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Abstract. Age structure, educational level and economic situation of farmers living in Shennongjia

National Nature Reserve, Central China, were analyzed. Results showed that the population will

increase steadily in the future and that the educational level is very low on the whole. Among

people above the school entrance age (seven years old), only 36% had the opportunity to receive

highschool education and those who received college education occupied just about 1%. The

income of the local farmers was far below the national average number, which was only 1044.4

RMB (RMB: Chinese Currency, 8.3 RMB=1 US$) per capita in 2001, which is only 44.1% of

farmers’ or 15.1% of citizens’ nationwide. Some measures, such as developing featured economies

and popularizing effective energy utilization methods, have been proved as successful ways for

income growth and environment protection. To cope with the conflicts between community

economy development and biodiversity conservation, effective mechanisms, such as Public Com-

pensation, and Community Co-management should be introduced. Sharing favorable policies and

reasonably taking advantage of natural resources, the goal of sustainable development of local

community economy can be achieved along with the biodiversity conservation.

Abbreviations: SNNR – Shennongjia National Nature Reserve; UNESCO – United Nations

Educational, Scientific and Cultural Organization; GEF – Global Environment Facility; MODAM

– Multiple Objective Decision Support Tool for Agroecosystem Management; ABS – Adminis-

tration Bureau of Shennongjia National Nature Reserve; FAB – Forestry Administration Bureau

of Hubei Province; GSF – Government of Shennongjia Forest District of Hubei Province

Introduction

The Shennongjia National Nature Reserve (SNNR) is located in the Northwest
of Hubei province, Central China. Unique geographic location and complex
terrain make it one of the most biodiversity rich areas in China (Ying 1996; Liu
et al. 2000; Xie 2003). Apart from a highly rich biodiversity, soil and water
conservation within the Reserve is critical to the safety of the Yangtze River
and three Gorges Reservoirs.

Humans are one part of the biosphere and the environment is inevitably
disturbed by human activities (Machlis 1992). Conflicts between biodiversity

Biodiversity and Conservation 14: 2095–2108, 2005. � Springer 2005

DOI 10.1007/s10531-004-4360-2



conservation and local residents’ livelihoods exist in many countries, especially
in the developing countries, for the regions with high biodiversity have often
been managed by top-down approaches, disrupting local people’s livelihoods
through the control of natural resources (Rawat and Uniyal 1993; Stefania
2001; Wessels et al. 2003; Zhang and Wang 2003). In some countries, there has
been established a system of returning benefits to local people within com-
munity-based natural resources management schemes (Lewis et al. 1990;
O’Connell-Rodwell et al. 2000) and some methods have been introduced, such
as the modeling system Multiple Objective Decision Support Tool for Agro-
ecosystem Management (MODAM) (Kächele and Dabbert 2002). In China,
the systemic research of this problem is relatively few and it is an issue, which
needs to be dealt with seriously. As far as SNNR is concerned, although
some projects had been done in the past, few of them had really helped solving
the inconsistency between the community economy development and biodi-
versity protection as a whole. The aim of this paper is to analyze the local
economy situation in detail and try to find the advisable solutions to these
conflicts.

The study area: SNNR

The area of SNNR is 704.7 km2 (110�03¢05¢¢–110�33¢50¢¢E, 31�21¢20¢¢–
31�30¢20¢¢N), with the forest coverage more than 90%. The main geomorphic
type is mountainous landform and the average annual precipitation is
1584 mm (Zhu and Song 1999). Local residents are scattered in this area
(Figure 1).

Increasing attention has been made on this area in recent years. SNNR was
set up in 1986 with the approval of the China central authority. In 1990, it
became a member of the International Network of Biosphere Reserves by
United Nations Educational, Scientific and Cultural Organization (UNESCO).
With the support of Global Environment Facility (GEF), SNNR was listed as
one of the demonstration projects of the China Nature Reserve Management
Program in 1995.

With complex mountainous physiognomy and distinct features of the tran-
sitional zone, SNNR has the most diversified biological resources. The vertical
distribution spectrum of vegetation is obvious in SNNR and there are six main
types of vegetation along with the increase in elevation, i.e., evergreen
broadleaf forest, evergreen and deciduous broadleaf mixed forest, deciduous
broadleaf forest, needle-leaf and deciduous broadleaf mixed forest, dark nee-
dle-leaf forest and meadow. Many ancient, rare, endangered and endemic plant
species are found here. Due to the wonderful habitats provided by the diverse
vegetation, plenty of animal species are also found here (Table 1). The state
forestry bureau of China in August 1st, 2000, revealed that among these spe-
cies, there are five species of first-class protected plants (altogether 51 in China)
and 16 species of second-class protected plants (altogether 67 species in China).
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There are also altogether 254 species of animals (altogether 1951 species in
China), which belong to ‘the list of protected animals with high economic,
scientific value’.

Methods of study

Data were collected through a face-to-face questionnaire survey from Sep-
tember to November 2002. Over 80% of the total population, i.e., 6866 people
of 1703 families living in 17 villages were investigated in items of population
age structure, educational level, incomes and expenditures. The main energy

Table 1. Plant and Animal diversity in Shennongjia National Nature Reserve, Chinaa.

Families Genera Species

Plants Fern 30 63 199

Gymnosperm 6 17 28

Angiosperm 157 770 2411

Animals Mammal 22 53 75

Bird 48 158 308

Amphibious 7 11 23

Reptile 8 27 40

Fish 10 32 47

aIn reference to (Ge and Wu 1997; Zhu and Song 1999; Ying et al. 1999).

Figure 1. Shennongjia National Nature Reserve of China (including two geographically separated

areas). Villages within the Reserve have been shown.
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consumption mode (fuel wood) and the local residents’ attitude towards con-
servation were investigated by the GEF supported Community Co-manage-
ment Project in 1997. As for the featured economy modes, we made the
inquiries about the number of the tourists and the sightseeing incomes from
ticket office and selected two representative villages as an example to investi-
gate the income from acorn selling.

Results

Population age structure and literacy rates in SNNR

Of the 6866 persons, the populations below age of 20, between 21 and 40, 41
and 60, and above 60 years old account for 32, 30, 28 and 10%, respectively,
which means the number of people there will increase steadily and more
pressure will be upon the environment. Because of the limited economic
development, the overall education situation is very poor. Among people
above the school entrance age, about half of them graduated from the primary
school and only 36% of them had the opportunity to receive the high school
education. Those who received college education occupied just about 1%,
however, there are altogether 14% illiterates (Figure 2).

The attitudes of local people for the establishment of SNNR

The investigation showed that 89.3% of local people support the establishment
of SNNR and 10.7% of them oppose it. Even then 87% of local residents
identify that it confines their living area and 81% of them believe the conser-
vation policy reduces their incomes due to termination of their traditional
living mode, such as hunting, medicinal materials collecting, log cutting.
Approximately 20% of the respondents think that the establishment of SNNR
will help to reduce natural disaster and improve their living environment.

Figure 2. Stratification of people living within Shennongjia National Nature Reserve by level of

education.
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Almost all the residents in SNNR have the opinion that the investment for
local community construction and technological innovation is not enough in
this situation. However, the lack of related information and a sound legal
system is also their concern.

Main incomes and expenditures of the people in SNNR

Among the income of farmers in SNNR, the traditional crops and stock-
breeding account for 44.9% of the total. Maize and potato account for 91.1%
of the total income from crop husbandry. Pigs constitute the most important
component of livestock, accounting for 68.3% of the total income from it.
With China’s reform and opening up policy, the income from local people’s
works in urban areas has become an important part, which account for 17.3%
of the total income of each family on average. Other incomes of local farmers
mainly come from the compensation policy ‘conceding the land to forestry’ by
government and diversified planting (Table 2). According to the policy,
farmers can get 1500-kg rice and 300 RMB per hectare from the government
for compensation of conceding the conditional land to forestry.

In 2001, the net income of each family in SNNR was only 4210.8 RMB on
an average. And the average man net income is 1044.4 RMB, which is only
44.1% of farmers’ (2366 RMB), or 15.1% of citizens’ (6860 RMB) nationwide
in the same year.

Education fee is the largest part of expenditure, occupying 30.2% of the
total. For the first three items (tax, education and agriculture investment),
which account for 59.8% of the total expenditure, the farmers have no choice
but to pay them (Table 3). The rest of the expenditure, like electricity, trans-
portation, medical treatment and communication are also necessary.

Moreover, the incomes of the farmers in SNNR varied widely between
villages (Table 4). For example, the income of the farmers of Naoshuihe
village is 4.6 times of that of Qingshu village. The main reason for this
imbalance is the different availabilities of natural resources. We found that
people living in Xiaguping, Dongbeikou and Lizishan, tallying with the
conditions of the policy of ‘conceding the land to forestry’, can get an
average of 1053.9 RMB for each family from the government and thus

Table 2. The revenue structure of average farmer family in Shennongjia National Nature Reserve,

China (RMB p.a.).

Crops Stockbreeding Journeywork Othersa Total

Maize Potato Soybean Wheat Pig Cattle Goat Chicken

575.3 247.0 66.4 14.2 675.7 133.3 89.8 90.5 727.9 1590.7 4210.8

aIncluding incomes from the compensation project ‘conceding the land to forestry’ and other items,

such as tea, medicinal herb, fruit tree, etc.
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greatly improved their living conditions. In some places, the local farmers
have good conditions (such as natural resources, transportation, information,
etc.) to develop economic crops or stockbreeding, but people without such
conditions lead very hard lives now.

676 of the 6866 persons, that is, 9.8% of the total people, find jobs outside
SNNR, such as in cities like Beijing, Shanghai, Wuhan, etc. With these jobs,
they not only can earn much more money than staying home, but also can
learn more skills to adapt themselves to modern society.

Difficult transportation conditions and special restrictions on natural re-
sources exploring make most farmers inside SNNR poorer than those living
outside, 1.4 times higher in annual income in 1995 (Zhu and Song 1999).

Table 4. The overall economic situation of farmers in Shennongjia National Nature Reserve,

China.

Villages N1 N2 N3 Incomes (per capita) (RMB) Expenditure (per family)

(RMB)

A S J O T Ed AI El

Jiuchong 106 394 70 136.0 279.7 275.6 127.9 120.8 226.1 206.4 86.6

Huangbai qian 126 488 22 267.2 370.5 125.0 549.9 258.2 357.9 26.7 0.0

Pingqian 100 410 4 471.5 380.0 19.5 66.7 213.6 155.0 697.7 8.3

Qingshu 84 420 0 71.2 157.4 0.0 226.6 62.4 169.6 219.9 93.9

Erping 68 343 2 115.3 375.5 35.0 200.7 202.0 147.1 224.9 54.1

Sanhe 77 365 65 149.6 287.8 194.0 88.8 189.6 202.6 148.5 1.9

Changling 53 263 87 123.6 362.3 430.8 0.0 235.0 818.9 204.2 64.5

Yuanyi 18 70 14 54.1 247.6 310.2 0.0 169.3 191.1 142.6 137.5

Dongxi 102 424 6 282.0 174.8 24.3 100.1 198.0 251.5 288.8 80.9

Xiangshui 98 440 3 150.7 371.6 17.0 31.6 174.3 186.2 239.1 72.9

Sangushui 185 656 0 99.0 206.6 0.0 353.3 99.9 426.5 138.0 117.3

Duiwoshi 17 64 0 139.6 168.6 0.0 178.1 221.7 552.9 256.5 124.1

Banqiaohe 157 578 52 151.9 166.1 149.8 688.5 89.4 554.0 13.8 109.7

Xiaguping 207 751 144 92.4 161.4 370.3 388.6 87.3 280.5 174.4 120.0

Dongbeikou 75 331 46 318.3 208.0 197.0 174.7 130.1 272.4 186.0 31.9

Naoshuihe 177 680 119 243.0 179.3 184.7 1496.6 101.3 495.1 135.0 137.5

Lizishan 53 189 42 76.0 177.2 422.8 538.0 69.0 222.2 122.5 106.1

N1, Number of Families; N2, Number of Persons, N3, Number of Persons for journey work; A,

Agriculture; S, Stockbreeding; J, Journeywork; O, Others; T, Tax; Ed, Education; AI, Agriculture

Investment; El, Electricity.

Table 3. The expenditure structure of average farmer family in Shennongjia National Nature

Reserve, China (RMB).

Tax Education Agriculture investment Electricity Othersa Totalb

140.2 333.7 187.3 82.9 360.5 1104.6

aIncluding transportation, medical treatment, communication, etc.
bBecause the food consumption is hardly to calculate, the total expenditure does not include this

part.
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Development of the ecotourism

There are lot of resources in SNNR for tourism development, such as beautiful
scenery, plenty of rare, endangered, endemic plants and animals, mysterious
stories, interesting custom, etc. In recent years, income from the travel industry
has been increasing (Figure 3). The total income of sightseeing from the ticket
office had reached about two million RMB in the year of 2000.

Income from acorn selling

Oak forest is very predominant in SNNR and acorn selling has become one of
the income sources in most districts there. The acorn can be used to make
feedstuff and alcohol. So businessmen from outside collect acorn in autumn
every year, especially during the bumper year. Our survey conducted in
Pingqian village and Xiangshui village showed, that almost all the families took
part in acorn collecting in nearby oak forests. The income from acorn selling
accounts for about 11.0% of the total net income of each family on average
(Table 5).

Table 5. The income from acorn selling of two typical villages in the year of 2000a.

Village Total

families

Acorn collecting

families

Weightb (kg) Incomec

(RMB)

Incomed

(RMB)

Pingqian 100 94 1305 439.6 3844.6

Xiangshui 98 98 614.2 263.0 2563.2

aThe year of 2000 is a bumper year of oak tree.
bWeight of acorns collected by each family on average.
cAverage family income of acorn selling.
dTotal income of each family on average.
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Fuel wood consumption of farmers in SNNR

The investigation of energy consumption of families in two representative
villages (Xigou village and Lizishan village) showed that wood is the dominant
part in energy consumption of local farmers. It has been traditionally used as
energy for cooking, warmth, making forage of livestock, making charcoal and
manure, etc. Every family has its own fuel wood forest. But the overall con-
sumption of fuel wood is larger than the growth, which means an obvious
unsustainable energy utilization mode (Table 6). Now, although electricity is
available in some areas, it is mainly used for illumination. The large amount of
fuel wood consumption will inevitably bring heavy pressure on the forest re-
sources and lead to the destruction of habitats. To solve the contradiction,
renovating the heating system is an effective way. In 1997, Xigou village and
Lizishan village were selected by the GEF Energy Consumption Project as the
models to popularize the energy-saving heating system. And the result of our
investigation showed that about 2700 kg wood was consumed with the energy-
saving heating system annually for each family other than the original 4700 kg,
saving about 43%. Besides saving wood resource, it also saves time and labor.
Days used for fuel wood collection shortened from 27 to 15 days on average,
44% saved.

Discussion and conclusion

There are many conflicts between biodiversity conservation and community
economy development. Factors causing the imbalance between the two aspects
mainly include deeply rooted traditional idea, low educational level, poor
economical situation and weak society mechanism. All these factors not only
confine the economy development, but also bring heavy threat to biodiversity
conservation.

The impacts of public attitudes and educational level on biodiversity protection

Public attitudes are important and can be very influential to people’s activities
on biodiversity conservation (Infield 1988; Streever et al. 1998; Gillingham and

Table 6. The utilization of fuel wood resources of two representative villages.

Village

name

Total area of fuel

wood forest (ha)

Total fuel wood

reserve (m3)

Gq (m3) Cq (m3) The deficit

per year (m3)

Xigou 654.5 58660.7 1407.9 1741.7 333.8

Lizishan 584.2 29732.5 713.6 1045.4 331.8

Gq is the growth quantum of fuel wood per year; Cq is the consumption quantum of fuel wood per

year.
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Lee 1999; Pyrovetsi and Daoutopoulos 1999). In China, there was a thought
that ‘‘those living on a mountain get their living from the mountain’’, so many
local people have the ingrained traditional thought that it is natural to get
various kinds resources from the environment. Furthermore, the local com-
munities are more concerned with immediate economic benefits. To change this
situation, on one hand, some substitutes should be found, on the other hand,
hard work should be taken to understand the cultural context and to change
the old-fashioned mind (Machlis 1992; Bridgewater 2002).

The level of education was identified as a significant predictor of farmers’
attitude towards conservation and those with higher literacy more likely sup-
port the wildlife protection in the reserve (Hanemann 1984; Hadker et al. 1997;
Ranjith and Clem 2003). For the low educational level of people in SNNR, it is
very necessary to improve the educational system and the government should
take the education field as the priority. Moreover, some specific knowledge
about biodiversity protection should be added into the school curriculum,
which will have a positive impact on the young people and this work can be
very useful for future biodiversity conservation.

Through the investigation, we see clearly that people there are longing for
useful knowledge and technology to improve their living conditions and if one
type of moneymaking mode is proved effective, it can spread very quickly in
and around an area.

The development of featured economies

In this investigation, the fact is very clear that local people cannot get rich only
by traditional dispersed farming style, that is to say, local farmers should
reasonably develop some featured economies. The ecotourism industry of
SNNR grew rapidly during 1990s and now it has become the mainstay of the
local economy. Developing ecotourism can increase the income of local people
and supply employment opportunities in some related fields such as trans-
portation, cicerone, restaurant, shopping, recreation, etc. Moreover, the eco-
tourism incomes can also raise environmental awareness and give incentives for
a new rationality in traditional resource use (Wunder 2000). However, local
farmers of SNNR get only minute rewards from the ecotourism promotion.
This will surely make negative impacts on the passion for biodiversity con-
servation. Therefore, incomes from the tourism industry should have appro-
priate proportion used in improving the local living and working conditions.
At the same time, the environment pressure accompanying the development of
tourism should also be paid attention to, e.g., the landscape fragmentation
caused by roads for the tourists and the overexploitation of the endemic
products. If managed well, it can achieve the goal of sustainable utilization and
assure the investment for biodiversity conservation.

As for acorn collecting and selling, the obvious low cost of money and labor
makes local people realize the importance of oak forest protection for
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sustainable moneymaking. Through oak forest protection, local farmers can
make extra money compared with those living outside SNNR, where most oak
trees had been chopped down for timber.

For the weak organization and poor management, some very potential
featured products only play a minor role at present in SNNR. In fact, various
types of green foods, Chinese traditional medicinal herb and flowers are highly
popular in China. The tea is very famous and bee honey is of high quality too.
Some tree seedlings, such as Davidia involucrata, Liriodendron chinense, have
won more and more people’s favor. All these products being made by dispersed
farmers now, is not beneficial to develop in a larger scale. Some measures need
to be taken to enhance the development of these featured economies and adjust
planting pattern and industrial structure in this region.

Optimizing energy utilization modes

The energy consumption of local people is one of the major threats to the
biodiversity protection in SNNR. Being easily available and free of charge, the
fuel wood is the most important mode of energy consumption of the local
community. Since the demonstration of the energy-saving heating system has
been proved a success, some measures should be taken to popularize it, to
reduce the pressure on the environment.

The marsh gas energy is also highly potential and the raw materials for
making it, such as egesta, straw, leaves, are very abundant in SNNR. Devel-
oping the marsh gas energy has many kinds of obvious advantages. It can save
the time for collecting the fuel wood and reduce the labor intensity of cooking,
as well as solve the contradiction of the fuel wood consumption and the for-
estry protection. Moreover, it can elongate the chain of resources utilization
and improve the efficiency of energy utilization. Most importantly, it is very
economical and only needs relatively little money to get it done.

The topographical and hydrological conditions provide favorable premises
to develop waterpower. There are several small waterpower stations in SNNR,
but some problems should draw our attention. Building a waterpower station
will need a relatively large sum of money and the electricity price in this remote
mountainous area is always higher than urban area and the quality is always
low (unstable voltage and supply), which makes it a hard choice for the local
people (An et al. 2002). And the possible environmental problems brought with
it should be paid proper attention.

Improving the management system of SNNR

The Administration Bureau of Shennongjia National Nature Reserve (ABS) is
under the leadership of two systems, i.e., the Forestry Administration Bureau
of Hubei Province (FAB) and the Government of Shennongjia Forest District
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of Hubei Province (GSF). FAB is mainly in charge of the scientific and pro-
tection areas and GSF is responsible for dealing with the relationships between
ABS and the local communities in the Forest District (including the areas in
and out of SNNR) and it has the power of patronage. Having two manage-
ment systems will inevitably cause some mess to a certain extent.

It is suggested that transfers of decision-making power and benefits to local
people is necessary in order to achieve sustainable management (Haule et al.
2002; Ranjith and Clem 2003). Now, local farmers in SNNR have very little
participation in the management issues. On one hand, they lack the tradition of
democracy, on the other hand, the government, to some extent, ignored the
rights and interests of the local people. If local people are marginalized, they
might adopt actions detrimental to the goal of conservation (Maikhuri et al.
2001). To solve this problem, the so-called Community Co-management is a
good approach to integrate all sides including local communities into nature
reserve management activities and can make the management systems more
effective and more favorable in practice (Notzke 1995; Harrison et al. 1998).
The comparison between the present management systems and the expected
Community Co-management systems are shown in Figure 4.

We can see that local farmers are in an unequal position to receive orders at
present from the management system. However, the core of the expected
Community Co-management system is that all sides can participate in the
decision-making and interest-sharing fairly. In a word, big resolution should be
made and hard works should be done to improve the management system today.

Mechanism building: the fundamental solution

Complete biodiversity and ecosystem is of public good and, in addition to the
value of science and beauty, the services should also include other aspects, such as
water and soil conservation, gas regulation, carbon storage, etc. (Guo et al. 2001;
Muriithi and Wendy 2002). But the costs of conservation imposed hardships on

A B

Local FarmersABS

GSFFAB

The Community

Co-management

Local FarmersABS

GSFFAB

Figure 4. The management system structure in Shennongjia National Nature Reserve, China.

(a) The present management system structure; (b) the proposed management system structure.

ABS, Administration Bureau of Shennongjia National Nature Reserve; FAB, Forestry Adminis-

tration Bureau of Hubei Province; GSF, Government of Shennongjia Forest District of Hubei

Province; the arrow represents the direction of information flow.

2105



the farmers in the reserves. The animals in SNNRalways caused some damage to
the crops and the stockbreeding of the local farmers. Moreover, the encroach-
ment of humans out of SNNR into the forest has led to a reduction and frag-
mentation of animals’ habitats there. Consequently, these animals have become
concentrated in the isolated remnant habitats of SNNR and bring more pressure
to the local farmers. Before SNNR was established, the local people could make
some money from timber cutting and hunting activities. Now, all these activities
are forbidden. To solve these contradictions, Public Compensation policies
should be established (Ranjith and Clem 2003). Economic incentive is a good
approach in tying economic assistance to types of human behavior that best serve
biota in reserves, and has been successful in some places (Shafer 1999; Jim andXu
2002; Lütz and Bastian 2002). When a sound compensation is built and the
farmers in SNNR get the subsidies according to the real fact, it can not only
reduce the income imbalance between the farmers in and out of SNNR, but also
activate the farmers’ ardor to protect biodiversity andmake the people realize the
value of the natural environment. After the big flood in Yangtze River drainage
area in 1998, the Chinese government began to implement the policy of ‘con-
ceding the land to forestry’. With the compensation from government, farmers
had to turn all the farmland possibly causing water and soil depletion into
woodland. The policy is welcomed by people in SNNR, but the certificated time
of implementing it is only 8 years and many farmers worry about their future.
The incomplete policy will certainly impact the farmers’ ardor to carry out it.

To solve the conflicts between natural resources conservation and utilization
requires the participation of all sides. Some experiences proved that it is useful
to integrate these activities of protection, management of nature reserves into
development projects focused on community development (Young 1997). More
deliberative process of making decisions must be done to improve the abilities of
planning and implementing co-management arrangements (Carter 2001).

Most of the nature reserves in China are distributed in the area of remote
and traffic inconvenient places. The society economy development level is al-
ways low and the overall effectiveness of nature conservation is always not as
high as expected (Lü et al. 2002). Every measure we take must be practical,
easily understood and acceptable to people of the local community (Bridge-
water 2002). Most importantly, broad legislative guidelines favoring mainte-
nance of natural biodiversity and sustaining both ecosystem integrity and local
economies should be established (Crumpacker 1998; Castro and Nielsen 2001).

To realize the harmony between community economy development and
biodiversity conservation in SNNR, it needs the hard work of government,
researchers and local people.
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