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Abstract: We used the forest fragmentation model to assess forest fragmentation in China based on a 50-m
forest cover map in 2010. Six different fragmentation types including interior forest, perforated forest, edge
forest, patch forest, transitional forest and undetermined were obtained. We reported the forest fragmentation
status in different administration scales (by country, province, and county) based on Chinese administration
boundary map of 2010, At the national scale, the patch forest accounted for the largest proportion (49.05%),
while the interior forest was the smallest (3.40%). At the regional scale, Northeast China had the lowest for-
est fragmentation, while Southwest China had moderate forest fragmentation. The highest forest fragmenta-
tion areas were mainly distributed in the North China Plain, Central China, Shandong Peninsula and the
Huang-Huai-Hai Plain. At the provincial scale, the highest forest fragmentation was located in Shanghai and
Tianjin, and the lowest forest fragmentation was located in Yunnan Province and Heilongjiang Province. At
the county scale, the lowest forest fragmentation was located in counties in Shaanxi Province. Overall, our
results have clearly shown that forest fragmentation occurs extensively and varies substantially over Chinain
2010. Our study will provide data support for the forestry administrative sector to conduct better forest man-
agement and to optimize forestry production and forest spatia patterns, which can improve forest ecosystem
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services and biodiversity conservation.

Key words: China; forest fragmentation; fragmentation model; multi-scale; distribution ratio

P WA R R AR L ZU(FAO) il i, A 7R
ML 4.0 x 107 km?, 5 4> BR [ b 24 0 2 1
31% (Qin et a, 2015). AL TH L EENAES
MR ThE, A=A T HER E—2F 1 g A4 7 &
(Groombridge & Jenkins, 2002), it 7E4:EkH%(Bonan,
2008; Pan et al, 2011; Fang et a, 2014) LA f2 K . &R
(Pongratz et a, 2010), A% FEPELR T AIK L RFF
(Achard & Hansen, 2012)%%5 J5 T & 15 46 B 24 . 2R
1M, RN H 3800 AR 75 3K, A3k 2)40%01 7
MEEHOAH . BUAE AN T8 5055 L 7 5
Y (Achard & Hansen, 2012).

AR AR RIBL T RERE A S R G
MR55 T RE I — RAVER KA. AR AL
J B O 1 AR R 4 ) A /N Rk N B R a
2, FERICBFESEER I, IS TRRE
FASKUN A% o 25 4k 1T T AT R AR AR B U, 2
S5 THI FRAZF /)N R0 JER T8 e AT (A7 [R5 1 1 2572, 2003) 6

MAESDIREAEE, R S 83X 8
WIZFEPERRAG KRR AR NAZ RS
TR AR PRAE 25 2 G0 o4 S04 o I 0 i = I ook 2% 55
2P G TH] R (R B S, 2005; B4 Z2EA%E, 2006).
Laurence&s (2002) iff 75 % B, 7 1% i A4 (1) WP 5y b #x
Wil 4= FE 5PN 2R, JEUR AR
VIFh B LU AL AR AR TE 22, — S50 AR 55 T AR Uk
I FRLER AL AR AR 2K . 7E60% 11 A 2 b3 2%
S, Tl AR BEH AT R PR B 20 R B K KT FELAS T 47 ]
FIZZ (O Neill et al, 1992). 24 7R Ak i S 32 2
TE80%LL LIsf, WFioks 2 SRR K 4 (Andrén, 1994).
R VG T U R ) AR AR AL 3 B 10 & SR 9 2R 2k
(Ribon et al, 2003). 4= 3L B 12 #155(1994)#5 tH, H
ST S b TR AR Rk /N AN AL 2 T BB A S A
5 BB 45 /N F 8B R B% . Baur Al Erhardt (1995) % Fi 5+
ORI A 5 50 G R P 0 B RN R S A R, T
fEYIF I =5 B AR . WRR TS5 (1999) 7E Fib e H 28
PRI X IR TR B, K RE M 1A A BRAFRAE VF 2 00
FIF AR /ANBEBR, XA - 45 S5 A oK RE A
B 5 A8 $e i PR B A% 2 FEME . SR, &R
PR B Ak 2 5070 AR MR A 25 R G b sh A A 1 T 1

AEBE, TR AR R AR, R E
JE 5 AR RL B R 23 ) | B —EtE(Dong et
a, 2014).

VAR, 18 BRI BN AR A B BN AR AR
PR TP I 2 SRR . Bt PN K 2 (2010) KR 4R
GlobCover 4 (300 m?zZs [H] 43 2) il v [ K ity 128 Je%
SOAG b ] (7 1 s T X ) 4 ), 23 B 1 20064 H [ K
il 48 20 R AR AR A I 0 TR SC AR %5 (2013) R H
20054 F1120094F 1) GlobCover #4f (300 m7%¥ 8] 43 ##
K, AT T E R 76 R AR AR X AR AR R
o TR, DhRARAR S oA Tt F 2R A AR 2
8] A2 B AL (AR AE; 90 1 (2014) VR 55 90 S0
25 (2013) H IR R A R, o) 22 1808 AR AR 1 S WL A% )=
SRS EET T M. B S R
WAR o W 77, 4 A AR AR IR A RE IR AR,
PN T T BN E AR R L, AT 51 R
F K2R (2012) %} JE 7 17 A1 52 5 5T 25 (2015) %) = K T
Z B EL AR MBI 7T o« A 1E /N IR 1Y
—LBRF AT, e AT TR L K X (B A
2014). 1 MREHGE IR E AR 3 (07 5, 2008). 35
+ R (R T, 2007). ZIREX (GRIEE
25, 2013), ZeUA SR FHEARIX (T EMW S, 2010) FIASIE
L 7K AR R X (7 [ 55 1 B 55 7%, 2003) .

IR KR A B A R TR A MR I AR AR
Kl e, X X IR AT AR A b BRATT
A0 IR LU FU I SR At b, ROFH O v 2 18] 43 R 3R (1) Ak
RO ATHCHE,  FERRT R I A AR A 1 15
DUHEAT 23 b, 3% — 7 T A BT A1 50 4 2o 2 A Ak
PRBS BRI 2 TR0 A JR3, 53— T KRB 43 BT vl R £
A2 ARV AN E R, W0 AR AR R A S A
B S R L T A THI IR R SR S HE

1 #MR57FE

1.1 #ERIR
PO NI €7 <) m S S K e A TR By N1
Hp [ HK S 3 [F] 1) 1 P [ 20104 =k FE AR AR

© #h17 (2014) %:TGlobcover Bl i) s FRM S OA% = K
MBS 0T, TEZAe S, Bl R, B



374 4 ¥ % B ¥ Biodiversity Science

5%

4 AT (50 mAF Al 43 5 3) (Qin et al, 2015; %=
JCHEE, 2015). %500 EEE T IAXA (H AT/ 7T
FERHFI)FIALOS PALSARE#E (50 mZS (8] 43 %K)
F1250 m MODIS NDVI%i#, T P semt 53357773
MR R I AR BT A0 R A Hidh e AN A ik v T
FEFLAGO AR A3 18] 43 A0 BEAT BEALIGAIE, AR B
1£96.2%. Ak, %5340 5 20104 34~ 5 T 28 K 1)
ARMEE S (JAXA FINF. MCD12Q1AINLCD-China)
FIH A 5 T B4 1 3% 0 R AR 209 52 (FAO FRAA
NFI- China)i#t 17 1 IR 2% (] 73 A (R bL L, B &
FE—E(M(Qin et a, 2015; Zeuffi%, 2015). A5
0 FH 1A [ AT B0 S R R T I 5K 0 4 b 2R A S
J& (http://bzdt.nasg.gov.cn/) .
1.2 FREREEFEILIEEY

I A 1 7 5 B ) AR AR B T K AT IE RO
W5, Riitters®(2002) & &= 50 1 AR MRBE R AL 1 2
AR, FRAK AR T AR ALY . AT
BB oo n N ERTIHE PR T F, 5+KH
ool SRR AR A Y . BT A 11
W 5¢(Dong et a, 2014)fr {4, R TEARRE R
FRARBB A 1 2 1) 73 AT B FC IR BN R 1

TERATHIRE AL, 1 SR AR AR/ R AR bRk 1 3k
ITAEA AR B (R AR = 1, JERR = 0), RJETHER
WAL o FE AR A AT AR 7 /N8
b, BRI g 7 8 SO0 AR RS FE (P A AR A
HEREFE (Pyr)o — M, K% (412101 x 1014 70) il ik
AEENE, NG (N9 x 9 I0) AT NS B A
% (Dong et al, 2014) . AR¥EEIEIRII I, FRATESE
KR N9 x AR IL T LT 0. PUEIEAE—A
5 E RRMAZ T (19 x Q)T 11 ARG TG (N 5 1%
TCRVE(NG) Z B Pt 3277 [ L3S 22 /b — AN R AR

F1 SHRMEENER A ERE
Tablel Criteriafor forest fragmentation types

TE B ITHE H (D)5 A B AR MAZ T A B e oxt
HH (D). X AMRFR TR AKX T

By =t o
f — NW

fo
Py =— 2
t D, (2

BB (Stauffer, 1985) 5 X T PHHIRIE . 1K
— R T BT SRR, 2Py < 0.4, FF
ARMBITT TR T L S84, HAT AR
NIRRT G AN FLTR R AN K 24Py >
0.6IF, FRMAZTTIE L — MHAL B 1S, ML E S
FLAT AT FH T 5 R A R AR o 1 R R pAORD 2oV
AR Pr — PrRfiE WU G BRAR B FLIF AR AR
BB (Riitters et al, 2000). iR A HL A T 157 A1
fiff 78 (Riitters et al, 2000) .

AR ARRB TT 7 AR SRR BRI AR AR
(patch forest). i i A& Ak (transitional forest). LI #k
W (perforated forest). AHfi i€ & Ak (undetermined) .
1112 7% M (edge forest) Fl P9 355 A% A (interior forest) . A~
[FRHCRF AL S 2R ) 4 SE B E AN R 1o 24Py > Py N, 1%IX
AR A R g, AR 8 S5 R TR
AARRMRE AT RETE & TP 37K 4Py < Pr i, %
DIRARAR LI A AT, R AR P B 4y
iy H4Pg = Pr i, BIRTGEEX 7% H AR 2R
B AR E R, YP = 1R, Rl A
NARMAZ T E o5, B EARAR, [FI 2 1 ) Py
T 1.

13 HFMBEELEZ RESMERE. aRMNER)

FATTR A IR A Y X 20104F A [ #j Ak 2% 8] 43
AT EHEAT 0 0, 1530 7 v E AR AT, O
BHEBRMB L R EDFEEEM, 56

K7 Type e kRUE Criterion i8] Description
BELLARHIK Patch forest Pr<0.4 AR /T 40% Forest density is less than 40%

i JE AR Transitional forest 0.4 < P;<0.6
FLIFIZR Ak Perforated forest P> 0.6, Pi— Ps >0

AR E AT 40-60%2 7] Forest density is between 40% and 60%
AR KT 60% H AR B K T AR E L

Forest density is greater than 60%, and forest density is greater than forest connectivity

A6 5E Undetermined P> 0.6, Py = Py

RRMREE LR T 60% H AR bR 2 55 T AR R e 3

Forest density is greater than 60%, and forest density is equal to forest connectivity

% #R M Edge forest P> 0.6, Pi— Py <0

RRMREE LR T 60% HAR bR B2 /N T AR bR e 3 5

Forest density is greater than 60%, and forest density is less than forest connectivity

P FBARAK Interior forest Pi=1

ARAREE A 1009%, 78T FRE 56 B AR bk

Forest density is 100%, and also can be known as complete forest




%4 AR

F AR AL 2 RO VAN 375

A8 S RN EL 4R BE 1A A TR) B A 2 TR ) R 4K T
T T o BB, RIS A [R) B AE £ 2 28 f 4% ) 4
A AR o3 A, E L IR B2 #7258 T B AR AR R
LB o
2 H#HR

a
AR

FIRSH
BLER, RERIBX ORI, NI
1 F L AE) BERAL A AR K L B /), BB AL R E e

1 3E#FHK Non-forest %
mm ZRHR Forest

== 0.02-0.13

| %{% Patch
mm 0.13-0.35 W ;i J§ Transitional
10.35-0.59 1 - 1 fLiF Perforated
1 0.59-0.80 & B K7 5E Undetermined
= 0.80-0.99 - B /1% Edge

fi%; PR XPEHALARAR LG b T TR 55K, 1%
ARMRAN L AR L5 v, AR A A R P o 48
AP B RS ST R B
BAL AR LB, AR RE S o

HI 2T LU ), PHEEON [0, 12, i
ORN LB, AR, ORGSR TP AME0.5, T
N, Pl AR S, HAR X TR T 2%,
B(EN0.4%. BRI ARMERE, o EARM AT AR
METELGII R, J949.05%; W FFRM LB, A

mm0.01-0.11 &£
9 0.11-0.33
[10.33-0.58
79 0.58-0.82
9 0.82-0.99

I P43 Interior

Bl PEFNEELSTRE. @QFHKE

S [8) 53 40 [ (b)ARAAEE (P B () FRHAEIRFE (Pr) B (d)ARMIRFE L A

Fig. 1 The workflow for analyzing forest fragmentation of China. (a) Distribution of forest; (b) Forest density (Py); (c) Forest con-

nectivity (Pg); (d) Distribution of forest fragmentation.
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Table2 Forest area and percentage of forest fragmentation types at provincial scale

BIX 4 AR BB I FLIA KifE W% W
Province/region Forest area (km?)  Patch (%) Transitional (%) Perforated (%) Undetermined (%) Edge (%)  Interior (%)
43T Heilongjiang 278,034.73 38.37 8.75 36.66 0.03 6.72 9.47
P4)il Sichuan 248,583.13 4411 17.64 16.43 0.05 19.31 245
ZF Yunnan 230,131.73 26.36 16.97 28.85 0.08 23.68 4,07
WZ T Inner Mongolia 203,160.96 40.83 8.23 29.78 0.03 9.31 11.82
I8 Guangxi 143,319.58 35.14 21.25 23.28 0.07 19.36 0.90
15 Hunan 129,880.06 45.96 18.98 18.73 0.06 15.47 0.80
Py Tibet 129,673.51 46.02 12.04 20.13 0.05 17.61 4.16
Wit Hubei 112,266.81 48.38 14.23 19.61 0.06 16.29 1.43
FHHR Jdilin 110,053.89 40.54 8.88 30.63 0.03 8.40 1153
FtM Guizhou 108,704.03 42,62 23.62 15.04 0.06 18.25 0.41
J"% Guangdong 104,709.11 42.96 17.26 2352 0.05 14.57 164
[t Hebei 100,720.87 80.48 10.36 4.26 0.01 479 0.09
YL Jiangxi 99,898.31 41.00 16.86 26.79 0.06 14.06 1.22
F Henan 94,811.72 78.71 9.11 6.68 0.02 5.20 0.28
vt Shaanxi 94,132.33 37.28 15.27 23.91 0.08 21.16 2.30
i Xinjiang 92,699.24 82.77 9.09 321 0.01 4.69 0.23
i Liaoning 92,018.43 63.95 12.83 13.19 0.03 8.41 1.59
7R Shandong 87,139.80 86.88 8.34 2.66 0.01 1.97 0.14
2 Anhui 82,906.74 64.96 11.50 15.03 0.03 7.91 0.56
fEE Fujian 75,164.76 23.26 17.66 34.36 0.10 22.32 2.30
Hift Gansu 65,808.05 64.72 11.12 10.43 0.04 12.62 1.07
HHT. Zhejiang 63,367.31 33.64 16.58 28.96 0.09 19.58 1.15
i Shanxi 60,692.29 69.90 10.23 9.75 0.03 9.05 1.04
75 Jangsu 54,259.88 91.24 5.78 2.08 0.00 0.80 0.09
#HJK Chongging 52,634.41 48.84 18.81 14.60 0.06 16.83 0.86
HifE Qinghai 31,300.74 88.00 5.87 1.92 0.01 4.07 0.14
&Y% Taiwan 21,229.70 29.32 1255 32,94 0.07 19.56 555
¥R Hainan 19,339.76 39.06 16.26 30.83 0.05 9.98 381
1b3 Beijing 11,312.26 58.65 15.41 11.62 0.04 13.48 0.80
TH Ningxia 5,206.68 89.40 4.68 2.74 0.00 2.98 0.19
KE Tianjin 4,805.12 92.54 441 159 0.00 1.39 0.08
¥ Shanghai 3,421.85 93.68 5.66 0.63 0.00 0.03 0.00
F# Hong Kong 627.35 38.25 16.37 18.79 0.00 20.27 6.33
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provincial scale
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Fig. 5 Percentage distribution of forest fragmentation types at provincial and county scale. Province: (a) Patch; (b) Transitional; (c)
Perforated; (d) Edge; (e) Interior. County: (f) Patch; (g) Transitional; (h) Perforated; (i) Edge; (j) Interior.
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Table 3 Percentage of forest fragmentation types at county
scale. The 10 counties with patch forests are ranked by the
lowest percentage, while the other 40 counties are ranked by
the highest percentage.

EL/1i4 County/city H5rt %
PEHFRA Patch forest
Bt B Liuba, Shaanxi 3.80
5 7544 il LB Foping, Shaanxi 393
WA IR h R % 95 B Qiongzhong, Hainan  4.41
BB E Mengla, Yunnan 5.52
IR BRI T FEX Yichun, Heilongjiang 5.62
[ 7544 7 BB Ningshan, Shaanxi 6.43
ZEALIG B HRHVR 2 Jangcheng, Yunnan  6.45
WEFA HF81L T Wuzhishan, Hainan 6.73
[ P44 42 Zhenping, Shaanxi 6.85
ZEAEERS R IEHR AR R Puer, Yunnan 7.27
EFM Transitional forest
P94 fRiBH T Jianyang, Sichuan 41.01
P48 SR & B Lezhi, Sichuan 40.89
ZHE L E Dangshan, Anhui 37.69
VY )1145 %5 Anyue, Sichuan 37.68
Y1145 Btk B Shehong, Sichuan 35.99
VO )I14 2 B Yanting, Sichuan 35.53
V)% =458 Santai, Sichuan 34.71
PYNIEPEFEE Xichong, Sichuan 33.81
0114 410 8 Mingshan, Sichuan 32.87
VU148 BT Panzhihua, Sichuan 32,65
FLIAZRH Perforated forest
TR E Tahe, Heilongjiang 66.96
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Fig. 6 Frequency of forest fragmentation types at county scale
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