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Mapping Asia Plants: a cyberinfrastructure for plant diversity in Asia

Keping Ma"

State Key Laboratory of Vegetation and Environmental Change, Institute of Botany, Chinese Academy of Sciences, Bei-

jing 100093
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FHE: BT IAIY R AL AR B SR 5 S AR B 9k . S I AR S UM%, IR R LA e BRI M L 5 E
AAZO ) AT AT LAZR IS PE AR TE A XS B, 38 I Mante 4G 56 R0 25 B S AR I 2 o el B 73k, R 5T
T AR AN X B AR R DR, IRE I B R 0 AN R A T B AR B S A R 2 . 45
SRt (1) SRATE BRI AR AUE S EE B L IR EE . SR AR S R R I 2 R A B S R A A (2) M B B
S5EBERERAESRET, S EMRETAR. AR B AR AL 5 141.1%. 59.0%F147.4%, HH3RFEE
) SR 3R A K AR B YR I AR s (3) AN R A VG B AR BL M AE 2= 18] R IR KNSR RO TRk >
A > B, FRUIYIRH DR HRE (AN 1R TR 2 10 B RS 06 i A7 28 57 o ASHIE SE M0 B e 7 PR A 5 2E B i
JLE TG T RIS VIR PO R, By BRI AT AT AR S R
KRR VOBORM] AEBGTUE; RN, B, BHERE; MR

Patterns and determinants of species similarity decay of forest communi-
ties in the western Qinling Mountains

Mingfei Zhao'?, Guoyi Wang'?, Kaixiong Xing?, Yuhang Wang*?, Feng Xue!?, Muyi Kang"?*, Kai Luo*

1 College of Resources Science & Technology, Beijing Normal University, Beijing 100875

2 State Key Laboratory of Earth Surface Processes and Resource Ecology, Beijing Normal University, Beijing 100875

3 Institute of Geographic Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101

4 Baoji Matoutan Forestry Bureau, Baoji, Shaanxi 721006

Abstract: Although much research has focused on biodiversity in mountain regions, elevational patterns of
community similarity (i.e. species turnover) and the underlying processes are still rarely discussed. In this
study, based on field investigations of 28 forest communities in the western Qinling Mountains, we evaluated
the combined effects of habitat divergence and geographical distance on patterns of similarity in species
composition using Mantel tests and multiple regressions on distance matrices (MRM). We also compared the
rates of similarity decay of different life forms with geographical distance using permutation tests. Results
indicated that, for all three life forms, community similarity decreased significantly with elevational, geo-
graphical, and habitat distances. Geographical distance and habitat heterogeneity together explained 41.1%,
59.0% and 47.4% of variance in species composition of trees, shrubs and herbs, respectively, with geograph-
ical distance uniformly explaining more variance than habitat heterogeneity. Woody plants showed a faster
decay in similarity with geographical distance than herbaceous species. These results suggest that, at the scale
of our study, dispersal limitations and habitat filtering influence species composition together, and highlight-
ed that dispersal limitation may play a more important role in structuring the forest communities of the west-
ern Qinling Mountains.

Key words: dispersal limitation; habitat filtering; habitat heterogeneity; elevational gradient; community as-
sembly; species turnover

AR 1 4: 2016-08-11; #5252 H #1: 2016-10-19
FEBIUH K E AR A 4 (41271059) FIARHSGB AL HEAL 4 T4 4 151(2011FY 110300)
* JEI/EH Author for correspondence. E-mail: kangmy@bnu.edu.cn
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PR i A= 155 IR 1 5 2 ()i R A e 52 0 A ) 22 A
PEAR JR (T B A2 25 22 A AR W b B 22 1 4L 8] B b
2 —(Gilbert & Lechowicz, 2004; Ricklefs, 2004;
Capinha et al, 2015). — R, HEVE 2 1A] 5 524 B
(R REL B 2 i o 4 ) P 28 PR 39 0 77 S8 3 PRI, st
GRE R DA R P 2 B — g —— % A E A DG
A% P (Tobler, 1970; Nekola & White,
1999), [7] I+ AT AR 2 HE U 18] 1 P b e % 22, R RJ
beta % Ff 1 (Legendre & Legendre, 1998; Qian,
2009).

i ER XM G A R R R R g,
it 12 AR 18 AT VA 9 o AR A 6 B R 5 8 O R PR B R
(Soininen et al, 2007). AEBALFEIRINNAESH
VML RIS, V0P R IR 22 e o AR B DR
YER LA PR e 4 HE R B3 1 564, 2Em due B R
WA I AR . DR, VR PR R AR AL 5 A
B e e Z AR AE R A OCHk .t T AR SRR A &
8% ELAA %S A] E A S (Smith & Lundholm, 2010),
FEAE T B0 b A RSORE AL Bl 2 52 300 A 72 () s el e
Jai(Tuomisto et al, 2003; Gilbert & Lechowicz, 2004).
T AV PR R U 5O, B0 220m AR B I uEAE
A 8 0 5 300 7 TR e 1 A 2 2 B o B ) 3
T/, i 2 8] & A (s 52 S el RN 228 JeC 46 ) X ik
AR BR A FH %5 %68 (mass effect) LS W Fidh A B (1)
T HICAE /055 PR 21 )L AR B2 i 1) 46 56 %2 (Nekola &
White, 1999). tagiseid, Yo H4 #od FEA B IR a]
P 7 16 i 2 P 326 ok R 20, (R4 A 405 g R AH AR )
(Hubbell, 2001; Gétzenberger et al, 2012), IR
PSRN RE SR . EAGEER M@ LISt T BON
A HERAHELE,

FERREWT RO 2 Ja, 25 1A) Bl A 58 22 S A 0 25
S ¥ I A & (Gilbert & Lechowicz, 2004; Steinitz et
al, 2006), {HFF#& 01 A B W I 597 BRE 1 AR
AHIE], AR MEF P BAE AEAG v. DRIth, 2 BT AR
PR TR 2 BIA RIRELH, SR 5 18 B EL AL
T 25 1) 8 93 2R 1) 22 S R 48 7 O B i % (Qian,
2009; BREFEZE, 2010; Lenoir et al, 2012). filin
Tuomisto=5(2003) it iof b 45 7. By b 78 350 AR MR A V4 Bk
KRG FHFHRHEY A8 RGO, K I IE & sz
B PRSI R T RT3 . Liu%s(2015)i8 5 b
T ] P PR 324 A ity AR AR AL A B P 0 P A B 2
(B IRIE OL, [RIREAS H AR B i 3 A U ) 1 45

. Qian (2009) bt 1 b3 M A A A AR AH
AR gk, R I B RE /)2 S R R AN [F) 2R
(K R betaZ2 FE:

WAk, [ N UG AR ST e A 2 5%
ORI 45, 2013; £ FFHSE, 2013; 32 AR A,
2014), (SRS, W 7L 0 T betaZ FEVERS R K
HIE ML G i E AT AN I (Tang et al, 2012a), X
ORIk A 1R A X A 1 AR R G — IR (PR 2 5
4, 2010; Capinha et al, 2015), & FIRJFEEK, AL
UL DL 23 U8 1 3 52 B VT U Sk B Sk AR 37 A IR AR AR
WA R, BT RGHFE, L5671 LA ]
A TE T PR AE S L B f L, SR LR
FF ) (L)FEVR 1) 47 i 2E RSARHRA A 7 2 1] BE 25 AN
AR R BRI )R 2 (). AR
Xof LA R A ARG B B T 2 (3) Bl AS () BE B S5 4R
e 7= ARk, AN AR VE L 2 R I Rk S A
REER?

1 MR5REE

11 fAREXER

BIF 50 XA T 2 U4 16 30 = S I 11 5 Sk M AR 3
(34°04'-34°35' N, 106°54'-107°11' E), /[ #34,668
ha, ##%1,500-2,650 m. %X AL dL IR S HER
A4, SRR IR, AR IR
£)11°C, “EP&/KE600-900 mm, FEEEHF7-9H.
SR 3 BN, HUON SRR Sl 5%,
JZ)EE30-60 cm, HIEHERZEIE . Bk X 7
MM A B R B2, IR KB = R R A
R T P o P AR L TR A W VR S AR S TR A
o BRFERD A LA A2 (Abies fargesii). 1L
(Pinus armandii) ZI##(Betula albosinensis). il Z<f%k
(Quercus wutaishanica) Fl £ 14 ## #% (Q. aliena var.
acuteserrata)®s (5 G4, 2011; FAkEE, 2014).
1.2 FEMIRE KRBTSR

F20144E7-8 A A KFHATE AMAE . N
#§441,500-2,500 m, #ETFE100 mikH—> A gk
MBEE R, FEE20 m x 30 mKFE 7 2-31 (it —
AR5 6110 m x 10 miEkg), Hhit284~. AR
77 N BT 42 (DBH) > 3 cmifFeA, idsk 4 .
Mafz. AR R E A fa bR . KR AL E N 10
m x 10 miEA&AE RERTREDT, kP A FR, 2k
7By mEMSESFEEEE. BATH T RETE
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AN R A5 FRI TG AR VR AR AU % S B HL R M A 3R 5

FeERg R AL E, 64y, K/ AL mx 1m, GEikHff
K. mESEE. BT NHRIUETR T EA R
B PRIIVE AR T AN EC SR AE SR . [FINF, F
HIGPSIIUFF A 26 % . Wk = E S 5, JEFIHE
B HSRE . . R R LA 20K 3 ) %
e N0-12 [A] (U Cl R 5E, 2006), DA il AR 5%
PITFIRROL . FERER A R, TR — A RE L
I3 M (FL18ANE A, 3 AN RN & P4 v 4 JF
B o RRAEHAZE— A g, PP AL AR AR I &
IS . 2020 ecm )= IR A, AT Rl SIS E 2
KA WIS, 200 R R JLRE R
EAEHBR DU BORIE LI 2RSS
2 (Rayment & Higginson, 1992).

WAL R B A E W ALAFR, HATRARTOR
BEAL00Ff, HA244F
1.3 HBEHH
131 YI#MEESERESTE

BT WMAITCH oo dds, @il vk SR b e
[rSimpsontH AR HOR FE AR, EAR . FLAR3FH
AEVE BRI AR AP (Tang et al, 2012b):

Ssim = a/[a + min(b,c)] @
A, a N FEHBLE R, bAIc /7 PR A FE
AFb o ZIRBAER )P ECA 8 B 5L AT ] R
Fefaow, DRMHE) 2 B T AR 38 5 R AR W th B 240
1 (Lennon et al, 2001; Kreft & Jetz, 2010).

BT FEHh 2 28 B v 545 B HE T () Hb 2R PR B AR
Bk, ST At ) g AR 22 S vt SR A5 B R BE B R .
Oy FEE B T TR) JR AR 5 ) R B M KD, S
B H, HIRRE. RIECR AR, EYEE.
o J2 SR CP M A A T iR 22) e i v
A (FH A2 T AR B RN SR 2 A AR B R 5 4
VIR 7 AT AR AL LAV BR A5, SR 5 #4328
o FUMEE O R ER B R RS . M F Mantel s 56 43 7
THE I A 56 3 A v B A A AR AU 5 45 DR - 2 TRT )
SpearmanfkAHIC R AL AT Lk S a2, K
55 3% A 3 B A b AR AR R B 2 1) 35 G ¥ 3 A O Ok
R ET & (OF 2R LA LA 4 1%
REE, ®1). &g, FIARE N RMOBETFSE—IHHE,
133 BRiEEAR LAAI ) A 458 72 S P
1.3.2 [EY3A5#HT

T 5 A P A 3 g /N 3R [B] UE 43l 2B S A (]
AN TR A= 3 B ) oA AL 14 5 5 RS R B 2 TA) ) A 0K

F1 ETMante&IEHB T IIFMAEMNYE SRR I8k
5, FRERZERNHEXXR

Table 1 Mantel tests for the correlation between the commu-
nity similarity and geographic distance, elevational distance
and habitat divergence

R A Wk Wk
Explanatory variable Tree Shrub Herb
1P EE P Geographic distance 0.640™°  0.7877 0.656™"
#GRIEE Elevational distance 0.674™"  0.647™" 0.586™"
Wi Aspect 0.067 0.057 0.216™
WiFE Slope 0.035 0.071 0.151"
it 22 E Canopy thickness  0.060 -0.026 0.090
Sl = BT AR Total basal area 0.184™  0.122 0.226™
TRAREE Tree density -0.101 -0.197 -0.028
LR SE Soil depth 0.003 -0.080 0.024
VY% )Z 5% Litter thickness ~ 0.319™  0.107 0.295™
+3EA M Soil organicC 0.355™"  0.300™"  0.440™
34 % Soil total N 0.395™  0.306™  0.441™
44 % Soil total P 0.214™ 0210  0.265™

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

KR HT SN Z B FEAMAL, WA SO A 5
T-BE B AE R4 i % e 81 (multiple regressions on dis-
tance matrices, MRM)E NS I6 7. 207152
Mantel e 46 ELARLE [3] U5 40 A S 0 46 g, e il B
ks i KRG R G B AR A, JTHIES
A M S B 5 B 2 1) 1 A BB 23 AT (Legendre &
Legendre, 1998; Lichstein, 2007).

A MRMEAT Jf [5] 9 73 A R sk — 22 L AR B
E I8 5 4 BRI R PRI ARG RN o B FE DL 2
KRS ArRD: AR B ER AR L b A ) g A
B LRI DL R 22 AR oy o FEE, FRATH
PR A S5 PR AR AR N A 358 PR B R I, X RE
REAE — & PR JE _EBRAC T $h h 25 55 b 2 PR 85 2 [a] (1)
SRR, SRR PR T AR B IR P S i 40
AR,
133 [EVFRHLLR

(AR B VE N H AR R, VAR ALY BE
RO SN T VA R M R A 8, — T 4R
P D] VA 2R ) AR 6 4 6] {1 SR R AiE(Nekola & White,
1999; Steinbauer et al, 2012) . JEid Feg H A/, 7 &
WL b ()9 ik e 0 B TR) 52 BR AR BE, 3k 1T 4 412 1) AH
KAESEHEIES . AL T ARAFR R E I
PRI RLR HP 7 EL A F Se i B 2 1 2 R Nekolafil
White (1999)42 t FIBENLAL T7 1%

VA B Gt o i SAE R A se B, e i 7 1]
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HFRFR B TH A Mantelf % . MRMAEAYRIRE = LEER
43 ##E H T fossil. vegan. ecodistflIsimbaZs 3k £F
(Goslee & Urban, 2007; Jurasinski, 2007; Vavrek,
2011; Oksanen et al, 2013).

2 #HR

21 BERMAMMSERES. MIBEERERER
oEiEP Sk

AN AT B A AR A B S B B 2 L R
1 L A 4 7 S ) M KBS B B 2 B A SR (T8I, P <
0.001), H. Ry =7 X 2% 25 i U AR ADLYE AR S 0 £ 1 i

BRI N (R . AR, HBEEE B
A AR UL ) A R 2R B i (R 5 e R B
0.572, TIH), EAMIFAIME X Z2.(0.407), T ARY)
FIARCLYE £52/0N(0.377); R 22 57 X6 TR AR W) b AR BL 1k
{1 fift % 22 H¢ 755 (0.426), e vk 4 JE K (0.399) Al B Ak
(0.338); eV Ia] Jm Hh A= B8 22 S Ak 1 5 R 2 ) R
FEABUIE 5% R 35 4)(0.124), I HOR# 4 A= 55 B 1
B H R EMOG, HAHKREANHE S KT A A
TE RO (1), T A6 158 22 9 0 77 AR (0.047) Al
VR (0.041) PP AR AL AR 2 AN % S8 57 115%
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A HE % 5 Habitat divergence

A HE# 5 Habitat divergence
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Fig. 1 Scatter plots of species similarity against geographical distance (a, b, c), elevational distance (d, e, f) and habitat divergence
(g, h, i). Lines in the plots are fitted by ordinary least square regression.
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B ARy BIRRE T R REAR AR AR A
RS 5 [(141.1% . 59.0%F147.4%, iy 38 FE B A A= 55
Z SRR 1 18.0%. 22.2%F122.5% (1&12). H,
b EE P 1 B AR SR 88K T AR B 2 S I A A
FEER T AR 15 22 e 0 B AR b A AL P e o 2 FE A
X f i, LR N6.5%, AEBEZE R IR AR
VEAR MR ACME (R RS2 53 79 N 3.2% H111.7%
2.3 AEEERFFEMERIEEBRREL R

T HhFE B B, TR () AS [F) 2B 8 B e kR ABL A (1)
BIRE K MRICATEA > AR > BAR(E1a, b, ),
L TR AR FIHE AR W) P AR AL 368 9 26 43 3] 2 B A
YIH)1.69H11.256%, (HIR AR 5HEAR I8 2 7 I A R
. [FFE, WIEIREEES, PR AU I R /N )
FEETRAR > #EAR > HARKEL, e, f), HiFRAM
VEE AW b R AR A 326 Dk 2R 2 Tl A A R B 1
1.45F11.364%, HPW LLELSE RN B 3% (K2, P
<0.001).
3 iT1ig

MR A B BARRER T 20 R — AN, (HTE
ABEFH, —J7 e b R B N — AR,
XM B S ER AR, H—J5m, i
FE T KRR (5 2 IR 5 il HO@ AR AR
WEMFR K R BT DGR IE B A 5 SEfr B3 2 AR
RTAMES, FralZHE. LA FE RS
SR A S PO B S (K6rner, 2007), 1X A4
B R BB LA R T T REME . B2k
R S5, (1A S RGN 2 BEPERT 7T A B AR
Z Hii(Tang et al, 2012a; Qian et al, 2014).

KRR TR, HRMESZ ML, BFE
V) A () A= 4% 50 47 R AR AL A8 S 3 B 22 b gl b P52 i
BT RRE(B12) . X T RE RN ARSI R S it
FEAH X AE 0 K /N B A RO A 46 (Legendre et al,
2009; Chase, 2014). RJZREK, SAEZA XTI
A R R Z, Rz, WUIBE 2% 5 WL 38 o i AR
f)4E Fl (Chase, 2014). HILiu%(2015)5% T [H i 4
WA H PR . Tang%5(2012b) < T Ff S b f KR FEE 7T
B3 AR BRI E T SRV RIS . AR T
T B e T R b s ROBE (3500 #F i [B] BE 2910 km),
DRI, DA H5RR ) A AR 1) o P i R ) 5 St [X
ARMBFE R R PE HTE N R .

Geography independent
£ 84 ¥ Geography and habitat jointly

KA Herb

i A Shrub

Tree

fr K

1 L 1 )
0 25 50 75 100

fiff 2 Variance explained (%)

E2 {RMRM (BEEHEMZ TEA)ER hiIBiEEs, i5E
FRTAR EAR. EARIMHEFRYFRB I ERER
Fig. 2 Variances in species similarity of life forms of trees,
shrubs and herbs explained by geographic distance and habitat
divergence according to partial MRM (multiple regressions on
distance matrices)

=2 FEEBRRIMBMME A EERERERERFLE
Table 2 Differences in the rate of distance decay in species
composition of trees, shrubs and herbs

7 AR B AEH Y HEAR A
Spatial variables Life form Shrubs Herbs
TR JrAR Tree P<0.001 P<0.001
Elevational distance WA Shrub _ P =0.006
HOBEPE S TrK Tree P=0.182 P<0.001

Geographical distance w4 ghryp - P <0.001

3 PRI 9,999 I B Mk B IR AT
The significance of parameters is obtained by permutaion test (9,999
times)

b, Vb BAS [F) A T TR G g R A R 1 i
WA . XTIRARIM S, WRZERIRER R
T PR S (K 1a, d), 7R T IR R L
52 B A S5 PEAE T A 520 (32 EAR I 9 3 BT 1) L
PR P BRI ) o TR AT HE AR AR
K, F HH SO o A —— T o E R R T
A, DR AR 5 T 2 ARG (1475 (Wang - et
al, 2010; Hawkins et al, 2011), SFufFkk s, Ao
RAGIRAE B AT . WA RFFERREZS
FEPEAS R 3810 Hp 8 A - 2L Ui 1 T (Wiens &
Donoghue, 2004; Wang et al, 2010).
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SIRARAEE, ATk 2 T A S 2H Rl AL S 0
B 2 4t R PR S T AR (B A, c, e, ) IX U0 B /K #V S
PG S A R VHE AR R A A T B R 1) 7 Sk A FH AR 0T
B9y, Hrh X ULEAEY R I . BT AR R
MAREE /DN, HZFH B R T A 5 %2 2%
L A S AR T I R LA, 4R
i SEAF AR LA AR, BARKE ) 2 DM Bl T 40
SRR 7 2RI X, OG0 P A4 58 A A o)
{i%(Latham & Ricklefs, 1993; Donoghue, 2008). {H /&,
FLAKEYIAN AR TR a8 MRS R
A 5525 F(Brad et al, 2009; Reich et al, 2012) . AT 5
SRR, R A BT ZE RS A YRR AR A
K 2R LR ARG Z ) o

AT A A 40 P b ARG A2 386 il 26 5 2 I
FHERTEANY), X5 H AU 7T 45 R B A — 5
(Nekola & White, 1999; Tuomisto et al, 2003; Lenoir
et al, 2010). XA HEAE H T AAY M A I s S HE
W2 ONKIE#E, B R T AR B B BRI R T
(Navarro et al, 2009), #1#kJE (Quercus)tE®), HALHE
77 20 DL B ) & B H) (autochory) AT zh47)
¥ #(zoochory) N £ (B H BB ARAE #E BE 25wl LUR
e, ABRRIEECKR, NGO (16 R4,
2001). FH/, BEEAKEYINITE 2 REL 2 £ SRS
Femg, Foppy BB N, BRI RE A R AE A
o A R A (P Rk L A9 B vy, 0 2 B AR 2 L
ZRHEY) . XAHT 2 B AR IR & 0E B A
Bk, SECLABEMEHRIIFE B, RS
TR AR

SRR, AW TCARR T 0% 78 AR 7%
WAL v b B PR B % AR 5 7 S R B R S,
RILCAY R i AT B o i 7 5 DA AR B 0 i
FRRBRABAIEEILF EF T X R
TRV R e, v R /N R b B B
i e deAl, FALPE R A T BRI T R e A
SOMA o g, 23 TR AR O P B AT A B AT A
% (anisotropic), 1AL G I3 HUE R EA R R
¥ F R IR —(Eiserhardt et al, 2011); A4 M@k
25 5y 52 PR TIN5 T BOFI EURE R FE 1 18 3% 55 (John et
al, 2007; 7 ih4E, 2013). H34b, FESRAR)E, BT
A B3 R (R B A 2 [B) B A M, B0 b 2 B 2 iy
AEER AT RERR 7S #R I LAAh, L] feil
A 1 HARARAE I B 1) AR . Bk i) A £

A Ja i Bt e e ki it DU DR
INRETEAL LA ) 430
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Relationships between established seedling survival and growth in ever-

green broad-leaved forest in Tiantong

Heming Liu*?, Zunping Ma'?, Qingsong Yang'? Xiaofeng Fang'?, Qingkai Lin'?, Yi Zong*? Ar-
dak-Aging*?, Xihua Wang*?*

1 School of Ecological and Environmental Sciences, East China Normal University, Shanghai 200241

2 Tiantong National Forest Ecosystem Observation and Research Station, Ningbo, Zhejiang 315114

Abstract: Community seedling regeneration is a crucial process for maintaining species coexistence. The
stage from which an established seedling becomes a new reproductive individual is one of the most important
components of community regeneration, and influences the community recruitment pattern. However, the
short-term mortality of established seedlings is lower than newly germinated seedlings, and previous studies
have not been able to analyze the effect of biotic neighborhoods and abiotic micro-habitat factors on estab-
lished seedling survival perfectly. Therefore, we suggest that the growth status of established seedlings could
predict established seedling survival during development, and analyze the effects of these biotic and abiotic
factors on established seedling growth, in order to indirectly estimate their effects on established seedling
survival. To test this hypothesis, we selected established seedlings in the 20 ha forest dynamics plot in
Tiantong as samples. Then, we used generalized linear mixed models to assess the effects of relative growth
rate, biotic neighborhood factors (conspecific/heterospecific adult neighborhood indices, density of conspe-
cific/heterospecific seedling neighbors, the amount of conspecific/heterospecific leaf litter from neighbors)

Weka H #: 2016-10-05; #2252 H: 2016-11-30
REWH: HEKARRFIESE K ERA/ED H (31210103920)
* JEIAEH Author for correspondence. E-mail: xhwang@des.ecnu.edu.cn
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and abiotic micro-habitat factors (canopy openness, herbaceous coverage, elevation, slope, aspect, pH value,
total nitrogen and total phosphorus in the soil) on short-term established seedling survival rates. We used lin-
ear mixed models to assess the effects of biotic neighborhood factors and abiotic micro-habitat factors on rel-
ative growth rates of established seedlings. Results showed that relative growth rates have a significant, posi-
tive effect on established seedling survival, and this factor is the most important factor among potential in-
fluencing factors. In addition, canopy openness, as only one significant influencing factor, has a positive ef-
fect on relative growth rates of established seedlings. These results suggest that the growth status of seedlings
could predict established seedling survival during development. Meanwhile, established seedlings prefer to
grow in habitat with better light. Therefore, the established seedling survival rate would be higher in the hab-

itat with better light through higher relative growth rates.

Key words: survival rate; relative growth rate; generalized linear mixed models; canopy openness; forest

dynamics plot
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Fig. 1 Topography of 20 ha forest dynamics plot in Tiantong and the distribution of seedling census stations
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Rl YEEAHEERERET
Table 1 Micro-habitat factors of seedling plots

SR PR YN T PR
Micro-habitat factors Maximum value Minimum value Mean Standard deviation
7w ZTFRE Canopy openness (%) 35.31 2.58 9.09 3.86

gk Elevation (m) 572.28 321.89 441.87 53.9

¥ Slope (°) 82.65 4.00 35.08 11.98

I Aspect (°) 318.92 30.00 185.93 54.86
HIAZE T Herbaceous coverage (%) 100.00 0.00 20.76 24.94

4% Total nitrogen (g/kg) 10.04 0.95 3.15 1.27

4T Total phosphorus (g/kg) 0.79 0.02 0.26 0.13

pH{E pH value 5.26 3.50 4.14 0.25

Wete Ay LAACTT 1) e i BN 1 e £ JEE

Aspect is the clockwise rotation from the north.
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Imed A4 1, v () glmer() A Imer() fir 2 56 Ji¥ (Bates et
al, 2013), Zuites i & MK F Na = 0.05.
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. ] o ) X Fig. 2 Temporal dynamic changes of abundance (A) and rela-
5 76k 5 T BE 3G n i 2 2 G n, HRME— X e JE 4 tive growth rate (B) of the established seedlings

E3 &EFEEAERSEEREEHENZIN . AICCHI I E RZE FIF IR E (R W2 EMEFH). RGR: &
—FRXMEEER; Icon: FEFARIRIAIEE; Ihet: FMMMAIEH; Scon: EIMATEMAERE; Shet: FH4@EDIEE
¥, Leon: EIHMUETERT =8, Lhet: RHMUEATEM=2; Coverage: EHSHRNEXREERE; Openness: BEFE; Slope:
[&; Aspect: i [E](&cos(a)+1.15%1%); Elevation: #E Mo+ S EAEREHK; pH: TiEpHE; TN: TIELHEE; TP: TS
BMEE.

Fig. 3 Effects of factors on established seedlings survival in the community. The AICc weight indicates the relative importance of
each factor. The ranking of potential factors in the X axis is ordered by the AICc weight. RGR, Relative growth rate in the previous
year; Icon, Conspecific adult neighborhood indices; lhet, Heterospecific adult neighborhood indices; Scon, Density of conspecific
seedling neighbors; Shet, Density of heterospecific seedling neighbors; Lcon, Amount of conspecific leaf litter; Lhet, Amount of
heterospecific leaf litter; Coverage, Coverage of herb in the focal seedling plot; Openness, Canopy openness; Aspect, Transformed by
cos(a)+1.1; pH, pH value in the soil; TN, Total nitrogen in the soil; TP, Total phosphorus in the soil.
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B4 EPMBEFEERE T EHERE RSB A KRR AICCHIEX L E Z E FIR IR E (R 02 B P
HEF). Icon: EIFHERARTHISRIAIEEL; Ihet: RMARIRISRAIEE; Scon: FIFSHESAZEE; Shet: RMAETAIEE; Leon:
FEMURATEM =2, Lhet: HMUETEM=2; Coverage: B AANEREEE; Openness: BEFFE; Slope: IKEE; Aspect:
W [E) (& cos(a)+1.1%%53%); Elevation: &ML BEEREIR; pH: £EpHIE; TN: LIELEES=; TP LIEEHME=.

Fig. 4 Effects of biotic neighborhood and micro-habitat factors on the relative growth rate of established seedlings in the communi-
ty. The AICc weight indicates the relative importance of each factor. The ranking of potential factors in the X axis is ordered by the
AlCc weight. Icon, Conspecific adult neighborhood indices; Ihet, Heterospecific adult neighborhood indices; Scon, Density of con-
specific seedling neighbors; Shet, Density of heterospecific seedling neighbors; Lcon, Amount of conspecific leaf litter; Lhet,
Amount of heterospecific leaf litter; Coverage, Coverage of herb in the focal seedling plot; Openness, Canopy openness; Aspect,
Transformed by cos(a)+1.1; pH, pH value in the soil; TN, Total nitrogen in the soil; TP, Total phosphorus in the soil.
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FE 43 T 8 Wi 3 V& 5E & 40 R S A2 05 () R 3= I
FRATT R I A B8 DR 1 I R X B v 8 T 400 e 1 30
fEiE AR R E R AR R A e fE e, H
¥R BB T % 2 KR 1 F% (De-Steven, 1991; Alva-
rez-Buylla & Martinez-Ramos, 1992; Kitajima &
Fenner, 2000). FHT40 T2 AR A 70 € J& 4 T H
FEBHETHRAUN10.2 £ 0.2%), AT LA B3R 7%
T V& JE 5 401 VA3 TR 52 W X DL AE 550 R i) RUFBE

NI R, F5 AT BRI 8] ) .

Fihb, J-CRUNL T B ) 240 0 R ) 28 )
TE 7€ J& 23 v (R AE A% Sy R AR AT . 5 BE 4
6 JR AT B2 1) 32 22 TR DX W] e 2 B VK 8 R AT 2
JE 55 4 (M 53 2) IR 2 3% IEAH SR (r = 0.97, P <
0.001), £ K. M /N 3R 4R 4% R D
(SpowmenkollJl, 1966), M i& &% #H L TR & f&
WA e, A MRARPTR SR 3 1 BE ) 58 9 (Kit- aji-
ma& Fenner, 2000), MM 58 — M K EOHE DL
125 € JE 4l R TG R AR T, TR R P )
o4& JR); TR B | 29 4% JR) AR TR BCR  E JR PR AT /g 2
T A T 4 WA S JE AT B B B C 2T B B R
(Comita & Hubbell, 2009; Kobe & Vriesendorp, 2011;
Bai et al, 2012; Lin F et al, 2014), {4 —: K #Hof:
DMRE . SR, BT o 4 B R, 38 R
FW B9 [ G £ G L ) B e SR AR BT G
Wi 5 J 4 P ARSI R DR BRI, AT A 3 S Ao RO
LEARTE R T, o W3R € JE 4RI AR
o A RE M JE R 2 S A O A A PR SR AR BE S AT ) 1
PHRG & —PERB R T, T2 2 R BRI R
(Hubbell & Foster, 1986; Kochummen et al, 1990). %X
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1M, SRR R SRS 5 5 &0 1 R A (1) 5 e R
BUNT AR AR KGR AR, AR AR KR R RE 0% B 47 i
T8 = A v A AR IS T D

BT JE 4N DA Ve, Bt CAZE AU I
[ RBE b, FRATTFF AR I 3 K50 3 A= P &0 Rk A 2
353 IR -7~ 5 J& 4 v AR S BB R s e . SR, #hE
B B AF S A K 2 A 7E B Y I ) ROBE B X e
WIHAETE P2 T o3 235 I R 520 (24 %) v I AH XS
A K AR B S v T B R R BB BRI, AR
Aoy ETF) o Ut E 5 A ARG A s 2 2 R
WEAFEIOCEE R 3R, N2 B P AR 6 AR R T R X6 ok
5 A 4 408 A R0 Ak AR BE DR 52 ) RO 1 R
(Turner, 1990; Berkowitz et al, 1995), Ft LAAH] 788
ik 3 AT AN [ DR -0 5 i 40 A R AR K T8 (1) 5
NN TR AHE 0 5 S8 40 e TR A% R 2 AT AT Y

I AT R, FEREE RS o R T M —
B35 R R A A KR R R . AR
FEEERIH N, 4 AR AR Ko 2R 2 g, 15 A
BT ()G A BRI AR ERE VA N 8 B A AR
BIRATETE N AE AR 2 I 1 Rl Cul 1 £ 55, 2015),
MR DA (B 7T, 8 s IR T i AP 4 i 1) A=
2= 52 B 1 (Walters et al, 1993; Kitajima, 1994;
Walters & Reich, 1996), {H %) ¥ i 77 08 i) et
JEIT B KA N35.31% (3R1), RIERIGE B FHA
oA AT A K 1) R Y B A I 5 Gt J2 T > 40%)
(Ellenberg, 1974). MifEAEmEHIE T, EEIMNT
O It i iR B A 4 1 1) A2 1< (Canham,  1988).
JIr LA s Ay 5 e 12 [X ISR V& o T &) v A K B R
MAMER 2. Jiak, ARV R E J& 2B AR A=K
AR [P 7 S 2 SR B VR 8 JE Al AR K I N AR
DRI 2R (Pt 4), AHIX FFoRT-P5e )= 1 FE A = Ak
TE IR ZO0 T A o AR K e i sz e A2 B A 7 5K

VPR, G BEUE AR AR K R B
DRI 2RI, A A 3 5 2k bRt A K DUIRICRE 22 (1)
FETEAEIE TR, ERAEKER S fEER WS I
% (Walters & Reich, 1996; Hubbell et al, 2001; Lin F
et al, 2014; Ley-L6pez et al, 2016). A 77 H 6 &
PR R B R VR 8 R e AR K e — (R g a3
T IIN, FEFEREKT b, € B8 AR A4
TR G 7GR R PR 3 1) IEAH S (P 3%5), UiBHR
B VR RER o W FR ) 5E e A i e pod AR K,
TR 22 (G B

LR PR, BV A E B G AT EER ALK
IRBLIRIFEN o A A A Ry (0 J S, A7
I AT RENE AR BOR, AR e B3 1 X 45k
K E AR R AR AR, BRI GRS T RE 2 (]
BRI SR A AR SR . AN, T e R
Fe A (et FE g AR A, T SE T 4 v A7 i
IR RENE, Z0d R 7 AR B I 18] R A REder
%, P AW T A 3R 1 R R BDEHA B T 58
4RI P A A W BRI . BRI Z A, A
W FLRI 2% FE I AP SRR MRS A 7 AN 4, Hox
SE Ji 4 P R S A T DR R A2 A T 3 A8 A 1) i
P2 ABFA R BN 6) . V12 AR5 &AM TR 3R
B AT E A R i &I A A WD T 45 3t 52 i
HAFIE, SIS R T fe s Hfh Ak 5 R 3
[A]F2 5 52 S A A - e, (2 DUE OB FE o
% 207 R T 2 (AR AR A AR I 7, T4
M TTRERIRZ R AR -

BUS: o BN R 5 A AR LR 09 AT
BREHE, UARERE REF, EHFEBERF
H) AT LR 04 B B A R
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Appendix 1 The photo of established seedling in 20 ha forest dynamics plot in Tiantong
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Appendix 2 Species composition of established seedlings in 20 ha forest dynamics plot in Tiantong

http://www.biodiversity-science.net/fileup/PDF/2016290-2.pdf
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Appendix 3 Equations
http://www.biodiversity-science.net/fileup/PDF/2016290-3.pdf

MisR4 PFEHENE KRR SBEZMEFAE BIEAE K IE ZREE E B A pseudo-R-squared b iS4
Appendix 4 The pseudo-R-squared and estimator of combined fixed factors including species’ average relative growth rate factor
and each potential impact factor in seedling growth mechanism model

http://www.biodiversity-science.net/fileup/PDF/2016290-4.pdf

MisRS XRE20 hatfNERNEFEESHEMEKERPERXR. @QAEBHNEZEKRTS0, SUE KT8 NMIEY
METRYEHSFANFEFEERSEHBENEKERERXER, O)AMBIMETRSEFEFANEFEESEHEKERE
KK FR,

Appedix 5 Relationship between survival rate and relative growth rate of established seedlings in 20 ha forest dynamics plot in
Tiantong. (a) represents the relationship between annual survival rate and mean relative growth rate of established seedlings of dom-
inant species (abundance is more than 50 and frequency is more than 40) in seedling plots; (b) represents the relationship between
annual survival rate and mean relative growth rate of established seedlings of the whole species in seedling plots.
http://www.biodiversity-science.net/fileup/PDF/2016290-5.pdf

MR6 BIESNEFAIpseudo-R-squared
Appendix 6 The pseudo-R-squared of potential impact factors
http://www.biodiversity-science.net/fileup/PDF/2016290-6.pdf
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Mk 2 KE 20 ha FEHb A & B 4H 1A PR AL
Appendix 2  Species composition of established seedlings in 20 ha forest dynamics plot in Tiantong
FiFE Frequency (No. of

4 Species %% Abundance (ind.)
seedling plots)
P ARZET Litsea elongata 150 9
¥k isc i Distylium myricoides 105 49
SR Camellia fraterna 100 80
F kA Acer pubinerve 72 44
ZIA# Machilus thunbergii 71 47
=11 Cyclobalanopsis sessilifolia 67 58
#6754 Machilus leptophylla 63 27
PArm A licium lanceolatum 55 40
M4 Cinnamomum subavenium 53 43
WILHT AR Z T Neolitsea aurata var.chekiangensis 50 38
FEREAT llex buergeri 41 40
7% camellia.sinensis 34 16
0444 Eurya loguaiana 32 29
KA #5 Lithocarpus henryi 31 30
FERS Castanopsis fargesii 25 21
77K Syzygium buxifolium 21 13
fR 2% Laurocerasus phaeosticta 14 14
Wik B2 % Damnacanthus macrophyllus” 14 7
KA Schima superba 13 13
(A Symplocos sumuntia 11 10
LTI Eurya.rubiginosa var.attenuata 11 10
#i WL Symplocos anomala 10 10
#iHiE Cleyera japonica 9 9
HEE A Choerospondias axillaris 9 8
#E R Symplocos laurina 8 7
# Clerodendrum cyrtophyllum 8 7
i Vernicia fordii 7 7
PY )il Symplocos setchuensis 7 7
#£7%#% Alniphyllum fortunei 7 7
43 X Cyclobalanopsis myrsinifolia 7 6
/N7 X Cyclobalanopsis gracilis 7 5
A% Castanopsis carlesii 6 6
¥4 Symplocos stellaris 6 6
St LA Symplocos lancifolia 6 6
YeH-fi4# Photinia glabra 6 4
ZHME Styrax confusus 5 5
HEZ AR Osmanthus cooperi 5 5
AJE Osmanthus fragrans 5 3
FHAREHA Carpinus viminea 4 4
1EHE Zanthoxylum scandens” 4 4
H4R1E Rhododendron ovatum 4 3
#H X Cyclobalanopsis glauca 4 3
J& %] Damnacanthus indicus” 4 3
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~

¥& ¥ Gardenia jasminoides

2L 11 Camellia japonica
Hi5 1 Mallotus apelta

ZL k%% Lindera rubronervia
J2 5z 4 Daphniphyllum oldhami
4% Phoebe sheareri

=2RF2 Cephalotaxus fortunei
18 Dalbergia hupeana
Jr#EPE Laurocerasus spinulosa
94945 Euscaphis japonica
ZIF %5 Meliosma oldhamii
k%3 llex rotunda

JEFEM Ehretia thyrsiflora

5 1% litsea coreana var.sinensis
B Callicarpa cathayana
FEHEF Sapindus mukorossi

75 )11 Celtis vandervoetiana
¥4 Diplospora dubia
EHIA Fraxinus insularis

KR Vaccinium mandarinorum
AT llex kengii

RURIIAL Symplocos botryantha
#4544 Eurya muricata

MEA Sassafras tzumu

J& 27 Ternstroemia gymnanthera
L XSHT Litsea cubeba

¥4 Mallotus japonicus var. floccosus
¥#E Myrica rubra

HAETT % Tarenna mollissima
&%k Albizia kalkora

%35 llex chinensis

Hil#k Kalopanax septemlobus
#45 Ginkgo biloba

FAPEA Raphiolepis indica

e e e e e e e e e e e e e e e T e S T S I NG R (O I NG R NG I O R O R U T 'S B O R USSR U SR SN
O = — = ok m e ke e e o e e e o kNN NN NN NN W W W NN

A% Unknown 10
F1t Total 1,239

* PR R AN R A B B (DBH > 1 em) IR 22209 2011 £F 10 H 48 A4S B I &I, 58 J& 401 1 )4
B USRS E Al A DT BN

* indicate this species’ adults were not surveyed in the census of Tiantong plot in 2011. The abundance indicated
the individual number of this species’ established seedlings during the first census in October 2011; the frequency

indicated the number of seedling plots which contain this species’ established seedlings.
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Appendix 3  Equations
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Appendix 4 The pseudo-R-squared and estimator of combined fixed factors including species’ average relative
growth rate factor and each potential impact factor in seedling growth mechanism model

[i4] %€ 1l Fixed factor R2 HF B—RGR B
WAt T SR S A A T A [ Ao R ) 40 5 4 2.71x1072 10 252x102** 5 65x10°3
Species’ average relative growth rate and conspecific
adult neighborhood indices
Wb F- SR o A K T R S Aol R 408 4 i 2.70x10%2 13 4.53x102** 3.07x10
Species’ average relative growth rate and
heterospecific adult neighborhood indices
e~ SRR T A A R [ e 4y i 40 A T 2.77x10° 2 4.58x102** 8.72x10°
Density of conspecific seedling neighbors
WA TR S A A T A e o )y i A T 2.71x1072 8 4.53x102** -3.50x10
Species’ average relative growth rate and density of
heterospecific seedling neighbors
e~ A R T A A R [ e ] 7 2.72x10%? 7 4.52x102** 4.01x10°
Species’ average relative growth rate and amount of
conspecific leaf litter
%ﬁ%ﬁj*ﬁﬁi{ﬁ@z%ﬂﬁﬁﬁ@TEHTFE 2.74x102 5 4.50x102** -6.24x1073
Species’ average relative growth rate and amount of
heterospecific leaf litter
YIFRT- AR AR A TR 205 )2 JT S Species’ 3.00x10%2 1 4.32x102** 1.48x102*%*
average relative growth rate and canopy openness
RS A AR AR FFTIG IR Species” average 2.71x10%2 8 4,50x102 ** 3.44x10°8
relative growth rate and elevation
YIFRT- ARG AR A TR 2RI B Species’ average 2.72x1072 6 4,53x102** -4.34x1073
relative growth rate and slope
Ef%*qlﬁzigfﬁﬁi‘[{(ﬁ%fﬂi&ﬁﬂ SpeCiES' average 2.70x102 11 4.54%1072 ** -2.41x1073
relative growth rate and aspect
Vb A A K Tl A RN R AR 7 75 2.76x1072 3 4.51x1072** 6.88x10°
Species’ average relative growth rate and herbaceous
coverage
PRSP ARG AR TR 2 A 4 Species’ average 2.70x1072 12 4,52x102** -8.95x104
relative growth rate and total nitrigen
PRSP AT AR TR 2 A 21 Species’ average 2.70x1072 14 4,53x102** 1.92x10*
relative growth rate and total phosphorus
W2 AR N A K R A pH . Species’ average 2.75x10%2 4 4.54x102 ** -6.72x1073

relative growth rate and pH value

,B@ AP T LIRS LA TR A7 1Al TH 24 g ACRAS R LR K 7 1 28 &b

ZH5 0 Z IR 5

ﬂ@ represents the estimator of species’ average relative growth rate factor;  represents the estimator of each

potential impact factor; ** represents this estimator has a highly significant difference with 0.
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MR 5 RE 20 ha it AEB M EFEESHEIMERKELRNEXXR. a BAERYESEKXT 50, HE
KT 40 B9 8 MABYHESRRLEH S ANEFEEESFIENEKREEXR; b BARESIMER
EHEHFANEFEESENERKERENX R

Appedix 5 Relationship between survival rate and relative growth rate of established seedlings in 20 ha forest
dynamics plot in Tiantong. Fig. a represents the relationship between annual survival rate and mean relative growth
rate of established seedlings of dominant species (abundance is more than 50 and frequency is more than 40) in
seedling plots; Fig. b represents the relationship between annual survival rate and mean relative growth rate of

established seedlings of the whole species in seedling plots.



XTEE, DT, MERKL, Jribeld, AREREIL, SRR, BRIETE SR, AR, KB SR AR a4 A
FAERKIIOREE. M2 AEE, 2017, 25 (1): 11-22.
http://www.biodiversity-science.net/CN/10.17520/biods.2016290

ME3% 6 VEFERZMA KT 1 pseudo-R-squared

Appendix 6 The pseudo-R-squared of potential impact factors

[# 52 Fixed factor RE AL 5 52 IR AR A K (R A
Short-term seedling survival Seedling growth mechanism
mechanism model model
R’ HE7 R? HE7
Rank Rank
BT —4E RSB AR A K 2R 2.89x107 1 / /

Relative growth rate of seedling in the
previous year

[E) T b 1) 4848 5 2 Conpecific adult 2.85x10° 4 1.98x10* 9
neighborhood indices

SERP R AR AR L Heterospecific adult  1.36x107 2 4.62x10™" 14
neighborhood indices

R4 A0/A 5 B Density of conspecific  5.34x10™ 9 6.15x10™ 5
seedling neighbors

SR A RS E Density of 3.16x10 3 1.63x10™ 11
heterospecific seedling neighbors

B FE Y% 77 & Amount of conspecific 6.30x10™ 8 3.05x10™ 7
leaf litter

SFPETEH B Amount of 1.63x10* 12 1.12x107 2
heterospecific leaf litter

EEFFEE Canopy openness 5.85x107 15 5.34x10°° 1
¥4k Elevation 2.29x10™ 11 6.57x10™ 4
JE Slope 2.59x10* 10 2.79%10™*

Wila Aspect 2.52x10° 5 1.70x10° 13
TR % Herbaceous coverage 7.44x107 13 9.09x10™ 3
4% Total nitrigen 3.95x107 14 1.29x10™* 12
4% Total phosphorus 2.32x107 6 1.93x10™* 10
pH & pH value 8.62x10™ 7 4.52x10* 6

MCERIZIA T ICE O R R I E G 357 28 cos(ar) + 1.1 564k

/ represents this factor could not be a fixed factor in that model; aspect transformed by cos(cx) +1.1.
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Spatial heterogeneity and its causes in evergreen broad-leaved forests in
the Ailao Mountains, Yunnan Province

Yuanjie Xu', Dunmei Lin?, Ming Shi®, Yanjie Xie®, Yizhi Wang®, Zhenhua Guan'", Jianying Xiang*

1 Yunnan Academy of Biodiversity, Southwest Forestry University, Kunming 650224

2 Key Laboratory of the Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education, Chongging Universi-
ty, Chongqing 400044

3 The Faculty of Forestry, Southwest Forestry University, Kunming 650224

Abstract: Understanding the variation of species richness over spatial scales, and elucidating the response of
plant community composition to habitat heterogeneity has been one of the major topics in the study of com-
munity ecology. Niche differentiation related to habitat heterogeneity plays an important role in shaping di-
versity levels and species distribution patterns of plant communities. Based on a survey of 42 plots of four
types of evergreen broad-leaved forests in the Ailao Mountains of Yunnan Province, this paper explored how
community distribution and tree species richness of such forests changed along topographic and edaphic gra-
dients. We found significant differences in community composition among the four types of evergreen
broad-leaved forests. Tree species richness of monsoon evergreen broad-leaved forests was significantly
higher than that of the other forest types. Tree species richness of mid-montane moist evergreen broad-leaved
forests was significantly higher than that of semi-humid evergreen broad-leaved forests, whereas no signifi-
cant difference was observed among the other forest types. Non-metric multidimensional scaling (NMDS)
revealed that nine environmental gradients, including elevation, slope, soil water content, soil organic matter,
were the determinants of forest community composition and tree distribution patterns. As the best predictors
of tree species richness, soil available boron, elevation, soil total potassium and convexity together explained
63.2% of the variance of tree species richness. The combination of topographic and edaphic factors explained
most of the variance of community composition and tree species richness of the evergreen broad leaved for-
ests in the Ailao Mountains.
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Fig. 1 Location of the Ailao Mountains and overview of the study area
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Table 1 Relative dominance (%) of tree species and their contributions (%) to within-group similarities. The contributions of different
tree species are shown in brackets.

Wl 4 B BEEE AR g RE AR 2 X S ] AR P ] ¢ i 1
Species name MD MM MS SH
fRIgRI £ 4R Lithocarpus crassifolius 25.54(23.40)

~EEMA Clethra delavayi 12.81(17.81)

FEERALAY Rhododendron irroratum 19.47(17.51)

= M#AS Vaccinium duclouxii 8.37(13.47) 8.68(21.18)

BER1E Lyonia ovalifolia 10.45(12.52) 9.99(10.38)

W47 Nex corallina 5.94(6.35) 8.50(13.34)

ASAHE Lithocarpus xylocarpus 16.88 (20.10)

Ji& vhk% Castanopsis wattii 7.50(7.53)

fifi2-# Lithocarpus hancei 8.96(6.42)

- T #4E Rhododendron leptothrium 3.30(4.70)

FIWZE Stewartia pteropetiolata 3.94(3.51)

WS Schima noronhae 5.13(2.59)

PUNIAT llex szechwanensis 2.72(2.01)

F4JK Alnus nepalensis 19.39(21.73) 9.71(18.22)
itl#% Castanopsis delavayi 9.56(21.37)

BE% R Helicia nilagirica 4.29(10.23)

#%%4 Anneslea fragrans 2.51(8.21)

ML AHE Lithocarpus truncatus 10.20 (7.47)

/NAFE Castanopsis fleuryi 8.93(7.35)

MM AZET Litsea garrettii 4.37(6.19)

PRI AR Schima wallichii 6.13(4.77)

ZIAIE A Machilus rufipes 4.96(2.97)

7 X Cyclobalanopsis glaucoides 35.04(27.95)
A4k Lithocarpus craibianus 28.38(27.93)
Z A #R Lithocarpus polystachyus 20.47(24.96)

MD, Mossy dwarf forest; MM, Mid-mountane moist evergreen broad-leaved forest; MS, Monsoon evergreen broad-leaved forest; SH, Semi-humid
evergreen broad-leaved forest.

F2 NMDSHIFHMSIMER FRIMBXERE
Table 2 Correlation coefficients of the NMDS ordination axes and the environmental factors

T NMDS#—4f NMDS1 NMDS#; %l NMDS2 r P
Environmental factors

4K Elevation -0.779 -0.627 0.897 0.001
[ )& Convexity 0.992 -0.128 0.098 0.134
i m Aspect -0.025 -1.000 0.035 0.490
W& Slope -0.352 -0.936 0.241 0.007
135 K% Soil water content (SW) -0.994 -0.107 0.635 0.001
+HEE MR Soil organic matter (SOM) -0.825 -0.566 0.293 0.003
- 5EpH1E pH 0.998 0.067 0.597 0.001
4% Total nitrogen (TN) -0.367 -0.930 0.060 0.312
4> Total phosphorus (TP) -0.543 0.840 0.108 0.121
447 Total potassium (TK) 0.150 -0.989 0.374 0.002
HAA Available nitrogen (AN) -0.582 0.813 0.079 0.210
M Available phosphorus (AP) -0.918 0.396 0.432 0.001
H B Available potassium (AK) 0.112 0.994 0.316 0.001
A Available boron (AB) -0.272 0.962 0.503 0.001

PRI R 1 SNMDSES — Rl sl o — A 2 R B0 24P, P refers to significant correlation between the environmental variables and either
NMDS axis 1, or NMDS axis 2.
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guadrats, while Association Il could tolerate mild salt and drought stress, including 3 quadrats, and Associa-
tion Il had a certain degree of adaptability to salty and dry habitats, including 22 quadrats. With succession
of typical associations from type | to I1l, psammophytes and halophytes gradually occupied the habitats and
become the dominant species. The Shannon-Wiener biodiversity index and Margalef richness index initially
decreased and then increased along with environmental degradation, while the Simpson dominance index and
Pielou evenness index showed the opposite trend. The variation of associations and species diversity along
the environmental gradient reflects the succession of plant communities. The Bray-Curtis similarity analysis
of niche breadth clustered 13 dominant species into two groups, with an average similarity of 96.89% and
97.66%, respectively, reflecting that the niche breadth of species has a high similarity. The pressure coeffi-
cient of non-metric multidimensional scaling (NMDS) ordination was 0.04 and except for Halimodendron
halodendron and Glycyrrhiza uralensis, and species distribution also had a high similarity. In summary, soil
water and salt contents are the main environmental factors that are responsible for plant structure and diver-
sity, and determine the direction of succession. The niche and distribution of dominant species show high
similarity, indicating obvious competitive relationship between them.

Key words: desert riparian forest; multivariate regression tree; non-metric multidimensional scaling; eco-

logical niche breadth; ecological niche overlap
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Fig. 1 Location of the study area and quadrats setting. The picture on the left shows the remote sensing image of Ebinur Lake Wet-
land National Nature Reserve and the picture on the right shows the scheme of quadrats near Dongdagiao Management and Protec-

tion Station.
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Fig. 2 Multivariate regression tree for associations classification. The columns represent the importance values of the species and n

refers to the amount of quadrats included.
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Fig. 3 Species diversity of different associations. Association I: Ass. Populus euphratica — Apocynum venetum — Phragmites aus-
tralis, Association Il: Ass. Populus euphratica — Reaumuria songonica, and Association I11: Ass. Kalidium foliatum | Populus eu-
phratica — Apocynum venetum + Alhagi sparsifolia.
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Table 1 Resource gradients division of soil factors. The same values in adjacent grades are assigned to the lower grade.
IR T BHIERRE 4% Resource gradient grade

Soil factors 1 2 3 4 5 6 7 8

2 /K& Water content (%) 2.0-4.0 4.0-7.0 7.0-10.0 .10.0-13.0 13.0-16.0 16.0-19.0 - -

4 Eh & Saltcontent (g/kg) 0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00 5.00-6.00 6.00-7.00 7.00-8.00
pH 8.25-8.34 8.34-8.44 8.44-854 8.54-8.64 8.64-8.74 8.74-8.84 8.84-8.94 8.94-9.04
ase: Zey 1N 0.00-1.00 1.00-2.00 2.00-3.00 3.00-4.00 4.00-5.00 5.00-6.00 6.00-7.00 7.00-8.00
Soil organic matter (g/kg)

JE, (RSB IpHZE B A2 357 T8 FE BN . B AT R ALLYE, 38 I W A 2547 58 FE Bray-Curtis UL 15 £k
R A EE ESE R R IISOMAE FEARAS v SRR, RA3MLH Al w24l BRI Hh ks
JE, FESERIFISOMYERE A SN TE R fe/lh e AR YL, AL 735 SRGERAEITUN, S241 i ese. &%

A BHIRYERE EANFEYIR RS RS, Bl HE. . Bl EBELR. RIR. DK
Al — R AE AN R BRI 4R P ARSI T8 LA e RUERMN(E4). b, S5 1AL R A M A2 50 98 FE B,
ZER, /\Eljéiﬂ%%ﬂélﬂiﬂf%fﬁﬁ Eft“"i’J LHRER FIAR I 96.89%; £8 240 i b 1) A 25 A7 5 A
ALY AR, MR TIRAE R BRI A ALTE TR, P IALED997.66% . 2R AL T RS
FEAE IR 7 8 P Y 1 96%, e 4T 98%, i A BT 7T IX AR

N T ARG ) AL 25 00 58 B2 R AR R E Je A SRR AR 2 98 2 B A B AR B
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Table 2 Ecological niche breadth of dominant species

s B IR YEE oYU pHZE & AR 4B
No. Dominnant species Water dimension  Salt dimension pH dimension Soil organic matter dimension
1 % Populus euphratica 0.536 0.455 0.414 0.437
2 ¥#: Haloxylon ammodendron 0.531 0.335 0.304 0.348
3 M Tamarix ramosissima 0.480 0.210 0.236 0.276
4 EEE Y%L Reaumuria songonica 0.724 0.388 0.452 0.412
5 164E4¢ Karelinia caspica 0.354 0.317 0.377 0.251
6 F3il Nitraria tangutorum 0.611 0.535 0.492 0.476
7 %5¢H| Alhagi sparsifolia 0.390 0.422 0.497 0.189
8 #4431 Halimodendron halodendron 0.329 0.246 0.211 0.299
9 ZA Apocynum venetum 0.898 0.383 0.433 0.536
10 #HJIUK Kalidium foliatum 0.367 0.427 0.468 0.221
11 #7357k Halocnemum strobilaceum 0.186 0.245 0.325 0.234
12 HZE Glycyrrhiza uralensis 0.333 0.250 0.250 0.250
13 73 Phragmites australis 0.316 0.448 0.342 0.246
— IR Kalidium foliatum E%{E%/ﬂ:&' %B%O R ﬁ‘ﬁ%@%m” E(] 7J<§j\ é&}g éEsz‘E,fj ij_“c
L SRTEd Alhagi sparsifolia 7\34:%%, /El 5 T% *gl] N E[ ﬁlj }F[] :{E ﬁg& E(] E % {E iﬁ % ,
Fi§ Phragmites australis 5 ﬁ;’ﬁﬁ#@%‘# Eg E%{E %BZ:% ° %ég%—lﬁ%g‘z ﬁ” N 7/46
. TESeM B RE SR 4 AR SA E SRS, o
#h WA Halocnemum strobilaceum
51°50.992. 0.981f10.945, H&up il 5161451 &S
FVH Nitraria tangutorum ,fa‘mi‘gz\r%—‘, ?'\30982, H‘——%‘ . Ii-iﬂ *ZJ 5 ;H\:’ﬂ{_j,ﬁ:lj E/‘] ﬁi;é?’fi
i1 Populus euphratica E %{E éf:i’fﬁ&, ;E\ EP 1‘% *gl] _.lﬁ‘ H E.?FD ﬁﬂ *ZJ E/\] EE%?&E i—‘E
H& Giveyrrhiza wralensis %Lg/ij%{E%{EE, ﬁj\%uy‘j0245$[]0343 (%%3) °
- PHAEFE I, B ERBIAESMNEZRMEN
¥ ¥4 Halimodendron halodendron
0.975, Bk, EEE S HAh A A5 B BB L
{EAESE Karelinia caspica _-'%_; ﬁ%‘jﬁgﬁ\:’f‘m%ﬁp E/\J ﬁz%&ffﬁ%%{ﬁ%’f&, ﬁ\: EF‘ 5
BN Requmria songomisa AN RS, B B S {E 43 7 90.080.  0.0934
it Haloxylon ammodendron 0302: ﬂ:[: 9|\ ﬁﬂ *;J 5 5% QJE ﬁu E,:] E‘: % {E & 5:5—& ,ﬂ;& y j'\j
A WE Apocynum venetum 0230 (i%4) ° SO M éﬁg J:’ %‘%‘% N ? ﬁﬁ;jﬁ*u itﬂfim
— IG5 A e 38 B 2 0 2 A e, bt
FEHD Tamarix ramosissima o N = N S
| JTUTCE 5% B ) 2 (8] 1) 22 S {1 14 $1)0.995; #2240 5
s % e s w HLAAR 3 2 7] i) 26 25 o7 3 A (ARG, SRR SE,

HIELE 45 2L Bray-Curtis Similarity (%)

El4  RBFhaE 25105 B Bray-CurtistB N B2 40
Fig. 4 Bray-Curtis similarity clustering analysis of niche
breadth of dominant species
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Table 3 Ecological niche overlaps between dominant species on soil water and total salinity dimension

4’5 No. 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0783 0.343 0502 0406 0735 0484 0656 0.808 0460 0448 0874  0.940
2 0.941 0544 0665 0592 0785 0.647 0702 0801 0636 0580 0731  0.892
3 0.684  0.805 0922 0882 0851 0887 0792 0722 0810 0793 0245  0.602
4 0.898 0911  0.000 0981 0945 0992 0715 0748 0937 0911 0499  0.836
5 0305 0.638 0.707  0.965 0878 0982 0576 0.619 0.909 0955 0474 0.803
6 0962 0597 0.815 0.800 0.953 0929 0828 0891 0.884 0.819 0645 0.935
7 0372 0987 0240 0985 0.871  0.508 0664 0717 0962 0.898 0484  0.818
8 0280 0119 0743 0279 0938 0.880  0.380 0961  0.669  0.467 0420 0.671
9 0456 0742 0597 0.636 0763 0466 0.670  0.000 0738 0526  0.61 0.838
10 0284 0779 0476 0975 0.000 0731 0943 0.604 0.716 0765 0436  0.759
11 0767 0819 0.288 0883 0317 0715 0861 0564 0779 0991 0.590  0.865
12 0728 0420 0.693 0878 0732 0798 0902 0569 0751  0.805  0.693 0.968
13 0450 0339 0733 0274 0961 0832 0322 0000 0320 0831 0366 0671

FEX AL LT RARB ARG WA S B DA, X AL ERRBFAE 4 RS EBEEE. 5 E IR,
Values under the main diagonal were the niche of dominant species in water dimension, and those above the main diagonal were the niche of domi-
nant species in salt dimension. See Table 2 for the meaning of code numbers.

R4 MBHESMUpHEMBIREEESE

Table 4 Ecological niche overlaps between dominant species on pH value and organic matter dimension

45 No. 1 2 3 4 5 6 7 8 9 10 11 12 13

1 0446 0391 0436 0355 0726 0351 0488 0578 0344 0140 0790  0.929
2 0.343 0910 0981 0888 0887 0903 0391 0893 0927 0479 0619  0.301
3 0.487 0975 0921 0991 0799 0913 0061 0804 0939 0512 0.648 0314
4 0325 0763  0.778 0909 0870 0.888 0360 0906 0922 0622 0605 0.303
5 0398 0777  0.848  0.906 0736 0941 0000 0804 0962 0582 0676  0.322
6 0375 0647 0691 0879  0.857 0684 0535 0816 0716 0301  0.639 0518
7 0230 0.892 0.842 0804 0748  0.663 0099 0846 0995 0538 0751  0.360
8 0705 0.694 0799 0843 0953 0.865 0570 0546  0.113  0.000 0.164  0.258
9 0357 0919 0949 0861 0909 0.852 0889  0.846 0.857 0548  0.724  0.487
10 0283 0756 0.743 0973 0819 0815 0863 0714  0.833 0576 0718  0.329
11 0080 0314 0216 0564 0335 0302 0669 0093 0340  0.694 0373  0.195
12 0522 0928 0980 0835 0921 0780 0792 0902 0.959 0768  0.679 0.878
13 0.487 0497 0587 0690 0770 0935 0518 0.809 0779 0612 0870  0.687

TR AL T RRFBFAEpHLE LS A EEEERE, T AL LR RFAMESOMYLE W AES M ESEMEE. W5 H XK.
Values under the main diagonal were the niche of dominant species in pH dimension, and those above the main diagonal were the niche of dominant
species in SOM dimension. See Table 2 for the meaning of code numbers.
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EEELSE. DA TS B AT 3 (A1 % & iﬂz FEVE T o5 O AR S R AT RV 1 R H S
e FE AR o EARIR . AR M ARIASE R 134T MRT 2 2K [ 45

3 e PR, P IE HOK A R AR 304N FE T 4y

325, BEANHE AL 25 A [R] 4 i 4 R AN BR B

3.1 EYRTES L RMFP S HEM KT IBUBEM 3 H IR 5K E > 12.99% 4R, 11
TN REVE DR VR IR0 B R BUBE AN N4l RIS K E< 12.99%. TS HE
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Fig. 5 Non-metric multidimensional scaling plot of niche
overlap of the dominant species. See Table 2 for the meaning of
code numbers.

B M RES A RIS K< 12.99%., RS
hE> 3.50 g/kgA BN N AL S IR T | %,
T B 32 B0 I S I AR PR ) AR A A A Y i B A
TS ST 6 PRI o 32 DR R AR A e 23 A (1 56 15
YA RT R4 WAEMSAEYER, XLl
WA B B — e AR L e 1 e

T FH 3 5] 38 30 SR FH VI 44 7206 E ok 3 A iy
%, NEZZIRAF L= %, “E—2Rf
SLARFRI DL+ M (2 2R 055, 2007). AHF 55 ik
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Influence of traditional Wa culture on vegetable germplasm diversity in
Yunnan Province

Hua Shao, Dayuan Xue”
College of Life and Environmental Sciences, Minzu University of China, Beijing 100081

Abstract: Based on field studies, the relationship between traditional vegetable germplasm resources and the
traditional culture of the Wa ethnic group in Cangyuan County and Ximeng County of Yunnan Province was
explored. Results showed that there were 110 species of vegetable resources used by Wa people frequently,
belonging to 40 families and 85 genera, containing 60 species of cultivated vegetables and 50 species of wild
vegetables. Cultivated vegetables were divided into 53 traditional cultivars and 36 introduced cultivars. Dur-
ing 1985-2015, home-grown vegetable cultivars used by the Wa people increased, but the cultivars of tradi-
tional vegetables decreased. The traditional culture of the Wa people, characterized by diversified utilization
of vegetables’ edible parts, eating habits, respect to ancestors, the “homology of medicine and food” and tra-
ditional seed reserve and exchange methods, played an important role in the conservation and utilization of
vegetable germplasm resources. This paper also analyzed the possible loss and influence factors of traditional
vegetable germplasm resources, and suggestions were proposed for strengthening the protection of the tradi-
tional ethnic culture, and subsequently, promotion of the protection and sustainable utilization of local tradi-
tional vegetable germplasm resources.

Key words: traditional culture; vegetable germplasm resources; Wa people; Yunnan Province
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Fig. 1 Variation in average home-grown vegetable cultivars in
Wa villages during 1985-2015
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Table 1 List of the wild vegetable resources used by Wa people

Fh Species 5 % F% Local name Rl Family AL Edible parts M5 Edible methods
PIH- 44 %K Acacia pennata B3¢ Plume acacia o8 WREE L R W HeEDE
Leguminosae Tender leaf, stem and shoots Salad, fry with eggs

$ TN Acanthopanax trifoliatus 1 710 FnE =5t Tender leaf and stem OB Fry
Trifoliate acanthopanax ~ Araliaceae

¥4 Aralia chinensis il & A, funFt W2E. - Tender leaf and bud ot e Fry, salad
Chinese aralia Araliaceae

7£%% Basella alba  NIEE2 V&R 2L Tender leaf and stem EHE. WA 5% Boil, fry, soup
White vinespinach Basellaceae

FI4E B H Bauhinia acuminata K 7€ o8 1t Flower FKEREE & W& Boil, fry
Snowy bauhinia Leguminosae

#5546 Buddleja officinalis YARAE BEF 1% Flower B A ekl
Pale butterflybush Loganiaceae A yellow dye for food dyeing

FAKJR Carica papaya AR FARFEL WS, WEN BT Atk Salad
Papaya Caricaceae Fruit, tender leaf, stem, inflorescence

EH Centella asiatica 4 IR 4% Whole plant B e
Asiatica pennywort Umbelliferae Raw eating, fry, soup

7K Ceratopteris thalictroides 7Kk IKRE i ZE Tender leaf and stem W Fry
Floating fern Parkeriaceae

BT Crassocephalum AR R EEE %%} WEEH. 4 . EE. W

crepidioides Redflower ragleaf Compositae Tender leaf, stem and seedling Fry, boil, salad

W 3k3Z Crateva unilocularis X JSE iiLigt WH-AIZEHRY Tender leaf and shoots K. WP Fry, salad
Crateva Capparaceae

¥ Cymbopogon citratus &3 & ARAF == Tender leaf and stem Rl Spice
Lemongrass Gramineae

W&l Cyphomandra betacea  #3jifi Ak HSE Fruit AL B e
Treetomao Solanaceae Eat raw, salad, fry

Fix 4N & Je7r Dendrocalamus [iES RAF Y AT, R I 2R el B . BE

hamiltonii Hamilton dendrocalamus ~ Gramineae Tender shoots Salad, fry, boil

/K% Elsholtzia kachinensis ~ /K#&% JETA W=E Tender leaf and stem A e Eat raw, soup
Kachin elsholtzia Labiatae

HEFE Eriobotrya japonica kAR A i Leaf Y1224 A Shred and raw eating
Loguat Rosaceae

ZRSE Eruca sativa IR T+ AeE 25 Tender leaf and stem AT Fry
Roquette Cruciferae

HE Eryngium foetidum R 632 DIEE Eogy 9 e %} Seasoning
Foecid eryngo Umbelliferae Whole plant or tender leaf and stem

=A% Evodia lepta /N ZEF M Leaf T JE 1% Drying for soup
Thin evodia Rutaceae

%% Hemerocallis nana pviea HAEFR 1t Flower W, ZE& Fry, boil
Little daylily Liliaceae

ER3% Houttuynia cordata Hr EAR /IR = HER RZE. Wit W M. L. B
Heartleaf houttuynia Saururaceae Root, stem and tender shoots Salad, fry, pickle, soup

2% Kalimeris indica )L oy W, ZhH K. WP Fry, salad
India kalimeris Compositae Tender leaf and seedling

LLIXSHI Litsea cubeba RET T} MR s %} Seasoning
Fragrant litse Lauraceae Tender leaf, stem and fruit

}:% Mangifera indica R BEREL RS Fruit A,
Mango Anacardiaceae Raw eating, pickle

K Beqt. Mayodendron igneum 4L 1E Kk Ft 46 Fresh flower TR E I
Brightred mayodendron  Bignoniaceae Fry after boiling

ML EEE Musa wilsonii XS R (CEYIL U N 52 E Fry
Wilson banana Musaceae Tender leaf, stem and inflorescence

JKJ¥ Oenanthe javanica IK RN T3 RS2 W AR, AR IO, Uk Fry, salad
Bengal water dropwort Umbelliferae Tender leaf, stem, petiole and flower

A Oroxylum indium a3 SRR 16 B R o B s A ORISR
India trumpetflower Bignoniaceae Flower, tender leaf and fruit Pound leaf, fry or pickle fruit

#3¢4¢ Ottelia acuminata IS B IKEEEL 16+ 0 Flower and tender leaf o Fry
Yunnan ottelia Hydrocharitaceae

R Parabaena sagittata B B R =5 Tender leaf and stem I 8ifiis Fry, soup

HIEHIHL Piper flaviflorum

%R Plantago asiatica

AT Pleioblastus amarus

Sagittate parabaena
By

Flaviflorum pepper
R

Asiatic plantain
i

Amarus pleioblastus

Menispermaceae
HIHCR
Piperaceae
IR
Plantaginaceae
RAFR

Gramineae

#Z£ 0ld stem

Yibk. W
Tender leaf, bud, whole plant

YIE L BRI 2 el
Tender shoots

%L Seasoning

W . B
Salad, fry, boil
W . MEBE
Salad, fry, pickle




1

HEHEAN I TT

2 P AU AR GE ST i SR 5T 2 R PR S

49

%1 (%) Table 1 (continuous)

Fh Species 5 % F% Local name Rl Family kAL Edible parts M5 Edible methods

XL Plumeria rubra Acutifo- I # AR 1E. 2 Flower and stem e BRI R SR E R

lia Mexican frangipani Apocynaceae Fry petals, boil stem

3 Polygonum viscosum HH gL W =Ent Tender leaf and stem =k} Seasoning
Viscidhairy knotweed Polygonaceae

i 5E Portulaca oleracea A BYiviRt 25 Tender leaf and stem WK KEERE R
Purslane Portulacaceae Salad, fry

KK Pteridium aquilinum R B 2 Tender leaf and bud WhAKIRK G e
Bracken fern Pteridiaceae Salad, fry

A Rhus chinensis A EUER P9 EY R JFHK R RRIR
Chinese sumac Anacardiaceae Fruit, tender leaf and stem An acid source for salad

THEALEL Solanum catha- e Ak FSL Fruit O Fry

yanum Chinese nightshade Solanaceae

$f5li Solanum coagulans it pilig S Fruit E Fry
Wild nightshade Solanaceae

5 Solanum indicum fES Ak FSL Fruit I Fry
Indian nightshade Solanaceae

JE% Solanum nigrum KA+ bl it Tender leaf W Fry
Dwarf nightshade Solanaceae

/DA EZE Solanum photeino- TS Hnkt B, e FKERGR W& M3

carpum Violet nightshade Solanaceae Tender bud, leaf and stem Salad, fry, soup

/K7 Solanum torvum plfid Hiikt MR SE Tender fruit Yo, WAL Fry and oil fry
Water nightshade Solanaceae

#iE 3¢ Sonchus oleraceus T HiF =5 Tender leaf and stem o %7 Fry, soup
Common sowthistle Compositae

HFE T Stachys sieboldii TR ERA =5t Tender leaf and stem It Fry
Chinese artichoke Labiatae

JH/AZE Taraxacum mongolicum /A 3E HiF . 4R Leaf and root R . W
Mongolian dandelion Compositae Salad, fry, soup

Wi 4L Trevesia palmata i = FmEr BCRSE Fruit WAOKE FRIEEH
Himalayan trevesia Araliaceae Boiled and pounded

L#FES Verbena officinalis T2 TR 25 Tender leaf and stem . B
European verbena Verbenaceae Fry, boil

7K Zizania latifolia *H RAF M5 2% Succulent stem IO s EE Fry, salad
Fewflower wildrice Gramineae

— B R S A TR AL e AR b AN T/ R
Ho RGBT U B4 2% A% SRR AE R

A, WA

J\FS AEMRL FRITT S RLRAT R IR DT

A, AR AL G i K ER R AR

RIFEHE SRR RTE S, fEMURIBX RIREE, 7240
I, BT HBREE R, WA, EROE R, R
RN IR RS AR IR B f% S B A i I
BRNRER AR I Z2 AT 5 A B R 3, Bl 5/ oK
L RGEE . EHREHER, XORMURMIRECEK
DEVERL 4, R MR, oS ER
TR KRS (0% FH 2K

{RUR TCBRANTI” ¥ > 415156 122 [X ORAF RIS 1)
ARl R, AR BRI 2 RUR BN 2
ANFFSERFOC AL R, BTSRRI, APz £
MRk, AOEAGE, AR REITEZ
HRLT, B in I BRI S 4, W2 RS
%o

R SR, SRR, 5 Rk (2 f
AR T RSP v, P OREESE) . AR /K 11
BLEFE, B FBERIE GESEAN R0 %4 2 B A vk

23 AEEBERSOKIIR

R R R R P IR B R . tE5 5
T )RR AH A 2E 3E il D ik & JF AR 2K R I = 5t
W, B s A, R ABAEET. Fih
B [ R 4 B T B B SR et B AR K, KRS H
Bl WEREE. HAER. MR aBiE. &
girg)N. AN K KSR R CE
PR T 1004 o AR AT 1ok 4F B FH — Bt 58 IR 75 S 11 X
18, PLORAG R4 5P 22 (2 2548, 2010). 3 4h
WEIE R I, 402 DA b1 2 1 A% Gk a8 5 S sk
TR, A TR K, KRRk el
fE4 S
24 “HRENREFEESR

AEC I IR A% G0 AR A SCAL 5 B 1 77 AR 3 M 24
—5, W E HE AR R a4
M (et 2005). ik, il FNAE 9 F 25 M e AR
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Table 2  List of the germplasm resources of traditionally cultivated vegetables used by Wa people

iiEA HOT7 i 4 e W7 A4
Species Local cultivar names Species Local cultivar names
&3k Allium chinense &3k Rokkyo #JI Cucumis sativus BN, AN, RN

253 Allium hookeri Z53% Hooker onion

White garlic, Yongguang garlic, violet
garlic
/N Small chive

#% Allium sativum

417 . Allium schoenopra-
sum

4k Allivm tuberosum 4HmH-ESE Spire leek
T Amaranthus tricolor #KZE Yimi edible amaranth
1€B53E Amorphophallus
konjac

4¢JI\ Benincasa hispida

3 Konjak

Z4i4 )X Laos-Burma wax gourd

/I Benincasa hispida var. /4 Small wax gourd
chiehqua

F¥3 Brassica juncea eV TN S
Chinese cabbage, Wa cabbage, violet
cabbage

F7 Banana-like taro

BRI NESR

Upturned pepper, Xiaozhai pepper
il B 7 Talang pepper

#E3 Canna edulis

# KM Capsicum annuum
var. conoides

#AEML Capsicum annuum
var. fasciculatum

/IR Capsicum frutescens A RZ/NKHE. ANKER. ZRUREE. IR

P White pepper, Xiaomi pepper, mouse
dung-like pepper, Shuanshuan pepper
PEIESL L SRR, 2K
Banshuai taro, Naka big taro, violet taro
7K Dishui taro

2l 5532 Spire Chinese parsley

* Colocasia esculenta

KEF3¥ Colocasia gigantea
553 Coriandrum sativum

F§JR Cucurbita moschata

%% Dioscorea batatas

J\A licium verum

#2JI\ Luffa cylindrical

&M Lycopersicon  esculentum

=
=
=

fir Mentha haplocalyx

. Momordica charantia
JHFF Nepeta cataria

7% Perilla frutescens

-

PiE Pisum sativum
#FJI Sechium edule

¥ Solanum melongena

% Toona sinensis

9L Vigna unguiculata

1E# Zanthoxylum bungeanum
% Zingiber officinale

Ground cucumber, shelf cucum-
ber, mouse-like cucumber
Ath/NEE I, 4K, Z4im R
Local small pumpkin, gold pump-
kin, Laos-Burma pumpkin

iz, gz, Kz

Chinese yam, thin Chinese yam,
purple Chinese yam

J\S Anise

A2z Local towel gourd
A NF A

Thin tomato, small tomato
i Mint

BRI Menge bitter gourd
4T Tenuifolia

HAT. BHT

White perilla, black perilla
i Pea

#F)K Chocho

AT AHE T Local white
eggplant, local voilet eggplant
FH: Chinese toon

A E A Local cowpea

1EML Pepper
2% Yellow ginger

X CL 22 8 FH 3002 47, A 44 KRR I AN 1E 93 1) D 2
RCIR N85 R A28 0 PR SRR B B T N i ()
R et 5 W B SR R, AITBRIRENR
FIVER o A LR RRE A AL F — MY SR B R 1 25
FF B AL K, ATVR YT R E BN R 5 e
(MRt BAE, 2011).
25 RGBEME5HEMEN

1 458 81 M 5 46 B 7 AT UG 1 b 7 85 S 5T
PR RITRE . . TSR (UG TS
RAEY) A LT 25 B 20 MO B AR 77 AR AE
24 B A5 BRI 25, WA T B K
O, BE BT ARIEVIR, 79% M K EE bk
M AR A KM, 1A 8% 5 EE E i ) 41
Ja B A B DL B 1) 7 ASRAF SRR R T A S
I TaE 2 R AR RS A 1 ) B, b g S AT AT

FEARMTTI RS
3 EES5RE
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AURBEAOD R FEF N 3R, AR 57 80 70 S 2B b, I
TR X IR PR S ) A% G ST BB BE 2 2528 o AATT
AR T B B Rt ge Rkl T 5, Femsh
AT TENF AR, SFECE RIS, 45
B A () FAELE B 2 o

5 SO Z R A AR RN B AR B A [R] &
BFEER. 408 LT BRIREH N ERARE KT
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O YR . PIPRTE AN X IR A3 AR AN 50, FARakinT s BT Rl ST (o b it A2 v R G 4 A e SR R 1
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Biodiversity and distribution patterns of Triplophysa species in the
northeastern margin of the Tibetan Plateau

Chenguang Feng*?®, Chao Tong™*?, Renyi Zhang'? Guogang Li*?, Kunyuan Wanghe>*?, Yongtao Tang“*?,
Cunfang Zhang™*", Kai Zhao™*"
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2 Laboratory of Plateau Fish Evolutionary and Functional Genomics, Northwest Institute of Plateau Biology, Chinese
Academy of Sciences, Xining 810008

3 University of Chinese Academy of Sciences, Beijing 100049

Abstract: The northeastern region of the Tibetan Plateau is a region with high genetic diversity for endemic
species. To comprehensively document the patterns of diversity and the distribution of Triplophysa species in
this area, we probed the allocation of Triplophysa species using field surveys from 2012 to 2015. We found
that areal shrinkage and fragmentation had occurred in some species. Species richness in this area was un-
even. But the middle to upper reaches of the Heihe River, Datong River and Taohe River were uncommon
areas with high species-richness and high biodiversity. Along altitudinal gradients, species richness presented
a unimodal pattern and peaked at mid-elevations (2,200-2,400 m), which was the transition area between two
community zones with high species richness. The unimodal pattern fit Lomolino’s prediction regarding spe-
cies density and altitude. Biodiversity indices displayed uniform patterns with species richness and elevation.
Consistent with most studies, the unimodal shape may be the universal pattern of biodiversity distribution
along elevational gradients in the Tibetan Plateau and its adjacent highlands. The intermediate elevational re-
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gions should be conservation priorities.
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tion

90 e JR AR AL R Gt X AE U EE A S R
BRERAS XA T HEE I ANAL LA S DU )1 48 AL 55
THARZ1469,000 km?, HiIZHE 2%, MES T, S
mlE. EE R SR E RN . KRN
i K R — 86 . B RIEEE S N KITR
S ST AN = 5 e AN T ) i 3 4
E = R B X (B X . REX . T R X)
WAE A (5 B F %, 1996). H BTN, iR
AR AG 0 25 1T R & — A H (1) UK AT B HfE B A H
B — S8 02 S AT AE & R BVREA YRS A 2 FE PR
PR X (GBX L, 2009).

7 JELA# & (Triplophysa) 3 J& T i 7 B 4% ik B,
R REERBAEFEN RN A, FEMNTH
e R S L R X, iz X 2R X AR Y A
R (R AR, 1992), 524005 fa A
i iR B e £ 288 I A i e R 1 BE AR R, PR 2%
{58 N7 ok 4D JER s AR A T R (MR B FSS:, 1996) - R 1T,
e JER KA g T K v A 2 X R B EE B SR —
AR TR FEERIE 5 RK% E(THEMKRE,
2011), HART7 IR D I R 5T

TR i R 1) R A % 2 v i R £ 28 00 A
[ — AT X (T PR SE, 20110), s 6k 1) S s
VIRl 3 A T L (T FE 25 55, 2006) . R 1% X IRLE
1 A RANFERIK R, {HIK Z 8] i 820 5 AR AL
R IX B8 K R I AL LR S B R DI OG
RURIAIR, 1989; Iz WIS, 1992; {4 Al
PR3, 2007), R RT DAE R — AN BEAR B 00 45
KA (1989). EA/HZ(1991). RE KRB
(1992). T FiiHE(1994) S5 v 4 M BE 3 1 1% X I 5 R
RS Ao, e EE AR iE, H
H AT — SRR A . IR, BTk R
P, B AR AS BE 4 1T Hb s 47 o sl b FE 78 2 (8] 40
i AR AL, R JE TR K IR Hhis SR 2
FEVERI RS TAE. $T 0k, AWFFHEET2012-2015
FEIRDOZ X SR A, 45 S B TRk, X e
Ji 2R b A0 5 b DX ) v L B e 1 SR 2 AR S
ARG SR HEAT 7 2T, B EZHIX i 2R R
1. AR E ) R AR AR PR

1 MR5REE

1.1 xR

W 7¢ X 3847 F-32°14'-40°36' N, 94°19'-106°08
EX 8], B58ANEEE, 12045 . Wk RI600-4,300
Mo YA X IR 55 T e 5 AR AL S X &K
IKAA o A 7K RIS R RIIK FR () 2R R 2 5,
PRI FLIX 38 3 R K R L) B IR R
TEFIK Z(WH) FHEHIK R(QHH). TPEK SR, H
W B R K R0 Ay B A DR 22 B
(YHL)FI LA E B (YH2), A PE /K R EHEA I (SY),
SR (HH) FI5% #77 (SL) 37K & 5t (K1)
12 @EF®.

2012-20154F, fEAX &K RT3 E R
FES, WKW L Py FBORTREE, BB
2D E 2N RN o R B R R AR A, 4k
/NP E () DR RO 2 kAT S 37 . A GPS
SE B A% A G SRR S M A S . IR LA
950 [¥IVPYAF 8 & PRAT; XK/ MA, Ik T %
8, WEAK., REFMRE, 3750 E &R E.
VIR S e ooy Rkl (R E SR E D) (R IR,
1989). (FHlm R ) (K= CMRREE, 1992)F1
CPUNEEEY (T I, 1994).
1.3 HIEHH
1.3.1 KZRBITIEYIFLERABINME 4

S BT BT FE s 7K 2 B G ] #2243 A 1Y
BT, Ao mmREARL BA 2 mERAER0.
B 5% Fil Jaccard i ¥ (Jaccard, 1901), 4R Jo H4fE AHALL
P & 0 F UPGMA ¥ (unweighted pair-group
method with arithmetic means)# 1T 83573 #7(Fu et
al, 2003).
132 HHEHRERSH

2 A B R GRAFArCGIS 9.2 1 7 [X 15k
&AL, TER25 km x 25 km 3R B0, o =5 R 6
J& F1 SR A3 M R AT RS X IR . BT A 2
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Fig. 1 Drainage systems of investigation area. Gray lines in right part: 1, Damaying River; 2, Ganzi River; 3, Taohe River; 4, Daxia
River; 5, Zhuanglang River; 6, Datong River; 7, Huangshui River; 8, Guide; 9, Maqu; 10, Bailong River; 11, Upper reaches of Jialing

River.

1.33 ISR

8 FH DU FR BT S TR IR 2 R T

VIR 8 BE(S) = BER T M (£ K5,
2015)

Shannon-Wiener £ # £ #§ %t (H") (Shannon &
Weaver, 1949):

H' = —SP;InP; (1)
Pielou}s) =] FZ #5%1(2'") (Pielou, 1975):

' = H/InS @)
Simpson#E P 5 5 (K, 2002):

1= IP? (3)

Horp, PR RN 5 S MR L A7)
1.3.4 s HR Y mEES

MRPE R A R4 & RE M R TR, RaTge
TR Hff b 1 o B v S5 B8 e 1) o S (P o ) 4R S
iy ) .

TES AT 32 & P 5 IR P 2 AL IR O R I
FATLL200 mAyERA R 434 (B 40, 600-799 m,
800-999 m). Grit-EEANMGHHT P ) iy i g 47 i
£, FE UL B SO AR T o A 5 s 18] )4
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TEVIFh ZREVERIE G S5 A, KA RE S
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Z FEVE 2 B 45 R 3047 il 28 4t 11 (curve  estimation),
DR T 2 TR B Sk 0 R, LA IR i
A8 4 XI5 45 (2015) [ 7 125 « PN 28 A0 4% Shannon-Wiener
Fe ¥ . Simpsonts ¥ A Pielouts ¥ 5 4R B B f) 5
Ro AHB/THTTESPSS 19.07 52k

2 #R

21 SEWMHEMESHE
2012-20154 [A] i 25, 3k B vy iR 6t i £
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Table 1 Fish diversity of Triplophysa species in northeastern margin of Tibetan Plateau (mean £ SD)

KR KRBT kP EE Shannon-Wiener& %t Pieloutg 3k Simpsoni %t
Basin Basin unit Species richness  Shannon-Wiener index Pielou index Simpson index
bEif BRI Shule River 4 0.690 +0.114 0.727 £0.074  0.553 + 0.047
Hexi rivers g Jg /K /4 Tributaries of Shule River 2 0.560 + 0.217 0.810+0.312 0.556 +0.250
TR Heihe River 6 1.136 £ 0.213 0.842 £0.078  0.350 + 0.064
R B K A —K B Damaying-tributary of 4 1.100 0.790 0.346
Heihe River
S P K A—FLAth Other tributaries of Heine 2 0.320 +0.157 0.463+0.229 0.806 +0.117
%?JEPH%E Shiyang River 4 1.035 + 0.093 0.893+0.121  0.364 +0.035
2R JE KA Tributaries of Shiyang River 2 0.640 + 0.044 0.923+0.064  0.545 + 0.040
/M1 Subtotal 7
HEW BT Ganzi River 2 0.620 + 0.028 0.890 £0.042  0.539 +0.054
Lake )i Tributaries of Qinghai Lake 2 0.673 £ 0.029 0.973+0.046 0.418 +0.075
Qinghal /It Subtotal 4
e B3 Wi Taohe River 8 1.198 +0.246 0.848 £0.122  0.337 £ 0.072
Upper KE A Daxia River 4 0.573 +0.107 0.633+£0.261 0.589 + 0.229
gia%?fow JEJRI] Zhuanglang River 4 0.570 0.410 0.723
River JE Datong River 6 1.390 +0.014 0.820 £0.057 0.293 +0.019
2/K7 Huangshui River 7 1.060 +0.159 0.753+0.130  0.368 +0.103
SR I M Guide-Magu section 4 0.777 £0.168 0.950 +0.053  0.417 +0.086
B Magu section 6 0.645 +0.134 0.515+0.021 0.674 +0.049
i 23 2 B Magu-Maduo section 3 0.530 + 0.382 0.545+0.247  0.667 = 0.269
/It Subtotal 12
THH] {8 3% Upper reaches of Weihe River 4 1.010 +£0.113 0.790 +0.098  0.419 +0.045
Weihe
River
FEPRIL H 21T, Bailong River 4 0.845 + 0.247 0.950 £ 0.028  0.446 +0.104
JRI?J:;g FEBEIT 9 Upper reaches of Jialing River 3 0.990 0.900 0.392
/Nt Subtotal 5

%, A8 FHUCHIEKWTH; K8 5 i
BRSO R II6FN . TEI K REL 4R E R . 72
B VLK R 5P 19 Fh i Ja 6 A A 3T IRy S A
(Triplophysa stoliczkae) 7t &% KK Z#H 0 Af, HR
Wikl RAE D BUK R A o £ /K RIBIBIAEAEILA B,
VIFREL 22 (1 X380 L P-4 4B 7K R I F .
2.2 KRB ITIERIHFPLE AL AR A

K F I Rl 2 B A TR A i 5 R R
N(EI2), WP =AIK R SARARI IR R, EAT
T eI I SRAE i, s SR DL EBONIBL R =2
INBRAE—e; BRI SRR, Mma ek
FE T0.29M10.33 2 (A, KL A5H, 5
FEIK R KA —BOM VG, I, TEI, FERRIL,
). BbAh, FPRWETR, MK AR B BT Y
TKAA T ) b 2H RSB A B o

2.3 SRS AL

BANHAE DA, B R R, ki
{10 v SR bk e £ S M = B v VATV X R
MR B EAR(ER). TH, X ADF A R
AN EJIG, W PEHLIX JC NI .
2.4 PIFSHEMIEY

X £ 7K % ff)Shannon-WienerfE %k . Pieloudi $ Al
Simpsonfg # /A 45 R (K1) B K 1)
Shannon-Wienerd5 %% 51(1.390 + 0.014), H.Awk
JA1(1.198 + 0.246). HEJA[(1.136 + 0.213); KA HE
TR /KAK(0.320 £ 0.157). IR i Pielou
Fa¥R=(0.973 £ 0.046), FIRTTEAK(0.410); Kid
J7(0.820 + 0.057). #kiFT(0.848 +0.122). ii](0.842
+ 0.078) 1. SEITIALIEI B 7K A Simpson £ i
/1(0.806 + 0.117), H 2RI (0.723); HIKHIZ
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Fig. 2 UPGMA cluster of basin units in study area based on component of Triplophysa species. YH1 and YH2 are the sections

above and below of Guide in upper reaches of Yellow River.

E3 FEESREAIBAGHXSEHEELXIMESTES
wmigE, BPmRksS SEL1F—K.

Fig. 3 The species richness pattern of Triplophysa species in
northeastern margin of Tibetan Plateau, serial number in ac-
cordance with Fig. 1.

KIE(0.293 + 0.019), H X2 ¥kin[(0.337 + 0.072),
HEYA7(0.350 + 0.064) 411K

DL EgE SRR, @ Pyl A1 ] 2 5
J5 2R A0 30 25 b X vy i 68 iR £ 2 22 R PR UK T B

(RIRT I B VAT L 3 B S8 7K A O B 8 T B A0 1) 2
PG, HIK R, Bl EN 2B, FERN. K
BN Z AR A X 3. 0] 75 H X = KK R T
5 R B B K AR AR R B R 2 R 2 R, Ho
K R
25 PIMEZEMRSIRS RS

RN RN, TS AR = S
ZH AT LAy R4 B (K14): 600-1,200 m. 1,200-2,400
m. 2,400-3,600 m#13,600-4,400 m. FHZE L IK)
Tt W E R S A, TR
2,200-2,400 mifg4 [X 1] P 128 21 5t =

YR 20 SR 5 L, M R E90.24 0 ]
W AR R NI VE 5T B SRR
5I8). ik, ATH T HHN SRS
BRI R

Shannon-Wiener$i £ 5 i 4 17 [7] 13 45 5 (€1 5a)
&R, 7 5 X I(R? = 0.512, P = 0.000). #
X4 (R% = 0.341, P = 0.004) LA Jz #4402 Hh 2 (R
= 0.121, P = 0.009)#3 2 B & 1) B0 T 28, g &R 7E
2,000-3,000 m¥jiEARIE LA o, ST X g
(B AR B 7 5 5 X I . VB S SRR
[X3(R® = 0.477, P = 0.000) ¥\ i 25 3 K £ P
WERY, TR E R TR S R

PEI5b i 7R (1) A& Pieloudi 505 ¥ 44 11 [51 9 43 4T,
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Fig. 4 Elevational distribution pattern of species richness of Triplophysa in northeastern margin of Tibetan Plateau
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Fig. 5 The relationship between biodiversity indices and elevation
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B, T AR R 1 Xk e R B £ S Rl (A
O S Eg o A . R RO 328 2 AR
— RN NIRRT B R (R
4, 1996). K, FHELTHERBE), AEE)
ok BE T T g 2 T B i OP R R R I A S LA
o ERE D, A, BEIRS KR Wi B b
AL DL o RFAE AR 7K R A e A 45 7K A A 35 AR 45 B — Al
ANEESE, SR R A S5 AR G 5 ) R AN A AN IR 4
2 A PRI X 3B O (W A R sk g, 1991;
BLY) e FETRIAT AN K B AT B K A Y, AR
S AE T PO L, 3K AR TS YR SO K AR
B Ak PRI 1) [ B A 4390 7K PR DR A 3T A v i 2R
A B0E TR AL NG & SR 0 R AR AR E S
FA, ABHEARX RS (R CAREES,
1990), 4t 17 fof 751 & ] B 1) i JiR 6k #1124 22 2
BART R X HADT B BhAh, T IR AT
U 3R DN S A SR = Y
FRFRHFE IR E

S A AT A 2 R o A s R
S/ N G TN [ STIP SR AR S %7/ e N 2 = o
BRI, AV Z R X . o, Pk
TN 2 T R X 5 b X R I (R B AR
1996), 1X BN A K 5 iR 6 £ 2RS40 02,
WA d AL X B FF, andk 5 f£6f (Cobitis granoei)
S5 [RIBTPR S VT (5 98X 5 2R 9 X ) 3 )
A REAFAEE AN B . B 5 @ () (2R £ 2N
HE Ll X R Ak, I B ) R 5 R 4
B T H AR IX . A, = AR 2R 2 (1992)
B s JE AT XA KR R A B (Triplophysa wu-
weiensis) 1173 A, 10 FRATT R 2 i 25 R R BIX By AR
FR) FG S BT V2 40 A B AEMEE ) v SR R (T. pseudo-
scleroptera); Xt 1] B8 & Wk 5 S Vi) 5 B4 Y (R 0d I
BRI T 5 8 kAR 2R BB s . IX
LG A S T X 3 IR AR R PR . LA T AN,

B R AR IR M AR A L X, 7R AL
&P (Williams et al, 1991; Prendergast et al, 1993;
Myers et al, 2000; 5K ¥4, 2008). HeAb, 43 i # sk
FZFEME T 45 A B IR, T E R AR AL 2
b Xy S 8 £ 2K 1) o0 A AR AN 50, VAT P L IX T Y

@© 3L (2010) 3 FEITIRIR A S FEPERS R 2 rh sl il BERAR AT 7
Hr. WA, PRI, EIK.

B GRIEBLR IR R R 1 AT A
AN, AURAR A SFAF R EEI R . KIS
IRPEAHEE T BN IR A T RSB R A B T
SRAIPTIRBIEE ST, RN AI AR AR ST UG 3 2
RIS MAS KA, REAENE L A (EEL

& 2010).
32 ERSEREFIITOGHXESEHEEALTH
4 BEIRIE S

WA 22 RV I U AR B2 TR AR AL R AR ) 2 M1
PRPIE 5T Y H L N 25 (Vetaas & Grytnes, 2002; Par-
mesan, 2006), ALRFT X (1% 35% LA S AR 37 07 1 1) 2
RS . R4 R R (El4), HRYE & B
() ) B 41 R AT DL X8 W R A 4 B
600-1,200 m. 1,200-2,400 m. 2,400-3,600 m#
3,600-4,400 m. FEWRFHE IZ X IAEHRIEE EAF RS
ZDANYFIEE AT, BV — BN A BUHAL )
Tl 2H R 5 AR AR BRAEI Rl S oy B 22 R AOR . 14 R
5 FusE (2004) 78 K VLI IR Kt S 300 FE I 7
SERIEARYIG . m IR E B R IR BT
Jed Ja I s th 4 o A, AR IEBIR AL B S . MR
BIRFEESRELERMNEG SR UE T
Lomolino (2001) i T, B4 Fh 25 FE 2> 76 v il ik
Wik F R, HHIERA I A EFEEVMT
FEva Iy o FRATTHEN, XM R b T e
Boe Fr LU AR A E — e R B R 5 W R AR g 4K T ) |
HE /LI ST

Z AR B AR B 2 M 3R AR T LF— 2
g5 3, St 22 1 1t K1 AR TRk b 8 3 i
Ui & ERIER AT A — B X B X
T o VA A AL i K ) B WS AT A% R R R A2 T R e SR
G JA T2 L A 22 R 20 A 1Rl A (S R 5,
2010; &7k A&, 2012; KBRS, 2014; x| 4,
2015). [AIHE, FE1% DX IR N MRS B ORI 7K I3 3RATT
W T X R iR AL i K ) 2 R A A S, I
L VT DX 3 U A R B S v TR U S T
DX IR VA RS AR o X 2 W] R 1% X 3 b B ]
I B B SR k. ok, THI S 5
L3 35 1 Shannon-Wiener $& % Al Simpson 45 %34 &
TN Bl AR AR 2 FE VKT T e 3K 9 2R 3R AT TR
H R X B AT 7R A, AR SOk e sk (R
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T3l T T ) HaL]

Upper reaches of Yellow River Weihe Lake Qinghai Hexi rivers

L EES L

Species Jialing River ]
YH1 YH2 River SY HH

SL

U B R 66 Triplophysa minxianensis + +

FUH: = 5L Triplophysa robusta + + -

235 B = JEURC Triplophysa hutjertjuensis .

ik HL = JEURC Triplophysa dalaica + + +

AR R Triplophysa orientalis - + + } -
AR R Triplophysa obscura - - -

TiifiE = U Triplophysa scleroptera + +

FUREEE = U Triplophysa pseudoscleroptera - + + ¥
B = 5B Triplophysa wuweiensis +

K5 =566 Triplophysa tenuis +
75U Triplophysa pappenheimi + +

Tltg e 5 A# - Triplophysa siluroides + +

SR = R 6B Triplophysa hsutschouensis + i
%R = R 6F Triplophysa brevicauda - - R
P 5 Triplophysa bleekeri +

Z 5 R Triplophysa polyfasciata +

K= R R Triplophysa leptosoma - + - + + +
I ¥ = J5UBC Triplophysa longianguis .

Wi v R BB Triplophysa stoliczkae + + + i + +
[ ki R 66 Triplophysa alticeps + +

T PEIH R JE 58] Triplophysa yarkandensis macroptera +
A e Fh 1 Triplophysa sp.1 +

F e Fh 2 Triplophysa sp.2 +

+, HIRE -, AR EBE IR, YHL, #0240 £ $715 Bt Lanzhou-Guide section of Yellow River; YH2, #in[#14# l I Bt Upper reaches of Yellow River from Guide; SY, 472 Shiyang River;
HH, i Heihe River; SL, Hi#ii Shule River.
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BEoRM o o# NEET EmE FAE]

1 (EHEREME2ERE, Jbat 100084)
2 (EMREZR M E ARG X, 1913011 623006)

HHEE: 20134F11H 2201643 7, 7EVU )1 EF R B K 2 5 AR LRI X A A1 1520 & Ltl-6210MCZLAMENL, %% %Y (Panthera
uncia) 5 3 [ EF A Sh AT 7L o ARFL TAE H7,0564, $HRICRZA1277% . THHIMH SIRMA3R, X2 BTk
46.09. 284 H AL AMHENLFFELLF BT 5, FHACK PR LTS, BHEEEZRH E SRR X S50 ERR
BUF. BARASHRY, HEEIEEELE, HiEsmE4918:00-20:00, HIGsh i FaEE T £5R. X THEHE
T, SHmLFAERE LA, U T LA g, FES RIS B IS RV B A-10CH-3C.

WeAh, AR T AAES R TRE, TR R A OGRS T I AR S S BB DL 5 R BOR, [HIRATRE
JIER, A AR AR ANEEN A B3 (P < 0.01). AR TNt — 5 I ke T3 T R A S A (K RGP R 5 S 43t
THE—FER, AW TS RAES I LW BN S5 E L.

XHEIR: TFY; AAMENL EMREFRE ARRIF X, EEhEE; ARSER A
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Research on snow leopards (Panthera uncia) using camera-trapping in
Wolong National Nature Reserve, China

Zhuo Tang™?, Jian Yang?, Xuehua Liu®", Pengyan Wang?, Zhouyuan Li*

1 School of Environment, Tsinghua University, Beijing 100084

2 Administration Bureau of Wolong National Nature Reserve, Wenchuan, Sichuan 623006

Abstract: Between November 2013 and March 2016, twenty Ltl-6210MC infrared-triggered camera-traps
were installed in Wolong National Nature Reserve, Sichuan, China, to monitor snow leopards(Panthera
uncia) and other wildlife. A total of 7,056 camera-days of data were collected, including approximately
120,000 photos and video clips. The effective number of snow leopard samples collected by the infrared
cameras was 43, and the calculated relative abundance index (RAI) for this species was 6.09. During the 28
months of continuous data collection using infrared cameras, records of snow leopards, including leopard
cubs, demonstrated that Wolong National Nature Reserve is a relatively hospitable environment for this
species. The analytical results indicate that the annual activity peaked in January, and the daily activity
peaked between the hours of 18:00-20:00, and daily activity patterns showed seasonal variations. When
considering environmental factors, the preferred habitat is the alpine scree where snow leopards appeared
most in the ridge areas and the range of preferred reference temperatures for snow leopard activity was found
between —10°C and —-3°C. In addition, the lunar-phase relative abundance index was originally created to
assess the appearance of wildlife under different night lightness levels. It was found that the snow leopard is
fairly active at night, and the lunar-phase has a significant impact on its level of nocturnal activity (P < 0.01).
We provided primary sources for further protection and research of snow leopards and the other wildlife. This
study could be utilized to comprehensively learn the ecological characteristics and assess snow leopard
habitat.
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* J@IRfEH Author for correspondence. E-mail: xuehua-hjx@tsinghua.edu.cn
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Fig. 1 Map of infrared cameras installa-
tion sites for studying snow leopards with
altitude information in the Wolong
National Nature Reserve, Sichuan
Province. A, Yinchang Valley (3,536—
4,214 m); B, Weijia Valley (4,221-4,418
m); C, Tizi Valley (3,985-4,481 m).
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E2 EMEERFBRRIFEROIMENIBERENEHIRA. a b, c: AREIINES; d: REEHNNEH.
Fig. 2 The photos of the snow leopards trapped by the infrared cameras in Wolong National Nature Reserve. Snow leopards taken
during the days in picture a, b, c; snow leopard taken in the night in picture d.
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leopards in Wolong National Nature Reserve
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Appendix 1 The demonstration of habitats in the infrared cameras installation sites for the snow leopards in Wolong National
Nature Reserve. a, Tizi Valley; b, Weijia Valley; c, Yinchang Valley; d, Magnified part of figure c.
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Identification of functional zones and methods of target management in
Sanjiangyuan National Park

Mengdi Fu*, Junliang Tian', Yanpeng Zhu?, Yu Tian, Zhiping Zhao, Junsheng Li**

1 Biodiversity Research Center, Chinese Research Academy of Environmental Sciences, Beijing 100012

2 Three-River-Source National Park Service, Xining 810007

Abstract: Functional zones are the key link for the master planning and scientific management of national
parks. We established an evaluation index system to comprehensively analyze regional ecological and
environmental features in our study area, the source region of the Yellow River in the Sanjiangyuan National
Park. The evaluation index system contains 13 evaluation indices, which include ecosystem services,
potential habitat for key species, ecological sensitivity, and ecological pressure classes. By using the Analytic
Hierarchy Process (AHP) and experts marking methods and combining the requirements of management and
control measures, the study area was divided into four primary functional zones, including a core reserve
area, ecological restoration area, traditional utilization area, and residential and recreational service area. The
protection gradation for each zone is reduced in turn, and the gradation of utilization and public accessibility
is enhanced. This functional zones method laid a solid foundation for the effective planning of Sanjiangyuan
National Park, while at the same time, our study provides new insight into the functional zones of national
parks.

Key words: national park; Sanjiangyuan; functional zone; index system; control measures
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=TI X A SIS, X URRLEUE, — B
ZPBRTI, EERGEMF IR, KRR
S A S AR R R KT & e . 7 % T Ik,
AE =L DX P 58 el i A, maoxt =7
VX AERS R e B AR TER IR Y, IR @A
H X A FEfIE, g% SR XIRA Tt 214
TR J S A3 LN H L

Ty g 73 X 2 [ 53 2 el s A2 R ) m o AN AT /D
RN, ERE TS A OR3P ANA iR EL A
[ AVE PR . SRS 54 (2007) I 2 45 1 IF 4B
SRORY L X AR K, PR RE A A7 55 (2014) 70 #r 1 FH
IR DR 1 Th R Xl A A7 A O s 5 R, B H
T2 1 A 1 2K Tl S ST B ThBE 7 X AR &R, KA
FAAE EINERGR . BES AT R TEZESETE 2 R L.
S T Re 2 X RHE T, S ThREMI A . T
B AN RS SR, AL KA FEOT R R, M
17 7 A% F2 IR D e o [X5E A PR AP R R, AEASBIE STt
Wo ACUA =TT 5o bl il X D9, ar
Tigen XIE fabn A &R, PRAESRGIRS . E
TR AT . AR SHURYE . SR KA
TP ARRFE, DA K 24 el 24T 73 X H AR B A3
5%,

1 WX

TR b XA T R M 2 BB, T
L9 Tkm?, 575% BT RL78.01%. % [ G
JbIa R BRIk 1E4,400 mic s, EPER
HR-4°C, FEFFKE303.9 mm, FHE LR N1374.6
mm, FEIJFX IR EE38%, J& M e LR A E . [l X
TR, BIMIRA 21408 km, EE L RAEH
A BRAI. AR 2o E s RS
BiAn, FEAILEW . W R K%
HPEESE . BRI DLS SR AN, AT IR
K KFRBI R, LL/N i 5 (Kobresia pygmaea).
R H (K. graminifolia) F1EE4: & FE(K. humilis) &
AR A E oK SRS 69F, H K — ik
¥ 8 ¥) A = 5 (Panthera uncia) . [ )& & (Cervus
albirostris) « 7 ¥ 4 (Equus kiang) . % %E F (Bos
mutus). B #(Ciconia nigra). E#i#9(Grus nigri-
collis). 4 MfE(Aquila chrysaetos). #HJL% (Gypaetus
barbatus) oM, [H %X 2 fi R ST, A%

(R4S 15F0 .
2 WRAZE

21 HUEXRIE

Bl FEARE: ()R . DR AR
VERNFAAS BIE, 454 LU FHBUIRE L 30 mx30 m
O3 HER T AR AR T (DEM) LUK BT 4 Sz () 3 47
e BHE, RN A8 AR VR 0 7 2R B R
G, ALK ERE S R RAET 5 Y R 2 B
FIHREEE . QA EEHE. RIETHESIZ)RE
WILE L, AR HPRE . MNBE. BFKE
AV BRI 5055 . o, BRoKE 123 1) 40 A 4 e i ik
ANUSPLINJ# & % {4 (Hutchinson & Xu, 2013)¥54ff
T DX T S 3 7 Gl 5P B 7K B 0 B 3 47 4 1 3R
15, AR N1 km x 1 km; &SRk 5 L
75 B (ETo) 2K H BK & R & 2H 21 (FAO)1998 4 %f
Penman-Monteith £ %4 1% 1T J5 1) ik 4 (Allan et al,
1998) it 53k AT, it — A B ANUSPLIN G {8 4K
PR B M A kg R, RN km o x 1
km. (3)-L3EEH . G XL 0 10077 38 A ) & 1 4L
P AL IRTS . (4) NPP (I W1 AE = 10) SRR
JiE %5 (1998) 1) H AR M NPPAE AU A5 31 . (B) N 1 Je 4%
BHE. HEZEGIHEERA . (6)HE BT
AR . SRR T A R R v AL s 5 A A AR
e 2 B AR AL SR R A T .
2.2 i ERERNGE

AT E 5K [ D RE A X FE AR R R AR HEAT ThRE
DX &) ) AR, BRI 4y X sk R AR M A 4y
X 25 SR )G B o A URBIT FEAE S 25 1 N HIEFE R 1)
Femb b (F 4E1E, 2000; Zafar, 2011; Nandy et al,
2015), F& H = VTR B 55 A bl 3y Y e X 1) e 4 X
BbMAE R (KL, BRI ZANE, ZZEFEA
FKIGSH &, HmfebrE M. KRG MERAT RS
PE, LT 13LHRAR N A X AR RG RS =
TR AL A SBURIMER AR SR I TSR E
R

ABRGRS VTN H B TH e SR HE
BEX I, ATALEAS T RE AL DA R AR A T B I A 1 AT
TR SR BERL AR o AT FUEEL T [l B s 7K IRIRFE |
TIRLRFFIN BN AES RE M AR ARt T
(iR 5E, 2013).
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Table 1 Evaluation index system on functional zones of the Sanjiangyuan National Park

fabr BLE it BE
Category Weight Indicator Weight
BRGNS Ecosystem services 0.35 [E# Carbon sequestration 0.18
JKYRIKFE Water conservation 0.51
+3ELEEE Soil conservation 0.31
HEYMIEEESE Potential habitat of 0.30 B ISEB{E i Potential distribution of ungulates 0.47
important species 4547 Potential distribution of birds 0.37
R PELE /AT Potential distribution of fish 0.16
HE AU Ecological sensitivity 0.20 WG H Vegetation coverage 0.36
TWIBIIA - Rivers and lakes 0.29
HijEHS Topography 0.14
+ IR Ph5REE Soil erosion intensity 0.12
SAEARAGAESL Climatic change index 0.09
&L/ Ecological pressure 0.15 A% Population density 0.50
P& %% Livestock density 0.50

SR X A KR E K E SR,
T B A= sh A A4 B 5 5 X3, BA Al AR B )
G AT JE X ) R A B AL AR R 4
el X 25 SR8 B K, AR B A Py b i) = B
JRiGE T 14Rh . 3ANRBEHEAT 40 #r, Horp ARG A
K8, Kafh, K2R, F W Rh 4 A A A
Maxent’ | 5 Bl (K178 7 3 A AT R (455,
2010; FFHEUMSE, 2011), FHAEHU15 2 P el B
A7 75 (AR AR, 79 BN TS TE 2 AT S -

A S HURE AR S R G2 B %2 N T SRR
M2 PR . BURMEE s X, AR R
GUAE Ty S B, A A A PR B AR R 52 8 B 1Y) B T
Wt N RSB 2 BRI A IX o ASHIF 7230 BURE
BHIE . R WIS, R R AR
1625 4k F8 25N Fig st [l XA A UM AT 45 50T
Hr(F3 855, 2015), AR SRR FE R WOZ X R
o A AR A R B8 R A AR Ak ) BB M (SR T 4,
2012).

AEBENEERIBAESREZHNARIN
JE A7, ZITIEHX =B RHUNN E shAHE JH # &
R A7, X B4 N V5 R B RO
23 WNEE

B, NETARVEA $8 AR AT 23 (8] & iz
B, EBIGISE AN & Hebr ¥ 2 4 — B [F) — A b5 R
M RAT, HA &0 b5 B EMHE (grid) K/ 5
—N30m x 30 m. Kk, #E AR B & BT R
1 & M H e e R A S M O RE RS, KA Z IR oy

HFRIE(K2). 2B=, 455 Z R0 Hrik(analytic hier-
archy process) il & X1 720 2 Fabr ik R #5448
PRI (XSS 45, 2012). 5 fa, RALEETRE0E(A
E A, 2005)% & AT 48R 7 IG5 AT I &
o, FEEHN S R vadk, Bl—RRE X, RRE
X. EEXMKEEX,

3 #R

31 ETHESH

i I g v KA [ D ey X PR Fe AR AR R (R
1), X BEIATYR el X AR A REAEEAT VP . SRR [
X A2 R Gk 55 25 [ 43 A A B 2 (BT 1a), B4R md
T Ly DX [ PG A i 2 SR AT ARG . LS iz 1L
FEUK)IE L. BAgREIgAS . SRk R th 3 —a A=
BARGMRS BB fem, %X R R G 10 = 2608
AR RS, FRIREWE S, SRR, 2
T AT X K YRR 7% (A R B Xk

H b FTR, [ X R B AR Zh s A e % (1)
Xk, = E5r4i A 4 2 (Pantholops hodgsonii). BF
Ye4. THH). AP, KRRE(Ursus arctos) iz S E0EY
S, Bk MEER; HE A E 2
BF AR S, e 3 B AR g FL B i R0 S R T R KR 7K
W, ER T RS R TR X ) SR R R T
O)AE Xk, PRI SRR R B AR IX I, H
PSR Z . BEK, KEEVMZEREESE.

BOAYR [ X AR S R R BURFR B (B Le), H
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Table 2 Classification of evaluation indices on functional zones of the Sanjiangyuan National Park

FARI —fk LI HY e
Indicator General Relatively important Important Very important
[ <60 60-120 120-180 >180
Carbon sequestration (g_C/m?)
IKYEIH TR <200 200-300 300-400 >400
Water conservation (mm)
R 0-50 50-200 200-400 >400
Soil conservation (t/ha)
SIS & WAEH EH SRR
Potential distribution of ungulates Unsuitable Less suitable Suitable Most suitable
RS ¥l A H BANEH puA= S SUNEN
Potential distribution of birds Unsuitable Less suitable Suitable Most suitable
RS AT NEH BAEH EH B H
Potential distribution of fish Unsuitable Less suitable Suitable Most suitable
T <30 30-45 45-60 >60
Vegetation coverage (%)
PEIRTiPE| FHoAth X 3% TI#100 mZE P X 50 M X WA WL TR
Rivers and lakes Other regions River 100 m buffer River 50 m buffer  Rivers, lakes and wetlands
Hh Kb 3 - T AR T - e S R L
Topography Alluvial lacustrine plain Plateau and extremely high
mountains
o C il TR B AR SRRk
Soil erosion intensity Mired erosion Mild erosion Medium erosion  Strong erosion
S AEARL Fa H <25 2.5-3.0 3.0-35 >35
Climatic change index
N2 0-0.25 0.25-0.5 0.5-0.75 0.75-1.0
Population density (A/km?)
BT 0-15 15-30 30-45 45-60
Livestock density (Jk/km?)
S ERIR{E Classification assignment 1 2 3 4

B R, S X A A 42.45%; K
FERUR, 2 NP e BE R, BT o L] 34.22%;
A% 5 VARG RS U IX T o5 B A3 43 1) 29 16.56%.5116.77%,
FENAGESBEHIALE ARl FLBRIRE S s
5 B R o

AR R 1 R i BARAK PO A WA SR 2
oA BV LR 2 o R b, BT X Hh T A,
TR DE G B RO N E, Pl gE R, AR
TG FARAEAS IO T HURE A B (B1d)
32 HXAER

WA X 4% S A& R GRS Thfie J B &
Ry BbR, BRBEHLREERAEXKRE. FEERL. F
BB M EEX S, W, SgtE. HpE
SR RAESFEN, B =R E 5 A IR
el X %l 53 AN THREIX, AR OMRE X AR
BEEX. LR HX. BEEMGERS X E2).
B OF & X T FH 495,488.83 km?, 1 A el s T FHL R
28.74%, ZXAAHRIGHEIAS RS, FHAE
BARG, SERENESRAGRSGEX, EESA0

MR BRI GER A S50, B e BEA.
PO | R A, AR IR E B E XA 2,788.49
km?, 52 el S AR 114.60%, 1% IX & BEE I
MAESRGRA, R E, DK EATE
HfESE . WALRHE. REREESESASEE T
FEIGH SR X3, 2 A S AR R A 182 1 T DX 3 £
25 F) FH IX TR X 2410,817.92 km?, o 2 el i T AR 1
56.65%, %X & RIFHEY, MEE A
Y, ARRBRRE, FIE—E AR TRIA, &
{EFNERE AR 2% X 20 o8 A 7] S T A1) 0.3%, AT
HEREEEHE L E RSSO RA, 28
LR, IR AR TE R B 2 AFLRR
W2 L9NFTIN 2 JRI 8 15 Y j . B R et A i
i S5 pe AT AR 55 MK PR o 22X A i A el
DA BI85 R RN 24 M i B A 9 B SR v 37 1R X
IR, A AR ARV P R R 1 S P
33 EiTHEit

SEA TR IE X ThREX R, AT %45 0 5 (1 7
. FIFE ORI RS . ANBUR . [FIR, 76
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Bl =STRERAESERINZES M. @QESRERS; OEEYMEBEER, OESERMYE; ()ESES.
Fig. 1 The spatial distribution of each indicator in Sanjiangyuan National Park. (a) Ecosystem service; (b) Potential habitat of

important species; (c) Ecological sensitivity; (d) Ecological pressure.

6 B AR RTIR T, @ RBGE BT =VLIRAES
PRAPRE U & Al AR = 2278 J7 O s ) Y 7 =K,
AL & T, AR IR R AL AR
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BHTEEAR, AHRERE LA AR AT #E AL IZ AT 55, 7%
FKIfe sy X AE A RHIE A B P48 W Box 1.
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15> XA A S E R A R E B ARG
Dieer ks, REER AR XEBRE 74
AR R IR RE, B vk R =ik U,
A K HIFIORRRC/r XA 2% FE A X . —
P AMNIFREIX . HARFAELIX L PR HARIX L JRARIX
J7 5 3 Ak 3t bk 4% (Dilsaver, 1994; Nationnal Park

Service, 2009), M KA KFEHZ EIGE. IN&E
KEZK o WA RGNS TR IR 2K
LA FIEAE B 2 AR L 22 S kA7 43 X, &l 4y
FFERIRIPIX L B IX . HARMBEX . FAMiERE X
Al 551X (Price, 1983), MIMFEA ORI H R4
AR F, ik B 5 A 785 K3 a M D)
Aeo AR ORI 0T G B SR R A0 AT 5 A1) FH 5
H 8 8 Tl K1) o el 4 b X Rl s (L 2
126 NWERFNINGL) . 57 i Kb 3ak AN g v 2 [ 3 [X (X,
2013), fHLRY H br5 AT RESERI AL 7 0. FRIE TR
H K A Do X BT i P R, G X %
EURAF 1 S R R 208 B KA R A
TR X . Rl s X SR AR X L R R — %
B X, DAAS R it ok s pR 30 5 R 2 g (B T,
2015), =z, AFEEFRMERAEEEZHE, HAH
SAHLER . #ERUF. RPN R A, HXFIhRe
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E2 =IRERAERTEREXZETEN
Fig. 2 Comprehensive assessment of the source region of Yellow River of Sanjiangyuan National Park

B3 =ZTRERAEFTEREERXIESXA. 11 1, IVAZRXSES, [Box 1)
Fig. 3 The functional zones of the source region of Yellow River of the Sanjiangyuan National Park. I, 11, I1l and IV are the parti-
tion numbers corresponding to Box 1.
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On public participation in the construction of national parks

Jingya Zhang, Yujun Zhang”
School of Landscape Architecture, Beijing Forestry University, Beijing 100083

Abstract: Public participation is an attempt by development partners to broadly consult and involve the pub-
lic as to where projects should be situated. The clear trend is toward broader and more frequent public in-
volvement and collaboration for national park governance as public participation has been applied in the
management of protected areas for several decades. Public participation in the Chinese protected area system
presents a passive and non-standardized situation. The preliminary model of public participation in China’s
national parks is presented in this paper through synthesizing the background of the construction of China’s
national park system. Results obtained in this research indicate that, according to the degree of public partic-
ipation, there could be four types of public participation in China’s national parks, which include information
feedback, consultation, agreement and partnerships. The impacts of our obtained results provide references
for a pilot project involving the construction of China’s national park system.
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Table 1 Different classes of public participation

Arnstein (1969) Connor (1988) I NIAUS ki AIRS 5T
Australia’s Protected area” Degree of public participation
#:#% Manipulation (BSRF) Bl Resolution JEA Inform ik Low
JAJT Therapy (BUR) IRV Litigation #if] Consult
50 Informing PSR ¥ Mediation 41E Collaborate
fE# & W, Consultation 5 (WU EA R Joint planning fk £k Partner
%3 Placation ¥ Consultation 25 Hand Over
A1EJE A& Partnership {Z B EIE Information

LR Delegated power #E Education
AMFEH] Citizen control

* Parks & Wildlife Commission of the Northern Territory, 2002.
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E1l ANT(HSH)ER: ERAEEHIZZHNEEEE
Fig. 1 The ANT model: the operation of national park system
construction
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Table 2 The approach of public participation in China’s national park

et EES TES 534k B
Type Content Main participants Form

ik ABERIL
Remark Degree of public

participation

Y
Information &3l 414 A Govern- #:[X Citizens, social

feedback  ment informs public  organizations, enter-
net
s BURTE SR HIER S 4hIX ., H2H2
Consult WAA Government Communities, social
consults public for organizations
decision-making
P BUREREEHERE Ml thX A SHA R TaE.

Agreement A TIEAA AR Enterprises,
Government employs communities, social

BUMISEHBOREE  ARAESHA k. A0S,

VIR FIRAOGE 2 04 TRORFIZEAH I 2 ook
B2, LAE Questionare
surveys, stakeholder meetings,
consultation and workshops
RS TAEN  F A SO0 5 (KAl )
. BFRMEE. B R
£JEF# Franchise, conservation

Wik BE @ HE, RN, K Low
Bl ATFHRY . P2
Public meetings, press releases, Feedback system include the
prises and communities education, publication and inter- numbers of inquiry, com-

Pery TR AR A A

plaint and internet hits

Diversity of stakeholder

J& Evaluation scheme

public organizations and citi-  steward, staff, supervision and
zens volunteer v
G1E BURFSAMIEFIP S 4K, el Commu- - ZRGey. TAEALL ALXILE . FAAEICE AR S IE o High

Partner 3w Government and nities, enterprises
public (stakeholders)

share responsibility

AREES Committee, work
shop, community co-manage-
ment and PPP

GYETEE BB & TR 5T 5
PR &7 4 Outcomes and
bound of rights and liabilities
based on common aim and
interests




1

IREEHEMIK 4 WERXAMERKARS S 85

E2 BERQENBFSAKNIXR
Fig. 2 The authority-responsibility relationship between gov-
ernment and public in national park governance

E3 ERLEHBASQAXESEER
Fig. 3 The information transfer between government and
public in national park governance

B4 BERQ2EHBFSAXRTERN
Fig. 4 The cash flow between government and public in na-
tional park governance
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Appendix 2 The scope of cooperation among social organization, government and public

&1EF Partners

498 Cooperation fields

B AR BB LEM AL E Data monitoring and share of ecological protection
Government ERIME, BIFLE, HXSS5ETENARBERMNEE Public policy making of eco
-compensation, franchise and community participation
RERBEHELS, HENREECNZE, HRIMNBUFEZRNTRE Establishing the plat-
form of environmental education, expanding the space of environmental awareness and make
up for the inadequacy of government propaganda
EBIME, BFLE. BSFERAZHUHMISE Supervision on eco-compensation,  fran-
chise and fund utilizing
RE TN, REZMITESFIERNSE  Perfecting the system of environmental evaluation
and environmental influence
#X Community B i3 L E R SR WZIZ KBNS Establishing the mechanism of protection and

inheritance about regional culture
HXEE N EIR, # X Community capacity building and training

HXSEHEMNTE Perfecting the system of community participation

ll Enterprise

REARVEF R, RBE O R XFRITHBHEZ Providing environmental protection
and energy saving solutions, promote the improvement of the enterprise and community en-
vironmental behavior

EHNEARREEK, RS EH Regular check of natural environment and enterp

rise service

/A citizen

MR R ERREERNHEN S S5 Informed rights and participation rights about
planning and great decision
EEHENHIMTE Perfecting the system of information disclosure

NARFIFREMTE Perfecting the system of the citizen complaint
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Appendix 3 The post of enterprises participation in infrastructure construction in national parks

I B A Project Types

I B A Project Content

B RS Road system

RNRE (REER ) B84 Parkway Repairing

WL BEIR Trail construction

%M Reception facilities

B E RS H 0 Visitor services center

FRIRR S

Interpretation and navigation system

#R15 MEARIR Intentionality interpretation
£ ¥ @ Guide map

£ ¥ F M Guide manual

T 3% 17 Fr ¥ E K11 Direct interpretation

#43E7K Water supply and drainage
equipment

B

225 MEFRIR Announcement interpretation

A HEKIRHERE T2 Improvement of water supply and drainage
equipment

BEifl, B Hi&ME Communication, elec-

tricity systems

B, BAHiEHERETIRE Improvement of communication,
electricity systems

AT i%HE Sanitation facilities

45 FT Bio-toilet
1 K 39z 34 Refuse transfer station
B3R AF Trash can

E 7&K Medical facilities

EEy7i& HE Medical facilities

B K B RARHE Fire and disaster preven-

tion facilities

B A BA R i% HEdkZE T2 Improvement of fire and disaster pre-
vention facilities
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On the connotation and extension of species concept used by the Conven-
tion on International Trade in Endangered Species of Wild Fauna and

Flora (CITES)
Zhigang Jiang”

Institute of Zoology, Chinese Academy of Sciences; Endangered Species Scientific Commission, P.R.C., Beijing 100101

201649 H23H 2210 H3H, 7ErgIELi P i e
ZATH CBUE ST LSRR E bR 5 5 A2 1T )
2524977 K43(The 17" Conference of the Parties to the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora, CITES CoP 17) I,
R T H 25 41 20 J7 5 A8 (R 3 120355047 % i B AR 5))
T A G W 3Lk PIEAE R BOR TSGR, w1
T eI AV $E S, Hh51nEk M. 20164
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H 1A B A 28 SR rh A N D SEONT [E 3A 4 Ao ) 2

DA L[] 4 B R A (cites.org.cn).
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(P A SR P [ B 52 50 A 20 & — T LA
Bl TR B AR ORI IS0 AE B AL SR A 1) [
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Fig. 1 Connotation and extension of the species concept used by the Convention on International Trade in Endangered Species of
Wild Fauna and Flora (CITES). The connotation of species concept used by CITES is the connotation by name of the species recog-
nized by biologists, whereas the extension of the concept is extended to as being all of the species included in a higher taxon, such as
“genus”, “family” or even “order”, or designated part thereof. Species of CITES may also refer to subspecies or population.

FEAZMIL L, REAY i H . ERE. 62H,
372 5 A A 3 H BT A R, 5300 Bk H0 B SR R
(i | RS R e e 2 7 I DN | P iy S274
5 B W ot b, 8 R (Felidae) . 7 5 Al
(Tayassuidae). fEFl(Ursidae). 14 %%l (Trochilidae).
# %} (Gruidae) . ¥ F} (Otididae) « #% & & Fl
(Paradisaeidae). &[N i £l (Loxocemidae). ik}
(Pythonidae) « #K i &} (Tropidophiidae) . i @ F}
(Testudinidae)  #% i #} (Tridacnidae) . fill A % %}
(Cactaceae) . # %k F| (Cycadaceae) . J& # F}
(Didiereaceae). ~“F}(Orchidaceae) KT Fl, LAKIK
WO R (Lutrinae) 1) BT AT HF, 3 il 45 A1 N B 3¢ LR
;205 FL (Phoenicopteridae) BT A5 Fi 34 4% 41) N Bt
. fEEEM T b, BfJE(Moschus spp.). B
T JE (Arctocephalus spp.)~ E &l & (Zaglossus spp.)«
77 111 F & (Manis spp.)~ 4425 19 & (Aceros spp.). A

© ARICHRY) 53 F A F TN ep S A e v A A RSN [ 3 e gk
H VBRI 20 3 A A N RS LB WA ) b R A 2 0 4 3 () Gt B R AT
PR o> 249 B S v SCRRE R AR SO 57 A= SR it [ B B2 S A 2400 B3
I PfEss 11 AP 10 (cites.org.cn) o

3k & J& (Anorrhinus spp.) B2 % )& (Anthracoceros
spp.) « 1 7ek B 1 J& (Berenicornis spp.) . R &
(Buceros spp.)~ BEH & J& (Penelopides spp.). #8144
%)% 9 J& (Rhyticeros spp.). K& (Andrias spp.)-

ok 27 = (Saara spp.)~ Il 2= (Uromastyx spp.)-

2 5 K W 1% J& (Archaius spp.) « 1k i W 1% JE
(Bradypodion spp.)~ 2% {4, Ji:J& (Brookesia spp.) . 46 i
J&(Cordylus spp.). $7 -4 J& (Namazonurus spp.)-
L 48 Wi J& (Hemicordylus spp.) « & /A 48 Wl J&
(Karusaurus spp.). Ei /& (Heloderma spp.). i)z
(Varanus spp.). 551 )E (Dendrobates spp.). #i I
I fi5% J (Manta spp.)~ g 5 (Mobula spp.)~ #3558
(Hippocampus spp.). &5 {34 & (Galanthus spp.). ##
f 4} J& (Pachypodium spp.)~ 9 Jffi == J& (Beaucarnea
spp.). Wi#% @ (Cyathea spp.). 725 J& (Aloe spp.)~ il
%K J& (Cyclamen spp.)~ Jili %% J& (Sarracenia spp.)+
VU JE (Aquilaria spp.). #AEAJE (Gonystylus spp.).
UL & (Gyrinops spp.) T AT B, 23 5l 15 51 N JfY
SKUFIB I R, A LIRS sl LA Rl b 3=,
JFargeder— Mg MR AN HER AR
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Michelia guangdongensis (Magnoliaceae), an endangered plant species
with extremely small populations, should be evaluated as CR C2a(i); D
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Table 1 Plant species recorded with the line transect method
in the distributional site of Michelia guangdongensis

YF Species Drude#% &
Drude abundance

FFA Arbor

X4 Quercus phillyraeoides %% Copiosae 1 (copl)
BHithiAA Schima remotiserrata % copl
/b HT Engelhardtia fenzlii K% Sparsal (sp)
¥t Myrica rubra Z sp
Wik L JEER Helicia reticulata % copl

fifiFef Lithocarpus hancei s> Solitariae (sol)
KAt Castanopsis carlesii Pk Unicurn

i Castanopsis eyrei % sp

HAFLZE Elaeocarpus japonicus i’k sol

HAEH Myrsine seguinii % sp

Afif Schima superba ik sol

214k Castanopsis hystrix R%E sp

I EFa Pinus massoniana ik sol

Z'Hii Diospyros morrisiana ik sol

5 Itea chinensis izl sol

WL#EF Litsea cubeba % sp

FAzE Alniphyllum fortunei /b sol

#EA Shrub

AR Ardisia crenata NZ sp

if2 Baeckea frutescens % Copiosae 2 (cop2)
Hl7E4EES Rhododendron championae ik sol

F-E% Rhododendron simsii I EAE)
HEFIRAI Clethra faberi % copl

[EfE 55 Michelia cavaleriei var. K Unicurn
platypetala

&% Michelia foveolata izl sol

Bk Gaultheria leucocarpa var. crenulata "% sp

Fl Vaccinium bracteatum % sp
EHASE Manglietia kwangtungensis /b sol
4&JEHE Machilus chinensis HpE Unicurn
TLFIA Pentaphylax euryoides RZ sp
ZE42ME Rhaphiolepis indica RZ sp
A Herb

T Miscanthus sinensis % copl
B Arundinella anomala % cop2
B Pteridium aguilinum % sp
AIH3EESE Drosera spathulata T2 sp
{EmEIE Gentiana loureirii % sp
Hi - Hypericum japonicum % sp
19 Diplopterygium glaucum ik sol
T#H Dicranopteris pedata "% copl
#4175 Lepidosperma chinense % copl

X A R TR 5 DU A R R, %A
(13 A A ) 52 41 v ST AT SR A RS o
Hil, (hEEMZHEEL Y R— S5

Bl I"EREEMEEFERRBR. (A) £18; (B) #&t; (C)
TEHA.
Fig. 1 Photos showing the habitat and plant of Michelia
guangdongensis. (A), Habitats; (B), Twigs; (C), Flowering
phase.
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IR R, AR 50, FLAEAN TR A
RECAN L 50, 53 AR AR R B 43 A s B
/3 #i[X (area of occupancy, AOO){{4316.65 km?, H
BOZAR T H R AR I W A EEAR, o [ ) 2 e e Fig
TP T AR AR, SCAE R T R E ZE5E
T2, RE G W UAATE (R AR HT 2=, 2011);
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The origin of genetic codes: from energy transformation to informatiza-
tion

Ping Xie

Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan 430072

Abstract: It is a miracle of nature that a set of genetic codes have assembled tens of millions of different
species on the earth. However, no one knows exactly how these genetic codes came into being. Many biolo-
gists hold the pessimistic view that an exact reconstruction of the process of code construction may never be
possible. It is even believed that the origin of the genetic code is unknowable, as there is no trace in physics
or chemistry of the control of chemical reactions by a sequence of any sort or of a code between sequences.
Many papers have been published with titles indicating that they explore the origin of the genetic code, but in
actuality the content deals only with its evolution. More than half a century has passed since the discovery of
genetic codes, but their origin is still one of the greatest mysteries in the modern life sciences. Are the genetic
codons really unknowable? Do they require external design? So far, several hypotheses have been proposed
to explain the origin of the genetic code, including the frozen accident hypothesis, stereochemical hypothesis,
co-evolution hypothesis, and synthetic hypothesis. These hypotheses suffer from two fatal defects: first, none
can explain satisfactorily why the genetic codes evolved, and second, none has explained the origin of genet-
ic codes from that of the biochemical system (a relation of part to whole). In other words, all of these hy-

Wickis H 91 2016-09-14; $32 H 1 2016-10-05
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potheses completely overlooked the coevolution of genetic codes with the biochemical system. In recent
decades, very little definitive progress has been made, although intensive studies have focused on variation or
flexibility of the codes and possible rules of codon allocations to amino acids. This paper is aimed to explore
the secrets of coevolution between the codon and the biochemical system. The genetic codes were likely an
evolutionary product of primordial cells from energy transformation to informatization when ATP played a
crucial role. Here, we present an ATP-centric hypothesis aimed at exploring the hidden primordial world in-
spiring the origin of genetic codes. We examined how and why ATP is at the heart of the extant biochemical
system, and how the genetic codes came into being with the evolution of the biochemical system driven by
photosynthesis. ATP, carriers of both energy and information, provide a bridge between amino acids and pro-
teins, and are most likely the initiator of the genetic codes. In short, the energetic ATP together with its deriv-
atives could randomly extend chains of both polynucleotides and polypeptides, which made it possible to es-
tablish or fix chemical relations between sequences of nucleotides in polynucleotides and amino acids in
polypeptides from their numerous random combinations through a feedback mechanism (selection of cellular
survival); and technically, photosynthesis, a goal-oriented process, enabled various biotic factors or reactions
(ATP, lipid vesicle, informatization, structuralization, homogenous individual, individuality, survival, etc.) to
be integrated into an operating system of genetic codes. It is challenging to crack the mystery of genetic
codes, but sophisticated experimental evidence are needed in the future.

Key words: origin of genetic codes; ATP-centric hypothesis; photosynthesis-mediated; informatization;

structuralization; homogenous individual
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Fig. 1 Adenosine triphosphate (ATP). The removal of the
terminal phosphoryl group (shaded pink) of ATP, by breakage
of a phosphoanhydride bond, is highly exergonic, and this reac-
tion is coupled to many endergonic reactions in the cell (cited
from Nelson & Cox, 2004)
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Fig. 2 A sketch of the ATP synthesis coupled with photosynthesis in the thylakoid membrane (cited from Taiz & Zeiger, 2010)
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Fig. 3 The triplet codes and pairing between tRNA anticodon
and mRNA codon (modified from Baidu Baike)
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5.2 I iRLZFRIE (stereochemical hypothesis)

Woese %5 (1966) 1 H! 1 321k 2= B i, A&
FEFR 5 AT X B 8 A ik B i 2 s
77, BIVIE A% 0 (PR J5 R 23 i RNARH 28 J: iR 2 ()
M ERAAE R B VIS, BRE U, %A% T IS0k
o2 A o B e T R R 5 L A - TR ) B
Ak 2 5 A H A 1 . Polyansky 2% (2013) & i,
MRNAS H AN [5] 12 B2 Bl 5 1) % B2 o0 A JE 8 2R AU T8
AT 9 5 1) 2 9 Joi X A () A TR A 1) 2 2 PR
RHTEESAM. BEINA, AEREHW T 1)L
AER R AR B, H I — UL VR — A58
BEPLE, X — BRI REAS A . B f, W
AT RE L E B R RE X R 61N 2 2 ) Y 11 ?

5.3 it {k{Rik (co-evolution hypothesis)

Wong (1975)#2 th 1 Lt B, N E IR IR
IR IV 20 i 1 RS2 B e 1) o S R R A ) 6 it
AR, T AR AL = o AR A . 2B
NN, 3X A R R A A B R YR A — P T B
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At XN UM FEE B HIZRE, (BRI R EE
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19814-Manfred Eigen$2 i T 1EF (in vitro
selection)fi¢ift, 19894F ¢ [H 1k %% % Leslie Orgel$z
T fift5 (decoding) HLER AT JE B U, 19884 LU A i 4H A
e R AE )AL 22 5 Christian de Duve H T 58 —
A% %5 (second genetic code) it .

WUZE (2005)HEM, = 17 2 B A B ot 21 284 4 XL
AR BRI ET LR . A, A A =Bk
BN F e CE KRS (n DY B AR R T
quadruplet codons)iEAE ik, KIAKME S FHA
B 2 (1) 4 YO0 AR AT BE HE 1E BE K I R AR R )
(Baranov et al, 2009). F 5 & F1F % (Yu, 2007; Xiao
& Yu, 2007; HERAT %, 2009)52H 1 iE4L %5
11435 A AR i (stepwise evolution hypothesis). X
F 3555 (Zhao & Cao, 1994, 1996; Zhao et al, 1995;
Zhou et al, 1996)#¢ H T % & 5 g 1 JL [R]E Y5 A WL
OB A ar i s R R L, RO
T A4 B2 BE R A [R] I AR A R S B 1, R AR LB
IS e T S A o (LB Tt A 2 5 1 A AT S R R R AN
H B 3L AL s e ?

WAT NG 8 T3 A 1 2 YR 1) 25 A 13 40 4 A
L R, AT R, BRER. 5
RUAIE . 2R A2 1% 4% (Freeland et al, 2003;
Itzkovitz & Alon, 2007; Tlusty, 2008; Yarus et al,
2009; Jee et al, 2013; Sengupta & Higgs, 2015). %14,
R4 6 2 FL A A (rate-distortion models)HEi, %5 f5
FEIFIR T X Z A AR TR HAH i
A S 0 R B /N RS AL 25 = Fh oA HLpR R ) EEAL &
HF-#7(Sella & Ardell, 2006; Tlusty, 2008).

1&4 NIE A % T AR S 1R IR AR, B
SRS B R 7R R AN, AEER A T
EURGER XL R IR KBS 75
EHEIR 2 (B [ 7] BE 5<% (Ohama et al, 2008), M % h5
T B R T] BE B 095 A 18 AL (1) Ak % (Sciarrino
& Sorba, 2013; Baranov et al, 2015), #1241
MR BB I AL I R, XA F T, (E G0 e v
HZIE 2 — Nl . B RS +5 S R Z [RA77EST
A R, XN B A, WRINX — A, Bk
2N NMANR B TR YR . (HSEPR FIXMPER F
MIEAM L o . HEER R, B2
B, &AL 2 HoAth g ?

6 MEEINEE—EREBNTEERN
ATPRULERI

HTB#EENFEENREN—H 0, Fit,
RA A RS A A2 o A 58 3R 2 H U
MREE. AR, AR AR 2 — M E R
S0 B IR ) 17 R
6.1 ATP—REEMNEEHNEE K

ARG, BA A AL RRATPI A
HHEIEN . ATPECEEHEREZN ™M —
(Umena et al, 2011), & REEMIEA(E S %65 %
BRI AN 5 7% RSN RE R . RIS LR R A
17 NEEREE ), SEBEAE B R, P BB AL R A PR
17, &%,

P R T ) 2 EE R A 20 22 M, T A4 BSA% PR 1)
BHRRASHM, BAERREN RS, AR L
T AL, BRI a0 e (LA AR A% R 35 mT AL A
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5E AT, ZBRAE S 2 R 7 T
Ao ABIRIR A Z R AR IR X 5N
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rRNA. DNALUSUEE (178 AE A, BEA 5 IR FFEEST 1Y
HOIRGEH, W07 (8 Al B (K Dy e A 2l i 4R 3L 4y
(1) B 5 A 7E — g ) B DA SR IR AT S, T
RNAN DL (T SUAE A, (R RETE & PP ARE T AR
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FIT 18 18345 45 J2 A2 A% IR R 2R 1 0T 2 T 1) —
KRR IR R R, DA R VETE AL R AN A 7 2 (6] 5
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Fig. 4 ATP (a carrier of both energy and information) is at the center of the biochemical system in a modern cell. It provides a
unique bridge among photosynthesis, metabolic pathways and genetic information.
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Fig. 5 Structural comparison between DNA and RNA (cited
from TutorVista.com™)
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Fig. 6 Structural homology between chlorophyll and the heme of cytochrome. Decyclization occurred from magnesium porphyrin
to iron porphyrin (marked with red color). Evolutionarily, the membrane-bound chlorophyll was likely a merge of phospholipid and
porphyrin. Dashed blue lines with arrows indicate possible directions of evolution
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