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Abstract

The construction of nature reserves is the
main means of in-situ conservation of biodiversi-
ty , while nature reserve design is the key funda-
mental component of nature reserve construction.
Article 8(b) of the Convention on Biological Di-
versity stipulates that each Contracting Party
shall, as for as possible and as appropriate, devel-
op, where necessary, guidelines for the selection,
establishment and management of protected areas
or areas where special measures need to be taken
to conserve biological diversity. Intermational or-
ganizations and “megadiversity” countries have
paid much attention to nature reserve design.
However, due to large number of factors need to
be considered and heavy dependence on input da-
ta, little progress has been made. There exists no
sophisticated theory and methodology. China has
promulgated the National Programme of Nature
Conservation and the Regulation on Nature Re-
serves in which conditions to select and principles
to zone nature reserve were proposed. However,

these conditions and principles are not applica-
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ble. Based on these background and practical needs, this study attempts
to establish the theory and methodology of ecological security design for
nature reserves through literature analysis and field survey, as well as the-
oretical analysis and case study, and employs GIS, iterative method and
integer linear programming to conduct ecological security design for nature
reserves of Red-Growned Grane( Grus japonensis ) .

The concept of ecological security design for nature reserves was first
presented in this study. The conception of security should include nonmil-
itary threats and non-military means of providing security, because with
the development of world economy and environmental cooperation, securi-
ty has not been comfined to military or state sovereignty, and environmen-
tal degradation often undercuts economic potential and human well-being,
which in turn helps fuel social instability. Ecological security is defined
as a condition where the natural environment of a community provides the
needs for the persistence of the community without diminishing the poten-
tial of natural environment. Ecological security is the basis of social secu-
rity and economic security. Meanwhile, social security and economic secu-
rity are the guarantee of ecological security. Ecological security design for
nature reserves is defined as the reasonable allocation of reserve network,
zones of a reserve and corridors in a region, so as to effectively conserve
biodiversity and natural habitats in line with the principle of conserving
the integrity, representativeness and ecological process of ecosystems and
conservation goals. It is a coordinative design strategy integrating social,
economic, environmental and ecological aspects. Ecological security de-
sign for nature reserves is intended for biological resource reserves, i.e.
the categories of natural ecosystem reserves and wildlife reserves under the

national nature reserve classification standard of China.

Metapopulation theory, landscape ecology and population viability
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analysis should be the theoretical basis of ecological security design for
nature reserves, and the following conclusions were obtained:

(1) Landscape heterogeneity promotes the persistence of species and
the stability of ecosystems. For instance, the infants and abults of a
species need different habitats in different life periods, and many species
need different types of habitats with the change of seasons or activities.

(2) The persistence of species and overall conservation of ecosys-
tems needs the establishment of nature reserve network. The current con-
servation model based on a single and isolated nature reserve is not
enough. Different levels or nodes in hierarchical biological system should
be treated as conservation objects, and the nodes should be connected to a
network, so as to increase the connectivity of nature reserves.

(3) Ecological security pattern and minimum viable population is
the basis to determine the threshold of ecological security for nature re-
serves.

The methodology of ecological security design for nature reserves was
established through literature and theoretical analysis. This methodology
includes three levels: in the first level, a network of nature reserves in a
region is designed; in the second level, zones, areas and shape of nodes
(nature reserves) are determined; and in the third level, connections
(corridors) between the network and nodes are designed. Network design
of nature reserves is the basis of ecological security design, zoning of a
nature reserve is the guarantee of ecological security design, and corridor
design is the supplement to ecological security design. Network design of
nature reserves should observe the principle of integrity of ecosystems and
ecological process, and the principle of biodiversity. lis methods include
geographic approach, scoring method, iterative method and integer linear
programming. As mutually complementary methods, iterative method and
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integer linear programming are generally used in network design of nature
reserves. If there is detailed map of vegetation, geographic apporoach can
also be employed. The zoning of a nature reserve should observe the prin-
ciple of conservation fitst, the principle of ecological integrity of core zone
and buffer zone, and the principle of sustainability of experimentation
zone. A reverse design strategy should be employed, i.e. core zone is
first designed, then the buffer zone, and finally the overall nature re-
serve. Methods of core zone design include population viability analysis,
habitat distribution model, and resistance surface analysis. Methods of
buffer zone design include equalwidth method, analytic hierarchy process,
and resistance surface analysis.

By the end of 1999, there exist 33 nature reserves intended for the
conservation of Red-Crowned Crane, totalling 3.099 million hm®. Howev-
er, the habitats of Red-Crowned Crane are facing severe security prob-
lems, mainly covering the following aspects: (1) the conversion of wet-
lands into farmlands results in habitat losses; (2)the construction of irriga-
tion engineering causes wetlands to lose water sources; (3) environmental
pollution damages the habitats of Red-Crowned Crane; (4) human activi-
ties disturb the behaviour of Red-Crowned Crane; and (5) nature reserves
lack systematic planning and security. According to above-mentioned
habitat security problems, Red-Growned Crane and its habitats were se-
lected as case study. The network design of reserves and the ecological
security design of breeding, migrating and wintering areas of Red-
Crowned Crane were conducted with GIS techniques, iterative methods
and integer linear programming.

Indices of reserve network design of Red-Growned Crane were pre-
sented and the suitability of wetlands for the species was assessed after
analysis of literatures conceming the distribution and ecology of Red-
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Growned Grane. According to the conservation golas of 70% and 60%
areas of high suitable wetlands and moderate suitable wetlands, two re-
serve selection algorithms, i.e, an iterative algorithm and an integer lin-
ear programming, were designed, and two sets of reserve sites were se-
lected accordingly, which shows that the iterative method and integer lin-
ear programming are feasible methods for reserve selection the the configu-
ration of reserve network .

On the basis of reserve network design of Red-Growned Crane, this
study conducted ecological security design for breeding, migrating and
wintering areas of the species as follows:

(1) Setting up the Duluhe River Nature Reserve, the Wulagai Wet-
land Nature Reserve, the Tumen River Intemnational Reserve, the Hangu
Coastal Wetland Nature Reserve (Tianjin), the Tanggu Coastal Wetland
Bird Nature Reserve (Tianjin), the Beidagang Reed Weland Nature Re-
serve( Tianjin) ,and the Rizhao Wetland Nature Reserve(Shandong) ;

(2) Enlarging the shuangtai Estuary Nature Reserve and the Yellow
River Delta Nature Reserve;

(3) Establishing “S Type” conservation corridor along Wuyuer Riv-
er, Nen River, Huolin River and Tacer River in Songnen Plain;

(4) Adjusting nature reserves in Sanjiang Plain, merging 7 nature
reserves of Raolihe, Fujin Lianhuapao, Lianshanpao, Xinglong Reed,
Qixinghe, Yanwodao, and Changlindao to a large national nature reserve,
merging 3 nature reserves of Honghe, Bachadao and Sanjiang to a large
national nature reserve, and amalgamatiog Xingkaihu, Hukou Wetland,
and Baofeng Wetland Nature Reserves to a large national nature reserve;

(5) Eseablishing a migrating corridor with the width of 60 km for
Red-Crowned Crane along the western coast of Bohai Sea and the coast of
Yellow Sea in Shandong Province which starts from the Shuangtai Estuary



Abstract XX

Nature Reserve, connects the Yellow River Delta Nature Reserve along
the western coast of Bohai Sea, moves southward to Rizhao, Shandong,
and finally connects with Yangcheng Nature Reserve.

The zoning of Yangcheng Nature Reserve was also studied using GIS
techniques and resistance surface amalysis, and the ecological security
threshold of core zone and buffer zone was determined according to differ-
ent conservation goals.

In a word, this study estabished a system of theories and methods of
ecological security design for nature reserves for the first time in China
through literature analysis and field survey as well as theoretical analysis
and case study. GIS techniques, iterative method, integer linear pro-
gramming and resistance surface analysis were employed to study reserve
network design of Red-Crowned Crane, in which ecological security mea-
sures, such as setting up new reserves, enlarging reserves, establishing
conservation and migrating corridors, and adjusting reserve planning, were
presented for breeding, migrating and wintering areas of Red-Crowned
Crane, and the ecological security threshold of core zone and buffer zone
of Yangcheng Nature Reserve was determined according to different con-
servation goals .

This study still remains in the stage of theory construction and
macroscopic reserch because of large amount of reserch work, complex
impact factors, and limited time. There exists many areas that deserves
further study, especially the index, algorithm, and threshold of ecological

security design for nature reserves.

Key Words: Nature reserve, ecological security, design, metapopula-
tion theory, landscape ecology , population viability analysis, nature reserve

network, iterative method, integer linear programming, minimum cumula- -
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tive resistance model, GIS, Red — Crowned Crane, breeding area, wintering

area, migrating area, conservation corridor, migrating corridor.



