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Modeling landscape pattern dynamics and their effects under different

disturbances in Wuyishan Scenery District
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Abstract: Located in the northwestern part of Fujian Province, Wuyi Mountain is the most outstanding area for biodiversity
conservation in southeast China and a refuge for a large number of ancient,relict species,many of them endemic to China. In
December 1999, Wuyi Mountain was included on the World Natural and Cultural Heritage List by the 23rd Session of the World
Heritage Committee of the UNESCO,being given the comment“a natural landscape so unique,rare and marvelous,is the beauty
of nature and embodiment of the harmonious relations between human being and environment”. Covering a total area of 999. 75
square kilometers, Wuyi Mountain is now the largest of China’s World Heritage sites. The nominated area is divided into 4
parts, with the Biodiversity Preserve to the west, Nine-twist Stream FEcological Preserve in the center, Natural Beauty &

Cultural Landscape Preserve to the east (i. e. Wuyishan Scenery District) and the ancient Chencun Minyue Relics to the

southeast.
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Spatial landscape pattern mainly refers to the spatial distribution of patches in different sizes and shapes across the
landscape » which results from the interaction of various ecological processes and forces. Study on landscape pattern changes and
on the effects of landscape pattern distribution is very important for understanding the dynamic processes of landscape
resources. It is also critical for appropriate ecological planning and landscape design. For this reason,landscape pattern dynamic
is a key research area in landscape ecology. In this study,the Wuyishan Scenery District,one of the four sub-region in Wuyi
Mountain, was chosen to study landscape pattern dynamic and their effects under different disturbances. This sub-region had
been disturbed most severely as compared to the other three sub-regions in Wuyi Mountain,although in general all of the four
regions have been well protected under strict management measure required for protecting a world heritage site. According to
widely accepted landscape ecological classification principles, Wuyishan Scenery District was divided into 10 types of landscpes.
They are Pinus massoniana forest ,Cunninghamia lanceolata forest ,economic forest,Bamboo forest,broad leafed forest,Camellia
sinensis plantation, farmland, river, residential area and bare land. Landscape indices including landscape diversity index,
dominance index,evenness index,and fragmentation index were used to analyze the changes of spatial pattern for these 10 types
of landscapes from 1996 to 2001. Based upon this analysis,the compartment theory was applied to simulate landscape dynamics
under different disturbance scenarios in the next five decades.

The results from this study show that the number of patches of Wuyishan Scenery District increased from 421 in 1996 to
452 in 2001. In other words.the degree of landscape fragmentation had increased over time. Analysis of the mean patch shape
index indicates that Pinus massoniana forest has the most complex patch shape while residential area has the simplest one. In
addition,average patch shape index for all landscape types except river are on decreasing trends. In the same five year period.
the landscape diversity had decreased from 0. 6066 in 1996 to 0. 6028 in 2001, while the dominance index and evenness index had
increased by 0. 0038 and by 0. 0026, respectively. However,even though these changes were underway,the overall landscape
spatial pattern had not been significantly altered from 1996 to 2001 . Pinus massoniana forest which was the matrix landscape in
1996, was still the dominant landscape in 2001. It comprised 60.42% of the total area in 1996 and 60.01% in 2001. Similarly,
farmland and Camellia sinensis plantation were the second and the third major landscapes,respectively ,both in 1996 and 2001.
This suggests that as one of the World’s natural and cultural heritages, Wuyishan Scenery District.has been well protected in
the five years of the study period. On the other hand.the landscape sizes for all types of landscape except river had changed.
Cunninghamia lanceolata forest, farmland and Pinus massoniana forest decreased by 0.5044, 0.2833, and 0.2804 km *,
respectively , while Camellia sinensis plantation and residential area increased by 0. 7285 and 0. 0814 km?, respectively. It was
determined that the major reason for the landscape pattern changes was the expansion of Camellia sinensis plantations.
Transformation matrices from the simulation for the study area in the next 5 decades based on the compartment theory suggest
that landscape diversity index and evenness index increased while dominance index decrease as the distribution intensify. This
illustrates the theory that disturbance usually increases the landscape diversity.
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Table 1 Structure indices of landscape from 1996~2001 in Wuyishan Scenery District
Type Year Aj PA; MA; N; MSI; PD; FN;
A 1996 42. 2517 60. 42 1. 6901 25 2.9598 0.5917 0. 00048
2001 41.9713 60. 01 1.7488 24 2.1859 0.5718 0. 00047
B 1996 1. 7510 2. 50 0. 0565 31 1.4851 17.7042 0.01458
2001 1. 1866 1.70 0.0516 23 1.2625 19. 3837 0.01578
C 1996 1.5465 2.21 0. 0469 33 1. 3820 21. 3379 0.01761
2001 1.4299 2. 04 0.0477 30 1. 3812 20.9792 0.01726
D 1996 0.6952 0.99 0.0772 9 1. 3692 12. 9464 0. 00979
2001 0.7068 1.01 0. 0589 12 1.2220 16.9779 0.01324
E 1996 1.9925 2. 85 0. 0996 20 1. 6079 10. 0375 0.00811
2001 1. 9307 2.76 0. 0965 20 1.4823 10. 3592 0. 00837
F 1996 6.8947 9. 86 0. 0457 151 1. 6298 21.9010 0. 1851
2001 8.1662 11.68 0. 0475 172 1.6220 21.0623 0.01782
G 1996 9. 2980 13. 30 0.1011 92 2. 3185 9. 8946 0. 00833
2001 9.0147 12. 89 0.0911 99 2.1033 10. 9821 0. 0825
H 1996 3. 4665 4.96 3. 4665 1 6.1948 0. 2885 0
2001 3.4665 4. 96 3. 4665 1 6.1948 0. 2885 0
1 1996 1.1791 1.69 0.0236 50 1.2092 42. 4067 0.03536
2001 1. 2605 1. 80 0.0203 62 1.1751 49. 1850 0.04118
J 1996 0. 8602 1.23 0. 0956 9 2.5287 10. 4631 0. 00791
2001 0. 8022 1.15 0. 0891 9 2.3162 11.2198 0. 008L9
Ai: Area(km?);PA;: Proportion of area (%) ;N; ( )Number of patches (piece) ; MA;; (km?/  )Mean
patches size (km?/piece) ; MSI; Mean patch shape index; PD;: ( /km?)Patch density (piece/km?) ; FN;;
Fragmentation index; * A Pinus massoniana forest; B Cunninghamia lanceolata forest;C: Economic forest;D:
Bamboo forest;E: Broad leafed forest;F. Camellia sinensis plantation; G ; Farmland;H: River;I: Residential area;]:
Bare area; the same below
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Fig. 1 Comparisons of patch area(a),patch number(b),mean patch area(c),mean patch shape index(d),patch density (e) ,{ragmentation

index (f)of Wuyishan Scenery District in 1996 and 2001
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3 1996~2001
Table 3 The transformation matrix of Wuyishan Scenery District among landscapes in 1996 and 2001
A B C D E F G H I J
A 98.0812  0.1659 0.0232 0.0275 0. 4208 1. 2201 0.0613 - o =
19.6162  0.0332 0.0016 0. 0055 0.0842 0. 2440 0.0123
B 9.4917  63.7636 22.7127  3.0840 0. 9480
1.8983  12.7528 4.5425 0. 6168 0. 1896
¢ Yme o wmws o sme o ows
b 7090
. 1.8018 - o o 87.9749  10.2233 o o o _
0. 3604 175949  2.0447
P 0. 1044 - o - - 99. 7723 - - 0.1233 -
0. 0209 19.9544 0.0247
G 2.4306 - o o - 0.9174  95.9561 - 0. 6958 -
0. 4861 0.1835  19.1912 0.1392
H o o o N o o o 1200(?‘0000 o N
R B -~ S
e e
da,/de = 0.018983x, + 0. 01229925 + 0. 00360425 + 0. 00020925 + 0. 0048612, — 0. 003838z, 5
da,/dt = 0.000332x, — 0. 072472z, (6)
da;/de = 0.0000462; — 0. 016347z, P
da,/dt = 0. 000055z, (8
das/de = 0.0008422; — 0. 0240515 9
dzg/dt = 0.002441x, + 0. 0454252, + 0. 003492x; + 0. 02044725 + 0. 0018352, + 0. 013485z, — 0. 000456z  (10)
dz;/dt = 0.000123z, + 0. 006168z, -+ 0. 002171z, — 0. 008088z, an
dag/dr = 0 a2
day/dr = 0.001896x, + 0. 00055625 + 0. 00024725 + 0.0013922; — 0. 002171z, 13
dayo/de = — 0. 0134852, a4
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da;/dt = 0. 0000462, — 0. 01289z, an
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da;/dr = 0.002171x, — 0. 008088z, 20)
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Fig. 2 The simulative results of landscape diversity (}1) ,dominance index(D) and evenness index(E) of Wuyishan Scenery District
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Table 3 The second-grade landscape types and area distribution of
Pinus massoniana forest in the Wuyishan Scenery District(2001)
’ ’ Ay A, As Ay
’ ° ’ Area(km?) 4.0588 8.8461 11.9078 17.1586
. ( ) o Proportion of area(%) 5. 80 12. 65 17.03 24.53
4 (2001 )
Table 4 The diversity ,dominance.evenness and fragmentation indices
under different grade of landscapes in Wuyishan Scenery District
’ (2001)
Grade H D E FN
’ ° 4 First-grade landscape 0.6028 0.3972 0.4035 0.00511
’ Second-grade landscape 0. 9357 0.1782 0.7575 0.00641
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