favorable for the maturation of larval snails. This

increases the chance of miracidia penetration of marshland

snails and results in the formation of new schistosomiasis

endemic zones in the Jiangsu segment. In October and

November, the larval snails will have already developed into

adult snails, thus early water recessions caused by the Three

Gorges Dam will not have any effect on the prevalence of

schistosomiasis due to larval snail infections (Wang and

Zheng, 2003). However, the number of miracidia-infested

snails will nevertheless increase to a certain extent. Ad-

vanced water recessions in the fall season will increase

incidences of schistosome infections among people and

livestock, leading to additional marshland contamination

by livestock manures harboring schistosome eggs.

CONCLUSIONS

From the review above, we have three conclusions. 1. The

Three Gorges Dam will cause the environment of the Three

Gorges region to gradually evolve towards one that is more

favorable to the reproduction of Oncomelania snails and

the emergence of a schistosomiasis epidemic. Concurrently,

environmental and socioeconomic changes increase the

probability of snail introduction into the Three Gorges

region. 2. For regions along mid and lower reaches of the

Yangtze River, the Three Gorges Dam will alleviate floods,

limit the dispersal of snails, and decrease the chance of

human and livestock coming into contact with water in-

fested with infected snails with S. japonicum. 3. On the

other hand, water level and silt deposition changes brought

Table 3. Monthly Changes in Water Levels of Typical Years at Datong and Nanjing Hydrometric Stations before and after the

Construction of the Three Gorges Dama

Typical years Monthly average differences between water levels before and after construction of the

Three Gorges Dam (in m)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Datong hydrometric station

Year of high precipitation 0.09 0.26 0.30 0.14 0.35 0.58 0.30 0.01 0.00 �0.49 –1.34 –0.96

Year of average precipitation 0.21 0.53 0.67 0.37 0.08 0.21 0.08 0.00 0.00 �0.75 –1.26 –0.10

Year of low precipitation 0.39 0.59 0.61 0.48 0.12 0.34 0.08 0.03 0.00 �1.00 –1.20 –0.07

Nanjing hydrometric station

Year of high precipitation 0.05 0.35 0.18 0.08 0.09 0.34 0.06 0.01 0.00 �0.29 �0.07 �0.04

Year of average precipitation 0.12 0.37 0.40 0.21 0.04 0.12 0.05 0.00 0.00 �0.44 �0.75 �0.06

Year of low precipitation 0.31 0.30 0.37 0.28 0.07 0.25 0.04 0.03 0.00 �0.59 �0.71 �0.03

aSource: Zhang et al. (2000b).
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about by the Three Gorges Dam will increase the exposure

time of marshlands along mid and lower reaches of the

Yangtze River regions and cause blockage of Yangtze’s

tributaries in those areas. These changes create opportu-

nities for the reproduction and dispersal of snails, and in-

crease the chance of humans and livestock contracting

schistosomiasis.

Further investigations of the relationships between the

Three Gorges Hydroproject and transmission of S. japoni-

cum in the Three Gorges and other related regions are

warranted. These investigations present numerous exciting

research opportunities and new research prospects. In

particular, research in the following areas is needed in order

to obtain conclusions that are reliable, long-term, and

systematic in their treatment of the future outlook of

schistosomiasis in the various regions along the Yangtze

River:

Simulation

Ecological simulations for the many different environments

that will exist in the Three Gorges region and regions along

mid and lower reaches of the Yangtze River after the

completion of the Three Gorges Dam need to be per-

formed. Long-term research on snail ecology in the reser-

voir areas is needed in order to identify all potential

reproduction factors.

Socioeconomics

Investigations of the relationships between socioeconomic

changes caused by the Three Gorges Dam and the epide-

miology of schistosomiasis in the Three Gorges region need

to be carried out.

Monitoring and Prevention Systems

Although the GIS technology had been used in previous

research projects, it should be employed further to

dynamically monitor and accumulate data regarding water

level, silt deposition, marshlands, lake and river floodplain

formations, human and livestock activities, and snail dis-

persal patterns in the Three Gorges region and regions

along mid and lower reaches of the Yangtze River (Maszle

et al., 1998; Zhou et al., 2001). These data could then be

used to further investigate the temporal–spatial relation-

ships between environmental changes caused by the Three

Gorges Dam and schistosomiasis transmission in areas

surrounding the Yangtze River.

Intervention Measures

Dams such as the Ertan Dam in China (Gu et al., 2001)

have successfully controlled snails and schistosome worms

found in their surrounding environments. The experiences

of these dams could be worked into researching policies

that prevent the Three Gorges Dam from transforming its

vicinities into schistosomiasis endemic zones.
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