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2 ([extREan Rl 2R, bR 100871)
3 (H ER R A 0 T AT A4 S PR AR I 5K S SRR &, JE3T 100093)
FEE: Thaksr X2 g — Pl E A AN R b B H bR 0 2 225, 6T 500 [l (1 208 3 B . BRIL
P R A R TR E E e E R A ARG X 2 —, 0 ORI X ESRE X i ER XS X4
ARGy, Xt AN [ AR B R it o AW TE A0 BT TR L A T A i DX B T B 40 X 5 L AR 6 % L
JE (Muntiacus crinifrons) F3E BTG S b 2[RI Z8 (058 R o TELLAMHNLIRE 23R IR 944 S R 40 A7y () 2 a1, 454
R WIE MBRHE. ARSI T PS5 MR BR R &, SR MaxEnt 5 L Tl 1] 22 24 7 P B2 BRI FAYS 2 1 11
)3 A o S5 SRR, SRR - S BLAE AR MR S A AT 1 3 P A 0 DX s, L B S M T 42,5 km?, 1 L 5%
A TEE TR 16.9%,. A, 69.3%01) B BEIE HOA S HU FAZ O AR Y X, 30.4% 0 TAESRE X, RUERAEIAT
THAE 4 DX AEAR I 5 2 S BRI S R R T R o b5 SR AR E W 2 e vi] DA SR 34 A1 i L P (R A 25 B 1) I A AR AR
ERRGENTRRYED P RIS AR L T RN A S R B RS R (0 TE R ORAR, R ISR X B
S LR DG B A it
KR ERAR, TheesrX; B Yo msihy; JiRiE

Evaluating the effectiveness of functional zonesfor black muntjac (Muntiacus
crinifrons) protection in Qianjiangyuan National Park pilot site

Jianping Yu?, Yunyi Shen?, Xiaoyou Song®, Xiaonan Chen', Sheng Li?, Xiaoli Shen®™

1 Center of Ecology and Resources, Qianjiangyuan National Park, Kaihua, Zhejiang 324300

2 School of Life Sciences, Peking University, Beijing 100871

3 Sate Key Laboratory of \Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093

Abstract: Functional zoning is a method of classifying areas to define human use and is of great significance
for the effective management of protected areas. Qianjiangyuan National Park is one of the ten national park
pilot sites in China and is divided into four functional zones, the core protection zone, ecological
conservation zone, recreation zone and traditional utilization zone. Each zone is assigned a different level of
protection and corresponding management measures. This study examined the spatial overlap of existing
functional zones in Qianjiangyuan and suitable habitats for its target conservation species, the endangered
black muntjac (Muntiacus crinifrons). We constructed distribution models based on 94 occurrence locations
obtained from camera-trapping surveys from 2014-2018 using MaxEnt. Fifteen covariates related to altitude,
topography, vegetative characteristics and human disturbance were used in the MaxEnt models to predict
suitable habitats for the black muntjac. The results showed that the black muntjac tended to inhabit areas with
intact forest and low road density. We identified 42.5 km? of suitable habitat, which accounted for 16.9% of
the land in Qianjiangyuan Nationa Park. Of this suitable habitat, 69.3% and 30.4% were located in the core
protection zone and ecological conservation zone, respectively, which indicated that the existing zone
designations can protect black muntjac habitat appropriately. These results aso indicated that the black
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muntjac may serve as an indicator species of the subtropical primary forests where it lives. Promoting habitat
integrity for the black muntjac by restoring habitat, constructing corridors and managing across provinces
will be key to strengthening the protection of the black muntjac in the region.

Key words. national park; functional zones; black muntjac; species distribution model; corridor
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Fig. 1 Cameratrapping survey grids and the occurrence loca-
tions of black muntjac in the Gutianshan National Nature Re-
serve, 2014-2018
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®1 BATHILEERAEGSIN XA EREE MG IREREF
Table 1 Environmental variables used to construct the distribution models of black muntjac in the Qianjiangyuan National Park

pilot site
A& Variables 1T Code A2 EKM Datatype i [/24% Range/Content
##1k Elevation (m) ELE JE4E Continuous  170-1,260
% Slope (9) Slope JE4: Continuous  0-53.2
im Aspect Aspect 73K Categorical  FHI/BAIE Warm/cold aspect
Hh R UK 5 Ruggedness (m) TRI %4 Continuous  0-52.7

%

TR FZRA Land usetype LU Vi
AR Forest type

FRAEENE Forest intactness

it Age of stand

3B Fh Dominant species

T2 ¥ Density of large roads (m/km?)
MIBMZE Density of al roads (m/km?)

Categorical
FOR _type 432k Categorical

FOR_int  4y2% Categorical

FOR_age /32 Categorical

FOR_spp  432% Categorical

TeARML TR BRAK . RREREAR M . H 551328 Forest,
bamboo forest, shrub, special shrub land, nursery etc.

EFmEbR. REREAR . EFREEZE AR AEM ML Conifer, broadledf,
conifer and broadleaf mixed forest, and non-forest
TTHIEIAR . R TR RAM . TR RIAMREA
Tk Primary forest, natural forest with light disturbance, natural
forest with heavy disturbance/planted forests

BRI AR AR R T R JEMHE Young forest,
middle-aged forest, near-mature forest, mature forest, over-ripe
forest, non-forest land

SRR, Bk, W% ILe0

Pinus massoniana, Pinus taiwanensis, Taxodium ascendens, etc.

LRD _den i#%#%: Continuous  0-2.01
TRD_den #%: Continuous

0.04-4.37

5T EEE Distanceto nearest road (m) TRD_dist %4: Continuous ~ 0-3,750

JE RS2 House density (m*km?) HOU_den i#%: Continuous  0-75,100
iR fE R A EEE Distanceto nearest house (m) HOU _dist #%%4E Continuous  0-2,650
TR River density (m/km?) RIV_den i#%E Continuous  0.40-2.22
S e S Distance to nearest river (m) RIV_dist  i#%E: Continuous  0-1,150

curve, AUC) TG 1551 T A% B2 . AUCHE Y [l
FEO.5-1Z 7], BRI 1% W ASE R T 0 45 SR 1) s 28 ek
=, K H MaxEnt 77 V2 i 5 I 45 1\ AUCHE 7£ 0.80—
0.904y R 4if, 0.90-1.004/f 75 (Phillips & Dudik, 2008).

BRI iy H 5 SRR 010 82 73 A7 (M B, 36
AN R BRI A AR RS o 0 B KA I R B RS
P (maximum training sensitivity and specificity,
MTSS) & {f 7% (Phillips & Dudik, 2008):¥ fx £ il
SEE T AEAk, EIERN0NIL, Hr, ONRE R
i, DREENEH, 5 AArcGISHERE— 5 14>
o i PR A T 5 SR BT 1 5% 2 el 1
JERDRe S X EZZ N, tHEAE S X P RS
iR M p i B S 5 . SR A FRAGSTATS3
(McGarigal et al, 2002) vt 5 B S e A |
B LR S AT S (K. H,
AT S5 1 8 SR B A S b B R AE 2 B R
25100 mX 5 AR ES I, %O S I AR EL A
SE S EAS T IS I B B oA A O AT S b TR o 1 B
9 SNIE A ANE R =

St ASE SIS I, FLTE 424N 1 25 4% 1194
AN A7 0 % ) 4350 2B FEMT R . AR
PR PR AR B A v, (3 B 5 e Ui Ui 2 1) f A
KABEFHERT0.7, DAL 25 Hh 2 ik 7, SR F
HAh 15 R AT 5 8250 8T

BRI ROCHI £ 7, SUELAY Fil Il 25 S AUC
FH5{E°40.864 + 0.03, X F| RIF/KT, KR5S
YRS BT 25 SR 1V 35 (B A D e 2% BB B 4y A R 2R
(R P00 25 SR o ABE AR P ) P R I AV S T AR OA
42,5 km?, 5 ERYT IR [ 5 4 [7E T AR 1 16.9%,  Hr,
29.4 km? (69.3%) [J3d LA B HL AL T 4% O 3 X
13.0 km? (30.4%) (13 B B T AE SR F X, 7
A 0.3%1) 3 A S AL TSR A X . 7S [8] 7341
KA, SRR E A S A L E X H
SRR X (AZ O X AR PR X, DL R 5 FL AR (38
AR DX, AR 4 B AR 52.6%; IR
A PEERTTIR B R ARAR A Tl R R — AR X o B



%1 AR TR 5K Bl A ) i X D RE 23 X0 J8 B AR O A R PR A 9

Wz Ah, BRI 2 PHIbM ST IR B RN I ) ROR B i, 1A 8 nT DLIRTS60 5 i
X, T HEIL R XA SEIR X . FHREARET AT ERA52.8% (SE = LA%)HE R, HiIkZ
WA A1 (E2) R e B A B I 2RISR, W] ARG A A

Jackknifets 36 £ 5V T B A2 T L FE R /5 8] 47.1% (SE = 0.6%) 15 8, IX AR B AL ) 71
—EER. SRER, BREAR Y, MHAER RS RS T MR E. £ AR R

#2 SHLBRERQE SIS XA ERE RS M5 6 R A BHRAFFE
Table 2 Characteristics of the suitable habitat patches, including the six largest patches, of black muntjac in the Qianjiangyuan
Nationa Park pilot site

B S PELTH AR 2O B b A Ko A 5 % Lo S b T AR L A3
Patch ID Area (ha) Core area (ha) Number of core area Core area percentage (%)
F e All patches 4,254 1,992 92 46.8

1 52 10 2 19.4

2 68 13 5 20.0

3 262 171 1 65.2

4 273 92 13 33.9

5 660 195 14 34.9

6 2,395 1,457 28 60.8

HUMEH X Core protection zone
[ ] A=&MEF X Ecological conservation zone
% WERiR/R X Recreation zone

fE£4FF X Traditional utilization zone

0 2.5 5.0 10 km
L \ I ]

E2 $IRERQEFHRSXAEREERSMSHE . HSI-6HERERNMERMBIR, UTERHEETR, FER
RARRWEERS U,

Fig. 2 Distribution of black muntjac suitable habitat patches in the Qianjiangyuan National Park pilot site. Number 1-6 marks the 6
largest suitable habitat patches, represented in different colors; the left patches are shown in green.

==
=

il

'/' <

fift



ks

10 4 ¥ % B ¥ Biodiversity Science

273

HEH Models
W {UHIFEEEF The factor only
BRI F Without the factor
1.00F . . - . = = =

e

2

Q
T

B2 REE A

5
Gain ratio to full model

g

0||||-III.|+ l

Y& R P @ A PO P S E S

FF S L LI FV Y FR Y F

¥ OISEFEOL S
3% K T Environmental factors

3 Jackknifet 3 iTfhHI X BES BN EZREEF R

HAExoiEk. RS XKL

Fig. 3 Results of Jackknife evaluation on the relative impor-

tance of environmental variables to the presence of black mun-

tjac. Please refer to Table 1 for code definition.

W, 5 R AR AR 0 R M A I AR AR R B A K
P 55 AT 11 76.2% (SE = 0.52%); U255
EHEERRENELY, BRERETREESBEEN
87.9% (SE = 1.5%). Mh&E IR, i ik 2 A
PR TE B A B R A 1) EE B T (R B A ) T
Oy AR N JF G . T B R X (1K13)
FRAGSTATS 3 #r45 % B, VT ik E KX A I
P LA B RS G S b BE 4128, THIFRM0.25 ha
%2395 ha, “FHIBEHEFI13.7 hao T 22 FEIE AT
L BE B AL (A% O S HB T A 1,992 ha, (&
B S T B 46.8%. 12 0o S M T AR 1 ha
P ML BT B 167, Hor, AR K o B
LR X AZ 00 X PN R S BB (L I 24 5 1), A
AR 2,395 ha, 1O IHIF N 1,457 ha. 355 6/ BEEk
[z O S E AR K F10 ha, VE4IME B HLE2. N
A A KA (E2), B, 2. 4. SIKRUCHIAR, T
BEHLIE 6AH X AT, (HAHEBRBEHL3. 4. 67EERILIH
] 5K [l XA PG A — @ik 1 e L ok T

WHEE R A B RO XA R ¥ it >R
Thae s> X (77 300 X N AT Z2 AL B, DAs Bl AR
SRGANEY 2 FEVE R DR AT FR SR R A H A
RE S —A BRORY X RO T 19564F, fR4 X Difie
X mgf TR RSE T S IR N e R E IR

ArcGI S&5 7% [a] 43 1 T HL 45 Bl W 56 1) 43 (1) 3 T2 (I 428
RATEE, 2014). HAHT, #2150 E A R4 HL
Ihie s X7 AT 78R, EZRH T YRhidE Bl
BTG (LI et al, 1999; FRHF|T4E, 2000; Xu et 4,
2014). /P AR B AE(Liv & Li, 2008; & 1
M5, 2010) M1 5 2K 43 Hr (B2 42 5%, 1998; M fn 5,
2012) %Ak ik . E bR b, H AR H 2SR
MR, WiMarxan (Ball & Possingham, 2000).
Marxan with Zones (Watts et a, 2009)%%, Zi &% &
TR B bR SRS BRAS 1 23 () 0 AR RFAE, SR F I Bk
L, SRASLEWE 2 e (R I B ARAT 2 T R 3 A
AW E, ENRP DI X %, H
DA AR AT B A A T I R 30 5 2 2 () 40 A A LB 2 1
B, BT e 2 7 VR N P AL

BRIV IR B 5 A T 32 R HE LRI 28, B IR
s N ERIE B, B m iR mia, & Ry 3
A 2o A 2 55 2 A 2 [RGB R Z R 2 Thiae
rIX e oA, HE RIS BHIR A E PR 4
— M. P B, WmEANEg. BEENTE
RECHL X (R W R, (R R RV T IR E R A
ol B BRI R N R, HULER PR ERTLIRE K A
el 3y B8 23 X RE 759 A2 X Y SR BRI R 5 R . FRATT
W RI, RV 5528 el 1A% O OR3P IR AR 25 IR
HIXED T99.7%M B E TS, GFTXA
R NE B R, [F, RS R RN, B
JE A 1) Tt BILAE A BRSO JB 6 R % 2 B AR 1
X, 2B 2R B R DAVE R 3 o A X 4 b 2 3N
NFIRIFRAES RGBSR R DR

G S b 38 K R B A e B R T I 1 3 2
2 (B RESE, 2006). 52 N LK 450 KR IR,
DL S5k ) PR A AR 2R 1 i A i A 2 A 4 0 3 R
I R SR AT S M TR D, ABINJE) T AN R S B
Bz )RR S, Ko PR i) 2 BRI A3 K A i
BATH BT 2R B, BRI 58 [l P 1Y) L JR 3 A
S HBEHLE AR (13.7 ha) /T8 B B R 35
T A (HREE 200 + 25 ha, 1EPEES + 22 ha), BB .
DRI, T 50 2A (el g 2 L 4 BT S AV 5 e ) Pk R
FIER TG 2 8, A S i B RN T A
MR 2 B, (E8E N TR AE R R B, DL

© M/hEg (2014) FET- M DNA (¥ 28 BRASHC ) X S WE7E. B
2RI, WITITTORSE, HTate.



%1 AR TR 5K Bl A ) i X D RE 23 X0 J8 B AR O A R PR A 1

SN R JRE S B S M PR T AR, [ e e S SRR 4
e, oA S b 2 (A I, et PR PR AE

AR T8 A5 5l LR BB () Rl i) 22 DX 2,

DL B e 2 2R BEAD R Bt i H o VRO TR A

S FEIR B R Z X M AE S R AR E, 12
FARMR K LIRSS R G TIRE(Liu et
a, 2018).

AN T4 P 1) 3 R 23 A s £ e T D fR
PX, A 22 1) 2 TR RO AT BE M T 405 R 1) HE 1
P D9 SEEILSE W] SR AR o0 A I K ARG BN,
i 2 4 77 e B TR X el A X ST R 5[]
I, FEMEAD LRI & EER, BRITEE KL
el 75 P Ak — DU L A e ORI A, 6 X /MR A
B L ko A AR AR, BRI, BT 4 BRI 2N R
JEAT S BE R (B3, 4. 6)RETEE K A BTN
Wb, SEINRT EIE I X AR E B kA AR AR
HE M. B, 7 2R R RE Bl A
B L Rk A B7F 78 DX 30 TN P R S A 3 ) A
A 16 2 THI HE A b 5 42 120 [X S8 R AV 5 e 1) 5 () 43
AL, 8 B2 R PRI B it . BRI
KA AR XA 22 s R T B w8 B AR R
I XMLV 245 X R S R AR R X, s
A IR IIURT S FE XA B R 2t X
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Seasonal variation in the distribution of Elliot’s pheasant (Syrmaticus
élioti) in Gutianshan National Nature Reserve

Pengl*Renl, Jianping Yu?, Xiaonan Chen? Xiaoli Shen®, Xiao Song', Tiantian Zhang', Yongquan Yu?, Ping
Ding

1 College of Life Sciences, Zhegjiang University, Hangzhou 310058

2 Center of Ecology and Resources, Qianjiangyuan National Park, Kaihua, Zhejiang 324300

3 Sate Key Laboratory of \Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093

Abstract: Here we studied the seasonal variation in the distribution pattern of Elliot’s pheasant (Syrmaticus
ellioti) in Gutianshan National Nature Reserve, in Zhejiang Province, China. From May 2014 to April 2016,
Elliot’s pheasants were monitored with camera traps as part of the grid monitoring system. Elliot’s pheasants
were detected in 44 1 km x 1 km survey blocks, 211 independent times. The observed sex ratiowasF: M =
1: 1.64. These results showed that Elliot’'s pheasant is mainly distributed in the buffer and experimental
zones. Within the reserve, the detection rate of Elliot’s pheasant decreased over the gradient from mixed
evergreen and deciduous broad leaf forest, Cunninghamia lanceolata forest, mixed coniferous and broad |eaf
forest to artificial Camellia oleifera forest and evergreen broad leaf forest. Elliot’s pheasant mainly lived at
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atitudes of 600-800 m. In winter and spring, their activity intensity was lower and the active area of Elliot’s
pheasant was relatively smaller compared with the summer and autumn. In short, the distribution between
atitudina intervals (F41, = 3.76, P < 0.05) and seasons (Fs1, = 3.34, P < 0.05) differed significantly.
Performing a regression analysis on altitudina intervals and climatic factors showed that the daily average
temperature and altitudinal intervals both significantly influenced the presence of Elliot’s pheasant (P <
0.01). Both the monthly detection rate of Elliot’s pheasant and the altitude at which Elliot’s pheasant was
detected had a significant positive correlation with the monthly mean temperature (P < 0.001), but had no
significant linear relationship with the monthly mean rainfall (P > 0.05). These results showed that the
presence of Elliot’s pheasant was largely influenced by altitude and temperature. Elliot’s pheasants tended to
move to higher altitude as the average monthly temperature increased. According to the results of model
selection and multimodel inference, the optimal model only included by the variable “ source of water within
100 meters’, and the suboptimal model was “ source of water within 100 meters x altitude’, with weights of
0.18 and 0.14. This means that “source of water within 100 meters’ and “altitude” were important factors
affecting the distribution of Elliot's pheasant, whose importance values were 0.82 and 0.51, respectively.
Overdll, the distribution of Elliot’s pheasant was determined by various environmental variables, rather than
one and/or several environmental variables. In addition, the changes in temperature and the range of
altitudinal intervals led to the differing seasonal distribution pattern of Elliot’s pheasant.

Key words. camerar-trapping; Elliot’s pheasant; distribution pattern; climate; model selection and multimodel
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pheasant

R Z Detection rate
o
~

o
[N}




AEMBAE: b FH L FE X2 A AR DR IX A B AR 70 A i Sy S Z= 1384

17

E3 HHUERFBARIFEATRELEIKEESTE
Fig. 3 Seasonal patterns of Elliot’s pheasant distribution in Gutianshan National Nature Reserve
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Fig. 4 Thedetection rate of Elliot’s pheasant in different altitude sections

TREE“100 mpy 7K IR X — AR &, SR AR A
590.18, B — 2 VURMAREYAAICE < 2, BIgfl
B AN A T HoAh A A R (R 3) . (R, XA
A AR IR (2°-1= BN BEATREALF ), IR
A 1 1Y) EE EE IR AR 1 [ R (3R 4), i )
b7 A e ) R AR P A ). 45 RS EH, “100 m
PR KR e R 1 AR R BE AR, 43 D 0.82F!
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Tablel Theresultsof logistic regression and linear regression analysis
H 48 & Independent variable EVEEY:d AN AE z P

Coefficients Standard error

AR AT Logistic regression, P < 0.0001

WM + i Female + male 4 Altitude -0.259 0.100 —2.592 0.0095"
H-F#5iE Daily average temperature 0.643 0.108 5.937 0.0000""

M Female K Altitude -0.307 0.145 -2.119 0.0341°
H-¥<i& Daily average temperature 0.563 0.156 36 0.0003"""

HE Male K Altitude -0.216 0.115 -1.874  0.061
H-F<if Daily average temperature 0.685 0.129 5.314 0.0000""

ZeM: 1) Linear regression, P < 0.0001

i + At Female + male HF-¥)’< i Month average temperature 6.231 0.980 6.361 0.0000""
H 4 //K# Month average precipitation -1.104 0.980 -1.127 0.273

2R [E1J9 Linear regression, P < 0.0001

R Altitude J°F¥<iR Month average temperature 6.107 0.413 14.803 0.0000""
H ¥k E Month average precipitation 0.000 0.002 0.182 0.856

* P<0.05; ** P<0.01; *** P <0.001.

F2 WRMEHESHEREXRY

Table2 Correlation coefficients among the characteristic parameters of habitat

AR T TR ARV TEARMHIE  EAR T RE FRTE 100 MK iR WL

Habitat factor Vegetation Forest origin  Treecanopy  Shrub Herbaceous  Source of water Altitude (m) Position
type closure coverage coverage in 100 meters

ARMGHEIR Forest origin -0.415™

FRAHR A1 FE 0135 -0.142"

Tree canopy closure

WEARZEJY Shrubcoverage  0.146™ 0.018 0.111°

FA 55 -0.059 0.142' -0.08 0.069

Herbaceous coverage

100 mpy 7K I8 -0.125 0.032 0.127 0.082 -0.145"

Source of water in 100 meters

R Altitude (m) 0.244™ -0.452"" 0.087 0.041 -0.188™" 0.287""

YA Position 0.118" -0.092 0.043 -0.195™ -0.056 -0.421"" 0185

Y E Gradient 0.041 0.003 0.181" 0.281™" —0.186™" 0.06 0.154" —-0.095

* P<0.05 ** P<0.01; *** P <0.001.

FERHEAR X 35

AR B BT A S LA AF R BE, S I if i
PR AN FH BT 2 BRI 2 38 SR B () — AT A o
FEL T A2 56 B A B2 T 1 390K 8 A A S b 3o 35 11
B EERRE(TFAE S, 1988; T4, 2001),
ZHTIRE AL S TR, FeoR 2 56 B 7E60%LL F ¥4
BHLRE N 3K R AT A R AT BT Y R
TG AE S 200, A3 R AT KA %5 5
N AEAT, e HAOE B S (TP, 2015). fE 1 H

W fRI X, 28K 2 BORE A I 7T R R 52 K T-60%,
Forh76.8% [ AE 1 72 2 K T-80%, P, i H L fRe"
DX P9 R B HE R O I S0 R G B B,
B R HEAE B AR ORI XN O 3 X 5 20 A1 7T g
B2 32 RS TR R R . S R AT
ANTRIABL A SIS B AR A S b 2 A A AE 22 S (T AN
%5 PH, 1989a): il Ak TR MO i AR 85, B
FARMEE UGE A (T 1A &R, 1988). LT A
NP, 45 R155 PR SRR HESR I £

RS
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K3 BREPHRSHAEEER
Table 3 The result of combined the parameters of the model
average

FARZH & HiE  PAx%  AlCc  Deta A&
Model df Log-Likelih Weight
combination ood

e 2 -59.12 12239 000 018
axe 3 —58.26 122.80 042 0.14
bxe 3 -59.01 12430 191 0.07
dxe 3 -59.01 12430 191 0.07
axdxe 4 -57.99 124.46 2.07 0.06
cxe 3 -59.12 12453 214  0.06
a 2 —60.33 12479 240  0.05
axbxe 4 -58.24 12496 257 0.05
axcxe 4 -58.26 12499 260  0.05
bxdxe 4 -58.85 126.16 3.77 0.03
axd 3 —60.01 126.30 3.91 0.02
cxdxe 4 -59.00 126.47 4.09 0.02
bxcxe 4 -59.01 12649 410 0.02
axbxdxe 5 -57.94 126.60 4.22 0.02
axcxdxe 5 -57.99 126.69 430  0.02
axb 3 —60.26 126.80 4.41 0.02
axc 3 —60.26 126.80 441 0.02
axbxcxe 5 —-58.24 127.20 481 0.02
d 2 —62.09 12832 594 001
bxcxdxe 5 -58.82 128.36 5.97 0.01
c 2 —62.14 12842 6.04 001
axbxd 4 -59.98 12843 6.04 0.01
axcxd 4 —60.00 128.46 6.07 0.01
b 2 —62.18 12850 6.11 0.01
axbxc 4 —60.18 12884 645 0.01
axbxcxdxe 6 -57.93 12888 6.49  0.01
cxd 3 —62.08 13043 804  0.00
bxd 3 —62.09 13046 808  0.00
bxc 3 —62.14 13056 8.17 0.00
axbxcxd 5 —-59.96 13063 824  0.00
bxcxd 4 —62.08 13262 1024 0.00

a MR b AR, ¢ MARRE, d W e 100 mA K.
a, Altitude; b, Herbaceous coverage; ¢, Shrub coverage; d, Gradient; e,
Source of water in 100 meters.

R4 BLENEEE. REQEFRKLPE

BE, XA BRI PR A
600 m/ifq; 45 WS DL SRR I AR O B, A
P& T R AI50%, &1 Ak 5 30% 74 47 15%5 P A% LLAT
] YR RS MR A T, XA T AR (19 65%, A2 K bR
20%7c A SMARACHE A . FiAth 2K R Ak B
B2 AR (I iR EHF I8, 25, 32, 71, 81,
8OFIBTAEMINE), Yoy e i 4 P& i kAR At i IR A
PR BT ARFIAZ A IR S 3 MRAH A8 20 A1 0 X3, T8
e —MAH AR AR, A R HE A A D,
52 AT s B— 8. A I BB R R R
LRI FE VR AT MR BRI e d K, AR A SR TA
] YR AS PR 2K R A Bl B A ) X 3k, (HAE
AR AR, B R BRI R . 3K
B — FRCTE AR T AL L 2 1 B 2SR o P bR R
), T B L ARG X A LLET % (Castanopsis eyrei)
BRI SRV 1D 4 Al T PR AR AR P B v (5 E AR A,
2004), MRTFHEHERE AR, FrlR ARG R, &
2 [ 30K R HEYE AR T b THI R 75 3 (T4, 2001),
X 3 FURE AT X 3 S R A AR 4k i 1 AR R
SRR R . Ao, AR N Tl $
— WA AR, XD N TR A bR P B AR
B (AT BRL, SRASI AT PRRR R, T —MRAH I AZ
AT, EEZFEREDEK, \AE
KBRS —E e R, HEREEAK,
R A B B 3K R HEE S s ) X 3. [R]
B, FISK R AHEEA R A SRR (o A 22 7 B
e BRI R ARG 30K SRR HE 1R o0 AT A R R
1 2K 52 52 A ) 2 1 63 40 T R T AR A D
FE S BN, 7R — € ISR (Ch da Rs o 55
1997; ZE AT, 2005, 42EkHI4E, 2007), Hig
Bl X IR /INFH H ¥ 3l 2 25 2 1T AR A (O kA
FHE, 1997, FLERHIAE, 2007), EAEERT BN T
TR LR (TP AIE B FH, 1989ab; A d

Table4 Importance values, model regression coefficient and the P-value of variables

}# 715 Model averaging 100 mpy 7K R L3 AR G FEA 25
Source of water in 100 meters ~ Altitude Gradient Herbaceous coverage Shrub coverage

(Y Importance value 0.82 0.30 0.27 0.26

FrRAEAL RN E R Ep 1.026 -0.172 0.096 0.122 0.009

Standardized regression coefficient 8

P 0.031° 0.044 0.299 0.438 0.570

* P<0.05.
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MG, 1997; 175 5%, 2007). AT TS H 30

KR HER N R AR AR A F, K IUAE KPP,

T EYEEFET, FHK R HE R 3 55 38 i,
TSGR K, O X PR R BTG . &5
PIZE, BB R HEREShE 48/, H & sh i 8 4
i1 LA K BT 0 AR BOR D F R R A2 S AR
PIZEF A B IR B D o BARE R PIZE RN B
FC R HER Bk m R T4 FE M, HIFARE
8 0 W 1 S0 B 1 RS U ), R AR R
()38 TN e 2 BV B 0 B 3 o, AN RE SR TR B0
BT o Rl R BRAT T3 — 20 i 4R AN S Ak DR384 T T
5, A3 A K R AERE H P2 SR T S s
BHG TR, BRI AR, AR 3
(RS BE R, 5y AR 3] 1 290K R HE A 1 1R S
AR 2 R ENIEADE, A8k R H T
SR T =R A E R R R E S, R AR SR
B ) E K 2R 1) =g AR AT RS, AR RS 2
SEAEARIHR TGS o AR IR T AN A [ 2 e A
FRASTR], RO BEPEA R B35 52 m, HMErEA
A SR A e 8 B R BRURK, 3K T R A 1
XA R SR T R A, R T ) R SR A
TR, SR BRI ZE RECR, S
SRR e BT B, R BRSO AN B
FR o Gy A H SRR K BN SR R P PR
B WRIAL SRR o AT ¥ T B 3 e, T H A
NSRS RTE S A RS S b 3 RS A S KRS
RS EE N .
42 whRMKEESHHIMNERTF

DU RO T &5 B SR, /K IR R2 I A 2K 2
A SR FH A = BRI R (T 14, 20028 145 5 14,
2007; MRk 5E45E, 2009), MRS FARZE MY =
DRl - D 19 39K 2 S 4 4t JFG i =5 £ 00 2% A R B i 2%
i, 3T 7R FA S R R A AR (B A
&, 1999). AHFFTEE RIFEFER I, “100 mpy ZKJE" Fl
YRR R T AN RN L ORGP X (A K R A Bl S
AR E AN R, HAoKES ASK RS R
IEARSG, Wk S A B A B A B
PRI 43511 59200 mpPy KI5 F1“100 mp 7k
Wox W, HMER R ERE, SRR
TR E I A, AUN0.18H10.14, F B A #IK B
HER AT FEARA B — AN B LN AR AR 2 g, 1

e HZ PSR B ILF e . AW FTRTIL A
(15 St PRI AR B VA I S B P P (5 B AR
GETCH] . AT IR (B Se g 5K - BWRIE.
e R B R — R AR IR
S R 2R, 3K N g AR TR A EE A i 1 S A

EART 20 A AR B IR I 1 350K R A 1 9 A A7
FE— M R PR, TEydoxd [A] — A gk 47 e 8 M il
(O'Brien & Kinnaird, 2008), Ht4k T H 2K 2 HE
AR, (HIAT BA LS, ket Xt
SIS G TEA A TR AT K RS L B 4
Wl 4% (Tricia & Don, 1999; Lu et al, 2005), {341
AMFEMLAE & W 1 . B AR D 1 K Bk
WiAK I (Li et al, 2010; X L %%, 2013).

g5 B RTIR, b LR X 4 Ry X k8
FHK RN S 5758, AFKRMEEBRAY X
PN = AR AR ST 3 A B 600-800 mZe A ) Sk
IO IX SR IX, TEANF X381 2 5 45 A W) 22 2257
“100 mP K" AR PIAS R R R sg e, (RIS
T8 Ak 5 30 K R HE TR i T A [ ) 21 40 A
. AN, IR SR, X3 asiKRE
HEFT R SN 58 % S5 X 5 e X AR A, R AT
XU X A KR AR, Wi S AEK R MR
RIIX — KA R 71 2 4

S
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N o1 3 2 &5 3 > 3 3
wmAEES TRNIS O Omw A % O ELRR
1 (P EpEREER R E R, B E R E S =8 F &, b5 100700)
2 (FPERM R ERIE SR A G AESEEE S TR R, AVZRMSEVUR AL R 1T E A3 =, b 100193)
SAEEKRFW T SR FBASY R, IR KFM BT SEMZE S E A=, b5 100871)

R WA RMEYE RN EE 2 —, WORMBEA SRR S 4R . A sh S S R HE R
o ASHIFFUIE T by FH L o ] b P A AN [R5 B BE R 257M30 mx 30 mE DT AR > 5 em AR AR A AR 2K
KNG DU AR, S 2R I B I My 1 AN RIS R v R AR R S T R . S5 3B ()RS 3
B SO ARAIEMAFAEN LIS, VAP EI53.8%. (2R (K 77)AKF RUHI AL R 0 SRR & O o8, S35
BRI IR LRSS . (REVE AT HIHA AL RE ) 5 MR 4R 35 UM%, A HIHE R 7 M2 R, MR SR ns i 4=
BARARE SR8 2120%-300%. B £ AN PAKCRI BT AR Rk == B P o LA B AR 0 4 i 2 2 R B, AR R 220
P REAR T SRS B 2 G I o WU, i FE LR A P PR A RE PR 20 S I (8 KT R B, AT RE i B 8
R L SRR A (B AR B BRI 22 R B )RRV S5 A4 AR A (B R AR M 2) S 8. 734, wiiZERe
SRR IR S R R R

REEIR): ARAREDHT, WIS MRS P

Sprouting characteristics of communities during succession in an ever-
green broad-leaved forest on Gutian Mountain, East China

Xiulian Chi*, Qinggang Wang®', Qiang Guo®, Xian Yang®, Zhiyao Tang®

1 National Resource Center for Chinese Materia Medica, China Academy of Chinese Medical Sciences, Sate Key
Laboratory Breeding Base of Dao-di Herbs, Beijing 100700

2 Department of Ecology and Ecological Engineering, College of Resources and Environmental Sciences, and Key
Laboratory of Biodiversity and Organic Farming of Beijing City, China Agricultural University, Beijing 100193

3 Department of Ecology, College of Urban and Environmental Sciences, The Key Laboratory for Earth Surface
Processes of the Ministry of Education, Peking University, Beijing 100871

Abstract: Sprouting is an important vegetative reproduction strategy. Sprouting in woody plantsis especialy
of great significance for maintaining forest structure and influencing vegetation dynamics and succession. In
this study, we collected sprout data from 25 plots (30 m x 30 m) in an evergreen broad-leaved forest on
Gutian Mountain, Zhejiang Province, East China for all trees with diameter at breast height (DBH) equal to
or greater than 5 cm. Based on this data, we used general linear regression models to explore the
characteristics and the effects of topographic factors and forest age on sprouting ability in forest communities
during succession. We found that (1) 53.8% (56/104) of species in this forest showed evidence of sprouting.
(2) The plot-level sprouting ability decreased significantly with elevation and marginally decreased
significantly with aspect. (3) The plot-level sprouting ability decreased significantly with forest age. Forest
age explained 20%-30% of the variation in sprouting ability after being fitted with the models using
topographical factors. Both the number of sprouting genets and the proportion of sprouted species richness
decreased significantly, while the mean DBH of sprouting genets increased significantly with forest age. This
study shows that a decrease in community sprouting ability coupled with an increase in forest age may result
from changes in both species composition (i.e. a decreasing number of individuals, but a higher sprouting
ability) and structure (i.e. an increasing in proportion of larger individuals) during forest succession. In

WSk H 39: 2018-08-09; 252 H 1 2019-01-09
BB H K E R #4242 (31500337; 81603236)
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addition, the sprouting ability of forest communities is also affected by topographical factors, such as

elevation and aspect.

Key words. forest regeneration; sprouts, forest age; topography

[ERC SRSy =K /B e AR RE7 R S CRIUN: R T
(Bond & Midgley, 2001; Del Tredici, 2001). 552/
FHEWSAKIG T Fh P AT A B AR, B4 R7ER
Fiy WA A TR AR A AR W AR R T, N
M i %2 25T #E #k (Bellingham & Sparrow, 2000; |5
BREE, 2005). VFE2 ARAEWEZ BTG, @l
B AR AN S HTIIR T, NIMRFSE ¥ R A AL, 58
B AT TEHT o DALk, AR A 0 R, R
(8 ISR A B 2 = Y (Bond & Midgley,
2001, 2003; Wang et al, 2007; Clarke et al, 2010). %k
i, DAERFTE 2 WRF . FhFRE. hshssETr
TH] DR A 4 S A B S L 2 R I R R B
S, IR TR AR T SR S AR R VR A5 A AN B AS
E FARIE 7475 AS 2 (Wang et al, 2007; Shen et al, 2011).

H o0 P A w7 2 b T kel
T e ™ B 1) [X 4 (Paula & Pausas, 2006; Paula
et al, 2006, 2009). #4141, Verd (2000)7E Hs i1 [X
KRB, CASEARBE BT N 3 b L SR S A O
B, MR, EET EALRE, FHEA R

A RIS, T DA A BB 9 3 i 0 22 H PR R

P RmE, HEZ @y, EREREE. &
BH LA AN [ B8 5 SRS IR P, Re g iid o AR TR
SREREE, &R A R B E A . N
T A X I ik i R FAGHT R PR PN i AR S S 1) B
YETFRE T — R 5B 5 (WWang et al, 2007; Ye et d,
2014; MR 2017, 2018). Hirh Wang®5:(2007) 7E i
VLR E LRI T IR, 0 AR T2 1 [X 52 43 5 4 R i
MBI T AR R R T AR . R AR SRR AE
NEEE N TR R E B T S, B2 R RE
3 3 SOV U 2 R S A AR A, A DU 2 HT 7R AN
KRR Fre B B Ve, A0 [ A SRS AR

ANTRL S 5 B B A AR X S R (B I R AN T B 1, 2006;

MRIRZE, 2007, Fr 2%, 2012).
MR, FhRISE GO0 REQE R, PFh
{83 i) SR SEE A BT A SRS (MRS, 2007) o THE
LTI Kbe. G, BARSE)E 7R
PR RO B ek R e, W A SR A AT R 2 R AR

A8 4k (Kammesheidt, 1998; Shen et al, 2011; #r#f5€
%, 2012). HITHIAEH AG PR iR, S
WA IR SR A, BT A B I B A AR I
W%, XTREVERD 2 REPE RO SR R T EEAEA,
BT BB, AT A R T B B,
SCAE HUET OB 2, AR TR S . B
AT, BEVE AR A fE AR AT R R AT DAME
FERNWZ: 5, BRI A B8 7 5 L BER AT AR 1)
KRB BEVIF, K2 HAEDTE LR 0
A RE IR, RS IR B 2 TR Bk
(Kammesheidt, 1998; Pausas, 2001; XI| % 3 %
2014) . BEAEHE T, KAREW AR L ] 2
s, TS ECRAR AR IR, BB, BEAETE
BT, DR RS b 2 R Ak, W RE S i
LS AR B AR 2 R R R R,
I R R AR B D T . 7R BRI A X T
JEAE W AL RE DD BT B I BB AL A, RS I
AT 5 DL, 0T 8 6] s AR R4 bR Y A 2
ARy B — @M 5= .

RE#FAERT IR Z oA THEERE
AHILIX, 07T P 8 A A SR
SR (WX S5, 2014, Ye et al, 2014; FRlz 7%,
2015) . 7E LA=S (B AR I (8] R B v T8 5 7 & TT R B AL
I, A0 B R T 5] I AR 58 55 5 M S5 i A A S
ETERCIR . g, AH FOR 56Tt B L 2t e ot
R AL T A F) i B B BE 25030 m x 30 mikE
M4%> 5 em A A AR AR B AR 15 1O ) 1R 2 4
I, A3 W HE 7~ % b [X R S ] PR A () 6 2 B A )
AEREAE, o R RS2, DL DA AR BE T A
JEE VR A KT 0 3 ] W PR v 15 I R AR A DR TR
AL LA

1 ®RAEZE

11 MREX#R

W FLIX AL T LA AL o L R G B AR R
11X (29°8'18"-29°17'29" N, 118°03'49"-118°11'12" E),
G AR 48,107 ha. Z X IR 15.3°C, %
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K& H1,963.7 mm (HH IEHEFNT- B 1%, 2006) . iZHh[IX
PR A A A Y O U A R AR, (R I R A
FE AR AR 8 T %, BRI (A AS [|] 78
FRAN IR )38 25 7% (Bruelheide et al, 2011). Ab-T-i5
B e e vs LB A 2 8 5 B FA (Pinus masso-
niana) A1 i LR (Quercus serrata)Zs, 18 % 5 HIMY
VRO AR 2 N ElHié (Castanopsis eyrel) FlIA fif
(Schima superba)%&(Lang et al, 2012).
12 #HRE

20084, AIRANIRUHEY) Z RS AR RFE T
RERIR R, “HPEEHME R EMZ RS ES R
4t Ih fie W % W 5T I H (Biodiversity-Ecosystem
Functioning China project, fij#XBEF-China)” 7t i [
 E R 2 3 SRR X T 2 (Bruelheide et al, 2011).
BEF-Chinafiff 7t 2 75 54> 47 X 38 Bl A A 8 1 274
AR K /N30 m x 30 mIIFE Ty o ARFE &4 77 B 7 58
R ARTE Bh il s H R A5 BB B B, BN B
B B AR T B U N5, 4. 5. 60 T4, X
FEFETT [P 3RS K BUN< 204, 20-394E. 40-59
fE. 60-T9E. >80,
13 FFEEHAE

2010429 H , WFFLAH R A X ETT A4S > 5 cm
(R T R AR A R FL 3 A2 25 (DU R PR B 227)
AT T E A, FENEFFCF T ITA AR 82
TR oI o =TI ST K VA= D WS SRy T r e I N e
EA M iGE, PLZ 25T (multi-stemmed) 1) 75 A=
P RAK W A (Del Tredici, 2001; M-#E455,
2017) . 5 RS ALE SR 1A A I AR VR AR AR AT
FZHEI, AHE 7 2 25T R AR AR B K R)d %
REZE, HA F A 55 3 2R [ )
BUNCB AR ZE . AR 2
T7 (T — B B) N T A 1510 em & LB
IRE RSB IRAR, S5 V& S5 AR TR IS, T DAA
WEFEANGE T 342 1R 25K 7 1R A i
14 ERERENIEINTE

A 25 40 B A AR A e 7 9 5 R AR AR
5 cmg — Aol & RN AR, Ffe5 embl iy
LTRGBS 2, R AR
AV ER FETTERE, R R B K&
Ho B, AW R Gt s WIS > 5 emif A7
Y ZEH R R R AR L A R

AW 58 K FH if 42 % (ratio of the number of

sprouts to the number of main stems, RS). #fj4 Mk
Et.451 (proportion of sprouting individuals among all
individuals, PMSI) LA & i A= A A -F 35 25 44 (number
of sprouts per sprouting individual, NSMSI) 3/~f5 5
RAEY) P AL (B J7) K F 185 42 58 77 (Nanami- et
a, 2004), HAkAanF:

B AE R (RS) = YA (BURET7) I 25 501%

Vb (B J7) BT A R K (N
B AR LB (PMS) = J— Wi (BRE J5) 1
HA AR AR E R (S D7) BT AR ?)

B AR MACT 18 B ZREU(INSMST) = B — W (2%
FETT) WA 22802 Fh (SR D7) AE AR (B)
Hr, RS=PMSI x NSMSI. NSMSIk, FRi4:
e M 5E; PMSIBE K, 3R n B A I ROB I il
(Nanami et al, 2004; J&3§#E 5%, 2011). RS Mg
AEFFEMZEA TR AR, HAEBOR, nRe2 il 5
i K R AR RE s SE F 5 R, AT RE R L — 7 TH
#8145 5 (Nanami et al, 2004).

15 #ROER R EF N E

EH T AR A 7 Sk A A = o DA OKS T 1 K 2 4
U%, BEF-Chinafiff 7t 41 1t — 5 R FH % £ 75 i 42 K /s
AL A5 T B AR (FATFR ™ B85 TR ) B A2 Al 1 K
3 4E#% (Bruelheide et al, 2011). BAA 7 R: Bk
WENE T SF7 A FTARE > 10 e A RIR/),
FEBE AL AR EE LSO B AC (R B8, AR 40 4 58 e 4
J&, MRS R KRR, R &
7758 BRI AR AN i A K IT R, A E A ZIR
i, IF LA R AT LRI (7)) 1) AR 8 o 31X
— JTE AR AR AR08 5 AR P SR AR S E 1Y)
HENBRAAREERHILLRE = 0880, P <
0.001, Bruelheide et al, 2011). AHF 77 BL#2 FH A 511
WA R RAEBEVE I )5

R R 7RG . SR . FERAETT
Mz B F Garmin Geoko 201 GPS (Garmin, 3£
B )W e g4k, R BERE TS N B ARRAE 7 3 3 R 1)
A7 B b 57 2 AN S 3 BE AN [ o 45 25 M
234K 540 m (250900 m), “F A3 340
(14°-47°), “FH43 15 }y188° (7°-358°). fE4rHridtft
FROREI 3 e R — 180] + 5738 T AL, 8
iz AL ELE, A RS R EA T 0 (3
#)-3.14 (#Adb) 2 [al
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16 HIESH

K H — T 2 M [ VA 07 V5 20 B 9 0 A e 0 R
FRRS. PMSI. NSMSI 57418 . R T (4K
WRE BB 2 IR0 B o R T F i M R IR 36 1
Wi, YR 2 e RlA T ik M R AR RE D S i
R BOERIRR R, FEPRAREM AR E, R
FIF — JC 2V 181 VA 07 V5 73 e bR 23 4R e 15 R R B 22
P

N TR i A e D B T B BUAR A R TR S
RAEGER B K, AR — ok bl ke 5
THIEYRD 2P SR FR KR R AT
56 6 25 RE 7 BB T8 5 B B R AR K 75 5 4 R A R
MG A IR, FATRHA —Te L MBI 7 T3 e 56
TREAEYIRR R R B R R SR N T
Yob =5 FERO LB B A0S MR SR R

LB BT 73 A S5 A B EIE R (R Core Team,
2016) 71 58 i -

2 #HR

21 FRHEFHE

FEJT AR LR S bR P i 4% > 5 em
IR AAE P 3,4200%, K& T 35%165/8 104FH, Hrh
)8 T 2351408 5674 1567k A BB A BL %, B
ENSE- W/l cuRy I RE LY/ iR 5 S S N G il
5 BT AR AAE P A A0S AR 8 511 53.8%0 A1
16.6%. HiAPIFP T A2 RE )1 2 R ECK, #iE R (RS)
AF0.02-2.00, ‘{8 ~0.41 + 0.43; B MAKLE
B (PMSI)A-F0.02-1.00, “F-#I{H°40.29 + 0.28; Hj
AT B 2B (NSMSI) A T-1-4, T H#I{H ~1.35
+ 0.61. FHH, fithE. A #k(Lithocarpus glaber)FiA
o A2 7 FH Ly S ] PR P A RSO e, 2R
B4 E L 1008k, NSMSIt Y kT 1.5, ik RE 115
CHEINE

FEAMETT I 2288800 T 101818k, P3N
37.2 + 385kk; FEJ7 (HE) KRS/ 1-0.05-0.89, -
PIE N0.27 £ 0.23; PMSIHT0.04-0.41, “FH1ME A
0.17 + 0.11; NSMSI/T1.00-2.41, ‘18 148 +
0.40.
22 MEERENSHMEEFRXRER

FETE (FEJ7) K F FIRS 5 PM S ) B s 3k Tt v &
BETREAP < 0.05), R HERSHPMSI

F e 2 01| 9 25.8%H126.2% (#2). Mk 5RETE
NSM S| 2112 2.3 F1AH (P = 0.0522), R0 V%
NSM S 1) R B N 15.4% (62) . 35 P A 1) 6 eV
RS. PMSI. NSMSI 1 f#F /= 1F 1.5%-12.9%, H#F
RS, PMSI. NSM SI 4 45 F A5 [ (RHAL) T B
(%2); EHERTHEPMSI S M 2% EEP =
0.0781)4F, HAR SR RHAEZEP>0.10, £2).
23 ERERNSEMOFERNXR

TR (FEJ7) KBRS, PMSI. NSMSI Bt Ak 7>
TERE TR T B R B (P < 0.05). M4
WX EEVE RS, PMSIAITNSMSI ) fift B & 43 il ik 51
38.3%. 29.5%f132.2% (%2, K1), RS. PMSIAl
NSM S| 5 i1 PR 7 [a] YA 45 B (1 5% 22 5 4K 49 4 8 AT)
SRBDUNEZ A RP < 005, E1). #aeE
U4 B AR A bR 5 Hb TR R (] A RS 2 B 2 T i R =
43 35 3 20%-30% (1), X350 B 7E HE R Hh R R 2%
ISZIE T, B A IR Y0 ATS Bt AR 2 A 8 0 38 KT R B
{EARIT CERE (AR RS AT T B

A AN R EORT i AR P 3= B LA Y B
PRI A IR 3G DR 22 T B (P < 0.05), filtfe &40 7l
N45.2%F136.4% (F€12). B AEPRh 1 2500 P 4%
I AR EE R £ 8 R T 2 5 1 in (RP = 0.720, P < 0.05,
K2).

A DAy SE A BT R R AR Al ) — i 32 SRS (] 4R
5, 2009), HiA: HOH e CRUEAEYAE 52 B T 5A
S T PR R A S R B, s LA AR

B, HERFEMREAEREVE TH 2 E E(Bond & Midgley,

2001) . B A= 5T 32T HE AR R e AR
ARG R S i B E AR . AT
P L 25 R R P 53.8% A A B A AR A
BAFNE SRR E R AEE R, MR ERS
PR3 4 % AN b T #4825 DA O o
31 MO FEUIRITHAE BE RIS

AT TR B L S ARG Ak i AR VR B
AERE T B B R B R TR, R
B A ST R I B A M I R R
VEFH, i 758 5 B B 1) A e W A 5 10 4 FH 228 ik
S9(EEREE, 2005; Jri R4, 2012). X5 E A4
AR P RGE  TE FAG Hb X RIS 4 R —
(Kammesheidt, 1998; A%, 2007; Shen et al,
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=2 FFHERENSEMOERMBEEFH—TEEEES SR
Table2 Relationships between sprouting ability and forest age and topographical factors
BEIaS VA =t 2 A [EYEFEES fift & Explained P
Sprouting ability index Variables Coefficient variation (RP)
Hi4E% Ratio of the number of sprouts to the number  #4& Elevation -0.0007 0.258 0.0095
of main stems (RS) Y Slope ~0.0041 0017 05328
W H Aspect -0.0677 0.085 0.1567
Mo 4ERS Forest age -0.0058 0.383 0.0010
BiEAMALE ] Proportion of sprouting individuals 4k Elevation -0.0003 0.262 0.0089
among al individuals (PMSI) Y% Slope -0.0019 0,018 05193
Wi la Aspect -0.0378 0.129 0.0781
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Fig. 1 Relationships between the ratio of the number of sprouts to the number of main stems (RS), the proportion of sprouting
individuals among al individuals (PMSI) and the number of sprouts per sprouting individual (NSMSI) of communities and their
residuals after being fitted models by topographical factors and forest age. Solid lines indicate significant relationship with P-value

|ess than 0.05.
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Fig. 2 Relationships between sprouted species richness, proportion of sprouted species, number of sprouting genets, mean diameter
at breast height (DBH) of sprouting genets and forest age. Solid lines indicate significant relationship with P-value less than 0.05,
while dash lines indicate insignificant relationship with P-value greater than 0.05.
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Drivers and patterns of a- and B-diversity in ten main forest community
typesin Gutianshan, eastern China

Changlu Weng™?, Tiantian Zhang?, Donghao Wu?, Shengwen Chen®, Yi Jin?, Haibao Ren?, Mingjian Yu?,
Yuanyuan Luo™

1 College of Life Sciences,China Jiliang University, Hangzhou 310018

2 College of Life Sciences, Zhejiang University, Hangzhou 310058

3 Center of Ecology and Resources, Qianjiangyuan National Park, Kaihua, Zhejiang 324300

4 Jate Key Laboratory of \egetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093

Abstract: Located in the subtropical zone of China, Gutianshan National Nature Reserve (GNNR) contains a
variety of forest community types and is rugged in terrain. Here, we established 79 forest plots, each 20 m x
20 m in area, within the ten main community types of GNNR. Based on this, we analyzed the a- (Shannon-
Wiener index) and B- (Horn-Morisita dissimilarity index) diversity patterns of and between these community
types and their underlying driving factors. We found that: (1) Community type, elevation and aspect were the
most important determinants of a-diversity. a-diversity showed significant differences between community
types, and increased with elevation and northness. (2) Community type and elevation, but not spatial distance
significantly affected pB-diversity. B-diversity between community types was higher than within community
type, and B-diversity also increased with increasing elevation. These results show that community type and
elevation are the main influencing factors of the a- and B-diversity patterns in GNNR forests, and further
suggest the importance of drivers, such as habitat filtering, on the assembly of GNNR forests.

Key words: community assembly; subtropical forests; a diversity; B diversity; elevation; aspect; community type
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MR SRR R S) . Horh, A FEAERE LT
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E1l 7ONMFHRMEEEHME. EBLF. EDBLF. PTF,
PTBLF. DBLF. PMF. PMBLF. CLP. CLBLF#1COP
BI& X F

Fig. 1 The locations of 79 forest community plots. EBLF,
EDBLF, PTF, PTBLF, DBLF, PMF, PMBLF, CLP, CLBLF and
COParethesame asin Table 1.

O E, FHONEEN20 m x 20 mFEHLAANTH
AT EME; BREARE AN A AR 3 A B
AV 5 KT T A T AR, S0 IR A

F1 BHRMEFRRTERREEN. BEER

S IEAL 5 M A B FIE . 2 AR B A A
O UK I B R
14 MR

a2 FEPE FH Shannon-Wienerfs 3 (H') R i & . K
H Rarefaction /5 2 E LA [5) r AR A Vs 28 B[R] ) o
RV ESR, RN B —FEEE R, %
iy 7 BN R T 25 IR P SRR AMA N, SR 5 X
PRV R AL P MR BEN LA N B, R
1007k, 1521100 Fh & FEAl, BRI iZve 8
e AP =

B % ¥ ¥ & H Horn-Morisita #1 % 1 5 %t
(Horn-Morisita dissimilarity index, Cwy) K # &=
(Wolda, 1983).

H' =-Xpinp; (1)
Cwn = 22(ai;)/(dadb)NaNy %)
da = Za/N; ©)
db = SO7/NG 4

U, p AR 22 B2, a3 0 Ay AFIB AL Ml Hr
SRS H , NOVEESBA IR, NoAREHEB
A EL
15 BRI

ke B b B DR 7 RO 0 2 B A5 X o 2 FEVE IR 52
Wi, % Imed 1 L Fh I mer 6 %5 (Bates et al, 2014)
FstatsH ¢4 o i) anovaik $05> Al i 47 2 S0 1A AN
T 2T . R U AR AR VE B2 BRI 23 A1 4% S (1 B
FHE T, AT T AEE B 2 4E bR E HEF (non-metric

Tablel Theareaof eachforest community type, the number of each plot and sample area

R KA TR THIAR FEHEAHL BURE AR
Community type Community area (ha) Number of plots Sample area (ha)
W4 AR Evergreen broad-leaved forest (EBLF) 4,778.9 24 0.96

W AR R TR ZE AR 4441 1 0.44
Evergreen and deciduous broad-leaved mixed forest (EDBLF)

#IIFAMK Pinus taiwanensis forest (PTF) 14.3 2 0.08
LR R R A M 152.7 4 0.16
Pinus taiwanensis and broad-leaved trees mixed forest (PTBLF)

Y& AR Deciduous broad-leaved forest (DBLF) 185 2 0.08
IRk Pinus massoniana forest (PMF) 217.8 4 0.16

I A BRI ASH 3206 12 0.48
Pinus massoniana and broad-leaved trees mixed forest (PMBLF)

KARM Cunninghamia lanceolata plantation (CLP) 549.8 9 0.36
AR THE A % 2 0.08
Cunninghamia lanceolata and broad-leaved trees mixed forest (CLBLF)

MZEHk Camellia ol eifera plantation (COP) 1,516.1 9 0.36
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multidimensional scaling, NMDS)F1 kM antel £ 36 2%
5351« NMDSH T 73 it AN [F) B 18] B 22 A4 23 A B K
GO, It vegan B A4 A H I metaM DSER i (Oks-
anen et al, 2016)5¢ k. fMantel#6 511 7t [l 4T
B TR AR SRS A4 I HAH). HE
DRl -1~ FH V& SR 06T B 22 FE I 43 AT 4 SR R 52, i i
phytool s# {443, /1 i multi. mantel B8 %5 (Revell, 2012)
el A HLBCR Ft-fa i, 2 H LR PIE R A
HolmyZ A %, 3l i stats -6 1 (1) pairwise.t.test i
e YL SH o ridid R3.2.45 (R Core
Team, 2016)5¢ .-

21 oEZHMLMIEEREEZMER

Yo} 10FH £ AR T 7% 2 77 Shannon-Wiener 5 £ (1 Lt
BER, AEBERAA N EREEZP <
0.05), THLAIZAMA AR 02 FE M BT
HAh BEVE 27 (K12) . Fl Rarefaction /7 v HLi 5 R 3N,
AR R a2 FEME Z R EE P < 0.05,
BEs1). MR B, Xz BRI R BRI A

w
T

a
ab T

== Haﬁlé

Shannon-Wienerdg

Shannon-Wiener index
)

—
T

FRARAEIEIEHY Forest community type

E2 HHUERREBARIFEFRLEF RS HEENE
o BEEFNEXFHBAERIEREAEEZERP <
0.05, Holm;AZIEIE), BT EEER .EBLF.EDBLF.PTF,
PTBLF. DBLF. PMF. PMBLF. CLP. CLBLFFICOP
HIE X AR

Fig. 2 The difference of a diversity in different community
types in Gutianshan National Nature Reserve. The different
letter on the top of the column shows that there is significant
difference between the groups (P < 0.05, Holm method
correction), otherwise there is no significant difference. EBLF,
EDBLF, PTF, PTBLF, DBLF, PMF, PMBLF, CLR, CLBLF and
COParethe same asin Table 1.

FORBIERA(P < 0.001; £2), HAAFFEIR S
el BEMEERTEE, BEE e A LTHERP <
0.001; F3); Fl¥E kAL, #EE o2 WA
FTF#EH (P < 0.001; Kl4).
22 BEHMITEBREZMER

I8 I NM D SF3 A1 1 b 1) B 22 5 1 14 9 A7 16 00
B, (R FETE SRR P SRR A [F) B 28 2 (R 0 b 2
BIfEE 2 R (E5). BARRI N [F— B BRI RE
B S RO ERAE, WAk, AN, SRR
Bt VR SR, AN R RR AR SIS B () A 3l i 70 A 5%

2 MEMBEEXBENEHLEREKBRRIFXHFNEES
aZHEE (Shannon-Wiener 6 ) MK E D ER

Table 2 Variance analysis results of the effects of topography
and forest community type on forest community o diversity
(Shannon-Wiener index) in Gutianshan National Nature Res-
erve

HEE BrzE Wiz F P
Degree of Total Mean
freedom variance variance

#IK Elevation 1 15716 15716 91.393 <0.001
Wi fF Slope 1 0550 0550 3.200 0.078
Z Pl East-west 1 0414 0414 2407 0.126
EZplAr 1 0.828 0.828 4.817 0.032
South—north
VAR 9 42872 4764  27.702 <0.001
Community type
7% Residuds 65 11.177 0172
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Fig. 3 The forest community o diversity (Shannon-Wiener
index) along an atitudinal gradient in Gutianshan National
Nature Reserve. The circles are actual observations; the solid
line isthe fitted value; the shadow is 95% confidence intervals.
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Fig. 4 The forest community o diversity (Shannon-Wiener
index) along the north direction in Gutianshan National Nature
Reserve. The circles are actual observations; the solid line is
the fitted value; the shadow is 95% confidence intervals.
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E5 HHWERRBRFRIPRARELEEEZYFHEKHIE
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Fig. 5 Non-metric Multidimensional scaling (NMDS) result
of species composition of the different community types in
Gutianshan National Nature Reserve. EBLF, EDBLF, PTF,
PTBLF, DBLF, PMF, PMBLF, CLP, CLBLF and COP are the
sameasin Table 1.

IR, ANEIFEVE R AL A) 1) B2 A 1 R 2 K T R —
TR AL N ER(1K16) . Ml Mantel £ 56 11 22 56 1] )7 % B,
I S BRSO R T L R A RE T B RE AR
S£126.21% (P < 0.001). HH | BEESRAIFAEHNTB
ZREEE BB RO, SR S R A R B B 6 B R
PETE R E M (K3). HARRIA, BEE AR %=
SR, BEFEMEHEE 2 3R (E7, F5%2). 25 B
AN B2 AEVE AR R (R RESE 9 1.44% (P < 0.001),
T 8 Y At T S [R) ) A R 2 IA 31 26.16% (P <
0.001).

b a
1.0 _—
b5
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2
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E 06
%z
B =
g.g 04
2 N S
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E=>
T E 02}
Q
jani
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BRI R

Within community type Between community types

E6 RMBEEZXAVNARMAEHZLXBEPSHM
(Horn-MorisitatB F M5Bt E . B L FNEFES
TEFRFHLEEEZEERP < 005, t-11), TNEEE
=7

Fig. 6 Comparison of B diversity (Horn-Morisita dissimilarity
idex) within the same community type and between different
community types. The different letter on the top of the column
shows that there is significant difference between the groups (P
< 0.05, t-test), otherwise there is no significant difference.

*3 TEES., MEMEEEARNEHLERRBAKRF
X #RHREEZP S HEME (Hor n-M orisitatg #) BS208(R? = 0.262)
Table 3 Effects of geographica distance, topography and com-
munity type on forest community B diversity (Horn-Morisita
index) in Gutianshan National Nature Reserve (R* = 0.262)

RN Effect  t P
2 [APEES Spatial distance  0.002 1.497 0.415
#34Kk Elevation 0.066 15.148 0.001
W Slope -0.006 -1635 0391
LI North-South 0.0052 1.370 0.347
AVl East-West 0.0035 0.836 0.635
FEVE A Community type  0.2393 25.415 0.001
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Fig. 7 The forest community B diversity (Horn-Morisita
dissimilarity index) along an altitudinal gradient in Gutianshan
National Nature Reserve. The circles are actua observations;

the solid line is the fitted value; the shadow is 95% confidence
intervals.

31 oEHMOMIEEFFIEEER

Xt B LU AR A X 1074 2R Ak B 75 25 8¢ Shannon-
Wienerf& #Ui LR I, AR AR S KA [ o
FEMEAFEE R ZE o BN, AZARBRAN I 2 AR IX 3
NI E) a2 FEPE T AR T HABSF 5 251, R W]
NET AT REFEAR T AR A ZHE. IFH
Rarefaction/7 12 M1 J7 22 73 34 R BE & KB X o %
FEPEA HEGWR, B — DUV R BRI B
EksE 7l H LR X BRAREEVR (o FEVERK )R o

WHRE — R IR R 1, e 7Kg il
JEE RN HE A5 R 25 1R 27 & 15 L (Whittaker &  Niering,
1965; Gallardo-Cruz et al, 2009; X{T3#%%, 2009). —
BN, o BEVEREHEROT = B T RS, AT
KW, BEERTEE, a2 FETESEIE K5 ) (Rahbek,
1977; WLERAE, 2000); B I FoAh B A2 20 1 AR
1k 30 (Peet, 1981; Baruch, 1984; Itow, 1991). i H
L DR 3 DX AR PR ¥ 1) o2 B P W T v 1T 38K
K SR 2 H A X B A4 SR A — 8. i
FICIZ I R 0 SR R T R A vl L I OB P N (R
Hh i R AR 1,200 m), EEIR RO IE %
PR 7R, I HINE A O 73 A 8 B ) B
R, BN NTFPRED, BT RO b S A
ARV Z B . IO BRIV 2 FEIE R 2
& RO R WO L VR A RO T B AR RS

ToRAMME AT R S, A5 0 Bk — DA 7E IR Bh %A%
R TR IR EE R

W) B R AR ORI, 1 T AR AR
W e S E ARSI U8, Ronn B A1) 2 K o A
RV BRAE, 2009; =5, 2017). i H LR X
FRRBETE 0 2 RE PRS2 B I 7] 1 — 52 50, A b
[ AL, a2 FEMEA THEEaSs, AR T b
R, R R, ARER. BERDN, LR
5 A HUTAR R /D55 2 M5 R S B R = R
B
32 BEHEMSAIE/HMEMMER

A TR I LR X R EE VR B2 AR PE R
PR, [F— ST VE A Hh O Al B R, o
DAAZ AR 2R A B B ol B LR X )
T2 AR 2R IS & T N Tk, HA RS DR
LV T N R NN 7 N2 o ol o N A s o R
R AMIERY X A AR, IETE 4T
FE VR A ARV B (S PHE S, 2002; ERifFIESE, 2018);
T A PR AR 2852 B N\ (00 R E A 2E),
VIR R —, S AMBETE R E RO

HE, SR AR A RO KB, HFH S0
L/ T g R NN 2 7 A L a7 N D22 /S A
W H VRS AR ) 0 A A 204 o %0 X 1) i - il -
TR R A  Ht; S R AT FE HR
AT E B K TR R L B AR R R R
MRER LG A8, 75T g 4R X G 70 A (1 B R 4%,
2001). T Sk fE AR V2 40 AR 7E 4R 300-1,150 m
BN R N i I &y v iy ot NN ) ey VN o
VB A8 WA RN B LA 1 il I VR S MR 2 B 3 A b g
BRI BE A A0 S5 72, W5 1% =M VR R b
2 BRI AL

e AR, LR XA [ 7 2 B b P 43 A
BN E AFRE RN PR AEPE K T H
—FEE R NI B 2 AR, I B TE SR —
FEBE EARTR TR R . PRI, ZERF1ZHLIX
TEVE B0 22 B 1t A T 4 % X AR AR VR
P 2 R . Z KIS £ H BR5(2016) 0 T HEA
WA Y6 P9 22 P VA R BB 2 FE I M E 72— B

FRARBEVR 282 o7 B L AR X B 2 AR PRI
SR, ARJE R R . BT R (RN
0.2393) 1) 5 Ml 28 w5 TG4k (RUSAE0.066) . HETR K
HEBRMRF Z MR RE S R, MTReEAES
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A i A F A 9% (Wilson & Gitay, 1995; 524,
2017). gk ZE T TRE AR VR IE RS Bk | i
PR R B R 7 Wik 23 iR R AR RS R 3R
(Whittaker & Niering, 1965; ¥ [&4E%E, 2004)%F T
R EEAEH . A— )7, 2SR PR E AR A
MR R EVER, TTREAZ i T 5 S A AR BURIE 72 1)
REMH(Myers et al, 2013; F &%, 2016), i H
L ORAP DX R 223 T RRE A5/ (R 2 2 31 61 4K 22 3
FE10 kmULA), 7 B RR ] S5t ) T B 0 2H A 1) 5
M EE AN

g ERrid, b H LA R R o, BEFE
P A7 B B VR 2R T RN M T (32 B NI HR) I B,
B AR BT pE I R TR IXOREE AR AR TR 1
MR EEER . XA R 2R, SRER
A HAME o BZREME. XTSRRI, H
IRARMRBETE R AL 2 FEALA R T 4 5% X AR R
FEIE I 2 FE I
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community typesin Gutianshan National Nature Reserve
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Appendix 1 The difference of rarefied a diversity between community types in Gutianshan National Nature Reserve. EBLF,
Evergreen broad-leaved forest; EDBLF, Evergreen and deciduous broad-leaved mixed forest; PTF, Pinus taiwanensis forest;
PTBLEF, Pinus taiwanensis and broad-leaved trees mixed forest; DBLF, Deciduous broad-leaved forest; PMF, Pinus massoniana
forest; PMBLF, Pinus massoniana and broad-leaved trees mixed forest; CLP, Cunninghamia lanceolata plantation; CLBLF,
Cunninghamia lanceolata and broad-leaved trees mixed forest; COP, Camellia oleifera plantation.
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Appendix 2 The B diversity (Horn-Morisita dissimilarity index) along an altitudinal gradient within (A) and
between (B) community types in Gutianshan National Nature Reserve. The circles are actual observations; the solid
line is the fitted value; the shadow is 95% confidence intervals.
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Using low-altitude UAV remote sensing to identify national park functional
zoning boundary: A case study in Qianjiangyuan National Park pilot

JieLi', Weiyue Li*", Jing Fu', Jun Gao®, Lei Yang?, Weihang He'

1 School of Environmental and Geographical Sciences, Shanghai Normal University, Shanghai 200234
2 College of Life Sciences, Shanghai Normal University, Shanghai 200234

Abstract: Delineating areas within a national park for different uses and management plans is important
for protecting the land. Functional zones may be designated based on administrative boundaries, natural
geographical boundaries, or a manual survey. However, the current delineation practice barely considers
the integrity of the local ecosystem or human factors, which results in unreasonable and unclear
boundaries. Considering two typical areas with large human interference in Qianjiangyuan National
Park pilot as an example, we employed both low-altitude unmanned aerial vehicle (UAV) remote
sensing technology and on-the-ground field vegetation surveys to evaluate the legitimacy of the already
established functional zoning boundaries. The results show that 53,550 m? and 19,667 m’ of the
functional area surrounding Henglingjiao and Gutianshan Visitor Center had been modified,
respectively, accounting for 29.75% and 16.39% of the aeria study area. Misclassification of functional
zoning may occur due to (1) difficulties in distinguishing between areas with large human disturbances
and natural features, and (2) partitioning the natural forests into small sections that do not consider the
integrity of the vegetative system, which results in lower levels of protection. This study uses a
combination of aerial imagery and ground surveys to provide a reasonable and feasible method for the
future identification and refinement of functional boundaries in national parks so asto best protect local
ecosystem integrity and to reduce human disturbance factors.

Key words: low-altitude UAV remote sensing; on-the-ground field survey; national park; functional zoning;
human interference; boundary identification
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Functional zoning map Aerial image map Partition error area analysis map
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(d) PIBEA KA B TEL (e) SRS X AL SR I 0 B TE KA
Functional zoning boundary correction line Functional zoning correction map Modified area distribution map
I % /R X Recreation display area X535 R X IBE E Partition error area

1B IER[43 X £k Functional partition line before revision
e {5 TF J5 43X £8 Functional partition line after revision
& IF£E Correction line

I A=A F X Ecological conservation area
[ &4 FI X Traditional use area

E3 ELAERARAESRE
Fig. 3 Aeria image and analysis of Henglingjiao in Kukeng Village
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Fig. 4 Aerial image and analysis of Gutianshan Visitor Center
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THABRE XA ORY X (El4b) . Xf L) F1 D)
e XI5, LMK AR AR B 5y o FE AR B 4y
LB E RN T L5, Thagsr X it Bk
HRIor i R X, N T B0E LARE (1358 7 A
KA RUF IR IRIR, ThEE 4 X BETH K F R 4 A i
R X (El4c).
34 Mg XBAXIAFIEELR

T IR PE ST RS £ G0 N TR 28 . BB
o N TR0 (030 5, R s 55 R B 00 07 B R O
X ESHEXFEGR X3 X AL (K3d).
B IE G I Zh RS S X, AT R 38 Ef Bk A e 4
RGO 3 S N TR 2 \ONSEIECR, BT
R, RO A. WZRMBIT A EMZG
W2 B — g AN, J&FAESRIRX, fEeh
HH DAAMEO N T BRSNS RN, BUEA A
Frsthg, ARAESHRE X (E3e). BIEThRED XL T
i) LS B F M A LR AR HE, S oL, B A
BRVTUR B K I F B R . ASHIE 5548 1F T AR
53,550 m* (/&13f), &L ERIX . ESRE X,
R X THIAR 23 1 997,322 mP. 57,711 mPAll
24,967 m?, BIEEHERERX . ASREX. %5
F R X T AR 43 i 9 121,784 mP. 47,314 mP Al
10,902 m*. HRAEAE IE HIF AL IRIE AR I, W B

&1 HBLATIES XEEER(M)REEM

Tablel Confusion matrix of function partition in Henglingjiao (m?)

[X 24,263 mAf#NESMHEIX, EEMHEX13,866
i BRI R R X, R R OR (X 14,743 mPiR
NEGFIFIX, fEGRIFHIX 678 mPif 5 il i fE
X (#1).

IR B V5 25 0 I R AR AR N T4 5%
MBI LR, RlsE T BN IR R X . S
RE XARZ RS X 37 X [ 2 (Kl4d) . Fi s 5k
b FH A B A& IE S I ZhBE 2 X b, RO R AR MK
Tl L RS X, LIRS + F XA,
REVE AR I FE A 30,9, B TR X, el
M E. UigHO. B3, B8RS N LA A
T8 A EE NV RIS . (ETEH RS, A
NESIECKR, J& TR R IX, R R IR AR DAA
faf + BRI, FEE SAR A 18085, BTk
BRE X (Elde). ThEErXIAFLELN T A,
N T8t KRR A B, A T A& 1 AR
19,667 m” (K4f), BIERTHRERX . ASHEX.
RO RS X T AR 20 59 962,155 mP. 21,641 mPAll
36,204 7, BIEJEHEERIX . ASRE X O
X (TR 43 31 4969,848 m?. 12,502 m?H137,650 m?.
MRS 15 T AR AR I R R, i U R X 4,541 m?
PO RYX, KO 41X 5,987 mPifHEE Jyi
JRTRIX, IR R RX9,130 MAEL N E AR E X (F22) .

BIERFEERX BIERESREX BEMESAHX BIEfs XAt
Recreation display Ecological conserve- Traditional use area Total original fun-

areabeforerevision ation area before rev- beforerevision

ctional partition

ision
BIE 7R 7R X Recreation display area after revision 82,778 24,263 14,743 121,784
BIEJEERMEH X Ecological conservation area after revision 13,866 33,448 - 47,314
BIEEES M X Traditional use area after revision 678 = 10,223 10,902
BIE G4 X &1t Total corrected functional partition 97,322 57,711 24,967 180,000

%2 HHWLAEFR OIS XIEEBR(M)REER

Table2 Confusion matrix of function partition in Gutianshan visitor center (m?)

BIERTFRERERX BIEASREX BIETZORIX BIEFGXET
Recreation display Ecological conserve- Core protection area Total origina fun-

areabeforerevision ation area before rev- before revision

ctional partition

ision
BIE G787~ X Recreation display area after revision 56,168 9,139 4,541 69,848
BIEJGEBRE X Ecological conservation area after revision — 12,502 - 12,502
BIE R % O#47 [X Core protection area after revision 5,987 - 31,662 37,650
BIEJR 4> X it Total corrected functional partition 62,155 21,641 36,204 120,000
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(WO R XA SRS XES RGRSIHE SRR E R AT S ERI88.30%. QAESHEY R MK
E R AES RGNS MBS, F129.171076; BRI S T ESRGEMSMERZ, H126.921470. G)HMEIE R
TRV IR E A AR IR ISt T A A R S 5, A AE S RGEMES MR FAS RS 5. HERERTIHE
FN TR R AL E B K T RIX — Ih A8, BRI S it i X 2025 48 A i) L R AR (b 1 5t
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Evaluation of ecosystem service value based on land use scenarios: A case
study of Qianjiangyuan National Park pilot

Xiaoping Sun', Shuang Li', Jianping Yu®, Yanjun Fang®, Yinlong Zhang'*, Mingchang Cao®’

1 Collaborative Innovation Center of Sustainable Forestry in Southern China of Jiangsu Province, Nanjing Forestry
University, Nanjing 210037

2 Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment of the People’s Republic of China,
Nanjing 210042

3 Center of Ecology and Resources, Qianjiangyuan National Park, Kaihua, Zhejiang 324300

4 Kaihua Environmental Protection Bureau, Kaihua, Zhejiang 324300

Abstract: Land use change is one of the main drivers to change of biodiversity and ecosystem services. It is
important for decision-making of government to assess impacts of land use change on biodiversity and
ecosystem service. The Qianjiangyuan National Park pilot (QNPP), located at the headwaters of the
Qiangtang River, covers 252 km’, and it is also a National Key Ecological Function Zone. In this study, We
designed four land use change scenarios in 2025 for QNPP, i.e., business as usual, strategic planning,
ecological protection, and development. Furthermore, the change in ecosystem services and its value in
QNPP were evaluated under four scenarios by InVEST (Integrated Valuation of Ecosystem Services and
Trade-offs) model and CLUE-S (Conversions of Land Use and its Effects at Small Regional Extent) model.
The ecosystem services in this assessment include water yield, water conservation, carbon sequestration and
oxygen release, soil conservation, environmental purification, and habitat quality. Our results show that: (1)
the value of ecosystem services in core protected areas and ecological conservation areas accounts for
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88.30% of total value of QNPP; (2) the value of ecosystem services of QNPP in the ecological protection
scenario is the highest (12.917 billion RMB yuan), and ranks the second in the strategic planning scenario
(12.692 billion RMB yuan); and (3) the water yield in the strategic planning scenario is superior to that in the
ecological protection scenario, while other ecosystem services are inferior to that in the ecological protection
scenario. Strategic planning scenario is an optimal land use strategy in 2025 since QNPP play a key role in

providing water resources for the downstream.

Key words: ecosystem service; land use change scenarios; In'VEST model; CLUE-S Model
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. R S 2B EESE, Hh2010M12015% 1
iR FH B R T A A AT S/ op R o B4 [ AR
ARG (2010-2015) 1A S PP H, L F
FIZRBL g R, BFEAR, BEREVRSSAR ., HEARHK,
Delbh . B JKH . M. Kk, A H AR
(B A R IE T S 5 5080 ] (http://data.
cma.gov.cn), BT IR E 5 A [l 814274 B 58— 4%
A S R0 p 0198120104 B 7K IR FE 503,
FH <« e, BT 970 1 Kb AR S Bl s A S s R U T
NASAE M (https://eosweb.larc.nasa.gov/sse/RETScr
een/); IR RIS T [ B B g 5t AT 5
G LIEDRL S E. RS E. MR AR, AR
SEM RS, SRR YR T E R A A 3
{5 B =¥ (http://www.gisclound.cn/), Z5[H] 73 HE %
N30 m; Fhe BRI T E SR R A A A
P i —— [ Z IR R G R A B L= RS A

%] Legend
= 774K Broad-leaved forest
B %} 1Ak Coniferous forest
£ FETRACHR
Mixed broadleaf-conifer forest
m FEARHK Shrubbery
= [ Garden
1 BLM Grassland
= 7K H Paddy land
1 B 3b Dry land
= KI5, Water area
w25 A # Built-up land
1 #iH Unused land

Fig. 1 Land use and land cover of the Qianjiangyuan National Park pilot. (a) 2010; (b) 2015.
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(http://www.geodata.cn); %% FEHHE . Jevb 22 BRk
BRAE BERERBHEE . U R 3 H R T SR
(5Kk3R%E, 2010; Polasky et al, 2011; Tallis et al, 2011;
ik N5, 2012).

22 EBSRGRSNMETHEEE

AW FAETEEB (The Economic of Ecosystems
and Biodiversity)7r IS AL, & &IPS EILIR E
F A RGP IR S KBRS ). A
TR S5 R TR AR S [l OB S, LI R FF AN 154k
A S R 55 (PE 58 57 ) P ot B8 B L
221 JKBEIRHLG

TR B2 R A 25 SR F InVES TS A o 72 /K R B B
HIEARJF R 40 R (Tallis et al, 2011):

Y, =P, - AET,, (1)
R, Y R 77 28y 8 e b Ak
(mm), P, 5 b 0 4EH % K (mm), AET, N
R O 2 S e R x b A S PR ZS B (mm) .
BT 2K A T R BBV VR L, N R IR BT T
SRR BRI, BRI, 7K BEURAN A% R AR K A 25 (2018)
— OIS T KA B, s 911,670/

222 JEFKIR

FEInVESTHE AL 7K & (1) B4tk b, 2% 18 -8 )%
FE\ BE e HBSER R, THER KRR
THEITEW T (A, 2013):

WR = (1-TT)x Min(1,K ,, / 300) x

Min(1,T,,,,Time / 25) x Yield )
X, WRAZFF i 9% & (mm); TONIEAEEL,
TEMN, WIEDEM I K,y 3T T K F
(cn/d); Ty Time NAELIE B (8] (min), FH A FR B
b S EEEIR

Tl = log¥ 3)
U, DASIKIX MG B, OB, SR
(mm); PYH 7L .

IR FRKIEE PR 5 7 TR, RIHOKE
TR B 7K A SR A 5 TR 77 /KR B 48 B L (T 3L,
2015; fFEEREE, 2016). AN U=Gx C. HH, U
NI EOT), GNFERFFKIEEMm), CH
TR Y BT P R4 B (/) o

VTR B 5K A Bl K B AR A 7] 2 % 20154
VLA N T AR VLR K R AR I H LR (http://

www.zgsxzs.com/a/20151224/5489821.html).
223 [ERESR

ik B SR F InVES TR Y o i [i] e A He 1 5
HILARJFEHE 40 R (Tallis et al, 2011):

c=C

above
N, COBRIE R (1); Capore NI EBRIE R, Cheson /3
PR Croad NIET- B WURAE R Cyoi v IR i
o MEWEE cFYE AT DRI .63 t CO,, [FIRT
B2 t O, (F#%5, 2011; VLGSR, 2011), B4 =
FH [ B B T E EIR A o AR [l BB Y I B v
W, Hr, COEMMA N1,3200/t (H M5,
2011); Tkl sA 40070/t (55, 2011).
224 TIERE

I ORFF I T InVES T A b 4 458 R 47 A5 B3R
3, HERJF AN (Tallis et al, 2011):

USLE =RxKxLSxCxP (5)
K, RN, KN 3EnT b, LSR5 3
KR F, CAMEEESMEERE 7, PRKEARF
Jite 5

T IR ORFF U E 2 [ A AT CRAEA AL . [
TE AR DR T B A R AR SRANE 1 07 T, HHAR
AN TR E M TH 5, DL B L IR R
(5KF, 2015). ARUTTF:

GxC 6)

P

{h, Uwhl E0EOT), G AEIER L8, CH
SIURUE $ AR 07 B e Go/m), p Nt
R E (Ym’). Hop, SRR R+ 3N 12.6
m’ (3% (e N B E 7K RS /K R 40 TR
FEED ), TIHERE p N 115 gom® (FLisk,
2012).

TRAEME 5 A T

Uy = 3 S @
K, U ALIEERIEMMECT); G ml AR
BB B CArBINIR R IR S « &AL BN
RAYMNNIE S R E. SHEMSHE. SRILHEE
Fon i E FACIEGENE 9 R E B B RR A | 4
JEASEACE A B B0 SRR B L) 5 5
H68.52% 16.94%. 14.55%. ERVLIEE KA FHERE
TIEARE . E AR A RES S E SN

+ Cbelow + Cdead + Csoil (4)

UZ




B AhFEPAR BT ORI AR RS R GRS M E PP T DU IR I 5K 2 el 4 ki X O 55

0.1861%- 0.0091%F10.0085% (FF4k [F 5% 2 bl S A4 K
RI——A BB L T 5T), R I RAE &
W), http://www.agri.cn/) B = R 4% H R 252,000
Ju/t, RS 500 0/, AALER2,00000/t.
225 IMEEK

R RA R D) e A KRR 4k
MKAEL A o, KRB RIS 0 B
ETH RV IR E KA T & AR S RF KR B
YIFT = A 2 B E (R 16 5%, 2016). THE N
T (A%, 2011):

n=§ﬁaﬁx8) 8)

i=1

X, VoARE L S EOT), SHEAESREGIH
FA(m?); USRS iR IR 8515 PR AR, PN
PR LS RIS T A % (GE/m®) o KRS 11955
(2011) I AIE 55, BRSO, 1 45 ~F 35 W Wt e 1 A
120.85 kg/ha; i 248 11 48 1 24 i 7 F i Ak 910.11
t/ha, 4FHHK 332 thha, %I RE TR SS ARECHE 2T (4,
N22.7 tha. FEARMIGFSO,HIET I ILEE F1 M
18.91 kg/ha, ¥ F-34IRE 71 791.18 t/ha; EHLF
SO, - USRE F1°821.7 kg/ha, Jiii R HEF
¥IRE 175012 tha. 113576 SO,/ 9% H H0.67T/kg,
Ab P AR A 48 00.56 7T/ g o

AKIRBE K154k BE 738 3 InVES TR /K 5 191k
B3R5 (Tallis et al, 2011), JFFFH B A A
%, L5 KA AR B A /K B A R 25 T 42
T (BRIR A, 2017):

V=2 TP )
X, VAR RGUKTELECT); TAZ(EL
38 ) DR B2 1) B (kg); PR LB 1) 44k B4 (Ot /kg)
(ILUEEE, 2011).

22,6 H£ERE

AR 5% 0 A T InVESTAR A Hp A 55 it S A B 3k

7%, HIEAJF PR (Tallis et al, 2011):

DZ.
%=%l—z”2} (10)
Dy +k

X, QA5 2y ook ERIA B b &,
D A 5 2 P B eI S i K1 kg
VAN B, S8 D KA — 2, Hoy 3R
TRy AEBGE R, 29— R, —RUE2.5.

FFNatural BreaksiZ: 7] W&V [ 58 [ A=
B35 B AR 7 (Al oy A AT R 4y, FFd I AR 8
E(EBFRES L0, L)k A £ Bt
MR 25 B AR S A, P B AR B o & X3k AR S AL
6 9191.28 75 70/km* (B B1EE, 2014).
23 TFIRTRIES
23.1 LFIAT RN

- 3t AR AR F CLUE-S B R, %458 7Y
BATAFESA T (1) HOFH 753K . (2) - HbF H 2%
TURERS TN, ALFE XS AN 5] b MR FH 24 0 4 2 i A
it R R 28R 2 TR AR B AT et . Horp, +
R P % R HME — R 01 OB R, E BRI
T0, FRE LR AT Be B OK o (3) 7 (R SR AN 4%
PR X dk o ZAHH T3 E R R A SR
A= AR i BR 1] -t ) 28R AR 9 DX 3K, 5 SRR
PIX G (4)Z ) AT B VERHIE . XL T b
RIS A R RN 22 PR Bh IR R (A< f . mfe . HI%
PEJRREAEAI N 1 %5 FE FIGDP 45 ) 2 8] FOAH o< 1, 4R
Jia RS MRS £ R F 2R A 0 B AT VR
BRI B R SR A A [A) 4 A 5 2 PP IR Eh R 35
Z I8 ff12% & AT LUl T Logistic [ 9 75 #£3K #5 . [B1)3 )5
FE— AN

P
LOg(ﬁj =B+ BX;+ B Xyt B, X, (11)

A, PONEEANHI T i H 30— R 2R
B, BUEAEO-1Z 18], X, 85 R F 2L iAH oK
HIIXBN T, o NE &, S, o3 AR 25 B A
5 R SR TR A SGME R 3. (SRS
— R FHROC 1 28 5% A = 1 FH 2878 [a] )5 5 2
MIPLE FE AT 30 E . ROCIEAF0.5-1, ROCAH ik
W1, Uk BB R SR Ao A A R i
T LS R B 2R S A IR o 75 SEBRBLATL IS R
M ROCHE K T-0.70F, 15 B 3% B 3R 3 A 1 g e A1
U MO A RERIT 5 DX 1) - b ) P 2 (R A% ) o
ARFFOER AR B, Hm. N A
¥IGDP. FEARAIEREFEE . BE— B AR IFE B
PE A T P b R R R K R BE B S9N AR R R
Mtk A BAE AW J1. # EROANIKE) I H
LogisticiZ 5 [A] V= 1 & -+ R H 2 8] 70 A5 5 9K 5h )
ZIEISR&R, FERFHROCHIZRAG G, 2% 3t 2k
AIIROC i 2845 343 77°40.811 0.753+ 0.837. 0.887-

H
[=]

i
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0.956. 0.804. 0.904. 0.850. 0.985. 0.933710.987,
KTF0.7, fa564s REcds. 4k, Kappafg$40.894,
W BB AR B0 285 SRS (R B SC AR, 2015) 6
232 THFAERET

(HBERKR NS5 2 SRR B LIEE K A
2010-2015%F ) -t R FH S B H s, oF S50 b o)
R IE 2, I DA HE S H 20254 1) i R FH 75 5k
B, %15 5 R 25 R R T IR [ 5 A T - R FH 2
T HR A A TR 1 5 AR AR AL

QMEIE R R E X ES BRI E
FN Tl A i XS AR R R (2016-2025) WL T
b B AR 25 S WA R (2013-2025) F 4k [ 5 4R
0 el e AR LRI S AR S, FHRAESR T AL B
IR o S B T I L e RV LI I 5K A [l 48
FEAE25° LA b B FE K F-400 mify X3 B2 AR R
N L P I N I = 7 2 B s T 8 9
0—12°2 [ AN AR 7200 mffy X ek, Itk %1% 5
WEN: SRR 250 LA sk = A2 K400 m
HIEAM ., EFFVRASHR, FHh, N TR AR

PSR PR A PR X F N TSR TR A2 RS A

ABRE XA ABRPIL1,000 mZ A, [FK 3
JEE 7 0—12° BEHFHR AR 17200 mifr - 1 78 e s Ak, o i 14
FA B i 58 R X RA% G ) X 3 R AR T 250 5k it
PRAKT-400 mift 1 78 s 3 Ak pl g 4 P b

QVAEB Y EF . A A RME S AL L
WE AT P AE S RBUR, & DhRe X R 7
1200 b Bl = 1200 mAEARRR . & RRVR S AR
T, N TR AR A0 R i Ak A% G R X
i N LR KR B AR, AESORE X s Al
PRIZ500 mZ A, ]S4 B2 A 0—12° B4R 1K T-200
mA A U B I U R R R XORIAR G R (X 4
HEeES AR T 12080 S F2 /17200 midh AT g1 A Hh
S RFIH

OIFRFIFE R R BRI E XK A
AT AR R BEREFRFH, S IEEX
e EETE25° UL b sk AR K T-400 miPFJEAAR . &R TR
MR L N T2 T AR 4 A A i T
O ARY XRI A A AR X 3 B AR 120 LT s fE
200 mi) -t 78 9l A7 i HU SR F R R R U
B 7 XN 0 1) FH DX 3 AR T2 5o Bt 4R AR 1400
m1%) 7 o] A R R

3 &R

3.1 T FIATUETE ST

BT YR [ 55 0 44 = st ORI FH AR 04 S5 12015
S i R 28 2 T AR A B o A R O R 2 F R 1
Friwe (DBERKEESRT, WA, 3 AR
Hi AR 0, F A R R R A ek, o R e
MI N R 22, 4202.8 ha (+1.2%), 4 i
FREZL AT AR I MUK AR AR T ok . 7K
M TE AR 56 %2, S153.5 ha (=39.5%). ()RR 5
AR Ry E ST, R ARTIRREE I, 7K i AR g
(e = 0 L 2 i = W SO v /7 N T}
AT A3 N796.0 (+4.6%)F11,907.9 ha (+11.1%), ¥
RIS 55T 38 00 1 i AR 32 R BT R AS AR EER
MRy K AT R S AR R, AR 5 W H
BRI, BEARAR. BN KA AR .
RE ST, KB IR Z, 2464 ha (—63.4%),
ABRPE ST, AR RZ, Wb T
832.9 ha (-87.0%). Q)JF R AT, @utHMm
FASE AN, KIS ARANAR, oAt b R FH 24 20 T AR sk
b Horp, @ LI AR N 7 206.2 ha (+359.9%),
38 0 A P S R AR AR AR
K H AR o AR R, K IR > R %, Wb T
82.2 ha(-21.2%).
32 AELMFIABETESRGRZSEENE
321 2015F BN XESRGERSZEENE

SRV IR E K A FEH2015F & e o K AT R
GRS RFANMEREAT VPAY, 45 R a2 B3R
IKFVEMELS . TR KR EIRORRE. BB SO,
Wk RIS S R GRS R AT EAZ O AR
PRAMAESREX, EFRYEANFPH H 3 2L H
EEGFHX . MMEEXRE, ESREXEES
RGAMS NI, ZORPIXKZ, 55152015
AR RGNS BB 55.45%F132.85%
322 2025 ARLHMFABETESRERS
REMNE

T R 5 AR, (AR TR E 5K A
Pel 20254 A [A] - R A 5t N AR S RS IR SS 2
BENT, SRMRIFR. ESRPERT, B
IK VRS TR TR KR S i Db, A A4S RSk
5535yt vy R AR 5000 2 BN A 2SR 15 S A
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a

b

&) Legend
mm MK Broad-leaved forest
B %} H-#K Coniferous forest
AR AR
Mixed broadleaf-conifer forest
m EAHK Shrubbery
= [EH Garden
1 B M\ Grassland
=1 7K H Paddy land
) B\ Dry land
= JKI®K Water area
0 25 50 10km ™ #i% i Built-up land
| I | | 1 ##h Unused land

E2 #LRERAEGEHINAX2025F T FIALRE. (BRALXRESR: OHER: ETRIPER OFLFIRESR.
Fig. 2 Land use types of the Qianjiangyuan National Park pilot in 2025. (a) Business as usual; (b)Strategic planning; (c) Ecological

protection; (d) Development.

R, RIS, WIRKERRE, KEHK
e TSRS, A AR RS ALK
TSRS
R AN ] R P 19 5 A 2 R S8 55 W 5
EIUFEAME, s5RwmEaTR. WESRGIRS K

BORE, BERAMMES R, HESRFERSE S
MELLBI63% . SEKRE, AXRYPERT
EBRGRFSMER RS, 129.171278; HIKH
BRI 5, 9126.9242.70; FFRFIFHE SAME & i
b N125.124276.
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R 2015-2025F S TIRER A E L th F A IR Em R
Table 1 Land use/land cover of the Qianjiangyuan National Park pilot between 2015 and 2025
b H R FH Y 2015 H R R St 5t R 17 55 AR = TER A I 5
Land use type (ha) Business as usual Strategic planning  Ecological protection Development
& #k Broad-leaved forest 17,1669  17,369.7 17,962.9 19,074.8 17,123.6
#HAK Coniferous forest 4,670.1 4,655.0 4,634.3 4,383.9 4,652.9
EFREVRAZHR Mixed broadleaf-conifer forest 14122 1,409.2 1,286.7 1,248.8 1,404.1
JEAM Shrubbery 957.3 953.3 665.8 124.4 937.6
Fdih Garden 242 23.6 11.1 13.3 18.9
HM\ Grassland 159.9 158.4 154.8 39.7 151.1
JKH Paddy field 388.4 234.9 142.0 13.1 306.2
2 Dry land 98.6 96.9 13.8 3.8 79.9
7Kk Water area 148.0 120.4 148.5 148.0 148.0
A H M Built-up land 57.3 59.3 65.3 36.4 263.5
#Hh Unused land 4.1 6.3 1.8 0.8 1.2
£l Total 25,087 25,087 25,087 25,087 25,087
R2 WISFEMESEESRGERSHYRE
Table 2 The quality of ecosystem services of different functional areas in 2015
O R IX EBHREX IR 7R X G R X
Core protection area Ecological Recreation area  Traditional

conservation area utilization area

fE45 R4S Provisioning services

IKE LS Water yield (x10%m?) 6,721.613
55 Regulating services

7% /KJH Water conservation (x10*m?) 639.814
+3E{R4F Soil conservation (x10t) 546.608

[l i 5 Carbon sequestration (x10*t) 183.773

4 Oxygen release (x10°t) 135.294
R 5% Environment purification

SO, it SO, absorption (t) 996.312

Wi 2EF Clean detaining dust (x10%t) 11.553

Nt & Nitrogen output (t) 11.198

P#ith & Phosphorus output (t) 0.466
SR % Supporting services

A E 19 Habitat quality 0.936

AR B MR Area of the optimal habitat quality (km?) ~ 70.633

19,460.106 682.811 4,457.063
840.122 59.338 136.947
721.516 29.546 96.026
258.128 13.635 34.921
190.033 10.038 25.708
1,504.517 104.472 225.932
22.016 0.738 1.874
31.121 12.083 59.054
1.411 0.418 2.262
0.888 0.855 0.815
89.032 3.845 8.933

3t URIE AR SO BN o [y At
wENFN T AR ARAT R, E SR EE AL
EERY, REEBRERAEKR, ZAERSHEE
WA R RIS, RN RAEHE. ZRTEH
SRR DRI XS 4% JE XK T 38 E AR %
FEVERISELSE 2, A BT RGURS, AR
REMMSGSRYXWESREMSMEERN R —

(MA, 2005; He et al, 2018). [FE 2 [l i5 X Aok 1
Hh ] AT S BRI R, 062505 B8 ) 4 R A AR Ak
YER RGURSS Wsem, A4S RGBT HN
iR FH R SR A 2, DA ) E AU oA Sk - b R AR
X RS RGEIRSS IR (A ANEE, 2014), IXFHT
(0407 Ak 2 T LA A - 2 R A AR A AR 2 R GRS
By R @I, JEHE SRR . WiNelson%5(2009)
Bevh T 35 TR & AH OG5 1 b H R AR A A =,
FIFH InVES T BYASALL IR T 55 B4R 3 0 gl K



%14 NP S AR B AES R E IHETT 7t LRI IR E R A i A XA
H1H IS ET R AR RIS KRGS I E AT T DUBITIR B 5K 2 [ i) il s X 5] 59
a
KBRS 40 — ] 227099.44 b
Water yield 7844122 '
32.85%
WiFe K fosess
Water conservation 7%23%61880
e 1711.76
% 1526.69
Soil conservation 917%3%374 55.45%
[E B4 56378.92 S
; 22013.40
Carbon fixation and
o yaan reloase oo 1416742.16
IR AL, 11065.08
Environment @]727479.83
purification |- 6566.40
Bt it %7{303004
Optimal habitat quality 13510.68 . ) . ! ! L L )
0 50000 100000 150000 200000 250000 300000 350000 400000 450000

FiJt x10* RMB yuan
WE4F| X Traditional utilization area ~ [J 4= ZEH X Ecological conservation area
O 5% E /R X Recreation area O #OMEP1 X Core protection area

E3 2015F XM RESRGERSNERELLS. @QFESRERSNE OESRERSZNELLH].
Fig. 3 The value and percentage of ecosystem services of different functional areas in 2015. (a) The value of ecosystem services of
different functional areas; (b) The percentage of ecosystem services of different functional areas

®3 AELHMARABERTESREGERSHIRE

Table 3 The quality of ecosystem services under various land use scenarios

2015 BRSNS RIS ARG TR 55

Business as usual Strategic planning Ecological protection Development

25 AR %5 Provisioning services

KE WAL Water yield (x10°m?) 31,321.593 31,306.852 31,199.755 30,900.282 31,355.505
A5 R4 Regulating services

377K I5 Water conservation (x10*m?) 1,676.222 1,682.344 1,687.435 1,665.958 1,674.278
+ 3745 Soil conservation (x10*t) 1,393.696 1,394.248 1,394,778 1,395.213 1,394.026
[E %% Carbon fixation and oxygen release

[l %5 Carbon sequestration (x10*t) 490.457 492.860 499.544 514.359 488.556

BB Oxygen release (x10t) 361.073 362.841 367.762 378.669 359.673
F5% ¥4 Environment purification

SOM UL SO, absorption (t) 2,831.233 2,853.432 2,902.315 3,005.724 2,822.379

iR iEH Clean detaining dust (x10*t) 36.181 36.328 36.548 36.689 36.059

Nt & Nitrogen output (t) 113.456 90.301 59.424 42.602 94.647

PHith & Phosphorus output (t) 4.557 3.507 2.206 1.463 3.700
SR % Supporting services

AN 19 Habitat quality 0.938 0.941 0.954 0.968 0.934

BRESRBIA Area of the optimal habitat |, 44 174.480 179.253 190.691 170.635

quality (km”)

FHAT A A R GRS e ARk, SRR 4+
MR A B PR SRALA EE T TH 37 [mR FR AR, J0 ese
HREFEASRGMRSRE M Em S EMZ T
PRI FERBAR B R/ 0 ek =y, X E A

W58 T 22 55 A JEAE SRl . Goldsteind5(2015)
48 B 8 3% B 1 & Kamehameha 22 2 1) & J& 75 3K,
vk 774 LR A AR A o 5, R A InVES TAR
RYPEAG AR 7 AN [F) 18 5% T Bk [ 78 A1 7K 5T o5 25 4

i
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KA Ero
Water yield 323%8% b
365919 g 1300000 1291693
—_— g, 1290000
IR | 18817 2 1280000 1269215
Water conservation {gggg 5 1270000
& 1260000 1 1354965 133857 1251173
_— = 1250000
TR ey 12 1240000
Soil conservation %ﬁ%}é 2 1230000
EilzE s 791832
Carbon fixation and .
oxygen release 788763

20532

%iﬁ@ﬂﬁ 20629
Environment 20799
purification 20475

Bt m e |l 305

Optimal habitat quality a5
32639 1 1 1 1 1 1 1 1 J
0 100000 200000 300000 400000 500000 600000 700000 800000 900000
JiG x10* RMB yuan
02015 @ HARKENET Business as usual [ A= #5541 5 Ecological protection
[ #RI4E 5t Strategic planning B JF % F| FtE 5 Development
B4 FRLHBFIAERTHESRGRZINE. @QFESREERSZSNEAR); OESEERZSZMNETTT).

Fig. 4 The value of ecosystem services under different land use scenarios. (a) The value of multiple ecosystem services under
different land use scenarios (x10* RMB yuan); (b) The total value of ecosystem services under different land use scenarios (x10* RMB

yuan)

AR RGNS BE 2 AR A R A O s B e
AT R REFEALMAHE R TESR
GRS AR TT AR T — A SRR, WA
S (2013)FEXT FVEVE AL RSG5 PG I, &
TE3Rh LR IS 5, AU & B R S = T AES
RSN, BHRPERTESRAEMS K
U, X EARB T A SRS ST TT 4SS RAHZE L.
5 1S T | V2Bl 5 VIR v mbe L R X P
B 2 2 bl A2 25 2R G ik 55 B SE M BIT 9T 85/ (Lacher et
al, 2018; Mukul et al, 2017; Ramachandra et al, 2018),
X R PR TR AE [ 5K 2 el ot g A0 2 o S i
i M P BT 1 KA el A S 5 G I 55 5 T ) AT
T, K VTEAG S RN B R s geh & .
AR A S otk Bt 7B B KA
202554 M L) FI A 5, AN R R B A ST
HEB RGBT RN, AESRIPE R TR
IKBFIRBELE AL, HA RS RG RS B, kIS
5P HAES RGIRS BRoKRERMEL A, KT
ARG e, IR 2 PR g ] AR A5 A A R 28 e

Bn, FRL TR B0 AR A b B A S Y B B 2R K 4,

TR B 2 1 o A A M T A A5 K BRI i 4

BE S R BRI R (B0 014%E, 2013; Gao et al, 2017),
BT LR B KA R BBk, N T liEse fit
TE B KEEIR, DR R ok S 0 5 R B
X—HE. A, EERGMITE T RILFEER A
JE 20154 120254450 LRI S st FIAES RS
MRS A, RIN201SEERTLIR E K A4S RS R
% 1E 125431478, T HFE I E GDPEE N
101.6112 70 (201 551 46 B [ IR & 57 F A 2 & e 11
4iih A, http:/khnews.zjol.com.cn/khnews/system/
2016/02/17/020191950.shtml), 202544 2444715 5+
THAER RGNS EHR G, 183129171278, B
R S RS MME IR 2, 7126.92147C, HIRE
SRR = NN E R, HiZE RN B
TIEHE, AT 2 R 5 A T B T AR,
PAFHIAEAL . BT 5T 1 R FH S 2 i
AU T BEER T TVAE . 25 [ 5K 8 el AH R R A
S L, FEAT T RS E R, AR L
AR SRR ERAEES RERSME, W
20154 AR AN EIG N T 1.4942.70, EXTAR BG4S
TE IR BRI G ) B VT U ] SR8 [ R it A2 S R T Bt
(17, T HL AR e 3RAS 22 5 K J BT 0 20 1 2 1 FH b (s



B AhFEPAR BT ORI AR RS R GRS M E PP T DU IR I 5K 2 el 4 ki X O 61

T M T AL 20 1 SR8 0 17 13.78%) » A R (1) L b F)
FH R R DA SE 47 b S 43 AR A AR PR 8 R R AR 3L
fih 2235 P AE F A AR B T E, WAL SR A (2018) XK
BRI /N I 3 A R = R O gk AT Rl 2 A EE A
R, AR SR L OREEE B T AR A Rl i 42
Gr BB RN R A, FERHRR E bR S = T
AR RGN EIAT TP, 15 HHRIE = TR
AN EIEIN461.48 15 70, L FUESE RS E RN T
9.23%. FHR, LHIBORILR KRS SBUES RS
RS E T B, WAR /N =2 Q018)WFFL 1 4 1l T i
B X - b 1) AR b0 A 25 R 25 I (LA i), i 9 45
SR, T HARAE20204F K H AR LRI K 8 0
NS RGIRS M MEBAR I 2 % ARk, M
M 1520204F 42 74 & G2 Ik 55 1 B 502006 F120154F
TE%.

g BT, MRIME S R 7 e
o TEIZIE RS, HE T 5EEETIE, Itk
TOR R 88 Tl HEAT 7 S %2, il 3 by i R % 4,
XA [F) Th B DX 32 A (R f - st R B B0 R
25° 0L E AR 400 mPL b X 3522 A E AR 4G bR,
— HBOA AR ME VK & (Trisurat et al, 2016), AL, %3
REX Ry B H AR E AR AR AR, BEmEA AR, L
bR I e i AR R e Ak, RIS ZEAZ O R X 2R
BB F ARG S, AEASIRE XAk il v F L, X
SCLE i 8 s X R G5 R X LR AT & B 1
P, SERFEREE BB 5 & & p i it L 3 % g,
- H B 0 2 R AR AL .

- b R FH AR A AU AE X 35 b 3 &85 44 8 AR AR A,
EER T ARG AL, eSS RR
P LSRR S5 BE 71 (Sun et al, 2018). £RITEE %
ATHEE AESEFERIN R R E, SHHRERE
RN 85 B RN 48 57 AT b X 7 b 45 e 7 7R R0 [X
AT RESE R R B RVEE R . A, (ERIILAE 28
— KT ERIET AOYR Sk M X, BT 905 1l 5 /A [l fr s %
5o B VYA 5 Sk XA 25 0 I 8 LA R 1
DRItk B8 0 1) 5% [l At A — e S i - b ) FH 8
FER RGRS MR T, (ERDFRAESR
PHIRTIR N, ERohR s, B A RAEAL,
i N RIE BRI R, X2 S P A it st
(- BEEE G 1AR 1L, BB A KT 17 B SO AE

R FCAFAE L FA R Z AL (DI AES RGR
S5 VPAG R R T LA ThRE K R R SS . TR Th R

TR FRAKUR . ROREE . RS PR A
SRS A B, TP R E E B E X
ML ARG S VR R, BINVEM R bR, W
I kb b o UM SO R S5 Hh AR 308 AR AR
PO B A o (2) 75 2L N A0 A0 BRI [ 5K A bl Aok
LRSI VRN o i 2 e S SR ESE SN RS LS 318 1 Rk a s
X R RIS o (3)H5cd Ty T 3 R R A A L o
e R . AN, InVESTHREAYIZ4T it A ) & B8] 4
] R BT AP SR ) T 3R A

S0k

Bai Y, Ouyang ZY, Zheng H, Xu WH, Jiang B, Fang Y (2011)
Evaluation of the forest ecosystem services in Haihe River
Basin, China. Acta Ecologica Sinica, 31, 2029-2039. (in
Chinese with English abstract) [[A#), MKBHE =, 4L, 1R
T, VT, JiE (2011) HERTURARM S RGNS T
REVEAs. EBSAR, 31, 2029-2039.]

Bai Y, Zheng H, Zhuang CW, Ouyang ZY, Xu WH (2013) Eco-
system services valuation and its regulation in Baiyangdian
basin: Based on InVEST model. Acta Ecologica Sinica, 33,
711-717. (in Chinese with English abstract) [F#), A48,
KA, BHES, HE4E (2013) AFRRBAES RS
IR S5Vl fr FL . AR, 33, 711-717.]

Bao R, Liu F, Zhang JP, Duan YL, Zhao S, Yan XY, Liu Y
(2018) Multi-objective linear programming-based trade-off
and optimization of the ecosystem services in Jiajiyu small
watershed in the Loess Plateau, China. Acta Ecologica Sin-
ica, 38, 812-828. (in Chinese with English abstract) [fL55,
XU, GRS, BB, BAb, PR, XIZE (2018) FE
T2 H R MR AR 0 BB /N i A 2 2R SR 55 B 1
1. AR, 38, 812-828.]

Butler JRA, Wong GY, Metcalfe DJ (2013) An analysis of
trade-offs between multiple ecosystem services and stake-
holders linked to land use and water quality management in
the Great Barrier Reef, Australia. Agriculture, Ecosystems
and Environment, 180, 176-191.

Cao W, Li R, Chi X, Chen N, Chen J, Zhang H, Zhang F
(2017) Island urbanization and its ecological consequences:
A case study in the Zhoushan Island, East China. Ecological
Indicators, 76, 1-14.

Delphin SF, Escobedo J, Elrahman AA, Cropper WP (2016)
Urbanization as a land use change driver of forest ecosystem
services. Land Use Policy, 54, 188—199.

Fu B, Xu P, Wang YK, Peng Y, Ren J (2013) Spatial pattern of
water retention in Dujiangyan County. Acta Ecologica
Sinica, 33, 789-797. (in Chinese with English abstract) [{#
W, R, EERGE, 2, R (2013) ARV T KR
FEIREZE NG R, AEAR, 33, 789-797.]

Fu BJ, Zhang LW (2014) Land-use change and ecosystem
services: Concepts, methods and progress. Progress in

i



ndRE

62 4 W) % B ¥ Biodiversity Science

27 %

Geograpy, 33, 441-446. (in Chinese with English abstract)
[@m“,%E%(NM)iﬂﬂ%§%5$§%ﬁ%%
SN RSt E. R R, 33, 441-446.]

Fu MD, Li JS, Zhang RA, Gao XQ, Xiao NW (2016) Valuation
of the ecosystem services in southern mountain of Zhejiang
Province. Ecological Economy, 32, 189-193. (in Chinese
with English abstract) [{f84f, ZR4E, A%, ERE,
M BEIC (2016) VLA g &l Ll X A 25 R G 55 U (PP A

AL, 32, 189-193.]

Gao J, Li F, Gao H, Zhou C, Zhang X (2017) The impact of
land-use change on water-related ecosystem services: A
study of the Guishui River Basin, Beijing, China. Journal of
Cleaner Production, 163, 148—-155.

Goldstein J, Caldarone G, Duarte TK, Ennaanay D, Hannahs N,
Mendoza G, Polasky S, Wolny S, Daily GC (2015) Inte-
grating ecosystem-service tradeoffs into land-use decisions.
Proceedings of the National Academy of Sciences, USA,
109, 7565-7570.

Gong X, Cao MC, Sun XP, Le ZF, Li S, Xu HG (2017)
Valuation of ecosystem services in Wuyishan City. Journal
of Ecology and Rural Environment, 33, 1094-1101. (in
Chinese with English abstract) [3%7%, &5, &, &
HI7, X, IR (2017) ARILTAS RGRS M E
VAL, A H R, 33, 1094-1101.]

He S, Su 'Y, Wang L, Gallagher L, Cheng H (2018) Taking an
ecosystem services approach for a new national park system
in China. Resources, Conservation and Recycling, 137,
136-144.

Huang HC, Yun YX, Miao ZT, Hao C, Li HY (2013)
Multi-scenario and prediction of ecosystem services as
affected by urban expansion: A case study in coastal area of
Tianjin, North China. Chinese Journal of Applied Ecology,
24, 697-704. (in Chinese with English abstract) [F#:%,
BIEG, MR, MER, FPE (2013) WY KPR
A3 R G AR S5 1 2 15 SRR PRI —— DA IR T3 T ity
XA, R4, 24, 697-704.)

Huang J, Zhang XM, Zhang JC (2010) Comprehensive evalua-
tion on soil and water conservation function of main forest
types of ecological protection forest in Kaihua County.
Research of Soil and Water Conservation, 17, 88-90. (in
Chinese with English abstract) [#iF, KB, ik &b
(2010) FALAES A sk EBEHRMBEEK LRFF DI RELE G
PR, K EARERRER, 17, 88-90.]

Jiang B, Ouyang ZY, Miao H, Zheng H, Bai Y, Zhuang CW,
Fang Y (2011) Ecosystem services valuation of the Haihe
River Basin wetlands. Acta Ecologica Sinica, 31, 2236-2244.
(in Chinese with English abstract) [{T.3, BXFHE =, B,
MW, Ab, R, 7 (2011) ISR AR R
GRS IR ETFY. B, 31, 2236-2244.]

Jiang W, Chen Z, Lei X, He B, Jia K, Zhang Y (2016) Simul-
ation of urban agglomeration ecosystem spatial distributions
under different scenarios: A case study of the Changsha-
Zhuzhou-Xiangtan urban agglomeration. Ecological Engin-

eering, 88, 112-121.

Lacher IL, Ahmadisharaf E, Fergus C, Akre T, McShea W],
Benham BL, Kline KS (2018) Scale-dependent impacts of
urban and agricultural land use on nutrients, sediment, and
runoff. Science of Total Environment, 652, 611-622.

C, Zheng H, Li S, Chen X, Li J, Zeng W, Liang Y, Polasky
S, Feldman MW, Ruckelshaus M, Ouyang ZY, Daily GC
(2015) Impacts of conservation and human development
policy across stakeholders and scales. Proceedings of the
National Academy of Sciences, USA, 112, 7396-7401.

LY, Xing H, Wu YJ, Gong XF, Li L (2012) Assessment of
forest ecosystem services value based on MA—Taking Sui-

Li

-

Li

—

chang County in Zhejiang Province as the case. Issues of
Forestry Economics, 32, 317 —322. (in Chinese with English
abstract) [ZE227E, T4, RER, FT|E K, FIR (2012)
ﬁ?MAE’Jﬁ%E %éﬁﬂ&%blfﬁﬁ:@lAU\/ﬁﬂ:é%
B8R Molk& 5 R, 32, 317-322.]

Li YF, Luo YC, Liu G, Ouyang ZY, Zheng H (2013) Effects of
land use change on ecosystem services: A case study in
Miyun Reservoir watershed. Acta Ecologica Sinica, 33,
726-736. (in Chinese with English abstract) [ZEIZ1&, Bk
1, X2, mm z, ﬁé(mm)iﬂﬂﬁzwﬂi
RYURS5 DIRERI N N KRR A
?ﬁ,33,726f736j

MA (Millennium Ecosystem Assessment) (2005) Ecosystems
and Human Well-being: Synthesis. Island Press/World Res-
ources Institute, Washington, DC.

Mukul SA, Sohel MSI, Herbohn J, Inostroza L, Koénig H
(2017) Integrating ecosystem services supply potential from

future land-use scenarios in protected area management: A
Bangladesh case study. Ecosystem Services, 26, 355-364.
Nelson E, Mendoza G, Regetz J (2009) Modeling multiple
ecosystem services, biodiversity conservation, commodity
production, and tradeoffs at landscape scales. Frontiers in

Ecology and the Environment, 7, 4-11.

Polasky S, Nelson E, Pennington D (2011) The impact of land-
use change on ecosystem services, biodiversity and returns
to landowners: A case study in the State of Minnesota.
Environmental & Resource Economics, 48, 219-242.

Qian YF, Yi LT, Dou PM, Zhu GL, Ying BG, Yu SQ (2012)
Biomass and carbon fixation with oxygen release benefits in
an ecological service forest of Jinyun County, China. Jour-
nal of Zhejiang A & F University, 29, 257-264. (in Chinese
with English abstract) [£ki%& ML, 135, BIER, KRE,
MER, KHE (2012) Wil = 2N R EY = & H ik
B, WL R 2541k, 29, 257-264.]

Ramachandra TV, Bharath S, Gupta N (2018) Modelling
landscape dynamics with LST in protected areas of Western
Ghats, Karnataka. Journal of Environment Management,
206, 1253-1262.

Shao XY, Zhang ZF, Liu Z, Jing CW, Qi JG, Jiang JG, Cai
XM, Liu QK (2018) Effects of land use change and planning
regulation on ecosystem service values of islands: A case



B AhFEPAR BT ORI AR RS R GRS M E PP T DU IR I 5K 2 el 4 ki X O 63

study of Putuo District, Zhoushan Archipelago. Chinese
Journal of Ecology, 37, 514-522. (in Chinese with English
abstract) [AB/hz, SRITE, X, A, FxE, #HH
NI, 287580, Xz (2018) b AR 1k K JK 45 # it
3 B LS RGURSS B 520 —— LR L B FE X A .
e, 37, 514-522.]

Sun X, Lu Z, Li F, Crittenden JC (2018) Analyzing
spatio-temporal changes and trade-offs to support the supply

of multiple ecosystem services in Beijing, China. Ecological
Indicators, 94, 117-129.

Swetnam RD, Fisher B, Mbilinyi BP (2011) Mapping socio-
economic scenarios of land cover change: A GIS method to
enable ecosystem service modelling. Journal of Environ-
mental Management, 92, 563-574.

Tallis H, Ricketts T, Guerry A (2011) InVEST 2.4.4 User’s
Guide. The Natural Capital Project, Stanford.

Trisurat Y, Eawpanich P, Kalliola R (2016) Integrating land
use and climate change scenarios and models into assess-
ment of forested watershed services in Southern Thailand.
Environment Research, 147, 611-620.

Wang J, Peng J, Zhao M, Liu Y, Chen Y (2017) Significant
trade-off for the impact of Grain-for-Green Programme on
ecosystem services in North-western Yunnan, China. Scie-
nce of Total Environment, 574, 57—-64.

Xiao Q, Xiao Y, Ouyang ZY, Xu WH, Xiang S, Li YZ (2014)
Value assessment of the function of the forest ecosystem
services in Chongqing. Acta Ecologica Sinica, 34, 216-223.
(in Chinese with English abstract) [ 458, H¥E, BKHEZ,
B, M, FEE (2014) ERTHMES RGERS
DR E VT, AR, 34, 216-223.]

Zhang J, Yuan WG, Ge Y, Jiang B, Zhu JR, Shen AH, Chang J
(2010) Carbon storage and its sequestration potential by
ecological service forest in Zhejiang. Acta Ecologica Sinica,

30, 3839-3848. (in Chinese with English abstract) [5K3&,
WALE, B, LW, KW, REE, WA (2010) #r
VLA RS 22 2l AR A B A0 [ B BIOIR S 08 0. AR A4,
30, 3839-3848.]

Zhang Y (2015) Forest Ecological Benefit Evaluation and
Construction of Balance Sheet. China Economic Publishing
House, Beijing. (in Chinese) [7K# (2015) A= AR a5 vFAR
Hu kgl o E st o, bt

Zheng H, Li Y, Robinson BE, Liu G, Ma D, Wang F, Lu F,
Ouyang Z, Daily GC (2016) Using ecosystem service
trade-offs to inform water conservation policies and mana-
gement practices. Frontiers in Ecology and the Environment,
14, 527-532.

Zheng H, Li YF, Ouyang ZY, Luo YC (2013) Progress and
perspectives of ecosystem services management. Acta
Ecologica Sinica, 33, 702-710. (in Chinese with English
abstract) [Ai4E, 2RIz, MKPHEZ, PEAY] (2013) A&
RGNS DR E E At . AR, 33, 702-710.]

Zhu KW, Li YC, Zhou MT (2015) Land use scenario
simulation of the main city of Chongging based on the
CLUE-S model. Resources and Environment in the Yangtze
Basin, 24, 789-797. (in Chinese with English abstract) [
R, ZHE, AT (2015) J:F CLUE-SHLR! ) # pk
7 3 X R IS AL, VLR B R S 3R, 24,
789-797.]

Zhu YB, Shi YJ (2018) Value evaluation and pricing of water
resources in major cities in China. Resources Science, 40,
1040-1050. (in Chinese with English abstract) [47K M, 5
MEGR (2018) A E I T K BEIE A (E A 5 5E AT AT
BIRARLEE, 40, 1040-1050.]

GifEwZ: AT ST ES)

i



[==]

L

doi: 10.17520/biods.2018176
http://www.biodiversity-science.net

EMIZREME 2019, 27 (1): 64-75
Biodiversity Science

B TR e

HILEERQEAFHIRSX & AET
FTARVEN R E =5 BFFLE
F R REF FEE RKEAET WHET

1 (R R MR, TLIR4 R 5 B MOl RGO, B3 210037)
2 (LA T B IR RI R, WLIT4L 324300)
3 (IR IR T, B 210042)

A AW TT LU B 5% 2 el AR i) o X (AR TRTPR R BRI [ R A el ) A o, Tl Rl vt o T2, it
R AT BRI IR R R, IEHIIBLE . JEIIIHT RS 8] B AR ST, T R BRI [ 5K A el A% 7 AR T B ARTEAR,
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Evaluation of the spatial characteristics of farmer livelihood assetsin the
Qianjiangyuan National Park pilot

Shuang Li*, Xiaoping Sun, Yanjun Fang?, Yinlong Zhang"', Mingchang Cao™

1 Collaborative Innovation Center of Sustainable Forestry in Southern China of Jiangsu Province, Nanjing Forestry
University, Nanjing 210037

2 Kaihua Environmental Protection Bureau, Kaihua, Zhejiang 324300

3 Nanjing Institute of Environmental Sciences, Ministry of Ecology and Environment, Nanjing 210042

Abstract: This paper uses the example of the Qianjiangyuan National Park pilot (QNPP) to construct an
indicator system of farmer livelihood assets based on the sustainable livelihoods framework. The spatial
distribution and agglomeration characteristics of farmer livelihood assets in QNPP were next analyzed, and
the entropy method, cluster analysis, and spatial autocorrelation analysis were performed. The results were as
follows: first, the livelihood assets of different types of farmers followed a gradient of non-agricultura
households > concurrent households > pure farmers. The human assets, social assets, and physical assets of
non-agricultural households were more valuable than those of concurrent households and pure farmers.
Second, asset classification differed significantly among the three types of farmer households. Pure farmers
had a greater quantity of primarily medium and low assets, while non-agricultural households had a few
higher assets. The levels of livelihood assets were closely related to livelihood activities. Third, the spatial
distribution of household livelihood assets belonging to farmers highlighted an increase in asset
concentration from southwest to northeast. The livelihood assets of the Hetian Township were relatively
balanced among the three groups, whereas Qixi, Changhong and Suzhuang townships had imbalanced asset
distributions. Fourth, the distribution of household livelihood assets was consistent with functional position
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F&TH: [H K SR TI(2018Y FC0507202; 2017Y FC050380604) [E 5% [ 48Rt 27 43 (31461143033) A @ 4 FMARHL TR H“ R A LM 2+
PELRY W 5 R AT 0 (2017R027) . Hp Y 24 2t PERHIF B BT 2 ARVl 55 19T (S 117 [ 4R 00 I 5% 7= 47 15 398 G fhl) B AR 5 7 Y0) ROV L 95 s AR A 34 2 et
TR B

* JLRE@IER Co-authors for correspondence. E-mail: ecoenvylz@163.com; caomingc@163.com



EN ] XA BT FE 53 2 el A DR P A T BEACPR A B M 23 (AR AR 65

and management intensity in different functional zones. In addition, natural assets were significantly spatially
autocorrelated while all other assets had no significant spatial autocorrelation. Finally, based on these
findings, suggestions were made to improve the livelihoods of the farmer householdsin the QNPP.

Key words: sustainable livelihoods; nationa parks; livelihood asset; spatial characteristics; Qianjiangyuan

National Park pilot
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REFMAN, ER BUFAA NI B AL
AT R P AT R G B, AR
IR, EEE LR ANITE, REWKIEEAE
FAAURN A HAL o

Wi 5 A S 48 AR AR T AR R P B e Y
R AR P B, FEARERE. HE. R
IS & (R SCUREE, 2016). AWFFUERL T 52
B BRESER. P ERERE. P
T34y Jo s = 5 R R Al A it v O R FE 5 R A A
o o, FEAM Rt T R Rl I A O T S AR
FF= iy BRI7 AR At b &) LEZHE
AR L AT VAN, 445 T 025 E (B =
E R, 2009).

G Rl BT A 2 R AR P AR N I AR R WS R
TR T 55, 2017) AU 240 410K
A TS TPERSEEOT AR B DS 5 BUM
AMIEANFEAR R I B o

Fh BEAE IR AR P AR I AR R P T TR
BERPINE R R A FIERE T SR AR
oy B AEREBNHEIR, ZEERAMNRZER
SR B N B AR PR H E O AN R AR
BT &

232 RPEITAEREN

AT TR PR 2 5% TP e A AL . 155,
HT &0 br B A AR R EN AR, RN E
PAEAL A AT 26 M EAN TR AT 2E AL 2, HEHRFRIY
ASHE AL YRR, RS TR O [5] BT A4 )
X — minx; 1

zo o
4 maxy; —minx;

A, Z e G IE, i B IAFEAR 1 25 IR
FRIEUE, minx k565 TR bR 1 B /ME, maxx s 5
TRbR i R . BB LHE AT, RHERRTT
Hd R 2 BB UE, A0 Z A bR (fi]
=%, 2014), 4
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#1 HIFEERAEAHIR SRR AETERERERRINE
Table1l Indicator system and weights of farmer households’ livelihood assets in Qianjiangyuan National Park pilot
PAREL AR R T HEbR AL
Asset type Indicator Interpretation and assignment Weight
VL3 P ERZHE KT SCE iteracy (0), /M4 Primary (1), #0'F Middle (2), 0.069
Human asset  Head of household education level B Hh/H L Senior/ Secondary (3), K/ K% College/dunior (4)
IRERI Vi d £ ffE Hedthy (3), —f% Genera (2), %% lliness (1) 0.132
Head of household health level
FKEENYJZE Family per capitaeducation /7 PIRR L 52 86 /K- F-F#5{d Average education level of members 0.054
2551t Labor ratio 5B 7 NBUE TR N ET U L A1 01
Ratio of the number of laborsin the household
REHFZHAR Craft technology %A No(0), H Yes(1) 0.344
S B A B No(0), 4 Yes(2) 0301
Agriculturd training
H AR B HHHITAR () Cultivated area (mu) SEBR AT B R T AR 0.056
Natural asset Actual arable land area
(7] b i £ (R7) Garden area (mu) A0, 97 SR el A 25 0.062
Orchards and tea plantations
ARHUTET AR () Forest area (mu) R G MR 0.074
Own forestland
HEHLF &2 Cultivated land quality 1R 2% Worse (0), % Poor (0.25), —#% Genera (0.5), # Good (0.75), 0.166
R4F Well (2)
[ Hh 5T 2 Garden quality 1R Worse (0), £ Poor (0.25), —f% Genera (0.5), % Good (0.75), 0.287
1R well (1)
MHLFF R Forest quality 1R2E Worse (0), % Poor (0.25), —#% Genera (0.5), 4F Good (0.75), 0.355
R4 Well (1)
LIRS R 2RI Housing built up area(m?) <50 (1), 50-100 (2), 100-200 (3), > 200 (4) 0.186
Physical asset s a0 e <5(1), 5-10 (0.8), 10-20 (0.6), 20-30 (0.4), 30-50 (0.2), > 50 (0) 0.554
House construction period (year)
IREALL P b PHARY. B, #5. FE. 4. FE5EE Number of chickens, ducks, 0.118
Livestock per household geese, pigs, cows, sheep, etc. in each household
FR S5 I B A "BFWANRE. BEIEE. B, BkE. Rl SiHEE 0.057
Material assets per household The number of cars, matorcycles, computers, refrigerators, washing machines
and air conditionersin each household
SRR R 1R% Worse (0), Z Poor (0.25), —f#% General (0.5), #f Good (0.75), 0.085
Infrastructure satisfaction R4F Well (1)
LRI A PRI FED BN Annual cash income 0.034
Financial asset Annual household income (yuan)
DY Loan asset J& No(0), i Yes(1) 0.396
JRPREEEK T2 Convenienceof loan  J7{fi Convenient (1), —f General (0.5), A58 Inconvenient (0) 0.291
B EUFAME Government subsidies 5 Yes (1), & No (0) 0.279
R BEA REZMAA & 1E4 Rural cooperatives 7% No (0), #2& Yes (1) 0.226
Social 88t ors s AR EURFAE I 7 No(0), & Yes(1) 0.24
Relatives serve in the government
FKEREAMRE RS 7 No(0), &2 Yes(1) 0.308
Village committee members per household
(EYNI¥ e/ S < 2,000 (0), 2,000-5,000 (0.25), 5,000-10,000 (0.5), 10,000-20,000 (0.75), 0.126
Annual exchange fee (yuan) > 20,000 (1)
HiEi s E < 30 (0), 3060 (0.25), 60-100 (0.5), 100-150 (0.75), > 150 (1) 0.1
Monthly communication fee (yuan)
Xj=Zj+5 2 X
Pij = (©)]

Hk, tHERIEE b T SBIFEAE AT %R g
PREERILEBIPy, BTSSR TR bR AR Ee: i=]
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g = _k;F?j In(R;) 4

{H, k=2Ln(n) >0, jifi £ > 0; NAFEA R
WG, THREEIREA S IR bR 1A B TR
}Edj:

dy=1-¢ (5)

BeJa, THEEIAFEAR S IR FR A Ew:

= ®
20

b, MR FE R

A FH A F bR B AR Py A48 bR BB R B wy )
AT B 3 5 B i R, o3 il v S 15T A=
THHEALC, HHEAKXIT:

m
LC= ZW]' Pi (7
i-1

233 RPEITEXRBRLESH

BRI Re s DA EE R, st — k%L
PEFHRAE, M HEAT 2025 K-meansti) (i 2KV A
AT E . A BRI s, BN . R, A
HIF 72 1 F SPSSHI K -meanst) (i 57 2815 3T [ 5%
2 [ 2204 4% 2RI 19T BUR ) B8 A 5 & (A) M 2%
TUAETF R ARATER K, mRBE. T B
=R BARMBEREMIE TP, BARE
SN, AR R B AR .
AETFRARER AR BT ARG Z o AR AT TEA
KT NN TTEAGRZ R, BREARGRZR, )
R AR = | SR B A B = R S A = A
Y T ol 2 R B DL AR T B AR = BAT BN E X
Z BT Z Y, B SRR AR TE BT A S = 14T BUN
TE XN PEGR Z B, K ToAT o] —Fh AR T BE AR B = (1
ATEUN 5 SRR ARSI A AL .
234 =ZTEIBHEXSR

25 [a) A 5% 23 A1 o] DAB 7R AS [RIFE AR [F] — A8 &
() 25 1) 3 AT 45 4, G365 40 0T b DX 75 EL A A O
(SemiASE, 2018). =[] HAHIK T 43 RISy,
R4 J 2% [B) AR DG AN 3B 25 (0] | AH DG AR af i E
FHCH FHIMoran's 142 J5) JRBRFRHIGRAE, 43 Hr 23 1) 5%
BREEMZERERE, R mEHEEH Rt &
Local Moran's & KREAEFREERIR, H T oA
[ 2 ) o7 B 1) 2% ) A R 0% R (=15 5%, 2014).

ASCE T ArcGIS 10.35 4114 J5 1 AH R,
S ARTT YR K A R P RA TS A R ER
4 R S A F AR SR EGEAT TR . | > 0, BERHAHARHE
X @ AL, 25 18] /0 AT S B v A A A, B IE
A, | <0, ULRAAHAR L& 1 2= 55 Kk, BB
RS Y, A MBI T0, YRR
AN XS ME T B AT IR, 75 1% 3K
TR, Z() I LERHE K T1.96, % B2 [E A Sk B3
Z(NAbT-1.96%1.96 2 [H], K= [H) B AH R PHEA R
F(E/MSE, 2015)
235 AREINEEXREITTEADH

Foor 5 REARY X SR I AR A IR, 0 AT Th g
X, A A MR BRI, AR T RS
JE (7K 5% P45, 2015), T mfe. HHURIHSEA, &
SRR B R SR B AT S, BRYL
BEZRAE S ORI X ASREX. FEE
N X FL R X AN Dy REIX (E1D), 0 R XA
PR EATAT A SR il, ARIT IR A =2 B
31, AESIRE XS S I R RS /N E /NI &
v AE ST B0 R R s X AT el R
BE. X5 FHEIRE; AR X XA
FE RN R MRS BT (E RS, 2017; A&
%, 2017). WRIEFEAFTEIITNEEX, AR TIEE X
R PVETHRARBAT W SN . R RFEARRN I
O RPIX

31 RP%FERTEMN

I A X (7) T EERITIR [ 5KA [ 22044 7 Al
AR P B (1) FOR AT BEAR B (LC) R R A S i
(A7) o BRTLUR E Ko [ A F7 A o AP 35K
2.208, Hr, N J1#EA(0.615) > 14 4(0.466) >
Yo 55 4(0.417) > HAREA(0.379) > & B A
(0.331), F W Ny o5 A £ £l . ) H SPSSH)
K-meansZE 2R Ardixd 4 1 AR TE AR B s 4T 40 28,
I3 NEL, Ar < 1958 MK 1, 1.958 < Ar<
258N P, Ar> 26589 N AR . R 20T
IR, ANFAR PR B AT AR S R o I 2
afife UL, ARBE T PORE, HA KB A
45%; F IR, L AREE P RT  HECh 3
&), PR A R dER P R,
BEFE T 7 HOIAOR, Hod w5 P A 32.7%.



EN ] XA BT FE 53 2 el A DR P A T BEACPR A B M 23 (AR AR 69

118°10'E

118°20"E

29°20'N 1 29020' N
Eo° FEZS 55 Sample point
O fTERAR
Administrative village boundary
FEGEFI X
Traditional utilization area
WA R X
Recreation exhibition area
EBREX
Ecological conservation area
ORI
Core protection area
0 153 6 9 12km
L | I | | |
118°10'E 118°20'E
Bl $LRERQEFERSXIEES XE
Fig. 1 Functional zonings of the Qianjiangyuan National Park pilot
+z2 AEKRPEBEITTERERR S
Table2 Classifications of livelihood assets of different types of farmer households
oYk it E NS S PR B R Lk TR DAL IS TRIRIRE ISYuk i
Household type Total assets  No. of high-capital No. of middle-capital No. of low-capital Total households
household (%) household (%) household (%)
4lifk 1 Purefarmer 2.085 6 (15) 16 (40) 18 (45) 40
el Concurrent household 2.177 32 (25) 53 (41.4) 43 (33.6) 128
dE4 ' Non-agricultural household 2.374 17 (32.7) 23(44.2) 12 (23.1) 52

A F1% 7% Human asset

rheHEAR BAR%A
Social asset Natural asset
LA BRA
Financial asset Physical asset

—e— 4lif& J'' Pure farmer
—a— ol /' Concurrent household
—s— JE4& ' Non-agricultural household

E2 ARRPEBEHZADS
Fig. 2 Distribution of livelihood assets for different types of
farmer households

AR AT B AR 2 R JEK
P RAR R ER G, N2374, W RZ, N
2.177, 4R IR, ~N2.085 (#2). M F1 % A R4
SHEARNMMEE, L7 > b > gk, 5
RPIAFEE . B AEZSTF UKL XRE VM
K M MNEREARMER, AR > ks >
AeAe T, HAR A Rkt el st R M T AR B
G MIREAZIHARR T > gk > el
%, BT IRk P MRS E (R K R)H THRIK
NANTE, VTR . KR SRS REER
%, b5 R AREOK Hoad o PR, i 4 7 T2
& IR EA (SR

MAFEThEE S XK F, ESRE X HFEER
X FE G R X A P 2B LSk P ol =, BT o B

RS
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BI7E48.0% LA o Forr, ABRE X AEAR BT &
25.2%, 4R T B AR, 1X10.8%; iR
7~ X FR GeR] FH X AEAR P BT o5 BB A . R AN )
DNREX AR AR T AT S R 5, ARRES
REX AR KRB ONE, B b Hul i 15.82.8%,
R T F A 17.2%; i R R X P A
DA L T AN el = sl T el X 1 7 3 )
37.2%. 34.1%M128.7%; fL4GHH X 5™ A%,
It 5 B R 57.4%, IR P W2, B o Ee A
18.5%.
32 RPEITEATEFHES T
321 EMFE

1| FH SPSSHI K -meansZ 28 43 #2554 7 BUR ¢
PR BEARBATEL RN 73, R RS K3
FioR, SATEOR A A AR R L3R 3, ARHE 5T
H A ST T A [R] I S = (AT

AN BFALR

Human asset level
[10.478-0.560 %Ik Low 2
[10.561-0.694 H14% Medium Suz
I 0.695—0.776 %575 High
0255 10 km

SEL I Hengzhong
. pera S~ iz
o Financial asset level
beprf [ 0.169-0.258 #I% Low

[10.259-0.430 1% Medium °

Maotan I 0.431-0.593 %7 High
0255 10 km

E3 #HITREXRAEEHRSXRAETEARITEE

HARBEAER

Natural asset level
[ 0.262-0.348 Bk Low P
[ 0.349-0.442 145 Medium  Suzhnang
B 0.443—0.513 %75 High
0255 10 km

BLBREAY Fé@g o
Llyangtum' ZE;%::

MERARER
Social asset level
[10.215-0.350 %% Low 3
7 0.351-0.552 H1% Medium °
B (.553-0.686 %7 High
0255 10 km

M AT B A T B A e B J L A Rk oy 4 R
KE, . BREME TN AT RA L EH A
B =, AT, A BREG. MR, FFE.
RGN BEMNEA LSRG, EEMTREZ; FE
G A EHHEL AR R B /A E
ke BE)IAE TR BRA S B SEE, BTRUR,
R T IR R (GRAMNAS), e[ ER AR 2 I
MNPE R 17 AR A 32 18 1) A R

FATBOR A A T B AR 1 55 90k o3 45 R AR W
ey, iR AR, R B R Rk
BN TS JE T 2 M AR s = A, B T IR
H, 544.4%; [, Jebt. MR, FHR. BT
BEMNETRAERSHEY, TEMCTMHZ, W
#13550%; it BAE ., EAATE A= 1
WAGRY). BRI, fTH 2 AT BAERE &
B, FREEL KIUL 2 MR A T BT A TS A

VI EBEA SR

Physical asset level

i’ []0.202-0.316 K Low

i [10.317-0.468 H1%5 Medium
I 0.469-0.573 %% High

0255 10 km
S Y |

AT A BB

Total livelihood asset level
e, [ 1.958-2.188 2K Low
ang_ [12.189-2.363 H14 Medium
o I 23642750 % High
0255 10 km

Fig. 3 Evaluation of households' livelihood assets in Qianjiangyuan National Park pilot
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Table3 Classifications of households' livelihood assets of each administrative village

IR Asset type

fTECk Administrative village

ANSTBEAGR=Z R Lack of human asset

IR, SRV, PRGN, SRR, A, A, S

Gaosheng, Renzongkeng, Kukeng, Suzhuang, Shangcun, Xixi, Xiachuan

E R %A Bk = 7 Lack of natural asset

wHEA, BN, B, SRR, RA, SR, RS

Gutian, Xiachuan, Tangtou, Suzhuang, Yucun, Hengzhong, Kukeng

PR RAFZ R Lack of physical asset
SRR AR =R Lack of financial asset

A4 Yucun

FESRAT, A, EEREA, SN, SO, AR

Tangtou, Xixi, Liyangtian, Renzongkeng, Gaosheng, Zuoxi

AR Z M Lack of social asset
ZREAGRZ A Multiple assets shortage

FEAR Zuoxi

IR, ASEYUR, PRGN, JREEAT, BRUOA, A, A, RAY, AT

Gaosheng, Renzongkeng, Kukeng, Suzhuang, Xixi, Xiachuan, Tangtou, Yucun, Zuoxi

BRI &R Reasonable asset allocation

FRNS, BN, ey, MR, HTYiR, BEA

Qixi, Lulian, Longkeng, Tianfan, Zhenzikeng, Maotan

R4 BRITHRRPETERHF

Table4 Levelsof households' livelihood asset of each administrative village

AT R Frl& 2 41 PNVAAES ER/NA¥N IR A KA LA LB BARRE H#H
Administrative village Township Human asset Natural asset Physical asset Financial asset  Social asset  Total assets Rank
K Hengzhong R4 Suzhuang  0.651 0.340 0.521 0.552 0.686 2.750 1
HBLE Liyangtian FEHH Qixi 0.694 0513 0.530 0.224 0.630 2.590 2
HTY0 Zhenzikeng  KHLZ Changhong 0.648 0.398 0.398 0.593 0.467 2503 3
kA Shangeun FIREH Qixi 0.541 0.460 0.573 0.306 0.484 2.363 4
FEEBE Lulian fTH £ Hetian 0.646 0.442 0.508 0.326 0.419 2.341 5
FHBY Tianfan fifH % Hetian 0.632 0.468 0.488 0.328 0.421 2.337 6
FHZ Qixi SR Qixi 0.776 0.512 0.412 0.277 0.351 2.329 7
Jedit Longkeng i £ Hetian 0.589 0.428 0.393 0.343 0.552 2.305 8
F£1H Maotan J3E4H Suzhuang  0.693 0.414 0.385 0.344 0.451 2.287 9
FEbt Kukeng K4 £ Changhong 0.526 0.348 0.468 0.371 0.476 2.188 10
2% Zuoxi TR Qixi 0.749 0.483 0.446 0.258 0.215 2.151 1
Tl Gutian JEFH Suzhuang  0.611 0.262 0.455 0.292 0.445 2.065 12
{=%25% Renzongkeng FFiR%H Qixi 0.494 0.480 0.404 0.225 0.456 2.059 13
J3E Suzhuang R4 Suzhuang  0.530 0.300 0.416 0.312 0.489 2.047 14
B Xixi TR Suzhuang  0.543 0.430 0.454 0.171 0.423 2.020 15
AH Yueun R4 Suzhuang  0.689 0.315 0.202 0.304 0.485 1.995 16
&3k Tangtou J3E4H Suzhuang  0.637 0.296 0.431 0.169 0.461 1.994 17
)1l Xiachuan K4 £ Changhong 0.560 0.273 0.317 0.430 0.387 1.967 18
7+ Gaosheng fillH £ Hetian 0.478 0.380 0.435 0.257 0.408 1.958 19
25

322 A EIINEEXFFIE

MAETFE AR B ERE, FADEES X 2HAES
REX(2175) < i E/RIX(2.271) < fEGHMHIX
(2.277); WFRE IR X I B AR B AR R 5 (0.438), 14t
FIH X k2. (0.412), "R E X &K (0.349) (Kl 4),
XETR PRSI E XBURE B4, 8T R
f B LR | R D

MEARTRE, RN E R A1)
JREARR T, VA 6=, SR X 4
PEARE R, NJJTRAMRERZ, A& RE X A%
RS R AR S, BIRTEA . W) 5T A AN &l %

O £ &44F X Ecological conservation area
20l [O W E/RIX Recreation exhibition area

B £4 X Traditional utilization area
15+

1.0+

05 F

(ilN s Wan WSS AN

AIA BRYEA PFERA SREA oA RARR
Human Natural Physical Financial Social Total
asset asset asset asset asset assets

E4 FRIMESRRPEEXDH
Fig. 4 Distribution of farmer households' livelihood assets in
different functional zonings
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RS RPETHEANZEBBEXRY

Table5 Spatial intercorrelation of households' livelihood assets

ATHBEA Livelihood asset

Moran's I#8%1 Moran’s | index

ez (&2 1 = 0.01) Sandardization

AN J1% A Human asset -0.012
HAR %A Natural asset 0.480
YR %A Physical asset -0.227
&P A Financial asset ~0

#& A Social asset 0.053
BEA & Total assets -0.207

0.193
2431
—0.859
0.268
0.542
—0.707

RHNHERZ, J8Z RS A Z R (K4). WEERKX
FiAL G R F X 45 T00 A= T 55 AR 6f 38 7 A K3
FHasiE], MAEASORE X RTEE 6 Py 7820 R A
stk P AT
323 EBRYFE

BRITIHEE R ARA T LRAETEALRL S E
()4 R 23 (8] J A SR FR B K5 R, HARBA RS
BENER MM, NJTRA. YREA. &b
PR, HSEAMBEARSESFMEAL S, £
AR AR VT IR ] 512 [l 9 25 AT BURS 1) E 8 98 AR 78 2 )
B, B EARTEACN S < KT
2 < Tl % < FFEE, MHRPREA LKA
MR LR . A S H AR A EAL S
RPPAE R, i, MibEE SRR, SR
VR KA R . AT SRR R
PIRADG, H 53 THU5 S A 23 (A7 B A s 1
G, TN VIR SRS A R &R
W HE R, £ B E.

4 L5

41 g

BRI E KA AR il s X2 e 22idE. A=
BB ORI FNG T R R S5 R R 14, KR &
PAANHEAT TN, Bl 20154 [ 52 28 el A )3k st X
TAERITFRE, A/ AT R 52 k. AR FLE T
Z 5RRMIEEPRA) W5 HE . W ARE
SR U R S 7 R R VT R B A B A AR R
AHEAT A, WA T 58 AREAE R 2% (8] 43 A1 AT 7
Br, fFH LRSSk

(DAL 2R AR T B AR B AR ZE . E
KPR ATE B AR A, N2.374, Fl ik,
2177, Ak FEAR, ~N2.085. ARHE KA HRA
SATEIESL, AER PN ITEAR . HE2 BRI 5

A B I i T el gl o, EER R DN AEK
P UL TN FIAME L E (R KRN F)HE AR E,
HZHEREATE. M%) BREAAKL
KR E =%

QL EARSY 54117 NE VI RITIR
ERARAF LR ARER 2R B, Ak
ey ARBE  HEEBCR, ol g = b b
MIXFER, SR HIE R R K.
R P AR R O B AR K (32.7%), AR ST
i b AR /N (15%); B 7= AR A ;o o B Bk
(45%), AEA P 1) bl /N (23.1%) o BT L, R
ATt A Z e A R T AT R AR, o
AETEIKE

() F AT BUR A F AL T B AR AR A H] R
FH P4 R ) AR L G R 3 2P BT AR S = 2 (147 I
B R T IR B, SR & B A AT BN —
AT RHEZ . XESATBN k. FEFEEE
HiEHIR M.

AAFEDREX AT B AR 2 R B2 . R A THEE
IS ARG HETh R e AR BSR B, S I HAE SR
X s, HEERX IR, EERE KR
H#, BASREXEZ MR A=, AFREKX
PLRRAIR B 72 PO R, BT o BB v 15 82.8%; Ui L
N e 4 T o TR 2 s D N P R A S
(57.4%)5i %, IR 1 (18.5%) /b o i 8 Ji 7 [X Al
& G5 0 FH IX & T00AE T 0% AR AR X 3 i HLA SR 3R
2 [A], AR IR E XN TR 230 A 78 20 AR 35
AR AR TR A

() BR VTR B 5% 2 [l 4% 7 1) [ AR B2 A 2 AL I =5
A HIEA M, ANJTRA, P BEA . SRhEEA
HERAMBEASESESMEIEARE. AR
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MRYE_ LR SE BT 2518, B RILEE R A
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(Mg A TR E R P AT R A B
MR, BEA EVTUR E K AR A L E R g
SRARY DX R R, R 905 ] 5% /A i 3 i
T IAARAE SRR, N A P AR
BN EEIE. BN SE KREMREER A
THR ARG A T SR B R 3 AE DS (1 H W, 2014, e 18
4 2016; FRERIRZE, 2017). PRI, kAR E R
VLR B R A T Ak B AR B AR, R E KA
hHh, GERBASRIO, (=g L
T, NJJRA AT R AR R SR, oK )5k
TLIRE R A T B E &0, RS
REE I, MARAS B3 @i P NI, BUR R ARt
R AL E BCR SCRFFIAMNI, 2 R E
WIS Bl 7 R AR SRR e, B AR 7 A DR
W, PR SIRS U BRI YR E 5K 4 [ LAl f
N, BIR DA IT TN, SEh ik E,
BURFNTT RERF B0 BARIRITE . B IR IR 5% S5 5
FeReRE U, W R 5] AE N R EIEUR, 28057 3)
JIANAL; Al RER HUORIF A0 -t 25 AR FH K
IV Je 3 v -3 M, FEAECRAE B 2 I L T %5

JEREBAT RmABFHMERIEY, RO R S5,

FERAR RN o

(232 Thae MM, & BN &AL Th g
DX B Ak vt 25 AT A T BGE AR T AT B . ARFEAE T
AR T4 SRS AN R Th fE DX S AR N Al iR A . O
EHREXEHR VRSB ARZ, &) %
RS ONE, B EARR. BEIESREKX
PAORIPIAEE Y, AdE R EIRI S 30, I,
A e IR A A SR E KR T R H L,
EIIF R RS A AR RE, 457 1 HAb 2 Bt
WL 2, SERAT AT A B, AR/ N R
H, ARBEAR AT AINEGT S it G AR T AR BT
A, W REEA TR QU RR XN TR
RIS RA . B AT Sl AN
FEL RIS A AL, SR AN [ A 2 8] 1 220
S5EE, s, mHEILE RS AR RY XA
MIZEM 2 PR, PTREAT RIS SR R d i, 59

CEMIZAEERAE S RGBS, HINARIX 2 1A
MIEfE SRR, 3 RR BT BRI 2 RIE. ©
P GEAI I X R 75 S AR T N T BEAS o AR e 2 3
IS RS HE KM, BIREERA, sk
BACE; BEEBEST RS AT, 1RAHE AT BRI
ORERE, SR AT REKT A ROR A R K
PR, TFIESTIERE it RIS (i i 0 H B 1R
R GEARTINES), R PR s, RE
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Diversity and composition of birdsin the Qianjiangyuan National Park
pilot

Haiyuan Qian', Jianping Yu', Xiaoli Shen?, Ping Ding®, Sheng Li*

1 Center of Ecology and Resources, Qianjiangyuan National Park, Kaihua, Zhejiang 324300

2 Sate Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences,
Beijing 100093

3 College of Life Sciences, Zhegjiang University, Hangzhou 310058

4 School of Life Sciences, Peking University, Beijing 100871

Abstract: Assessments of biodiversity are the foundation to support the management and policy-making of
protected areas. In order to determine the diversity and composition of avian faunain Qianjiangyuan National
Park pilot, we collected bird observations through bird field surveys, camera-trapping surveys, acoustic
recordings, and citizen science observations. Based on this compilation, we produced a list of 252 species
composed of 17 orders and 64 families. Observed species include 36 nationally protected species: two class-|
species—Elliot’s Pheasant Syrmaticus ellioti and Siberian Crane Grus leucogeranus—and 34 class-I1 species.
In addition, 10 species are threatened globally and 34 are threatened at the state level (i.e. listed as CR, EN,
VU or NT by the [UCN or China's red list of vertebrates). In total, 46 species (18.25%) are of conservation
concern. Four species (Mountain Scops-ow! Otus spilocephalus, Grey-headed Canary-flycatcher Culicicapa
ceylonensis, White-browed Reed-warbler Acrocephalus tangorum and Javan Shortwing Brachypteryx
montana) are newly recorded in Zhegjiang Province. The Qianjiangyuan National Park bird community is
evenly composed of species from the Oriental (45.24% of species) and Palagarctic (42.46%) realms, with the
remaining are widespread species (12.30%). The percentage of resident and migratory species is also roughly
equivalent (46.03% and 53.57%). Of the species that breed in Qianjiangyuan National Park, 68.79% are
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Oriental realm species, whereas most of winter non-breeding visitors are Palaearctic realm species (94.83%).
Qianjiangyuan National Park harbors a rich bird community, accounting for over half (52%) of the total
number of bird species in Zhejiang Province. These results confirm the park’s significant value for avian
conservation, despite its small size (252 km?), and provide important baseline information for future avian

research and conservation in this region.

Key words. Qianjiangyuan National Park; bird monitoring; biodiversity inventory; baseline survey
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Tablel Thetaxonomic composition and national protection category of birdsin the Qianjiangyuan National Park pilot

[ X A%47 2% 5% National protection category
Il

F1 HLEERABEGGIN X S E K SRR

H # i
Order Family Species
K H Galliformes 1 5
JEZH Anseriformes 1 12
M8 H Podicipediformes 1 2
#8J% H Columbiformes 1 2
&% H Caprimulgiformes 2 3
A% H Cuculiformes 2 7
#IZH Gruiformes 2 8
& H Charadriiformes 6 19
#:5 H Suliformes 1 1
#57% H Pelecaniformes 2 13
& H Accipitriformes 1 12
S99 H Strigiformes 2 11
% H Bucerotiformes 1 1
ik H Coraciiformes 2 6
A H Piciformes 2 7
#JZH Faconiformes 1 3
£ H Passeriformes 36 140
#it Total 64 252

|

1 2
0 3
0 0
0 0
0 0
0 1
1 0
0 0
0 0
0 1
0 12
0 11
0 0
0 0
0 0
0 3
0 1
2 34

DRAGZW (PEEEDREFGHFEE=R)) B, 2017), EXGRS EASE (EFEQRPEENYLF) (PHENRIEMER

LS. R4 15, 1989).

Taxonomy based on Zheng (2017) “A Checklist on the Classification and Distribution of the Birds of China (Third Edition)”; National protection
category based on “ Catalog of Wildlife under Key State Protection” (Decree No.1 of The Ministry of Forestry & The Ministry of Agriculture, 1989).
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Appendix 1 Species list of birds recorded in Qianjiangyuan National Park pilot

*LC: fikfi; NT: J5fE; VU: 5fa; EN: Bifi; CR: #f&; DD: HdREhZ . ** A: 3 O MI(EFEFE SRR, . WEidst); C: AL,

* LC, Least Concern; NT, Near Threatened; VU, Vulnerable; EN, Endangered; CR, Critically Endangered; DD, Data Deficient. ** A, Acoustic records; O, Observations (including records from point count and
transect survey, photography and bird watching activities); C, Camera-trapping records.

75 H # Yo R X AR ERRHN IUCN ZLta 4585 PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
1 X H Galliformes HER} Phasianidae KM 3S Bambusicola thoracicus [ FRES S LC LC 0,C
2 ~J%% Pucrasia macrolopha L et 1l LC LC 0,C
3 FY Lophura nycthemera Y IRVESR 1 LC LC o,C
4 FH 3K JEHE Syrmaticus ellioti A REER 1 NT VU o,C
5 I3 Phasianus colchicus ) et LC LC 0,C
6 JEF.H Anseriformes Al Anatidae I JfE Anser cygnoid KA1, e VU VU o}

7 GJE Anser fabalis A1 et LC LC 0

8 JKME Anser anser 25 et LC LC 0

9 H#iE Anser albifrons AR g0 Il LC LC o]
10 /KA Cygnus columbianus K5 et Il LC NT 0
11 44 Aix galericulata 25 et Il LC NT 0
12 FRFG Mareca penelope gt E LC LC o}
13 £¢3KH3 Anas platyrhynchos 25 et LC LC 0
14 PEMEHY Anas zonorhyncha Klxy WA LC LC 0
15 £F MY Anas acuta 25 et LC LC 0
16 45445 Anas crecca A1 et LC LC 0
17 KK Aythya fuligula AR5 Rl LC LC 0
18 BB H Podicipediformes  BSJES%} Podicipedidae /INHERES Tachybapus ruficollis B T AiFh LC LC 0
19 JBEG Podiceps cristatus KA1, AL s LC LC 0
20 #7% H Columbiformes M A9%E Columbidae L BEM Streptopelia orientalis Y ] AR LC LC 0,C
21 BRFNBING Streptopelia chinensis M5 FIRES S LC LC o,C
22 & H ARl Caprimulgidae 38 7% Caprimulgus indicus H {5 et LC LC 0
23 Caprimulgiformes AL Apodidae BRI #E Apus pacificus Hi%S drdb gt LC LC 0
24 /NEFERR . Apus nipalensis BEY RS LC LC o}
25 B9 H Cuculiformes F9ES L Centropodidae /NESHS Centropus bengalensis [ PRES S Il LC LC 0
26 FE5%} Cuculidae L3R SLAS Clamator coromandus {5 REES LC LC 0
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75 H # Yo R X AR ERRHN IUCN ZLta 4585, PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
27 5% Eudynamys scolopaceus Hiry RKIER LC LC 0
28 KIHS Hierococcyx sparverioides HiEY IRVESE LC LC o]
29 DU FLEAY Cuculus micropterus 2Ry S AR LC LC 0
30 HFERS Cuculus saturatus 25 RS LC LC o]
31 KAEES Cuculus canorus 2L A LC LC 0
32 #IZE Gruiformes BASEL Rallidae @AY Rallus indicus S Wb LC LC 0
33 ZI XS Zapornia akool M5 RS LC LC o
34 /NHIXS Zapornia pusilla i€ 5 S AR LC LC 0
35 2L Zapornia fusca R REER LC LC 0
36 i 75 3% 5 Amaurornis phoenicurus HiEY IRVESE LC LC o]
37 5Kk Gallinula chloropus Y ] A LC LC 0
38 HHE T Fulica atra B ] AR LC LC 0
39 #ElL Gruidae %3 Grus leucogeranus it Wbt 1 CR CR o]
40 % H Charadriiformes MRl KA Himantopus himantopus i et LC LC 0
41 Recurvirostridea JZ Wi Recurvirostra avosetta i et LC LC 0
42 %} Charadriidae R kF 3 Vanellus vanellus ES 3 w5t LC LC 0
43 HK3kFEXS Vanellus cinereus kS et LC LC 0
44 KMEEIfS Charadrius placidus i et LC NT 0
45 4:MEA Charadrius dubius BkS et LC LC 0
46 WFi Charadrius alexandrinus 25 et LC LC 0
47 FA5%F Rostratulidae A5 Rostratula benghalensis M5 FIRES S LC LC 0
48 KHERL Jacanidae 7Kt Hydrophasianus chirurgus HiEY IRVESE LC NT o]
49 4%} Scolopacidae I Scolopax rusticola Klxy WAL LC LC C
50 J# Y54 Gallinago gallinago AR Rl LC LC o
51 RS Limosa limosa i et NT LC 0
52 147 Tringa nebularia A1 g LC LC o]
53 HAEEAES Tringa ochropus gt bt LC LC o}
54 H#EE Tringa glareola i€ 5 bt LC LC o}
55 HLES Actitis hypoleucos 25 et LC LC 0
56 HHFIEHY Calidris alpina A5 Rl LC LC o]
57 KA Laridae ZIMERY Chroicocephalus ridibundus KA1 g1 LC LC 0




BRIEIR, RESE, B/NHL, T°F, 2. BILEE R A AR A X SRS X KA. EWZ R, 2019, 27 (1): 76-80.
http://www.biodiversity-science.net/CN/10.17520/biods.2018273

75 H # Yo R X AR ERRHN IUCN ZLta 4585, PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
58 J3F S Chlidonias hybrida i ] AR LC LC 0
59 #i1% H  Suliformes f545F} Phalacrocoracidae /5% Phalacrocorax carbo ) A LC LC 0
60 F5T% H Pelecaniformes 29} Threskiornithidae HEE® Platalea leucorodia 25 et Il LC NT o]
61 Rl Ardeidae HBEHNG Ixobrychus sinensis R FIRES S LC LC 0
62 IR Ixobrychus eurhythmus HiEY FRES S LC LC 0
63 HEERS Ixobrychus flavicollis HiEY IRVESE LC LC o]
64 % Nycticorax nycticorax Y ] AR LC LC 0
65 £k% Butorides striata 25 RS LC LC o]
66 W3 Ardeola bacchus 25 RS LC LC o]
67 =75 % Bubulcus ibis BkS REES LC LC 0
68 &H Ardea cinerea ) A LC LC 0
69 TEH Ardea purpurea 2Ry drdb gt LC LC 0
70 K% Ardeaalba 2L g LC LC o]
71 % Ardea intermedia 25 RS LC LC o]
72 (1% Egretta garzetta My RVES LC LC o
73 T E Accipitriformes &Rl Accipitridae HIWE Elanus caeruleus e I Al 1] LC NT 0
74 HIERSHE Aviceda leuphotes kS PRES 7 1] LC LC 0
75 i Spilornis cheela Y FIRES 1] LC NT o,C
76 HRHE Ictinaetus malaiensis [ PRES S Il LC VU o]
77 HREHERE Aquila fasciata Y FIRES S 1] LC VU 0
78 J 3 Accipiter trivirgatus A REER 1] LC NT o,.C
79 FRHEME  Accipiter soloensis [ A Il LC LC 0,C
80 FAZEIE Accipiter virgatus Y drdb gt 1] LC LC o,C
81 728 Accipiter nisus 245 et Il LC LC 0
82 ¥ Milvus migrans M5 drdb gt 1] LC LC 0
83 B Buteo lagopus e drdb gt 1] LC NT 0
84 % Buteo japonicus S drdb gt 1] LC LC 0
85 8 H Strigiformes B955%} Strigidae W15 Otus spilocephalus A REER 1] LC NT A O
86 5y Otus lettia L RS 1l LC LC A0
87 21149 Otus sunia M5 RIS 1] LC LC A 0
88 J#5% Bubo bubo [ RS 1l LC NT o]
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75 H # Yo R X AR ERRHN IUCN ZLta 4585, PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
89 #EHKEY Strix leptogrammica [l TP I LC NT A O
0 KRS Strix aluco L I A I LC NT C

91 SHS Glaucidium brodiei L RS 1l LC LC A 0O,C
92 PELMHES Glaucidium cuculoides By FRES S Il LC LC o]

93 %55 Ninox scutulata e FIRES S 1] LC NT 0

94 5HYY Asio flammeus 25 et Il LC NT 0

95 HESEL Tytonidae HES Tyto longimembris My RIS 1l LC DD o,C
9% R H Bucerotiformes IR Upupidae ¥tk Upupa epops &5 I A LC LC 0

97 i H Coraciiformes i {8 %l Coraciidae =% Eurystomus orientalis 2Ry REES LC LC 0

98 9% Alcedinidae H 5% Halcyon smyrnensis [ FRES S LC LC 0

99 # 5% Halcyon pileata H {5 RVES LC LC 0

100 HI@H Y Alcedo atthis ey I A LC LC o]

101 e f ) Megaceryle lugubris [ IRVESE LC LC o

102 BEtasy Ceryle rudis ) REES LC LC 0

103 BARSHE Piciformes KA S EL Capitonidae  KIEA L Psilopogon virens By FRES S LC LC A0
104 A L%} Picidae & Jynx torquilla 25 et LC LC 0

105 PEMEB A S Picumnus innominatus e FIRES S LC LC o

106 3K A S Dendrocopos canicapillus ) et LC LC 0

107 KIEB A % Dendrocopos major M5 FRES S LC LC 0

108 KRG AL Picus canus L I A LC LC A0,C
109 HEMEZER A S Blythipicus pyrrhotis Y REES LC LC A, O,C
110  #JEZH Falconiformes 4%} Falconidae Z1# Falco tinnunculus M5 I AFh 1] LC LC 0

111 414 Falco amurensis i A Il LC NT 0

112 Jif4#: Falco peregrinus e drdb st 1] LC NT 0

113 #JZH Passeriformes NEFEEL Pittidae i)\ 155 Pitta nympha H {5 RPES 1l VU VU 0,C
114 #4 Rl Vireonidae R E-IGHS Pteruthius xanthochlorus M5 FIRES S LC NT 0

115 WB %L Campephagidae /NI Pericrocotus cantonensis HES Akt LC LC 0

116 HKUIHY Pericrocotus divaricatus 2l ] A i LC LC A0
117 KL ML Pericrocotus solaris By RER LC LC A0
118 % 2%} Dicruridae A Dicrurus macrocercus R RIEET LC LC 0
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75 H # Yo R X AR ERRHN IUCN ZLta 4585, PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
119 K4 R Dicrurus leucophaeus R FIRES S LC LC 0

120 5% K. Dicrurus hottentottus Bk REER LC LC o]

121 TF45%L Monarchidae Z37 Terpsiphone incei 25 RS LC NT o]

122 {A55 %} Laniidae 43{455 Lanius bucephalus e Akt LC LC 0

123 ZLJ2{A1%7 Lanius cristatus ik (R LC LC o)

124 151455 Lanius schach ) T LC LC o]

125 #5FL Corvidae FA%Y Garrulus glandarius Y g LC LC o,C
126 ZIME SRS Urocissa erythrorhyncha Y RIS LC LC A 0,C
127 JRA#S Dendrocitta formosae Y RUEET LC LC A,0,C
128 E# Pica pica By EElA LC LC 0

129 T 549 Corvus frugilegus ) AL st LC LC o]

130 3 Corvus pectoralis [ AT NT NT 0

131 KWE 548 Corvus macrorhynchos e ] A LC LC 6]

132 F4%F} Stenostiridae Ji 4% Culicicapa ceylonensis b RPER LC LC 0

133 1%} Paridae #fg11148 Pardaliparus venustulus Y KPR LC LC A 0O, C
134 K4 Parus cinereus e I A LC LC A,0,C
135 4R Remizidae 228 Remiz consobrinus 245 dALR LC LC o]

136 HRE Alaudidae /NZ4E Alauda gulgula KA1 HRPET LC LC 0

137 FREE AL Cisticolidae KR Cisticola juncidis [ PRES S LC LC 0

138 1L %% Prinia crinigera Y A LC LC o)

139 FHRIESE Prinia flaviventris Y RUEET LC LC o]

140 glita 155 Prinia inornata ) RIEET LC LC 0

141 2%} Acrocephalidae %77 K3%® Acrocephalus orientalis Rt ] A LC LC 0

142 HJE35 Acrocephalus bistrigiceps HiEY ] AT LC LC 6]

143 A3 Acrocephalus tangorum i dALR \%) vu 0

144 8275 % Locustellidae F RIS Locustella lanceolata i L st LC NT 0

145 #eRl Hirundinidae Z 3 Hirundo rustica BirLy WAk s LC LC 0

146 JHAEE I3 Delichon dasypus kS et LC LC 0
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75 H # Yo R X AR ERRHN IUCN ZLta 4585, PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
147 43 Cecropis daurica BiFEY S AR LC LC 0

148 #5751 Pycnonotidae SAEMENS Spizixos semitorques [ FRES S LC LC A,O,C
149 HEHY Pycnonotus xanthorrhous A IRVESE LC LC o]

150 F13k% Pycnonotus sinensis e HRVESR LC LC 0

151 SEMKE IS 1xos meclellandii By RUEET LC LC A,0O,C
152 TS 45 JHIES . Hemixos castanonotus By RER LC LC A 0, C
153 A9 Hypsipetes leucocephalus A REER LC LC A O,C
154 M &l Phylloscopidae M1 Phylloscopus fuscatus i Akt LC LC A0 C
155 HIEMIES Phylloscopus proregulus S Wbt LC LC 6]

156 #JEMI®E Phylloscopus inornatus it AL LC LC o

157 WALHIE Phylloscopus borealis i et LC LC 0

158 Z M1 Phylloscopus coronatus ik Akt LC LC 0

159 WAL Cettiidae K455 Abroscopus albogularis e RPER LC LC A 0O,C
160 HEAME Horornis canturians i L st LC LC 0

161 HHFEE Horornis fortipes By FRES S LC LC 0

162 %M % Urosphena squameiceps i€ 1 Akt LC LC 0

163 KREIL#EFR Aegithalidae — 4RMEKJEILE Aegithalos glaucogularis  Fi % RPER LC LC 6]

164 413K 11148 Aegithalos concinnus By RER LC LC A0
165 HRYEL Sylviidae Fi3k#9% Sinosuthora webbiana Y ] AR LC LC 0

166 IKLAS4E Psittiparus gularis e IRVESR LC LC A0 C
167 rifAS4E Paradoxornis guttaticollis Ay RPER LC LC 6]

168 M HA9% Paradoxornis heudei ) RIEET NT NT 0

169 ZEHR %} Zosteropidae JEH S Yuhina castaniceps Y KIER LC LC A 0O, C
170 445 RS Zosterops japonicus e IRVESR LC LC o)

171 MESARL Timaliidae BRI BIEMERYS Erythrogenys swinhoei 1 PRES TS LC LC A 0,C
172 K MERS Pomatorhinus ruficollis By RER LC LC A 0, C
173 21 3L FERY Cyanoderma ruficeps Y RIER LC LC A 0O, C
174 HaRS AL Pellorneidae TR Schoeniparus brunneus Y IRVES LC LC A 0O, C
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75 H # Yo R X AR ERRHN IUCN ZLta 4585, PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
175 IKNEZERS Alcippe morrisonia Y RKIER LC LC A 0O, C
176 BERSRL Leiothrichidae HJ&§ Garrulax canorus By KPES LC NT A 0O, C
177 JRIBMERS Garrulax cineraceus 2R RyES: LC LC o,C
178 HHSEERY Garrulax perspicillatus e HRVESR LC LC o)

179 /NEBATIERS Garrulax monileger A REER LC LC A OC
180 HAERY Garrulax pectoralis Z2ieh RVER LC LC A 0, C
181 FrMERS Garrulax berthemyi Y IRVESR LC LC A 0O, C
182 FIiRS Garrulax sannio Y RIS LC LC o)

183 ZIMEHIE 1S Leiothrix lutea By RUEET LC LC o,C
184 W F Cinclidae ¥  Cinclus pallasii By ] A LC LC 0

185 %%} Sturnidae J\#F Acridotheres cristatellus [ FRES S LC LC o]

186 #5645 Spodiopsar sericeus [ IRVESR LC LC o)

187 ¥ Spodiopsar cineraceus S Wbt LC LC 6]

188 B4 Gracupica nigricollis MY Wbt LC LC 0

189 E} Turdidae P& L5 Geokichla citrina BiEy RS LC LC o,C
190 F %S Geokichla sibirica iR RHES LC LC o,C
191 JEBEHAY Zoothera aurea 251 ] A i LC LC o,C
192 KR Turdus hortulorum S L st LC LC o,C
193 K59 Turdus cardis i REES LC LC 0

194 %% Turdus mandarinus Y RIS LC LC o)

195 HJE#Y Turdus obscurus ik (R LC LC 0,C
196 HAE#S Turdus pallidus K%Y Wbt LC LC o,C
197 FB95% Turdus chrysolaus pi AL st LC LC c

198 FRERY Turdus ruficollis A5 [ LC LC 0,C
199 BERY Turdus eunomus 251 dALR LC LC 0,C
200 #9%} Muscicapidae H A4S Larvivora akahige K%Y Wbt LC LC o]

201 41 25k Larvivora sibilans it RS LC LC o,C
202 W4 Larvivora cyane i et LC LC o]
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75 H # Yo R X AR ERRHN IUCN ZLta 4585, PEHAEATRESR wWxhA
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
203 ZI MRS Calliope calliope i et LC LC 0,C
204 2L R 1% Tarsiger cyanurus 25 et LC LC o,C
205 WY Brachypteryx montana e FIRES S LC LC o,C
206 L85 Copsychus saularis e HRVESR LC LC 0

207 JL4T )26 Phoenicurus auroreus 245 dALR LC LC o,C
208 £1FE/K% Rhyacornis fuliginosa MY AL LC LC o)

209 LS Myophonus caeruleus By RPES LC LC A 0O, C
210 /IN#EJE Enicurus scouleri A el LC LC 0

211 JRIS#EE Enicurus schistaceus Y RUEET LC LC A0
212 M Enicurus leschenaulti MY KPR LC LC A 0O,C
213 ARG Saxicola maurus 25 et LC LC 0

214 WAL Monticola solitarius AR dbs LC LC o]

215 TEREHLES Monticola rufiventris By RUEET LC LC o)

216 H LS Monticola gularis kS RER LC LC o,C
217 WKLY Muscicapa griseisticta i et LC LC 0

218 4L Muscicapa dauurica kLS Akt LC LC 0

219 84S Ficedula zanthopygia i Wbt LC LC 0

220 5448 Ficedula mugimaki K EElA LC LC 0

221 H R4S Cyanoptila cyanomelana i et LC LC 0

222 MRS Cyornis brunneatus A IRVES VU VU A 0O, C
223 WA RS EL Elachuridae T2 F9RS Elachura formosa Ay PRES TS LC NT A O
224 985} Chloropseidae PSR4 Chloropsis hardwickii By TRVES LC LC A, O
225 16 9%l Nectariniidae X KBS Aethopyga christinae M5 FIRES LC LC 0

226 MELE#ERL Estrildidae FIESC Y Lonchura striata MY RIS LC LC o)

227 B Lonchura punctulata e RPER LC LC 6]

228 8} Passeridae LIFE4E Passer cinnamomeus By RER LC LC A 0, C
229 Jik4 Passer montanus L ] AR LC LC 0

230 H549 %L Motacillidae 1L1#545 Dendronanthus indicus kS et LC LC 0
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75 H # Yo R X RZHFA E KRR IUCN Lt 4sk%%sy  PEHIOLTESESR wWxhR
ID Order Family Species Residential type Fauna National protection category IUCN Red List” China Red List” Recording type™
231 #H54Y Motacilla tschutschensis i et LC LC 0
232 HKHS%Y Motacilla cinerea 25 et LC LC 0
233 FIH54% Motacilla alba L Rl LC LC A0
234 %% Anthus richardi Ay RHES LC LC o
235 %4 Anthus hodgsoni KAR 1 EEA LC LC 0,C
236 7k%% Anthus spinoletta %S Wbt LC LC o)
237 11124 Anthus sylvanus M5 RS LC LC o
238 #MEERL Fringillidae #Me4e Fringilla montifringilla e Akt LC LC o,C
239 24 Eophona migratoria S Wbt LC LC 6]
240 4442 Chloris sinica By A A LC LC o]
241 #42 Spinus spinus 25 et LC LC 0
242 %} Emberizidae Rk Melophus lathami [ IRVESR LC LC 0
243 =IEJE RS Emberiza cioides By dALR LC LC 0
244 HJE5S Emberiza tristrami KA1 AL s LC NT o,C
245 ZEHAS Emberiza fucata i et LC LC 0
246 /NS Emberiza pusilla KA Bl LC LC 0
247 # 558 Emberiza chrysophrys 245 EEA LC LC 0,C
248 FH# Emberiza rustica AR L st LC LC ¢
249 A Emberiza elegans xS widb gt LC LC o,C
250 HHES Emberiza aureola iR Rl CR EN o]
251 ¢34 Emberiza rutila ik dALR LC LC o,C
252 K339 Emberiza spodocephala S Wbt LC LC 0
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EHLEREBARIFXARNEEE
SYEEZ RIS S i

OB PR AT

1 (R ERFERBRL R R A ST, hERRER AR A S SE L E SR, UM 110016)
2 (R ER R K%, d65 100049)

' ARIEHEAMAEY A E S, EEUEIAONEREER, 8 LR RN BIRK L 4R AR
RAELLYER DR/ TR, S EBERRMAE S RGP I E SRV AR R A4 RS DI RE - 1201648 1 £
WLy F LD 22 AR EOR AP X R AR T LT T A 2, R I 25 2 FIDNAFF 81 73 1 060 KA bR A 34T T 407
B, TFNT TARE A R AL A E B IY . FEREE 11581 bR A b 4 RE R HUE 45Jm 92F, Horh A H T8
b, AEJE G 148 . ol L AR SO A X R, Bl 3 i o) BBl B i o AE 1580 AR SR b A, 97
WFRAR B BARKT10 e EIAR B AE |, 70 J8 76, SR AR FORE AL ) 1 B UK/ R, 48 br AR A
EA£N2-10 ecmBCT L, 70 @384l 13Mbr Ak B BAR/N T2 emiic Tk, 7r @12kt . AFEE SR EA A
K F SR W, b — UK EREBIOMARA (TR, — U R IR LR 21861 b A (45
By, ZZUEREIR FAOURA (20FY), PURIERABIA E1AG AR A (14FH) . S5 RFKW, Mo IR ERK/NIR R
RS AR FO AR S A B T

KEA WIH AR, RIBHE; WAL, A

Speciesdiversity and distribution of wood-decaying fungi in Gutianshan
National Nature Reserve

Tong Li*?, Junning Li*?, Yulian Wei"

1 Key Laboratory of Forest Ecology and Management, Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016
2 University of Chinese Academy of Sciences, Beijing 100049

Abstract: Wood-decaying fungi decompose the cellulose, hemicellulose and lignin of wood by producing
various hydrolytic enzymes, and therefore play a key ecologica role in the nutrient cycle of forest
ecosystems. In August 2016, a survey of wood-decaying fungi was carried out in Gutianshan National Nature
Reserve, Zhgjiang Province. Fungal species were identified using morphological characters and DNA
sequence analysis. Both the species composition and biogeography were also analyzed. A total of 92 fungal
species, 78 white rot species and 14 brown rot species, representing 45 genera were identified from the 158
samples collected. Among these fungi, tropically-contained families are better represented than cosmopolitan
families. Of the 158 specimens, 97 (76 species) were collected from woody substrates with a diameter larger
than 10 cm, 48 (38 species) from a dead branch with a diameter ranging from 2 cm to 10 cm, and 13 (12
species) from a dead twig with a diameter smaller than 2 cm. The abundance of fungal species differed
conspicuously in different decaying classes of dead wood as well. Of 92 fungal species, seven species (nine
specimens) were collected from woody substrate of decay class 1, 45 species (86 specimens) from wood of
decay class 2, 29 species (49 specimens) from wood of decay class 3, and 14 species (14 specimens) from
wood of decay class 4. This study indicates that the diameter and decay class of dead wood are important
factors influencing the growth and species distribution of wood-decaying fungi.

WSk H 3: 2018-06-03; 252 H i1 2018-11-30
BEEIH K AR 5£43(31870018)
* J@IAE#E Author for correspondence. E-mail: weiyulianer@sina.com
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RIBHBE R —RUSMILA, BIAR. BIEARN
AR L, I8 W R A, A AR AT K
fRRER, BEAM TP RIAgER. FAHERNATRE,
BB AES RGN IR, RHRMES R
45 1) B B 4> (Harley, 1971; Kubartova et al,
2012), AT HE R HRRES RAEH VI L fRE,
WA EFEAZAWER, FREBMAEE, Hoh
PRI — LeRh SR AR AR (R B IR B R A R
MIThEE, W sEE. mih. MRS (@R, 2015).
KT ZERAFENRGE KPR CTITE 1 2504R4F,
H ATk B EONIR AN, 23R O ARIE 1) Fh 25 245,000
A Fh(Ryvarden & Gilbertson, 1993a, b; Nifez &
Ryvarden, 2001), ifi 4 [H H /i I8 f A JE H # £
A 2,000 it (3 £ B AT &1 2+, 2010; Dai, 2011,
2012).

AR B B HI AN F], AR FL R 32 2 m]
STAEEER A B R . E SRR B A
R ey, AAEA4ER . LA RAR R
TEREMR S, AM LEAREIR . 185 E B H
ARG m AL 4E R, NREMEMEAR TR, B
FEEAAR I IR A S AR BORIDREAR,, 72 T A 1) 8 S W B
RIUHECE GIEPOIR . 4t £ B R AE AR A
b, ARV FERARTIER, BAT 0 4
RAIERIKBE J7, (i S A B AR (T8 BOR FE 3 AR A
VI S AEH, PR st IR R, BRI 3 1) pH
BRI 3G 0 75 3 v BH S 1 1 28 45 S5 A FH (B S A3
Fk, 2004).

AR LB PR 22 FF 4 52 22 07 T R 35 ) 5
MR REJE IR E, 18 AN [F X ) 22 R 1 22
(1) J5 R 32 AR TR AE IR B RFAE . AR AL RORN 27 32 A
% Jj T » Hattori (2005) iz H Simpson 1 Shannon-
Wiener 2 FEIEFEE S #T 1 H AR A7 BRARAS [FIAEL A 26
R ZfLIH 2R, KPR (Castanopsis) k.
IX](Cyclobalanopsis)#k . X AE 5 (Quercus)pk . kA
FAR (Pinus) k. H 4 F5 14 (Cedrus) bR EE AN [F] pk 432
R Z AL IFP A A AE ] S 22 . ST L 5 K
Gil bert (2008) % 1 7% % J& 6 SV $A 7 R b o1 FLoIR B
BT FL R, aF EAAES R R B 250
A .

AR, & TR E N AR KT BB RS0 K

FARNTTE, STIZREEIRE TR .
TEOEIEA b, — S BB S TT R T AR L XK
PR AR Rl 2 B R V& 5 46 R 43 AT KRR 55 7 T ) A
Fto ZEIEAE(2017) 18 i xof B R A b X AT ARER M
Y A AR R A TS TR P R AL R 40 A R AR 1 kT
bl R S8 ] e 280 R i A TR A P £ 5
AR5 5] o T /MR R 3% (2015a) LR T
T ] A P4 A6 31 2R B A [ AR ARSI 1Y rp K S B R
VAL RN BT 2R, R BILEA R B YA BT o s R
Bl R ey S W ) N o R A RS R N N
B, 32 B DR A R AR 2 R ) B e G B R IR
BN, BB R, TR R R AR KA
ERmp B HAN, WIS RIS — e R,
BIARMIARE . BN R FE R R B B A 2R A
F ) B R 2K (B B %, 2011; E N L 5,
2015b; B M455E, 2017).

TR A A A S R GRS FRIE AR . H
SRR PRCEE NI/RMAES RS, dbiRaR%. i
—2k, 41H34°-22° N, HMYIX RFEHFEE, XARK
SBAEF 2%, SRR AGH R X R AR O
PFHEVFZRA M. JBAF BEY . 1ZH X AT
SRR G AR AR A S R G, S T WA
WERRE AR PTARFIER AR AR S R, R i
bR TR B A R TR AR S R, KRB X
VIR, & S R I A A 2 )
MY S Y-S TEHLA T 3 R 20 )
— AN AR S RS (R EHE, 1980). A E B E AR
WAS RG T RA WO E BN ARG, HXTR
] 7 A XA 5 L T A VA A R AN 2B S Ty e
FUR > o ARSI BOT iy B AR R
H AR RS DX T R A 55 B0 T 1R 0 e 22 B 1 o A
T, PRITIZHLIX AT L IR A R S FETh e g Pk,
I A A K IR IR T 04T, W1 ERi1%2%
HEETHERRES RGP AT IR, it
— 3D IRNHIF 703 AR Hh XA T B 1 22 B 1 T B
ML B9 5 #H R JE Al

1 MRXEAne

1.1 X8R
W0 X 37 T W7 V48 T4 B 58 9 il H D [



%1 ZRIEAE: L R SRR DR R R 2 R S ) A 83

FHKE R X (29°10-29°17' N, 118°03'-118°11
E), J& T MLy o S Ak bty (R AR, 1980).
Z X & SR B R U X, U250 B, 4T
¥)RiR15.3°C, KIS HIES,221.5°C, Tk 2
250 K, 41 1 B K £1,964 mm, X E A
92.4%. % B Z= AR, — S UsEA R
FIEARA . XNHIEE IR, kT FE 2R
AT WL B SRR X AR AE A 58 4 1 LA Bl it
(Castanopsis eyrei) Fl1 A fif (Schima superba) & AL %
Folt () % S B HERR, AR X R T FL8,107 ha (e 45,
2008) . PRI X RIRMERE LRAEAHNT TE4F, AR 1R
W #E1504F L b (T W] %4, 2001; Legendre et al,
2009). i Zk i AR i L PR R 2R A, 3R B
o34 T4 350-800 mit iy AL 7E; 7EHHR720 m
(L) AIB00 m (L) E 1,100 mi Ay, /A%
K 5y A (Pinus massoniana) &t @l IR AE K, K
1,100 mbh_ L Z 1L T A# (LA (Pinus taiwanensis) ik
(T-HHIR4E, 2001).
12 MRFGE
121 FHIMAE

20164E8 4, 767 H il BRI X I T % T
IR FLR AN E 5, A I PRI ST R | A
MR AT, ar F M. BIRER. AR
& FIFR AR LA 1 594K, 35 CARIRME T, 7 ]
SEIG  WAE . B Renvall (1995) 1 73 41 3145 &
HY SR AT A S BRI, A AR BRI AR R T 4 R
AN EIEFEE 7 NAN T B (D& — 2 WARSE
JEAA, BIREARRFEREA AR, W ERIFGEE
12 QRIS g BIA SR, SEA B B2 A NI
GRIE S, ARMECEE; Q=2 BIAREAEILAR
(IR B L2 S 1 58 4, AWM R 12, (HIERE LR FF
BIARMEAG TR, AMIEAE; (4)EE0Ug: FIADL
RSLAIIW B2 L e A 42, ARRIRFFBIA M A
TR, ARMIREK.
122 ¥RAREE

WRFEAH 22 B Nikon80i, R 4 x4 1) 1 S 44
FEMTEASFHIE . L2450 7R — e 3 3
MRS R A AT %558 o X 22 W A5 ROV 485 )
WARABEHA E A, R FAY T B i
Phire® Plant Direct PCR Kit (Finnzymes, Finland)ix
&, MFrA R HEEIDNA, @il PCRIEEUITS (PCR
YA 590 1TS2. ITSARNTSE). LSU-rDNA

(PCRATMF514): LROR. LR3R. LR3FILR7)%: 3
AR BEEAT I o [ BsE GenBank 7 3k BUFH 56 ]
BERA(CKBERERNHFFHRRE), B8H
Clustal_X 2.0%f*F bk 4+ 5 51 # 47 tb sk, H
jModel Test#f4:, T Corrected Akaike Information
Criterions #E T 3 £ 3& & (1 3 4k 53 Hr A AL =
B AR A H & R R A 24, 12 FIMrBayes
3.2MIPhyML 3.0%k M, 4R H s KR 297k, DLrt
WL MR K RIEE R AR BN, RASSTES
FEAER B 1R R
1.2.3 IMXRMER ST

ARG EH MR 2 MR A M X R ek, Hoor A
S R, HERX — 7 RKEH L, 240
R (R Rl 2 B B3 YRR R AT, B
& v [ 7E P R 2 M X I A, b E s
JeERIFETE T S AT BRI v G, b
T B4y AR B8 G — 3 FACHT A o A AR K LG
(Ryvarden, 1991; J& Wi flik £ &, 2013; 513E4%,
2015).
124 EEIMHIHE

K6 HBE 1S A 258 (A white rot; 1§
brown  rot) 3= ZZ 4 X A JE I B AR A I 48w A5 R,
227 M R SCHRIEAT 1 5€ (Ryvarden et al, 1993a; by;
Ninez & Ryvarden, 2001). 7J& B 1 7E A [ ) H B
AR (5 DR R A ) AN AR 3 ) v (AR B )
P52 O R SCHR(FR R, 2003; 1A I £ AL,
2015).

i ¥E K FH Excel R Ag 2EATHEHE . A A B

21 YIS XRER

BF AN RAEAR A IL 11580y, V% 8 A JE K #i45
JE92Fh; Horb IS EH R 78R, 5 BT R 184.8%;
I A #1480, 515.2%. G31M)E TRf, SATa
Fh2K11133.7% (1 3%1) -
22 ARBEREXRHIBRL S T

B X ZR 1) M3 7y — R 4 U sloRp 19 4y
A7 RIRN 5y o BT B 0525 8 A AR 2 A X v A
SEAT T AR, T CAREER oy 43 A AR X R A
XTH o
221 BHIMIER S 9

R B S5 L vy F L AR PR X 40 A (A L
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PR A 5%, ¥ P 2 A 145 J& 43 A 24 43 D DA
32k

(DT i & oy L XA o BB g
i J& A /) # L JE (Antrodiella) . & L &
(Bjerkandera) . 1 fL i J& (Ceriporia) . K 1L I J&
(Daedalea) . %k ik B J& (Dentipellis) . £F fL B J&
(Fuscoporia) . R Z J& (Ganoderma) . 1% 3k i &
(Hericium) , %% 14 . 14 J& (Hydnochaete) . % 5L 1% &
(Hymenochaete) . £ 14 1% J& (Hyphodontia) . %5 [X L
I J& (Junghuhnia) . 7 7 J& (Lentinus) . % 4R LB
J& (Perenniporia) . Ji &°F ¥ 1 J& (Phanerochaete) .
AL JE (Phellinus) . 41 ik i@ (Phiebia) . 4L
B J& (Polyporus) . 7H K fL1# J& (Postia) . % # B J&
(Schizophyllum) . J% £ %5 J& (Scytinostroma) . 1 ¢
FL 1A J& (Skeletocutis) . Ui H- 1 J& (Seccherinum) . #]
H 8 & (Sereum) . £ SL B JE (Trametes) . T B &
(Tyromyces) 553264, 15 427 )& 11157.8%.

(AT & o o HE L XA B BB R R
fi J& 45 : i fL 5 8 (Antrodia) . 5 fL 1% J& (Castan-
oporus), LI FL 1 & (Ceriporiopsis) . /)N W 1l FL
J& (Fomitiporella) . 1812 fL 1 J& (Fomitopsis) . #)5 T
fi% £L 1% J& (Oligoporus) » Ik 3F K L B J& (Wolfiporia)
SILTANE, 5 AR 15.5%.

Ry —TE #A7 J&8 o 7 Ly XA L T 1) 4
i =G o A B A VE R W 8 (Amylo-
stereum) . ¥£ %8 FL 1 J& (Cyclomyces) . #: = fL &
(Fulvifomes) . Ginnsia, & it ik £ % J& (Hydnophl-
ebia). 22 EAK I H JE (Hyphoderma) . L/~ fL i JE
(Microporellus). /INLE J&(Microporus) . 114 1% J&
(Mycoacia) . i #i4F fL B J& (Pseudowrightoporia) »
0.1 J& (Rhizochaete) . £4FL 1 J& (Tinctoporel lus)
120 Jm, 54l 926.7%.
222 MEIHIBR S

o B AR OR A XK JE TR A ) X2 b B
B sy EIAFR, ARRGT—IE 3G B N,
T R ) 38%; L N T BT A g3 AN L R
Ly, o3 26.1%4123.9%; HAth JLFRIX 5 A4 th
A—Es . £ B, hERAG A AN, 7
%1 &Antrodia tropica, Fomitiporella caviphila, Fulvif-
omes indicusflPerenniporia nanlingensis, X475 /&

38 T E R, B A AE 1 E R 3 (Zhao & Cui,

2012; Cui, 2013; Zhou, 20144, b).
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Fig. 1 Geographica distribution of wood-decaying fungi in
Gutianshan National Nature Reserve. A, Asia-Europe; B, East
Asia North America; C, East Asia; D, Endemic to China; E,
Cosmopolitan; F, Tropical-subtropical; G, North temperate.

3 TS

31 ABEEMRFIADR

L E AR AR X 92 A L A
A 78%H, HAF B Z NN . AR AL
REFMINEATR, LRKAEC R BRI AZER
=, 1 Fuscoporia contigua . Ganoderma sp. .
Perenniporia subacida. Phellinus gilvusix 4%} [ J&
RIS A KAETE W b, BRI B 3E TR
FET, AHANE RR ARAE KA LSS, 5 KA RIS
H - Castanopsis castaneus - 4= &K T4 I, i
FSCET AR AR B 1 S A o T 1470 48 €00 J A T 28
i, Fomitopsis pinicolaflIF. rosea/ f& &1 A4E K T4t
MR .
32 TEEREARERMNABER

ARG E R EEARKEELKRTL0 emJEIAEL
WBE b, AT ATE NI, LT SR
61.4%, Antrodiella albocinnamomea, Cyclomyces
xeranticus, Daedalea dickinsii, Polyporus hygrocybe
se B B AR AN, B4R 82-10 cm
HIBIARR B KK HE8CE 5 S E30.4%; H
BN T2 emf /B EORIE HE B BUD, AR 13
by A (B 2q), HrFuscoporia contiguafi 7]+ 4
ERCAR I /N I, T Polyporus moriFil Skel etocutis



%1 ZRIEAE: L R SRR DR R R 2 R S ) A 85

110
a

CC
—

Nel=)

o o

dan
[e.2]
(=)

HH%E Abun
— WA Uy
SRR-R-R-R-R-R=

0-2cm 2-10 cm >10cm
BIA B Wood diameter
90 r b
80+
870t
2 6ol
-§ 50 L
<
i 40 -
&30t
i
20
10
NI Il
DC1 DC2 DC3 DC4

FBIAJE RS 5] Wood decaying class
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Fig. 2 (a) Number of wood-decaying fungi on fallen wood of
different diameters; (b) Number of wood-decaying fungi on
wood with different rotting classes. DC1, Decaying class 1;
DC2, Decaying class 2; DC3, Decaying class 3; DCA4,
Decaying class 4.

niveaX & 32 BLA% 16 £ G H L.
33 ARIBEFRFRELMABEELE

o Ll B AR R X P AN [ s A R fRR B
RIBAEHEMMEZRUL, JHE—HER L
KR brA, FIET 7 ZREIR FRER
AR %, ICRERI6MrAS, F)ET45
i, R H A KR EZN AR R SR, Hrp
Ha B A A %5 1 ) A & Daedalea dickinsi,
Microporellus obovatus, Polyporus mori, Tinctopo-
rellus epimiltinus, F&H ISR 35K T2k, Fik
e = RBIR FRERIF AN IRA, S8 T 298, H
rH Ceriporia xylostromatoides, Ceriporiopsis aneirina,
Cyclomyces xeranticus, Daedalea dickinsii {4k & E.
AL TWgEIAR FA 140 1450 (EI2b) . AT
HHAEA R ISR ABIAR E AR A LR, [
— /NPy AT e 2 s B2 A 12 25 g, tn Polyporus
leprieurii H I 7E 18] A & 42 19 124 124K, Daedalea
dickinsii t L 75 5 A & 42 (1 248 F134%, Cyclomyces

xeranticusH I 7E 21 A J3 1 ) 3L ALK .

7 HH L A P AR, A (ST A
SRRR AR, B ol 2Ll DA R A SR 2, AR AR G
o WNARREFAMAE S RRE, 1% XK R J
P 165 BT 1 e 2 L A 74 84.8%, 3t vy T 48 i LT
AL LR S5 A% b 2L RSO A S TR I SRR A LA
BAERH . 54, BT L E AR X B R
BRMAESTHE, BIAMERZ, AIREERENEK
PRft T RUFMFAM, RIERWFEEE, 928 H1E
A 3R E TR

I 5 L TR P R FE o 43 TR 52 L B 3 B A 1 R
mEA—EMEN, 2 EEHAhE, i
[ 7E A A AR 22 Hh X 359 o0 A, EE 22 )& 1) 0 A7
S XA DG o o R s JE R FE IR A L R
BRI LR FIEHS, SRS A0 AR |
B LA B ST R AE ot L b X PR A S L B )
Tt X 28 b B B 43 3R I HH A8 B S8 1 4 — S AR AR
fiE, AHAZ b X B A AR R AR R, )OO — 2
HRMGRA KPR 7 IE B RS, izt
DX bR 7 B A3 B FPS  BTA R A AR 23.9%. 1
26.1%[1) )" A7 5 52 7R v EE L X P A S L b 2R
5 A XA — 3L

AWFFCARH, B A A ) kR AE K
TERHAB KRG I, Ay phik A KA E e
FEREBR FIMBIA L, A LefhnZig S fh 25 4
Z a7 AT LA K (0 A AR R R, 2013). & [
SRR X N BT 1A 25 1) 3 B P 6L A% AR A K AE B
BFRT10 emiffEIAR E, BT IR BIA £ 2
AR EEYM 2 EER R . mNMEHT
A B 5K - e 1) AR K AR /N R R ol
5, AR EE,

AR BRI G2 — A sh &L e, Bl
FEIR AR MR, HEAL A b 2 AR 1k,
HEAKMHEEMENEERAERAES. £
75 3o e R B EE L DX SRR A S B 4L
B, B ER EAEKNEREM RS
HUR B =B, aTEH, ZhX AR
HH B RTE I G A B B b, 2RI
B PR S i 2 A2 B B 1 — 2R T
WIHE B B B AR K s el 25 L b, R
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TR, EATRE IR AN i B8 1 S5 84 3
HHEREUE FEBHTAE K, RISt oy A G A E R
ARRAL T SRR . AR ST P SR R AT B R AT AR
KAETE VAR FIE A ERAERKH . A HILHHX
AN TRV 2 AR b AR K R A S 0 R P 2R S = o AT
B A X —2, (EEXNFERERRPX. K
H Ll B SR OR T IXFI AR R Ll AR AR X4 b 1) A 5
PR S & EEURRE A K 7 1 R
U R &5 R (B 5%, 2011, T /NHEAIEE K%,
2015b; 5Kk H#EFIZE K34, 2016).

26 FE AR AL I8 I 52 AR AR A S R G W R A
T 5 M 120K 73 v R 8 0B BB 2B s AN TR R L
AR K B, RULBIR A E M 2 1l
YT ARG EE A Z A E BN, R
MBI AREFE, R EEEIERR
MR Z R R, H GG AR B AR R SRR IR 98
XA FLRE B ARG R T BRI AR, AR
(R R B M ek D o IR SR AR ARAR A OR A, 3R
PN RRAR AR I ORATE, AR B B R R B
HEER X

s AR REIME/ETPEHAFRMA
WA ST R AR I A Bt e K A 8, et
Ao B0 Bt
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No. Species Functional trait Occurrence frequency Geographical element

L FRIERPIFE JEAIFJE Saprophytic/white rot 5 Rare P 4 Tropical-subtropical
Amylostereum orientale

2. Antrodia sp. JEHEI# S Saprophytic/brown rot #i47 Rare JEiEH North temperate

3. L Ji 1456 Saprophytic/brown rot #%f5 Rare W EHFT Endemic to China
Antrodia tropica

4. HINELE JEAIAJE Saprophytic/white rot ¥ L Common Z5 . East Asia
Antrodiella albocinnamomea

5. BEH/NELLE JEAE/ % Saprophytic/white rot % L. Common HA— 3 Tropical-subtropical
Antrodiella liebmannii

6. F#IK/EILIE JEAIAJE Saprophytic/white rot % L. Common JLiAF North temperate
Antrodiella romellii

7. LR BN JEs2EI 8 Saprophytic/white ot # . Common JEd#AF North temperate
Antrodiella ussurii

8. JHEILE Ji /A )% Saprophytic/white rot . Common 54 Cosmopolitan
Bjerkandera adusta

9. WEALW JEs eI Saprophytic/white ot # UL Common JEdHF North temperate
Castanoporus castaneus

10 Bl oK L LA kI K% Saprophytic/white rot #5745 Rare JbifAF North temperate
Ceriporia alba

11 AL i EIE RS Saprophytic/white rot . Common JLi 5 North temperate
Ceriporia aurantiocarnescens

12.  Ceriporia xylostromatoides JEEIE RS Saprophytic/white rot # Rare #—L AT Tropical-subtropical

13, LB JEAI )65 Saprophytic/white rot  #4i45 Rare Jbif A North temperate
Ceriporiopsis aneirina

14, R Bl L Ji £l K% Saprophytic/white rot . Common JLiE A North temperate
Ceriporiopsis balaenae

15.  BLESLEH JEEIE RS Saprophytic/white rot # Rare Z1V. East Asia
Ceriporiopsis fimbriata

16, 3 S L JEEIEKE Saprophytic/white rot  # Rare JLi 5 North temperate
Ceriporiopsis pseudogilvescens

17.  Ceriporiopsis sp. J& 2/ Saprophytic/white rot %47 Rare Jb¥E North temperate

18.  FHEHFLIA JEAIAJE Saprophytic/white rot % . Common Z5 . East Asia
Cyclomyces xeranticus

19, Rk FLIE JE A48 )65 Saprophytic/brown rot # . Common ZR. East Asia
Daedalea dickinsii

20. Dentipellis sp. 1 AN JE Saprophytic/white rot # L. Common 54 Cosmopolitan

21. Dentipellis sp. 2 JELEIFI)E Saprophytic/white rot %7 Rare [ 54 Cosmopolitan

22, AN AL B JE eI Saprophytic/white rot - #4547 Rare T E44 Endemic to China
Fomitiporella caviphila

23. aZGMESLE JE 14 K% Saprophytic/brown rot # . Common JLi 5 North temperate
Fomitopsis pinicola

24, HHWESLE JE 14 K% Saprophytic/brown rot # . Common JLi 5 North temperate
Fomitopsis rosea

25.  Fomitopsis sp. JEA:14E)65 Saprophytic/brown rot & i, Common JLiRAF North temperate

26.  HEEFLPUEFLE Jis 11456 Saprophytic/brown rot . Common JLiAF North temperate
Fomitopsis spraguei

27, HEHESLE kI K% Saprophytic/white rot #5745 Rare W1 [E4F4 Endemic to China
Fulvifomes indicus

28.  Fuscoporia contigua FANAE Parasitic/white rot i JL Common Jtid AT North temperate

29. Fuscoporia sp. ZAIANE Parasitic/white rot #ifi Rare Pulls—Tr 717 Tropical-subtropical

30. Ganoderma sp. ZEIA S Parasitic/white rot WL Common 544 Cosmopolitan

31. Ginnsia viticola JEAEIA B Saprophytic/white rot - #4if5 Rare =i iy Tropical-subtropical
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32.  Hericium flagellum JEAEIATE Saprophytic/white rot % . Common Fati— i Tropical-subtropical

33, HAEEU R i EIE RS Saprophytic/white rot  H . Common Z1V East Asia
Hydnochaete japonica

34.  Hydnophlebia sp. JEAIA)E Saprophytic/white rot L Common PA— A Tropical-subtropical

35, R E i EIE RS Saprophytic/white rot . Common {54 Cosmopolitan
Hymenochaete adusta

36 BT JE A1 Saprophytic/white rot  Hifi Rare PAr—IF $H Tropical-subtropical
Hymenochaete anomala

37, JEAER JE /A Saprophytic/white ot # WL Common MA—TF$4 Tropical-subtropical
Hymenochaete cinnamomea

38. Hymenochaete epichlora JEAIATE Saprophytic/white rot % . Common HA—IF A Tropical-subtropical

39, IR JE /A Saprophytic/white rot % WL Common A—TF $4 Tropical-subtropical
Hymenochaete hydnoides

40.  JERTZVEE L JEAEIAE Saprophytic/white rot - #i47 Rare MA—TF$4 Tropical-subtropical
Hymenochaete innexa

4l KR JEAEIAJE Saprophytic/white rot WL Common A—TF$44 Tropical-subtropical
Hymenochaete longispora

42, KEEHER JELEIFI)E Saprophytic/white rot  # I, Common HH—TF A Tropical-subtropical
Hymenochaete rheicolor

43, PAOERAET JEAIA)E Saprophytic/white rot L. Common W= M Tropical-subtropical
Hymenochaete unicolor

44, ZRIEER JELEIFI)E Saprophytic/white rot %7 Rare P~ A Tropical-subtropical
Hymenochaete villosa

45.  Hyphoderma sp. JEAIA)E Saprophytic/white rot  #i# Rare [H-5)"4i Cosmopolitan

46. MR LLINEE i EIE RS Saprophytic/white rot  # . Common {54 Cosmopolitan
Hyphodontia flavipora

47.  Hyphodontia sp. &4/ E )8 Saprophytic/white rot i, Common Pt~ 4445 Tropical-subtropical

48. AL Ji eI K% Saprophytic/white rot . Common {54 Cosmopolitan
Junghuhnia collabens

49.  Lentinus tuber-regium JEAEIAJE Saprophytic/white rot & . Common A — #4 Tropical-subtropical

50. B ORIl NFLEA JEAIF )8 Saprophytic/white rot 5 Rare HAH— T 44 Tropical-subtropical
Microporellus obovatus

51. %ML JEAEIA NS Saprophytic/white rot # L. Common -7 #4H Tropical-subtropical
Microporus affinis

52. /ML JEAEIA NS Saprophytic/white ot # UL Common AT Tropical-subtropical
Microporus vernicipes

53.  Mycoacia nothofagi JEEAEIA 8 Saprophytic/white rot  #if5 Rare HH—TF M Tropical-subtropical

54. Oligoporus mappa JE5 A/ )85 Saprophytic/brown rot #if5 Rare Jtid AT North temperate

55.  Oligoporus sp. JE A= )65 Saprophytic/brown rot #i45 Rare Jtid AT North temperate

56. (U2 ERNLA JEAEIATE Saprophytic/white rot % . Common {54 Cosmopolitan
Perenniporia fraxinea

57. ML FREMLE JEAIAJE Saprophytic/white rot L. Common 544 Cosmopolitan
Perenniporia medulla-panis

58. IR ZAEENLE i eI Saprophytic/white ot #%545 Rare W EHF1T Endemic to China
Perenniporia nanlingensis

59. Ak 2L JEAE/A % Saprophytic/white rot % . Common S Cosmopolitan
Perenniporia ochroleuca

60. Perenniporia sp. JEAIA R Saprophytic/white rot {7 Rare HH—TF A Tropical-subtropical

61l R 2 ENLE FAIANE Parasitic/white rot W . Common JE#iAF North temperate
Perenniporia subacida

62. Phanerochaete galactites FTFHEIA Parasitic/white rot i UL Common A—iF #4iF Tropical-subtropical

63. Phanerochaete laevis JELEIFINE Saprophytic/white rot  # I, Common [ 54 Cosmopolitan

64. V5IPHR kI K% Saprophytic/white rot #5745 Rare JLi 4 North temperate
Phanerochaete sordida

65. PYARESLH Ji kI K% Saprophytic/white rot . Common %L1 Cosmopolitan
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Phellinus ferreus

66.  HAJZILIA JEAI 1 Saprophytic/white rot  # . Common JE#iAF North temperate
Phellinus fragrans

67. ARG 2EIAJE Parasitic/whiterot L Common HEF) 41 Cosmopolitan
Phellinus gilvus

68.  Phellinus sp. JELEIJE Saprophytic/white rot . Common JEiEH North temperate

69.  &HHKR JEEIE RS Saprophytic/white rot  H . Common [l %L 4ii Cosmopolitan
Phlebia aurea

70. Phlebia chrysocreas JELEIFI)E Saprophytic/white rot %7 Rare 154 Cosmopolitan

71 e 2ALE i EIE RS Saprophytic/white rot  H . Common {54 Cosmopolitan
Polyporus arcularius

72 YL L JEA:IE )& Saprophytic/white rot ¥ ). Common HH— T 445 Tropical-subtropical
Polyporus leprieurii

73.  Polyporus hygrocybe JEAEIATE  Saprophytic/white rot & . Common AT i Tropical-subtropical

74 ZZALW Ji eI K% Saprophytic/white rot . Common L4 Cosmopolitan
Polyporus mori

75.  Polyporus sp. J&EA:/E )8 Saprophytic/white rot 5 Rare HH— T 45 Tropical-subtropical

76.  Postia sp. 1 JEHEI# I Saprophytic/brown rot . Common P — #4 Tropical-subtropical

77. Postiasp. 2 JE =I5 Saprophytic/brown rot UL Common HF A Cosmopolitan

78, AP ALIE J& 421388 Saprophytic/brown rot #iH Rare W—lik Asia-Europe
Postia simanii

79, IREVNFELE Ji LB I Saprophytic/brown rot i . Common JEiEH North temperate
Postia tephroleuca

80. K AT LA JEAEIA TR Saprophytic/white rot - #i#5 Rare HA—TF 35 Tropical-subtropical
Pseudowrightoporia oblongispora

81.  Rhizochaete radicata JESZEIF1IE Saprophytic/white rot  #ify Rare WHI—T A Tropical-subtropical

82. R & H

.

£/ Saprophytic/white rot . Common {54 Cosmopolitan
Schizophyllum commune
I

83.  Scytinostroma sp. i EIE RS Saprophytic/white rot  H . Common {54 Cosmopolitan

84. [T RALE Ji eI Saprophytic/white rot . Common {54 Cosmopolitan
Skeletocutis nivea

85. i IR JEAIAJE Saprophytic/white rot % L. Common 544 Cosmopolitan
Steccherinum ocharceum

86.  Steccherinum sp. JEHEIA NS Saprophytic/white rot i ). Common AT Tropical-subtropical

87. B JEAIFJE Saprophytic/white rot  # . Common HA— 34 Tropical-subtropical
Stereum ostrea

88. ZLARMALIAE JEAEIATE Saprophytic/white rot UL Common WA—IF A Tropical-subtropical
Tinctoporellus epimiltinus

89. Trametes modesta JBEAEIATE Saprophytic/white rot & . Common =i iy Tropical-subtropical

9. =2 JEAIAJE Saprophytic/white rot ¥ L. Common 544 Cosmopolitan
Trametes versicolor

91.  Tyromyces sp. JEHEIERE Saprophytic/white rot i . Common HH—IF M Tropical-subtropical

92.  Wolfiporia dilatohypha JEAIE)E Saprophytic/orown rot 4 Rare Fl—dt %

East Asia-North America
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Conservation easement-inspired adaptive management methods for
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Abstract: It is difficult to carry out highly effective management in the natural protected areas of China due
to complicated land ownership and lack of scientific research, especially in the National Park pilots. This
paper proposes a conservation easement policy based on focused conservation needs by integrating an
innovative adaptive management method and an ecological compensation plan, using the Qianjiangyuan
National Park pilot as an example. First, the major conservation needs of the ecosystem elements are refined
by determining the spatial scope of the easement implementation according to the land type. Secondly, the
relationship between conservation need and the livelihood of local residents is clarified to form the classified
conservation list. The evauation method for easement is designed in three dimensions. improvement of
monitoring indicators of the ecosystem, compliance with positive and negative actions and community
capacity cultivation. Finaly, the easement contract is formed by outlining the clear rights and responsibilities
of the easement donor and donee. A scientific and flexible plan for ecological compensation is also carried
out. This method can effectively solve the problem of land resource fragmentation at both on the ecosystem
and landscape scale, which is normally caused by inconsistent ownership, as well as the conflict between
community development and ecological conservation. Finaly, this plan can be applied to the natura
protected areas in southern China where the collective forest coverageisrelatively high.

Key words: ecological compensation; adaptive management; conservation easement; natural protected areas;
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Fig. 1 Adaptive management framework based on conservation easement
EEIBORBET, BT, SouibmASAMENLE], RS ool LA, EBARS& 1, IF PR AR AR R
With the help of policy design, establishing a market-oriented and diversified ecological compensation mechanism, and building an
interest-shared community, forming a protective synergic force, and guaranteeing them with laws and regulations.
Bio-diversity offset/FJl T, 5I AL IraBe, BRI LW ER AR
A IR /NI, HS BRI
— Eco-compensation for | Under the principle of Bio-diversity offset, introducing multi-source finances,
environmental damage building the national park town with its own businesses, and participation in
carbon trading, etc.
FR R G A T i R R E R R (S — SR 7 e . AE, ARIRIER),
- SEPAZSTE T R SR FRREE, MRS A ZILREHR
HAAL BT TSRS Establishing a national park product brand value-added system (unified green Multiple
Easement Eco-product market trade product standards, certification, and labeling system) for ecological product development
value realization; Expanding ecotourism and environmental education, and goals

AR M

Ecological compensation

developing sustainable production

AR TR, DI AR 4, DB A SIS ShIESAT 0% 5L, BB R Tk
Yifh. MEMFEPRAEIVAG RSB, 44 T R A

»| Refining the conservation needs; Clarify the conservation targets; Clarify the

list of positive and negative behaviors of human activities; Select indicative
species and monitor indicators to assess ecological performance, and provide

A

rewards and punishments

A : Bl ZHE4E Providing diverse compensation ways to land donor

T N P24 K Making national citizens to be land donee

B2 ZEFEXFRMRGIEESHMES RIEITER. Biodiversity-offset BlIEM i P, TERETIENEEFMN

KERR—ENFRENESRF SN

Fig. 2 Technical route for the ecological compensation mechanism based on easement policy in China biodiversity. Biodiversity-
offset: after certain measures, the impact of the engineering projects on the ecosystem diversity can not be negative.

Witk Z AR AMENLE]", DU M AL XK
FEUR 1 B AR SR, AR 7T A i B R SR P 2
iR, BEMZ Sy, @R ILEAE, TBRR
&7
1.3 MRFGE

AW I EOREUCCHR A ] 245 4 2R A i)
BRALG L BN R [ 5 el A o) ot
Ab, s A AR RS RG(T I IR S, 2001,

RYLEE, 2011; ARHEIRSE, 2018). EW) 2 FEIE (1 2 A8
2, 2010; #ifiT5, 2012, #higSE, 2015)FAE &R
(JIAK, 2008) [ 5 A 0L HEAT STk 73 i, 1 il BE
Bt

e g 1 ST IR R A T 58 A T RN 45 4 X
RN —Fh Uik T 20 AT 5T A b A o = R

B AT AR (H AR SRAAE X ERE R) . BUFHER
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RE0 1T ) B AN (PR 3 DX B AL 1R A 5% T30
). VIR EE H 12 1 2 Ui Flam ek 5k
TR Z R ARG, R IE AT i i e DA S AR
BAME T BB . MG = B XA X
JRAE R BB A =R AEVEE AL, T2 E K
Py AT BRIR KPS A B
1.4 ZRfIH S AIERL

AT T 32 BT B VYR [ 5K 28 el A o] ik A X
(BATN fi Ak AR VLR 1 22 28 Bl ™), Bl it 16 5K A il Ak
WEAREN DL SRR LB X, A
A St AR AR SR . RV R A T B 4
TWHLIFFAL R IR KUL ATH L SRR ILAN S,
J N9, 744\ (2220144 )iK) . EA T FISEAAR BT
A 153 5 1 20.49%81179.6%. [F 5 4 ] f 3 5 i 73t
JEH TIEMASE . S TEMOMOAE AN ER FHL R 55 [N 32 3
EIBRMAES RGWE . WA A A R B AR
PFUERHE I R LS, )0 2445 0f B &
TR SR RAR SRS, B B UK R
(Syrmaticus ellioti) &5 B A 2h 4 5 24 3 (1) SR 25 S5 AR
G T NHSP AT ¢ R o

2 BURIRITHIES

21 RIERMFEIFKSH
A DRI ] E Ve v (At e X R 2K 2 [
WHENEAMERRE T REN AN ERER

#1 WLEERQEERMNENELRRFR

ArEL AEIEIIEEAR L, R ERTRIL, 4
XA EZ# . A e e s, PEANDL
EEAENED, FFHUZEN WFIHE L
HANE.

AHIF TN R 22 5 A IR N B 1 55 = 57 3 [
FN el g B SR AR A, A b ZE o H R A RO B &K
ATEAMERIVRR, WR2FT7R . FHER DA R
AMEVRR ZRIBOR: 604 DL BN 3 24y s
Fr B AN BE ST 1) BE A B it 2% 1 AN o A X IR 55 7K F;
A 57 3186 77 (T H: A 5 A 4 T 1 0 7 R 5% U1 Ak
WHLL; AT EARE XA R IF A
22 MBEENMEIBMESR, FARHbEAUHIE

TE PR A R R EAEE AR R oK,
SE I B S il AR BRI AR v R 25 () YE R, i) I AT
T IR E B T

(V2R TRk . EZE PR D IR ATE: B
RPN R(FEEIRARAIR . ARG KA
RAMSEE), MALRI T G 2 75 oK (FE 22 X 3k
YL BRI ), e 5 R R IR = AEVEAT
RNZ AR R o HAR BT IRE K A b, 3T X
A7 R G0 RN AR W 2 R 1) 1 0 R e R A S 1A
B, W T DM b S R S AR AR 25 R G LA
SRR AR = AR 5, DL B
TRAF 2P (AT JE 35 3030 B AN 4 /N IR RS H b (R
et 2008; WL 1%, 2010; Wzl F, 2014).

Tablel Basicinformation of key villagesin Qianjiangyuan National Park

24 EEAN) AH X
Town Natural village Population Zone

S a4
Major industry

TR RS B

Core conservation targets

JrFE Suzhuang

Je#E 0 Longtankou 118
%11 Dongshan 106
KI5k Waichangkengtou 80

Pk Neichangkengtou 6

¥ L1 X Core protected zone
ABRE X

Ecological conservation zone
0 #37[X. Core protected zone
D #37[X Core protected zone
Ecological conservation zone

¥ L #471 [X. Core protected zone

¥ #37[X. Core protected zone
¥ L #41 [X. Core protected zone

#H24% Qing antang 24 AESREX
PFI¥] Chong’ a0 6
& B3k Linglitou 2

FE Qixi K1l Dabaoshan 79

KT Changhong i Hetan 99 ABFREX

Ecological conservation zone

Fnk, mE

Tea and sasanqua
P LIRS

Tea and sasanqua
Zet. RAEY)
Teaand crops
k. CRIED

Teaand crops
&t Tea

A, R
Tea and beekeeping

Fit. RIEY

Teaand crops

EERG. KK
Ecosystem and water sources

AEBRGE KR

Ecosystem and water sources
B RS Ecosystem
4 RS Ecosystem
A RS Ecosystem

A RS Ecosystem

A5 A Ecosystem
A RS Ecosystem
EBRG. KIE

Ecosystem and water sources
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() 72 T B S AR A 22 [RITE o 455 AR AR
PR R AT SIS MY FEAE S A, FEHE
B EFR IR 2 A R e R A X RV B X A el
SRR AL RS SRR, (H% B BB
AT AR, i R M A S It 9 T O 5 2 T . 2
H RO AR AR A I L R SR R S
(RIDX sk, B A T AN [F) SR AP I [ 3o 5 1)
(A @ A S RIE R ES R G R
PE), FFAE I DI T R M AN E i o 2 B AR BRI

#2 WLBRERQERERERMERAEMEEIFK

FABUEA E, 456 T3BUR, 2t iE B A
ZlEE, FRERERTZ 507 &5,
L 2 7 R (A2 R g0 e B L KR AR
AN FE B ) RRLSE) il ik 1A T B KIT 2 85
NIRHAE s T e A

(il sE IE AT i o A5 R L MR ) 22 5
LR BRI NFAT AR E, R AT B IE 47
TR R NER3PTR), JR A el B IE
FAT RN . Horp, iR Fa bt A

Table2 Compensation requirements of local citizens from the Qianjiangyuan National Park

E 45 Direct subsidy #4247 F] Socia welfare

A5 Income increase

TRt 2R S Foe vt R
Tea, sasanqua and other products with National park
brand

R IR RNITI DRI T SRR BRI &

AL A EN BRIEAAN

Subsidies for liquefied gas Subsidies for old and disabled people
FX TR AN TR LM

Subsidies for scenic spot Installation of wired or wireless network
development FEBRIRES)

HEAS O RN IS Diversified activities for entertainment

Subsidies for ecological forest

A AN

Subsidies for basic farmland
AR i A b 47 A s
Subsidies for the restrictions and
encouragements of easement

TEBRSE)

BT #

AR AR A B KT B s (B IR A 3 5 K HERCAL 2

MM SRR

ecotourism, €etc.

Improvement of production and living infrastructure
(waste treatment, waste water treatment, road
construction, etc.)

BEA MK

Improvement of public service, including medical care
and education, etc.

Hotels, agricultural machinery training, protected area
management, utilization of forest resources, and

#R3 REREAITHERGEHHERD)?
Table3 Positive and negative behavior list of local citizens (agricultural lands) 2

LRI G 1B/ AiT N Z 577
Conservation targets Positive or negative  Specific actions Participant measures
AR JKUEHAT 2Rk fERREMAERIE . RZG. FRET AN Individual
B RGRS Forbidden Use of unapproved fertilizers, pesticides, and herbicides
Environmental i F R 4 R B AL B ) 368 /E M IEEL Use of non-fermented manure A~ Individual
background, water
source and ecosystem FEFFHE LS Straw burning A Individual
services P AR, 435 Reasonable inter-planting and compact planting EXENEIN
Encouraged” Collective /individual
AL Stereoscopic agriculture A Individual
YRl FPEE. BEVEA ZRE IKEEL FHAERE B (1 5T A= B ) A Individua
EERG Forbidden Expelling or catching wild animals that entering cultivated land
PO O R BUFER B 26 T SBT3 AT 1 255 AN Individual
communities and Clear separation between cultivated land and natural environment by using
ecosystems the fences, etc.
B VLA AR T 1R S8 F ol 2 NN
Encouraged Using local plants as the fence between natural environment and plantation  Collective /individua
SNBSS P {REEG R B4k Preserving traditional farming culture AN Individual
S b
priginalty of cultural - Encouraged SERE R RO, RIS el RIS f£4f Collective

heritage, etc.

Moderating development of cultivated land landscape, ecotourism and
environmental education

2 FEAERERAT G, A BELSE KA RIS XTIk, £ BOE—b %, CEANMEE LR, RO X, S

IR Bl R

@ For the list of the local citizens' positive and negative behaviors, it is necessary to be adjusted considering the national park functions, which is not
discussed in this paper; ° In the core protected area, farmland withdrawal and giving up collecting corps are encouraged.
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TIEA= ) 22 16 P DR 208 3R 11 1 00 6 A LA K F 7= P4
Tof 18 M 00 7 9 (a2 BB AR SR M P 1 0 2 e A R
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MO Faks, BRI AR SRR, FF HLR
T HAE E ORI H AR AT J7 1 ) — 2 A PR A
oAt gE 7 8 B R (b ) B2 A0 5) o ds XU 4%
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Table 4 Part of the monitoring indicators for the diversity of wild animals and plants in the Qianjiangyuan National Park forest

ecosystem

4325 Category WM FEHR/J5 28 Monitoring indicators/methods JA# Period
PFAERE IR FPS Species YiFh 4 FR. #E Name and number of species BFF2IR
monitonng  EH Changes I ABLI R ST BUA RO Twiceayea

(UVA) monitoring
S AN Fh3E Species

Wild animal Fhi# Populations istributi
Pt p Sy Ak )= Distribution pattern

WIFRE N 22 46 %t Specie relative abundance index (RAI)

Changes in areas and height of different plant types by using unmanned aerial vehicle

YiFh 2 Fx . #E Name and number of species FAE2IK

Twice ayear

K Long-term

ZHPEF A Resource utilization Ir. WL EEMMATR. REMS. REHE . FHMA. g, £577:0 #HLK
Names of arbors, shrubs and herbs, collecting location and numbers, available parts,  Once a month

using ways and trading ways
ANRNTFH Human disturbance

T AR Disturbance mode and intensity

f4ELIR Onceayear
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Table5 Evaluation system of the easement in Qianjiangyuan National Park

P A B AL P R S PN EH A

Evaluation items Evaluation subjects Weight Evaluation period Evaluation targets

S /\ /"\\ 2, AE /"\\ ‘» ,‘—\—;,4_1

Positive and negative individual
behaviorsin the community

X ARARIE AT N

Positive and negative behaviorsin the
community evaluates the community
R R B DA BTV

Routine monitoring indicator evaluation The third-party evaluation
X HE B H =5 VA
Community capacity improving The third-party evaluation

The community evaluates individuals

[R5 AT L R ARIERE 20%
National park management agency

A

Compliance to the positive and
negative behaviors listed in the
easement contract

Once ayear

Once ayear
30% 4R AR RCR

Once ayear Ecological conservation effects
20% B4R X B T BRUR

Once ayear Community capacity improvement

iy FERBOR S . A SRR RV E T
HoAtt 2 IRIEIRIESE).

A PR =AM RBR + (a3 AME

QBB RISt AL &5 (A AL 45 R
PEAR MM BT BB FEoh
N AT . PR DA S (At N 5 At A
BRI LS54 N7 . ey, AR R 28 9T 1 32
H1 2 BBUR B XA B R ifEs), fllER %
AR R BRIME RIENLH]

Q)FINM LT, FEHABAL . A8 (R
B RIAERE AR BT AL 2 H L) B 51N R TR A
AUE AT . BRI T E S 5 by i [ 5O 7 i
fit LA L 2R (ot P (A AR B 368 77 o A 7ol O e
TR AR . R REAER R 7 SR R A
VR BRI R 5F) (F55%, 2018). AR R AT LK
BRI T I 5 e AL D 7 il ik ot ) D0 B4 0 38 T A
T S AL, 5 ORT A AN DRI (23R 55
DL S E 3R T . B F R E LK, B
JEAERS SR, SdiithTs lekank 25, BIF
FIRPEE L, K ORI A S RS, TR RALEIX .
RS 1] 5 23 5] 7 i it G AR 2R 1 77 i B AT
B CaA Pfr L i E SR /b il BRI e it
K RS, TR A OREE, EiRERA
bel g € /INERL, O A A A RIS AR R, (3t =
B AREAH LR g AT EUX B EA B 77, WA
VENMARE RIZEIT 7, FUES 58 B 5 X
AN X0 SR R R R A BT %, et S R
G e RO

3 BIRSEERAIREE
T P FE S A AR AR T, (B

FESEE A HDH R . BIE E AR IEE M
R R 43 15 BR AR BEAR PR V8 R AHE 28 0F 7T B B (1
JUAEE, 2013). BRVLIR E 5K 2 [l £ B AR FE R AR AL ]
JEE B B B, AT DA TR AN [RI AL ) L gk AT
BEEL SRR, o A A M SE L
iEAE RS 50, LG EKRE.

IS T ) P S DA R AR SR T A
31 HIESEE

e (=TI S > AR SES /N P VA = 8= PN
2 e E AL BT U6 . VT 48 T 46 B 20184E4 H
WA T COCT BRI 1 55 el £ A A e s 432 A
MF SZ 5 %= ) (http:/lwww.kaihua.gov.cn/art/
2018/4/4/art_1387096_1544.html). %) RAE AL
SEEAR T HURIEAT A SR AT SR, PP
HO A S0 HL A AR, a3 T R [ AR TR
Gr—E R IEARBER, R b S R B
BT EE . (HiZ T BAT FEERRE TR E X
A AHMEE, B R DR R P AL ), )
Fgg ek e i), I ARSI AF . A
FEHIHI B, AT BT AR R A%, &
Je LU SR R BUR 2248 B 7 ol DUg o Bk
) AL, BB T xR, . R
(1038 B 1 I AN 2 e I AR S AME T R

R4, RERBAXEEENS ST, AR
BRI H AR AR A A KA Tl 1 A A
Ko SHREMERERK. TIAFEER R XS
WEE TGS, UAHERAE LR AN
RGERL, X T — @ MU I H 08 AT T AR S ER
BEsZma v o
32 HIERRE

56 3 [V VR LRI 77 AT (140 ¥ 38 45 A 2 )
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Cross-border gover nance system construction of Qianjiangyuan National
Park pilot by referring to the experience of French regional parks
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2 School of Environmental and Geographical Sciences, Shanghai Normal University, Shanghai 200234

Abstract: The function of establishing national parks is to protect the authenticity and integrity of the
ecosystem. However, ecosystem integrity and the authenticity face not only overlapping protection, but also
the management division and fragmentation problems due to administrative division. Qianjiangyuan National
Park pilot is aregion spanning Zhejiang, Anhui, and Jiangxi provinces. There are three common problemsin
the process of cross-border management of Qianjiangyuan National Park: delineation of the collaborative
governance spatial boundary, discrepancy of the policy of ecological conservation and its implementation,
and contradiction between the living reliance on natural resources and the goal of ecological protection.
Learning from the experience of French regiona parks governance, this paper puts forward that the
Qianjiangyuan National Park must form a government-led (represented by the park management agency), a
multi-subject cooperative governance framework involving enterprises, community residents and
non-governmental organizations. At last, in view of the above three problems, it is proposed to realize the
unified protection across administrative barriers through the third-party participation, the unification of
protection standards through the community agreement protection, and the sustainability of protection and
development through the national park product brand value-added system.

Key words. Qianjiangyuan; national park; cross-border governance system; governance model; governance
mechanism
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Fig. 1 Organizational structure of cross-border governance of Qianjiangyuan National Park pilot
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Summary comments on assessment methods of ecosystem integrity for
national parks
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Abstract: National parks are one of the foundations of global biodiversity conservation and help protect the
ecological environment and biodiversity. Assessing ecosystem integrity in national parks can help understand
ecosystem balance, health, and biodiversity status. We introduce three methods to assess ecosystem integrity
of national parks: IBI (Index of Biotic Integrity), TLA (Three Level Approach) and EIAF (Ecosystem Integ-
rity Assessment Framework), respectively. 1Bl relies on high intensity field survey and laboratory analysis.
Albeit expensive, time consuming and requiring high level of biological expertise in identifying species, the
results are accurate and reliable. TLA, including Remote Assessment, Rapid Assessment and Intensive As-
sessment, offers great flexibility to assess the integrity of complex ecosystems. EIAF combines the advan-
tages of 1Bl and TLA, expands the use of indicator species and optimizes scoring statistics. Hence, EIAF is
one the most sophisticated assessment methods of ecosystem integrity for national parks. We aso discuss
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some issues such as incomplete assessment indices, single assessment form and subjectivity of assessment
methods in current studies. We propose that research on ecosystem integrity of national parks should com-
bine the processes that join nature, economy and society. Such an interdisciplinary approach requires inte-
grated research on sustainable socio-economic development and human health, and explore the relationship
between invasive species and ecological environment. We also suggest the need to look for new indicator
species that can reflect the state and change trend of ecosystem integrity and thus help develop a standardized

assessment system for national parks.

Key words. national park; ecosystem integrity; biodiversity; assessment; index

H 18724F 1 58 — AN [ 54 el 76 56 [ 2 57
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[ 5 AT 15,6257 [ 2K o bl (11 28) R AL ) R
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AR RIP SV R SR I 78, fe e BRAEY) 2 A OR AP
f) % fifi (Gaston et al, 2006; Timko & Satterfield,
2008). 7 1H 5 A [l BES (L it AR S IR A A 2 1
PERORY, X T4 AR KRG e B AR H

= X (Timko & Satterfield, 2008; Timko & Innes,
2009; JHEF5 K, 2017). 95T, V2 EH K A LEZAT A
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A ORI HARAECLSEEL ., BV Z RS RS
56 B (ecosystem integrity) T B& DL K AR 75 AT RS2
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2002; Rodrigues et al, 2004; Abebe & Bekele, 2018).
N1 RFEE R A FEAE . A0 5 e 8 S )
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(Dudley et a, 1999; Parrish et al, 2003; Stolton,
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G0 NAZAE AR A 28 SR AN B 2 RS B A2,
VBRI — ) e EUAERER T, AF
FE AR RGO RN B R AR, IE AN
RBZFRE 7 HE (R, SERTIHG N AR RS
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i 2 (Parks Canada Agency, 2005).
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Tablel Definitions of ecosystem integrity from different scales

RJ¥ Scae 5 3 Définition 2%k Reference
AR ARG C VR SRR AE R AE R T e B LUGE R RE 71, I HIXA MRV S5kt Karr & Dudley, 1981,
Organism I E RS — R, BRI, YR 2RI DL K DR 2V 5 Karr, 1981
community Ecosystem integrity is the capability of supporting and maintaining a balanced, integrated, adaptive

community of organisms having a species composition and functional organization comparable to

that of the natural habitat of the region.
PLFH At L AT ORI L S BEA RN, SRS RI AT R, RI94ES Noss, 1990

Dominant species

AT
Ecological
disruption

HAHZE R
Self-organization
process

H R 1 L AMEB RGBS R XK IATF B VR, 35 00 R AR R R E BB RIS # Parks CanadaAgency,
Natural quality W, BUNERS RSB, 2005

ES Wt U
When native species become dominant species and dominate the entire community, the ecosystem
exhibits relative stability and health, namely ecosystem integrity.

H SRS AL A A LA Z R A S 2R, RARS RGEN. DI L idBRAZ
NEEH A E, LA RGITE A RRNTEE N IFRFR RIETEH, HASHIFPALTE e 054542
FATRFE A B

Ecosystem integrity is defined as a state of ecosystem development that is optimized for its geo-
graphic location. In this state, the ecosystem with regional natural habitats contains all native biodi-
versity and ecological process, its ecosystem structure, function and process are not subject to human
threat or damage, ecosystem in the range of natural changes and maintain a virtuous circle, and na-
tive species are present at viable population levels.

H—ANEBRGEANZ N T BN T R 4k SR 475 IR % AR TR, A Y SEE 2 A
TR, HAES KRG E W 4 FF B H S MARENIRE, A R mae k45 B AN K
Ji&, X T H LR St AR RS e .

Under the condition without the intervention of human, the ecosystem can continue to maintain the
normal ecological function, even when the environment is disturbed by human, the ecosystem is still
able to maintain its self-organization and stable state, and it has enough ability to continue the de-
velopment of self-organization, this kind of self-organization ability is called ecosystem integrity.

When an ecosystem has the same attribute characteristics as the natural region, it includes the rich
native species and the composition of the biological community, namely ecosystem integrity.

Woodley, 1993

Miiller, 1998

(IUCN, 1993). 7EFKFE (7 5 A el i il S Ak T7
%) (http://www.gov.cn/zhengee/2017-09/26/content_
5227713.htm) P UHE E 50 Tl 5E SON: B A T 2
B Ao S E B, A FEW, DR A
AEFZREEN KT BRES RGN TEEAM,
SEHL SR FERRE R R A R )R S B dh B
PR DX Ao o R AR P R 2 fel A W 2 R
Ry KB EHRES RS, K EDRe Ry E
TERES RGN R F M, e, F 3R R
WA IFEELEE YRS, 2018). ER AR
ARG e BV A 32 BN 25 R X 1 KA [ AR
BRGMEEN . Dife UL R e B HEAT VR, #
Wr AT A2 RGeS AR SR AERF AR S RGP AT
B RGUERECL I Z e, RO H B2 1R
PAERIEL, AMZ DL BARBER,
") TR R A7 1t A0 1] 5 AH L ) DR 37 BSR4 AR
o HRAFEAESRG TEMEFNIR T 7SR
. ASERHESNESRAMRE —EE XL, it

g O AR S AR ORGP RS P B B 3 T IR,

(DFE [ E A R EIPAAE S R G2 Bk (2
BF BB ARG SR A B, ()W
LRI X (4) A58 i 5 AE M IR 2h 2
HE, (S)HR Bt — A Te B M43 A T HOR MRS I T K8,
BAERIR BB ES R G e BRI . ER AR A
SRG BN ELES R P RGEREX, B
BEAT I BRI & B 5 R N PR R 2

B oK Tl AR S R G e B VR B AR AT R
XIS R TTENE, AL —REESRSR
(RZEHE L Thae A SRR R s b AT A AL A AT
#H & 1k PF Al (Fairweather, 1991; Murtaugh, 1996;
Michael et al, 2011). ‘B % K H 2 MR bR — 4
B RG IS5 DIRE LA SO R AT H A AN A,
FHaE& Gk 7 AN [F SRR AR S FR AR AR
AR RS T ENME R HOR S A3 R 45 e B IR
(Fairweather, 1991; Murtaugh, 1996; Michael et al,
2011). Woodley (1993)#2H T EH A AT ARG 5E
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BEREAVEN AR, S RBAEYZEE, ES
ARG AL TR =AM % 5 RN R
1A ZAF 9 KA [ AR 2S5 G 50 B P AR UE
1%, I AR A 2 YRR TS R RE RS
(Parks Canada Agency, 2005). H#j, EZaEAED
RGNV TR E R T A AR bR T
dar, Hrp BARMERA &Y B HOr T ik &
(Index of Biotic Integrity, I1BI). = %7 iF {4 HE 42
(Three Level Approach, TLA)RIZEZS RS0 5e BAPEVE
fHHESE (Ecosystem Integrity Assessment Framework,
EIAF) (Medeiros & Torezan, 2013; Mahan et d, 2015).
31 TN EFREEUR N

AR RG B VH TRIR S B A AR
VA 2 SRR, FR R IR & P B R TUE T
(R P (Brewer & Menzel, 2009). T A F A2 25
RERBMAR AT RE ZAFAEZE R, FILERE
SLPHFE bR A FRI S A AR A R G S B i
BLH A, TG H BRI A S TR A, RHA
FAERFROUFSHEENES RGN DRebl K&
AR VIM R HIFEAR, R IX LE 8 bR e 0% X P15
IR A A o SR A I AR AL ) (Franklin
et al, 2002; Young & Sanzone, 2002). A M45 T
Fos A RGN EEH TR R (FR2), FFIA
9N 7 FRAR IR A (D2 R did SRR Hek
fif iR 2 RBEARFRIGFE I R (2) 17 52 . % BG4 i AN
RS T RAIEIEE R, S, EHUE
Bt BHIF TAF 2 Fl sk 5 0 2 L, (AR
PEo FETAFAES RGRBFMEBRIE TG, (5)
LRk, TR, (O)4aTE. BEAESRAL
M. ThREUL SO RE, SR EE . B dE4
VoA A S B A Sk ok, RN A A Ak
A2 BIRIAH B G &, (7) 7] # 5 % (Caniani, 2016;
Brown & Williams, 2016; Troy & Yolanda, 2017).
32 HYIEEMEHIFNGER

APV B R R iR B R E R
Karr (1981)#& i, I LA SRAE N fan BV @ i oF
R e o 3 S R A X R85 2 /AT BT S: RGN
Zifid fé(Karr & Dudley, 1981). KEEA, HEW5eH
PEFREOTON R J O 2 B TR 0 S VAR
MR . TR KSR ) AR AR VRN, 45
NP R RY R BRI B AR
YEE Y I Eh AN S 2545 (Raab & Bayley, 2012;

Chin et a, 2014; Li et a, 2015). &% A [i] X I A
FLEW, BV TE BB RO A RATA W T — 255
FIPPAS 73, A A=) 78 #4445 £ (Benthic Index
of Biotic Integrity, B-1BI) (Lawrence et al, 2011). #F
FE W) 52 BV TR $(Diatom Index of Biotic Integrity,
D-IBI) (Tan et a, 2015). £ HE7E L) 5E B 4R 4L
(Fish Index of Biotic Integrity, F-1BI) (Casatti et al,
2009). KZYTCH HE B 56 B M FE £ (Macroinverte-
brate Index of Biotic Integrity, M-IBI) (Raburu et al,
2009; Lunde & Resh, 2012). FiiFA45e 8485
(Planktonic Index of Biatic Integrity, P-1BI)(Kane et
al, 2009) LA J A4 5 BEME A 43 4 2 (Vegetation Index
of Biotic Integrity, V-1BI) (Stapanian et al, 2013). Hi
THASRGE R BB LR RN Thke
VAL R e B, AR 58 SRR RO 14 R s
R T B KA A RS 5w BN . Baron
(2003)iz [T B-1BIHfi5 Hoke I il i 2= KK P 7 i A [
F o [ O B O BRI S R G e B, X IX A 19
FBIMBEAT KA, MEAGFRZIF LY. BEH RR
PAS B H B A, g5 AR UIRIER A A I 2R 8
)22 4k (land-use and land-cover change, LUCC)H.#%
AR RS B Rk, R 2R 1) A8k
AT D 00 £ 90 T A A A R G e B 1)
—AMNEERR, FRZIBVMEAZ ORI 2 — s
BT =LA HE LR A2 78 R G 56 BEVE VP Al A
Zars,

A 8 BE AR BT AN MR R T i B Y B A
WA E NSRS, BAETER. RN, %
S TR BR &, HIEO 25 R AER T 5, bk
] K20 [l AR 2 R 40 M W R AR 25 2R 4t 58 B P v Al
772 —(Baron, 2003). (AR 2, AEX)5%E
BRI R R EEH T RREKEAES RS
SEREVETEAN Hh, DRI SR AR VU ] 5 S R R AN R
— EUCRBEVE AN & PR, R B35 0 21 T AL R 4E A
Yo FEZA B ORSP X L 7 7 RE JF R EHR R A
T, A AR e R BOPAN R R K AR AR SS
F G0 50 BENE HEAT VAN I AT 6 00 BIF 5 IX A4 R
IRV AT R, DA s vRO f v
33 Z=RIATHEIESR

ZRIE VAT HESE B 36 [ E XA ELAR AR (U, S.
Environmental Protection Agency, UESPA)AR i [H %X
2 el R0 A Sl ) DR 4 X 1R S B A 28 B B R 100 17 AT
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%22 BERAEESRGETEMITMNIESR(Timko & Satterfield, 2008; Timko & Innes, 2009; Caniani, 2016; Brown & Wil-
liams, 2016; Troy & Yolanda, 2017)
Table2 Summary of indices for ecosystem integrity assessment of national parks (Timko & Satterfield, 2008; Timko & Innes, 2009;
Caniani, 2016; Brown & Williams, 2016; Troy & Yolanda, 2017)

ZH % Composition

#%i%Eks Standby indices

%% W iR Standby sub-indices

S

L andscape context

AT
Biological condition

AT
Physiochemical
properties

AR
Ecological
processes

KSR
Hydrological
features

BT
Natural disturbance

SO
Landscape structure

SRS
Landscape condition

ARG X
Ecosystem and zones

YFhIF
Species/population

FhEEEHZS I E

Population dynamic measure-
ment

Rk

Succession/degeneration

AR

Organic condition

23S RS AR A
Air quality and climatic
conditions

g

Soil quality

KI5

Water quality

T IEFR I E

Soil fertility determination
TR AL
Inorganic and

organic chemistry
S

Chemical parameters
REEIL

Energy flow

M BRAE HLERAIE
Material flow and

organic carbon cycle
HERER . N RR
Surface runoff,
underground runoff

R LA

Dynamic structural feature

VIR I ik
Sediment and material transport

MZE, BRE. FREERTK
Frequency, intensity, duration

SRR, LIRS ZaiREG ERRETE. BEOUN TR G B
Landscape connectivity, land use index, buffer index, spatial heterogeneity, patch size,
shape and distribution, and fragmentation.

TR SREE . ORISR R R

Land use intensity, land use type, and vegetation coverage.

REVEIGHE BRI, BRSNS, BRgi. WELH

Community range, community composition, community dynamics, nutrition structure,
physical structure.

MR AREEE L FOREShAS . MRS WA R AR SRR, TBER R
P, WL 2R R HE E

Species distribution, population dynamics, population structure, species richness, native
species, alien species, morphological variability, genetic diversity, and habitat suitability.

TR IR e AR, BN
The mortality, birth rate, and population viability of indicator species.

ERR H T IR FFLRE . WA W BEVE 71

The frequency and degree of natural disaster interference, and the distribution of vegetation
age group.

ATRAS L BIRAEIR . BRI R

Physical condition, disease symptoms, and signs of illness.

RS RECE . W s R AR A

Basic climatic data, and extreme climate occurrence frequency.

WL RERE. BRI, TG

Biological crust, soil erosion, soil degradation, and soil pollution.

KM VIR, pHIE. HISE. EMIEE AR, B, S S AR
ARFAE. WEFAE. HRaB. Ripw

Water temperature, turbidity, pH, electrical conductivity, dissolved solids, suspended solids,
total nitrogen, total organic carbon, dissolved oxygen, biochemical oxygen demand,
chemical oxygen demand, total bacterial count, and coliform.

. B SRS EE

Content of nitrogen, phosphorus, calcium and other nutrients.

SR IS LR BT R & &

Content of metals, organic compounds and other trace elements.

pHIE. . WHEE. AHIAEE

pH value, salinity value, dissolved oxygen, and content of organic matter.
WA= FERRG AT WK

Primary production, net ecosystem production, and growth rate.
RBEEIA . HAhE FRIEH

Nitrogen and phosphorus cycle, and other nutrient cycle.

MRAERAAN HFRRB. K, SR, &EKkE

Surface runoff model, underground runoff model, hydrodynamics, salt characteristics, and
water storage capacity.

IR G R LT RFAE . I8 E I A X I ST L K AR A B MR AR

Channel or coast line features, the distribution area and range of flood plain, and aquatic
habitat characteristics.

VURIANG . DIRMIEEN . RAR A RHIE . FAbLY iiE &

Sediment supply, sediment movement, the distribution characteristics of particle size, and
other material flux.

Ko, dE L BT, R A

Fire, insects, floods, and pathogens.
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R, EAEVEM AL BB B AR RS R4 50 B
B A M K 1) R 3% 1% (Brooks, 2004; Tiner, 2004:
USEPA, 2006). ZITANHESR S N =42, Bzts
BUVPANY . PR B PE O A5 2 Y PP (2 3) . Michael
(2012)iz FH = 23 VP Ak HE B2k DFAN A s 42 [ 5K A [
FEF A SRS IX (A28 R G e e, KK R %A%
P IX B A SRR R T TR, 3R
[ [F % A i & # R (U. S. National Park Service, NPS)
DAL= VG HEZE R F @ TS KRG e Bt
PEASHEZE I FE bR iR &R
331 mAEEIEMN

TR RIYEAN B T A B AR B B — FhSE A0 7
X, BEHTHABRES RS, TR 2
FAAE B KA W A E AR S R X A S RS e
PR A (Brooks, 2004; Tiner, 2004; USEPA, 2006;
Michael et al, 2011). ZEFE R VP40 38 & FH 7E SEH =5 %2
M FEBCOR IR X, S ZE i (S R S(GIS)
R R EHE R SR A & RGBS 8 A s B 5+
PEA R X 38 1 A2 385 R 4t 56 32 M (Mack,  2006;
USEPA, 2006; Faber-Langendoen et al, 2009a), H:i¥
W br B R G A B ) TR B ISR 3R

a8 F& P 38 R A 5 5% 1 4 Y (Landscape
Condition Model, LCM)X} 5 Wi 58 3 4 147 4= T AR
(Comer & Hak, 2009), %A% AL T N2 f2 ek A
(Human Footprint Model, HFM) (Leu & Knick,
2008). A A JE /7 (Anthropogenic Stress Model,
ASM) (Danz et a, 2007) LA K 5 W I A 56k 5 48 44
(Landscape Development Intensity Index, LDII)
(Brown & Vivas, 2005), ¥4t — 4% 18) 73 #3111
MHKEZEGER. @R KWL 7 L) BE1E
— AR R I FEPR B RYR . T ANE R 4R bR
ARG e B RA AR RS, 2T
P25 TR U B BOR 73 W s 4R AR AR A R G e A
B A NS NCEE Qi R E =y AN: ) WAL= N =i s -
AR T SR I B G B s, T LB S P 4
Wt B 1A B H B 4 T, HL DR R A AR B T A DAHE T
(USEPA, 2006; Faber-Langendoen et al, 2009a)
HE Z U B O im R BN 7 ik AR E X
AR ZN R X A R C BN .
332 RIREFM

POE R PEAN 2 — M TS B R RS R G
FERENEVEAT J7 1% . B SR I8 I BE AL T 4% 20 [ SR

#R3 ZHEITHEERZE MR ZERYE R (Sevens & Olsen, 1999; Blocksom et al, 2002; USEPA, 2006; Michael et al, 2011)
Table 3 Differences of each level of Three Level Approach to conduct ecosystem integrity assessment (Stevens & Olsen, 1999;
Blocksom et al, 2002; USEPA, 2006; Michael et al, 2011)

AR P4y Remote assessment

PR AL PEA Rapid assessment

SEEERIPEAN Intensive assessment

8RR A7 B HL A 50 045 14 S H R T

Using relatively simple and easily ob-

SR B DA B R
SERMIFINAZ . BRAHFARDL KL

Landscape connectivity, intersection nu-
mber, vegetation structure, alien species
invasion, forest surface condition, hydro-
logy, sail, ditch, pollution source input,

FEEAES RGBT R M

WiRES {5 F MBS I R G0(GI S) Rl 8 A4
Method Using Geographical Information Sys- f&#%
tem (GIS) and the remote sensing
data. tained field survey indicators
KA bR A SRR 4 BN
Data sources Remote sensing data Field survey indicators
1% SRS F B £
Indicators . BRI RIEE KA X
B, AE KT AR Fe 4% hgEL IR, ASRTT RIS
Landscape index, land cover, land use
change, road network density, number
of dams, distribution area of dams,
area proportion of impervious surface,
etc. etc.
g AR AR X RS
Function K HEPRAMK RS KiEH

WAESRAEIKESE .

Identifying priority protection area,
analyzing the current situation and
development trend of landscape eco-
logical type, monitoring the restora-
tion of target ecosystem, etc.

B RLA YR TH ST DL iRt
SO At T N ES R RS
£,

Improving the ecosystem integrity score
report, monitoring or managing the im-
plementation of ecological restoration
project, providing guidance for water-
shed landscape planning, providing ref-
erence for ecological conservation, etc.

A8 FH AR V40 AT AL ) S R B
Using relatively detailed and quantifiable field
survey indicators

SEHL R FE AR
Field survey indicators

FOERE . BYX R RERE. EYe
PRI, A KO RIS AR
E%.

Landscape connectivity, quality index of flora,
vegetation index of biological integrity, vegeta-
tion structure, hydrology, ratio of soil calcium
and aluminum, etc.

T A S P B AN S T Sl R BT T R R AR S
RGN R IE . BE— P RBAES
RGBT IRE . EEE B ASKE
T H F) S 1 L 45 o

Detailed field measurement and statistical sam-
pling design can improve the accuracy of eco-
system integrity evaluation. Improving the
ecosystem integrity score report, monitoring or
managing the implementation situation of the
ecological restoration project, etc.
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(Generalized Random Tessellation Stratified, GRTS)

SREX A S R G568 VP 4845 (Stevens & OI-
sen, 1999). 1ZPFA J7 12 BOFR bR SR IO L FAd 1A
TEEEY, IR, AR PUEBE R
SR PP H8 A5 DUE B 8 e B NH 57 —
i, SR AR R 10 B R AR RV X AR
BARGITE RN SE 1 FE 5K 2 e A AE S O X
RIJHESRE B PPANE, & ] LA SRR E bR X 3
RIS A2 S RGN AESBURIX, XX TSRS
IR 7 ORI R S A LS .
333 HEHITM

T ERTUVEAN X P F8 05 (RS B R B ey, T
EHEAT TR B0 S R A SR R BBV 4 ELRS v B P A
fabr IF 2 B XA S R Gt 50 # % (Blocksom et
al, 2002). BT S BURE SRR A . 3
KL B, A, ISR LS B s AL
fetr R EAREZ N1, W), B LMY
TR AR 7920 5 A B, (HIRAG G R
HEMR, XTI A R4 8h & = L K (Rocchio &
Crawford, 2009). % /77510 i B0 G2 v
AP B PP — el ], BEAT B HE T .

SRETHERERAE N —E R BN AES RS T
BPEVFAGHELE, BEANGER AT LA ST 58 B B (1) 1F
M. BHTFIEMAT%R. FE0 B P IEN FER 3k
BRI ME 2 FEAFAE 22 3, AN IRV 5630 BOCAR [R) 1 0] >k
TEHOTAN TAE. fEMRVFIIEN T, =A%
HRES G AT A, AR =00 B VRO Y
Fe b 22 BONE B2 1)k Febm o 2 — B
34 HBRGTTEMITMIER

AR EFZROHMZSE TS RG 58# 0T
PEASHEZE AT A ANt A, AFs KRR 2
(The Nature Conservancy). A i H 28 (NatureServe)
e [H [E 5 A b & B R (U. S. National Park Service) LA
Jo A BN [ 4R IR (Washington State Depart-
ment of Natural Resources) (Faber-Langendoen et al,
20093, b). A& RGEHEMIPAGHEZLSS & T RER
R MR B ARAESESNGR 2L, HH
& MR AE YD 2 FEE R B A B AR
(Brown & Williams, 2016). ‘& J& T £ $Er i 7712,
Tl s A AR AR B R A R R S AR A R
GG e, P4 RG0S febrid 7 JE R R

RERVPAN S5 51, AN RS /@ T 22
ZAHA5 3| (Michagl et al, 2011). £ 2 R 40 52 Bk P4
HESEAR L AR PN J7 9550 R R s, I8 SR AR
AT DLSE R 2 P AR S R G0 SE B TE A, R,
VLG T ZGOETHEHERL (GRI) kR el RIEADS
RATCEMEMVIY . BB RGBT HELLTE R
PR B TR BT R, MY S T 820 A A&
RGBT, EHE T A RES RS 5T
BEVERIFRRR, QAR A D L9 A o A . AR
AT AR (075 A HH 55 JE A N 9D SR JER A ) 5 2 i
PRARZEN, E 2 FEURMIET, BE 5 I AR K K
Be ity g8 i A A AR AR AR TS RS H
RTIMAFRZ —, Bl EEMAEZE. .

AT R G e BN VP AR HE SR 4 vz 08 A B K
2\ el F0 A SRR ) DR X IR AR 25 R G 5 B A 1
P . 36 EHEEY BT K% (Kansas University)iz ]
A 25 R G0 5 B VPt HE 2R 0 SBEE 17 M IIWoIf - Creek
WM AEYPIRGL . AKREEAT 7 2 HF (Liechti &
Dzialowski, 2003); 414 M 33845 Rl 2 5 2R AR 22 B
AR R G e B PG AE AL I TE T B KA I
MAEZS & 45 M I 0 58 B P DF A o (Tierney et al,
2009); fEE M A LY i HAES RS
6 A DY A7 AEE B 0T A R b B A= Sl A A 23 A X AT
THES RGBT, s FHZELRK T Siit
VRN T T8 3 1L KO w5 L AR b A 2 R G e e (Y
L), s K ER A RS AES RS e Bk
PEANHE LR PP Al — AN DX 302 75 ] DA 7 8 5K 4 [
(Parks Canada, 2000). E7 7 40 56 B VA HESL )
BT A 58 BEVEFR HOT AN A R A = G0 DAL HE 22
AR s, 78 T VR Fe bR, AL T it giihiE, 2
H 1 5 9 B PEAN T2 —

B A A S R G e v 2 B XA [ 1%
O E AV B AR, LR PE VTN AT A E S ]
SE PR S W AR B AR X4 K R (Blisa et dl,
2016). & Z AT, ER A RAS RS 58V
W EIERIEREAS B T IR, AR R IR0 58 3,
— BEPE A HE QAR RAE SERR i R B S Ak, I
A E R RS RGBT R R &R
ARG BHRICEMR] . ] E S A G R SR
A, PRI AR 22 [ 5Kz FH 3 PR3 H e BRI R
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WEB T IRV UK B RS R A Z A
5 BT PR L () #E 2 T H (Schweiger et dl,
2016) . X L F VRN T DA E R A AR S R G0 e
PERFE U 2 Bk, T 1 5K [l 5 B () A A5t A AT
SR A B, AR R RE R AEST R MR
PAR RS R GRS T DTk

Hr, REEXAREGZTRSRECOHR
TR AN, RN IE ] T SRR AR AR Y I ]
A, (1) 5 A R E AN A E5 g X
BT BRAES ARG FAEREEA PRI BRI i
Bl W, Ti—8IHAE T ARES R FERX
PRI, FEES RGeS EEIR#
ERT; QRS IRY XA B 38 7 [ 5 8 il 4k
FNA S ES TR 2 ARG b, AT S8 BAAER
PRI HIE B— Fr, (0 H BT RS TAE A2 B BART Y
DhRE X RIHHATE 2, A A 5 ARy st 47 4=
ARG 5EBNEVEN L R ThREIX .

5K o [ AR 7S R 40 58 B VR 7 VR B T AR
VR [ [ 5% el e ot o a8 38 ) — S ) B,
()RH T B K AT TE B, Al AN [F] A A X3 ) [
KON THR, (2) 1R 50 A0 B 5% el 1 o AR X3
Q)F ke E R AR IhEE s X (4) P E &K 2 Ak
B aEr, WIAEDTIEEAS, (5)H e E K A Z I
B AT se a2 S A B A RER S (1
HTERAEE LNESRERGWMILE LR, e
ARG EEENRLEEE, FERARAES
ARG TE RNV TAE SR B AR APk

NTRAEE R A WA R G5BT O vk
7E 15 [ 5 A [ i 2 o R A A 3R TP 7 R 1)
BREEE, @IRE BTN AFE IR E: (DS
FAETS R G0 58 B VP 7 iR F R AN B E K A
Fel s} 75 % [ A S RS A SRR 1 s Bk, 38 G
A AT BOA SRR 73 B R A VG, 2 B n] A
BN TE; (QTEX ER AR KAEES RG5EHN
PEOYET, SRFE AU 7 a5 AN I () Insmah ok
NEPIF S A SRR R, e TR R
W AE 25 2R G5 50 B R 25 RN AR Ak A A 1K) R AR s
By (A)7EE S 5K A 75 R G 58 BEME VRN R AR
AN E B U S ETehR; (B)TE@LIFM ik
IR AL G B T RE SR R 5 ON R RS 5 T
SKAESLE VAN T AR, AR R R 5 S AR
[ —3t s ARG SCCRIE R K X R RO

B AL A X A AR E SR
E 30k
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Appendix 1  Forest and woodland Ecosystem Integrity Assessment scorecard (Michael et al, 2011)
b LAt TRAGSE #2540 Estimated integrity rank
Indicator Justification NG B (1) C (M) D (%)
A (Excellent) B (Good) C (Fair) D (Poor)
KA SEM: MW Key ecological attribute: Landscape
Ul 31914 NG TERNMR AN >T5% LG BARIE  S0-75%MIA% 0 AR 25-50%MiA%ch  <25%Mibgch AREE
Edge length [ —A bR . %o T H AT . *o
Edge integrity is an >75% of edge occupied 50-75% of edge 25-50% of edge <25% of edge occupied
important indicator of by natural communities. occupied by natural occupied by natural by natural communities.
biological survival. communities. communities.
UL Sz PN TEIE=100 m. PRI GERETS-100 P TE25-75  PII% I E<25 m.
Edge width Average width of edge m mo Average width of edge
> 100 m. Average width of edge  Average width of ~ <25 m.
75-100 m. edge 25-75 m.
UL SINITE >95% (1) J5 AL T5-95%MIRAERIRE  25-50%IMARBAE >50%IKHE B AR
Edge condition <S%MARSR ARG S 5-25%MAR ARG Rl TR ER SOR L R R
N FIREIF Rt BE 2Rt AR Bl LLICAl I

Connectivity

SRS

Landscape condition

AHRFBEER AN

Relative patch size

Y 3T PEH R
Absolute patch size

H AR B 3 SRR AR
TE R P I g .
Corridor of natural or
semi-natural vegetation
can improve connectivity.

IR A AL 58
FERE AR RBE R
Land-use type and
intensity can affect
ecosystem integrity.

T s R B A8 1

T, /wu%aﬁ}?ﬂﬁ
EBRG N

Patch proportion

lost due to stressors,

which directly affects

ecosystem integrity.

X G X AR .

It has a huge impact on

buffers.

>95% native vegetation
cover; <5% non-native
vegetation cover;
undisturbed soils.

90-100%F¥] H #4115
Moy FEE PEAR
90-100% natural
habitat; connectivity
extremely high.

SRR H>0.8,

75-95% native
vegetation cover;
5-25% non-native
vegetation cover; intact
or moderately disrupted
soils.

60-90% (1 1 SR A B4
MR

60-90% natural habitat;
connectivity relatively
high.

Landscape model index >0.8.

BT RE > 95%I1 A
SRBEPTIA .

Slightly decrease;
natural patch area
>95%.

> 10,000 ha.

REAESEM: ## Key ecological attribute: Vegetation

TR 80-95%I(1
EARBE IR o
Moderately decrease;
natural patch area is
between 80-95%.

1,000-10,000 ha.

25-50% non-native
vegetation cover;
moderate or
extensive soil
disruption.

20-60% 1) F 2R A
St % PR
20-60% natural
habitat;
connectivity low.
SR
0.65-0.8:2 [,
Landscape

model index is
between 0.65-0.8.

R NI 50—
80%IH) 19 4R B I
o

Continuously
decrease; natural
patch area is
between 50-80%.

100-1,000 ha.

e

>50% non-native
vegetation cover; barren
land; soil is highly
damaged or other forms
of damage.

<20% H ARG S G
JE M.

<20%natural habitat; no
connectivity.

SOUA A 4<0.65.
Landscape model index
<0.65.

TP T R <50% 1 H
&Mﬂ Yo

Severely decrease;
natural patch area
<50%.

<100 ha.

JE A R i A, A A RRE 5 JRA OB IR0 R E G IR R g
Cover of native Yy >95%. 95%. 50-80%. <50%.
species Non-natives increase Cover of native species Cover of native species Cover of native Cover of native species
with human impacts. >95%. occupied 80-95%. species occupied <50%.
50-80%.
YA 2H B NEFLEENDEL T, ZHTEERASE SN/ TEEEES ZENTEEA  WSHEKE, Mk
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. fH; fAPE—L835R" Y. AR R BB, — 2 SRR k. HAEFAEE, KRN
Composition of Diversity/richness FENYIFIY 2 . Diversity/richness g7~ Rl 2% o

native species can

shift when exposed to
stressors.

within or near the
reference standards;
indicator species
present.

Diversity/Richness near
the reference standards;
human activities pose a
threat to native species;
some indicator species
absent.

are different from
the reference
standards; many
indicator species
absent.

Vegetation severely
altered from reference
standards; dominant
species were replaced
by other species; most
indicator species absent.




LA BLEREE| Tl 5e 48 E 252 Estimated integrity rank
Indicator Justification NG B () C) D (%)
A (Excellent) B (Good) C (Fair) D (Poor)
Al P41 5 % 1 BT AE i BT O R RS A 10-30% 1) 5 BB A; I S0% A B4 JLF B A o %) 3 5
Canopy density it RASRAERED: H5)  RRABU 1025 B Tl SEAWTAS- MR 554 BUR i SR
Multilayered shade K E>1504F; ({2 K138 cm). LOBR M (e R R (IR 1738 cm).
tolerant and AR DTS 10-30% old trees were  3-38 cm). Almost all the old trees
intolerant trees. (k138 em). destroyed; 10-25 old >50% of old trees ~ were destroyed; <5 old
Majority of old trees trees/ha (>38 cm were destroyed; 5~  trees/ha (>38 cm DBH).
were not destroyed; DBH). 10 old trees/ha
only few stumps; some (>38 cm DBH).
old trees >150 years
old; >25 old trees/ha
(>38 cm DBH).
HIA BT FHA AR AR JE VRO AR I R B ) R R AR T B R A AN S AR IR s B ]
Coarse woody debris 75 K K [ FEEEIEFF . MR IR K84k, Wide variety of downed log sizes with [F#EFEAS (L H M.

Coarse woody debris
is an important index to
evaluate potential fire.

Wide variety of downed
log sizes with large
variation in stages of
decay.

KA EM: BAMR Key ecological attribute: Physicochemical

TR
Soil surface
condition

T 51 1 1 42 iR
JESE, Miisgmg L2
o

Disturbance can

result in erosion and
compaction, thereby
affecting ecological

processes.

TR LON0:
BERER. LET
P He 5z LA Il g aiE
o

Soil disturbance class is
0: No evidence of
wheel tracks, soil
disturbance,
compaction, and
erosion.

unobvious variation in stages of decay.

TGO 4
RN, BT, -
B S AR T AR ke
HIUESEANHA

Soil disturbance class is
1: Unobvious evidence
of wheel tracks, soil
disturbance,
compaction, and
erosion.

REpAESEMN: BATIYH Key ecological attribute: Natural disturbance regimes

BRI A

Forest pathogens

K

Fire class

I AR AR BE TR
U, BEIT S AR AR 1,
FERKK .

Pathogens are the root
cause of tree death, which
affects forest structure
and induces fire.

o LB K RAE DR/ 2
ARG ek A
TER

High severity fire is
vital for maintaining

ecosystem integrity.

i JEAAAE IE 3 2 50
FlZ N

Pathogens within
natural range of
variability.

KREEEER 1 RIS
P B2 KA R
Fire class 1: No
departure from
historic fire regime.

A iy 95 TR A5 ) AR AR
a5k,

Native pathogens affect
forest structure.

TGN 2:
EREFN, 5T
o TR LL
TR A

A .

Soil disturbance
class is 2: Obvious
evidence of wheel
tracks, soil
disturbance,
compaction, and
erosion.

LI SFREVIIEN
b3 A4 S
LSATAN

Exotic and native
pathogens affect
forest structure.

KPEEEY2: LI 1 S KA P
Fire class 2: Slightly departure from historic

fire regime.

Wide variety of downed
log sizes with a little
variation in stages of
decay.

TGN L
WHRR. T, -
T 5 DA R 1 AR e
TFIESR AR B 2 o

Soil disturbance class is
2: Very obvious
evidence of wheel
tracks, soil disturbance,
compaction, and
erosion.

AR AT A 195
AR SR Z 5 AR R b
Ko

Exotic and native
pathogens significantly
affect forest structure.

KBTS RS
i s KGRI, A5
PERKAUE o

Fire class 3: Seriously
departure from historic
fire regime; evidence of
fire suppression.
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The Xishuangbanna Declaration on Plant Conservation

Organizing Committee of the Fourth Xishuangbanna International Symposium
(Correspondence: Jin Chen and Richard T. Corlett; E-mail: cj@xthg.org.cn, corlett@xtbhg.org.cn;
Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Mengla, Yunnan 666303, China)

The participants in the Fourth Xishuangbanna International Symposium, Saving all the Plants in a Changing World,
held at the Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Yunnan, China, on January 3-5,
20109.

1.

Recognizing that plant diversity forms the essential
basis for natural ecosystems and human well-
being.

. Recognizing that the maintenance of plant diversity

is essential for the achievement of important
international objectives, including the Sustainable
Development Goals (SDGs), the Strategic Plan for
Biodiversity, and the objectives of the U.N. Con-
vention on Biological Diversity (CBD), as well as
National Biodiversity Strategies and Action Plans
(NBSAPs).

. Noting in particular the contributions of plant

diversity to the achievement of the following SDGs:
eradicating poverty (SDG 1); preventing hunger
(SDG 2); human health (SDG 3); clean water (SDG
6); affordable, clean energy (SDG 7); sustainable
cities and communities (SDG 11); climate action
(SDG 13); and life on land (SDG 15).
Acknowledging that there are continued and
growing threats to plant diversity worldwide from
many factors including habitat loss and degradation,
unsustainable exploitation, pollution, invasive
species, and climate change.

. Noting that there are no technical reasons why any

plant species should go extinct, since in situ
conservation in protected areas and other
sustainably managed habitats, complemented by ex
situ conservation in seed banks, cryostorage, and
living collections, is sufficient to conserve every
known rare and threatened species.

. Consider, therefore, that the extinction of any known

plant species is inexcusable.

Recognizing also that the unique combination of
expertise, experience, skills, and resources of the
world’s botanical gardens are available to undertake
effective plant conservation, and represent the inter-
face between scientific research, horticulture,
conservation and public education.

Acknowledge that many botanical gardens are
already making significant contributions to plant
conservation, but accept that there is an urgent need
to scale up existing activities both individually and

through joint actions with partner networks,
agencies, and other organisations.

9. Pointing out that the Global Strategy for Plant
Conservation, adopted by the CBD in 2002 and
updated in 2011, has provided an essential
framework for plant conservation worldwide and
achieved considerable progress towards the
achievement of its objectives.

Therefore, the participants of the Xishuangbanna
International Symposium 2019:

10. Urge botanical gardens and all other institutions
involved in botanical research and plant
conservation to use their individual and collective
capabilities and resources to:

a. accelerate completion of the global plant species
inventory, since it is not possible to target conser-
vation of unknown or undescribed species;

b. support development of effective species iden-
tification tools to improve the protection of
species threatened by illegal or unregulated trade;

c. complete assessments of the risk of extinction for
all known plant species, so that conservation
efforts can be efficiently targeted towards those
that are most in need of conservation action;

d. design, designate, protect, and manage more
protected areas and other sustainably managed
habitats, especially those that represent important
areas for plant diversity, in order to conserve
threatened plant species in nature, in situ, where
they can continue to evolve as resilient
populations and continue to support associated
species;

e. research and monitor wild populations of rare,
threatened, and declining species and ensure that
they are subject to active conservation
programmes aimed at achieving self-sustaining
and viable populations in the wild;

f. continue to develop complementary measures to
support the safeguarding and recovery of rare and
threatened plant species, including ex situ
measures such as genetically-diverse and



complementary collections held in seed banks,
cryobanks, and living collections;

g. determine seed storage capabilities and propag-
ation methods for all known rare and threatened
species in order to provide the most effective and
efficient methods of ex situ conservation;

h. undertake new initiatives in conservation translo-
cations and expand the scale of ecological restora-
tion to support the recovery of threatened plants
and their habitats;

i. educate the general public, decision-makers, and
students of all ages about the importance of plants
and their essential value for human wellbeing, as
well as the need for plant conservation and the
means by which this can be achieved;

j. engage local, regional, and global leaders in the
development of policies and practices that secure
the continued survival of all plant species;

k. participate in the development of active and
collaborative plant conservation networks aimed
at ensuring that gaps are filled in plant
conservation and in the supporting research
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knowledge needed.

11. Call for all botanical gardens to place plant

conservation as a top priority in their missions, and
to engage with their management authorities,
funding agencies, sponsors, visitors, local
communities, and other stakeholders to increase the
scale and effectiveness of plant conservation actions
to ensure that no plant species goes extinct.

12. Further call for the establishment of new botanical

gardens and greater support for existing botanical
gardens in areas of high plant diversity and with
climatic and biogeographical characteristics that are
under-represented in the existing network as safeho-
uses for plant biodiversity.

13. Finally, the participants urge the Parties to the CBD

to give urgent attention to the development of an
updated Global Strategy for Plant Conservation for
the post-2020 period, containing agreed measurable
outcome targets that contribute towards the
proposed post-2020 Global Biodiversity
Framework and the achievement of the Sustainable
Development Goals.
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