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Landscape pattern changes and analysis for the integration and optimization of

natural protected areas: A case study on Sinan County of Guizhou Province

LUO Hong', CHEN Lei®, JIANG Yunli', LI Congrui', ZHOU Fengjiao', WU Jianpu" "
1 Guizhou Academy of Forestry, Guiyang 550005, China
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Abstract; The integration and optimization of natural protected areas (IONPA) is a significant way to reconstruct the
system of natural protected areas, connect the delimitation of three control lines, and improve the project of land spatial
plans in China. In this paper, while using the result of IONPA and the data of the third national land survey, we analyzed
the pattern of variations and rationalities of the landscape in each stage following the practice of IONPA in Sinan County,
Guizhou Province, with the methods of GIS spatial distribution, landscape pattern index, and boundary analysis. The results
showed that after IONPA, (1) the composition of land use/cover varied significantly, the area of cultivated land and
construction land decreased dramatically, and the area of forest land from the dominant landscape increased relatively. (2)

The landscape heterogeneity decreased, but both the dominance and the fragmentation increased in the natural protected
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areas in Sinan County. (3) The complexity and heterogeneity of each patch type decreased, but the dominance of forest
land increased, while the fragmentation for the cultivated land and garden land increased. The IONPA did not fragment the
dominant landscape. (4) The boundary complexity of the natural protected areas increased significantly, where the nature
reserve and geopark varied the most, which would increase the difficulties of delimiting and staking the boundaries. (5)
The changes of the cultivated land, construction land and forest land were the main factors attributed to the variations of
landscape pattern in Sinan County. The cultivated land and construction land were suggested to move out from the natural
protected areas mainly due to conservation conflicts, while the forest land was also suggested to move out mainly as
fragmentized patches along with conflicts. In this study, the scheme of IONPA was adjusted focused on resolving the
contradictions and problems, therefore, the changes of landscape pattern reflected from the practice in this study were
consistent with the specific contents of the adjustment rules of IONPA. In general, the scheme of IONPA in this study was
feasible and reasonable. However, there are still some problems like fragmentation, boundary complexity and regional
separation, which remind us to avoid the above-mentioned problems, and meanwhile, to further optimize the adjustment
rules of IONPA and to unify the accuracies of all data in the future. The information coming from the changes of landscape
pattern indexes can provide a certain reference to conduct IONPA scientifically and to assess the result rationally.

Additionally, introduction of the achievement evaluation mechanism to IONPA was significantly important.

Key Words; natural protected areas; integration and optimization; landscape pattern; fragmentation; heterogeneity ;
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Table 1 The landscape composition for the integration and optimization of Sinan County’s natural protected areas in each period

, 513
— B e o CETI i K KA
e Cultivated land ~ Orchard land Forest land Grassland OnT m(; ron Water body Unutilized land
an
TS
E!Iu'{kﬁ‘ . 88.61 11.36 184.19 0.29 16.24 33.67 0.20
Original situation
ﬁﬂ{jl)ﬁ%fn‘ . 53.25 6.54 165.81 0.22 6.98 33.10 0.09
After optimization
B A
HRIE 53.25 6.54 198.55 0.22 6.99 33.15 0.09
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Fig.2 The land use/cover change for the integration and optimization of Sinan County’s natural protected areas
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Table 2 The landscape-levels’ index of each period for the integration and optimization of Sinan County’s protected areas

Af 3 Period NP PD MPS ED LSI CONNECT Al SHDI
JFEAARDL Original situation 25521 76.28 1.31 268.38 131.74 0.0139 94.48 1.18
Ak #L 5 After optimization 23876 89.76 1.11 221.22 118.04 0.0122 94.98 1.07
B KNS After addition 24242 81.13 1.23 197.65 116.62 0.0121 95.37 1.00

NP BEH i Number of patches; PD . BEBR & Patch density ; MPS ; SF-YBESR HI AL Mean patch size; ED: 12 % % Edge density; LSI: 5 LTI
H8% Landscape shape index; CONNECT ; % % & $§ 4 Connectance index; Al; B & B8 % Aggregation index; SHDI; Shannon ZFEPEFE$L Shannon's

diversity index
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Fig.3 The class-levels’ index of each period for the integration and optimization of Sinan County’s natural protected areas
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Table 3 The changement of natural protected areas’ edge

7S kU] Log: ]

Natural protected area Period LNP B_TE R_ED kLSl LMPS
B AR JELRR L 3 515768 15.2 8.9 11287.0
Natural protected areas of Sinan County PR IE 5 91 1454586 54.7 27.9 292.3
AN S 132 2045949 64.0 35.7 242.0
H AR X JE AR B 1 94743 5.5 2.3 17390.2
Natural reserve BEEHE 1 91270 5.1 22 17993.8
Pk a5 24 558658 38.2 14.3 609.2
BN i/N T JE IR 2 283238 29.2 9.1 4849.6
Geo-park BEITE 3 271938 21.9 7.8 4131.2
Ptk va# 5 67 681735 76.5 22.6 133.1
pTR: /N T JEARRAL 1 229568 53.9 11.2 4256.0
Wetland park BEANE 1 156197 59.1 9.6 2644.8
Pk ia % 5 1 173420 75.7 11.5 2289.9
K= PRAP X JE ARG 1 78578 275.3 14.6 285.4
Aquatic reserve BEFIE 1 54161 275.8 12.2 196.4
Ptk ia % 5 1 54194 276.5 12.2 196.0
P N JEARRAL 1 21373 33.8 2.7 632.7
Forest park LR Ak 6 43507 75.5 5.6 96.1
A A 46 637943 107.7 25.7 128.8

I_NP . i 37 X 380 Isolate patch number; B_TE ; H K Boundary total edge;BfED;iﬂﬁ’.’_fTEfEﬁ Boundary total edge;RfLSl;{%T}”i{ﬂ%"ﬁ‘fE
%L Reserve landscape shape index;1_MPS ;-9 i Isolate mean patch size
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Table 4 The maximal changing classes in each period for the integration and optimization
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Period Geo-park
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Table 5 The landscape index for the integration and adjustment area of Sinan County’s natural protected areas

S —pk
Pr;i?:y tlass ;ff olas CA NP PD TE ED LSI MPS
Bt Cultivated land K H 3537.36 3834 55.90 2067844  301.49 113.15 0.923
FE# Orchard land Gl 481.94 565 8.24 281814 41.09 41.05 0.853
M Forest land TrAR M 905.85 4738 69.08 966162  140.86 103.85 0.191
Py bty 52.98 505 7.36 99346 14.48 37.87 0.105
HEAM 872.71 2722 39.69 775006 112.99 83.41 0.321
HoAthb 5.59 24 0.35 5356 0.78 6.87 0.233
FiH Grassland HoA 7.29 28 0.41 9606 1.40 9.89 0.261
A% I # Construction land Y 1.50 16 0.23 2312 0.34 5.11 0.094
Tolk i 11.42 57 0.83 11350 1.65 10.78 0.203
WAL 577.96 4113 59.97 771268 112.45 93.79 0.141
5 B0t ] 3 35.80 144 2.10 30214 4.41 14.43 0.249
RER T HE 6.30 5 0.07 4156 0.61 5.54 1.260
AT 293.12 1534 22.37 1260288  183.75 196.30 0.191
K3, Water body AL K T 56.26 936 13.65 162422 23.68 63.88 0.060
KA HIHL Unutilized Land 23 PR i 12.75 95 1.39 16312 2.38 13.15 0.134
JAHHPC Adjusted out of 6858.85 19316  281.62 3231728  471.18  141.88 0.355

natural protected area

CA . BEHZEFIHIAR Class area
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Table 6 The adjustment reasons for Sinan County’s natural protected areas

FIBELL 5/ % Xof i WA A

TR T/ hm? AL/ % FI B4/ n .
. Patch number Corresponding
Adjustment reason Area Area percentage Patch number
percentage landscape class
FEAACH Prime farmland 4209.9 61.37 397 21.36 Bt
— itk Common farmland 70.3 1.02 186 10.01 Bt
T Sy
A TAEIA R . 181.0 2.64 55 2.96 Mot
Artificial-collective-commercial forests
1% Village 1348.9 19.66 335 18.02 I
JNT)™ Processing plant 0.3 0.00 1 0.05 U FH
B AN G
DA AREHS 140.6 2.05 90 4.84 A
Built roads, public facilities, etc.
B AL Mineral right 176.0 2.57 16 0.86 —
P iy 2k
BubLAsE 0.3 0.00 10 0.54 —
Proposed transmission line
LK Proposed reservoir 30.6 0.45 3 0.16 —
UALTE % Proposed road 31.3 0.46 2 0.11 —
TR 4 5 2 3% Pl BE
Fragmentized patches and residual patches 670.5 9.77 764 41.10 —

after adjustment

" R PR RE TR X o 2 R LAY, Tk B AR A A

Bl 22 PRIV BEHUE R TS R BB REE RO, FR A A BESR E A A S BrEA , S R
6 FP R e AR R i T RO o Ly TR 7 /N D0 — B0, BRAR AN TR AR LS AR | el 3t 4
VA LAREBERL U AR RS . £ 3R S DU R R P ] 1 S A% SR e Ak, 2 B R A b R K
SR P A PR = P Mt B 2 B P St 2 SRR 39 J T A 26 T Bl S B BRE DRSS TR | P i 2 3k 2607 T )
AR R B S IR

4 WREeTiE

4.1 WYL

BT RME R B AR A SO TAE R E A =8 pUR FAE A A SR B 22, R ArcGIS #F
1 Fragstats BT A SR G4 b - bR FHBE 26 5 00A% SRy SRR B0 T R AR AL EA T 4307 518 T

(1) B B ARG A SO0 e R /78 35 41k 35 A0 Ak, DA IR 2 B Bopksth | g 150 FH b o L 2%
WD YR A, B R AR R B B B fin X 2 R A A

(2) B rEH AR ORAP bR 5 AR5 5000 5 BTk A O 3 B 3 o Rl 1 1 185 o, Ak VR 8 B B 4 #h )
W B R AE ST A3 (5 85 B BB ARFE 4  Shannon ZAEVEFE BURZEIRMT , & s 50 g T, 3%
B DA R P A A 3 348 o = LR TR AL L B B

(3) PR TR B B, Akt el b Fr) 5E ke 2% 5 R0 3549 BaE e 1 B 347 4 1) K 3 o R s /), 5 S0 o 5 14 o 4%
BEPRAS RN G % B SOOI ARFE BOL AR, SRS S Tk R AR  MRb R K 0% 82 BERR B0 i Mg AR 28 )
RESZSEMARL/N o BTG AN Y B, & SRR BY BEHL R B 300 2% 85 P2 Y WA, A b - 2 e e i R 48 8 34, kb £
PPN, A BEH A S T A ARG, DA R R e Rl VR o BB A s A A LA b 1 A

(4) B A UeAb e B B AR ORS Mt 37 X R G BRI R T R IR TS B KR, DR b i
FOIRARSE ZAl AR R S 18 B F AR DR AP b3 S 52 | DX 8 1) F2 B B B, 4R v A i s 20 el ) AR DR AP
X, PEAG TR RN R IACHG I ) SR LR b 40y S e AR wfE

(5) B E ARy R A L R B bt RS FH AR AR AR K, B B R B A AR R B S Ak
FUOU 35 00 R TR AY 51.57% .26.78% 13.50% , 5t VAR Ja 19 728 A ELAR JE T8 b bk B35 3l b 0
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AL 5 FH b S 2t P b A5 BXE RIS AU (1 738 A | P I I SIS 7 T 80 e H ) 30 R R R A MR kb — 9T o
4.2 e
4.2.1 FEFEAE RS P G

H AR OR3P B 5 DAk LA e BRAC P i i 5 R0y s2 35t B8 e Sk B A, DA ) 0] 1 A SO Ay S
DIRFR RS R G et S R, 1 A SRR bk 7 0 B DR AR ARSI, P G A ) — g4
FE N R ShAR BRSO | N2 32 S 035 sl o0 Jy B B 2 e ST e N R
A R SR TR R UL SR A AR A N R R R H ok 1 T ARG 3h 1 5, s or 5 4
H RO AP iy ], AR A6 i SO AL DL AT 3 2 1 5O B R 32 5 B AR R AE B R G ny S8 8 %
PR AT S5 SR S B 322 38 P AN 07 B S e 5 Gn 2 b 7 R4 DX, 00 2% £k 1 55 L2 0 3 DA A 28 oW 78 (bR
Mo R KA RS, SR SRS R 3 A IS S A T P A A R A 3 s A B4 A [ Rk
B S UAR I  50/0 , FBH 7 JE 38 DR 34 00 ) 559 , A B0 28 J /b P34 ase UG 5k, ARAIF 5T S5 0A SR A8 Ak
b AR TR i B ) S S A AR L b R 5 Ry T A S R < B OF I v 2 0 g s gt B ) Y H
(), TR O 32 S MR b 1) AR P A 5 | 300 P 0 it L S T PR R, SR R R R E S R G s B v e il 1 -
DAL TR RERE Tt AT AT 5 B HE A B BE , B 14 119 S50 W2 20 A 0 34 5 UMb, J& T A 8 500, A7 6 < AR SR IR 4P
ASEE R IR FIZSR . 2566 , BRI MR & 04k 7 8 SR AT 17 S 3
422 BEMALERBEEL S TE R AR

— B LT, R R AL RE 5 2 8] S5 TR AN A2 2k AR At 3 — 2 Ak RIS Pk s SR
AR AR B B3 I 45 ) S5 o P9 R 3 TR O BRE bR 5 18 i P 249 B e 1 ARk /> S5 LR IR 1 5 hn T AT
3 HP S W 7K P B A 3 458 T 1% [T, S5 WO S5 S P RN A A BRI, 5 T DX sl o) 28 SR P S 0L SRy B 98 AN [, A
FEJE VL BRI S AS SR AE ST . NG 5 B 2 o] T Y DX s 4 v e B A A 1A R L, S O SR A DX
FRTERE IR AL S B i B R I Bl AR X B A EL R SR ) i SRR AT ) 1 a0 % B B i A | U L S
FtER s B2 AR RS R B , EAT T R S (PR RN B E T #E b B AR A AT
B ) FIAAESEAAR U Rk T 30 A 1) S ZERC U, 2 3t Bl 55 W K ST A 7 = BT, ] D o) o g LA R
WA AT 20k . H 880 A R AR s an AR R FH BGPTSR e %) )] e R I 04 6
+ =R, REOEA A SRR AR B i, SRR AT 2B R4k SN e A — SR A I, IS
A R N T AR AR S MRS 34 0 e — 3 [ = = B e v, o 3 B R < — Rk IR W i AN S
A ST U] 7 AR AT T B R 0 R AR 1 AN s T ATLAR o3 451 G A S b B B o B AR A TR o L
B, DUJ T Ja A TR R (A 80 1 | T i B — A S R A A
4.2.3  HIRGY bl R 2% B 0 A i

FRGR M ARG BB T Rh 5, B R A e bn ™ . RS B3 i A b ok,
AR | AR M AR 00 B8 B 0 52 2% BE Wl 3 1, e DL SRR AP DX Ml 5T 2 Bl | AR Bl 0 S AR A
RO T 20 FAR R b A ) P AR XS 3R 150 5T R U] i B A SOUE G | i
FHHOAEAS B J& T e Ak S itk i GO 2 2 i B OC , WDRH B3R XA IE BB () [ SR O iy Al [
B, TE FRED R A LAl i 22007 2 B 3R sl G R e 48 T 72 Wk O L R L (HSE PR T
YR Z 5 P FE bR, 9 JC2F 8 B ARG b A 2 R T i & . AR IR 24 S % S e £k 2
DAITEMY F SRR S H s AR A 8 50, LR B0 S b () 300 5752 A ] e I s R i g 9 vl Al i, ol ol B
SR b A DAL SR T A AL A B TR R — 2 5%
4.2.4  RALTREE BRI A BRI

SR B B AR R B 4R P AR SR R ZE T R O S DT T, PR TR A X R
F NG 85 AR Hb2Z [R1 00 OF &, S 0A% Jey kit 15 FH b Ay =8 2k 1 S 02 AR | 3 I i 2 B £ &
fiffe DR BRSO Ji v o R g S st B ) @ 1 Y RS B0 AR R R DB TN R b 2 A A A b R R
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WD, A28 R GEBSI RN ARG I, BA — @ AR L BT AR (H2 8145 FLR R
A BEAC S A BRI, X XA AR P AR 6 2 RS T B 1 28 i 4 R X e R R . [ 58 o 5 A e 14 )
PR BRE AT I JEAA T R N AR AR B 45, e IR MU ) 0 R A .l TRk B
ORI T | SR PR AP 3t 100 5 52 2 Al 7 B8l 5 o P2 38, 30 8 18 EAAR LI i mT s — 2204k
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