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Hh [ e S AR A b 2 U ) A 33,8798, (5 F
P S 4110.84% (R T4%, 2017). BT Al A
I BIEA R, A ATRE R N ORI B s, H fe
o i 7 R4 AR e T e R AT Bl . A(ETR
g, EEFMW R IERSE TN A
FEY)(Wild Plant with Extremely Small Populations,
WPESP; 5 %~ # #7 APlant Species with Extre-
mely Small Populations, PSESP)I{IHE &, Hrds 4> 1
g7, KIH S B4 TR 2 T P0IBT 5 30 HS Fol
TR I MR KR RR 9D, DLEOM R A SR

HM D, DR T RE A7 AR I R/ AT A TS R,

T i P T I 2K 468 PR P B 2 A (i) L 552, 2016)
W/NFREE B A K 2 BN E R 1Y), RAE
BMATAEEE, el T EMS R A
W BEAG MR A A G L (Ma et al, 2013).
KT VIIRE, AR ET R 2 B A
Y, BT LE e oI R, Rl
FE AR WA LR G AW, WAL
FH BORES PR LLBCR R A i /K AZ (Metaseq-
uoia glyptostroboides). #<1L41 &2 (Taxus cuspidata)
SR, R, AT BN R B AR A
2 —fdi FHWPESP ) 312

(2 [ AR /I P BB A R A R SRR B A K
(2011-2015)) i€ T 15 L 120F # 2S LR IR Ff

TEET ALY, A5 36 E R\ S Ry Y, 26Fh
[ 5 N F S AR R ), 5848 2 B AR i .
Y AT DR LS — 2 B AR R SR )
A WREYIfE . BERE K4 fa R i BT AR,
AESRERRR . AR B A, S RIEBTE
BEEMERNGE R, HREH 5 RERRK. EME
FEPERRAG A5 I B 172K BRI AR X5/
(I R R

VE R B G RIEMRIRZ —, R A K
B, WPESPIHAEM B RMER FTRETE N R T iz
u%#%%%ﬁ%%%ﬁﬁ% IRABER RGN
N A 2o RAS A Al 2 45 25 (5K N #2255, 2018). [
%,ﬁﬁ%wmw%%ﬁ%ﬁﬁﬁ%%%i%%
FEMELR AT 7T FR Ot A Y] . WPESPIIMES 3R 5
TE H [ 5 G BURF 8 TR 2 A R IR DA R0 R ek v
H A7 B SR X 2 T 1 S2 i T % SIWPESP AR 3
RIS FIAT Bl o MR I R AR RUR B T2 I 5K
it A2 T B AR R A R B BRI R

H—, WE TEAEY RS E S HAR. R
e S P (1 2 A2 B AR A ORI R HE R 2 — (X et al,
2019). K E T ER B AR Z, SRR
P BT R AR BT BT A 10 E AR ) 2 R
Wil fE R AT % OR3P 7 SR AN BRI, M DU X 4
SE I V)RR FF R R N B AR B AR 3747 3 (B S50 8 4%,

FETH: K SR T RI(2016 YFC0503100)“4R /N 7 AR A 47 st h (R A7 B A= Bk 52 45 AR AT 9 5 7R 96448 (2016 YFC0503103)
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2015). WPESP{RI TFEALBA#A 1 7% ZAR ST Je
PRI L2040, AR ORI SRR H T AR/
X W B IRIRAT S I HO ARG R ET A1 a] )5 54
KR HE I (VF I B FEEZE, 2014).

S, R T B AR AR A R B R 5V
WPESP# i 7 DB A 3 A CR 47 B 0 (1 3L A R0
5, SRR I SR B AR A R R A5
MBS 5 E B (B, 2015). 1IX— &
WAEHE 7RSS AN S W%
PRI )M E R K FE(Ren et al, 2012), £
SR T AS XRS5 1 276 YA 70 A1 BRI 13F L il
VAL FH 57 A 78 G b R 2% T R B AR A A
PR 2 B (31 [ 5%, 2016).

F=, SR T B AR ARG . DART R E
AR IEEEL . T TF BB E 5%
N EHEHS, T WPESP FME & R TR A R AR
A 5 S5 B 7 VA AE AR B ST B i) R (A = 5
2012), FFK & T 1R % i& F T WPESP [ {R 4 5§ s £
HR, WIWPESP R AR I L R4 . I Hh R
RPN, WPESP 3 Pk 52 1 85 22 %5 (Ren et al,
2014; ¥ RREE, 2016).

AR S, ¢ T WPESP R4 B & HESD 1 b
E AV Z AR T8, Fdt— DB A
YIRS (977 [ R E AR

H R TRESE LAk, 4E A 2314 T8
HMRA L SREG A AT ORGSR T e T WPESPHE R IR
P 7T(Sun et al, 2019). 5K U F#4%5(2018)3E T-120F+
WPESP 1] 1 4% B 43 A #5048 A1 3 SR OR3P X 7 A7 £ 3,
R T B B /N A R ) ) S AR R K
HARPBUR . B 703 I8 1T G i AR R4 40 Fth X
WPESPIHIFIZE ., &, M ARKRS IR, 45
AN TR AELE R i) S ORI E S, 2013; BRKGESE,
2016; FhHIOREE, 2017). &1xF P EWPESP H #iTH Ifs
FIELEIRIL, TFRYIFER Y. BEEEEH . A80R
AT, LIRSS R, NIRE B SEHL
i, PR . A5 E SR R S R 3 7
R T ER K (%, 2018; 5K 5 PH &,
2018) . — LB FLAEXT H AR Pl K LI b 1) AR A
FHIE ARSI . 1834% 2 R KT s 4% 25 K 1T
FRIFERE_E, $EH T WPESPRI T & Al el 5] F
PR BEIRORAF(Fh 71 . EHR). RN RS
BAREAR R85, 2014; B E%E, 2016;

BEANPR/NAL, 2017). 30 — L6 SAEXS H AR FIE
R AR R RIS B ARG TR AT T
KPR W O BE R b, R B0 RO T
REEVPA (2574 UL PH 4%, 2017; BEdtHgss, 2018). R
EEHWOCEWMAE T LRmRERE, HEA X
WPESP 1) i fes Ji7 R J AH S fif B EE A BT 703 5
B2, AR DR TR RSt $2 (Rl 45
Fo Bk, MWPESPHFNH 3£1R 5 58 R HLEE
Py 258 B RE TR EL, BN
WPESP 1) LR FI K 52 S 4 R G IR S ¥

20164F J Bl i1 [l 5% 2 5k % T R0 H gt R Bl
NPT AR S K E H R R
(2016 YFC0503100)”, LA 147 i 750 47 /N Folr o B A A8
VIR A, FERE T FBEAEAE J1 004 FhsE B2 IR TR AF
RS SRR . L IR RS R A1 B S
617 TH I 9T 12000 H St LAk, I8 oK & 1) B4
WA SIS/ BT RIS BoRTE, YIPEUE T LA R
(L)ZE TP BG4 S AR BT AR AE, @57 T 3E
FTWPESP [ Pl A= 47 140t 8L, JFH T84k
T E W/ INFREES AR A, (2)SK FH 2k R 42 0 VR o
TIKEZOMIREIR, wn T ARG, L
(Hopea hainanensis)flI-k H 2k A (Ostrya rehderiana)
MBI, (Q)RAE T FrA 14N F N T IR
HIME, T — RAT EHA, @1 T5MNEF
B, BrEH T —mEN N LB, R
SO ANET AR RN ERHE T AT RE AR, (4)i8 1 SR
PTAISE R R, TERL T — RAIIRIHOR, #T
LA R IR AP /R VEIX, FEE g 78 4 AN [R) S X
ST SALIE MR R TE X, K WPESP 43 i E A i Y
Hiy B 3 ST PR HA — 8 BB O A0 [ )9 R b i 4T
TRAE, FRAR T %0 B K 4 AR o

KGRI T 14R 3, WNEATTHA A
WPESP ¥ i i i idk g, FE T H ¥ 4h &
SRELI AR L LA . BEUC T EE RN Th RE MR B, Xt
W/ INFRHE T AR R PR S TR BhAS . 8GRI I
WO R R AR BT IE N SRS S5 T T R TF 4T
Ab, FETSCHRGRIR T BB/ INFPRE B A= R A A7 D o B
WRETE TV 3 F AR bR iCE B AR R A i
i USRI EOR 2 K 147 ] BB /s
Tl r S A R0 ) B AR P DN T h 5 9. oAt AR
REE R O Al S e B AR T R R BUETE S
ARLERI 2 EALHE LR T TH:
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WEFES . MEEA J15 8T (population via-
bility analysis, PVA) & VEAk Fi L BT 52 J8 b « K 48 55 5
1B U LA B WK ST AT e A R 1. SR, A/ INFp
THE Y AR R A0 AN A B X AR, P S B A 1 A
M, 1K FHUL GIPVATTVETE LA A 18 B FH A7 7R
JRIFRPE(PR 5548, 2017). BRAZRZ5(2020)58 1R H
INEERAEG T IR R B R GRS Uik, B
WINE) o3 B il /NPl BT AR R A2 A7 ) I B AGAS [ A
FXFHAEAE IR RE RS, PRSP B AR A 1
RIS IR T T . PR R4S
I At LSRR R 43 A P e A A7 T 7 DA S PR 4
BRI PR AR A . N 2R H o 2 45 7 T 45
A EEE L (YFEMXIHEL, 20183, b). RIS
(2020) & B 78 3, 75 e i [X 64> R R 2 - 41 A2 (Taxus
fuana) Fi LA R /N, PEEE . BEMEANMA B KN S5
DA K 23 [y A A SR S B R BN R, X — 45 5 &4
HEMBEASMRIESNE . ZTIEB L X IR
5% DR 22 3 1R AT B /N b e BT A4 A A DR A o P
XPPELR PR T B A

()BRSEHLHI R Z B E T« /NPT AR R )
R A AT IO 4 . PP R IR P 8, MAKEK T
HAEAATE TR, BRI K4, AR NI
b — 25 G U /NPT B A R AR AR S D,
FEVE S50, IR T P F K 48 XK (Fan et al,
2020) . {72 H /1A FAR /N HE R AL A ) PR SR fE L
A T/ o 2255 (2020) 18 1 7 i = B A K
BHYAT [ R {447 X % (Eleutharrhena macrocarpa)’t
BN TR K 2 5 K 2 R A HE ) 1 Fof 1) S BB DA
JREIE R, R T A SR R I fE AL
i AR, DA B A S5 bR I8 (10 P2 A R Xof i
A ST I L X FR A5 (2020) 40T 1 EE AT (Thuja
sutchuenensis) = FE AR G HFRBE AR e it . FhiE
HAF TS FTAEREIR S BN A S RHIE, R AR ™
ST AR REE AR AR ) SR RETE IR B

QR)FR BEIRRY o % Z AR A 2 R
B RISy, AR/l T A AR A 1 d A 2
Gy a7 FL0E LI5S AR A 1 18 A5 AT 1] xof B A
WAL T SR BOAR BL ) OR 3 A i AR O
(Aboukhalid et al, 2017). ZFEEEESE(2020)#R 1) T 7
WSEFARI B LAST—— R BRI, e
AR VI (== 259 p U el O AN S e s
FEFRic BVE AN X, X 7 Fheic B TR 3 sk ik

(R J7 RHHT T R . 75 &V % (2020)FR 1+ T Wi
FERRFAEY L PR BB AL I 4EFF AL Z0 R 25 A
TR &, i 7 iE I e 2 T TR 78 AR
/N b B SO EE XS T 48 5 H ORI AR B VK 1
BV, BRZS(2020) 7007 THIACE S ILE X9 A
SRARY DX IKAZ S5 A BERR R Th BE AR B AT S
T R B N RT3 ST, R B AT
RER AR K B2 ma e R, DR I S IS AT N 1 B o 3
g k2D AR AR SR IRAE B PR 5200
(4R RAERKE . i R EEDR E
H s B OCE BRI, BN B R Bl 3 P f
WM AT R T A . BT AR/ NP R A=
Y — AR BRI . AESIEAE, IRy
JR A bR 44 H AR AR SR R B T
—(Volis, 2016). XI|F}45(2020)%} ZRIL 4L G A MW HE
WPIRR AR BEVR SR ANZRAL . V)P 2 R MR AT
TR ABCESS A, et TR S IR
()55 22 LA BBV A R (R JE ACRRIE . 11145 (2020)
S3 AT T TG A A Y A R 1R I R T B R R e
AR AT B R AE R ] R A AR 1R AR Ak 1) o 8
e FLE N SR o B B AR (2020) T T A 5 R4
WA B AR AR R B A 3 22 R B T 4 T 22 E ) 5
7R T 22 B ST 2 4 B A AE 1R B A PR
i) R S B PR 1) AL o
GYEFEAEYF . EHE MY Lo
T2 —, HRMEER R S 4E R E B . )
ANFREFEF AR B S AR T IR AT I
B A T B 1R I K4 ) P AE TR R (VolLis,
2016; Wade et al, 2016). X755 (2020)X} 1 H &£ 1
14 e (] st 7R AR /) Tl 2 BT A A A0 1 S B AR 1 RN
TEFEERAT T 478, M4H 7 X e ph /e b i &
A RIE T 5 TH B (R2E i o Y5 RK 4145 (2020) LA KSR 4>
A (154N FE -l (Acer catalpifolium)/NFfe Jy fF 78 %
R, RS T LA PSR AE FhE P AR (8] A7 AR
(MRRAR S5, &5 SR AR UM IR 12 K B AN [a] Ao st
AT, DA KFE B F ARV RP R B 2 R 1
W P o A o R YR e . 578 FA 25 (2020) LUAR HE
At iy R 22 S 07 3kt PRI AOR JiR A 7K A K% 0 R %
BTG, 3R T Hp=Fh, R2FE A K SAEN
B A5 SR, 3G UE T AN R RER AR PR A2 5
KPR B A S AR BB I B R 3R .
(6) BB T o B A EN VT 2 5 RAR /N b B A A

&1L



A1

266 £ ¥ % B M Biodiversity Science

28 %

VIR RO, B T2 TR IR R AN AR A
WS A 0] U F L et B 0 R SRR RO, DA 2 A LAY
RPN 5o I FUAEA A A H0 A SRR AR A [ S 4 [
AR B BE R, SRR E VP BN PR T A AR A P
T 0] 51 A 5 3 1 G B R A (15 AR B AU R 4T
2018). ik FBHSE(2020) R 1 4R A ] S HR 2% AR X
BF A8 [l R BRI I TEASRRAE . G B HRAE . KK
PR FE B S SR 2 S AR, R I B A B
VSR T BIS RIS R SE A, I A AR NPT AR
LA [l U= A 583 B I (AR R Tl T A .

Hh [ TE B /N B B BT AR A AR 5 T AR LA
WA T — et st e, (HRATT L AR, /N
T A A R T R BN . T P 38K e B h
PRI S5 [ A R e, DARE B ORAP BB RO VE A e 4
W i, AEERE M TR TE T ZMF
BT, 7ER /NIRRT AR R B RS B
B2 PREEAE . MRS R RS S5
AT T A R BANL S . B8 AN SEEG A AL,
DA% B 22 (1 DA FH 2 5 ) 1) S BRI A
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Sex ratio and spatial pattern of Taxusfuana, a Wild Plant with Extremely
Small Populationsin Tibet
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Abstract: Dioecious plant populations possess sex ratio and gender distribution of individuas, which are
important for individual reproduction, population viability, natural regeneration and maintenance of genetic
diversity. Thisis particularly true for rare and endangered dioecious ones. In China, Taxus fuana is among the
120 Wild Plant with Extremely Small Populations (WPESP) and observed only in the Jilong County of Tibet
Autonomous Region. However, little has been reported about its population ecology, especially about its sex
ratio and gender spatial distribution pattern of individuals. We did a field investigation for six T. fuana
populations in Jilong and recorded 1,651 male and 1,231 female individuals in total, whereby its sex ratio and
gender spatial distribution pattern of individuals per population were analyzed. Our results showed that Jipu
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(male/female = 1.89) and Kaire (male/female = 1.39) populations tended to be male-biased (P < 0.001), but
male and female individuals from the six populations showed weak spatial association. Individuals of smaller
size of Jilong and Kaire populations showed significantly male-biased, while male biased occurred medium
size of Jipu population. In summary, T. fuana populations were different in size structure distribution, sex
ratio, size structure of male and female individuals, and their spatial patterns. Our study suggests that it is
necessary to carry out targeted conservation considering different population characteristics, disturbance

types, and environmental factors.

Key words. Taxus fuana; dioecism; sex ratio; spatial pattern; Wild Plant with Extremely Small Populations
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Il 22 S AR I 7 Tl AR BB DG EAE F (F 5
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11 MRXEER

W FCRE AL T VUK E ¥E X H % 00T LR
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A HAIRE-AZR0C W, FI6FE# HECh120-240 d,
SRR K BR800 mmZc AT, FEIIEE K T60%". H
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B B E AR, XN B AME R DL & e s
TRV H SRR I ARORN G 1L SR VR A RO (R
Ht, 2000), %L AZE R AR AR EOCHEA B IE X
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semecarpifalia) 55 i S £ B R AR A, AR 2 W
Fh, RE B S IR (E3-12 m,
1.2 PEFESHIRLE
121 @FEFE

B7 AN A 2 B AE20174E 7-9H 51012 A
17, BAFAANH o R¥E 75 B B AR R MR 5 TAE N 7
ZEM TAELRA N FIFE 5], 456 SEHU,
LT AL AZER R ) 413 (28°24'22" N, 85°19'43”
B) e M T I A (GRY), 2RlhES. ZH M
A~ BE FFICLS BRI TR R R
UK, SEBRR A FE AP B H 1300 m x 400
M EE T 2 T o 567k A AR, H A R e 4
WE . AR %5 2L S A2 T R (5
F% > 50 cm) (1455, 2006), iSRRI A8 AR
B MEMESSE R . ST A% 4 25,089k . %
21 G AZ MR SR AL, AR T 55 1) 2 I (i) I
b T B AL G A RS S, B SR AR AR AR T
P 5 HETE P ok A v, 3L 112,8824% (56.6%) [
FELAR T A S PR 31
122 HiEaiE

BT %5 i 20 G2 N B K — 2 W U e DR 3
W, FA K HERR EUAS FRATH BUE S 10 7 vk A3
BN R B ROK,  [FI H T- 8 = @A
ARBERE, #OR 23 R E IS TR R 07 AR AR
BHRANG G, CRINGAE TR RAG T 7 A Fol
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F=1 BHMLITHMEHLR
Tablel General information of Taxus fuana populations

R AR M A2 1 T VAT KON R 4y T
[l A Ahoxt 25 L A AR R 8D, 0 B ) A2 v
S AN, AR TS IR SE G I R & i o o AT
()75 J5 15 AZ(T. chinensis var. mairel) it 25 kil 43 77
R EIESE, 1998; WiAESE, 2004), JF4h G EFAhsL
PR EE O, BRI TS RNE

S (245 <6 cm). S22 (6 cm < £ <18 cm).
S37 (18 cm < FEfE <30 cm). SAZ%(30cm< FHfFE <
42 cm). S5 (42 cm< FH:4E <54 cm). S644(54 cm <
FA1E <66 cm). ST (R > 66.cm).

I RCHS JR) 43 BT 7325 060 8 W 4 S AS b A (]
Gy Ak R REAT 3 BT o 3 i SR R SR A A i
Ripley's K45 it AH G B Eg(r) #EAT Fi e 48 14
() 73 A7 5 o N SCBR I 73 A - Ripley's KERELA R
(Ripley, 1977; Diggle, 1983):

Aoy 1 o
K“"?ééﬁ,j'f‘uﬂ)“ # )
N, nREH PR A AR S, AJFETEIRR, uy
ARG AR PIEE S, My < o, () = 1, 750
R Wi AR R  u A 245 ) 3 9 7E Th AR
A RIS A B K B E A, B—AMEY)
AT B A %2 B (PR (Diggle, 1983), 7EiX HFE IR
NRCE, DAY Bl 22508 (Ward et al, 1996).

E R E R )= T 20 g6
b AR A A 5 i 21 A2 MERRE AN R DU & SRR
K H BEHLAR25 45 1% (random labeling model), i
THE LA R — MR EG . BE B EAR 4R
SE I T R[5 BA DX 45 A 0k R 2 AN B, DL SR )
5 MEREAMARAEAN [F] R T 128 [B] G o I A
HOR I T AL GAZ A (FEAE < 6 cm) K2 M4 5K
ey, ok U7 R A E AR I YE R, BT AAE

FhEEZFR Population 445 Locdity K Altitude (m)

T Populationarea(mx m)  FhiE%E Population size (ind.)

T Jipu 85.33°E, 28.37° N 2,650-2,780
£ # Duofu 85.31° E, 28.39° N 2,737-2,875
WA Langjiu 85.36° E, 28.40° N 2,810-2,865
M Jilong 85.33° E, 28.40° N 2,910-3,150
Fr#k Kaire 85.22° E, 28.47° N 3,140-3,170
JE# Tangbo 85.22° E, 28.48° N 3,200

1,600 x 300 ~3,000
250 x 70 95
250 x 80 63
750 x 550 2,534
800 x 160 1,766
60 x 45 64
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GG A i AR IR

HHE 53 B SR FH 23 1) sk SR 2 A B2 Programita
(Wiegand & Moloney, 2014)5 .. %518 R E KN A
FFEH B I K 1 — 2, Monte-Carl of& 36 A LG 24
1991, 2 37.99%1) B A X IA] . X T~ XA & Gi it 734,
F—RE L, Ho)m T EBEXIE LR, RRPxt
FAEZRE FR2IEARKR, RZMKTEEXE T
BRI AR KRR HEEGEXE N, WRRH
TR 2 A R BN B3, BT A o7 .

21 B RFHERKINRLE
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Fig. 1 Thesize structure of six populations of Taxus fuana (S1 to S7 are different size structure)
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Table2 The sex ratio of six populations of Taxus fuana
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Fig. 2 Sexratiosfor different size structure of basal diameter in Taxus fuana populations. The numbers on the bar indicate sex ratio
of each size structure of each population. *, ** and *** indicate sex ratio significantly differ from1:1at P <0.05 P < 0.01 and P <

0.001, respectively; nsindicates sex ratio does not significantly (P> 0.05) differ from 1 : 1 (32 test).
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Abstract: Plant functional traits and stoichiometry characteristics can reflect differencesin plant strategies to
microenvironmental changes. In this study, we used a one-way ANOVA and Bayesian ANOVA to compare
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leaf functional traits, intraspecific variation, and leaf stoichiometry of Snojackia huangmeiensis at three
microhabitats (lakeside, population center, and cropland side) next to Longgan Lake, centra China. Our
results showed that: (1) There were no significant differences in soil C, N and P concentrations among the
three microhabitats (P > 0.05), but soil C : N and C : Pwere significantly different (P < 0.05). (2) The results
of one-way ANOVA and Bayesian ANOVA were similar when we compared mean values of leaf functional
traits of S. huangmeiensis among the three microhabitats. Leaf length, leaf area, and specific leaf area were
al significantly higher at population center than those at lakeside (P < 0.05), while the three leaf traits at
cropland side were not different with those at 1akeside or population center (P > 0.05); The leaf N content at
lakeside was significantly higher than that at population center and cropland side (P < 0.05), but it was not
different between population center and cropland side (P > 0.05); Leaf width, ratio of leaf length to leaf
width, leaf dry matter content, leaf C content, and leaf P content were not significantly different among the
three microhabitats (P > 0.05). (3) Leaf N : P of S huangmeiensis at lakeside was significantly higher than
that at population center and cropland side (P < 0.05). Leaf C : N at lakeside was significantly smaller than
that at population center and cropland side (P < 0.05). Both leaf N : Pand C : N were not different between
population center and cropland side (P > 0.05). Leaf C : P was not different among the three microhabitats
(P> 0.05). (4) The overdl variation of leaf functional traits of S. huangmeiensis was between 0.02 and 0.28.
Bayesian ANOVA showed that both leaf C and N contents had low degrees of intraspecific variation in
lakeside and population center. (5) Sinojackia huangmeiensis' growth was promoted by different factors at
the varying microhabitats. Our results indicate that S. huangmeiensis strategies at three microhabitats were
different and not single-trait dependent, but trade-off dependent to achieve a better adaptive effect.

Key words: plant functional traits; ecological stoichiometry; Wild Plant with Extremely Small Populations;

8%

Snojackia huangmeiensis, Bayesian ANOVA; lakeshore zone

A AT DL AR B AR B &SRR AE SR
LIRSS AL, T ROE BT 24 BT IR vk,
REBE U MAAEI AR K. B AT — R IR,
PRI ThRE MR (Lavorel & Garnier, 2002; Violle
etal, 2007). &G EE Y, fE—EfRE LEMXT
- DhRe R 2 M B¢ &R, MEFE T AN A 1 D Re vk
Y A T B TE A AT B8 ) B AET SR I (Wright et al,
2004), T e R 1AL Ak BT DLAA R 20 % B 45
AF AL FR 0 N 5 3 N (Frenne et al, 2011). ELH-fAH
(specific leaf area, SLA) 5 HEAI Al K g J1 AR XS
A=K R 5 1F A 5% (Pérez-Harguindeguy et al, 2013),
A /) b v THI AR B AR 4 EL AT AR R 55 1) e 3 3R B
73~ 18 AR H BRI 1Y) 77 i (Poorter & Remkes,
1990; B3C&E, 2016). M F -5 2 & (leaf dry matter
content, LDMC)RJ LA /=#5% 5 1| 5 £ 2544 v 515 1)
tb% (Messier et a, 2010), AA®m TR ER
A ) 340 5 B T i I H A0 (Cornelissen et
a, 2003). C. N. PREmtEYAKKE M EE I
o CHI R T AP SE TR SR, 2 25 Fh AR b S5 N g
KR (Agren, 2008; 17 BB T 44, 2011), 1
Y R A R AN T A BRI & %, AN
Y FE R BAA B LG E S (Wright et al,
2004), P EHE T Re & L F8 FH RAC T (Aerts &

Chapin, 2000; Vance et al, 2003), H:HNAIPIE 2 i
AR AR K TR 4y B R T (El ser et al, 2007).
B BRI 2 ML S I B AT R,
FELEHRTEC, N PEFOCRMFHIT R, 7]
DA Sz B A 40 5% 43 1R P9 R R R B o) (AT
2016). H-C : NFIC : PrJ DL AEY) [ B i 5 NFIP
[ F] FH %% (Herbert et al, 2003), N : PA] IfE N
Pl IEZ S YR NI (= TN (v a2 s R R 73]
PR 1) 5 19 (Guisewel |, 2004) .

TR D AE T e R A 1 R B i 200 1) o pAy A
S, R AR AR R R A AT W v L R I 4 R
Pl A VEARAR S B BB AR RN, R 4EREY R
fERBETE DA A JE W E 2173 X (Agashe, 2009;
Fridley & Grime, 2010). FEARFf P A8 53 3d & /N T F
A AR S, AR P A% S 3 S CE ALV 0 P9 S R AL A A
V& 2 TA) [ A MR AR S v b B AR H (Albert et al,
2010). AWFFLR, B PERAR S0 1 B AN T
T BEE A ES RE AL RE R B L EE N
(Violle et al, 2012). Fft Py PtRAL 57 B 68 5 1 o 1] AH
HAE SR, MO AR BV 3 45 (Bolnick et al,
2011) . it A bR AR S A R 2 AR 40 %o B 355 14D 3 oL
Re 77, HA T m R AR S 1) Fh B8 B o b 1 B 3
B5 45 4k (Mitchell & Bakker, 2014).
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H AT, R shaet R wr e 2 B b e KR
R BEAKSES R T IR (Wright et al
2001; Reich & Oleksyn, 2004), {H KRB (A 5E 4
A2 g e — S AR S R R T IE . TR/ RS B
. ISR R R DR Rt B A 1R

K520 (Loreau et al, 2001; D’ Antraccoli et al, 2018;

De Smedt et al, 2018), AT LASERE AR T Xk DL 4
fRIFR I 8 RN (K raft et al, 2008). BEAh, H:T-Thg
PR A 78 2 B AT R R R AR 5, YRk A
FA) 5 S5 S 2200 (Allbert, 2015), 11 kI R 22 O AIE
PR, FhN AR S AE D RE MR AR 53 p o B
(Albert et a, 2010; Siefert et al, 2015). KA 78 /MR
FE AR SR R — b D Re VAR s, mT DLk 4
e e [ 38 4% 22 S e, SE R T JRA1] T A A0
JOT I B ()3 L1 40 A B 3 B SR (Xu- et al, 2017),
HNED BRI 5 F R PR IEFI 4R S

T A AT 4 ¥ (Snojackia huangmeiensis) iy % B
BRI SR A, V& ANTRR, maum, e,
RSN, B IR EEEE )RR, A4 E 120F0 i)
NP AR Z — . B ATATRLZRUCE 148
AFPEE, A TR SR O B A AR
A8 7 N I W PN S 7 5 A N o i S VA w203
WA, VO R s, R, R
SEAESE, SR X A K R K I ZE
B, TZERESE KGR 25, WK IR R A A58 12 X
355 b S5 X A, I LT R 2 AR i R
oy KA R, L KIS KT LB R, H
MM EZRIR 22, BRI 40 X A A [ AL B PR B 1) 22 7
A {6 2 52 M0 A PR B 1) A K B I T BURE 52 1)
TN SR IG (Wel et al, 2018). H R, E R ANEE X B
HEFEEER (RIS S50 . RAKRE - BUEZREMES )y
[ 3E4T T 5% (Yao et al, 2008; Brukigss, 2012;
Zhang et al, 2012; F L4, 2018), TMMFA AR
A %o} B Mg AT R 14 R TR P AR AR . A B TEIET
S A A T A R 4 A X R AN [ XA AT
BRI Py PR AN IR SR R 7 1) 22 57, R ROABE an ey
SO MR AR, DA MR B 113 B 2R
W, DA B Mg AR AR 1) 5t R 3 DA B A A T 4

TR,

1 HRXER

BIF St AL T e S 2K e B 2R R X

W, AL b A B M LR B BLER MR (29°59" N,
116°01' E, ##4R£131 m). iZ X JE T Hi 1A
fe&, DU=R45BH, BEoKFEih, F35R17.1°C, Wi e
43 W N-12.6°C F139.7°C, 4F % /K E1,347.4 mm,
ToRE 1260 d, EH H A 1,814.1 h, HIEACK,
BN, BN REXIERL2 ha, (RAFEB NERER
RAEREAR, KA (FfE > 1 cm)$L31Fh, F#
YFh A B AEAEEERY . FRAR(Quercus acutissima). #)
‘B (llex cornuta) 55 (F 156, 2018). 75 Z Uk B A2,
B 5% DX HEL AT M B, 5205 7K 235 P KR Fr e, ¥
1 X I AAR KRR . PR, 99 e — AV B AR
PRI AR ST, BRIV MGG B89 120 21357 321 1) b 34 2 120 8 B A1
[, X2 FEAEIIL . Aot X R I B 98 5 B
A= RS RIS . EHEK . KSR A
FRRAF S A £ 5. Hok, B, -
Bk S EA R, R, BT AR K S
WIE B LR, B e DA - 58 0 & & 5 5
AR LR —E M E R, &, CAWARK
L, TEM B K G OL S, BREE I, MR
AL R, XeMEED A KN EEEE S
FRFRAIZET(Wel et al, 2018). IL4h, FTE 58 HI4
P ARLE—A2 hate A7 B bk I, Bt
R AN R B T SRR, SRR AR
TRRMAL A = i o Ao X . T AR H
B P Mg FEAEE A 9 AR BN TR R, dEm KRR,
DRI AT ATRURAAR T S RO H AR K] 7= A R

2 MRAFE

21 MHmEEE

201847 H 347 B ARG PRAR B IH- 1 RS2 A - 35 HY
FETAE, HCRTZIX O ZE . FRATHR A 2 Mg APy
AT, KRR 5y il . e O AR
3 AE (K L), WA XS AE B KL 2 B ZE
WA B, A DX A T R R I 5, Rl 3
FEXSFR A o BEFP AR 58 B AL B ISER K 35 R &
AR, TERRARRE AR A R A7 BRIV . e 2R
TR A, SREE30H UL L, Fe /MR B D A4S s
ARESIENVK &, 8 hpyfif o] S8 = HEAT AL 3 .
TR R A T SRR, BBRRIZ RS
i Ja REHRKJZ L3 (0-30 cm), BB REIN L
SRR i e [ SR = A0 A
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Fig. 1 Location of the study site (a) and distribution maps (b) of the three kinds of microhabitats
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T IR T A pHAE R B I e
THEC, N EHRRE R RSSO E, PAE
FHEH A et kil e .

M DI RE MR I e A R 1 B30 F 5 i FH 43
Hi{X (fEfECanon CanoScan LiDE110)#:HLH F #+
K14, It FH Digimizer B 7 23 A1 84 TF 55 H i T AR
(LAY, MK (LL) AT 58 (LW) o - F 2 2 H R
FREFREL. A M EHESOC 254 T 2 18 5 5 il
B TEH, LRKC. N, PEE. 5 ()
Bi; (2 FEH AR M A AT Q)M TR
o T E A, (4R F REC e
BIMA.

2.3 HUBRALIE

BT LT R B R L A A
& I LUK R 3R 07 2250 A, Mg RN I
DhRe MR 1) B3R FH 50 B8 3R 07 22 43 A F0 DL 3 07
ZE0Hr. HdE 24 I SPSS 19.0fIWinBUGS version
LAKAE5E %, R Origin 8.04 K. KT KT
AT FH Tukey s-bilb AT 2 S LLEL, R EE A
A + FREZE(Mean + SD), T DU 2243
AT TP DR 32 (1 0 AR S5 2 3 23 A 1Y) 95% 15 X 1]
Fore

31 HIRIFETHHE
BIE 5T IX 48R ) - 398 SR A8 320 21 r o X 355 - 2
B R R Oy vb . YO R £, pH E 1R

391411 ], R, (H3F B MEA &
PR (P> 0.05). TH#C. N. PEEWMHEAALTE
4 % N 44.70-70.68 glkg . 2.86-6.15 g/kg -
1.56-2.41 g/kg, FF H.3M itz & & & il
O XIEE R, SHia s, HERAREEER
(P>0.05), +3EC: N. C: PFIN : PHIZ{LYEE 5
#1°49.51-20.57. 18.25-36.00f/11.84-2.68, H#fHuilfH)
+THEC ¢ NEZE S T XRP < 0.05), H
WA A XIR2 [R1 A B E % (P > 0.05),
OXIBMHEC  PEZER THIAAMPHbAP <
0.05), {HiB L AHH il 2 A% B E R P >
0.05), 3N : PIEIMAESTA A B E 1 Z 7P >
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32 MRIEEMR

EEAR b, B AP B AR R ORI I T
REMEIR I 5 802 AR TELAE DA B, Bl A8 53 RAUAE
0.02-0.282 [1], Py NE &A1 AR 1238 57
ZAHUEK, 4r9190.28, 0.21410.17, X i B i 1
REPERTEMHE N EB A — B ZE 7 (R2).

FADRI R 7 ZE A0 M 4 AR B, M R AR 1)
Koo R TR b i AR A 3 A 458 PR RO Xk
BERKTHBXE(P < 0.05), 10 X 5
0, WS E A W 2 (P > 0.05). 3K
AT A PR P P NP 8 V32 . 25 T R o DX 3R
Hh 31 (P < 0.05), i U X 380 R B b 30 A5 5 25 1
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HCHIMPE RIESMAR MG REEERP >
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Tablel Chemical properties of soil and Sinojackia huangmeiensis leaves in three microhabitats (Mean £ SD)

&= +3 Soil HF Leaf

Chemical property 3 Lakeside X B Center #HHii4 Croplandside Mlill Lakeside  Fubh[Xi Center BHHiiZ Cropland side
pH 4.11+0.09* 391+0.15° 4.06 +0.02° - - -

B C(g/kg) 70.68+10.12*°  4470+1567° 5491+ 1279 442.78 + 6.56" 44220+ 742"  443.71+ 16.46"

% N (g/kg) 6.15+ 0.89% 470 + 1.66° 2.86+1.38* 27.05 + 2.00" 19.24 + 1.62° 19.89 + 4.78°

# P (g/kg) 234+ 053 2.41+043 156+ 0.43* 1.69 + 0.39" 2.07 +0.60" 1.85+ 0.54"

BRIE C:N 11.49 £ 0.37 9.51+0.16° 20.57 + 4.47° 16.45+1.14° 2311+ 1.72% 23.27+4.38"

Tl C: P 30.84 + 4.84° 18.25+3.71° 36.00 + 6.55* 27391+53.71%  227.53+53.43" 254.46+55.63"

R NP 2.68+0.34* 1.92 + 0.40° 1.84+0.64% 16.60 + 2.86" 9.89 + 2.47° 11.50 + 4.16°

[F—ATH AN FRR R FE TR S EER B EP <005); A—ITHHARKREFRERRH RS ®ER BEP <0.05).
Different lowercase and capital letters indicate significant differences of soil and leaf element contents within the same row (P < 0.05), respectively.

=2 AMBFHERNI R IR R 2 ARHFIE

Table2 General characteristics of Snojackia huangmeiensis leaf functional traits

I DR TR R/ME RKME fEHE A5 R
Leaf functiona traits Minimum Maximum Fold range Coefficient of variation
M Leaf area(cm?) 10.77 29.25 2.72 0.17
MK Leaf length (cm) 5.27 9.50 1.80 0.11

M9 Leaf width (cm) 3.01 5.11 1.70 0.10
K/ %% Ratio of leaf length to leaf width 1.55 2.07 1.34 0.06
LTI AR Specific leaf area (cm?/g) 19.63 38.47 1.96 0.14
T4 & Leaf dry matter content (mg/g) 22335 403.24 1.81 0.12

- Fi %S & Leaf carbon content (g/kg) 393.69 459.47 1.17 0.02

M A% & Leaf nitrogen content (g/kg) 12.26 31.29 255 0.21

M H & Leaf phosphorus content (g/kg) 1.27 3.78 2.98 0.28

U5 22 o M a5 SRR B, K IR L
I T AR PRI 12 A HR O X IRO5% B A5 X (8] F L%
HR, YOUTIX 3R AE W 1R A0 X s B R
PEZE S, X 3 PEARTE A0 X 3k 5 8 bl T893
Lt i 95% B (5 X 8] L #A HS, FIHEEEE
PEZE SR N S AE O [X R b i 959% B 15 X
) B S, U NE TR O XA
AREMEER, (HXM RS NS &5
N R 5% E (5 X 0] LA A ES, TG &8
EVES. e, A PR AR R
CHlHP& /e 37 A 1 95% & {5 [X 7] L #(4 = &,
DA AR 8 A 2 3 M 22 e (R 3) o DI 7 22 2 A A B
Rl 2% 7 Z o T 25 SR — 8, ARl o 22 0 d 483
G AR T A AR RS S AR E R
PRI LA

B RE(CV)MTF RS R EIR, HH5E. e
L Y AP R R AR e R U
K, PRI I 58 7E O X A8 5 R UK,

TR P CRIN B & 75 B 1) A8 = R U K,
BTG 150 B 3 e PR 7 3 AE 35 (1 R P AR SRR B
T HA BEEZE T (E2). 5 2 b4 R R
B R i CFO N & 1 bR #E 22 (SD) 5 i Al e
DX I b e 25 R O5% B A5 X [a] L&A B &, Uimgnt
CHIMNE BIEAFIFHE N L S AR EEE
S o FoARW 7 D REVEIR AR 22 75 3P A 35.95% B 5
X [H)_E#E R, U I S MR AEAS R AR P 30 1)
A SRR R B 2 7 (3) . AR T R EURIbR
HEZE AT 2 A4 &, 0T DAUE BB a2 v CAIT
BBl N AR S R R 3 v T R O X
T 9320 1 A DX 3 CRA N2 2 R R P A8 S AR T
B EEEESR.
33 MARZEEERHESUI T2
BT FCy N PAE RIS LIE 43 5 2
442.20-443.71 g/kg. 19.24-27.05 g/kg. 1.69-2.07 g/kg,
HHEC:N. C: PHIN : PHAS LG HE 4 5 &
16.45-23.27. 227.53-273.91%19.89-16.60. "N : P
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Fig. 2 Mean value (+ SD) and coefficients of variation (CV) for leaf functiona trait of Snojackia huangmeiensis in three
microhabitats. Different lowercase letters indicate significant differences of leaf functional trait values among different microhabitats
(P <0.05). LA, Leaf area; LL, Leaf length; LW, Leaf width; LL/LW, Leaf length/ Leaf width; SLA, Specific leaf area; LDMC, Leaf
dry matter content; LCC, Leaf carbon content; LNC, Leaf nitrogen content; LPC, Leaf phosphorus content; L, Lakeside; C, Center;

CS, Cropland side.

PRI 2 2 1 T RO X R R a2 (P < 0.05), At
X IR AE L A B E 5 (P > 0.05), HC:N
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4.1 TIRIFIBHHE

TR T ENEDEK R RS E
Fb 2 TE BRI A R R B s M (B 46, 2011), &
BEC. N, PEE LA BRI LARAE £
AT LT ) 4 RN T R, A R ) AR AR
(Tian et al, 2010). A FLE M, H[E R - 1EC. N,
P& B (1T {8535 429.51 g/kg- 2.30 g/kg. 0.56 g/kg

(Tian et al, 2010), MFATAF S X +HIEC, N, P
B AR i T b R P KR, BT AT X
B LG AR IR, IX AT RE A BRI AL X 30N
R, HUERAS B Z R, N R A AL 7 2
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Fig. 3 Bayesian point estimates and 95% confidence intervals for the mean and standard deviation for leaf functiona traits of
Snojackia huangmeiensis in three microhabitats. For the same trait, if the 95% confidence intervals of different microhabitats do not
overlap, the trait is significantly different among microhabitats; if they overlap, however, the differences are not significant. LA, Leaf
area; LL, Leaf length; LW, Leaf width; LL/LW, Leaf length/ Leaf width; SLA, Specific leaf area; LDMC, Leaf dry matter content;
LCC, Leaf carbon content; LNC, Leaf nitrogen content; LPC, Leaf phosphorus content; L, Lakeside; C, Center; CS, Cropland side.

JOR VP 4 oA T R RS, T IEN AT R eR e )
WAL (E 9T 5t %, 2008; Gomez-Rey et a,
2010; A%, 2011). AHFTTH, EAREIENE EALE
PP A I A RE N S, (HLIRC | NfEE R
PR, Bl H3EC  NEE S T Ao X
B, H#Fhil +3EC @ N& T4 B K P (14.50),
13 A G XK T 4 T 357K S (Zheo et A,
2015), Rt HEN R 65 115 R B8 A i)
A X, FHEC ¢ PAT DAFEOR 3P R,
TIEC 1 PRI, HIRPIAE R S (E A5 T 5t
Htj, 2008). AL, O X EEC D PEEKT
WIAFNRE L, 3K B A X I P A RUTE R
FT, T 0 B 3 - 3 PR A A A X R, X
A e 5 3 iR R SR K R . R IEP
b5 HERRL R RO AH ELAE FHOWRBHAE R, Bt i

HHC DX Al A 1) IR AR O e L Y s AT

W, R 5 PAZ BB e,
P R BAR (B WSS, 2017), T0iid BEAR N
W, WEHERRN, H5 528 ZE 1 MK K 2,
FE 7K A 338 v i 1 3B TR B4R, BE R IR 5
112+ HEPIA UM AR AR (X154, 2018).
42 EBFEMM R ISR BIMET LR
o] &7

FEL ) Th B PR i 2R 35 () 78 A AR B T R P 6 A
[ B35 16 T 7 B 3 I SRS o A2 T A 3 et ik /) - T
FRAR ek 2> 26 JH5 38 B 7K 73 2 2% (Picotte et al, 2007),
I It 1 e TR AR B TR R AR SR IR BR D, 18
AT DUIE S N R e KR e, kT iR
E AR, it K (Fidd & Mooney, 1986;
EIE 4%, 2014; ShI5i4E%E, 2018), {H 24 M-E A CHT,
- Fr 28 B VR SRR 2 K 4, NS &I Y,
HAEA T Re S LN RS (Nakai et a, 2001),
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DR AR ) T BB R 0 I, TR — B R IR
A RIE N RE 3R 35 (Westoby et al, 2002). ASHF
Fo, AR AR B s A R R (TR
EE - T AR RTINS B A A 2 5, i B A A 58 %60 2 1)
I DR HIR = A2 T — 8 B2 IR, B M AT A AR 7E 3
T A 35 143 I SR A BT AN [

T X Sl SRR TN i 3 o T
Ae s X 45K, i P T AR R B I TR AR X /0N, 1 B
T30 DX 3 ) AT R T Rl I B N R
REM AR AERE ), REHEK . X ATRE R AL
X LHERC @ NG, LA B i, LIEN
I e At 2 fe 0 e, JF HARSN G AR 0 B 4T,
B FT AR A 75 B0 2 1 AR A 3 T AR
F IR R 7, T g ) T I R N R
R KRR SO G, R BT
R} 5o 38 3 R B AR 3E B . IX 5 Kotodziejek (2014) %
Digitalis grandifloraffJ i 7t 45 S AHALL, &t 78 K I,

ZYIFPAEAR BT AR A B AR, LT AR e

A NF S B AR . A, 90 DX 3 38 A 4 A
/N [ e T R L P T R A T DA AT 2 455 ek /D
KR, BB H TR R (Yates et al, 2010) .

HH o DX 3 B MRS ) K P T ARURI B I T
FUHR R 2 K F 03, TN & AR T, B
DA Hp o X355 %) 8 Mg P R T R A e a3 K T A
ARG AR SRS i G IR R ), AR, X
ST DR A H e X I 5 P AR LSS, SR A PR A A
3 L 48 o v T ARURN B i T RRCR $R e Al SR R
FHH O X EIEC © PRI, T3P AR A,
AT LA 2 I R 4 358 o v TR B X6 PR 5 K
[[pGEBR )i L SN TE [ i7ip 3 N TR AT = ey ]
FUAT DATE 2 5 6 B 68 0 109 [ B 980 R T AR i AR
TR K 73 40 2k (R 7k #6455, 2012).

b 12 B R B (1 TN B S AT X
B, AR B Th AR S50 R RO X SR BT
FMER, P H3EC D NRIC @ PECHI N B
TIENIH K B8 77 R PR R # A X A, 2%
X 3 8 A PP AR 1) X OF I T e 14 IR 1) 40 (B A
SR, 24T R R KT, 30 BE B R I
FRAR A I 22 it /D M B s —pfR, T2 i
AR ¥ 187 ) 4% B s SR AR AR K TR B, R I IR
2 161 )R R ok A Aok A K 0 B B A R S (R L
& 2018).

A B 3ok 98 AT LA 3% HH — 4 L A BTl R R
(A b A 5 TE R — W S R, 17X S A ) R TE
ANROBE B 2z i AN 44 Dy B PHIR AR S B ol AR BA
T /1N 7 4 58 5 (Swenson & Enquist, 2009; Ding
et a, 2012), [t FA S MR AR S 6 R 5 0
fasE, JF HAehs 5 I HhiE IR BT 12 4k (Albert et al,
2011). SRR b, KA TSR R — BT IR AP,
A S FEPE T RE S, SO PREEAR (b [ B 0 th 23 A
XPRLTS, T A R AR 55 T B 2 38 I py iR AR
FREE, B m M EAR et (Moreiraet a, 2012) . £
AW, I CHIENE 5 0 A A MR AR R 78 3P ik
AT AEE —E 22 5, Ul W S M AT IR o B AR X
PP A 55 AR e PEAN ] o B b I B Mg AR AR - C
AN F B ) ol Py A S R S A S e v, 0 122 X 3
TG PP B P T P R P AR T v, TV A2 R H
[X A AT A RS 1 CARITI N2 P ol P A8 S R P A
XPEAIG, 15 B A X 38 B Mg P A A o 5 11 A 1
FERTRAR, 7 2 H AT R
43 BEFHEMRMREESHETEHENERYE
ER

YN IC NPT A K EKEE, H
WrFLER s, E PR Cy Ny PR G 2
1] /£427.5-506.37 mg/g, 20-23.3 mg/g, 1.33-1.99 mg/g
(A4, 2018). (EFRATHIF T, BEHFEAERMR] I
FC. N. PEERILEMATBME A FIRVEE . nf
AN TP DL B AE K 7R BRAEDIR B, —
FEOLR, HEN P < 148, HEYSZNRRS], NP>
161, HE4)3Z PR i (K oerselman & Meuleman, 1996),
AR LR, T3 P S A AR AR T B2 PRR 1, T
HHC DX AR 20 ) S AT R T 2 N o
C : NFIC : PR LA BRI IR 243, LB,
T3 R 2 B (A XA, 2014), Hhol XK
FF I B Mg FEAR A I C o NE 2 v T3k, il o
O DX 3RV b 320 4 A T A oS N ) 1) 28503 2 e
BRAN TNFIRR I, DA ARIE AR AR O IE 5 A, (Hd
O XSG IRAR X B 55, BRI T & BT R
U MR 30 2% X Sl B M AR A 1) A K, B I B Mg AT
R ER AR 52 NI PRR ] R 5 M e/, R 2 X3 1 43N
P B HSARR UG, P AEAT I > F B Bt
REALEE . wHC o PESFI i AR B i W 2
W B 3 A 5 14 M AT S ) P R FH 28R A AL,
1B R A I8 320 1) B Mg AP AR 52 B PR IR 1), IX W g5
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130 3EPHI A A BAR A R (R 5%, 2018), [A]
WA 2% X 3 AR W] AR BRI 55 0 B e FES 1 5 it R
et B ME AR AR B () AR K

PAEwRFegt R W, T KA sh A
TR IAEE SRS U T ) 22 5, B MR 7 3 A
A 58 HH (1038 N SR B AP AR 22 5, 7% SR IR DL (1 4 e
HEATORA o T DX S5 ) 35 M T Y 2 S e 14 i
N AR HEAE K Hos X sk A B MR AR v 3 3
8 oo AR b e T AR DA B R v N R F R R
PEm I IR RE J MRk AR K B b SRR R (1
NI E AL, b AR AT SR, it
PR 2 8] B A DA A AR A KA B B AR IX
Tolv 35 IO S % 1) 22 S At AT LAl 2D Ak [ 114 5 4 5
R AR 2 (H B T, 2016) . 151300 X 310 35 M AT
BB ) A 32 A2 PG BR ], kb NPT
A R AR, R L 3 9 A X35 R DR R A
Jit A 0 5 it SR AR AR MR () A e, R0 DX 3 R A
B, BEATIE B 0] B8 2 G R 2% X I P A
FEEERS A . BRAb, 00T Fp o [X 3 25 Mg AP 4 A
FREE AR VEAR LSS, 7E4 J A R FE AL Ok
BT ORA
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Habitat characteristics and its effects on seedling abundance of Hopea
hainanensis, a Wild Plant with Extremely Small Populations

Xinghui Lu*, Runguo Zang®*', Yi Ding®3, Jihong Huang®?, Yue Xu*?

1 College of Agronomy, Liaocheng University, Liaocheng, Shandong 252000

2 Ingtitute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry, Key Laboratory of Forest
Ecology and Environment of the Sate Forestry Administration, Beijing 100091

3 Co-Innovation Center for Sustainable Forestry in Southern China, Nanjing Forestry University, Nanjing 210037

Abstract: Hopea hainanensis, a Wild Plant with Extremely Small Populations (WPESP), is a dominant
species in the lowland rainforest on Hainan Island, China. Hopea hainanensis has populations well below
minimum viable limits and is now at high extinction risk due to difficulties in regeneration and severe
anthropogenic disturbances, such as commercial logging and shifting cultivation. Understanding the habitat
requirements and regeneration limitations of H. hainensis is a critical first step to rescue and restore its
natural population sizes. Here, based on observations and measurements of wild populations of H.
hainanensis, we analyzed the effects of abiotic and biotic environmental factors on seedling abundance.
Hopea hainanensis populations exhibited a severe recruitment limitation from the seedling to sapling
lifestage. Seedlings occurred most often in habitats with low slope, high soil water content and soil available
phosphorus with nearby mother trees with large DBH or crowns and around various species with moderate
basal areas. Seedling abundance was negatively correlated with slope and soil pH. Our results provide
rationale and direction for proper in situ conservation and population restoration of H. hainanensis.

Key words: Wild Plant with Extremely Small Populations (WPESP); Hopea hainanensis; environmental
factors; seedling; abundance
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W/ NFhEEET A MY (Wild Plant with Extremely
Small Populations, WPESP) i 75 41t 56 46 #5015
HAS R fE R, I RS> T /N el A
FHEE RN, HH oAt pe A, RARTEH A 2,
TN A0 o PR K 28 R o SR dh— 0 CRAP AR /NP T
Y, EFRHEH T (e E NP E A YRR
P TR (2011-20154E) ), HoKr 120F 45N\
W NP R AR 4 5% . B NP BT AR ) 2
B ERe AR, mEBEAEENAES Bl
SAMZTANE . BT 2 NP R AR A
e, P 7 B R AR BEHIE & R 4t
T TR/ PP R A R SRR . B TR 45 SR IR R
BRWATEE T, JE RS ORY FT MR 3 e (it
S,

HITE Y B AT 5 M PO S S R S T IR OB 30
JE BT AETE TR A o I 2 TR AR A A B R A D,
{H 2 411 R RS SR B A R e AR K 1 40 b A R RN
vk &5 K6 (Tiscar, 2019). Az 358 A7 id i Ak B3 o i 5
4T )2 AT 4% S5 (Manzané-Pinzon et al, 2018). 7%
845 (Chen et a, 2010) F1#¥ & 2 FE% (F k5%, 2014).
AT TRV, B/ NFREEET AR AR G 3 252 b
RSB LRI AV EAER LA E
By WAL R 1 4% J5 T (Anderson et al, 2011), v, E
SRR A AR /NP BT A R BRI K A [ B LR 2R

e i B B ) 2 B TR RS B o, A B R —
LR AEIX 2 b B AR VE I TR A, 3R
[ A 1 e 6 A BHE YA 54 8@ e ik 7F J& (Dip-
terocarpus). 3 22 j&(Hopea). 2% X )& (Shorea). #l
% J& (Parashorea). )& (Vatica), 22 & HEY)
2 B A Hb 9 PR P B L AH R b, R A AE
WrE . TV . R O 22 R
T B Y £2 (Hopea exalata) fl13 22 (H. hainanensis)
(BOCESE, 2017). Horh, 22 R B PV IRHL
MRETeE 2B Fofr, R v 2 A T 8 U R S I U AR [X
(FHEHE, 1983); M mAris25 m, M2 AIIA50 cm;
A TR 700 me A5 ()RR, 38 R 28 B TR B
5. SR REZ MMM —, mEm, 2A
i A, DRSSt BE R, Mrf i sl . &
B (R ERE 2 ) (7 [, 1991) 5 A fa I Fh,
BRI BRI Y, $EIUCNPE PG (EN)SE 2, #
] MOl AN EL 5 R F1 g B /NP B AR R A

H A2 T 3 22 M e 1 i 9 32 AR R AR R A

FOEH . IR IR SRR T3 ) (MR P 4%,
1982). Fi-Fifi K CCWAE, 200252, LLAF T &
WA (BEEI2%, 2015), AT IR acE (R 2 2,
1984) 55 75 Tl » SR 17T 5T~ PR il 45 22 B 397 1 52 1 R 2% v
AT, IR RAYT 2 5B RIF A, IR
FF AR A A 5 R] i R ) 48 22 e BT I DR B B R
YT FE 3 22 B R S SO A B . AR
T R BEVE RS SO R e, i T AR
FREELE M S A S REAE, BEIC T AR SR DR 5 3 22 2
Z LIS, [ B R 3 SA B S) v 2 I R AR
SR, IR R A A S B AR T
JE B ORA T M O A B AL e SRt

1 MREHER

W7 X AL T e & P rg S ) B VL B A v B
()% FIS KX (18°53-19°20" N, 108°58'-109°53' E).
X SR AT 38 4K B22,553 mm, P38 B 22.5°C
(T ZAuEEE, 2011), IR IRLL AT, M
IR 2 R R R 2T B 0 L Hh 2 358 1
by TSR L M e o AR R T B RE RAGT (K H
MR, FAATZERTAR, AP ER AR, AT L R A
FR L R SR ARORTRAT L TOURR AR o ARG (G Hh Y AR
AT 1L i R AR R 12 DX 20 A B R ) B R PR
FAY, Ji AR B I Hh WY PR DL 75 A (Vatica: mangach-
apoi). 7 1% (Litchi chinensis). 3 22 Al (4 %% (Koilo-
depas hainanense) 55 AMLH AT . AT TR A 5 22
F B T R R AR, 1 22 I R AR
[ EZRBM M —

2 WERAE

21 HAHRESHEE
IR TSR IX AT A, RILESRIRES
NI 22 RARE E YR, R AR A . AR RS
GERL T20174ETEME FLIX 27 1 60 LA 22 RERE A
HOO IR R AR 77, FEJTTHA 20 m x 20 m (/&
1), SFEJT I AE > 10 emifI BT AMRREAT I, i
SR, DB A RO O I 2 B e
e o AR F0 AR R 2B 0 A2 BE AR AR A
14.91-33.61 cm, “FHIMI4E ~21.71 cm. LAEER v
O, W2 P, B, b4 J7 M ES m x 30 mif
2R < 1 em)AERER, WESHEE. &
B R HBR R BR B £E20 m x 20 mMEE T N, 22 45F5
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PERE . ARAb PG4 TT IR AR BE B BERS mAk SR AR
0-20 cmif) LHEFE &, TR-E 5 34T & AL 2 BT,
[T IESRAE T N AR S BN B A bR . 458
IKE BRI E, I3pHE H B ALVEN E,; L%
AL iR A A E R R A - R e
s HYLIRE ZENE, LI HEB A
e, A A Y ORI e RIS
Rkt FH 36 R — A A2 (v 1 3 e o R Ak 2
v ZE oz, 1983).
22 BRI

T AR IR AT ER, KT AR R
BATN B . R AR RS AR, TR
PR T IEAR . T IR s BERRA S SE R T

7 AE T B P R T S AR, A
R A usdm A, (1) 77 22 I K BR -1~ (VIF) X i A A 56
Rl F- AT SR A e, B A A FL 2V (1 A B R 1
(VIF < 2). SRIGEFETT x EAR R, HREK
bt vegantd T N HE BEBEAT 0 4 AT (PCA), 1]
5 2% FREE DA 7 LE PCA Rl _F 47077 0 D/ A B LA R
No AT HERZ M EAER, 456 ST 44 R,
¢ F FH spdep B2 Fincf £ 7 (1) correl og if 2500t B4 12547
78] EAHORR A, ARJERIH )T AR )l agsarim
PREA S LAY 2 S AN TR R R, /i
FAEEE R X2l 2 FE R . B o T A AR
3.4.0117 (R Development Core Team, 2011).

4t North

FAERTT
Survey quadrats
(20 m x 20 m)

l‘ YRR
Seedling belt transect

- (5m x 30 m)

7§ West ’ . Y "

Ot o

Soil sampling site

] % East

F4 South

E1 R HEFEEYREESBEREE. FLEEE
RAW LR

Fig. 1 Diagram for the survey quadrats of Hopea hainanensis,
a Wild Plant with Extremely Small Populations. The black dot
in the center is the mother tree of Hopea hainanensis.

31 IHEAETNEFLEMHE

M3 22 PR SR E (B2 T LR, HifE < 1 om
AMEEE R SRR 2, HGERE > 30em
Ak, HRBEMABEA L 100, AKX A
BIRE KEW 2 LHAFAE, B3 2 1 EE o
Z., Ut B 22 PR EE LI B R A 2 I B i
2 52 2138 % PR 1] (recruitment limitation) .

32 HIEHERHALMRL

W22 FRREI AR B IE AR L. B2 E BN A TE
5°—25° [« 7K 73 FRF% 4y Bl Hh IR R P 338
LR MR IG(VIF < 2RI T3 A 0. RIEAA
A WU AL A TP = A IR EE R A7 TR SR 2R P,
PR A ST R ) A AT AN LS X AN IR B R T
33 HEEFERS O

TR g BRI, A FERTHAHET
Tl BRI 7 22 LA 70.5% (B — Bl AN 55 — b oy
1 946.7%H123.8%) (3). 55— 3 B s AR A=)
RlF s B . 3 o & 2 A IR AR 2 AR
;B8 A o T S WA ) R R R A A o i o B
FL BERRTE IR A 2 1) AR (E13, #%2).

W 22 4 1 % 7 HECE BT 10407 B9 RE 5 35 40 A AE
PCAHEFHIRIEE— . PTURFR(EI3), w241 %
SIAE /N, RIS KB A S R
RERRIAR AR IR AR 2R P 4208 R R B
34 WENHZESEERTHXR

7R R Sy A g AR, BN A A
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Fig. 2 Population structure of Hopea hainanensis, a Wild
Plant with Extremely Small Populations
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T RNMPERET A RN 2 FhEE R0 IR AE
Table 1 Habitat characteristics of Hopea hainanensis, a Wild
Plant with Extremely Small Populations

AR A & bRdEZE RNTEH
Habitat factors Median + SD Range

4 Elevation (m) 560.9 + 173.67 260-940
Y% Slope (°) 15.00 + 10.55 0-40
TS IKE 12.23+7.08 3.6047.10
Soil water content (%)

+3EpH{E Soil pH value 4.78 + 0.57 3.80-5.98
TIEEHUHR 375+ 158 0.13-7.93
Soil organic matter (g/kg)

T3 1.38+0.57 0.30-2.49
Soil total nitrogen (g/kg)

+ g 0.17 +0.05 0.09-0.34
Soil total phosphorus (g/kg)

+ 34 2R 86.8 + 28.03 15.06-140.77
Soil available nitrogen

(mgrkg)

A R 15.16 + 7.09 5.74-34.26
Soil available phosphorus

(mg/kg)

+ e B A 147.88 + 57.50 47.16-296.36
Soil available potassium

(mg/kg)

62T 6.94 + 3.27 2.01-19.49
Canopy openness (%)

e A o ) sy B TR AR 1,017.36 + 996.31 226.86-3,990.67
Basal area of companion

species (cm?)

FEAE I 23+4.81 10.00-33.00
Height of companion species

(m)

RERESENE Crown of mother 3.63+1.05 1.50-6.50
tree (m)

BERRM AR 20.94 + 3.60 14.91-33.61
DBH of mother tree (cm)

BEpRE 1351+ 1.62 11.00-14.00

Height of mother tree (m)

Y3 £2 41 % FE S 3R (81 E R B0 —0.20) Fl 3
pH{E (1E] )5 & % v—0.38) {22 # A X (P < 0.001); 5
4 K B (1 R BUN0.44) A 5 4 i B (1911
Z%1°50.18) £ 7.3 IEAH 55 (P < 0.001).

41 IKEEMERLEEH

T DX N A3 22 R RESE R 70 AT R W, Al
2, BRI, BT M S
LI BN AW IS G RN 2 B R . SR
MR E A2 — R BRI eSS 5 m, M
THER, Mgk A T B SR A A A,

PCA2 (23.8%)

0.5 0 0.5 1.0
PCA1 (46.7%)
E3 iR/ hEE B A A 2B E IR E TR ER S 2.
ELE, ;&#; Slope, #E; SWC, TIEEKE; pH, T3EpH
{&; TP, TIEEH,; AP, TIREME AK, TIEEE; CO,
BEFIEAE; BA, fH4EMKSEET, Crown, BH#kEIE;
MDBH, B#k#E;, MH, B#%EE.
Fig. 3 Principal component analysis of habitat factors of Ho-
pea hainanensi, a Wild Plant with Extremely Small Populations.
ELE, Elevation; SWC, Soil water content; pH, Soil pH value;
TP, Soil total phosphorus; AP, Soil available phosphorus; AK,
Soil available potassium; CO, Canopy openness; BA, Basal
area of companion species, Crown, Crown of mother tree;
MDBH, DBH of mother tree; MH, Height of mother tree.

*x2 BHEREETFEEMS SH(PCA)RTFNHEFHHE T2 7T
BERERRE

Table 2 The loadings and explained variance of environmen-
tal variablesin the first two axesin principal component anlysis
(PCA)

A B3R 7 Habitat factors PCA1 PCA2
Wk Elevation 0.21 -0.03
B Slope 142 -0.03
+ 35 K& Soil water content -048 0.11
+3EpH{E Soil pH value 0.08 -0.02
+ 3 4=f% Soil total phosphorus -012  0.00
+ 3B B Soil available phosphorus -038 -0.00
445 240 Soil available potassium 0.05 0.12
& 2T R £ Canopy openness 0.02 -0.11
e A o R B TR AR 0.12 1.05
Basal area of companion species

Bk NE Crown of mother tree -0.06 0.20
Bk 42 DBH of mother tree -0.08 017
BEVEkEE Height of mother tree -003 004
HFIEE Eigenvalue 0232 0110
77 Z He A5l Proportion of variance 0467  0.238

E A7 Z L] Proportion of cumulative variance 0.467  0.705

TR ARGERZ 3G T, Hy AN S ALY
S a6 S A0 F IR 2R BT, e RAHE N G B B (R
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555, 2015). AL, b 22 P BE T IR BTN A AL
S HAEEE

R 22 Hh, 75 R B M X 23 A A oAl 0 i &
BHEY), R MEN . XWMEDR (hE
AR 1) WFETFaPIFl . /8% (1995) 18
AT R B TG R 2 A A S A g SR, RN
ZA BRI HE BS, (ER M m A i g, B
N BEFE E AR EEAT 1 . ) 4R (1991) i 1t F 75 5
HERREELE AL I, L PR AE & MR B A — 2 3L
BIAME, HIEA W 46 A2 E g B
A DUE H, A B U0 I 22 1R 45 A A A
e A FHEY A E AR S, I EER >, B
T IS PR SR T A7 R A 1 TR
42 HERFEFIH L9 B EREN

W22 4y A A AR SR, B IR (3
41 P HCR A WIR D>, I R T 40° I W TE &) # O
fio B2 E AR T LR b 45 3
KW, O EE SR EE G, BTES 24
WA Ta P, W EERROR, A AR D . X ATRE
el T RBER S SEUK LR K, ARTF I 25M
TR ARV, A RHEY T 24 94%IH)
VIR R TR T A A T, B EKE . .
ANTR 7K« AT D5 56 R A (% {5 45, 2010) 0 322
TR T KM R 3% J1 UMW AE, 2002), PRIGAES 2
KB IRA AT BEASBE SIS W K

WL BEM T IESKER B E LMK, i
A 35 22 78 KA I 2040 B2 HP TR A T A T A R
TR EE IS AT R AR S STV . B AR )
v BT AR AN I 82 R R S PR P B 5 P v 1 R (7

B4, 1994), MR S K E I ARTE — e FEE
ST W e g R ST R A K . RIS K E R
TIEE TR . BRAR IS YIS s
& (Poorter et al, 2017). 3 22 111 H SR 43 A XA F-#4H
FERAMEX, HRLBANH3BH, EREH
X RZE, £ RMHEF, WaFFIHK. 4
AR KSR T I R B A 5 52 B R K 4 B S e (SO
2 2002).

3B pHAE AE X 38 AR X R P AR
H, EEBERT L8R oo R i1, syt
B IR ICR I (Nasto et al, 2014). BE% +IEpHIE
7t S 2 R E R, XA R T
2238 B AR KA R T 3RS Hp (MR 55, 2017).

FEXS T HAR 570 & &, AT 242
Xt e A B B AR T U . R 2 HU i s
WAHIESE, #y AR AR 1338 b Sk = 5% (Baribault et 4,
2012). ASC BRI FL45 S O THI IF BA 380 2 T R
J& FAHT Y PR R i ) # 2 BR 1 5 (Cleveland et al,
2011). MAh, WY 2 S LIRS B R EM
KA REIC 5 IR LI B DTE fER A % . AHEA
W, 2tapH < 5, TR RN 5 SR,
AP M BT AN M L A VT, T
SN ARAR AR ZS R G 8 T 3R R B AR Hh R AL
¥R (Pinho et al, 2018; Spain et al, 2018).

4.3 EEREYRETFIHELZ249E % E RN

W2 L MERAEKER M A R T REEE
VIR P mm g 1, W2 H@E R A S AR EL.
AN A1) 7% 8] 23 A 5 BUR B AN T 0 A S
47 E M (5K A8 45, 2009). ZRITIAZE(2018)3H i 43 Hr
T RIS IAT - 8 VR SE ARSI B 22 B 5 BRI re T TR A
BEW Z R, BERPRIEENCR, KM ZES
RERG A o T TR AR 2 2 3 B AR GG R o AN 5 P ()38
AU 22 O3 A 7E BER B 2 R et i K (R 3R S8 v, X T
el TR B E R, PR, i
REREWZ, FIE BB EANRE .

g5 LRTIR, Yl 2 Rk R R 2 A ER R T
FEERTE RS R, T pHE . R3S K
B, TSRS REWN 2 EHREFER. #
WX —2E R, 1545 5 I3 22 2R B OR3P f R 5N S8
W, AT DL REIE M ik AR, DAE S 224
o MbAh, T LATEIE 22 00 A0 X WAL [Tk L ARG
ANX, NTARSEHAEE S, CLSCHAR /NP R A4
THYII 22 R Ky

S5 3CHk
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Adaptive strategies of functional traits of Metasequoia glyptostroboides
parent treesto changing habitats

Jun Chen, Lan Yao', Xunru Ai, Jiang Zhu, Manling Wu, Xiao Huang, Siyi Chen, Jin Wang, Qiang Zhu
School of Forestry and Horticulture, Hubei Minzu University, Enshi, Hubei 445000

Abstract: Functional trait variability and phenotypic plasticity are the main mechanisms plants use to
respond to heterogeneous habitats. These can determine how well a plant grows and where it is distributed. In
the Xingdoushan National Nature Reserve, we assessed the response of the functional traits of a population
of Metasequoia glyptostroboides parent trees to tree morphology, terrain factors and human disturbance. We
found that the leaf area (LA), leaf dry weight (LDW) and specific leaf area (SLA) had large variation and
great plasticity, while leaf dry matter content (LDMC) and twig dry matter content (TDMC) were more
stable. Human disturbance and the four terrain factors together explained 5%—20% of variance for each
functional trait, and crown size explained 38% and 76% of the variation in TDMC and LDMC, respectively.
The five functiona traits were mainly affected by altitude, slope aspect and human disturbance. The SLA
responded slightly to environmental factors and disturbance pattern, while LA and LDW generally increased
with strong disturbance. LDMC and TDMC were most sensitive to change in slope aspect. Taken together,
the population of M. glyptostroboides parent trees demonstrated significant plasticity in response to the
environment through its variability in functional traits. Because human disturbance had a great influence on
the growth of these trees, artificial regeneration is recommended, and the impact of agriculture and human
construction needs to be reduced.

Key words Metasequoia glyptostroboides; functional trait; intraspecific variability; phenotypic plasticity;
adaptive strategy
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TP RE MR (plant functional trait) 45 S HE 4
TG AR B TR AN B 2408 A FE I AEDR-E, )
IR AEVE R K R, SR R e A A SR g
By P B B A 5 1) 285 SR (Cornelissen et al, 2003;
XIGEUE AN By 5 >, 2015). AEY) Dy ReMER I Fh A A2 57
RAE 7RI A WA AR A R B b 1 A KO Y g
71, MARA by & WA I AR 30155 FE (Ackerly &
Cornwell, 2007; Albert et al, 2010). [FJi, Flpy A8 =
AJ S ) Fhom sk AR 400 A AR A s g sk R 3 N R S
% (Jung & Muller, 2010) . 41 Laforest-Lapointess
(2014) < I Ah A PHOTR AR e a2 T FE A RE 75 6]
AN AN BTN 7 ORI R & . L, M
A T B BRI A 5B A .

BT HE ) Ty e IR %) o A A 50 . R WS 3T AR
KRNI RV, AR I PR A i S
AL I T B b P A S T b B N T A AL AR 1)

SO AN B AL (Auger & Shipley, 2013; [i#a4F, 2014;

Siefert et a, 2015; EHHS, 2016). L,
T A [R) D e MR 2 T AR AE A AT, i i e A w] 2
P I B0 A 58 1) 3 R R ) 1Y) — o B B A S X 3R
(Gao et al, 2013; Z=1h R 4%, 2014). fHA)R B AT 98 1%
FRAMAAE M S 5 R R R AL e T, BT
EAIAE S o A 855 v e KB B2 b SR BB U, AT BE 0%
PRI, AT SEBLBE IR A R, 4 i iE
(A, 2014; ELRMEERE, 2017). 0%
55 (2018)id i Wl 5E B K S1EE D Re R A2 4k, 4y
Mt T AR J#k 3 (Casuarina equisetifolia) . #f -1~ (Cocos
nucifera) 5B PR EEE M, DABET R K R
AT

JKH2 (Metasequoia glyptostroboides) & H [ 2 44
PIRZRE-F BAEY), IR A BER B 51 O 1 58— e fR 4
T, T R EAT 2R, A
FLH AR (IUCN) 2013FEHfE Y fh 40 (42 3¢ .
FUAT, 02 =k L B 5 AR IR X N 75,6614k
IKAZ S5 AR BER PR B S T 3208, 2l AN ™ s =
(PR 4E, 2017). [FIS, RABUAE I 7KAZ IR A BER
TR e RN Y. I, AW T4
WRAAZ IR AL BER MR TS | HTR A A T30,
T R ) DIRETE VR, A Wiz Dy ge vtk
() & R AR R, DL RGOS b T AN DR e ) o 8

O HEHEE (2010) WEYFKRIZFEER SR AELE S 0. B2
W, ERIMIRE, L.

B AEPR I 2R 1 2R G SR, itk — 20T oK
F2 SR A B A ORI AR AR SR BRI

1 MR5REE

11 MRX%R

TKAZ J A BEAR 32 22 43 A 72 0 A6 48 TR i &2 <
B K g3 88 IR 7 X P8 8 /N 9T X (108°31'—
108°48' E. 30°04'-30°14' N), 4341 [fii £ £160,000 ha,
W R ASANATEN o« FPEERT AR AR IR AN AR 25 2% A
172, 50.89% )M M AT E i R 55 T 2 Ji5 ([ EE /N T
30m), FREEN. EBAEE. (EMESE, M
52 B P ) N OO0 5 48, 2017).
1.2 WHRFE
121 K¥Z[E4EBWMHEHAL

20134E7H £220144E8 1, HRHEAH K Bk ILAF
5,661 0k £ LI /K AZ S5 A BERE AT T A A,
BEALHE (1) BERE S A DR R R, B S B A2
(DBH). #E(H). et (crown size) FIGPSAALR; (2)
MO 7 &, BAEERE B B R R
(852-1,565 m); () AN THREEE A, HEHE B
KM E(GITRE B, W, KE. FE.
LSRR AR) AR, SR R 2P0, T+
. BMTIRIEAT 9.
1.2.2 IhgetERADIE

20174 7-9 1, AR AKAZ R AR BER PR X 5k 43
A HERBE BE A4S 73 AR AiE, 971% HH 1, 2080k~
AT ThRE R A . 275 Pérez-Harguindeguy
L (2013 D RE T WHE RS, TR MARE4 R TE %
To I HE e e R Fr, PR 2B 2-34F AR AR,
R KLA5 om, HAZ1 om, F B E8%H I
FNPREEFE o B FEARTEL2 hyAbEE, FHFRT
FREUEEEE, i FlA449944¢ (CanoScan LiDE 120)45
A image AR THAR . SRE, KR fgm i fn 2
IR T e, B i RSP S i AR 2%
(T8, efRH-T E(leaf dry weight, LDW). i
#(leaf area, LA). ELIH- [ (specific leaf area, SLA).
-4 )i % & (leaf dry matter content, LDMC). T
)5 & B (twig dry matter content, TDMC) 55 #x
TENIhREPERTEHF -
1.3 HEAIE

K H £ 5t K T 4 #r (multiple factor analysis,
MFAVRL I K AZ R A= BER SN ThREVER T AR TEASHE

RS
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fE(AE A lR) . ROl SR, 3
FERIIAL) Be N R 5 5 4L 134 BB 72 B PR AH ¢
5 Z; 18 FIRFE T A nime” T 1) BR 41 B AL gR v,
PRFE S SR A AL AN varcomp” 2R BN Th BE R R AE
TEAS . MR N 940 £ B2 1A 3% S 3R AT O 22 90 M
SR FH R € TR 43 A b T TR -7 6 T g 1 AR F 52
K AH <23 47 (partial correlation)Zh & 5K & 5 2
43 Hr (one-way ANOVA)FITukey HSD Test=i 5 Lb#%
AT, o3k Th REEARFE PR AT RN . S, A
TP . HE 53 2 18 Borcard %5 (2011) 4. 25
IR A7, fER 34458k, REERE
NP < 0.05,

21 INEEMEREI D IRN

KAZ 5 Az AR T 1) P Ay BP0l 7 43
i P R B e KT AR Th Re MR (R 1), HL&eih- 2
R T EARZ ARAME, HARCREZ KT B
Ko EHFRLIATAL, 5N DhRe MR IR br 1748 S A
9.059%-37.172%, V3378 7 & $( 8 23.420%, T
I TRIRRURN b e TR R S P B, T A PR A 5
B B R .
22 INREMEIR. SRR E TR R

% JG T M IR BEAH GG R BN B B
T, e, i R TS5 D RE MR Fa AR AR 1
ok, EREHTE R R AT IR T 1 S
(E1). mFE. AR, YRS RS KA R
A BERF AR . SRR ARG, (A 52 BRI (1 5
i, mTAR. TR EEMATES . HEH
TRNNTIMA R TS, BA B e .
23 A RIEFXIhEe IR ma 5 £ 5 i

DyRetRAR 7 7 22 o i 25 R 2. N+
AT R ¥ (R r. B, ) X5 Thag

®1 KEREESNINEMREATR

PEARAR 7 07 ZE B RO — 8, B4
JR B B AR B /) AR REAR v ) B R IR AR
Ji ZEWIERE AR A IR, (WA TR & &
17%HIfiE ke, FLRIMERE /N T-5%; e li@at k. i
T & &5y A v ik 38% A 7696l iR S5, {E %t
MTAR L BT AR AN T AR LT AR .
2.4 INREMEIR SHbFE F R G KBKE 4T

MO S B RE AR A R () b T
BRI, 20 AT DR PR 52 1 R 75 1 R 55 (R0 A XK
NE2)o MFEL EEM AR S R R
7 R/NRIA: R > W > 3 > B,
AR BT & BRI E T KANRIN:
> B > dm > Bfr, UM T ik
X BAN Th BE 1R F 52 i R B e oK, ML B R T A
BN, E R E B AR TR A R
SRR, Y RE A R e T AR R R T S =
fabr.
25 IhaeMREEREHE LT K

MEIBET LA H, 75 AT L ~F b 21 BH 33 R 35 1)
BEEARL R, T, EH R R i sh ARk, T
TR TR KAZ R AR BRI T AR AR, 5
- BH 4 AN B4 22 7 2 3 (PE %377 J9.0.001410.037),
(] T 9 35 A0 BH 48 P v AR 22 S A R(P = 0.898). it
T A B A AR, HAA 2 1k
B, S8, S Hh 2 5 4 5 2 (PAE 4373 29 0.003F1
0.001). BLFWJoi & BAERII . B -1 bk 52
AR, FEE BRI AR B B At
26 ARIANATFHMIEE TR

TRAHE AT R, BBk R F T3 E, ot
FE. M, A, R AR R4
YRR S N AT A CPEEGR, iR TRSES A
NFRAMK. Bk, HBERETTZS TRl
TR AR B FE I (1414) . i 4] J,

Tablel Functional trait and its variance of Metasequoia glyptostroboides parent trees

PEAR FHE £ bRz FME

Minimum

Trait Mean + SD

S INIE] FiE 5 353

Maximum Median Sewness Kurtosis

Coefficient of
variation (%)

H-T-E Leaf dry weight (g)

0.229 + 0.085 0.096

A Leaf area (cm?) 28.316+ 5813 5419
- AR Specific leaf area (cm?/g) 11.6+3.735 1.915
HT45 & & Leaf dry matter content (g/g)  0.242+0.045  0.129

K F9)5 48 Twig dry matter content (g/g)  0.415 + 0.038

0.283

0.889 0.210 17,406.545 11.361 37.172
61.215 28.903 6,389.909 2.264 20.389
32.454 11.322 4,838.621 0.983 32.121
0.430 0.237 4,740.165 0.902 18.358
0.618 0.415 5,497.453 1.527 9.059
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A NJE R Crown size
FEI raman

42 Dim.2 (8.39%)

LR TE R SLA

-1.0 -0.5 0 0.5 1.0
#1 Dim.1 (10.82%)

E1l ek, SEFSHERFHNSTEF R
Fig. 1 Multlplefactor analysis of functional traits, tree forms,
and topographical factors. LA, Leaf area; SLA, Specific leaf
area; LDW, Leaf dry weight; LDMC, Leaf dry matter content;
TDMC, Twig dry matter content; DBH, Diameter at breast
height; H, Height.

Il 72 Residual [ 3 Aspec 7 Height
XX 14k Altitude Y Slope 5 Crown size
AATFH Human disturbances ~ [T1] 3#fi Slope position
E= 4% Diameter at breast height

100

60 -

40t

fi##% )7 22 Explained variance (%)

20

FE HER eMER Ty &Y
LDW LA SLA EEE mEER
LDMC TDMC

IhfEMIR Function traits

E2 AREIEFXIhEEMIRFAE TS ZE 57 7

Fig. 2 Variance partitioning for function traits by different
factors. LA, Leaf area; SLA, Specific leaf area; LDW, Leaf dry
weight; LDMC, Leaf dry matter content; TDMC, Twig dry
matter content.

FESRZATFAR A ch B R ZZ R, IR K,
R 5 A TP R (P = 0.004); MR
REPRR ETHEY, HEEE O TIAss, ks

#2 aetbRSHEEFRE XKE S
Table 2 Grey relational grade analysis between functional
traits and topographic factors

ERN W Yaa BE B
Trait Altitude Aspect Slope Slope
position

-+ Leaf dry weight 0.788 0724 0.653 0.542
MY Leaf area 0719 0620 0.632 0.499
Eert Y Specificleaf area 0.875  0.774  0.762  0.601
H-FW )5 & & 0.786 0.616 0606 0.506
Leaf dry matter content

TR & 0.770 0567 0.626 0.480

Twig dry matter content

B, AR AR R O b T AR T A &
AR NN TIEE T 2NN, ZERARE
(P> 0.05).

31 KAZIRE R TNEE MR
ATEE M
RAITIBPERR AL P R B (S . 2.
ARERL AT WM. RS SREE) MR, R
AR BB 2 FE R — (R
ﬁjmn FEXF P TAR 0 & =T
JRE B, KA 5 A BB o B o 2 A0 L e T AR AR
#%ﬁﬁﬁ XS A i P8 AN 055 P ¢ R 1 S 5
0, TR B AR L e AR A DR SR i o
RE%,MﬁﬁfEM§ﬁ%%$ﬁﬁ£%Em
JURE R B VE L X 5 AT A IR S A A R — 2
W B giaE (2018) i@ i T 5 Wl SE S, B E TR
(Cerasus humilis)id i<t 1 %% AR5 1 A& 38 B A2
T AN )T R 2 A P AR R T I . AR A
24 (2018) 7F = Ik JF [X. A WIF 72 v R B, o 4 IR A
(Distylium chinense) {11 F Th i 14 R FR8 8 4 b 5%
U H LA B AT B, R AN R AR B A
BOEMAESTR. UL PR R, AR A BRI
IhRe MR AR L REA A L R R mT 9, R A ]
SRPERT 5T B A
32 IKAZIRE TP EERY A IR N R R
TR DA R S AR & ATT ) T B P BR A A e L T
HE TS, Xf Fr b IR EE k170 B (K raft et al, 2015). A<
IR I, 7KAZ A BB R RE B AR
M- & B S M0 2 0 2 EAE, FUOH A

RS EENE R
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Fig. 3 Changes of functional trait values on the gradient of slope aspects. LA, Leaf area; SLA, Specific leaf area; LDW, Leaf dry

weight; LDMC, Leaf dry matter content; TDMC, Twig dry matter content.
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Fig. 4 Distribution of function trait values under human disturbances. LA, Leaf area; SLA, Specific leaf area; LDW, Leaf dry
weight; LDMC, Leaf dry matter content.
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ZEHY % =V MET & Tt kB
EE 2 SV 31
L (IR AR 2 2255, LI 445000)
2 (B 1L R 153 TR, WG 445000)

#E: /KK (Metasequoia glyptostroboides) J5i A= Fit it < S8 B8 R A, R e FL R R 7 5 BRI A oG, ASC LU
2T 5T 8 IR (AOPRAMA) ot 5, Sl e AR 858 . BERIAMEFNFF PR R A, 454 H R RS, 70 b S
P BATT 2253 BT ar DUAS [R) BEREAMA T Bh - PRR . R 28 2040 v AR AR 1 22 Sy SR A ORI 20 W FH 22 e e [ml
BT S T A PR FLRR T R Rt A KI5 it Logistich 844U &, /e ir e B KIS 4. 4580
SR (1) AORRBERAMANU AT TR =R, Po R AL 17.50%, HASE BERAN AR ] 72 Fih g 22 5 5 2 (P < 0.05). (AN A B
PEAARIEN R TR Fh PR ZER . TGRS A K B 3% 22 7 (P < 0.05). (3) THEBIFANARFH T
T35 I 2 26 5919.73%, I HT T IAE TG 2 973.42%, N [A| BEA 2 8] 25 5 0. 35 (P < 0.05) 0 (4)BERAMAIII1E 5 FlT-
TRLE | PP R 2 28 2 0 3 SR DG (P < 0.05), Bl 1Kk 28 3 5 4 i A7 G 22 A 35 TEAHOC(P < 0.001), #4155 41 i A%
TER R R IEAHG(P < 0.05). 541 %é%iﬁ%ﬂﬁi(wooon (5) B 4 e X6F 401 P A7 95 AT 35 IE B (P <
0.05), MfextFh T & 454G BFEFMB(P < 0.05). (B)ifim HAKEKSE S A KIMLR > 0.928). K
AERIEE PRI, BT R AR AT AR U, ETIHJHMAItﬂﬁwk%ﬂ Ji A T FICH IR SR TR R A PR D A
KEEIR: KAZ, JRAEFPRE, A% 0P B YR LogistichE Y

Thereproductive characteristics of core germplasm in a native Metasequoia
glyptostroboides population

Manling Wu, Lan Yao", Xunru Ai?, Jiang Zhu', Qiang Zhu*, Jin Wang®, Xiao Huang', Jianfeng Hong?

1 School of Forestry and Horticulture, Hubei Minzu University, Enshi, Hubei 445000
2 Administration Bureau of Xingdoushan National Nature Reserve, Enshi, Hubei 445000

Abstract: In order to explore the reproductive characteristics of Metasequoia glyptostroboides, we explored
a native population of original Metasequoia glyptostroboides. We investigated the core germplasm of 40
individuals of native Metasequoia glyptostroboides and collected data on habitats, parent trees and seed
traits. We used field experiment to analyze reproductive characteristics. We detected differences in seed traits,
germination rate and seedling growth characteristics among different parent trees using ANOVA. The effects
of individual traits on seeds, germination rate and seedling growth were analyzed with correlation and linear
regression models. The results showed that: (1) There were only 7 strains from 40 mother trees, the seed
yield rate was 17.50%, and the difference in seed yield of 7 original mother trees was significant (P < 0.05).
(2) There were significant differences in seed weight (1,000 grain), seed germination rate, seedling survival
rate and base diameter growth among individuals of different parent trees (P < 0.05). (3) The average
germination rate of seeds from seven mother trees was 19.73%, and the average survival rate of seedlings
was 73.42% (inter-individua rates were also significantly different (P < 0.05). (4) Diameter at breast height
(DBH) was negetively correlated with seed weight and germination rate (P < 0.05), while seed germination
and seed weight (P < 0.05), seed germination and seedling survival (P < 0.001), and tree height and seedling
survival (P < 0.05) were positively correlated. (5) The height of mother tree was positively correlated to

Wi H 391 2019-06-12; 452 H 191 2019-08-14

FETHE B 5K E SR TR (2016Y FCO503100) B /NPl 7 T A B 420 TR B2 R OR3P B AR 98 5 7R Y5 BR A (2016Y FC0503102) b R R 1+ e 3
42 (MY 2018B027) Al b4 H 48} 23k 43 (2019CFB229)
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seedling survival rate (P < 0.05), and DBH was negatively correlated to seed germination rate (P < 0.05); and
(6) Seedling growth (height and base diameter) conforms with logistic growth (R? > 0.928).
Key words. Metasequoia glyptostroboides; original population; core germplasm; Logistic growth

7KH% (Metasequoia glyptostroboides) At2 £} K2
JEAEYD, VYLLK F B R, A RE R IE
B ZHRR, E CRERYa Y Py E R %
Ry Y, Bkt A 8RR 7 Bk % (International
Union for Conservation of Nature, |UCN)#1| Jy#f f& 4
24 (https:/iwww.iucn.orgl)  7KA2 11 K B A AR 7220
TH 20 3 [ T 2 AH U ) T 11 B K S (9 e il R0 4
Ji%, 1948), FLIRAEFPEEGTAE S A . LA
Wi A T R R A DA AR AR )
RGEKBEITMAA T EENNE.

AR AKAZ SR AE Bl oy An £ AC R W R e
iy AP =M XN, Bl hER
J34ii . ChuRICooper (1950)%F1) )11 7K AZ 31 7K 42 B

VEIHTHEDI U, KIS A KR 4 A4,

AU HE BT K AZ FhEELE — BUI T NPT ARG e R . 4R
T, 25 A AT 4k 15 (1989) A I /K AZ R BE ) 2 Ari 4%
JRRIABEN A, Z N T E, BV ST
B MR BRI AN LR o A5 (2008) K IR £
IKAZ R AR TE MR T FIAE T KoK (Zea mays) fl o i
(Coptis chinensis)Z{EY), 1XLAEY) ™ HEBIN T K
AT R AR, 13 KAZ RARTEH R . KBS
25(2017) RILKAZ S A= BRERF AE RS S5 0 o A AN S, 2
PRSI, R, B R R
%o PR, AKAZJE A PRI SR S BT i e N %
FARBH AR B N FARFRERE S, HREF
X AKAZ AR S R 1 S DR J TR R S A
U, HEIRITVE RS JUAERT 9T T /KA BAR BT 28
MRS 5T B R B AR EREL Z AR I 25 k%
R RVRR B R A . 2R IR (2008) & B, ER R
R R BT KRG MR E A Sy, T aRKm
EREIE, ARKMAESERNYE, EAN1F 152
BRI A ER, REGXASMILRIE . 7
Ab, B4R, BN A EE R KA B i R AR
RSB TT, Bk A2 R T 1t 7 R GRHE
5, 2011) . il 7 2505 ZKAZ Tl 1 R ER) 52 10l (SE K 4 55,
2018). KEEFFTFHIAEFIAES(CEELE, 2004). Fhivk
VA8 7l of ZKAZ Tl 1 W R 52 W) (O & g A 5 T 4L,
2008). LA Hi T KA« HEFER BE AN G B XS K AZ b1

B % A A R VA . ER AL R 5] A X
TG N2, BEZ PR (Kuser et d, 1997, ZEHE7R
&, 2003), etk 2 Rk Rk ot O R ) K 4
(ZR1%, 2006), SA IAFHIKAS S5 A BER B OR B
% e R R

B H AT, AR BT JEAE AR ) B R
ATV M o TR IR AR & AR5 5
X TR S AN A I B B, A ST S A P
F% 0o P 8 YRR I i B AR VR A 7, DA MOK
A2 S AP TR R A B, 0 A e B L e
R R SR — B AR s S R, LA
WEF BUKAZ A MR B AR FE R N AR R R 2 5 S
BERE =M/ FiPiim 2z M PR R 2
TR RS K, AP IRBUKAZ A FhEE R IR
S DRAE 1) DR R R BUE AL R IR S R 4

1 M5

11 FEESRMERIEE

IKAZ S A T B LA 2 A bR 29°44'-30°39" N,
108°21'-109°18' E, #544800-1,500 m. Zh )& Hvify
Z MR P LS, FE 1 %K 1,500 mm, &k
E5-9H, HEFEEKITO%LL . HENm RN
35C, &FEMuKIRLIN-5C, PR N22C L
Hi o RIRIKAZHETE BO%EE HTE LUFI ) 1 T /NI i X Ny
LI S A, RN S A, AR
30km, ZRIGTEL20 km, XIRNRREA. HIEL
S ¥ SRR B KR 3 . 2017—20184F 18] %] ) ) 1| T 455 4 IR
TE 115,663k K AZ i A BER AN AT 208 . AR B
f i, CARZ RS0 mE MR, KHE.
PSR AR AT I E AR A

@ X &AL (2015) #ifE4Fi K2 (Metasequoia. glyptostroboides) H 48 F
FEREFBR BRI, W22 3, SR K, i

@ BE3ICIC (2016) 7KH (Metasequoia glyptostroboides) [ #A Fh 3 22 it &
SIS €Y L) VI e e VA 7 <5 [ N S

@ TR (2017) /KAZEF AP B IS L 2 BRI B 254 Jm B P oG % 6
P Wi 2AAR S, RIS, il

@ R (2011) AKALFNT il R A A KRR R 5T B 2R,
Sl KA, B

® B (2011) HfEF KA FBER S RO ETE S b, Bt 20
WL, ERIFHEKREE, .
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1.2 #LHREBRNTAZE

HEZR IR 2 B /S B 3045 VR 2H AE 2017 4 Xt
3,000473 7KAZ J5E A= BERF AN A R iE AR R AR d i A 2 A2 40
Thric, DASEALEEDE 2 5 e tHAOMRAZ CoFh BT BV
1.3 BRREMFHARARESMHRNE

AORRIKAZ BER v, AU TRE = Fl, AR5 2
#0723, 1011, 4534, 4541, 5685. 5705f15741.
SRAE A BB BRI ANy (Bl 525 5, TSR AR BERY
BRI 2R SR = i, [ 0 g R B AR () 3k SR TR
H, REKEREE T HE LT 2R a WERR
LR, I R B il e e S R TR
BRI b E R R R E R RS N T 2 —
B R E, RHEOR3NEE
14 HiEEM RS ERENE

20184 H 41, AEF T ML R} 20t 52 B 52 58
4 (108°5'12" E, 30°16'1" N)FF fi& H [a] 3% Ak 56,
FEMHEAR 1,120 m, IOy LB . 7RO H TR EL
Hy 22 0 X, AR TRR R BRI AR . 4%
AN R BERS AN 2 TR P, O Fh 35 S) B AE 3%
P B ki fom?®, SRR EF T LA — 240+
(FBOkRi K /h2=3 mm), JEREZ1282 mm, FAE B2
H7E i — EREE, JEEZI85 mm, 5 %0A $80%
VA b SERUE, BRAKATE ARSI

FhF e, fEHZEHELRES330 cm x
30 cm I FEHE, KR AHE A R FR S TH B, TR S
K, ZJa, #15 diffELR, RIEFAERLEEETT
AR Z, AERRANFEME o B AL 3 B 100K &) e AT 1
AR, SRR KRR . PR AN
AR AW T

B Gr = 2% 100% 1)
Gn
FEATES ngxloO% 2
b, Ga Nk ZERTHE, GnFRBR 74 &, Ns
NN AR R .

1.5 HEEAIEBES O

) FH LR 3R 2243 # (one-way ANOVA) HEAEAS
[F BERS AR B R~ 4B R I 22 575 SR FAH G E
I3 M R 22 70 2 M ] VA AR 2R 43 At AN A PR 6 b1
R RAEAEK NN, KHSPSS 22.0% 747K
TR G i s SR AR KRS 4T Logistic
AT A (ZRIE T 4, 2018), BT 7/ BER 4l i A= K

TS
L ogi stict R U5 5 FE M
k
y= m 3)
A, YNGR, KNS T AR ER
8, CNEKEE, afib A fE e 22
Z: W8 17 3855 (2010) (M) J7 i1 H KA AN [R] BEA
G e EEERTTERSH, AKTTESHASRE
YMEIASEAAERK S E . K, Wik EiEs
PEAE AR I (ty) « S AR K R (t) A0 4 1 A K
(LGD), A KSH i K4t KIE A (MGR, B
EHAKERRKMNARKESR), LA KEE
(LGR, RPZtEA KM B3 A KIER), &tk Adk
#=(TLG, MI&MAKAMAEKE)MEEAKE
HEAERKERASE. AW
~ (a-1.317)

W

b . 4
LGD:zmQ+J®:2gM ©)
MGR=%W=%H< ()
LGRngk ®
TLG= % (9)

21 BERAMEREEEMIREHE

VA 5 1) A0k BE B A4 32 B4y A 7 I 3 1,000~
1,300 mya el Y, KEB I KA o3 A, FEA b
F iR IR A, HA NSS4
(L. Hop, (UE TR, PERRAUN17.50%; X
TRRANMK B 42 65 Y0 [ N 75-1604F, T~ 4E 14 1074,
A5 ZE0HN33.19%,; P11 35K 3 #819.73%, A
5 RHCN25.95%, HI-FRIEIE R NT3.42% (£2).
22 BRMEIMEIREEERMRNER

RER AR 15 5 400 P A7 06 2R P R AR 5 B 38 IR AR K,
Bl 50 F R R B R ENAHKEP < 0.05) (%
3). ZIuEIHANHT TN, RERRE R4 A7 2
FEARA B35 RS, B 3sm, 41 BA7 & 0
BB BN, BER AR TR 2R B
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Tablel Characteristicsof individual traits and seed production of 40 Metasequoia glyptostroboides original mother trees

FaamS AEEL o WE i TR 5574 30 my [l P F B P 2 20174 P R &
Mother 3K %;  Distribution Tree  Diameter a& Crown Altitude Environmental factors Yieldin2017 Remarks
tree no. Number of characteri- height breast height diameter (m) within 30 m
dldesr  stics (m  (cm) (m?)
0628 11 FEPE 26 85.67 56.72 1,110 &, ki FeEFh
Cluster Road and ditch No
0691 12 B 31 59.55 56.72 1,160 3+ PN WA
Scattered Wasteland No Shoot break
0713 9 S 25 54.14 19.63 1,100 @&, Fe e f
Scattered Road and river ditch No
0723 12 e 37 78.03 63.59 1,120 L 15219
Scattered Coptis chinensis
0732 1 ok 20 3153 1256 1,120 &, E Ta
Scattered Road and river ditch No
0735 10 A 19 27.07 9.62 1,120 . TV K= FR
Scattered Road and river ditch No
0744 14 HERE 39 45.86 7850 1,170 i e
Cluster Coptis chinensis No
0745 11 R 32 55.10 94.99 1,160 Wi YA K=
Cluster Hillside and river ditch No
0791 10 G 24 63.69 11304 1190  /kig. A Fie b
Scattered Ditch and Bambusa No
surrecta forest
0815 10 FEFE 43 92.36 6359 1,100 & FepEFh
Cluster Road No
0859 13 AR 28 61.78 2826 1,140 R, R Fep=
Scattered Nursery and house No
0861 12 s 26 46.50 2375 1,140 4k FepEFh
Scattered Bamboo forest No
0950 13 SR 38 78.03 4416 1170  (IARERIL. T NN
Cluster Mountain roadside and No
wasteland
0956 10 B 32 54.14 3847 1,190 k¥ FpEAh
Scattered Ditch No
0975 10 s 24 64.01 3317 1,140 7 18] 1 P ]
Scattered Nursery No Shoot break
0981 15 f-:c4 37 81.85 56.72 1,130 ik, K A Fh
Cluster Coptischinensisand ditch  No
0996 11 S 37 69.11 5024 1,140 k¥ e il M A
Scattered Ditch No Shoot break
1005 13 G 30 62.74 3847 1130  &AfE. +ik e
Scattered Lonicerajaponica and ridge No
1009 n s - - - _ _ _ EApT-
Scattered Dead
1011 10 ik 39 76.11 56.72 1170 k4. JE#k 0.36g
Scattered Ditch and road
2415 10 G 42 78.66 11304 1,090 ERE. Tk e
Scattered House and bamboo forest No
2416 12 A 33 78.34 63.59 1,090 EHE . 28 K= F
Scattered Road and bought No
2421 12 e 29 84.39 18860 1,120 EH. Wik P NG
Scattered Road and Cryptomeria No
fortunei
4534 8 R 30 76.43 44.16 1,103 307459

Cluster
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%=1 (&) Table 1 (continued)
Faams AEEL o WE i TR 5574 30 my [l P F P 3 20174 R &
Mother 3K %;  Distribution Tree  Diameter a& Crown Altitude Environmental factors Yieldin2017 Remarks
tree no. Number of characteri- height breast height diameter (m) within 30 m
alelest stics (m)  (cm) (m?)
4541 12 b ¥icd 30 105.73 50.24 1,153 221.12¢g
Cluster
4546 13 WA 30 123.25 153.86 1,036 . V. RH. WE KRR 10 mih 5y 7 N
Scattered Road, river, farmland and No R, MEEEs IR
ant harm Two branches
at 10 m, with
exposed roots
4562 14 SR 31 74.84 38.47 1,363 AR River KFEFh
Cluster No
4566 14 LR 32 71.97 30.66 1,323 I River H = Fh
Cluster No
5235 14 R 32 56.37 3317 998 7Ki% Ditch R
Cluster No
5581 12 FEFE 31 35.67 3317 1,018 K. K&H FeFEFh
Cluster Ditch and farmland No
5590 13 R 32 62.10 56.72 1,006 R, E%. KHE K= Fh
Cluster House, road, farmland No
5614 15 SR 30 41.72 23.75 1,039 = Fh
Cluster No
5618 16 FE P 33 48.41 3317 1,040 e
Cluster No
5637 13 f-:c4 31 87.90 50.24 1,019 EE. JEK. RH. E RPER
Cluster House, road, farmland No
and ant harm
5641 14 S 27 57.32 4416 1067 sk Ditch AR
Cluster No
5685 14 L 36 78.66 113.04 1,073 I River 440.40g
Cluster
5702 14 FEPE 31 52.87 2375 1,040 &R, . &M FepEFh
Cluster Road, river and farmland No
5705 13 R 29 42.04 15.90 1,043 W, . RHE 728649
Cluster Road, river and farmland
5716 12 SR 29 49.04 19.63 1,061 7Ki& Ditch F
Cluster No
5741 15 LR 32 72.61 50.24 1,213 I River 1,213.28 g
Cluster

* B B AR AR TV K 22 /N B R 424t The datais provided by Professor Xiaoyong Chen of East ChinaNormal University

T2 THRKAZIR S SRR AR EHE R SRS

Table2 Individua traits and reproductive characteristics of seven Metasequoia glyptostroboides original mother trees

LGN YIE £ trdEE RKME HR/ME 5 R F

Traits Mean £ SD Max. Min. Coefficient of variation (CV, %)

W Age(yr) 107.14 + 35.57 160.00 75.00 33.19 -

W Tree height (m) 33.29+3.99 39.00 29.00 11.99 -

fi4% Diameter at breast height (cm) 63.30+ 19.97 123.25 27.07 29.96 -

jtiE Crown diameter (m?) 52.60 + 39.18 188.60 9.62 69.38 =

it R E Cone thousand-grain weight (g) 2,592.58 + 617.62 3,798.85 195790 23.82 -
Fh7TkiE Seed thousand-grain weight (g) 2.01+041 2.56 147 20.40 22402
K Sprouting percentage (%) 19.73+5.12 26.67 10.56 25.95 19.144™
1715 % Survival rate (%) 73.42 +19.30 100.00 4411 26.29 4539
F#:4% Base diameter (mm) 1.51+0.27 1.88 1.16 17.88 10.333™
i Seedling height (mm) 130.27 + 18.80 168.60 112.43 14.13 2.645

* P<0.05; *** P <0.001
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RO, Bk, KRR TR (KA.
23 HEEKTESH

AN 5] B A4 1 75 L ogisti cFBh & 7 F2 ) 1 58 £
#°40.928-0.993 (£5), UiHHZBAHL S TS E
BT TRRBER S (5 B S 50 A2 1E 22 7 (3R6)
AN TR BEA AN A4 B T P 38 25 ST 1 i ) R R 52 B )
FEAER IR 22 57, 1011°5 BRI 46 I 8] A1 25 B[R] 3
M, 45345 REREZ e it N Ze 2R KA, R
S TRR B S i s A K SRR A £ 5, (=

®/3  THROKAZIRE BRI S SRS 2 B AR K1

ZEREEARE, A KE S REKEF RN E
/DT IR R G AR RN ZME A KR 2 7

AN TR RER N A 41 18 3 4% L ogi sti iUl & 7 F2 ) v
JE 5 40790.983-0.993 (#7), Uiz EE T
G R . TR RS AR 2 1 B2 5 B S 20 %
ARSI %2 57 (3R8), A IRIRER 26 A= KA )i
1B (A AT R SR AN ], 57415 REA B Se ik N 26 14
AR, 45345 BER S e g R M AR K, H 2k
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Table3 Correlation between maternal traits and reproductive characteristics of seven Metasequoia glyptostroboides original mother

trees
FR W e jiE  ERTRE  FPTRE O RFEER AEE OER He
Age Tree  Diameter Crown Conethousand- Seed thousand- Sprouting Survival Base Seedling

height atbreast diameter grainweight  grain weight percentage rate diameter height
height

FE# Age 1

W Tree height 0494 1

fi4% Diameter at breast height 0.047  0.149 1

jeiiE Crown diameter 0120 0643 0534 1

e SR TR -0245 0150 -0221 0543 1

Cone thousand-grain weight

G i AG -0159 0225 -0732 0001 0677 1

Seed thousand-grain weight

R #EZ Sprouting percentage  —0.468 -0.533 -0.843° -0.607 0.305 0.659 1

173 % Survival rate 0403 0.852° 0541 0588 -0.213 -0.230 078 1

1% Base diameter 0449 0.878" 0.146 0308 -0.186 0.148 —0.459 0866 1

i Seedling height 0236 0718 0012 0232 0041 0.396 -0.238 0562 0818 1

* P<0.05 ** P<0.01

R4 KZREGRER T L F ML EE KT

Table 4 Effects of mother tree traits on seed germination and seedling growth of Metasequoia glyptostroboides original mother

trees
FiE Age W Tree height flg4% Diameter at breast height ~ 7&1E Crown diameter
FHRE RER# P FARH RER% P FARE hEiR# P FARE RERH P
Regression Determina- Regression Determina- Regression Determina- Regression Determina-
coefficient tion coeffi- coefficient tion coeffi- coefficient tion coeffi- coefficient  tion coeffi-
cient cient cient cient
KRR -0.14 0.06 >0.05 -0.82 -1.41 >0.05 -0.48 0.65 <0.05 -2.89 0.24 >0.05
Sprouting
percentage
HER 0.31 0.20 >0.05 394 0.60 <0.05 0.61 0.21 >0.05 5.00 0.19 >0.05
Survival
rate
Az 0.002 -0.15 >0.05 0.05 0.50 <0.05 0.003 -0.15 >0.05 0.03 -0.11 >0.05
Base
diameter
= 0.02 -0.20 >0.05 141 -0.09 >0.05 -0.37 -0.05 >0.05 -1.45 -0.16 >0.05
Seedling

height




%3 GG FEAF KA SR A PR AZ 0o o o 5% U8 ) AR 309
F5 FEIKIZ SRS HSE KL S IZNLASH
Table5 Parameters of height-logistic-equation of different Metasequoia glyptostroboides mother trees
BER 45 AT TESH Logistic equation parameters
Mother R PR S 2R T
Feane A KA it R e R Yeit RAL ot P
' Growth limitation Undetermined Undetermined Determination Levene (F)
K coefficient (a) coefficient (b) coefficient (R?)
0723 481.375 4.633 0.037 0.991 1,283.823 0.001
1011 394.882 4.922 0.038 0.981 570.855 0.001
4534 251.838 4.352 0.041 0.928 142.671 0.001
4541 321.098 5.137 0.043 0.976 456.289 0.001
5685 333.246 4.585 0.038 0.953 222.561 0.001
5705 351.429 4.404 0.037 0.993 1,640.055 0.001
5741 318.744 4.126 0.036 0.937 165.176 0.001
*k6 TRIKEZERESHIIERASHMEKSH
Table6 Phenophase and growth parameters of different Metasequoia glyptostroboides mother trees
KW RS W% %0 Phenophase parameters AHKZH Growth parameters
Mother = . . =) =) >
. LA MK AR RRGHARKER PHLEAKER SEKE LiEKE LA
' Early stage of Final stage of Stage of linear  The maximum Average linear Quantity of ERERHDER
linear growth (d) linear growth (d) growth (d) linear growth rate  growth rate (mm/d) linear Linear growth asa
(mnvd) growth (mm)  percentage of total
growth (%)
0723 89.622 160.811 71.189 4.453 3.958 277.922 59.13
1011 94.868 164.184 69.316 3.751 3.335 227.985 59.37
4534 74.024 138.268 64.244 2.581 2.295 145.399 57.62
4541 88.837 150.093 61.256 3.452 3.068 185.386 58.42
5685 86.000 155.316 69.316 3.166 2.814 192.400 60.06
5705 83.432 154.622 71.189 3.251 2.890 202.898 59.29
5741 78.028 151.194 73.167 2.869 2.550 184.027 55.71
F=7 TREIKEZERGEERE KL HENIESH
Table7 Parameters of base diameter-logistic-equation of different Metasequoia glyptostroboides mother trees
B9 5 WA TTFESH Logistic equation parameters
Mother prrp—— p o S 2R -
e KA FrE R i R P R Kot BEAT
' Growth Undetermined Undetermined Determination Levene (F) Significant
limitation (k) coefficient (a) coefficient (b) coefficient (RP) level (P)
0723 8.454 4.277 0.028 0.983 634.530 0.001
1011 8.097 5.496 0.038 0.993 1,491.536 0.001
4534 5.286 3.280 0.019 0.981 581.010 0.001
4541 5.318 4.152 0.030 0.987 832.258 0.001
5685 4.356 4.672 0.037 0.985 716.288 0.001
5705 3.769 3.739 0.029 0.992 1,343.069 0.001
5741 3.702 3.565 0.029 0.988 915.982 0.001

REFRENEERE R IR, HIRE07235 BER .
e 2R AR R SR TR LU AR R, B
57415 BRI R S A2 R0 N 2 A= A J00 fg e 1] s
B Ak, FARBIR R RARRE N LR AR I R I [R]
EL T i (R 6, 8) . KL A BT I P i AR AR AE — 4R I
ERAMA, LA RKE L SERER 2RI

550%LA I, U B2k M A K A i AR AR K R e AR el
LN . (B MK G H H A AR (R A A
KA RFEEIT (B SRE, BEAR 0 2 1t A K HH KRR S ]
m T s, XRIKEZY s bR K2 S,
BERERTAKRES. ARBENE & EAT
L ogisticfbh & il 2k W, LA 2.

RS
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Table8 Phenophase and base diameter parameters of different Metasequoia glyptostroboides mother trees

RS WEZ %0 Phenophase parameters

4K % Growth parameters

Mother N N = N o o = =
reone,  DPHEKIAN  MAKORN  AMAKN  BAGMEEKEE  THAMAEKOER AHEKR R
" Early stage of Final stage of Stage of linear The maximum linear Average linear Quantity of ERERHDER
linear growth (d) linear growth (d) growth (d) growth rate (mm/d)  growth rate (mm/d) linear Linear growth as a
growth (mm)  percentage of total
growth (%)
0723 105.714 199.786 94.071 0.059 0.053 4.881 63.23
1011 109.974 179.289 69.316 0.077 0.068 4.675 60.95
4534 103.316 241.947 138.632 0.025 0.022 3.052 79.07
4541 94.500 182.300 87.800 0.040 0.035 3.070 60.79
5685 90.676 161.865 71.189 0.040 0.036 2,515 58.90
5705 83.517 174.345 90.828 0.027 0.024 2.176 62.17
5741 77.517 168.345 90.828 0.027 0.024 2137 60.88
350 r BHt4R-5- Mother tree no.: 1011 I FA 45 Mother tree no.: 4534 r F}# 255 Mother tree no.: 4541
i 250 300 - .
T 300 o) . B 950 |
‘E’ 250 | E’ 2007 E’ =
571 S5 T 5 200
g -3 200 - Iz -3 150 F T -3 L
g s 2000 =) =2 ol
£ 150 F g I g L
s} L =100 F . =}
3 3 8 100
v 100 ©» : ) I
50 50 50 | 0
60 80 100 120 140 160 180 60 80 100 120 140 160 180 60 80 100 120 140 160 180
FiffA] Time (d) FifJA] Time (d) Fif /] Time (d)
_ =) . _ 401 L . _
350 [ B 45 Mother tree no.: 5685 ool - 45 Mother tree no.: 5705 ool FPR4HE Mother tree no.: 5741
~ 300 _ I _ I
i 250 - 250 -
B F = L g L
-3 200 F iz g 200 [ iE 5 200 |
o Fa 1s0f 5
£ 150 [ g & 150 |
T 0 g 0 = 0
& 100 F . 100 j > 5)(3 100 F
50 - . 50 - 50 |
60 80 100 120 140 160 18 60 80 100 120 140 160 18 60 80 100 120 140 160 180
B} 8] Time (d) At /8] Time (d) A} ] Time (d)
450 [ EFM# 42 Mother tree no.: 0723
~ 400
E 3s0f
ﬁé’ 300
iy L
B3 250}
& 200¢
T 150 . - .
3 ok Bl RE7KIZEH S S Kk
L Fig. 1 Curve fitting of seedling height-logistic-equation of
50 ! L L different Metasequoia glyptostroboides mother trees

100 120 140 160 18
iHE] Time (d)

60 80
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- F}# 45 Mother tree no.: 1011 2.4 - FHt4RS- Mother tree no.: 4534 - T 455 Mother tree no.: 4541

6 _ 22f . 3.5 i .

T sk E 20 €301
E E 18} E
- 4 L b : r s 2.5 [

W 2 Mg L6r it r
WE 3t HE 14f 5201
; 2 : ; 12 A ; L5t
& A 10 2 -
r . F 1.0
1r » 08 L
0 I 1 1 1 1 1 1 ] 0.6 C 1 1 1 1 1 1 ] 0.5 i 1 1 1 1 1 1 ]
60 80 100 120 140 160 180 60 80 100 120 140 160 180 60 80 100 120 140 160 180
B ] Time (d) M Time (d) iE] Time (d)
- =) . r = . -

401 T4 5 Mother tree no.: 5685 0k %S Mother tree no.: 5705_ 30 B 455 Mother tree no.: 5741
_35¢ ! o7 ‘
g 30¢ East E 25|

w8 25t w20t |
N L 20 B
b g 20 bl g i % g L
B L | 151 g
2 15¢F 2 - o 15T
& r 8 10f g
1.0 i L 1.0 -
05F 051
1 I 1 I 1 I 1 I 1 I 1 I ] 1 1 1 1 1 1 1 1 1 1 1 1 ] 5 1 1 1 1 1 1 1 1 1 1 1 1 ]
60 80 100 120 140 160 180 60 80 100 120 140 160 180 60 80 100 120 140 160 180
AtE] Time (d) At [E] Time (d) 6] Time (d)
5 _ 45 Mother tree no.: 0723
g o4t
s 3r
il
s 2|
8 r 4 >
a [ E2 ARKkZEHRNBEEREKELZ
| Fig. 2 Curvefitting of base diameter-logistic-equation of different
0 A S S T R Metasequoia glyptostroboides mother trees
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ASAIE T R I AORKAZ 0 Pl TR % 958 iR AE RE AR
RAETHRF=M, PR E PR RN, A A5
(1994) Tt 58 B AKAZ BEAR 7= Al 2 I = —F 3k —K
IAERR A S, PR AR R R R . BEEK
2 JE A PP Pl /N HARRR 2, ZKAZ S AR Al = ol
AT AT BB AR 3 R L AR BT IR A ) SR D . A
(2010) A A MRARAR F A7 TE 2 Rl 20, 7EAS [R] BER A
WK RIKT EARF MR 5 22 T oK. AT IE
I SEIG R IR TR AR, (N19.73%, B R AL
N25.95%, ULEHZKAZ AT R 2, ANIF BEA 2 6] 2
FAAR SRS . X AT RE S KAZ A A B A e L A
B E LN TR — B0 O HETEAE AR T EEAE 1,

FEOT A AT IR B, WA AT B
M| R
32 BRI EIEFF RSN

WEFER I, JE A BERE A R MR, B
XA AP R AN SR A KA 3 IR, B
AN, S RAE TS R EE 2, BRI AR
SRR F R SR R RN, AR, R
ZNBE. BERMERE . PR IE XS BT R AN A
TESAERKEAA RER . FRLIA % (2014) B 5T R
T 1% A (Pistacia chinensis) % 52 & FFf T Aris i
FIN ORI, Wim SR E R IR, R
AN ECBAR A A B A R, X W] e BE AR
KIE A K, fm T 1a) B A B TT B A2 7 ) S HE
B, ReRfh B Z PG, 5 T2k, BrblRetg e
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AL ERERR T . AU R R A B 42
AR g T A TP 7E27.07-123.25 cm2 8], R 3tk EE
PR 421K F-40 om, Rk, ZKAZ I AR Rl BERY ik 42
K TRE R REBUKE T R EEZ N EER R, K2
RERBY 51500 T 400 1 PR A 07 6 R A A K ) TE RRORY,
AR TN LEE KB AT R IR E . A
W FLIE R INSTAL S BER =P & vy, (H K 5 IR,
B AKRZE, 10115 BRIk, K5 FRK,
B AAE R, I EKERRIF. 265 E,
57055 BER - Mgy, KEFRm, SR E R
UFFhI LSS .
33 KEHEEKTIESH
KRR R BB B RS TR A K
) G ME FRPR(E IR, 1995), “ST ALK
il 2 AT DA 0 JE — MR 52 A8 1A 29 RO A K
FREO5 BWEE, 2002), HAF s R aaA K oe, bk
INEE SRR AR AL, B TR B AR K R ik, 42
MK, K3 —E ARG, EKEEET
08, HEARKEIEWERS, 2011). S ALK
AN AR CAERR A KB 53] T
JIZB6AE (U S, 2004, BROSCIRSE, 2010). 7KAZ4h
WA ENEE KN AEKE FadK
£ [155.71%-60.06%, FEitfE —FNLHEEKE S
SVE KR 158.90%-79.07%. 47532552010 7T 1
JEAM(Magnolia officinalis)4li A K8, Kl
JEL AN T HA 2 MR AR K R AR K 19 58.03%—
61.73%, JE1P 4 A K & & E A K & 1 63.01%-
79.41%. KAEZGH LMK E R AEKENH
LU T AN A . AR KR A& S A K
M 2% 0 VA TR S B 3, 3K — B B A 1 AR K Bk
TRENMEKERER CEZENEM. B, 1EKE
R E e R, B SRR A K,
UFIBAE. BB, o R ERIASE TIE. ELRtAEK
WG, 4R B ZAS R KRB, MR B E
FETARBEH AR, DA #RER. Aok
IKAZ G T o A K R R )3 N T R AR A KRRk
Wp), DRI, A2 ] DR M & o A% o ) W 4 i
SRR A E AR —

SE R
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Phenotypic fruit and seed variations of Acer catalpifolium, a Wild Plant
with Extremely Small Populationsin China

Qiuhong Feng™?', Dengfeng Li**, Tao Yu®, Junging Li%, Wenbao Ma?, Lei Zhang®

1 Sichuan Academy of Forestry, Schuan Wblong Forest Ecosystem Research Sation, Chengdu 610081

2 Ecological Restoration and Conservation on Forest and Wetland Key Laboratory of Schuan Province, Chengdu 610081
3 Key Laboratory for Slviculture and Conservation of MOE, Beijing 100083

4 Schuan Agricultural University, Chengdu 611130

5 Key Laboratory of Forest Slviculture of the Sate Forestry and Grassland Administration, Research Institute of For-
estry, Chinese Academy of Forestry, Beijing 100091

Abstract: Phenotypic variation can indicate the adaptation of plant species to different environmental
conditions due to long-term evolution. Acer catalpifolium is a relatively primitive species in Aceraceae
family, and is arare and endangered species in China. To understand the range of phenotypic variation of A.
catalpifolium’s fruits and seeds, 11 traits for 47 individuals from five natura small populations of A.
catalpifolium were measured and parameterized using coefficients of variance, variation, and correlation. The
results showed significant differences in phenotypic variation among and within populations. Overall
variation was greater within population (63.11%) than among populations (23.61%) while the mean
phenotypic differentiation coefficient was 27.23% among populations, larger than other speciesin Aceraceae.
The average variation coefficient of seed thickness (ST) was the highest (40.64%), followed by fruit stalk
length (FSL); thousand-fruit weight (TFW) was the smallest and the most stable phenotypic trait (1.57%).
The Dujiangyan population has the highest phenotypic diversity and Pingwu population the lowest.
Meteorological factors were not associated to fruit and seed size variations of A. catalpifolium. The fruits of
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the Leibo population were largest while the seeds of Pingwu population were the biggest. These two
populations also have the thickest seeds. Fruit/seed size is considered as an indicator of quality, because
bigger fruit/seed could provide more nutrients for next generations, therefore, the Leibo and Pingwu
populations should be the priority when collecting germplasms of A. catalpifolium.

Key words. Acer catalpifolium; seed and fruit; phenotypic traits; meteorological factors; extremely small

populations

FE Ak (Acer  catal pifolium) g B 7} b v -
KIEA, REEFEAMERmBEN A, B RI%R
YA . HWIEE RS, MIREE, BU%, AME
S R AR, AT AR R SR B Fl o 1A
B R T4, H % R 541 T400-2,000 mit)
G T NS SRS PN R S W NS B SN Sk )
PR (S SCE SR, 2014), fRYEAT ANAE, AR i
HEWNEIR, ST HRENGIRE O, 1981
RIEF4E, 2008), J@M/NFIEEET AEHEYI(Ren et dl,
2012; [ BOREGE E, 2013).

T P 2 R0 5 P 38 A% DR 3R P 35 8] 3 A [ ok
SEM o RAYAR ST [RI PR & LA [F) IR BT 2 A 1 285
R, PR RGN A E B E R Y
(FR5E, 2002). FSEAFhFREMEHEAEE, &
VPR AR AR S E B AN R RIFR T
(R BIMARAM E T R 8oy Afee 7y,
S B B R AN A )58 JE, 3R S e B R R
AT AR JR) (28 I 2%, 201.3). FEAIAE AR 20 A IX
& AN [R] IR 25 A, P sz R BRI o A oAk,
Tl 7 PRI T 25 255 PR 1D e 1 A8 A A 2 R o7
PR B LA N 2R 2 — (T IR A 7 #6566, 2012). [
PAPITRARE MRS R Fh SR 1Y 2 R 1B
R, BN 4 Mi(Acer ginnala). & 2 (A, gro-
sseri). 4% M(Dipteronia sinensis)Z it BHE I
RIUMZFEMTRA T — M5 (M, 2003; +
FHE, 2010; Fi%E, 2013), (HEF G REHHRA S 2 4

®1 MRt SE IR RIFMEER

PRI TOIE AR WARE o A7 B T R
JFARIIANSE, 5 AR B L, AMEELE AL
A, Mo H o A e B AT R, SR Y5 N AT 23
AT o IS A PR AT VL BB P9 R SRR A A SR A
AERTTE, AMETT DL T W Afoih SR A8 SRR A
R IRETR 7 AW R, R Db A A g A
PRBEIE N S T SR AR -

2 3C LA G R 54 R AR /N B D T FE X 51,
e T HRABT FILLMEAR, 5 £ 18 A AR
KRR SR E, BRRERA2H
WG HEIIRE AR AE ) AR R AR e et iz
Tob (o o B O A7 S5 D0 B P B BRI T, RO
R SEE RS E

1 MR5REE

11 MREXEER
B 50 1 UL T A A sk 23 A B DU ) 1128 #V T
PR B RE WRJE (L SEEA X k. B AT HE AT
BB E IS X S RE e
12 #RFGE
121 #HMEESAE
20164F-11-12 7 FERE BRI R IR M AT IX N, a4
RSN AR X INFPRE, AN R 6-168K K
SEREREAT I RN R A AR, REMERR A
20K EANFR 1. BRRIEPERRHE AE AR A K R AT
6 7 B s HLJG R HUE o SR e B AR S R (09 1]

Tablel Geographical and environmental information of the five natural small populations of Acer catalpifolium

Tt FUHh A L R HEF AR PR Rk
Site L atitude and longitude Altitude (m) Mean annual temperature (‘C)  Mean annual precipitation (mm)
#RYLIE Dujiangyan 103°31'28"-103°32'50" E, 823 14.28 1,155
30°51'22"-30°53'27" N
P Pingwu 104°23'41"E, 32°14'14" N 1,120 15.20 957
HU% Leibo 103°39'50"-103°39'56" E, 995 14.50 1,099
28°31'13"-28°3124" N
KE Dayi 103°15'36"-103°22'28" E, 1,960 15.35 1,223
30°36'08"-30°42'02" N
UfkJE 1l Emeishan 103°24'04"-103°26'18" E, 718 16.07 1,376

29°33'45"-29°35'02" N

s



ks

316 4 ¥ % B ¥ Biodiversity Science

8%

®2 REEH SRR AT RRERR

Table2 Geomorphic information of sites and investigated mother trees for the five natural small populations of Acer catalpifolium

Tl Wz etk
Population  Slope Aspect
©)

HZE Y

Geomorphic type

A BER Mother tree investigated

WEHE PR RE2liufEs 1143 ek
Number ~ Mean height (m) Mean DBH (cm) Mean crown

HRYLHE 15 M A ARk 7646 i Mountain
Dujiangyan South, southeast, northeast,

northwest
PR 40 PR/ papuRiip:
Pingwu Southwest, north Valley side mountain
HI Leibo 20 Z<F Southeast 11 Mountain
KE 38 . b 1 Mountain
Dayi South, north
R JE Ll 15 b PiE. FE 1l Mountain
Emeishan North, southwest, south

16 14 15 7mx7m
6 155 34 7mx7m
9 7 12 5mx4m
6 9.5 20 6mx7m
10 13 23 12mx12m

T MG HMELL, 1980) BER A K FE L IR 112,
1.2.2  HERTHREFRSCRZ SIEFRANE

et 5 TR O P SER AR BEAT I E » R
PR HE: WRAC(KFL) #3558 (KFW). #RK 5E L
(KFLW). E4AIR(BM). FFK(SL). FT7E(SW).
FFH B0 LL(SLW) Fh 5 B (ST) R AR K (FSL) -
FAUERR = R G5 0 0 e LA 0 (P LI L), 0 B As FEE hy
0.01 mm. BtAk, PAREASREE R BRAr, WARFE R
R(F3h % B 3RkA 1), FEHR500%:, VRS G I
SALRPRRE, MR TR E, 5
3
13 HEHITH

f§ FfI Climate-China (V4.4)%§1971-2000 4 ]
PRISM % 347 [ R AR FE, PR SRAE A s B
ARFRARER S 55 B (Daly et al, 2002; 5K,
2011), EFESIEIER AR PR FT kK

El #HHHERIESREE
Fig. 1 Sketch map of six fruit traits of Acer catalpifolium

B EPYEREARE . PR AR
BIEKZFEGOH) MK ESE, DUHIERE Al ob St
TR AT 32 B G DR 1 o S R

THE RS R BRI TP IE . bR 22 AR
F RHU(CV); XTI B i A7 57 1A e 1 R Al |
T Fe 22 2 PR IR [a) 11 22 S 4 A 56 A1 L SD B Duncan %
T, A SR 1 07 2 2 i (B A A,
1988) %} % FhHE A [l SR I R B MARAEE AT 2 B R
77 25 i s Rt BR e 5 8(A D), %35
P IR IR PR (R P38 77 22 B 7 Z e, 3
BH 2R B S LE PP () (1 DT RO/ (I AR L0 5%, 2017).

FhHE R 7 218

TR IR) 7 ZZE MR N 7 22 1H

[EJ IR, 30 Xof A P B o sk Ok % 2R IR ] DA K%
SEALA AR S 3 AR R TR A R R Rk AT T
PearsontH < 73 1 o B D 5 HAROF R AR A E], R
S 5 A TR EE B EURE S R, SO
HHAT THRPIME. i E. B R ZE 54
Fr 56 431t

FEMERTES . T7 2 o3 AT AH OG 3 il it SPSS 16.0
SER, FARGETE o B 4 B R 77 9% 9 R F EXCEL
20101471

21 BHERAMBEMIREMREALSESR

FHIE
FSERILURER A T2 MEL . ARitE g 2240 2 2B B

BRAE RIS FEH R SEPEAR AR 2 22 57

R AR K= )
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THMBEEE R RK, BRE, M EE.
WRTRE, (2 R/IREK. PR A &
KWELR, Frk. M. frEE. BRK
B b B FTRCE, HE/ MR R T
K EMEEEA R KRR K58 b, (AR
Koo BEAIRFRT R o FRVLHEREEEAT /M
Pk, BirsE. B EE. BRKE. BERM
FhF-THRIE . W LR R/ N R B L

A REOR R IEIR B HURFIE R B R R
Bk, RRMEEERR R, RSB R
R FRA LRI = o R BREAS IN R R b sk
PR AR 57 RBOVE WA FEHRR A IR ST 248 57
FHN15.03%, A5 550 5 N 1.57%-40.64%. 1144
REPFHE S R AA —E LR HohFhr)EE
K, HOOR R, R E RN AT I, R
ThiE AR e s, AR R E R 2. 5
ANFRBERTA TRIR 135748 57 35 4 T 14.29%-16.23%
Z 0], HOVLIERRRER R B 2 R o E P R
TR I 2 R A A
22 PR AMEBEMIRET RN UAFE

A T g o I 2R TR e R ol 1 R o P 1) 22
RN WERS. BFRTES, A bR SRR 19
ANRBIVERAE PR R R RE N SRR 2 2 2 7 (P
<0.01).

MR 07 2 4 2R (R 6), 91 RAUEAIRAE
Tl FF 1) 0o B P9 1R SF 35 0 22 40 & 4 Lk )

®3  FMERA DB EMSIERE FIERERE

23.61%71163.11%, EA— &l ZER. KA R
(11738 55370 [ 22.41%-46.60%, & EIR IR £
Hh K (46.60%), 2 AR K (46.48%) A b 1 B
(35.25%), #HRAK W L 73k R /N (2.41%) . F
FEIAP Y R0 R BN 23.61%, 1t A FEH- B /Nl
T b S R AR S A TR 1) (1) DT RV 15523.61%, P
PIRIAR S BEOK, FhoRE P 22 R A v T P I
2.3 FEHEMSIRBMREIMNEXXR

T T 5 ol 51 3R R PR ) PR AH 6 6 R LR 7
5, BRM ORI AR AT B A G A, R
Ko RS HAR. FFK. BT ERE
6/MPEAR P 2 [A]35) S AR 25 TEAH OG0 IRk, SRAw
KEBRAK . R 5 AR 2 [A) 2 AR 52 A
K, M5M K EREE IEMSE, 575k
JEETCREK MR 7 5K ERE
FHIEMG. ST RREE fAHA, 5 AR
R REMRG, &5, rKutt5ELER,
Bl 758 20 0l 2R 25 A OG, T SR AT
B A A K S IR S IE A

T TH B i R S SR - s 5 2 R IR 1] 7 A
KRKRARVENES, B2, INFhsRAE IR 5F T
AR TR E 2R R, M. s,
Toh - JBE 2 5 b - 0 BT 3 SR AN Y T A
5%, TR K SR TR E 2 E B, S
TR E R E EARDG, B A ST
HEIEE EMR, HRMSLRMMRE R 73

Table3 Meansand standard deviations of 11 fruit traits in the five natural small populations of Acer catalpifolium

Giiikics FEA FRELFRHEZE MeantSD

Population

are KFL KFW

sl BRK  BRE  WAR  RMTK ORTE RTEE REK BR  MT MR AT
BM(cm) SL(cm) SW(cm) ST(cm) FSL(em) K3kt K TRE THE

(cm) (cm) KFLW  SLW TFW (g) TSW (g)
HRITHE 320  3.24+0.35° 1.11+0.15° 0.54+0.05° 0.77+0.12% 0.46+0.06° 0.11+0.04° 1.42+0.3%° 2.93+0.32% 1.71+0.23° 2.21+0.03° 0.84+0.03°
Dujiangyan
ik 120  3.38+0.27° 1.10+0.09° 0.68+0.05* 0.92+0.12* 0.56+0.05% 0.13+0.09% 2.10+0.49° 3.07+0.21* 1.63+0.17° 3.03+0.03% 1.40+0.05
Pingwu
Tk 180 3.71+0.26° 1.22+0.10° 0.49+0.04° 0.89+0.12% 0.52+0.06° 0.13+0.03% 1.24+0.29° 3.06+0.27* 1.76+0.41° 3.41+0.05% 1.38+0.02°
Leibo
KE 120  3.21+0.32¢ 1.11+0.15° 0.48+0.06" 0.86+0.14" 0.49+0.05% 0.11+0.03° 2.21+0.65% 3.01+1.11* 1.78+0.27% 2.73+0.07° 1.08+0.05°
Dayi
A 200 3.41+0.32° 1.16+0.11° 0.54+0.04° 0.84+0.1° 0.50+0.05° 0.12+0.02° 1.59+0.40° 2.93+0.25° 1.71+0.23" 2.86+0.04° 1.01+0.03°
Emeishan

ARG 83805 [/ — 51 5ohi 7 2 5 5 2% (P < 0.05)

Different small letters mean significant differences (P < 0.05). KFL, Key fruit length; KFW, Key fruit width; KFLW, The ratio of key fruit length to

width; BM, Bears the mark; SL, Seed length; SW, Seed width; SLW, The ratio of seed length to seed width; SWSC, Seed weight in single key fruit;
ST, Seed thickness; FSL, Fruit stalk length; TFW, Thousand-fruit weight; TSW, Thousand-seed weight.
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Table4 Variation coefficients of phenotypic traitsin Acer catalpifolium natural small populations. The phenotypic traits are the same

asTable 3.
FADIRE A5 5 2% Variation coefficients (%) YA
FISTOTEEE WA TRER TR KEFH w9
Dujiangyan Pingwu Leibo Dayi Emeishan
WK KFL 14.68 7.87 6.84 11.18 17.09 1153
WA KFW 14.8 8.00 8.77 11.1 11.87 10.91
4R BM 9.98 6.63 13.68 22.14 8.31 12.15
fiF& SL 16.76 13.17 15.7 16.21 21.12 16.59
R T8 SW 14.99 8.35 10.91 11.09 14.69 12.01
Ry )RR ST 46.16 67.73 39.74 22.7 26.86 40.64
K FSL 28.9 2357 25.88 30.13 34.16 2853
WEK L KFLW 13.71 6.86 9.95 10.89 11.59 10.6
FhrKwEtL SLW 13.84 10.34 28.61 19.31 15.93 17.61
WRTRE TFW 1.44 0.88 1.37 2.63 153 157
FiFTFRiE TSW 3.28 3.78 157 461 2.88 3.22
FH#51H Mean 16.23 14.29 14.82 14.73 15.09 15.03

RS HHHEESHRERSHRAER. MTREPRNGERPRR SEIRS)

Table 5 Variance of phenotypic traits among and within populations of Acer catalpifolium. The phenotypic traits are the same as

Table 3.
KPR )77 Mean square F{l Fvalue
Phenatyplc trat FRE] FREN L FORER] FIRER
Among populations Within population Random error Among populations Within population
WRK KFL 8.7860 0.2010 0.0058 43.7730" 34.3670"
RS KFW 0.5060 0.0190 0.0023 25.9540" 8.3510”
HEIR BM 0.9340 0.0040 0.0001 245.7320" 53.2950"
fiF& SL 0.6890 0.0220 0.0012 31.8010™ 18.6870"
FF5E SW 0.2660 0.0040 0.0002 65.3130" 20.2830"
TR ST 0.0220 0.0020 0.0003 9.0660" 7.7230"
K FSL 31.9300 0.2440 0.0107 130.8680" 22.7050™
WK B KFLW 0.7130 0.4630 0.1254 1.5420" 3.6910”
MrKER SLw 1.0790 0.1050 0.0178 10.2480™ 5.9060"
** P < 0,01
RTHREBERXRARE. PHPRAE A (R AR R A A7 AEAR 035 () 22 e, T A

24 FMWEAASSREMPRESHEEFREXXSR

78 NS EESE A LRIt i SN RPSES
AWK, LIANFSLIER 5 TG 18] 27 82 A
RRKF o

A T AR AR R SR 70 A1 B SN VRS R L R
TR PSR IUNVE IR ARIRIT FU AT, Ao ) Ao S 2 2R

PR S o A T B S A (1 H63.11%),
FEEHPRBRKEL., PR WRKA
KA. REVFRERY], WAMERRREEDT
FE 5 43 A o B i K/ BGIE B R R (Loveless &
Hamrick, 1984; Hamrick & Godt, 1990; Frankham et
al, 2002), iXAEAH T A5 3] 7 UESE: R
ATJE N, BH TR, e LUE R — 2l Ak el
e, Prbl R RN, FIE R RBN
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Table 6 Variance component and differentiation coefficient of phenotypic traits among and within Acer catalpifolium natural small

populations. The phenotypic traits are the same as Table 3.

RAEAR J7#%y & Variance component J7 %/ BT 5 Percentage of variance portion (%) &AMk B3

Prienafypio rait MR MEEN BERLRE AR FRER BpLYE L
Among Within Random Among Within Random creTideE
populations  population errors populations population errors

WK KFL 0.0418 0.1413 0.0066 22.06 74.48 3.46 22.85

R KFW 0.0024 0.0053 0.0013 26.47 58.86 14.68 31.02

F4IR BM 0.0045 0.0052 0.0013 41.28 47.29 11.43 46.60

FFH SL 0.0033 0.0108 0.0018 20.61 67.85 11.54 23.30

¥ SW 0.0013 0.0024 0.0009 28.54 52.43 19.03 35.25

¥ JERE ST 0.0001 0.0006 0.0004 8.23 52.10 39.67 13.64

RRK FSL 0.1608 0.1852 0.0078 45.46 52.35 2.20 46.48

WK B KFLW 0.0012 0.0495 0.0043 222 89.93 7.86 2.41

FrrKwEL SLW 0.0048 0.0197 0.0026 17.68 7271 9.61 19.56

FHIME Mean — — — 23.61 63.11 13.27 27.23

=7 FEMERA DR REN R ERIHE X S (IR SEIFRI)
Table 7 Correlation of 9 fruit traitsin Acer catalpifolium natural small populations. The phenotypic traits are same as Table 3.

REER WK R TR EER LIS Fh¥ 58 FPEE K WRKFE FrREL
Phenotypic trait KFL (cm) KFW (cm) BM (cm) SL (cm) SW (cm) ST (cm) FSL (cm) KFLW SLW
WK KFL 1

R KFW 0572" 1

F4IR BM 0.217" 0.102" 1

Fr SL 0.318" 0.292" 0.06 1

Fhro9E SW 0.417" 0.372" 0.151" 0.541" 1

¥ JERE ST 0.121" 0.089" 0.116" 0.418" 0.251" 1

FK FSL -0.160"  -0.084 01797 0154”7 0.040 0.063 1

WEKGEL KFLW - 02717 03107  0.042 0.053 0.020 0.005 0.011 1

P SLW -0.016 0.000 -0.124"  0.581" -0.263" 0216 0.147" 0.036 1

** P<0.01.

®R8 HMHRITHNESIFIREMREREXXR(ERK SEERSI)
Table 8 Correlation of nine fruit traits and thousand-fruit weigh, thousand-seed weight in the natural small populations of Acer

catalpifolium. The phenotypic traits are the same as Table 3.

REPEIR HRK R T HEIR LIS A58 FrEE Rk WRKREL R
Phenotypic trait KFL KFW BM SL SW ST FSL KFLW SLW
WRTRE TFW 0.715™ 0.679° 0.040 0.924™ 0.797" 0.713" 0.214 0.444 0.398
FhFTHRiE TSW 0.627" 0.478 0.145 0.919” 0.766" 0.796" 0.270 0.494 0.434

* P<0.05; ** P<0.01.

18.88%, 25 S & y11.38%-40.64% . 5 H Al
FHEE, PR R 2 AR AR O SR v, SRS SR
TUIVER AR 5 RA(R Y Z M) AR B A% . 1EA
FEMAR A AT AN K, Foor A X IR IR FE 2
WAK(FEL), FrUAFBEEAS RN — Mok ul,
R SEACSR A, HAZHC 22 48 mT AR 2 Ff 8] 1)

FERAZ UL, A ROFREE R /IS, 9800 25 RV AR o) 353
FE 45 Ry () 520 (Hamrick & Godt, 1990). /E AR £l
[ RTR AR, A AR R AR, (H
[FAR, X RKAERE 7 HEATERBI LS, (H[FRAD
1 IR NV T B 3 st O e A 1 A e R
RNTERIRI AT FEE T, 30 SRR A A & L

RS
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Table 9 Correlation between phenotypic traits and meteorological factors in Acer catalpifolium natural small populations. The
phenotypic traits are same as Table 3.

ks

RAIER TR PRI EPYRIEARE RS HIRE TRk E FETPIEKEGBIH)
Phenotypic trait Altitude Meanannua Mean annual Mean annual Mean annual [ K B
(m) temperature  temperature in the temperatureinthe  precipitation (mm)  Mean annual precipitation
(C) warmest month (‘C)  coldest month (C) between May and
September (mm)

WK KFL 0.124 0.184 0.099 0.266 0.124 -0.019

RS KFW 0.145 0.182 0.101 0.226 0.384 0.191

E#4EIR BM -0.26 0.278 0.234 0.374 -0.216 -0.194

FiFi SL 0.147 0.134 0.017 0.249 -0.018 -0.12

FiFoE SwW 0.187 0.153 -0.002 0.29 0.068 -0.059

FhpJEREE ST 0.302 -0.059 -0.166 0.108 -0.392 -0.263

B K FSL -0.265 0.165 0.161 0.174 -0.04 -0.016

WRKE L KFLW 0.013 0.138 0.098 0.192 -0.122 -0.208

FrKTELL SLw 0.041 0.001 0.01 0.007 -0.149 -0.142

WRTRE TFW 0.264 0.145 0.000 0.289 -0.003 -0.082

FhFTHRiE TSW 0.388 -0.025 -0.168 0.139 -0.289 -0.341

(7K FPH4E, 2018), FrUAEERIACim AR MER A . FERE
SEAE I BRCR SR BE B, 2% R R SRR [ A
IFP TR PR, I KR RS M RAF P Fh (1 R T 2 R 1

FIAR 5T ZAFROR T YDA T B IE N g, B
FIAR 5 RBGEK, RN T IR0 I 38 Y B

G, 3 NV IR PR VO T R (R A, 2013;
AR L1455, 2017) . BT 35 R 0 A R EN
27.33%, 1T =1~ (Picea balfouriana) (3 =4S4,
2009). il ¥4 (Pinus densata) (67 F4%, 2007) LA K
1 B FA(P. bungeana) (ZEx5%, 2002), {H & T B0
(P. kesiya) (Z=Ii#e4E, 2013) flK VT 41 (Cupressus
chengiana) (J Ak 2145, 2017)2 41 T-HEM) . 7E MR}
TP, e B 2 A A AR B v T ok SRk (ST
£, 2010) Fl 58 B A A5 ( HE 4, 2013). PR R AR
ANl i NFIEA L iR SEFSN (TN
2013). JE XA S AN R IER BUPRR AR B R AL
AT R, Tl 7 JERE . AR 78 S5 A X
BUK(F8), X 2AMEMR e S A R ) R B AR
PP R E AR T M FIOMH LR, 2 mE R
75 I 5 B 1) 3 LA 2R (Serensen & Miles, 1978). ifl
TR B2 7 )€ Ja R AT R AR SRR
FHEE, 35 TR0 R T4 E A8 e R AR,
ALEAREIMEERTIAEAE — 2 2R KBS
FERE AR, ULBH M S B2 AT, P RFEE 1)
AT R E AR S/, B PR R R T TR E AR S

/0y, Ul B 20 ) B AR G R SRR i
B BRI S, 5 HABSR R (£ PSS, 2010, i
S5, 2013)AH EL, A I ARORh S AR Y 10 AR S A FEE S
{H5 HABD A0 AR LTS IR . [RIRE, e Pt AR S5
RUPERZ TR T HRA R E, XA 685 R
I3 FE AR R BN 5%

FE R A AR 7 2 B [ R e ) 3 A ) 34 1
45 R (FAREE, 2002). AWTFTAIL, R T ()
SRR RS Z R, WF AR A &
REBER, T EAERAT B PR E R B R,
(BT ARE AR S SR AN 3~ TR E Y de K T A
RERO AT 8y, K B SRS AR B/ (B
RIPT7R), KA RE S 1 HE AR R 1 2 S S
(2 FE v (204 5E, 2013) . Fln , 78 Zth BB X (#
TLHE) FORE B T80 . HA T 2, /e i
LA L X (P R F J80) (O OB B ) ol 25 %2
Y. BRI B R AT AR BT 22 57, ik
BTN E JE 7 3, a1 A% 5k 5E 71 (G R
RN RAE Bl ARNBUR € & o 1 IR 22 57t (0 7 A 1
SRR A B AR (IRILIX R 25
F)AR(RY), BB SREAEA R, WA
)55 4 K R (PHIETRIHEZL, 2018), A £ Tt —
BT

ZR TR, R S 2 AR AR A A A T AR
REABIAAAE R 22 0w, HLRRE A 82 57 K TR e (],
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TR FER — IR SE TR, TR DR AR B R
BRI E

SE3H

Chen TY, Liu ZH, Lou AR (2013) Phenotypic variation in
populations of Solanum rostratum in different distribution
areas in China. Chinese Journa of Plant Ecology, 37,
344-353. (in Chinese with English abstract) [FfK3, i1
W, 252200 (2013) W=y ZERhEAE o B AN 5] 43 A7 3 X
R . WA AR, 37, 344-353]

Daly C, Gibson WP, Taylor GH, Johnson GL, Pasteris P (2002)
A knowledge-based approach to the statistical mapping of
climate. Climate Research, 22, 99-113.

Fang WP (1981) Flora Reipbublicae Popularis Sinicae, Tomus
46. Science Press, Beijing. (in Chinese) [53C# (1981)
FE )8 (46%5). Fhasiiat, bat]

Feng QH, Shi ZM, Xu ZJR, Miao N, Tang JC, Liu XL, Zhang
L (2017) The study on phenotypic variations in cones and
seeds of natural Cupressus chengiana populations in China.
Chinese Journal of Applied Ecology, 28, 748-756. (in
Chinese with English abstract) [{Fk4r, SAER, 1RIG#E:
ai, B, FEHGE, X%RE, 5KE (2017) URITAR R R A
FEPp SR AR FAGAE. B A5 244R, 28, 748-756.]

Frankham R, Ballou JD, Briscoe DA (2002) Introduction to Con-
servation Genetics. Cambridge University Press, Cambridge.

Ge S, Wang MX, Chen YW (1988) Study on genetic structure
of Pinus massoniana populations with isozyme. Scientia
Silvae Sinicae, 24, 399-409. (in Chinese with English
abstract) [&5470, EHIHR, FRiEiX (1988) A AT 7L 5
BRI 458, MRl ReE, 24, 399-400))

Gu YJ, Lou JX, Wu YW Cao XJ (2009) Phenotypic diversity in
natural populations of Picea balfouriana in Sichuan, China.
Chinese Journal of Plant Ecology, 33, 291-301. (in Chinese
with English abstract) [£ =7, P, R, BH%E
(2009) JIIVY = A2 RARFhHE R T Z A, ARSI,
33, 291-301.]

Guo Z, Zang RG (2013) Evaluation index system of endang-
ered levels of the wild plants with tiny population in China.
Scientia Silvae Sinicae, 49, 10-17. (in Chinese with English
abstract) [EB, BUEE (2013) 1 E /N EEET A )
WUETE LR fabrfd 5. MRk ER, 49, 10-17]

Hamrick JL, Godt MJW (1990) Allozyme diversity in plant sp-
ecies. In: Plant Population Genetics, Breeding, and Genetic
Resources (eds Brown AHD, Clegg MT, Kahler AL, Wier
BS), pp. 43-63. Sinauer Associates, Sunderland.

Li B, GuWC, LuBM (2002) A study on phenotypic diversity of

seeds and cones characteristics in Pinus bungeana. Biodiv-

ersity Science, 10, 181-188. (in Chinese with English
abstract) [Z5, BUHF, FTEM] (2002) FIEFARIRHEAR

PSRRI ZREVERF . A2 FEHE, 10, 181-188]

S, Ca YL, Xu L, Zhao GF (2003) Morphological differenti-

ation of samaras and seeds of Dipteronia dyeriana (Acera-

ceae). Acta Botanica Yunnanica, 25, 589-595. (in Chinese
with English abstract) [Z=H, &5 R, #HF, REH

(2003) RIS EMASE. P FIES . S FEEY

T 5t, 25, 589-595.]

SF, SuJR, Liu WD, Lang XD, Zhang ZJ, Su L, Jiang CXZ,

Yang HJ (2013) Phenotypic variations in cones and seeds of

natural Pinus kesiya var. langbianensis populations in Yun-

nan Province, China. Chinese Journal of Plant Ecology, 37,

998-1009. (in Chinese with English abstract) [Z5Ih4%, 75

IR, XJiME, MR, KA, A, RS, B

5 (2013) PR RARBEAR M SR . YIRS

i#, 37, 998-1009.]

Loveless MP, Hamrick JL (1984) Ecological determinant of
genetic structure in plant populations. Annual Review of
Ecology and Systematics, 15, 65-95.

Ma WB, Xu G, J HJ, Liu XL (2014) Preliminary study on
germination characteristics of the rare plant Acer catalpi-
folium. Seed, 33(12), 87-90. (in Chinese with English
abstract) [H30F, Wk, WEME, XPXR (2014) EWiE
Y R 5 B AR PERE B IE. M, 33(12), 87-90)]

Mao JF, Li Y, Liu YJ, Li H, Wang XR (2007) Cone and seed
characteristic of Pinus densata and their adaptive fitness
implications. Chinese Journal of Plant Ecology, 31,
291-299. (in Chinese with English abstract) [ B3, 21,
XIEZE, X, FBRan (2007) & fafhsetk 5451
RLPE. YIRS AR, 31, 291-299.]

Meng C, Zheng X, Ji ZF, Lin LL, Zhang CQ, Wang YL (2013)
Phenotypic diversity of natural populations of Acer grosseri
in Shanxi. Acta Botanica Boreali-Occidentalia Sinica, 33,
2232-2240. (in Chinese with English abstract) [#i, *HT,
LW, ARENEN, 5KERE, A (2013) (IPG & E MR
AP BER B Z R TT. FaALRE SR, 33, 2232-2240]

Ren H, Zhang QM, Lu HF, Liu HX, Guo QF, Wang J, Jian SG,
Bao HO (2012) Wild plant species with extremely small po-
pulations require conservation and reintroduction in China
Ambio, 41, 913-917.

Sichuan Vegetation Coordination Group (1980) Sichuan Vege-
tation. Sichuan People’'s Publishing House, Chengdu. (in
Chinese) [PU)IkE w141 (1980) MUJIAE 4. DU AR
AL, R

Sarensen FC, Miles RS (1978) Cone and seed weight relation-
ship in Douglas-fir from western and central Oregon. Eco-
logy, 59, 641-644.

Wang D, Pang CH, Gao YH, Hao XJ, Wang YL (2010) Pheno-
typic diversity of Acer ginnala (Aceraceae) populations at
different altitude. Acta Botanica Yunnanica, 32, 117-125.

Li

L

s



ks

322 £ ¥ % B M Biodiversity Science

8%

(in Chinese with English abstract) [T/}, &%, @I,
BB, EFFE (2010) %A [FHEIR M RE ) R I 2
FEIE. = EYIH 9L, 32, 117-125)]

Xu H, Liu YH (2018) Relationship between diameter class
structure and intraspecific and interspecific competitions of
precious and endangering plant Acer catalpifolium. Acta
Botanica Boreali-Occidentalia Sinica, 38, 1160-1170. (in
Chinese with English abstract) [¥F4H, X4 (2018) B H
NERTERY/RE L iPE b et Sy A RTE AR U IRl = S i
JeAEY 23], 38, 1160-1170]]

Yu DP, Peng QX, Li CH, Xie KP, Zhang GZ, Li SL (2008)
Research on the biological characters of the seeds of Acer
catalpifolium Rehd. Chinese Wild Plant Resources, 27(6),
30-64. (in Chinese with English abstract) [£X1E°F, /8,
B, WAL, SkER, ZHET (2008) A ARAT A
YRR T, E B AR R, 27(6), 30-64.]

Yu SL, Fang WW (2012) New advances in seed geography.
Chinese Journa of Plant Ecology, 36, 918-922. (in Chinese

with English abstract) [ TR, 77 (2012) Fh—+Ho3E
SRR TR, MDA S 24 R, 36, 918-922)]

Zhang L, Liu SR, Sun PS, Wang TL (2011) Comparative
evaluation of multiple models of the effects of climate
change on the potential distribution of Pinus massoniana.
Chinese Journal of Plant Ecology, 35, 1091-1105. (in
Chinese with English abstract) [5k &, xItHZE, FhiSAR, £
RS2 (2011) AR A% By R v i £ 3 AT 5 T T £ 1) 22
FATY AL, FEPA S R, 35, 1091-1105.]

Zhang YY, MaWB, Yu T, J HJ, Gao J, Li JQ, Gao S (2018)
Study on population structure and community characteristics
of Acer catalpifolium Rehd. Chinese Journal of Applied &
Environmental Biology, 24(4), 1-9. (in Chinese with
English abstract) [FKFFH, S3CE, T, mEME, &g,
BRI, wiiH (2018) MBI S5 K AR I RFAEAT AT,
] 5 M)Ak, 24(4), 1-9]

G BXE  JiEHRE: HE%)



EMIZREYE 2020, 28 (3): 323-332
Biodiversity Science

doi: 10.17520/biods.2019190
http://www.biodiversity-science.net

B TR e

A S8R A BE T 27 S =1V B R R4 A%
Fi2 7S AN B AE RV S2 N

> 1 k1 2y 2 3 > 1 2y o= 1*
KFEMRY T OF EXET OE O OH RS FREF
L (o AP A RS P T 49080, I 100083)
2 (U148 B8 5 50 A 8 0 62 A 5 VR BT 2960, A 610081)
3 (e ISR S5 A B 00 0 25 L O, )1 611849)

TR WUGHYET SN B KAV ET AL YRR AR08 A . 8B B E SRR AR 0 B, W
FOREPN) A PR SR AR AN [ HF A1 B A S A B, SRR PO UG YA RO [l R A Bl B A SGBE FE bR . R
SCUABT A1 R0 B IN R R BT AR R e B(Acer cattal pifolium) 75T 5, $R 1 T IR RSk BRI LASOAR T (8
VI /N EIER) ARRAS [RGB AR X R BRI AT A RFAE S Je B RFIE . SREERFE RO 2R S AR IR . 45 2R
R (DBEHEAR IR, B ARG 142 e DL R AR R R S P AR 2 5, B R BRI K5 Rl i
(QFEMRGEST b, FE R4y ) R T AR e B BB AR oK, B e I 2 A A PR PR KT R () B R P JEE
FRIBE R, AR Fr L CORI L . 8 R 8 [ S AL 284 L BLSE Il N R 3 K i3S, ek & B RO ETHE S,
FREE RO IS K5 NS o Z5 R, MRGIE BRI S A S G S AR A SR R XS5 RN
TR LA AR /Nt S A R £ 8] A 2 3 B R IR R B FU 3R A 4

KUEIA): FERAR BPANRIE, AR, TEAER, RIS

Physiological and morphological effects of different canopy densities on
reintroduced Acer catalpifolium
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Abstract: The reintroduction of an endangered plant is an effective way to increase its wild plant
populations. Suitable habitat is a necessary condition for reintroduced species to survive. Studying the
adaptability of a plant’s physiology to different habitats prior to reintroduction is key for evaluating how
successful the endangered species would be in each habitat. In this study, Acer catalpifolium, a Wild Plant
with Extremely Small Populations (WPESP), was studied to explore the effects of habitat conditions on the
morphological traits, photosynthetic characteristics, flavonoid index and chlorophyll contents of A.
catalpifolium seedlings. The habitat conditions, no shading, forest edge, gap and understory, are ordered in a
gradient from low to high canopy density. The results show that: (1) The change in canopy density correlated
with the differences in base diameter, crown width and number of new branches. (2) The maximum single
leaf area and single leaf mass were found in the forest edge habitat, and the specific leaf area increased as
canopy density increased. (3) With increasing canopy density, intercellular CO, concentration, transpiration
rate and stomatal conductance of A. catalpifolium showed an initial decrease before increasing. In contrast,
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the flavonoid index showed an initial increase before decreasing. Chlorophyll content showed a consistent
upward trend. In summary, the light conditions of forest edge habitat make it more suitable than the other
habitats in this study for the reintroduction of A. catalpifolium. This study establishes a theoretica and
practical basis for field reintroductions of A. catalpifolium, and provides significant guidance for exploring
suitable habitat for the reintroduction of other Wild Plant with Extremely Small Populations.

Key words. Acer catalpifolium; reintroduction in the wild; canopy density; morphological indicators;

physiological indicators
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Fig. 1 Effects of different light conditions on plant height of
Acer catalpifolium
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Fig. 2 Effects of different light conditions on the basis of dia-
meter of Acer catalpifolium.

2.1.3 XIEiERSZm

EH P 3R R, AR 2% R TG 38 5 A 558 HP AR e o i
FERAK, 4rHIH0.22 + 0.05 m*f0.22 + 0.06 m?
(P> 0.05), i B 5 1S P12 1R DA Al et i sk /),
FERR T 8 A% T 7K 2£(36.36%, P < 0.05)F1 7538 fh
(33.33%, P < 0.05); fEAKBRH, sebie [FIFE B 2K T4k
% (50%, P < 0.05) 1 TGl ¥ (47.62%, P < 0.05). Tifk
BEUFIAR T P B A1 ] U A 85 v, e e Akt e G Y 3 22
(P >0.05), H/NTHRZGFICIETRS
214 MFEREHENENT

FH 4] 0, MR BRRITRR T B A B 2 O B3 7
F(P>0.05), 4r5I47 + 31MF16.67 + 0.5, THkZ
ATCHER AT, BT A 3R R G IR, R
WAER SRR S T IRBRRIAR S, MRS A 5 ke i
PRGHT A B 26 U 3 v TR (157.14%, P < 0.05) 1

04r

&

&

g 02

S

=

i)

0
TFoIETH ARBR
Forest edge No shading Gap Understory

E3 FEERFHNEFINEDFEH BRI, REF
BREEZEFEZP<0.05,

Fig. 3 Effects of different light conditions on crown of Acer
catalpifolium. Different letters indicate significant differences
(P <0.05).
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Fig. 4 Effects of different light conditions on number of
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letters indicate significant differences (P < 0.05).
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Tablel Effectsof different light conditions on leaf characteristics of Acer catalpifolium
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FHF & Single blade mass (g) 0.30 + 0.049% 0.67 +0.38° 0.26 + 0.14° 0.19 £ 0.05°
Fbm-THi A Specific leaf area (cm?/g) 150.71 + 11.10° 212.58 + 80.39° 266.50 + 52.15° 263.01 + 12.47™

A RHREE % 57+ B35 (P < 0.05). Different lettersindicate significant differences (P < 0.05).
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Fig. 5 Effects of different light conditions on photosynthetic characteristics of Acer catalpifolium. Different letters indicate sign-

ificant differences (P < 0.05).
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(44.68%, P < 0.05).

W& AR, SALSERE TS . T
R FCe R, 3 @ T Z( 29.17%, P < 0.05).
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MRBRFIAR T 2 [0 JC 835 2 5, MG A B3 KT
MRERFIFR R, 439 = Hi10.60% (P < 0.05)#110.59%
(P<0.05).

J[H] COLMR B2 5 CoIf R S o BRI 4 A5 T A
FERIHE KT 2IIG KBS . AT C R & T HAR
A8, F3 v tH o 7 48.90% (P < 0.05). #h%xk
43.45% (P < 0.05) LA S #K[i745.67% (P < 0.05); Joiff
PSS, AR RG22 2 (P > 0.05).

7 V85 TR 2 o TS PS5 ) 14 DR T ks o TC R AR
K, S40.20 + 5.10 mmol H,O-m2.s?, &2k
T #K2%(26.28%, P < 0.05). #k[i1(42.85%, P < 0.05)
MR R (49.25%, P < 0.05); MZikz, HEEZERT
PR (14.29%, P < 0.05)F1#k ~(23.08%, P < 0.05);
ARBRAIAR T 2 8] JE 2. 3% 22 5 (P > 0.05).
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R2  TREIFEEREMRT EF S O 2 B 2E R 5200
Table 2 Effects of different light conditions on polyphenols
of Acer catalpifolium

B GEEE TEH RIEH

Flavonoids index Anthocyanin index
JEIER No shading 2.26 0,023 0.19 + 0.00098°
& Forest edge 2.63£0.045 0.17 + 0.0031°
B Gap 2.46 + 0.045° 0.20 + 0.0024°
#F Understory 257 +0.075° 0.13 + 0.0031°

[F) B A ) = BRAX R 22 5 Y 2 (P <0.05).
Different letters in the same column indicate significant differences (P
< 0.05).

0.05). 17.65%% (P < 0.05) 5253.85% (P < 0.05);
BN ERa SR A R ST (O AN il N R IR T N A /N~
MR, 2355 H11.76% (P < 0.05)F146.15% (P <
0.05), PRk & Ak 30.77% (P < 0.05).
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WEIMR S R TR AT B R B R R — 2
FETr, X2 KA AN [EAR P B2 A A I AL AR S
FAFAIE, AT T iZAE P AR KR B e i
&, 2010). HATFERY], fE— DGR E N, Y
(R AE K B A D' 5 AR 38 i 4 i (Joesting et al, 2009),
X i T RO A R T RS A K
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G, AT G EERA, R BN B 2 R
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SEROGHRT, A B T AR BN AT FRAIS T AR A
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B T AR A2 3R B4 40 A 0o AR K A A 1 DR 7
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R 25 1 T I A 110 b v T AR — S 3 v T ok
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2 UM o /505 £ 4 J (Photinia) R4S 1O 78,

FERRBARIE LR, S0 i L ARG i, X 2 RN
S 11 e 1 T2 Sl B i/ Sl N SR S R @2 LK
FEIERE  FEATEFTH, A AR bL T AR o [ )A A
SIS P FEE PRI O T3, 31X 5 A A AT A SR
32 AEFEER &4 3 BF S E YA FE I 1 A TR AR AR AT
Al

o A A A 7 T R R R R AR AR (1 i
AIEAL(EHLL ., 2012), —EWHAT I EER 3 E
KRz — . HEP IR HE RIS A R T Hos
S1E 718 % & (Silvia et a, 2004), AW &,
FE BRI ) 15 A TR B A S AN R T AR AL, Ot
BETPy Civ T ACHIMEE . i med KA
5 Y 2= S AR B ORI 2 IR 1 B ki
FEAEYIHIP, (Montgomery & Chazdon, 2002; Zhang
et a, 2013), X 5AM FPARAL I — . YA
5541 38 i S L AT H ORI CO2ZE SR 2 e, TG
BRI TR ENEAESE, TEART, MR CONKE 1
02 F g A R

e SR SEY LG R 1 VI (Tjus et
a, 1999), H#EWZYF LA 1E F (5= FH 4,
2018). HRHFILR B, TEHIMRAT A MRE Y AT
DA 3o 169 0 £ 2% 5 ke A A H O RO 3L 3 (Wittm-
ann et al, 2001). 90%IERH T I Frh 4R 2 m I W
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B ER SR AR ) AE 55 6 AR K S R RE 8 A K PR BE Hh
REEGAE S1(Lel et a, 1996). kT Az 15 Ay A
gim it s Ra, e RbMMt R S8 B3 m Tk
AbEE, BT AR ISCRME O RE I RE ), AR
TEFNAT T R R RE . 1Ziebr 56 G R IEA
) COLM B2 B AT B [A) 1, A Pt B T3 Wi 11 2% 2R ]
LA, X 5 Tang®: (2015) IAE 70 45 R — 2. 25
3N R AE A N L SRR g5 A R A A
RE RGN EBH G 5y, EHEYCEER 7
IR B 2% 1 L ZE T R (K rause, 1988). 2K
NIRRT R G52 % PSR A 1) a4 45 (1F
MRS, 2017). Yamamoto (1975)FIHF 5T 45 54 5,
BT RE T OGE1EH 2 2IREAG, AT Eud EHK
REMAN 2. Ml I el R MR IA R, THFE
JeEAE TR RETH R I 2 R g, 75— e
FE AR T SR MRa XA RERINR . TEAA

L AR BRI RGN S S K R T A A A,

AT 2 [FIRE 9 5 R

) 2 Wy & — K ZATAE TR A 1 2 1
KW, S HFATH A E . e RS
WA AR . Y R A e, R E R TT
ZD TR T K, 20A RS EEE
(Kandil et al, 2004). [fi 2 M5 NI 5 52 35 A0
K (Cartelat et al, 2005; Tremblay et a, 2007). A it 5t
FH, WBONGERL, A O R RS, 2
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RGBT A 22 W R R bR R, U AR Ak T e
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A, R AR & B R AR LT e AT
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P W SR AR b P RE 5 06 B A R
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e (U)ZE5AR P BE (A4 3 BORE AR e 642
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Hexa o BRI ETHES, JERER T AU 205k
NN AN SE I S PrIN sl g SR RS
Y, R AR Rl IR A SRk B, RG]
PEORE B A, IO AR Bl A0 A ek ¢ 4
P RE (A

SE 30k

Agrell J, Oleszek W, Stochmal A, Olsen M, Anderson P (2003)
Herbivore-induced responses in afalfa (Medicago sativa).
Journal of Chemical Ecology, 29, 303-320.

Aleric KM, Kirkman LK (2005) Growth and photosynthetic
responses of the federally endangered shrub, Lindera meliss-
ifolia (Lauraceae), to varied light environments. American
Journal of Botany, 92, 682—689.

Bruckova K, Sytar O, Marek ivék, Marian Bresti, Lebeda A
(2016) The effect of growth conditions on flavonols and
anthocyanins accumulation in green and red lettuce. Journal
of Central European Agriculture, 17, 986-997.

Cartelat A, Cerovic ZG, Goulas Y, Meyer S, Lelarge C, Prioul
JL, Barbottin A, Jeuffroy MH, Gate P, Agati G, Moya |
(2005) Optically assessed contents of leaf polyphenolics and
chlorophyll as indicators of nitrogen deficiency in wheat
(Triticum aestivum L.). Field Crops Research, 91, 35-49.

Chen CD (1999) Biodiversity Research and Protection in Du-
jiangyan, pp. 1-18. Sichuan Science and Technology Press,
Chengdu. (in Chinese) [ & £ (1999) #VLIEAEW) % K%
WAL IR, 11801, WU NIBLAEOR AL, R ]

Dutilleul P, Han L, Valadares F, Messier C (2015) Crown



% 340 ST BH A AN P X A1 (] U PR A AR 4 RS T 28 R A B P R 331

traits of coniferous trees and their relation to shade tolerance
can differ with leaf type: A biophysical demonstration using
computed tomography scanning data. Frontiers in Plant
Science, 6, 172—-184.

Golawska S, Leszczynski B, Oleszek W (2006) Effect of low
and high-saponin lines of afalfa on pea aphid. Journa of
Insect Physiology, 52, 737—-743.

Guo X, Wang RQ, Wang CD, Xu F, Zhao S, Guo WH (2016)
Acer truncatum seedlings are more plastic than Quercus
variabilis seedlings in response to different light regimes.
Dendrobiology, 76, 35-49.

Hu HL (2012) Water Consumption Characteristic and
Response to Drought Stress of Eucalyptus grandis. PhD
dissertation, Sichuan Agricultural University, Chengdu. (in
Chinese with English abstract) [#1413 (2012) EAFEK
R B R R e e B A s, PO )10
K, R

J WD, Shi GX, Yang HY, Xu QS, Xu Y, Zhang H (2007) Eff-
ects of Cu?'stress on leaf physiological indice and ultrastru-
cture of Potamogeton malaianus. Chinese Journal of App-
lied Ecology, 18, 27272732. (in Chinese with English ab -
stract) [vHEMR, MEEBT, BigaE, RER, Vrre, R
(2007) Al 38 36f 475 P B S et 2B B A R Rl 45 44 £
M. AR YR, 18, 2727-2732)]

Jang ZG, Ma KP (2014) The Principles of Conservation
Biology. Science Press, Beijing. (in Chinese) [# £ NI, &7
F(2014) AP AR R, Bl R, dba]

Joesting HM, Mccarthy BC, Brown KJ (2009) Determining the
shade tolerance of American chestnut using morphological
and physiological leaf parameters. Forest Ecology and
Management, 257, 280-286.

Jones C, Hartley S (1999) A protein competition model of
phenolic allocation. Oikos, 86, 27—44.

Kandil FE, Grace MH, Seigler DS, Cheeseman JM (2004) Poly-
phenoalics in Rhizophora mangle L. leaves and their changes
during leaf development and senescence. Trees, 18, 518-528.

Katahata SI, Naramoto M, Kakubari Y, Mukai Y (2007) Photo-
synthetic capacity and nitrogen partitioning in foliage of the
evergreen shrub daphniphyllum humile along a natural light
gradient. Tree Physiology, 27, 199-208.

Krause GH (1988) Photoinhibition of photosynthesis: An
evaluation of damaging and protective mechanisms.
Physiologia Plantarum, 74, 566-574.

Lei TT, Tabuchi R, Kitao M, Koike T (1996) Functional rela
tionship between chlorophyll content, leaf reflectance, and
light-capturing efficiency of Japanese forest species. Physio-
logia Plantarum, 96, 411-418.

Li W, Zhang JX, Zhao Z, Lei XD, Xu XL, Lu XX, Weng DL,
Gao Y, Cao LK (2013) Use of fluorescence-based sensors to
determine the nitrogen status of paddy rice. Journal of
Agricultural Science, 151, 862-871.

Liu SL, Luo YM, Yang RJ, He CX, Cheng QS, Tao JJ, Ren B,
Wang MH, Ma MD (2015) High resource-capture and -use

efficiency, and effective antioxidant protection contribute to
the invasiveness of Alnus formosana plants. Plant Physio-
logy and Biochemistry, 96, 436-447.

LiuXJ, Zhu XL, Yao S, Tian 'Y, Zhu CB (2011) Effects of can-
opy openness and planting density on the growth and yield
of Ixeris denticulate (Houtt.) Steb in Baotianman natural
forest of Quercus acutidentata. Journal of Henan Agricul-
tural University, 45, 292-296. (in Chinese with English ab-
stract) [XIBeES, AR, Phia, HEF, &M (2011) AR
P B AR %5 B R 2 R AR AR AR e 33 i AR K
S HIREIE. T A KA 244, 45, 292-296.]

MaWB, Xu G, J HJ, Liu XL (2014) Preliminary study on ger-
mination characteristics of the rare plant Acer catalpifolium.
Seed, 33(12), 87-90. (in Chinese with English abstract) [
M, VK, MR, XY R (2014) B AE R
THARFFEYIERT . FiT, 33(12), 87-90)]

Montgomery R, Chazdon R (2002) Light gradient partitioning
by tropical tree seedlings in the absence of canopy gaps.
Oecologia, 131, 165-174.

Mountford EP, Savill PS, Bebber DP (2006) Patterns of regen-
eration and ground vegetation associated with canopy gaps
in a managed beechwood in southern England. Forestry, 79,
389-408.

Nakano Y, Asada K (1987) Purification of ascorbate peroxidase
in spinach chloroplasts; Its inactivation in ascorbate-depl-
eted medium and reactivation by monodehydroascorbate
radical. Plant & Cell Physiology, 28, 131-140.

Parelle J, Roudaut JP, Ducrey M (2006) Light acclimation and
photosynthetic response of beech (Fagus sylvatical) saplings
under artificial shading or natural Mediterranean conditions.
Annals of Forest Science, 63, 257—-266.

Poorter L, Bongers F (2006) Leaf traits are good predictors of
plant performance across 53 rain forest species. Ecology, 87,
1733-1743.

Quero JL, Villar R, Maranon T, Zamora R (2006) Interactions
of drought and shade effects on seedlings of four Quercus
species. Physiologica and structural leaf responses. New
Phytologist, 170, 819-833.

Ren H, Zhang QM, Lu HF, Liu HX, Guo QF, Wang J, Jian SG,
Bao HO (2012) Wild plant species with extremely small po-
pulations require conservation and reintroduction in China
Ambio, 41, 913-917.

Sang WG, Ma KP, Axmacher JC (2011) Securing a future for
China swild plant resources. BioScience, 61, 720-725.

Silvia A, Marta C, Monica G (2004) Estimation of Mediterran-
ean forest transpiration and photosynthesis through the use of
an ecosystem simulation model driven by remotely sensed
data. Global Ecology and Biogeography, 13, 371-380.

Smith M, Wu Y, Green O (1993) Effect of light and water-
stress on photosynthesis and biomass production in Boltonia
decurrens (Asteraceae), a threatened species. American
Journal of Botany, 80, 859-864.

Sparg SG, Light ME, van Staden J (2004) Biologica activities

RS



ks

332 £ ¥ % B M Biodiversity Science

8%

and distribution of plant saponins. Journa of Ethnophar-
macology, 94, 219-243.

State Forestry Administration (2009) China's Key Protected
Wild Plant Resources Investigation. China Forestry Publish-
ing House, Beijing. (in Chinese) [[E R ML R (2009) [E
AR AR PR A, o E A, A6

Taiz L, Zeiger E (1998) Plant Physiology Sinauer Associates.
Sunderland, M assachusetts.

Taiz L, Zeiger E (2009) Plant Physiology, 4th edn, pp.
330-332. Science Press, Beijing.

Tang H, Song LL, Hu YY, Yu WW, Wu JS (2015) Growth,
photosynthetic and physiological responses of Torreya
grandis seedlings to varied light environments. Trees, 29,
1011-1022.

Tjus SE, Moiler BL, Scheller HV (1999) Photoinhibition of
photosystem | damage both reaction center proteins PS I-A
and PS |-B and acceptor side located small photosystem |
polypeptides. Photosynthesis Research, 60, 75—86.

Tremblay N, Wang Z, Bélec C (2007) Evaluation of the dualex
for the assessment of corn nitrogen status. Journal of Plant
Nutrition, 30, 1355—1369.

U.S. Fish and Wildlife Service (1993) Recovery Plan for
Pondberry (Lindera rnelissifolia). Atlanta, Georgia.

Valladares F, Chico J, Aranda |, Balaguer L, Dizengremel P,
Manrique E, Dreyer E (2002) The greater seedling high-
light tolerance of Quercus robur over Fagus sylvatica is lin-
ked to agreater physiological plasticity. Trees, 16, 395-403.

Wei W, Hou YP, Peng SL, Chen PD, Liang XP, Zhang J (2017)
Effects of light intensity on growth and biomass allocation
of invasive plants Mikania micrantha and Chromolaena od-
orata. Acta Ecologica Sinica, 37, 6021-6028. (in Chinese
with English abstract) [#i41, £, #2008, BRISAR, 2
AP, sk (2007) AN TR Ol RO R 0 N AR R A H %
(Mikania micrantha) 1 & 3 (Chromolaena odorata)’t K
KAWL, 4255, 37, 6021-6028.]

Wittmann C, Aschan G, Pfanz H (2001) Leaf and twig photo-
synthesis of young beech Fagus sylvatica and aspen Populus
tremula trees grown under different light regime. Basic and
Applied Ecology, 2, 145-154.

Wu GL, Chen M, Du GZ (2010) Response of biomass alloca-
tion and morphological characteristics to light and nutrient
resources for seedlings of three alpine species. Acta Ecolo-
gica Sinica, 30, 60-66. (in Chinese with English abstract)
LR AR, BREK, FLE WD (2000) = Al m ZEmM S L)
AT IE B TR AR AE X S HE AN IR 43 i 7, AR S 2R, 30,
60-66.]

WuJ, LiJ SuY, HeQ, Wang J, Qiu Q, Ma J (2017) A morph-
ophysiological analysis of the effects of drought and shade on
Catalpa bungei plantlets. Acta Physiologiae Plantarum, 39, 80.

Xue CY, Xu F, Qu B(2018) Comparison of morphology, pho-
tosynthesis, and growth among Xanthium strumarium, X.
sibiricum and their hybrid under different nitrogen levels.
Biodiversity Science, 26, 554-563. (in Chinese with English
abstract) [B#/=FH, FERX, ## (2018) AFIEKF TH

REGH ., GHEHRZFIEES. & KK, &
W% FEtE, 26, 554-563.]

Yamamoto HY (1975) Biochemistry of the violaxanthin cycle
in higher plants. Pure and Applied Chemistry, 51, 639-648.

Yang L, Zhang DY, Qiu SZ, Gong ZQ, Shen HL (2017) Effects
of environmental factors on seedling growth and antho-
cyanin content in Betula ‘Roya Frost’ leaves. Journal of
Forestry Research, 28, 1147-1155.

Yang SF, Gu YS (2011) Techniques of planting Aralia mand-
shurica Maxim with different canopy density in forest land.
Forest By-Product and Speciality in China, (3), 48-49. (in
Chinese with English abstract) [#i35, #4R#% (2011)
AN RIS P JSE AR Ml R 35 e KB AR R P R o [ bR
7%, (3), 48-49.10

Yin DS, Shen HL (2016) Shade tolerance and the adaptability
of forest plants in morphology and physiology: A review.
Chinese Journal of Applied Ecology, 27, 2687-2698. (in
Chinese with English abstract) [BX %4, I (2016) #%
AR T A 1 e FLR 25 A0 AR BEOE SRR TR . N AR
AR, 27, 2687-2698 ]

Yu DP, Peng QX, Li CH, Xie KP, Zhang GZ, Li SL (2008)
Research on the biological characters of the seeds of Acer
catalpifolium Rehd. China Wild Plant Resource, 27(6),
30-32. (in Chinese with English abstract) [£&1&F, /55,
ZHRE, WAL, kER, T (2008) FeHfAh T4
VAR PERE T, b B AR R R, 27(6), 30-32.]

Zhang SB, Hu H, Zhou ZK, Xu K, Yan N (2005) Photo-
synthesis in relation to reproductive success of Cypripedium
flavum. Annals of Botany, 96, 43-49.

Zhang XR, Tan XF, Wang RQ, Xu NN, Guo WH (2013)
Effects of soil moisture and light intensity on ecophy-
siological characteristics of Amorpha fruticosa seedlings.
Forest Research, 24, 293-300.

Zhang YY, MaWB, Yu T, J HJ, Gao J, Li JQ, Gao S, Ke L
(2018) Population structure and community characteristics
of Acer catalpifolium Rehd. Chinese Journal of Applied &
Environmental Biology, 24, 697-703. (in Chinese with
English abstract) [5kF°FH, %3¢, T4, WEMH, =i,
BARE, =i, I (2018) eI AR KRR A5 A A VA R
fiE. B 5BV #4R, 24, 697-703]

Zhang YY, Yu T, Ma WB, Tian C, Sha ZP, Li JQ (2019)
Morphological and physiological response of Acer catalpi-
folium Rehd. seedlings to water and light stresses. Global
Ecology and Conservation, e00660.

Zhang ZD, Xu CY, Dong JW, Jiang ZG (2008) Impacts of
canopy closure on undergrowth and landscape in scenic
recreational forest: A case study of Platycladus orientalis-
Robinia pseudoacacia forest in Beijing. Journal of Chinese
Urban Forestry, (2), 10-13. (in Chinese with English
abstract) [FEH, 1HAEds, S, EEW (2008) 4]
JE2 %ok IRt SRR LA B bR A S WL AR B2 o [Tk T
ok, (2), 10-13]

Gz miE  JiEmE: )



EMIZREME 2020, 28 (3): 333-339
Biodiversity Science

doi: 10.17520/biods.2019235
http://www.biodiversity-science.net

B TR e

BRI ERNEE EEYERRDSEERIS
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2 (h R 2 B A YR T PR S A AR A [ X T SR, bRt 100093)
3 (hEF R R, JE5 100049)

WE: WS R A EEER D, BRSO, IR R KL KK . E 47 (Thuja sutchuenensis) S 71
M /NFEEET AR AR, AR S B M E S0 NI R R E 2, BB AR, 50 R AR R LA
PTG i 7 B R o AP S L PR TR AR T AL I V8 I U0 G, T 0T AT ] A e 7 2 0 vk 52
B, ST AT TS AR R LR . P EAEAR T R R R LB VE SR B A SRR . S5 R R HE
AEBEVE ARG L35 AT PP BE AN R B S 1Y N 1 22.58%, H A4 T 44 17185.71%, 11 A AN LA A7 5 R [425.43%, i
FUT % S AN FE I 2640 T N T 24.12%K128.62% . ATV 10 = & )2 Fll Shannon-Wiener ¥ 173 71l 34 11 96.43% F1
33.35%. WFITLE FE W], WA AR AL AT ) R AE TR P R 3 BE R B, BEAT o P 35 B R R AS AR AT 1)
WAL AT S e g AR 52 B 7 ), TR ORI SR M

KRR AR, AN, MUNRREEET AR, FOERAEAE ST, BRI SSMENES

Community structure and dynamics of a remnant forest dominated by
Thuja sutchuenensis after deforestation

Zhixia Zhao'?, Changming Zhao?, Shuyu Deng®®, Guozhen Shen?®, Zongagiang Xie*®, Gaoming Xiong?,
Junging Li*"

1 Beijing Key Laboratory for Forest Resources and Ecosystem Processes, Beijing Forestry University, Beijing 100083

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

3 University of Chinese Academy of Sciences, Beijing 100049

Abstract: Asforests are destroyed, remaining habitats may have too little area to sustain viable populations
as extinction follows forest loss or fragmentation. Thuja sutchuenensisis, atypical Wild Plant with Extremely
Small Populations (WPESP), once been declared extinct in the wild, were rediscovered in 1999. However,
recent deforestation is a major threat to T. sutchuenensisis survival. Few studies have explored community
responses by T. sutchuenensisis to long-term logging. Here, we quantified the population size, population
viahility, and community composition of the remaining T. sutchuenensisis forests following illegal and severe
logging, based on three surveyed datasets on the permanent plots in 2004, 2010 and 2016, respectively. The
results show that remaining T. sutchuenensisis seedlings and saplings had increased by 85.71% after 13 years
of illegal logging. The population survival rate of T. sutchuenensisis decreased by 25.43%, in contrast, the
death density and extinction risk rate increased by 24.12% and 28.62%, respectively. Meanwhile the species
richness and the Shannon-Wiener index of the community showed an increase with 96.43% and 33.35% after
13 years of logging. The results demonstrate that the population viability and the dominance of T. sutchue-
nensisis in the remaining community show strong decline, and the coniferous and broad-leaved mixed forest
dominated by T. sutchuenensisis is likely to be replaced by broad-leaved forest. Our results also have
important implications for small population conservation, given that the remaining forest may play a unique
rolein the persistence of T. sutchuenensisis.
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PRI T BUHE R E R E >, YR 2
FEVERTRE T 254 2032 (Okuda et al, 2003; 4 & KIIAT
oS, 2014) . WFFL ORI, BRAR T B HAT AR DA
2,101 kmP/4E )38 ¥ 2k (Hansen et al, 2013), Fiit
FI) 20504 3. Hy f A AR PR IR AR T AR K 321> 2196-40%,
Wik & T F#19%-36% (Gomes et al, 2019).. Tf%
DIRIERAARBE AL AR A, RMRAED 2 FEERAES R
iR %%5 ThAgs = N % (Montoya et a, 2010; Rocha et
al, 2016).

AR /Nl S A L7 R G e A M 3B A . P 3
O™ E, MR AR T AR E A TS IR, BE N P
K4i(Ren et a, 2012; #h PIHFR S, 2013). FRpk
TR AR AL T1 LA /N b T S A A P 0 e 1 = R IR 2
—(Hansen et a, 2013). 7t &KW, 27.5%F B /NP
1 A 0 R AR MR A T A 2K 48 (B g 17 4%, 2017) 6
EEAA(Thuja sutchuenensis) iy FH £ 40 BtAE Y, XA
MAGKE . wEWR S EA EER X,
TE A BRAE W) 22 B M AR A B A R R 4 b A R0 AS ]
BACHIE (2256 F 4%, 2002). R M0 An Ta B 4
FRREECE D, KA AR =, S SRR /N o B B AR
T (B 855, 2015) . WA A BRI 1 5 25 A
Z— (RS, 2004). AR A A RIS, Khg
TP A B AR5 1T 8 2 7 AR AR . SR AR T AR
FUARBAR R A B 8 R R A R AR ™ T (5
&, 2016). [AIRF, EEARRIHAEEM . KM RHRE
1, BAR @S AR A, AR MR S,
PR WAL F WAL UA) A1 125 S 7 B (| i e 4, 2004) . H I,
HY AR EEANR R R E TR R T EREOEMITE
PR EE . BE O L B E S KA L (B AR
2016).

AT, X BRI T 78 O A R T R AR AR
(Tang et al, 2015). V& 4514 ( T 3555, 2017), BifE 2
FEE(Liu et al, 2013). A= FERAE (145, 2014; X2
F&E, 2015)F14: 9 Hi #E G 25 (Peng & Wang, 2008)%5
FiTHl o T 5T ARAR G BRI AR 08 45 MW LA
FhAE AL M A7 T8 o A 05 B 00 i B R AR AR S
EE AP A A VR 2 s A SR, X R
PR AP B T S LR VR sh A A, AR

DRI AN AR BERHE IR

1 MR5REE

11 HARXBASHEMEE

MAXAMETERTHESTE L EXRSA
(108°40'25.8" E, 31°36'54.1" N), J& HL 7 JL I Hir i
TEZE RS, HSHIRA N Hh, 3SR 3 B 3
PR, AN SR INPREE BT AR, SR AP AL
B ARTERUVN, PEh T E 2 RIBRH] . 20044F,
TATTHEHER A RS RIL EFK 512,150 mith B
BERAR I EEAAREVE 1, e E 4110 m x 10 mi[E e
FEH, BEHIL A AL IR 7450, 3T A3, FEHL A AT
TR SR ET FERAS AR, ToAR 2 E 2 B0 BiAZ (Tsuga
chinensis). il & 111 #k(Quercus spinosa) . # Y
(Rhododendron hypoglaucum) s ; #k T #EK £ A
/NH-##%(Buxus sinica var. parvifolia). B3 (Skim
mia reevesiana)sF; HAZ 32 B FL (Carex spp.)-
I 2 42 (Huperzia serrata)ds. XFREHLP TR A EY)
Fhdm 5, MR > 2 em TR ARBHT AR, I
EHLRE . MR BN e DL LA A g A
WALE S, JFAEL IR R E . A
HVERH LR E 25 m x 5 mEARFE T, BANER
FEWEELINL m x 1 meEARFETr, iR
MBS, P& E. HREL 2K, 2010
TR 20165F 53 A0t [ E FEHLIEAT T 2IRE
12 ERMHERRENFEED

AR RN B4 emly — 20t ER AR AR 247 R
4y, 34381 0<DBH <4cm, |I: 4 <DBH < 8 cm,
I:8<DBH<12cm,IV:12<DBH <16 cm, V: 16 <
DBH < 20 cm#1VI: 20 < DBH < 24 cmZ56/M% 4 . H
g < 4 emAME Y E AR, e > 4 cmif)
NG MR (EFE S, 2016).

FREEAEAE J1HE A (Silvertown, 1982):

li= &/ agx 1000 D
Mi=li+1/1; )
S = Mpx Mpx Max-+x M (©)
Fi=1-§ 4)

fi= (Sii—=S) /' h; )
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i=2F/h(1+8S) (6)
Hor DN, a AFIE IMEREL, PR HEAL AR TS A
B, MONARER, WNBRRTERE, SAMBAEGRR, F
NERBICT R, IR BT, N R .

1.3 YFHZHEMITE

YIFhEEERE = FEHNTREYFEE (7)

Shannon-WienertE %k

H :—ES:F? log R 8

i=1
A, SRR, PERIREINIFMZE
L

TAREEEME = (HEXEE + HYEEE +
FEXIAIRE) 13 (9)
o, MK B B Sz 1) BT BRI L A R R
R, AR 3 R AR AN A Bl v U TR B B A e
%) i v W TR R 2 1, RO A0S R R R A0 LG B A
TR AR E 2 A

K HAES HFriedmanidk AT 22 57 0 35 A B0 A 22
HELE BRI ER 3519147 .

21 ERMBEERLEN

W R I, %5 134 (2004—20164F ) 2 A Fft Bif
MEECEIGIN 1 22.58% (1811). EAAMEEMALEL
s IRV LR B B E (P < 0.01), HFh
T AR B B AR O KT kb, R g 4 2153
T, JEIGK R Horp, SR MR R T-2004.
2010F120164F 73 Il 5 =2 40 Fh B 2 =11 64.19%

200

_ [ 2004
i) 160 F = | 2010
_§ o= 22016
5 N o
k= 120': =
5 e &
2 80 HRS e
ﬁ R FNE
Z 40 HE RS
e FRE
: =
LEIR = i}
Total I I I IV V VI
#%% DBH size

Bl ERMEEREN

Fig. 1 DBH size structure of Thuja sutchuenensis population.
I,0<DBH<4cm;ll,4<DBH< 8 cm; III, 8 <DBH < 12 cm;
IV, 12 <DBH < 16 cm; V, 16 <DBH < 20 cm; VI, 20 < DBH <
24 cm.

67.74%F170.22% (=11). BRI HEH LU (2l B 90 5
SEAMAEL) BN T 10.109%, 8 n4E b T 201020164
(K12), LA ST A
22 EWEMBEELRES

WE R B, %5 134 (2004-20164F ) 22 A A it
AR B TP <0.01), T T 25.43% (K3). 5
UEAf S, AR RBUET R, SETE ARG %
IR TP < 0.01). Forb, EAAFPEEAL T T
N T 24.12%, EEAAFREE GRS RN T 28.62%, 1
32 A 201020164 7] (K13) . EEAAFRAE B AN
TET-RIENN T 2.61% (K3), {HIEhnAN R 3.
23 EREELEN

WFFE R B, 1R 134 (2004-20164F) R AH BETE
TeAR 2R F & RGN T 96.43% (P < 0.05)(3k1),
10 R A T 2010-20164F (Kl4A). TR AKE
Shannon-Wienerfi £ il 1 33.35% (P < 0.05)(#%1),

22~
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1.9 |

3BT b Regeneration proportion

1.8

2004 2010 2016
4E Year

E2 4EshR ERLL
Fig. 2 Regeneration proportion of seedlings and saplings
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Fig. 3 Population viability of Thuja sutchuenensis. S is
surviva rate; F; is cumulative death rate; f; is mortaity rate
density; Ay is hazard rate.
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R1 2004-2016F £ EEESHFriedmans E 4
Tablel The non-parametric Friedman ANOVA for each variable during 2004—2016. * P < 0.05.

H A P75 ¥77 F P
Degree of freedom Sum of squares Mean square
YR EEE Speciesrichness 2 91.13 91.13 7.78 0.022*
Shannon-Wienerfg % Shannon-Wiener index 2 0.634 0.634 6.948 0.039*
FEMIEZ{E Importance value of Thuja sutchuenensis 2 336.5 336.5 4517 0.018*
£ - A EEEE  Importance value of conifer species 2 500.1 500.1 4.099 0.105
WA E Z{H Importance value of evergreen species 2 10.8 10.77 0.152 0.716
b b

2 A B

[

g 20 - 9

8 B8 o4l

B &8

.a O T

;@ 15+ 8 é

e %% 20t ab

M ab S §

ool . cE a

F 10 = s

] a — .

2004 2010 2016 2004 2010 2016
4 Year 4E Year

El4 EREEYMESEA)FShannon-Wiener#s#(B). ARIFHRTEZEE(P <0.05).
Fig. 4 Speciesrichness (A) and Shannon-Wiener index (B) of Thuja sutchuenensis community. Different |etters indicate significant
differences (P < 0.05).

A a ab B ‘|‘ a _loof C T a a
s Y Y | 5
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@S g 30| BEsor me o0 I
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Z53 0 E5a) %E ‘
g3 &8 8 807

) g 30 %D
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g 10t ° 3

2004 2010 2016 2004 2010 2016 2004 2010 2016
4E Year 4E Year 4E Year

E5 EETREMA). SHRME)MEEKNMC)ERE. FRIFFRTEREEP <0.05).
Fig. 5 The proportion of importance values of Thuja sutchuenensis (A), conifer (B) and evergreen species (C) in the community.
Different |etters indicate significant differences (P < 0.05).

?iil goorl—zolﬁfﬁif???ﬁ%fﬂligﬁ i $8 0 32 2R A4 T 201020164 (K14B) « 2 41111 5 4H
e mportance value of maor tree species in the commu- N .
nity during 2004 2016 Aorirees W 7 34.53% (P < 0.05), % /4 T-2010-20164
YIFh Species FE(E Importance value (%) (321, K2, KIBA). FEAAHREVE A B b b 3 EE
20 AU 2 & 7 26.82% (KEI5B); & 2k Fh 8 BE R I AL
J#1 Thuja sutchuenensis 3374 3099 2209 B o
ek Touga chinensis 1803 1689 1273 THIE FREES, S 2004‘_,201()@ £t 272 /0
Hr- 1l % Quercus spinosa 1422 1018 1230 2010-2016F T % 1 5.24%, i &xp Fh e BLE T 4R
# A #LEY Rhododendron hypoglaucum 11.05  13.02  15.17 rh1 £ 2010-20164F 7] (£/5C) .

JIBKEEHA Carpinus fargesiana 5.39 3.52 1.88
mEPE Enkianthus quinqueflorus 4.61 3.14 171 3 itip
ZMARRE Osmanthus armatus 3.70 2.96 257

/NEEJ\ A 1llicium micranthum 3.68 2.50 2.16 ﬁéﬁj{d\%ﬁﬂﬁéﬁm E‘JE%EE‘EI:%?EZ—‘, **ﬁj{

R4 |lex yunnanensis 3.67 1.58 1.98

SBPEIERK Sorbus wilsoniana 190 123 180 MBI T Fh#EAE A7 BE /1 (Ruprecht et al, 2010). AHF
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FORIN, ARG BRI S, A=
FRelshn, R0 FEARAR S B A PR BB HE AR, P
T ERYERFRE 1B 4T I BORE YA SR AR A
K AEKMESS, XPEHRBUR(Wright et al, 2005) .
A B S B FE, OB AR IR E . IR L% 5%
L (Bataineh et al, 2013). & Ja MR AR A FE N %, A
ST ST IRAE T R ISR, AR T4 S
¥ ¥i(Rochaet al, 2016; T 3555, 2017). AHF 7t K I
R IR ECRE I I 3 B T4 4 B
MR > 4 cmi) B BAMA S E LR TR D
123.19%, EMFETIARKE ZHARFRE . B
g 4% 18 K 218 (0.5-1.1 mmilyr) 2 H sl A A B0 1
IR R Z R R 2 —(Tang et d, 2015). BARX134E )5,
FEAA AR 0 4212.9.18 cm, 17 20044F £ 1Kk
XoF A V& JEAT U IR A S P A AR AR AR P 2
FeA21£16.12 cm, W] WL HE FERR AR AT B A TR 45 14 1
B AR, JL A ) A e AR

FREE A AT IR FIRE LS 5 B A 1) R ERHE 2
—, PR, RPULT R, LT EEAERE
SEFPRE AR AT S IFR AR S T R BEAAT L SRR A
IRVL(LI & Zhang, 2015). AHEF KB, 185 MR
BEAEAT RS T, RBBET SR, SR EM G
I, EEAOFEEAEAE I IRAC. RS AR R AR S
2 P RN S S PR O, P P e ) T YRR 2 1) 5
T, FhEEAAE 11T B#(Resende et al, 2016). [FIRT,
5 EEAOFREE R PR RE R FE I 29, 4 4l SR 72
dHET R M, A D EAh R HE TR K 2 (Reynolds
& Ford, 2005), iX 1] f /& 201020164 H 7] B2 41
PR fe I 2 R BE T2 %% FE 1y T 20044 R Rl 2 — o )
Ab, BRI E I, USRS IR
o, H0E T YA A, AR AT R R AR A T
(M35, 2013).

G YD REVE L FE A, % TR) S ol 1k 3
EEA RV EE, B R 2 RN 2 38 hn(Har-
mer et al, 2001; Amici et a, 2013; Lennox €t al,
2018). AWK, )G EMBFETAZMMEE
J& FliShannon-Wienerf £ 2. 38 n . e RE 5w F
S8R (18] DJE B4 A0 o 0 T v 35 A AR A S AR 5 2% A kS
PEAEFH (8R4, 2016). EEATCATRAREMR A, A
A5 1) A BT 38 I R ) RN B R S G AL 5 (Tang et 4,
2015). #ATM, HTHEES AN R, 2
W] e 2 A2 Lk A (Daphini phyl lum macropodurm) 4

% (Castanea henryi). #A(Ostrya japonica). &1
(Lindera fragrans). f1 K {£##k(Sorbus folgneri) < A
TeARJE, DR T Py Fea) B R e 4, X AR AR K
AR S 7= A g (Tang et al, 2015) .
HERAE T AR FPRLEL K, S e i
FEANH R AR AR I B I 2 R ) Py 3
I, ACE AR S B AR, BRARR AL I 200 v v
(Berenguer et al, 2014; Magnago et al, 2015). #F7 K
I, EEARGI A KGNS, T TR P R v Ll AR AT
o VR B A i R, RS AR R VR i E
FRELEFRAR . ARSREEMIAT BER 2 HAE TR AR IE L H5 A
Az EEARRI AR BT R LERE I I AR S A AN BT T
R, FEVA CH UL ER A 8 VRS2 P [ o P A PR 2
g b, AW RRY, HEWMSS BT
RARTE W e SR, (AR AEAE ) S AR T T i
PRSA ML RS R B, BEVE RIS f T VR AS Mk 17)
PRI S (P Y, BRI PR AR A7 52 3 ™ b
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FRER) ORI R TR S A B R o AT M KRR AR G R AT I, RN AT RG R K
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Comparison of five associations of Taxus cuspidata and their species
diversity
Dan Liu“?, Zhongling Guo™*, Xiaoyang Cui?, Chunnan Fan'

1 College of Forestry, Beihua University, Jilin, Jilin 132013
2 School of Forestry, Northeast Forestry University, Harbin 150040

Abstract: Taxus cuspidata is a rare and endangered species in China. Understanding the composition and
characteristics of its natural communities is of great significance for its conservation, utilization and
restoration. In this study, with hierarchical clustering based on species composition, we classified 20 plots of
40 m x 40 min Jilin Province into five associations, which were named after dominant species, respectively,
i.e, . Maianthemum bifolium-Schisandra chinensis + Actinidia kolomikta—Tilia amurensis + Abies
nephrolepis, 1. Aegopodium alpestre-Actinidia kolomikta—Abies nephrolepis, IIl. Thalictrum
ichangense-Actinidia kolomikta—Abies nephrolepis, 1V. Maianthemum bifolium-Actinidia arguta—Pinus
koraiensis + Tilia amurensis + Abies nephrolepis, and V. Maianthemum bifolium-Actinidia arguta—Tilia
amurensis + Abies nephrolepis. The composition, community structure, association type, and species
diversity were analysized. Species diversity was indicated by the Menhinick richness index, Pielou evenness
index, Simpson dominance index and Shannon-Wiener diversity index. The results suggested that the
Rosaceae genera comprised a large majority of T. cuspidata communities. The diversity index of the five
associations ranked as Assoc. V > Assoc. |11 > Assoc. IV > Assoc. |1 > Assoc. |. Assoc. | and Assoc. |1 had
lower diversity and higher dominance. The differences in the diversity indices of the arbor layers in
associations 1l and association 111 were not significant, but the dominance index and the richness index
demonstrated an opposite trend. However, the richness was higher and the dominance was lower in

WSk H #: 2019-04-01; 252 H i 2019-11-04
FETH: [H K E SR T RI(2016Y FCO503100) 4 /N i BF AR A 40 8] A B A 72 5 /- 78 BR (2016 Y FC0503106)
* J@IfE# Author for correspondence. E-mail: gzI65@163.com
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association I11. The herb layer’ s diversity index was higher than the arbor layer’sin association 111 so that the
coverage in association 111 was lower in community. Both Assoc. IV and Assoc. V were located in Huanggou
Forest Farm in Helong City. With the rise in altitude, the species diversity decreases. It showed that there
were significant differences in the community characteristics of T. cuspidata communities with different

dominant species.

Key words. species composition; association; hierarchical cluster analysis; species diversity; Taxus cuspidata
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Table1l Importance value (1V) of dominant populations in Taxus cuspidata communities (1V > 2%)
FEIR i A LEMSEA: AR 55 FE AR AR HIE
Layer Species Latin name Relative abundance Relative coverage  Relative frequency Importance value
TARE £ AR Acer mono 1.37% 78.73% 2.15% 27.42%
Arbor BAK Abies nephrolepis 22.39% 4.35% 20.57% 15.77%
i Tilia amurensis 12.14% 4.27% 11.05% 9.15%
e kb Acer barbinerve 12.33% 0.51% 9.40% 7.41%
TEAE R Acer ukurunduense 11.64% 0.54% 9.55% 7.24%
Fiba gt Taxus cuspidata 6.79% 1.80% 8.64% 5.74%
R Acer tegmentosum 8.06% 0.66% 7.04% 5.25%
FARVA Pinus koraiensis 4.08% 2.55% 5.60% 4.08%
Tiji e Betula costata 4.90% 1.50% 5.66% 4.02%
1 i 7o 42 Picea jezoensis 3.41% 2.06% 4.95% 347%
s Abies holophylla 2.88% 0.55% 3.71% 2.38%
WERE BN Actinidia arguta 17.09% 30.29% 15.67% 21.02%
Shrub F ARk Actinidia kolomikta 18.18% 18.60% 11.04% 15.94%
S Acanthopanax senticosus ~ 9.02% 8.40% 11.48% 9.63%
KHAEL Lonicera ruprechtiana 11.60% 6.29% 9.05% 8.98%
AL 5 Deutzia parviflora 5.70% 9.01% 8.17% 7.63%
SR R Euonymus verrucosus 4.61% 2.70% 7.51% 4.94%
HRT Schisandra chinensis 6.38% 5.55% 2.43% 4.78%
KBEZE Ribes komarovii 5.36% 2.30% 6.18% 4.61%
% T r Euonymus phellomanus 6.21% 1.82% 4.86% 4.30%
Vi Euonymus alatus 3.26% 1.29% 5.74% 3.43%
ZAbLHEIE Philadel phus schrenkii 2.68% 4.36% 3.09% 3.38%
T RRBA Aralia elata 1.80% 2.99% 3.09% 2.62%
HARRE J& A B Thalictrum ichangense 11.46% 9.62% 17.82% 12.97%
Herbage KALEMA T Aegopodium alpestre 11.83% 8.34% 14.50% 11.56%
PRy EL Maianthemum bifolium 12.47% 11.24% 9.75% 11.15%
EITENER B Oxalis acetosella 14.00% 9.83% 9.07% 10.97%
Yy 5| B Carex remotiuscula 9.95% 6.06% 5.40% 7.14%
2P ik T Dryopteris sparsa 4.83% 4.64% 9.25% 6.24%
AP L B Meehania fargesii 2.85% 3.97% 2.50% 3.11%
RAGEE % % Athyrium brevifrons 0.88% 1.41% 4.16% 2.15%
EGEE Carex pilosa 2.24% 1.75% 2.16% 2.05%

#2 FIAEHEEEER. BAMMHER

Table2 Composition of important species, genera and families in Taxus cuspidata communities

A4 Family J&%t No. of genus JBIIE 4 Ee % of genus Fh% No. of species T H 43 bt % of species
Al Rosaceae 9 9.09 11 7.64
Wit Rl Aceracese 1 1.01 9 6.25
FAF} Pinacese 4 4,04 9 6.25
HER Liliaceae 8 8.08 8 5.56
ERE Ranunculaceae 6 6.06 8 5.56
fEHERl Saxifragaceae 6 6.06 7 4.86
HEAFL Betulaceae 3 3.03 6 417
4JEFE Umbelliferae 6 6.06 6 417
HFRL Violaceae 1 1.01 5 3.47
%l Compositae 4 4.04 5 3.47
HAth Other families 51 51.52 70 48.61
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Fig.1 Thecluster diagram of sample plots of Taxus cuspidata
communitia according to importance value of dominant
species
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Table3 The character of Taxus cuspidata association

ETRS R Mk 573 3K VAL S
Number  Association Altitude (m) Slope Soil humidity  Forest farm
I PR FE— TR T+ AR B — SR + SR A2 L 800-940 13°-24°  10%-25% IR T

Maianthemum bifolium-Schisandra chinensis+Actinidia kolo-
mikta—Tilia amurensis+Abies nephrolepis

I ARACE A TR R A2 HE A
Aegopodium al pestre-Actinidia kolomikta—Abies nephrolepis

i B R A B AR — RV A R A
Thalictrum ichangense-Actinidia kolomikta—Abies
nephrolepis

v SRS R ORI B2 + MR+ AR
Maianthemum bifolium-Actinidia arguta—Pinus koraiensis +
Tilia amurensis + Abies nephrolepis

\ PR BRI AR+ LA RE
Maianthemum bifolium-Actinidia arguta—Tilia amurensis +
Abies nephrolepis

745 20° 28%

680-900 3°-27°

Duhuangzi Forest Farm

LB

Madida Forest Farm
SNSRI ZK. TS
Jingouling, Lanjia, and
Huanggou Forest Farms

20%—-40%

970-1,200  10°-35° 12.6%-40% i M
Helong Forest Farm
800-890 25°-30° 15%-25% AT A bk

Helong Forest Farm
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Table4 The species composition of Taxus cuspidata associations

FEN ML PR

Assoc Stand
density
(inds./ha)

%
Mean
DBH
(cm)

T E T AL R (FE A %)

Dominant species composition (Importance Val ue%)

F*A Arbor

H#EA Shrub

K Herbage

| 2,446

I 1,288

11 1,567

IV 1,520

\% 1,278

11.45

14.29

12.6

12.49

11.93

Y412 Abies nephrolepis (24.19)
4% Tiliaamurensis (16.23)
FEIkhk Acer barbinerve (10.03)
it Betula costata (7.69)

V| ANER A
Taxus cuspidata (7.68)

5442 Abies nephrolepis (29.72)
48 Tiliaamurensis (13.11)

SRIEM Acer pseudosieboldianum
(10.15)

AL E A Taxus cuspidata (9.15)
%242 Picea jezoensis (8.35)

Y412 Abies nephrolepis (25)

M Tiliaamurensis (14.54)
Feliki Acer barbinerve (10.54)
ZLF Pinus koraiensis (8.65)
RILLAEAS Taxus cuspidata (7.17)
TEHEB Acer ukurunduense (18.4)
R4 Abies nephrolepis (14.36)
48 Tilia amurensis (10.66)

ZIFA Pinus koraiensis (10.27)
RILA G AL Taxus cuspidata (9.05)
Y412 Abies nephrolepis (16.3)
4% Tiliaamurensis (13.27)
%242 Piceajezoensis (12.41)

RIEM Acer pseudosieboldianum
(11.57)

ARILLLGAZ Taxus cuspidata (10.7)

Fitk¥ Schisandra chinensis (25.01)
F AR Actinidia kolomikta (22.69)
HARREMR Actinidia arguta (13.09)

FEESH Maianthemum bifolium (21.57)
22 5] B R Carex remotiuscula (17.78)
FIAERES ¥ Oxalis acetosella (13.39)

KHZ% Loniceraruprechtiana (11.95) J& M FA % Thalictrumichangense

Je i TLF Euonymus verrucosus (9.71)
FERRERR Actinidia kolomikta (27.37)

ARALILAEAE Philadel phus schrenkii
(22.03)

(12.29)

RALEFA T Aegopodium alpestre
(11.46)

ARALE AT Aegopodium alpestre
(28.95)

FIFERER E Oxalis acetosella (18.11)

#:# TLF  Euonymus phellomanus (14.66) 10 4<% Asarum heterotropoides (11.73)

FiBkF Schisandra chinensis (11.84)
TF Euonymus alatus (8.49)
FARRERR Actinidia kolomikta (22.38)

b Ei Deutzia parviflora (15.73)
KH A4 Lonicera ruprechtiana (14.56)
KHE%HE Ribeskomarovii (11.77)
HIFLN Acanthopanax senticosus (9.66)
WARRERR Actinidia arguta (50.74)

il N Acanthopanax senticosus (17.1)
FAB MR Actinidia kolomikta (9.26)
T Euonymus alatus (7)

B 27 Euonymus verrucosus (5.37)
HOARREMR Actinidia arguta (39.11)

B 2P Euonymus verrucosus (13.23)
AKIE Akebia quinata (10.57)
PR Actinidia kolomikta (8.28)

U HRKEA Araliaelata (7.56)

25| 25 Carex remotiuscula (10.49)
P85 Epk Dryopteris sparsa (8.29)

JE I EFA R Thalictrumichangense
(20.75)

HRALESMIT Aegopodium alpestre (9.4)
HTEEEIK . Oxalis acetosella (8.04)
P85 Epk Dryopteris sparsa (7.59)
FEESE Maianthemum bifolium (6.57)
FEESEL Maianthemum bifolium (19.55)
HEPE e Sk B Meehania fargesii (11.58)
P& Epk Dryopteris sparsa (10.62)
YU Phegopteris connectilis (5.88)
47 Polygonatum odoratum (4.65)
FEES . Maianthemum bifolium (17.31)
RALEHIEIL Athyrium brevifrons (12.4)
%2 5| %5 Carex remotiuscula (11.46)
BEMEE R Carex siderosticta (11.38)

B2 75 Eriophorum vaginatum
(9.8)

EMI-V IS X L33 Associations |-V are the same as Table 3.

BT,
23 BEEZMHM

TRV RS MR s T FIE] . i 5 R EE AR
HRR, FB AR T BE NS5 G R
fiEo XTRRHFEHL PRl 2 FEMEAR BT I, JRi%
TEAHEAT 9843 LM 2 B P50 (1812) . INEI2
Rl DV, RILL S EMBEE YR E 1S

HrMenhinick s 2 DL A2 AR A0 R B ROK, B 4L
TG H40.424-1.461, TrARZFEARJZ I8 FEEUK
H AR e A K, A8 4k Y8 Bl 43 51 S 0.342-0.635 F1
0.492-0.725. Fr KZFIBAZ — R B AR SN2
FEVE, ToR 2 Z FEVE AR 1b Y5 ] /2 2.395-2.803,
A2 2% FEVEAS Ak VU [ /2 2.002-2.564, WK Z % Ff
PEAK HAR IR B ROR, 28403 2 1.113-1.873.
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B BEREU R T IR EREVE R A A I L o
B Z BB S EEARAN KR, ARG ] $450.802-0.816,
Tr A JZ FOHE A JZ 135 &) B A8 A0 76 B 43 ) /2 0.772—
0.834#110.73-0.901, HEAJZ 1355 BEARAL AL B R

R Z MR AE BRI R, B 2
0.186-0.536, 7 A JZ Fl A 2 I A 34 B AR AL AL/,
305 B 43 51l /2:0.097-0.205#10.161-0.224..
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Fig. 2 Species diversity of different layers of Taxus cuspidata associations. The error bars in the figure represent standard errors.

AssociationsI-V are the same as Table 3.

®5 RIS EHMAIMESERIERER

Table5 The difference of species diversity of five Taxus cuspidata associations

HEM Menhinick=F & ¥ #& 31 Shannon-Wiener £ FEPETEEL  Pieloudd 5] 4L Simpsonff # FE F 4
Association Menhinick richness index Shannon-Wiener diversity index Pielou evenness index Simpson dominance index
I 0.521 + 0.03 1.837+0.018 0.783 + 0.021 0.302 + 0.02

1 0.419 2117 0.842 0.202

1 0.686 + 0.023 2.248 + 0.051 0.804 + 0.013 0.174 + 0.019

\% 0.940 £+ 0.162 2.149 + 0.057 0.783 + 0.02 0.236 + 0.028

\Y 0.596 + 0.069 2.356 + 0.147 0.811 + 0.013 0.198 + 0.016

RN T HME + bR, FAVEE LS,

The datain the table is the mean + standard error. Associations I-V are the same as Table 3.
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E R Z RS TR, HEE g & T
BNV,

Tl B0ORR 25 AN P A2 B V& o 16 2 A A DL 3 [ 52 1)
TR SR Z A, R, Shannon-Wiener 5 £
EHBREZRIEARGE . AR E R . XA
TN SRR 2 R AT LR T LR B, RIba
SRR Z YRR BOEEAY > 11 > 1V >
1> 1 (%5). Bl WAV EA G 2 RETE S
, BB RS, BN BA &SR E
(0.302), #MIMFF FEH1K(0.419), #NIVEE
5 = A FE(0.94) o A T AR [R L sS R HE ANV 2

FEVEFE BB T HE AV o 5B S BERA K

TN B 35150 JE £ 75 (0.842), T EE A UFIFE IV 1Y
51 5 f%(0.783), HEMINEA HARKIMI E(0.174).

Yofh AR I S 8 o A e A FURE B +
B MBS AT oA e E AR, B DU R
Vi A JFURFIE 5 AR 88 2 T A AR5 — R IR LG &
(RAMGSE, 2014) . MRS VE HEAT B0 70 R RE e
W S AR AR SRR BT 6 2R, JEH ARV L 5 A
WIS B AR R A B AR . 2R AL
ZURTTLVE M, ZRACLLEAZREVE N R R A
Hepr bt Bk, AR LR AR 2, B AR
MR AR . A RKEEE SR
oo PEESEL, FAERNE IR SRS R R PR 1) A
TEAEAE, BEARFNRE D, T EEARY MR
TR A B AN A AR A B 25 i K 23 78 AL IR AL IR I
DIk, R AR TN S E IR TE SR L, ATLLE
HH 2R G 21 S AZ T R i 1 A2 9 A 38 s R 1 EL
A5

AR F EARYE R AR ) AR N S R
Bt AR AL 2L AL R AR v BEAT TR IS0 M O Rl o) R
MEHL, e AR S T R AL G AR
RSEBRIE L. AT 2745 (2011) 0 A R 4 R 2K 40 ]
S BRANRI R AU (S5 ST RE I 22 57, Itk 2
S R AN FEIR AL A SRR R E, BUTR A
HEVE LUK I W i 2 BEPE i BOR R I AN R A
R R AT I . RIS R YR
FUHA R, "R SR SR Tk
TR AR+ R AR, RIS M7
FPRBRIRE— SR AZREN, i M AL S AR bk

—RRIHEN, TEES T OB R B2 + 5+ R
BAREIN, SRS BB kSR + R 2T,
AN TE] IR DA 23 A 1 s RN T8, 0 B A M K1) 4
FEE XA B2, JF BLREE kA Al, BBy
WA A

LR ZAEED TR, RIS YRR
TEAREAEARJZ— B A B 2 AL, AR
JZ B2 AR U HLA 50 FE AR MR BEBK o B DAL
MIEA I BRI Z A = LB, A
Yokh 2 FETE AR HLAC S R fevmn, BEM IR =E 8 2
A% EL3 5 BEFR B o Db 2 RETE (1l RO 3
FERIIE ISR IR S5 R, — @R EEAN
FEAHELAE A6 SR 5 R (TR K WA i, 2011). {H
R RS BN REIE M T IR A A, AR AT L%
REZT- IR B X PRl AL s R 2 FE b, 4
A DA TR T A 557 37 AN 117 B 0 5 3
KRR AL Z 38 R d T AT 3 B Y
k. WRAXREGE S, HHEEYMEE M
MHEZ R R R, TR R ZH X A2
RO R T .

HEMTBI TR AR Z VRS B 5 w1 = & RERUR,

BN PITAR Z VR E B A AR 5 BRI, (A
ZH IR 2K R, SR EE R R A
M EEBARRIRE N, 2R v Re 5 YRl 45 B
B T ¥4 A0 FE 3 v W A AR ), 3 55 %1 7 D K 0
(2010) HIMIF 70 45 SRAH — B AAERE AN R, BEARJZ
ZHMERTAABIERE, REAEREYZ S
T sEm 2 Y, ReR 2R AFISR LT, 1M
R AP R B AR S el 2R A R T A 11 3 R
R 55 B v, MR IS P R B v DA BSOMR RO RS 2
X b [ R AN AR K 3E R R, H )T R
PEEA LA I R AR (AR S, 2012 =T
R4, 2015). &AW 513K B (Nascimento et al, 2014;
HSLAE, 2014), FEIRAEMIE G VI, BEE 2R
(38 0 e Je O T AR 2, BE A S AT, BET
I P T, AR B A gk v 4 i B e A
WA, RAHPARZESERZIR. AR5 L
W — 2 BN AR Z ) 2R, 7
FUFE PR BN R i 7 R 2= 3 8 B v AL 35 R AIG,
Ui B H AR AW R R A SRR T ) R AL,
EEMZACA B RRAR, AR IRAS T R R, E
ARSI Z R B BB S IR K37
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=2 FOMR I FFE VA MR ] g IE AL T IR A AR ) 4,
RO PH BEAIS, BASJE ST 5 E A .
BRI EYBR I EHARRE, fEIRIIE R E T
TR YE R BV Y Fh 2 FEPE RO B R b, R A ARk
ITIE B 0, AR 25 R4k ((E et 45, 2010). Utk
Gh, BT HEYBEE YA 261 5 I ) AR AR
A AN TR RE B TR A DG, A U303 5K L 3R Al A s
AR, i AT AR & M N9, BLORKR
Ry B AR Iy FF HE R ) B U 4 R I R AR
(FTER K5, 2015).

MR T & M54 (2018) it Fi 45 R, B & 4k b
Tt BEERIF 2R RN REES . BV
VAL TR SRR, BEE R BT, A
TR, SITATF RS R —8. BENSHE
BMH GRS 2 FE R ECE B B E KR,
TR H s Mk S 2%, MFFE, K2R
P (2R JBAESE, 2013) . 5N EE M, A FFERRY
VAR IR AV I Z AR RO = . A,
FEREHLL. 2, R E W, AT i
K. ARREL . BERWFFE B35, Frlf 2
BEME R, X 5 XK 32 (2017) X 46 b ¥ A (Larix
principis rupprechtii) [ AF 78 25 R —2 .

ERICAGAFBE R E R ERE RS, BTY
PR EEYR ZRAL, AR 2R < s L35
M LA N T 2 AR = A W g . R
T ARSI SRR LR S A 2 R, 18
HIRZGUIAFHRADITT, a0 S B PO A
RE ML e S5 AR X P 7 A IR 52 e 45

SE R
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MRl HRICLGHRATEERL R
Appendix 1  Taxus cuspidata population profile

Hi's  RAFRA biiE7 3 e I3 Ak Z45 ¥ Latitude and longitude

No. Dominant group Altitude (m)  Slope (9 Forest Farm N E

1 PR R HOR TR H 866 26° et feia ks 42°24'23" 128°38'4"
Maianthemum bifolium—Actinidia arguta—Abies Helong Forest Farm
nephrolepis

2 PR R HOR TR H 813.1 30° et feiatkis 42°2424.9" 128°40'5.9"
Maianthemum bifolium—Actinidia arguta—Abies Helong Forest Farm
nephrolepis

3 A8 ) TUIN— L RS B 1,021 30° AR LS 42°24'27.9" 128°40'7.8"
Maianthemum bifolium—Acanthopanax senticosus—Acer Helong Forest Farm
ukurunduense

4 G SRR R TR 998.4 29° e Feiatkis 42°24"28.5" 128°40'10.8"
Phegopteris connectilis—Actinidia arguta—Acer Helong Forest Farm
ukurunduense

5 PR TR R 979.5 32° e Feiatkis 42°24'06.7" 128°39'54.0"
Maianthemum bifolium-Actinidia arguta—Acer Helong Forest Farm
ukurunduense

6 A I SR ARV 1,130 12° Y A ISR 87 42°23'58.8" 128°40'0.9"
Maianthemum bifolium—Actinidia arguta—Pinus Helong Forest Farm
koraiensis

7 PR ORI 1,030 23° EATS AL S 42°23'45" 128°39'56"

Maianthemum bifolium-Actinidia arguta—Acer

ukurunduense

Helong Forest Farm
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s RAFRLA K RE ik s Z4 % Latitude and longitude

No. Dominant group Altitude (m)  Slope (9 Forest Farm N E

8 HAERE R T K A B AR 8733 13° SHE R 43°2229" 130°9'33.9"
Oxalis acetosella—Lonicera ruprechtiana—Abies Jingouling Forest Farm
nephrolepis

9 JE W ERA R R TR H 694.2 17° SR HRIZ 43°21'37" 130°10'12.8"
Thalictrum ichangense—Actinidia kolomikta—Abies Jingouling Forest Farm
nephrolepis

10 TR TR 9105 14° AN 8] 43°1224" 130°36'35.3"
Maianthemum bifolium-Actinidia kolomikta—Abies Duhuangzi Forest Farm
nephrolepis

11 PR SLR AR A 907 13° AN 8] 43°1222.7" 130°36'35.7"
Maianthemum bifolium-Aralia elata—Abies nephrolepis Duhuangzi Forest Farm

12 25 EE-KAZER 856.8 21° HIEF % 43°12127.7" 130°36'36.7"
Carex remotiuscula—Lonicera ruprechtiana—Tilia Duhuangzi Forest Farm
amurensis

13 25| B TR 808.1 18° AN 8] 43°12123.0" 130°36'25.8"
Carex remotiuscula—Actinidia kolomikta—Abies Duhuangzi Forest Farm
nephrolepis

14 JE W A R TR A 818.6 18° AN 8] 43°12128.6" 130°36'25.3"
Thalictrum ichangense—Schisandra chinensis—Abies Duhuangzi Forest Farm
nephrolepis

15 RACFEH AT 936.6 24° AN 8] 43°11'51.3" 130°36'25.7"

Aegopodium alpestre—Actinidia arguta—Abies nephrolepis

Duhuangzi Forest Farm
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s RAFRLA K RE ik s Z4 % Latitude and longitude

No. Dominant group Altitude (m)  Slope (9 Forest Farm N E

16 JE R A B3 -S4 AL 900.4 3° SV 43°18'45.8" 130°19'31"
Thalictrum ichangense—Acanthopanax senticosus—Abies Huanggou Forest Farm
nephrolepis

17 JE W JE A B AR AL 2R e Bk 700 12° EE XS] 43°26'19" 130°57'25"
Thalictrum ichangense—Ribes mandshuricum-Acer Lanjia Forest Farm
barbinerve

18 JE R R A A TR kb 789.1 7° ZEMY 43°26'19.4" 130°57'15.8"
Thalictrum ichangense—Actinidia kolomikta—Acer Lanjia Forest Farm
barbinerve

19 FIHERER TR B - R 42 766.9 27° ZEMY 43°27'11.6" 130°56'12.4"
Oxalis acetosella—Deutzia parviflora—Abies nephrolepis Lanjia Forest Farm

20 RALFEMF IR TR A 745 20° LI 43°9"35.5' 130°41'23.5"
Aegopodium alpestre—Actinidia kolomikta—Abies Madida Forest Farm

nephrolepis
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3 (A KPR B AR X B )R, =5 665000)
4 (mmLOlRY:, B 650201)

WE: % (Eleutharrhena macrocarpa) i K I4LHE A G HIY, JB T AR BEAKY, BPAECRF b, R g A
M. 7 S 43T 2 0 AR 1 R0 I 1 A B R TS AR TR J22 5 WA J2 o A A L B )
e BB TRETA R i, 487 A ] T P/ R AR BRSO, M AR (R R (R (. 45
Y] AN AR S IEVR (72 H%) > 1, RIRGHRW > fomspy, HEAEFEEA L1
VR < 1, z0as9) < W< ooscze, TRAEFIHEAE S5 2 53 IEHISCAIR 528 U2 . PR B AR S A A
BEAE ORI RT 5 B, FCIE SR B2 B R20.238R10.279, et R AL o7 10 25 FTHR 2 25 1) SR P 25 % T IE s
ORISR Pearsonfl S 5 50 25 T AR 5 HEAR R IE 7SI L 23 B FE0.376FI0.510, 41K % KOkl b (3B X 2 o ik 51
LB KCT, AR IS PEAR R . R 5 B AR T2 (D6 A MDA 38 2 A or, 35 ) V05
TSR, 7 MEAC 2 T e 5 4 o R A/ BV Rt M 0 s AT (33,92, 66.07), S BE v LT HRAF 0
Fase b, TOREE R BER 15 F A o 7 7 BRI 35 4, S WA 10 UMK OGS 1, [ B BTV 07 5
300 AR A M SRR S e

SR AT J7EH, FRRIBEGS FRAT G GodronFa e Kt

I nter specific association of woody plant species and community stability
in the Eleutharrhena macrocarpa habitat

Shuaifeng Li*? Xuedong Lang™?, Xiaobo Huang™?, Wande Liu“?, Jianrong Su™*", Chonghua Xu®, Zhihong
Li%, Fandi Xu*

1 Research Institute of Resource Insects, Chinese Academy of Forestry, Kunming 650224

2 The Puer Forest Ecosystem Research Sation, National Forestry and Grassland Administration of China, Kunming
650224

3 Administration of Taiyanghe Provincial Nature Reserve, Puer, Yunnan 665000

4 Yunnan Agricultural University, Kunming 650201

Abstract: Eleutharrhena macrocarpa, an endangered liana species, experiences population regeneration bar-
riers in natural environments. Due to its endangered status, this species has been heavily researched to
understand the mechanisms behind its rarity. In this study, we studied E. macrocarpa populations in the tro-
pical seasonal rainforest of Taiyanghe Provincial Nature Reserve in Pu'er City, Yunnan Province to find
successful protecting methods for a wild plant species with extremely small populations. Utilizing various
community stability and interspecific competition metrics (the Godron stability index, Chi-square analysis,
Pearson correlation), the results showed that the woody plant populatios of tree layer indicated significant
positive correlation based on the value of variance ratio more than one (test statistic W > y0529). Similarly,

WSk H 39: 2019-03-21; 252 H 3 2019-06-01

BE T H: EEKE AP TTH(2016Y FCO503100)" ) /N EF A I (A B AR B RS R 7 5 7R3 ERA(2016 Y FC0503103) . HH IR RL AR 7 5t o
G s MERIIFRE AT AR 25 % £ 5(CAFY BB2017MBO13, CAFY BB2017ZX002-4) 1 25 B 44 A58 fR 4% T [ 5% | S (g AL 400 e A R SS0BpL bl S R ey
B3R 7T(530702001712004)

* J@IAE# Author for correspondence. E-mail: jianrongsu@vip.sina.com
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the woody plant populations of shrub layer indicated that no significant negative correlation and the variance
ratio isless than 1 (yo.9s(20) < W < y0.0529)). Further, Chi-square test indicated that no association species pairs
represented the most populations in the tree and shrub layer, and the ratios of positive and negative
correlations were 0.238 and 0.279, respectively. Simultaneously, association coefficient suggested that
significant and extremely significant negative species pairs were more than positive species pairs, while
Pearson correlation coefficient indicated that the ratios of the positive and negative correlation were 0.376
and 0.511, respectively. We found that the association relationship of most species pairs showed no
significant correlation, which mean a relative stronger interspecific independence. Eleutharrhena macroarpa
population has similar adaptive niche with most woody plant populations in the tree layer, and they survived
together through effective resource utilization. However, Eleutharrhena macrocarpa population had stronger
competition with some species in the shrub layer. In addition, intersection point of community stability
(33.92, 66.07) in the vegetative community of Eleutharrhena macrocarpa habitat suggested that the
community displayed a better stability. The stronger interspecific competition between dominant species and
other species also suggested the vulnerability of tropical seasonal rain forest. Therefore, strict protection of
the habitat was crucia to the regeneration of Eleutharrhena macrocarpa population and biodiversity
conservation.

Key words: tropical seasonal rain forest; variance ratio; interspecific association; interspecific correlation;

Godron stability index

j# # (Eleutharrhena macrocar pa) & Fli CL R} %
J& 2 AR R AR, ST | AR B A
Y, J& Tt 5 B AR ORIk B AR S ok (ol 5 A,
2017), 20124F, [E Mol /A E R A BV R
(0 €4 R AR /) o A T A ) SRR R K
(2011-20154F) ) Fh 4k 21 g il /N b e B A e A (1 TR
9R5%, 2015). MR TE AT TIRE R FEEE. T
IS 3 LA BB R 7 Ly M R AT R AR R AR
A3 MU XU S AR (B2 2R 4%, 2017), IR
SRTEHT IR A, B S B R HA /D, S A AR B A T
1) T e R AN AV DR N T R N o b
DA A7 (0 A SR SO AR, PR 2 00 AR A AL
RO RHE, HARAIRIZ 2 T EH NS 2
KiE o

T [1 B A B LR T TR A e M AR AT ST R A AL
il SRR TS AR O0 B R T8 B A X071
(skHEFH S, 2003; A=IhEESE, 2011a; A 2EEE4E, 2017),
A T 00 5 R0 45 4 1) B AR AR 2 — (M BCF 4,
2018) . Fofi ] E 4538 5 A H T B A S5 b 222 S A7)
YRR ARSI 1SR, W] LA R A b 2 T )
REAFLERURE AR A, A7 B T IR A S YR 7 454
RFfif (Dale et a, 1991; T35S, 2007, FRfESE,
2018). N NFHLA L B By it A% A HE A R 1 4

PRI BIRCIR, 26 0 fa AL A S AR R R AT X i D,

FLRA] 5 8 S T B AT 85 1) i 7 A e He A 45

HOREE RO RSN A4S, U RTERE I8 o N B %
(k& HEE, 2003; HHHLREE, 2005; 4RSS, 2012;
JAFEESE, 2017), X T8 SRR AR E ik
F)FRAEH .

i A N AR e L 7 LR 1R AR N Bl R B A A
Mz —, TR, BRI A

BOBL, S MEEEBUR, B > A A () 75 A,

2017). H A WA il A AR BT VR AR R ) 5%
BRERIBT I . A SCHE T 22 H 4 VT KRR AR IR
DX TR AR YA AT A I, G T I A A Ak
RASKEA AR T8]) SR, SR 8] SR AE B 1
/NG B B PR, i iR Rk
R4,

1 R

W FC AL T 2 B 48 IV T K BRI 44 2 H 2R fR
PIX, HuFE A7 B N22°32/0"-22°37'48" N, 101°2'37"—
101°17°58" E, #F4.980-1,707 m, Hukb b 4 7]
T I Aty Joh I P DX 3. 52 B RS 3 1 7 R 2 XL
A JE T R T e SR R KRR, R RS
AR IRATTC, A H (AH) AR 11.4TC,
B (6H)FH/RIR21.7°C, WEE R N6,302°C,

L IR, 1£30350.3H; FFEN EN1,547.6 mm,

KERr PR HBLAES-10 ), 4F7 K 591,590 mm,
FAXIIRE82%, 12 X I A 3 1 BN R LA 1L
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KPR 20 B AR R XM R R 2 6, Horh
BRYNT R TR RH SR A AR TR AR . e
B A TR X #A T 2= 75T R AR A (a4 A
2017), FEAEPRANARERF LR + TR
7% (Pometia tomentosa + Terminalia myriocarpa Co-
mm.), A S S R A S R TR LI 1 AT O 2
o, JeR BJZ @B N TR IR T R A,
FHoAh 2H s Fih it A 2 A K (Bischofia polycarpa). P4
i 2 B2 (Amoora tetrapetala) . 71 5 #4 (Acrocarpus
fraxin ifolius). K% %% (Garcinia xanthochymus).
Zs M5 35 # (Beilschmiedia linocieroides) . #ili k£
(Cinnamomum bejolghota) A1 H- i fi] (Lithocarpus
grandifolius)%s, 77K T J= 3 S 20 B Al AT Bk B %2
27 (Syrax tonkinensis). &M #4 (Ficus cyrtophylla).
K Wy B (Baccaurea ramiflora) . %5 1¢ ¥ (Rapanea
neriifolia). = M- A (Ostodes katharinae). PASZ
¥ (Sarcosperma laurinum). FLEL R (Wallichia chin-
ensis). % W 4 (Phoebe puwenensis). = Fg 4R H1E
(Mitrephora wangii)&s. #EARZA KEFRITARLIN,
T B AR H - i  (Euaraliopsisficifolia)
FEJ 4 (Diplospora fruticosa). K & #4 (Leea ind-
ica). EAtZ1l(Maesa permollis). /Nt (Capparis
urophylla). 2t 1€ (Ixora chinensis). % 1t A Sk
(Garuga floribunda var. gamblei) . ¥ ™ #5 (Ficus

hirta). JE R /L75 (Psychotria henryi)%s. A2 325
AP A % 45 4€ (Amischotolype hispida). £1354¢
(Hedychium coccineum) . #1ik #¢ (Slvianthus brac-
teatus). 1% (Woodwardia japonica). Kk B ik
(Dryopteris wallichiana). #MH-(Phrynium capitatum)
. BERICHIL T R EAEY), 0ok B R ik
(Mucuna macrocarpa). £k (Gnetum montanum) .
JIe# % (Rhaphidophora decursiva). % 2 & (Whitfor-
diodendron filipes)5¢ ik AAE Y, H A kLW )E T2
Yz

2 WERAE

21 MHMIGE

FH T T A BT AR rh A A A SRR R, B
BBV, R R R A A, B
SRR BE, REHLUH A RO R . A 7T DL A A
KA B oA OB RERL T 2, REMMES W 1. £
HBTH AR AE300-900 mP /&, i) F kS K 45 AN A
STEIR3-9110 mox 10 miFE Ty, SFRE T N AR
(DBH) > 5 cm AR AT AR, idxHA
MEWIF A R Wi, ERMYES. £5
ANBETT I B A2 m x 2 miREARI B AR 25 /N RE
J7, eEIE G 2L MRm K. RN SR
NREHL LGB Wk AR, B, B gER
BT

Bl BRERIREGEHEE

Fig. 1 The fruits and community at the habitat of Eleutharrhena macrocarpa
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Tablel Theinformation of habitat community plots of Eleutharrhena macrocarpa

JF%5 No. 44 Locdity IR Elevation (m) FEHUEIFR Area(m?) 3 Slopeaspect 3% Slope  HBHIfE Coverage (%)
1 22°32' N, 101°6' E 964 900 Jt North 31° 70

2 22°33'N, 101°7E 1,052 900 R East 25° 75

3 22°32' N, 101°6' E 1,032 400 Jt North 31° 80

4 22°34' N, 101°8' E 1,237 400 # South 22° 80

5 22°36' N, 101°3' E 1,250 300 Jt North 45° 70

22 BIREAIE (A ITiHE, 2000).

221 FhiE)BELS

BT BF AR A R OB, SR T - R
MRS HI2% 2522, F£11291M0 m x 10 mif#Eds
T F A B4 20 M o SR JH Schulter (1984)32 H 17 2 Ht
(VR 2 W) Fh A R VR > 18R
FhaLE A L RIUAIEREE, VR < 1R R-YFh a4
BRI GOCE . SR GET 5 (W) SR AR 56 2 Pl )
(K IR P WA Ty 40 A0 28 HY 1) R PR A AR A 2
95% 1) B 15 X ] 2 A1 R /m R B E, R MHRR
e R (R AL, 2000). SR PRI AE AN 2
RS 15, BRaE RBUAC)HE— BN A F AT 2
) R 25 FE P ACHE R ] 1, 3R B o ) 1 1 45 1
R, ACHEEIT-1, UM Al Es MR, AC
B0, 2 BAFf [E)AH X AT (B 2 AR 45, 2005; 2
&, 2011a, 2012; MAL1-4%, 2018), [F)H FH PearsontH
IR F BRI Fhon] 2 [A] (R AH DG FE B (R 7K &, 2001)
TE JEAT B B I 285 B0 2 AT S, AS TR A H I LA
T B TR ZE I ARAFE ST 734, B AR
HILIANFETT IR, NG b 3LTHALAS, E
RIZ I ARAREY ST 744, BRBZOCHIAAFETT
IFR, NG AT 3L 454
222 BHEREMEYH

Godronfa 5E 1 18 2 VAN B V& A2 e 1t 1 A %
TRz — (B RE L, 2014). ACLL29MNIETT N
BAAL, P REE T IR IIDBH > 5 em AR AR )4
KB IMKUCHER, F A AUEE (1) R/ 12655 2R
L, SARAEY) ST 5 E R AR —— X R, R
FH A P S o o Al — 30 R R 2 (] 1)
AT AR AR T B VR RGBT, TR RUAR AR R AR bR
(0, 100) 5 444 %7 (100, 0), (20, 80) AL [ Fa i Ak
B, 28 XA KR SR T (20, 80), HEVE AR &

3.1 FhERAR KBRS A

i AR B LR VR T R 2 AN E R 2 R AR HE W
FER] AR S YE M 6 SRR B, TR JZ 414 Fh (]
FBR S 5 22 LR oN1.62, KT1, EKUHFh A 4F
FE— T MIERESS, IR E8iT & 4535, & T %%

Al FHE, RIATEAZ RIS A 5 5 3 IR ARG

HEZMER RA BERILFRR R FEARZA5Fh
F) A R SRR 1) 77 22 LR 0 0.983, /T 1, KB Fh
[ AEAE— I ks, H B3 G- B AL T2 o Al
FHEAE], AR A
32 TElERGE A

2R R AR [R] bt 2 T BB 445 1) S
FEAA: B BRE TR 2 5 REAR B AR AR A6 B 4
RIWFK2, HAFRAZIAG 820 FhxT, oIS, I Fl
XF i K2 $0(78.41%), FhiE B BOARAEL, 1E 6K
L h0.238 (34/143), i 35 i Bk 45 I Ao 143
X (7 B H i 17.44%), 2 AR B35 RS
Filon B 22 T IEBRGE (RIS o HE A 2 990 i xof Bk 45
BEER A ETARZL, EASCHEE0.279. fE
TEARIZNFERZh, A HoAh b2 1R A TCIk A o

iR B R TR K R 5 HER JZ R A ) B
4E RBR I SE R W2, TR JZ A BEEE (R AT
Z T IEBREE IR0, JEARJZ R TG 45 1) Fhoxt,
[E, FeARZEWEZE(AC > 0.6)fIiE#(0.2< AC <
0.6) IEBREE MM E 2 THERZ . REMBFETT AR
JZ 5 H A A0 Fh B 2 [A] IE BB 45 1) Fhott (194N) B 2
TG IR (91), F o5 FHd 12/ Fiox) 2 (8] G
B, R E S HAh44 R 2 (0] IEBRSS
(PR 22 T R (R AR
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33 FhiEtEx S
PearsonfH 1 73 i 45 3L W% 3. 1E7+ A2 11820
APt eh, 52 (P < 0.01) A2 25 (P < 0.05) IEAHE
B A 6 43 531l A 514 (6.22%) A1120/ (2.44%), B &
Z TR E T E AR, AREP >
0.05)FH SR F xS 5 K 2 #0(91.22%), 1E S KIBREE A
0.376; #E A JZ Pearson A ¢ & £ 1 1E f1 G B LL N
0.511, Wi A FARC PN EZ TR E.
EFRAREFIFERZH, BRSNS =R =

®2 FAABMEARBAKEDRE

-0.371, P < 0.05)FI/N&gHl(r = —0.4291, P < 0.05)%
2 E AR
34 BEERRREMOMW

W T A SO I8 TR 2 BT MR (734N Fi) 1)
SRR X A1 P 5 73 A S A0 o 50 3R AR 5 s P DL
K12, H:.Godronfa & 45 #th 4287 yy = 19.34 +
1.7002x — 0.0095X°, AH><1: R %A (R = 0.9775). 44
BN, A2 AR N(33.92, 66.07), BIRETEFAE S
(20, BO)AH XTI

Table2 Chi-square test of woody plantsin the tree layer and shrub layer

B 27 Types HH R FFARZE Treelayer HEAZ Shrub layer
Association type Valuerange
/P 9 AT HA FRTH AL
Species pair number % Species pair number %
)(zmﬁ Tolkas P>0.05 643 78.41 848 85.66
Chi-squaretest ~ No association
TERELE P<0.01 15 1.83 12 1.21
Positiveassociation 51 < p< 0,05 19 2.32 19 192
kel P<0.01 0 0 21 2.12
Negativeassociation o1 < p< .05 143 17.44 90 9.09
HRah 2% IEBES: AC>0.6 49 5.98 17 1.72
Association Positive association
coefficient 0.2<AC < 06 151 18.41 96 9.70
0 < AC <02 59 7.20 270 27.27
Tk AC=0 24 2.93 0 0
No association
FU4G -02<AC < 0 13 1.59 49 495
Negative association 06<AC < 02 25 3.05 69 6.97
AC<-0.6 499 60.85 489 49.39
AL Total 820 100.00 990 100.00
%3 TRBRFEARAAEPer ot X101 R
Table 3 Pearson correlation coefficient of woody plantsin the tree layer and shrub layer
KT K FFARZE Treelayer WEAZ Shrub layer
Type Value range . - - . : -
Fixt#L Speciespair number  FH4rEL % Fixt# Speciespair number  FH4rEL %
IEAHK P <0.01 51 6.22 43 434
Positive correlation
P<0.05 20 2.44 37 3.74
P>0.05 153 18.66 255 25.76
UiliEPS P<0.01 0 0 5 0.51
Negative correlation
P <0.05 1 0.12 22 2.22
P>0.05 595 72.56 628 63.43
BH Total 820 100.00 990 100.00
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Fig. 2 Godron community stability in the habitat of Eleuth-
arrhena macrocarpa

A3 3 6 R AL A 5 3 TR A R A ] O
e R BT AR MR 0 AT, IR K )2 32 B A Fol
SR bR RO, BEVE A R AR E
T HEA 2 3 SR M A Sh E R AR A, A
I, PRANJE U LA 15 0 3 SR B4 (R R xt BT o B 431
P T IERRS:, KM ELEEHRKLR, K
WL O - b 8] G BRSO RA B, Okt [a] 4 57
PR . X5 A B R S R AR B 2R
A o5 A B B R RO B BT
R, BB AP 2 H SR PRI X 441,300 m
DU BRI e 51, 2 BT IRa A, AR
5 G PR 20 Ay 2 R AR 58 4 AL 19 4 o 2H R R0 B
VRAER, R ZETT AR AL, RE Ao A 2
FI U 55 O J K SRR 20 (R 1255, 2000) . 1ZFE
K 528 U SR FE RS o A, DR RGE B
PR 2. RETTRKEFZEMYMEk L2 R
FIEAHSG, H2 3T FRMR I 2 A Fol B ARG kST
YA HVREAE, RE A FhAH A8 R 2R A, R () B &G
PEIEA — 2 ZUUH EBCAS R, RO 2 Bt 2
U G5 et TR 2 B AR A ()RR (2 B A AR
2007; BRfESE, 2018), AHF 7t A e AL A B Hb B v A
V) B & 1 0 AT 4 SR b SRR — i, B (RN
FTAE ) 6T AN R B4 5% 2% 1 1R 3 B AR s B (R UK 46
2006).

98 T A 0 R AN T SN FAHE R I AR A
FEYM, MERTA LEMRAYF, BE MY
FhZ IR RS RN ZE IR, BERERSZ

W hp 2 A7 AE B 3 B A 8 &, W R (Can-
thium horridum).  z F il Bk (Syzygium yunnanense) .
Jig I A R ME (Olea glandulifera). & V2 #H ik (Lasi-
anthus formosensis). i, #4eH . ZL4E(Cast-
anopsis hystrix). 4% E# (Apodytes dimidiata). iz FH
JA] #ili (Diospyros caloneura var. caiyangheenesis)Z4)
B, X RN BT RRE T I Fh, 2B
X A IR (150 2% B R A, 2008), 2 TR A Zf
M ZIRIE AT RS & = FE RS, Y
P RAARECE 2 RIE 0, Bl AN 524 i A8 15
SEANBEL (e AR AN £ 2R, 1997), HM2REF iR
H5IRARH T E MR W R ) BE E 5 [
B /INF 20 286 B R A E R 2 1 32 A b 4 Rk
Z—, BERFRIRE H AR Fh 2 18] IR LS 1Ko 2
Z TGS A, TS MEBERZ ARG
KR R R B SRS M L R AE
F ARG, IX I8 KO REAR JZ WA s N A& BN AL
PRI IREE, TR B >, e hH I A2 58 1 7 >R 77 AR
Tk (N ESE, 2003) .

Toft 1B) BB% &5 0 BT A2 ) WA ) o A 9 A D B TR
HET VR —, X EAEIRIEY) R R A YA i A A
KAWA —E HB(IKE H %, 2008). K563 1
G AR YD PP R OIS, Tk — P A R
(AC) 7 BT U R B FA ZE T AR R, RS oAl ke 4
FhEE IR () IR RSS2 T 1 kah, R 544, H
H-f] . 2% B (Cipadessa baccifera). #5541 (Litho-
carpus truncatus). LR, BRTRE H 48 (Schefflera
glomerulata). %2 € (Tetrastigma cruciatum) =4
VP AR B35 )RS, R B 5 = K
TR AR B A 2 (BP0 B 35 IR, 5 ARl
AR Z B N RSS, 1 =AH3 (Evodia lepta).
FEWI1E (Cleidion brevipetiolatum). i (Pegia nit-
ida). = (Colebrookea oppositifolia). /Mgl /h
# [¥ (Clausena emarginata) . VE g /L2 Fh, JoH
SR H B /N S 2 TB) A7 AE B 2 2 1) R A
Pearsontfl % Rt 2 X —FF1E . R NG 2=
TR AR WA AT, FERETE T MRS E R D,
B A0 R B R I R R AN A X B, KR — R A
0.1-10 mX &), ZM/NMERAR(XIJiH%E, 2017),
JR A AR T AT =T RAR, X BEVR P R A 858
BORTEHE, B e il R ) S SR A, TR AR P R R
KRR e KR B (B 5R5E, 2015), 1X—HFE
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5% DX 2 B0 O A O AR ) O A Sk
SRR, gy R ORI RS, X
YR SR BE S0 5, RN 4 AR AR H L ) P o (2

%S, 2011b) o FECRATHH N 56 B HHT 25 FR AR A,

HEVR ORI E — € IRREME, TeARZ KB vk Rk
IR SR S e RAL T AN R A S0, SRR
TEAPRLES; MEEAE, MRS 2 AT
SRR BRI AR AN I IR L, IR B, ML
s Ny Py KRR & BB, V2
SE M B SAEE, HYZ RS E, TR BLEAR
JEAR WA AR B JLF o 1 B F= T AR — 2
(GEAMAMEER, 1997), A LY 5 A AL T A1
(R IR AR S L, AN RT3 St A7 45 3 TR SE o

AR R AMICE R D, BT DU BLZ0500k, H.
Gy DX A (B2 AR 46, 2017), AEBEHERE £ e
REMR(RITI1ESE, 2007), HAREREME R T MR
SRPR (BT 85 4%, 2014), i AL BE VA 2 2
TREFRYY, BEVEREMER . (Hi T ECE
Bz, FESEAEA, R ENE S ZBSR T
(RISZN o Fie A AR SV AR A R 3
REVR S S 2%, KER IR LR A X 5, e 3k
FETARIR, 2 BOR M E] I PE R 55, HEVE I EE )
TR IR R SRR A BT 5 MR 2 KU
ZREEMAR, X EEWIRP A AT TG L TR A8, TR
AFE R AL, BERRRNESHES, t
REZFN IR ILAF . A BT SN RE R AT A 28
UF R, —J7 T TR R A S R
HETHE BV AE, THIEL SR, SH% v
KT R AR TR 7 A2 50 2 1) B2 U8R 1 58
e, BRSBTS J5 i T AR S 3L
BT R . BT R AE K TR SRR
SCHEAR, T A b DX R D S 22 B AR D0
Y21 AR IO, AN 5 o] B A7 i AL A 5 A
PIRETE IS DR o RSN [R] SR PERTE TE 45 SR A%
fifi b, ERGE AR AR AEE AN T E R, E
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Population viability analysis of Wild Plant with Extremely Small

Populations (WPESP): Methods, problems and prospects

Dongdong Chen'?, Zhenging Li**

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

2 University of Chinese Academy of Sciences, Beijing 100049

Abstract: Environmental change and anthropogenic disturbance have a significant impact on population
persistence. Therefore, it is essential to predict population dynamics under multiple stresses. Population
viahility analysis (PVA) is an effective method for assessing threats, extinction risk and bottlenecks, and the
likelihood of recovery. By combining data and models, PVA accommodates different types of variables and
can offer appropriate advice for conservation. However, demographic parameters of Wild Plant with
Extremely Small Populations are difficult to estimate, which makes the statistical power of these models
quite low. Here, we offer some underlying PVA methods for Wild Plant with Extremely Small Populations
using non-statistical theory with small sample sizes and population adaptive potential analysis. Methods
based on the non-statistical theory can enhance the accuracy of parameter estimation in small populations,
while the eco-evolutionary elements help to uncover mechanisms of population adaptation and predict
population dynamics. These methods provide more appropriate guidance for the conservation of Wild Plant
with Extremely Small Populations.

Key words: Wild Plant with Extremely Small Populations (WPESP); population viability anaysis,
non-statistical theory with small sample sizes; adaptive potential
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FIT AR 1A 55 K A 1R 52 (Wake & Vredenburg, 2008;
Teller et al, 2015; Humphreys et al, 2019). 4=ERS 1%
Ak ASE ) T W B 77 ) A A7 S L (Jackson et al,
2009; Verstraete et al, 2009; Urban, 2015). 24 A1k
FUBL B R IR K 48 A 30, 19004F 28 4 4 BR
TR IE DL AE 3N W Rl 2 2, & B AR5 A
K 4 38 #1500 2 % (Brondizio et al, 2019;
Humphreys et a, 2019)

W INFIEE BT AR R A 4R B AP R E D L 1)
[EWiSG . BERA KA G, AR RAME: . AESE
e, WAERLMMEATE 2 HORZa4s 5] i AR KR
R A2 FEPE RS A AN (FEIBOM R [, 2013).
P 2 [ AR /N ol B BB A A R R R 4 TR R )
(2011 2015)) FhdE , 52 0 ) A% /N Tl B BB A A
Vit 4,000%, Hrh1,000% FRAbF#EIRAS, &2
JE D AR o A Al 25 1 15%-20%. [ A% /Nl
B A R DB EE DR, HA

58 52 B ELRR B TR AROR, R A7 52 2™ U,

FREMARECT B, LM N A KR AR T iR

/AT A AR L (minimum viable populations, MV P),

T A5 A Ry K 4 RIS (i) T 452, 2016) 0 — LK /N Fol
T ST A AR A e B 25 M R AR B 57 B e E A AR, AR
KAL) el BB it/ D A7 AE T B4k, IKREEH 5 B
RE 77 KA 2 T BE 1R A A7 1 T P e 252 1 v e M ol
PR, FHL ECR TRt R4 . Rk, IR
NIRRT A BN R, A S CSR
FR IR N TR BT AR IR 4 1) 24 %5 2 2 (Guisan et
al, 2013).

AT 4 1 — e RE T AN T AR DK /N0 Aol
FEAEFRF RIS, 10 Bk 223X 70 A Ao /N B S
[Rl, AT B4 PP A 2R 1 i FE AAL B (Beissinger &
McCullough, 2002; Willi et al, 2006; Hoffmann et al,
2017) . Pyt sa AL dI ot 78 O I 25 I Gtk DL
BB S A RA R AL 2R TS, RN Z
PR E A XS E 4R G T 7, I HIS 174
NS 13k (Fisher & Owens, 2004; Aguilar et al,
2006; Griffith et a, 2016; Koons et al, 2016; Lowe et
al, 2017). SR, B Fn G I O B R 5 ——Fh i
IR W T AR+ 2 A IR (Frankham et al,
2002) . £ 3G AEPI BT 78K 22 2 LLERAN PR it
TSR, BEFDFE) — SN SEH T,
B A7 1AL 2 B S5 (Willi & Hoffmann, 2009; Li

et a, 2012; Castro et a, 2015), & WPy Fh LW G [
TSR AR 2R I 8 B TR A 5

Fh#E A= A7 7143 #7 (population viability analysis,
PVA) & it T DR 47 oF ) il 2 A0 VPl 2R 40 22 R 1 A 3
(45 247 1 (Brigham, 2003). #&Ts2hrifl & 4R 5
BEIRERN, FRREAAT 1 0 B AR DA P EEE — 58
B 5] P K 48 F RS54 T 00N, 3 ] PPk AS [R] £ 1 [
FOFIREAEAE I REma KN o FIEEAEAE 10 b 59
FhORA HE B 1) )8 2 UIAHOC, 5 B i 45 R
Iy ny 5E, AT 4 A BE AL R 2R R AR B 2 2K )
B, ~ZE BER R RALE I (Akcakaya & Sjogren-
Gulve, 2000; Pe'er et al, 2013). #Ril, He/NipEET A4
Y TR, &SmO REEAAT S
VRGO« A S Je X TP AR A7 7 i %
ATTFHAT R EANA, fEIIERE A8 dph B AR
AF S35 W T3 VEAE R /IN bR B A R ) b A AT 7 v )
JRIBRE, IR /INFh R B AR A A A AT S 5T R A
(177 T A TS A A T IR T

1 #BEEHFEID

FRHE AR AT 770 BT o 4 52 B 1 2 080 5 B A A
ghfy, BT S, K RREEAEVE S PRI
B PR/ NNGE M AT RIE AL, PR R AL — €
INF ) P 2E 77 BE 2R (Menges, 2000; 2% /b B 25
2002). CAWFLRY, HARBANKER FHNIE
A A Ta) BAEHS RS20 R Y AR A 7 (Beissin-
ger & McCullough, 2002; Kolb, 2008; Tang et al,
2011; Castro et al, 2015), Btk Bl T R3]
— BRI, AR DL R SR A I LA R KT
SRR ER . AR SR AR RAR A7 A AR P
R F R 7 RR, MGG R, &
3% 37 77 (Frankham et al, 2002; Willi et al, 2006; Li
et al, 2012). [Auh, HYFEEAAT )2 2R
Bi AW IR R4 A5 e DR 2R 1) R MR T R AE B0AR
(RL). WRIEMEEFTZ R IE N Z R, A SO
HEAF D1 P 2 JUBE R A9 o DA 328 AR A
FREEGE T 2B D) s A A (2 2)

11 AR

T T8 D )0 A 5 A B FH AR S S R R, A
S B PR T A% 0o o WA AR SRR 00 AT SR
STk s 32 R R M = JUN WO EZ S RN IR &
(Foll & Gaggiotti, 2006), 1XL6(5 A Bh T I-Ah Mt
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Table1l Factors affecting population viability

SN [K 2K Factors

X AREEI B2 Effects on population

435254k Habitat changes
TR EE IR K AR A,

Changes in temperature or precipitation

A SRR,

Habitat fragmentation

R0l WL BRI, BE R

Erosion, landslides, land-use change, and eutrophication
NAHEZ A Wi, ihE R sE

Artificial impacts such as deforestation, urbanization, land clearing

AW HAE Biological interaction

Ny B B> BRI AR AL S BUE TR 5 168 B AUs sh I I AR 25

Loss of pollinators or asynchronism between flowering period and
pollinators' activity period caused by environmental change

A TES . JEA R R AT

Intraspecific competition and preferences of symbiotic organisms
SRR

Invasion of alien species

HEESRIEN

Invasion of herbivores

BAEEHHE Genetic structural changes
FREECR D, A i S
Small population and narrow distribution
IR Bk, AT IR
Loss of alleles and inbreeding depression

AR TTRI . R, B B DL KITE
Habitat availability, biological phenology, population growth,
reproduction, and migration

AefE. BHEL I, EES

Survival, reproduction, migration, colonization, etc.

BRI TR L HERAE . R RO R

Habitat availability, vegetation structure, and interspecific relationships
AR IR A MR AR, A, B, TR, M

Habitat availability, vegetation structure, survival, reproduction,
migration, and colonization

EhH
Reproduction

E Y|

Reproduction

FREDCR . FEFFHRAE . FIHEX AT AR AL

Interspecies relationships, competition intensity, and population
priorities over habitats

Ak, B
Growth and reproduction

BRI SRAE L

Drift and inbreeding
AR ER

Loss of genetic variation

T I P BB, B W E DR B A T RE B 5 5
(Schleuning & Matthies, 2009). A 1A R A AE 4
] FHES T T MBE A AR mir . AEST bR A
P& T A A RIS B (Early et a, 2008), 1 H.
RE T ANFZERI A%, T B KRG
WM (Gray et al, 1996), F|ZIuKEE T, [BJH7)
P A4 (Guisan et a, 1999; Hampton et al, 2013),
A SRR A e, I PN I RCE B S R
PRALIR AR . BRI 78 2 R R R AR A )
BEAT RS A TR B HME ST IR, R AR SR R T R AT
TEREEESCIERE, FHUVEM I 2 A VEAS
A 5538 H 1 (Wiegand et al, 2017).

ANTRI A= AR R H L B R T S AN A Y
15T, AR BRI B 25 25 FE TI0M 8 ) - B
TR flivh iR 2 DL () n] R VeSS R 3
1.2 FhEGgITFiRA

PR A A7 D) R PR AE A VE S S A B S
AP A B )28 HAT FH )3 [ 45 5 (Brook et al,

2000), LR EA7 AR B AL AAT I MBS
R 2% 1) F 20& 12 (Menges, 2000) . FRFESE 11248 5
ETF MBS 2R R % . 2014
QOFFEAR R J L R 1) — MRS AR (N 47 HIGUT ALY | 4 6%
SRR ) T8 A A [R] R 2 0 PR v 2
FERI R, XPEATE AT, SRR
1 o< 8 2 & [A] % (Dennis et al, 1991; Morris &
Conservancy, 1999; Fox & Gurevitch, 2000). [ Fh
B BRI R, B A 8 S B T 9wl
(VR A, B RAEBA g NI AR ST
RIER[A] ARk, FE R R G =S H I BEAL
PR, FE R RE S50 M K4 ) E 2R (Morris &
Conservancy, 1999; Clark, 2003; Jacquemyn et al,
2007).

1B B AR BN AS I TH O AL 5 B T M A Ay i T
WFhFE S A WA R R B R P S AR 4t T
1R U W fi# ¥ 77 ¥ (Thomson & Schwartz, 2006;
Grimm & Railsback, 2013). RIS T IXFifh
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Table2 General methods of population viability analysis (PVA)

R Models

HAA % Details

AR Habitat models
LR RGNS

I PP R AT AL I ) R A SRR KOG E RIS R, PUAN ) A B i A B S B VSR,

Conceptual models based on 7 AE 533% B M &, HE TG PRl FhBELE B8 A 00 A X SR A7 7 o

expert opinion

Z UK T T
Multivariate association
methods

YRR %)

Regression anaysis

Experts evaluate the relationship between the key variables of the environment and the growth suitability of the
population, obtain the habitat suitability index of different habitat patches, construct a habitat suitability map, and
then evaluate the population’s viability in the entire distribution area.

Z IR NG L RBEHE, FHMB LSS S ERE R AR R, ETIEHZ TS 6@
S, VAR BEEAE S o 2 TE R EAT A AT ISR RIS HT(CCA) 2B AL P T4 T (ENFA) 5 .
Multivariate association analysis integrates multiple types of datato find the correlation between population viability
and habitat elements. Multivariate distance measures can aso be used to create habitat maps to assess population

viability. Commonly used multiple correlation methods including correlation analysis, canonical correspondence
analysis (CCA), and ecological niche factor analysis (ENFA).

KRR SRV 22 R AR S A B A B 2 (A IR 2R PE AR 2R R OC &R, RN [F) A B X A HFRAAE R 52 RN 11U 23 A
FBARET MR R(GLM)A AT AN A (GAM) .

Regression analysis constructs a linear or non-linear relationship between population demographics and
environmental variables, and evaluates the effects of multiple variables on population viability. Regression analysis
mainly includes generalized linear model (GLM) and generalized additive model (GAM).

FhBEZI MR Population demographic models

B R A
Diffusion approximation
model

RS
Matrix model

FAG B AR
Integral projection model
(IPM)

BEEEA Genetic model

Sl S NN i
Inbreeding-population
size model

—MAEGE A R LE AR DD S BT T o O AUMSE A A R I [ RUBE b F i A AR A R A TH R B LG K 2 1
YME K 5 72, TEMLEER 2 BT AR () 4R .

An unstructured PVA approach. Diffusion approximation model uses a time series of population counts to estimate
the mean and variance of the stochastic population growth rate, then predict the probability of persistence.

TEFRREAEAF F1 M i i AR A o SRR ST AS IR R RN AN T 2R | ST I 2 7 o R R ALY
TS ARG S ST AT SN R BRI A=, AT IR A R B AR B A4k, B T A A A 70
The most commonly used model for plant PVA. Matrix model accounts for difference in rates of reproduction and
mortality among individuals of different ages or sizes. Matrix model can describe how the number of individuals in
each class changes from one year to the next by using the vital rates to calculate transition probabilities, and then
predict population viability.

FIFAMERDN . FE AR JETEMBRERTNAT SIS . SRR AL 52 BT 4208 SR BRI AR 2 AN A,
[aVigsd: 2 ECTIBiiBuR UM (S IE AT TUE Y /N IA-A (B2 8 A
IPM uses population characteristics such as individual size, age, birth and mortality to predict population dynamics.

Unlike the matrix model, IPM can accommodate more, discrete population stages and environmental changes in
space and time through integration.

FTARERN B 2R DL ROE S, M ENE AT iR S AR/ T8 R IE AT, 2 T T A RN 25
This model predicts population dynamics by constructing an iterative model between inbreeding decline and
population size based on population size, genetic diversity, and fitness.

BRBE A, $Z HT RS SRR 13 BEFEE

F15 i (Plister & Stevens, 2003). 2R, 7 4HFE
R 2 T I — A 2 2 )
MRAF S . K/NEBY BLHEAT R 22 B R R B Y
(integral projection model, |PM)MIME E Pkt i 4
AR R — AU A H R
BB AR rp o AN TR S 1 B 1) 40

WGP P B AL A S R D K R BOE R R
AT 328 UL Stk b i) B M K S — R A TR E R
(Li etal, 2012; Zhang et al, 2012; Masso et al, 2016).
WL 5 R SR I TR B S5, A B
T MR P LE 1D [ A 15 e ot P 4 RE AL 1) B K 4
U 334723 B B Tl . BurgmanfilLamont (1992)F)

R, B Gn ey A R HoR A A A

PEIR LS04, B AR
, IR REFELZ

HHEFE (Ellner & Rees, 2006). 4k, %A BA =i
% 22 T 1) i AL R K Bk AR AR AL W) DL R B X 2 A
BEALF RS PR (R A5 . 2 B 2 DL 2% [B] 45 44)
HEATRLR, 3 T T A 1) K 454 (Holmes et al,
2007).

FAAREE /N T B 530 28 R0ORE 2 1] |) BE 8 B R F A
TS IR AR E M IR . T TR I A
REEMFHZ M2, BT IE R 5
BN Z ARG Z . BARME R i fE — LR
PSR, b e A 8O RN R EE



362 4 ¥ % B ¥ Biodiversity Science

8%

B E . A RS R AR S, (HE A
P I8 S I VT Al 1 BT DR 3 R0 A A 50 o) P A
BRI . TEFPEEAAE 1T, RN B8
& Z ARG A B R BN 7 2, WImT @SRy
BHRA IR 8 A% ORI A, AR A T 25 IR IS8 Je
HAZHAER, AN F RN EE A 55 AR08 AE
Tiik(Hoffmann et al, 2017). ItAb, 38 SCBEAR[E A
TR I8 A% 2 FEPE S B K /N DLJE & B 0] VF 8
T A 0 P AR E 1 S AR A7 T2 (Leimu et al,
2006).

21 EYMBELETEISREME

AT, ML IR SR 2 E T T3
FREE, TR AP I — LR A i s I AR T R
T BCIAT B BE A AT 150 BT 5 1A AE R B (Menges,
2000). i, 4 RTFEEAAT 743 BT B AR5 T W
BT P Pl B A 0% SRS 3R, (HFR P RHR (Kalisz & Me-
peek, 1992). %7 FE A 14 34 #h (Menges & Dolan,
1998). T Z 14K (Ying et al, 2018) 4R R4S 1
ARSI 2R W 7 VRS2 B — 2 I PR . 7EET X A%
INFREEET AR RE A AT 1 5 e RN B AT, B
B B TR A R R R A I s R R AR
15 B
22 WMMEGITESHMEITTRE

TR 22 A7 0 00 BT 1) 26 B0 B8R S 6Pk 5 B B
BEATHIFE R A, ARAE R A4S B R AR K
RBFHR TR EFBFS ESHORATA T, I
FEMCFERN BB FEAN VX S SR, 8
SRRFEA ., IEATE. FEAEAH BT SR 5 56 1
SR, /NP EERE RS E N D, HAMEZ [ AFAE 5
FURIAH DG, BN SCBRAN A IRV T ] B2 %o A
T RE L3 pl ™ I, X FEUL SRS STk
TR LT RIEW 2, B H RS 8 S ik
BEAT Al TE T B AL AR 45 RAFAER R R 2
23 HIEMRHERTERE

FEIR BRI B 55 0, o 308 3k 2 3 LA mT A
IR AR R R . fE SR BE R,
B AR R BRI EE B B A P8 1D T 52 22 R SR 4 5
AN BAG IR o i 52 5 R () SRR IR . B ol
RGN, MR R T S0P I R R A
RRAA . R, B8 B Mo [a] ) B R IR ),

B I 5 R R T TGRSR A Rk B AR AT R R 1Y I8 B
P (R B A2 [ R SR80 T N3 T2 (Zhang et 4,
2012). B/ R AR RE A B T2 B0 B B 9B g%
ZREMER IR I (] 525 DR A2 I Bl D FH 4/ 5 24 55 il i
S PR F AL RV E R N KA, K 4R 3 n
(Li etal, 2012; BrwkiFss, 2012; Masso et a, 2016).

31 EF/IHEARMIEG TSR E

F T R AT /N o Y A R A (A R B A D
T RE SR LA AN AS B B 48 07 58 B b Js iR B 1)
FROE. BBAN, BFANILIN SR AR AR v 2o P2 AR iR 22
UEiS, JET S H G R R A B A ] B A
K2 o KT IR /NFREE, W25 P8R F 2 T/
FEARBIAEGE T 43 b J77%, 1% 7798 3 B 5o W SR A
I FE R AMA B AT BT A, LRI MRS 4 A
HEER, ARYEE 50 S RGN E FE 1 70 S5
AT TR M £ 52, 2006) . EG0iE b i
ANCLR e AN o0 A IR i B O SRl 78 Ab PR S B
e 50 T Xof 0 P 2 A R A 2 1) K /NI R R
K, W HAERFEARRKTEO T, Mg RESH %
TEWE . IEREG T T iEFEA T KA R
SER (B e, 1987). DL EE i (35K 42, 2016).
PO A A 18 (MK 4%, 2005). 15 B EEE (Han et
a, 2012), N THIEMZ (2, 2012). SFAFRIEH
LUK E Bk (&M, 2015)45 . T I K R G
W DUV DA R B BNE AT R A, R
VEN] 2[R AR O SCRR SR 405 2
311 xBRLIEIL
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P L, (AFHA T FARAE—Fa A R B R 3R
s (AP AR R (RS, 1987) . ik %o} J5i s 4k
P R0 2 AR FE (BN AR R BRI ), R R LK
PR .l RINAE R AR, AR R IR gL
F . $EENEE I ET DU AL OB G EL B, TR T
JRAGEHE I REHLYE, R T H BRI Flan, e
ANFREEET AR R A AR TT e, B IR EUMA N
AMFFAE(PR S BAE . TR 5 ) 1Y) 22 4 3 S U0 £
P, WA IR B RGURAIGM(O, N). 72 H /s
I B ) S HOEAT A TS, BT R AR A
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ff 78 238 70 A7 DA B AR H R A A5 2SR EUALAR o 50
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LR TN I —Fh o5 ik . A A R 3 2T R,
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SR A TR EAN, R FEAAS T A A
MZE, HASEA A AT KR, BT 5
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U TR B mAS AN, B I AT R 4
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32 IMETHTHMEHER =W
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ARG A AT 2, 8 E M BT B
ISR RE, i K4 (Aitken et a, 2008). FEAIFD
T bR T ] 36 A6 ) P, MEDATE SR [ YIRS BiE &
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J1 AR AR R E [P 55 A8 A 1R i S RE ), T8
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b @ M AR, HOR E ARG B A R B A%
SER IR A AL (WllT et al, 2006; Willi & Hoffmann,
2009; Hansen et a, 2012)., FffA] LS A £ R %
T B LA 5 RO B B AR 4K (Bay et al,
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£F(Chevin et a, 2010).

FREEBE R ST R AR e EFEI R . HhH
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Applications of molecular markersin conserving endangered species
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Abstract: Molecular markers have been widely applied in the conservation of endangered species for
revealing their population genetic variation and evolutionary history, providing essential information for
making conservation strategies and conducting restoration practices. Here, we introduced the applications of
molecular markers at different stages of conservation efforts: (1) Molecular markers can be used to elevate
the precision of identifying conservation units such as excluding the influence of cryptic species and
hybridization. (2) Phylogenetic relationships are useful for distinguishing conservation priorities for biod-
iversity hotspots and discerning species and populations. (3) Molecular markers can contribute to instruct the
strategies in ex situ conservation programs. (4) Dynamic monitoring and assessment of conservation
activities can be achieved with molecular markers. Finally, we discussed the prospects of applying molecular
markers for improving conservation strategies considering global change, including long-term monitoring of
genetic dynamics, the use of conservation genetics in conservation management, and the development
conservation genomics.

Key words molecular markers; cryptic species; hybridization; evolutionary significant unit; management
unit; ex situ conservation; conservation genomics
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(Butchart et al, 2010), 70 HJR A, Bk T R4 TAEEH
PISLyg seoh, fRE A S — N E B 7w, 1
IX 7 B H X A (1 o R 8 A AR AT D 2 B8 A
WEE . 0 ThRicERE AR, PP, P)hak
B R R AEAE R IR B AU, TN T SRR
PR Y E R AR SR AT 2 (S B, Wstfh 2 4%
P . KRG HRREANE, HOT
TR Tl 5 XoF PRI AR A PR BE (F3E g Ty . RE O
— LSRR A PP BB R B AE AR 2 R R
FH RN (2 B R B A, 2002; T i i AN 32 /0 g

2003; A AIE AL, 2004; FUEIEFIE 4% 2009),

WA LT Fhrc A AR AN, 2000; H
SCAEAN L, < BAUR, 2006; JE AT E 4L, 2014), {HA
MIFR I CRAP I FR AT B BA . TAER, 4 FhRid
FORIELRY TAE IR e, I BAE LRI 1)
AR AR WAE A o A SCER X B fE PR
Pt FE A LA B IR, BRI IR A AR
G, B E i R A AR S 1, BRI ST s IR B
IR RIS, B fa PR ORI IR BCR & (1), 4l
TFHARICAE— RIVRG AT S SL e BTt e . B
B,

1 RIPETHEIRS

B € 1L 8 1) DR 7 X R AR 22 R OR AP T
SEANFER . SR1EE A7 A (cryptic species)fIf77ES 5

WA B MR RYE, S ECH AR AR 5 R,

PR R G S, R4S TR s TR, 3
BULAE R rh 0 2 TN Rl K 2838 R s el el T

PR AE, PR/ B A Tl st A% (Rl 4k L
KA, RSBV BIRY o A HERA H 1 [
AFAPE AT, il il PR B AN e 7E fi 75 22
R L.
11 BREFAIRAY

Fafe MBI A R AR Z R, (Hiifh )
ek B F e bL ERRE IR (Fiser et al, 2018;
Struck et al, 2018) . X [ A7 P T %5 731 g R R 5 AT
TR Z FEIE B, SR ORI A Rt . DNAZK
FEAE(DNA  barcoding) 198 F R % 5 43 2K 800
PRAL T 7, s kR i L R A AL S |
% (mitochondrial cytochrome oxidase subunit |, COI)
S B i FH BIDNA SR TS, T 7648 4 Hh D) &5 FH -2
KB B 1,5- T I ¥R Ak B n 420 (ribul ose- 1,5-bisph-
osphate carboxylase/oxygenase, rbcL) Al 24K &
A (maturase K, matK)Z55E K F B2 A1 N 2 AL,
T 25 TE B DNA T A1) 1 22 57 0] DL 58 AN [A] 1 2 28
BTG, i, o [ KR (Andrias davidianus) & 1% f& il
(critically endangered species), A [q] R A A B
BHIEEZER, KELCREOAAFRE — M. &
T, Yan%§(2018) K & KifACOIl. 4iii &b (cy-
tochrome b, Cytb)#fl & 34 (displacement-loop,
D-loop)ZEDNA 1 B 7 i, K I ZAH 5N AN A 1 5L
ZHR, AR AT BRAE A, BRI
MBI AT SKRA K. G, RRNRE T TI7
EEEES. TR S SIS EA R 2
A7 . Bk W RS B2 AR (Quinchamalium) & A H
FZAR(Q. chilense) 7£ B %2 &5 47 LU Dk (1) B ZRE N L ¥ DiBs

Ripat Sy FARICHINL
Conservation processes Applications of molecular markers
e
PRI T o KERAAFRD . JSCFhE
Recognizing conservation units Identifying cryptic species, hybrid species, etc.
-
4
BRIt > BEMLSER P X, rRh . RhEE
Determining conservation prioritization Distinguishing conservation priorities of areas, species and populations
{ } - /
P
TR o R AP AR A L
Instructing ex situ conservation Collecting and assessing founders in ex situ conservation
PRI BOR: - TSR AERHE
Assessing conservation strategies Measuring inbreeding and other population genetic indices

1 SFHRCERPIETHRAESR

Fig. 1 Theframework for the applications of molecular markersin the conservation processes
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A LR A RS R A AT, BTSRRI
AR R 58 BLAEAEREAE (thrum flowers); 11 & L #x
WA RAMA R 28, K AEAAE (pin flowers).
W Ft 2 K FH A% B 44 %% 5% (W) B X (ribosomal  DNA
internal transcribed spacer, |TS)FIH 4444 4w GtRNA
[trnL-FIX 4 26 T A5 7 510, 5 i L SRR A 5 i P 2
X 73 Hisk, HICIE X 7 H SR AV X 3 rp A
1, B, ZZAES TR TR v A& F
TEAE 2 B A7 P, BIH 20 8 AN =3 S b 0 iy 1L
(Lopez Laphitz et al, 2018), KIULIEH$2H¥ —# 7
TR L

WA BE IR 48 0 H B AP, B RS 0 2 1
Yo PRI IRY X IR 2 2 AR AR WPl == & FE AR A
(BB E 1, T B A7 b (4 R I R4 7 R 0 B R
B, SEINVEAL X IR 2 RV B, EORIANAEE
i B 22 R A IR R 18 MR, B A2 HHIE M

FRITT U, SR F Bkl vk 1251 16SHw i 5 K 4317 /5,

VIR A N 11002 P, 1X —Hb X A PE AT S
2 REME () B4 4 [X (M eegaskumbura et al, 2002). A
RE VRt B A7 i B ™ H (1 ) R m Al T 2 A
AR, NI AT BRI A G RE . (RS AL
D PR R S R AR, R RS
VIR L2 BTN B > AR e FEL AT, PFp
PR fEREE AT R i, JF HAS R Fh AT 68 7% ZEAN A
(RIAR-P S0 . 4511, Ravaoarimanana(2004) % FH £;
KAk D-loopH Cyth v Be 43 A A B, S ik i hn i —
T Lepilemur  septentrionalisfy7E24NFafrff, &
ATAT BE A2 T Gtk 3 HE o ko, b
Sahafary Fi# 2 LA T AR F IR G (R fe il i 75 B
M PR T &

52 R, AR E FJE T R —A
iR, (B FRIVH BRI 20, 5K B %8
XFETE, AR TAYZFEERY . filin—Ledy
A PE 156 2 95 (copepods) 7E T A& 122 AR K, SRIMAE
DNAZIERD B R a4k, Bt eq1ysE TR —
YIFi(Anton et a, 2016). £ FATEEA R ME A
] (R 0 oy Sl I CAERAP, AN AT R B A b I g 25
PR, AR 92 52 (DR Y BE R o
12 ZZHMEIIR7

F AT Tl 38 A T oA Xk S 1) S A 7] 58 T T B
(17, X ILARY ML AT BRI il BRARZRAT X AR
Y2 REME R — e ai kb, dnm] s AL PR Rt

T AZ /N 2 G 400K, (L2 S8t AT e A2 ) 22 A
FEAE AR, AT R b R A JE R RS . f S
RS R WoRIE LIRS . IR KA
A (R ol 2 AR AN R A Aol S HG o WL A 2 T
] it 2> R R ¥ (demographic swamping) . i 1% 7]
k. (genetic assimilation) 5| EFRFERIAR /N I F A K
#f(Levin et a, 1996; Todesco et a, 2016). i1, B
AMVAF T 32 [E 15 50 5% 1 2N RS 5 30 22 FIS PV i 22
FLHBIX BT R (Canis rufus) T Fl e R ™ 5 R B4,
SHE TR (C. latrang) 4438 = B, £ 1%
FEAEFE IR ARG o N PH R 2D AR 38 A5 R I 1)
=R, R SR AR S Y HE R (United
States Fish and Wildlife Service) 7/ 1 A\ i3k
AN AT B UG BR BT AN AORE, P3O B A 3R
g AR H, SRR LR (Hinton et d,
2013). Chiang%5 (2013):R H ¥ 44 v Bt K 2 5 1%
(amplified fragment length polymorphism, AFLP)#x
WHEFT IR, & AP G A & 2R 758k (Cycas tai-
tungensis) 17 7€ i el 2 %% 55 11 4b K3l 2% 75 2k (C.
revoluta) & KA 7% [ I G, $&7 ) A% H b ) O 7 77
5 REAIN KRB DR TS 1) 7L

X T A P S E AR ORI R, H AT B
ZNMRP AL — BEREAE . T2 FENNRL
FRARE AR ML YA, RO BT M K4,
R AEARA M A G SIHE RS 4 B (Allendorf et al,

% (Endangered Species Act) i m 2438 FhANME 15
TRAr, “aip e g TN m AR o . tedn, A

(K135 %4 (Felis concolor coryi) Rl Je: V.l 7] 24 52 T 5,

BIR WM RI A Lfr. S/, HT A2 R
TR TP 2 [ B 418, 19904F )R R 1 AR
PRSI SR, HETRMBVIE R 44 5
1 (Rhymer & Simberloff, 1996; Mallet, 2005) . Jackiw
& (2015) 4 th NS (FEB B L. EE R AR R
i B DI RESE T 2 5 ) MG BLE AR (FE AL 2
KT RS S FEME) N TSGR a R, MNRL
FhIT A [R5 BE S B R HESE

B A7 A RN 2% 52 M B RIE A ) TR M T R AR
TAE, HEA BRI TR B, RERAAEF
FLA5 R RGN B DX AR P 2 A B VA (TR S
HMIZEHS, 2019), %5 B BSAEMt AR B TR 37 7 5
FRI R A Fh ;o TG A ) 2 A2 o 15 7R ZE ORGP
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WA 2% R (PR A P 0, 2017) [RItL, 7EFRE AR
SR ORI BT ) 5 5 5 R A SE AR S

2 FRERPILFE

21 FREMEFRPXE

D Z PRSI RS RG R EE
FEITIX IR, R S AR AN IR i A v PR AR 22 ek
(Pacicco et al, 2018). H HIAHE SR X 1k 70 K %
RE BRI £ E EMREE T, UAESREZH
PERNGE 59V 2 0 T, RV Bstk 2RV PR
&, AR XA 9SS KA e
HAE 6% A 1 i8t4E 2 FE % (Muenchow et al, 2018).

SR, W0Rh 2 AR R ) XA — S R R AR I PR3 4,

DR 97 W] fie Ak 2 s A AL T A8 DR 47 1R 2 4 S 38 i
F] B — BT LAIE 75 2% I8 Fh 1) 2k A i s A AR S Tl
(Pollock et al, 2017), Tifi 4> FFrict 2 R Gtk
B AT DAL R E E . Tucker?$(2012)
KFHZERLAA . 24K F1EZ DNAFE 30N L [K] 7 41 5 7l
e B MY R4 X (Cape Floristic Region) 1l
IREL R 2 FEPEREAT VR, it & TR EE
[ RGKE 2P (AR E 7 S K
Y AR ER DA I AR I (— s YE A

Ykh 2 FEINBLI R G0 B 2 REIE) e 3R b Jm I,

Az 4 b B IS P AR P B B A e IR R S B
X R AR S 1, 2 R DX — b X 3 Ak ) ARy
PSP E A MR IEASC, BRI R A
(A SRR, DR AR B ST 00 2 AR 4 [X s e 24 53
% R IX R BRI
2.2 TREMSERIPHF

B4 50 A2 ) 22 R 1 ORAP DX S AR S 1k 41, W
PRI FE AL R . IUCNST 4 A 72 5 1)
PR = BARIE 0AR X KN P . MEZ D
FEIR A AAF )7 M A5 T H AR HE(IUCN, 2012).
SR, AN P A R B B 5 1) R4 K 8 Hf,
FLeytcl BEN LTI, e 11— B KL ERE
FEHEPIEEHER. Vane-WrightZ5(1991) /44
T 2 R PR I 1) 7 2, I AR AR
5 AR ) oy R A AR P, R
= AP RT 1R A 56 ORI (phyl ogenetic conservation
prioritization) %} 4t . 2 i1 saac’s (2007) & H! )3k A b
5 b 4= J5 Wi /G (evolutionarily distinct and globally
endangered, EDGE) /7%, 1t0%5(2018) % FH %1 TSLL %

245K rbel. matK. RNAZE A B 5 55 K (RNA
polymerase beta subunit gene, rpoB)Flp! i 3% [A]
(RNA polymerase beta subunit gene, rpoC1)%55/™ A
B, W 7 KEERL R (Najas) 21 MR R 4t
PR, T+ T A M EDGEME, %18 B
AR P (P b DI AR R B 22 R AR F A 1 R
(1) 43 3K 2 B LT U & A Rl 02 () SR 5
KA A (FRHE I UCN I S 5 0 MRAE, 45 208 e Il
R THE AT, 45 SRR AR TT B AR SR (N,
ancistrocarpa) B A B & 1 R G R & e, nIER
ZJE S AR S R A
2.3 TREMERIPFPEE

T R M, A EE 2 M, B
TASEORIF B B AR < i BR ], 75 BEAE 32 R A A
G ARG ORI IR e D0 S R 3P PR A
Pt AL Z A S Lo A, IX W] UK 23 1 Frad gk
AT PREEAL 7 RS . AT 70 AR D B35 B
BEALY 1 %2 & PEDNA (randomly amplified polymor-
phic DNA, RAPD)FIAFLP, L& EMISEAIEE. PR
P A BK B 22 251 (restriction fragment length poly-
morphism, RFLP). f& 5.5 & J¥ 4l (simple sequence
repeat, SSR; X ik A2 (microsatel lite) ol £ B
7 %1)(short tandem repeat, STR)), it T DNA
FFHIE B B R 2 4 P (single nucleotide poly-
morphism, SNP). & H &y & I Fr AR ) fii 44 25
ZHl ¥ (reduced representation genome sequencing,
RRGS). & HF K 240 45 H1 ) 5l 7 2 hRid
— M DAIg A% 2 A (WA R 2 A BEER 2 A fUE 4
Eb &) 48 AR 1) v K25 RE AR 1) A0 26 R 47 I (Petit et
al, 1998; M5/NE %%, 2002). T AN [ R e PR 5
NI FIASIR], PR E R R AT e E B B Rk Ak
TR R EE, HH I Petit 55 (1998) 42 H 1 il i A 1k
(rarefaction) b B 1 55 o7 & K 3= & B AR i e A 2
TRPMEEI AR, XS B R ML RS 2 ]
EH 2/, I B BEAOR T 2R B /N AN /2
HURERPEER RN, 8 I % T8 bn 45 5 AP 7 gt
& Z PRI AL 73 A0 B AEN DTk, AU 5000 AR
FefRAPFIEE . (HAR, X —TNERR R — M T A
TR A B AL URR I T B il R 45 (2004) 1) =%
JE B R 2 TA) ) 1AL AR S, F L O3 T B & A A
Feth 1 — M ER-G 25 SRR N 8 A% AR S R R [A) 5
A5 22 e (R T AL DTRR T STV
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e S CR PP B 1 25 P8 A v 3k T g Ak 6 3 BT
(evolutionary significant units, ESUs), iX— & i -
HiRyder (1986)#& i, #5— 4t bRy HA K
SRR S, MR NI AR L 2 R — 4
AR ITI . ESUs— REIR UE 5T A DNA 1)
M R 5K B RFE R %, 14k 5 & (mono-
phyly) i) —2H M /ELESU (Moritz, 1994a). {H
&, ESUSIIRI 0 I AEAE — AN IS R
Bk DR By I 8, A DR AT wfE ALE B AR 4 ot )
A A SR, ) — B ——8 P 5.8 (management
units, MUS{R It fif o 13X AN a) @l . MUSHE P i
B AE 5 Fh 48 1 (demography ) BRAE 45 &, i 7%
A% Jik DR B 0 A 25k DR 7E R DRI 26 B oA I 3 22 e 1)
TG, AR A — LR R O B R R AR (10 R
WEGERY L A ST BhE T M ELAE) i iEMUSs (Moritz,
1994b), %X 74/ T ORI R T ) ERE B
TR sz (Moritz, 1994a). AN AT ESUs, MUsT: 32
FETEA IR MAEEEMERNNRAEKE
KR, IR YHTTIAE P S P21, & 15
A2 K39 19 2 R+ &1 (Douglas & Brunner, 2002) .

3 iEFEHiRIP

IEHBAR 7 (ex situ conservation) & 5t &k R4 (in
situ conservation) () &b 7, FZ H AR & H LT RE
SR AR A Fh B A K R BB % 7] )5 (reintroduction) 2]
B4 15 rh (Williams & Hoffman, 2009). 7] f£F4:4E
TEMBFEOR B — e e i, KU iT AR g
5 B VP Al g e Y MR A8 AR A R L, DAk
T Hb R4 F B ) 2S5 3 (founder) . KR |, %)&
B J5 30 B S i f A FE IR, IE HB AR B A4 B %
1E—NE B BT N % B (Witzenberger & Hochkirch,
2011) . /NJRUBE b, WSCHRE T AR A 1) 2L AR D ) S RO
THRAREZ B R, ERE - NEBHHIT
W o T2 2R I 18 A% S ZR B0 26 1) 55 A ik [A] (Saura
et al, 2008).

RIEE IR HAR, TRE TR RN AT
B AR R EEFEARAE T MR R B B B 2, X MU 2E
TR RGO R AT RE/D, IF HAE H BRI
AMEAE S RN, & TR AL IR R A 2R A 355
SIATHIES, R ROk G A HE R & K (Saura et dl,
2008; Witzenberger & Hochkirch, 2011). 52 M),
T P VE SR AR R B DR R S R BT A RO 1) S5 AL

PR o RS A7 AE P T ) R — AT
UL NI 7 BUR e e PN bl VA E 1 G P £

ALK, B JrIE AN 215 T R B 25 Al A AL AR 22 PR A

AN A2 AR R AR (A A L R SR
FEIEHBRHE T RO ORGP R SO 1A, K x)
FhEEHT SRAH ARG 3, 2 520 20K (1] A 1)
FhEE. B THEHUSERL IR PR ROR, S5 R
SR — PGPSR A S/ N A # (minimum - coancestry)
(R T T DR JE AR R (R 8% Z AR A AL, HER
TR RAE — B R LA RR Al SR AR 1 AL 2 R
TRIFTE AT H2 32 (17K ~F N (Saura et al, 2008).

B Hh DR 47 S T2 SR I A bt 2 P R
ZH (captive breeding), 1% /7% fix ¥4 B B4 3 # i
T 5K R0 % (pedigree data) i ) i 515 2% 5%
Fo AHRZ, B 7 idsg B R B A5, AN 0] St
R B2 (A A 2% 6 &, R BE 535 5 % (foun-
der assumption), XKL T APHEIIE S R, HR
G THEARIISRE R R, 1 AEFEU AR 2
R4 (Russello & Amato, 2004). [t 7> T AEW2FH
Rk, XA Fhcfs FEFLETHRIIE T
RAFBCR, T+ LR WiE s R4 0t 78 % H 1 5
ThR0 B R SR AL . AFLPEE 5645y 28 fi 44
DNAJFH . SSRsPA K LK 4 7 4145 B 56 N 41
Fric, RN AT DL HE MR SR 200 R, EEL
IEWEON 6 A, mBEETHRIRIIE, KIPRE,
v =W NEF S SRS OP S SV aan |
BCXE 77 28, AR T IRFEMEE S AL Z A6, PRGN i
T R I8 J5 S (Milian-Garcia et al, 2015). Wit-
zenbergerflHochkirch (2011) 734 1 1885 SCHkiA N,
15504 A4 R % HR A1 AT 52 562 18 52 M 1Y) 50/50092 |
(Franklin, 1980) 4[], #7100 T H/MA A BE A 20
AT AT TR M AL Z R 2% .

XFTAEYI R, Tl B2 — PP 250 th fr
7, BATOA ZAEF & 7T E, Wbl
FIFEY)FEIK E (Israel Plant Gene Bank). % [E Bf A4E 4¢
72> (New England Wild Flower Society). & [ 7
B9 B A= AW R T %295 72 (Germplasm Bank of Wild
Species of Southwest China)% . REEFI T, &
Tl A AN A (R 25 18] 3 A, AR il 6 R 1) 2 ERTALAIG
()4 F4 . Hoban#1Schlarbaum (2014) 37 FH i 5 A LR L,
S5 H T AL HL R SR A TV W 2 o AR X
UFE AR X SR — AN Mo (2 HICKFE, dispersed
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sampling), XA 34 A6 A 3k PR B 2 7 — S AT
DX SRR AR i A5 TR AR (47 FR KA, constrained samp-
ling) ) 1.751%, JF H IR Z 73 A BB EAZ )
Tl v SR AR o S5 ORI A (53 A HE 25-30 1) 2
DER SRS o

4 THERIFAEL

TRYAT Bl St Ji5 A A B P R 8L A% 4H AT
WIANPEAY, DMEIRAIE T 7 AREaES, Hn R
BRI NG . LR, IR EHE 20 7T i B AR
I3 hRic 2 SSRs, U KA H v il B R SR AS R
FEDNA 41 R 68 22 b 87 B TR B IS AL B 7 o X
9 A% BBCH R AT R B 20 A% 2 M R R AR DR A BT
FFERME S, WM EIREE . HEREE, EX
RE AR BT bs . AR5 Fd
I FE AR PRSI 3 BOBAE 2H A B R R, PPl
TRAF R, AN A8 R BRI B 2% 5 T Ml B 1 3l
—if AERE AT I I B 2 S BE R RE R, o i 25 17
AT DU 22 B R R s e B JERENL A O &, el
Tt Ry (Wahlundsh) . 132 72 45 (Witzenberger &
Hochkirch, 2011).

WREWFh T AR A B RE Y, RS R

ST, (DR A R A8 S AT RE 2 51T ST 3R,

T A% 3 AR N 78 5 5 18 43 ) & A BBE 3T % FR A FiE Jt %
2SR A R FEUE RIE A RIS, =&
S5 PR T SRAF AR BE 1Y XU (Edmands, 2007). %
SSRS& 73 FARCTEUT S5, B LA BT b 3 R o Lo 7
T2 I AT B R IR, S PRI Rl T A R
IR BEREAT R BRI AT, FF 2 ADAE A AR S 2
RS 58 00N, DAY /IN I A8 I B8z A 72 38 1) A
(Edmands, 2007)

V2R 00 H O DT R [R1E4T3), dife
VI EIAMARER R T RIS, (R AMAEE K
FIFARKRBRLE T CEMINKE, BL 7T
FEK A I S A, 7R B AT R I
White4 (2018) 1 2 1 R FIE [] V= 184 (1) 4 3 )
PR, ST ARG BoR e E L IR B
Ih,  H K F SNPs/: T bR ic #4 [8] U= Ff B 5 SR Y5
T QAL R AEBEAT LU, [R] VTP e (1 T~ 35 38 4% 22
PEFEE BERL PP RE (17K, LG L B AR T
SRR T L A KB LA PP, T8 X LA
AHELAE O A [B] VAR B (1 183 4% 22 REPE RS S oK, 3t

BHOR AP o VR A AN [ o 1 A A T i v P B )
BAEZREVE. (B2, AR —IRH N S L 24
PEMR G, X 2K E BBt Rl g% 22 5, IR¥F
— JE M B AR MURE P 2 SR T LR .
Li%5(2005)% FIRAPDsX Lt T 7K A2 (Metasequoia gly-
ptostroboides) A\ Tk Fif i AR A= Pl (1) 182 4% 41
RN THAREREAL 2 PR T B AR, I Hist
FE2H B LU B A Tl B 2 TR SEARALL, 380 2 F-FRid o0 it
AN TR AEAR A S N T b Tt S s A7 AR AR v ) s A%
FHBAME(Chen et a, 2003), Xebst BEHKAZ AL
FbAR A B 1) 51 ol ke s ask F — o al bl AT 2 b O P
S T MRS BT EL

5 #i=

Gy FhRIC LA T UG A Rl R AR A R S IR
B REE T EBERER, U B AT E Y )
AR AR, AT RS T T MR DAk
FRIRN, TEORY SRmE h B [E M R 3R . fER
SKEEM Z VRS TAES, @10k ThridHAR
RLFHF AR JUAN AT, DABE G Hb o e £ 4k ) £
PRKE

(1) FF & SZ ORAP P Piost A AL RSP A A 1 s
H # X 77 T B9t 7t 3F 3 b (Witzenberger & Hoch-
kirch, 2011), A% M INATRRAEZDAS Bl —#F, 2%
BRI R SRR G R AFVEAS B, P 1L 4 s
e AR A A ) ) B e R, R U B K M
A Re s S AR ) N TE AR RN . JE IR X TR
NPT AR R A o, B I T A M B L A B
AIATATE

(2K Wil fes Py A P B B A% A S 48 RN T IR
PO RIS . RIPAE RSB B G E AR, R
G R E U SR N et 5'd WD GRS T & LN & s
PRAF IS SEE I H, TS DR AR
H AT, FRE RS BT R R SE R AR G374,
JUH 2 = SRS 34 an K BE S (Ailuropoda melano-
leuca) P %%, F BN H T B AFRE R B
SBT3 M BB PR BT A0 OR A 5 NI
MRS 2 T SEREFIRE DB AL Z ARV . ISR
. BHIEMOEEIR SRR ] (Fr 22 565F, 2019). 1EM f&
EYH, REXSRPFE S R, BIATH 04 %
FE R IEE AL AT, WIRRFIB AR 2 R 2 R
it A B AT | AL MR SF (Ren et al, 2014),
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XoF R AR WA A A ) (1) 3 I A R AT R 482 12 e B AR R A
. (B2, Bl Z &NEK ol FMsibs s
Sk St Y, A AR AR SR AN A 1) 18 A% A5 JE St 11 5
By BORES EUEASEATS), Q0 R AR FE W G Bpl /N
TR 2% 18 STt A AR B A% A5 B O SRR R 51 Fol
BHITH, FEORY AR SRS A 24

() FI B H B ) 43 5 BRI 43 17 7 iR 4 4k
(1353 A% 2H AN BT AR S5 2, B T s
SN RS ] . SERAME BRI 23
TR SEBL R B H bR 4t 738 12> (Russello &
Amato, 2007), fr#F'1% 1% % (Conservation Genetics)
TV 28 [ {37 55 [K] £H 2% (Conservation Genomics) & Ji& .
I EE N HhERAE P SE K 2 i X)) (Earth BioGenome
Project) (Lewin et al, 2018) [ F ik i 2 —, AHME bl
FAZT RIS, JoH R AR e 52 B h
[RI 4 ff) I 75 R (Exposito-Alonso et al, 2020), iEid)
2 ORYE T HAR S (RE R & B AR ), SRR A
BT AW 2 R ORI O A R AR A (R 4R
Al NRIEE) TR 5T 6l E & 1& 1 PR3 i i
S, AR B E M A S RS HR
HRHE FHELE

S 3k
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Informing conservation strategies with genetic diversity in Wild Plant
with Extremely Small Populations: A review on gymnosper ms

Jinyuan Su', Yu Yan', Chong Li? Dan Li? Fang K. Du*

1 College of Forestry, Beijing Forestry University, Beijing 100083

2 Forestry Bureau of Benxi, Benxi, Liaoning 117001

Abstract: Genetic diversity is an important component of biodiversity. However, the overexploitation of
natural resources and habitat fragmentation have severely degraded the genetic diversity of many affected
species. Wild Plant with Extremely Small Populations (WPESP) are in urgent need of rescue, their genetic
diversity are of great significance for studying the endangerment mechanism and providing conservation
strategies. Habitat fragmentation might reduce genetic diversity, increase genetic differentiation among
populations or limit gene flow. However, biological and ecological factors of threatened species, such as the
reproductive characteristic and the demographic history, may also impact the genetic effects of recent habitat
fragmentation. For gymnosperms, genetic composition can be quite stable when facing habitat fragmentation
because of their lengthy generation time. However, in the long term, the loss of genetic diversity will be
unrecoverable. In this review paper, we survey genetic studies of threatened gymnosperms, summarize
endangerment mechanisms under habitat fragmentation, and finally recommend conservation strategies for
gymnosperms. The findings of this paper indicate that a comprehensive understanding of the endangerment
mechanisms through genetic diversity studies is important for effective and efficient conservation of Wild
Plant with Extremely Small Populations.

Key words: Wild Plant with Extremely Small Populations (WPESP); gymnosperms, genetic diversity;
endangerment mechanism; conservation strategy
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/NPT A AR R R AR /N L oA L X OB
BRBRERNTE, HAEZB|ARESRGEH
AT REARAC ™ SRy, A= 2 e OR 9P T e Bk 1k
(Wede et al, 2016; fiilE [E 55, 2016). Witk ZHH1ER
AR AL I, R SRR E S
TR AE 2R, RO NA R E A
RT3 A 2H BRI AT F57s HL Wi B S A8 A (R 38 A AL,
Xt L iR EL BOHUNL P E 1T R HOAR L P PR 37 8 Tt B
H,

1 EMEESE

HZmEHEYBTERRE., ST,
AR S A AT B B BT R RS R R A T
[F] 52 RS (e Wife. 5fa) (Maxwell et d,
2016; BT FRAFILE, 2017). AR REAL AL
SRR EEECR /S, T L3 RSP A R 2 A o 25
T, AT B B R B 5 i A R i el ) 3 R
AR A EAER, BEAS T AR 2R
YERr(Aguilar et al, 2008). FEYIIKIIS AL 22 FE A 58 0]
L AR 4038 N A S AR Ak 38 77 R AE 2 AR
MRS RGBT R AERENLE K2 B R 2=, HEY)
FEIRARE AR WSRO A SR IR A E B R R OR
MRG0 S AP RS S H 1S, YR St o
A 1% 2 A7 B B 5 AR S B T I, KA B A 2 A
TR BEMLIS AL TEAR RN O TSR B, T
AT 3L 1B I e 44 5 FUPIE [R] 1 23 k386 K (Young et al,
1996) . it fE ZAEPERRR AR AT, — BIE RRY
LT E, RGNl % (1975) i, ik %
BEME— H Ak KA FEI1CMEA A GEWRE, Bt
BHE Z RS TR KA R 2 0E
B S IR 2 FEVERE I AT DA B ) g
fl 25 K0 .k R 3R A A 28R B K/ (Wrright,  1931;
Gillespie, 2004), XS H00t 1 T Y FF B9 EHIAL
B I ) 58 A B AR 1E A B R AE H (BElls
trand & Elam, 1993). #5G, iEidistfe 2 FE 1T 7T
AU AP A P 258 A 3 A AT A FL R DR . el T [
FHEK, AT BB EA s R Z I H
BT, AN A I8 S50 A (LG A T8k 55) B4
F50 S I R V7 ) DA A o PR R R B ) 3824 2
FEME> A A% SR (Wright, 1931). — ki, & FEEZ
Vi) 35 7 S0 35 1) T8 A% 4 ) D) 2 A S o (1] 5 R 22
A, R WAFER R A i befg . Hox, mreldnk

AL AR T AL TP B0 ORI A3 R0

HER/N R A EARAH, RIS BRI S AR R/

W] T U AR A BT AL N (IE RIE T, RVl

WP oK 2 XU ) B 8 A (Frankham, 1995) . 1 K,

bt & DNAIFHAR PR K e, S8 T-Wfa i 4%
R R RO H 5, X TR R YR
WAL L RETE AT B oA« 38 4% 43 A R P8 AR 221 1 i [
TR R I B AR R HEAGIE 7, WX ) Fh itk
1T AR AE T FES SL AL (Petit et al, 1998; Cavers
et a, 2004; Neale & Kremer, 2011; Lefévre et a, 2013),

— Rk, ARSI R Y R A 2 B
URCWRRT G 4 ML AN AL 2 B, (R AR
Tt A= B3 A A A0 1 B T g 2= R B o B )RR
PEo AHEETKEYFN, R Phn] e TE 45 5 2 )15
A5 AR 1) 5 W 1T P2 LG 382 A% 22 FF 74 (Hamrick et al,
1979); H AZANSE AP Tl LA K B3 £ 470 Aol of A= 53 A 1
TR BT 52 F3AE T B 28 58 A4 Fh R A5 40 Fb (Bl str
and & Elam, 1993). K, RGeS 5T A5k
PEAL TR D P B A% 2 AR VE R R B 3
LT (metaranalysis) 7 V5 A FI T4 A R 2R AL %
BIRIVEN AR AR, @ AT AR AE VP BE ]
CAVEAG BOSAE KN, FE AT LI 50T 5 0 35OSE A R /s
IR 25 (Arnquist & Wooster, 1995; Gurevitch & Hed-
ges, 2001). Leimu®%(2006)%:iR | 1987-20054 K& %
(1% A= 58 BB R Ad T 4 o 353 A 22 5 AP S ) PR PR 7 491
I EEA IR TR Ay . BB ARG YIEREEER
FRE R /NSEARFAIE, IF B A B8 Al A 35 3 £ S ) 1)
WL Z A, I A SR, B ASASEAY)
Tt R B SE T R IAT B I NE 55 . ek, Aguilarss

(2008) FlVranckx %5 (2012) T J& [ B 4 4 Bt 51 38 9,

T AR T B ) S S DA FIRR AR A B A
AR B RF AR AE (I (AL ERG, BOANR) T Hii e 2
PV S R AL B G R sy, HEWS T
AR I 2R . R S R BRI
S e e o AR RSB 52 3 R P U S 7 T AN [R] A ),
1 4 R 3 B K (Fraxinus excelsior, Bacles et al,
2005). KR4S A2 (Taxus baccata, Litkowiec et d,
2018) Fl13Kk [ ¢ A B AT J& (Sinojackia) 471 (Zhang
et al, 2012), W5t K B Le b e oy 4% 2 1 1
E PR RIS AR AR SRS AN, PIRE S
3 4RI A B B R AR I8 B ) AN RS2 R (K ramer et
al, 2008). Z5 &, Yy BhE AN S I AR Sy E A s
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SR S AR A R E 0] BE 2 RS W AR BRI AL X A
b (R B 8 4% 2 24N/ (Bacles & Jump, 2011; Lowe et
a, 2015). HuETREFIRAI RIfGEY B % 2
FEME A AR NI T, TR AR NP B A AR () 4 RF
HLEE AR 8 AL 1) 2 A S PR R T &

BrAESHFAESS, Bhasdiib [y st 2 7 Pk
WIHLER I 5 2 LR ) — N E R R . BRI E
X IR A B I KRk a5 7 5, (HR Al
FEL A () A 358 AR A AT S5 3 R 1 IR 0 R 2k A T
52 (Hewitt, 2004). 2 PU£C vk HH AT [E] UK B <% 72
I8 T PR A XSO S5 8 5K (1] 40 R R b i Bl
FIRHOIT ), 76t 72 o B ey Fhn] g 21T 8
NI EZ AN EAEEAMEFT(Qiu et al, 2011; Liu et d,
2012; M55, 2017). Qiudk(2012)% H [E Az Ak
i X BRI AT R (R Bh A& 7 SR AT T 2RIR, KR
SEVYL A Hb TR AR~ ] A2 A A5 15 5 L IR iy P Ao
TEVK IR B B H0R 227 77 B I 1 a8 X B
RAET e s b7 T AR B 7 I iy AR Ak e,
WA TR VIF e LR B SR AR B i A A o o,
AR AGIG A B A VR S AR X R ] 2 2 DY 4 vk s
Wi F5¢ 7™ B [ [X 3 2 —(Qian & Ricklefs, 2000), {H
X B L RN DI S IR
O IR 0 K 22 B b R g xR AL T 264 . il
O A 3 1 Uk 4 iE B 7K A (Fraxinus mandshurica,
Hu et al, 2008). #A#k#k(Juglans mandshurica, Bai et
al, 2010)F1H #A (Pinus tabuliformis, Hao et al, 2018)
SEWIRNTE S DU 28 VKBRS /E SR AR B R AR AT

SR, &4 b TPt Ak s Fe i =
TEHT T AR Y FP R AL IS AL 224, T T e
YIRS B R

2 R/NFREEEF AR

W /NFIEE ST AR M) AR A AR e AT L K2
WAMA R AT P E O T M E
AP EE(minimum viable population, MVP) LR,
TN K 2 ) B ARG, LI A% 2 ARV RR B AR A7
RE JJLEDDFP ARG T AR b S5 A0 5 5 HE (PN PR A
T, 2013; Wade et al, 2016) . 4 TAEHEIL T S,
V2 N R RE (MK 2%, 2017), Hitfh ZRErE2 4k
SRR IR PR L B CUR R AR BRI,
K2 BRI PR ) S B0 P P B A 2
PEAR PRI 2 K IR R, (H R Le il N

R HE ) 0 25 SE 3B 2 3 H 30T 30 A B8 R A A ) 2 4%
RN (1) DRLtL, VEERA MRS /N PR R T AR () gt
& Z VR TRl R4 RO Ph R S TAE A B2
TEH .

7K #%(Metasequoia glyptostroboides) & 2kl k 12
J& B IE BR I TE TR, MERERIRR, DX 6%
N FE (K MBH, 2000). AKAZAE SRS =282 0
A T bR BRI, H i T 56 DY 2L UK U R 3% 1 52
W T J L~ K 48 . T 21 201H 20 4040 A HH 3 [ 1 56 Bif A
T3 B TG R 1 I B AR KA i 44 (B
B4, 1984; ik MFH, 2000), 133 B FR EREA 1
WY, bGP A ERHE MO, POEETS DLK
2 . Li%F(2005) 38 i BE ML 4 3 2 2 14 DNA FF id
(random amplified polymorphic DNA, RAPD) /5 i it
FU T IKAZ8AN T A Fh B AN 3k 52 A R 2L 14544
(e fE Z e, 4 SRR IR iV B A B st % 2
FEEAR, HEMIZKAZ (B0 R R 32 22 i T35 D940 S
i 1R Jal ZUAR Ak i 1 2P0 Rk PR R R T B AT
ERT RKEBUELEZ RN . S FIE R IR E Fh
IR AR IR B R0 1R A% 2 HEE, DRI T /KA /5
TR ORY . 3 AN KAZ IR TR S 2K, AR
FoA AR AT 5 e 1058, XM 1 HRh R A )
wiB(Li etal, 2012). H FiAWrEA A A< %A
AAEAS PR A DF  OR 3 BE IR, R L2 9 g 1
FEORSP B AR MO (R TR IS, T R AR AR 1548 S AT
PR AR DU IO AKAZ B Bl RS AN I8 4L 22 A1

EKAZFAL, BT BhASHEA P 523 B e 1) )
— R THEY)EARHZ (Cathaya argyrophylla). 42
NIAFHRAZ 8 W TR, MEERIbR ek, 250
VY 20 DK I 32 A7 T SR B AXAE Hh 1 23 A B o 2 A 184
Tt EH AR A R 0 £ T A 2009% £ 20 20 50 AR 4 )
VG e e (R RE AR A 08 44 (T 57 B R 75, 1981) . iff
7N AT K ADNA (mitochondrial DNA,
mtDNA)FI#ZDNA (nuclear DNA, nDNA)H BLill
(1) 77 32X 164 FRAZ PR SL 98NN R E AT T it AR £
FEVEW I, 4 SRR ARAZ (P8 4% 2 FEIE AR, HHED
B AT AAF CE AN AH FL RS 55 (1) UK 8 X i, 9 FLgE xfE
JIT 1) 9 TG K BE B AL #B 5P B 7K I R (Wang &
Ge, 2006) . LA_E 25 R4 W 2 U 20 UK A 72 35 1 B
AR e B SRR M E SR> .
A H R 1] £ ST B 2 M PR PR A1 3t A 45 Aol
R 2 9K, ARG BTE A s A S EUZ
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R1 RN HEFEEYNEESEERRLCE
Tablel Summary of research on genetic diversity of Wild Plant with Extremely Small Populations (WPESP)
Wyfh W R SCHR
Species Methods Main results Reference
#Z# Taxodiaceae

KB Metasequoia

7Kt M. glyptostroboides RAPD MRS FPHEIRIR AR AR B A8 1I3EHE Z AP, S URSRIT HL R Lietd,
Restored populations are lack of sufficient genetic diversity, requiring future ex situ - 2005
conservation

% Pinaceae
I8 Cathaya

#R12 C. argyrophylla NDNA,  BFAEFREG A% 2 AR IERAR, @ UG ORe S N Tk Wang & Ge,
MDNA [ ow genetic diversity of wild populations, suggesting ex situ conservation and 2006
artificial pollination
I8 Abies
FIFAKS A Zyuanensis CPDNA,  Fliff ] isifL ZREVEAIG, FhBE(RIE AL o)A, ERBURHL LR AR K 4y Pengetal,

HILAEA Y A beshanzuensis  MIDNA | ow genetic diversity within populations and high genetic differentiation among 2012
JE5 LA A yuanbaoshanensis populations, suggesting in situ protection of adult trees and seedlings
#1142 A fanjingshanensis
L HAY, A recurvata
B4 A fargesi
A G R Taxaceae
MR Amentotaxus

HAERZ A argotaenia CPDNA,  Jj st A BERE AL R I A BEE AL BRI T IR 2 e, it B8 Geetal,
LIBRIER A, formosana mtDNA,  Historical fragmentation and recent habitat degradation reduced genetic diversity, ~ 2015
ZRHTEAS A yunnanensis NSSRs  suggesting habitat restoration
A. poilanei

AGME Taxus
EIZLEAZ T. contorta CPDNA,  SEPLAR R & S EURE L Z R, UG AT 25 & Ry Poudel et a,
B Ok LS4 T.wallichiana NSSRS  Quaternary climatic oscillations resulted in low genetic diversity of species, 2014
BT T mare suggesting in situ and ex situ conservation
RALLLEAZ T, cuspidata CODNA,  FEAFRE AR & R st 200 CH BBt e S E = MR, g Sued,

MIONA SIS0, 2B (R 2018
High genetic diversity, lack of genetic structure, and extensive gene flow were
detected in both natural and transplanted popul ations, indicating recently decrease of
the species and suggesting in situ conservation

BREHRL Ephedraceae

FR3XJE Ephedra
FHIE E. sinica CPDNA i stk 2 REVERS, S L, ELLRY R 2 REt: Yineta,
FHFREE E. intermedia High genetic diversity within populations and significant genetic differentiation, 2016

suggesting gene conservation of species
FekFl Cycadaceae
H4KB Cycas
BEHALI R C.panzhihuaensis AFLP  BFA RIS R I80% 2 RE0E S ANI0HE 20U, @B s s (R Yangetal,
High genetic diversity and low genetic differentiation within both wild and cultivated 2015
populations, requiring ex situ conservation
HARL Ginkgoaceae
#1458 Ginkgo
A G. biloba CPDNA  Filtiif Py ast L 2 RENE i, Pl (A SR 22 AR, iUt R Gong et al,
High genetic diversity within populations and continual gene flow among 2008
populations, suggesting in situ conservation
B FARE Podocar paceae
¥ B Dacrydium
Fii #4424 D. pectinatum ISSR SpUGFh IS Z R, AL R R B, U IRy Sueta,
High genetic diversity, low genetic differentiation and high gene flow onisland 2010
populations, suggesting in situ conservation
RAPD: [iHLy 154 21 DNA; nDNA: 1% DNA; mtDNA: £k DNA; cpDNA: 444K DNA; AFLP: ¥ 18 fr Be K 2 £ 25k nSSRs: 4 L2
ISSR: ] &L 85 52 /7 41| I B X
RAPD, Random amplified polymorphic DNA; nDNA, Nuclear DNA; mtDNA, Mitochondrial DNA; cpDNA, Chloroplast DNA; AFLP, Amplified
fragment length polymorphism; nSSRs, Nuclear microsatellites; ISSR, Inter-simple sequence repeats.
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G IS . RN T4 S ERAS I Bl R RIS R 1 A
ZHENE, A BT RN Tk ATt R4
FAREEE — K& BV 42 IR (Abies) i 58 . i B P 5,
HRAE, AR EZEN N, (I EE S
i T R B A ML IX, VF 2 YR O W
Peng %% (2012) | F - 4% A DNA (chloroplast DNA,
cPDNA) FIZ R AR DNA FF 51 43 81 75 143 At 1 3R
(A ziyuanensis, 31 Fh#E). H LR (A besh-
anzuensis, 1MFiEE). JoE LA FZ(A. yuanbaoshan-
ensis, INFREE). R4 ILR A2 (A. fanjingshanensis, 1
ANFPEE). R (A. recurvata, 7R AT E LA
(A fargesii, 6 FHE) L1614 AMA HIEL 2 FE 1,
S5 R D RV RS TR N B A Z RV, FhREIA) 1A% 73
s, FEFACRAZ I, HEA A2 R YA e 3 22
BH T~ 58 DU 20 00 72 3 51 kS 1 A S e R A R R B 40
fva s . Ak, WAL 2 BN BRI i
WG NG, LATITAE S 4 9ci b M R 25
4 S 4 RS A R (R B o R DA B

FORVCH I ORA AL AR Je S, 1EFENN TR,

PR PR S AR B OR

X FARE . REARAS, Ao —LWifai 1
TP Ry 2 A EE R 7 ) L RIS 20 G AR
FEAEAZ JE (Amentotaxus) (5 & 5Fh it % Y (Fu et
a, 1999), AMERES IR, Sz oA TRk, B
T AT HGH AN 4R 7 I HE X (Harris, 1976). Ge2%
(2015)38E it M- £E A DNA . £ K7 /A DNA FI#% ik T2
(nuclear microsatellites, NSSRs) J5 & i £ 1€ £2 (A.
argotaenia, 11MFHE). S IEF{EIZ(A. formosana, 1
ANFIEE). Z LR (A, yunnanensis, 44N FlEE) AL
AR B A, poilane FHEEFL 192N AN AT T HF
F, R LW B A R /N R A 0 R R (2D
F100MA), 7 FILERY 3 H#S2 B A T ISP
(R 22 REVE AL DRI . AR T &l n i 1
AR BEREREAL, AT I T P Rh ) K 4. TR O
s BB H A NRIE ), PR AL 2R .

BRI R T HEA G AN R Z R
WAL . E 20 G4 & (Taxus) HEL) B 5 20 107+
(Liu et al, 2018), FE AMEME IR, KEAER, HA
TAPUREER S RN A Y . Poudel 5 (2014)

X I A X S 4820 A ) 2 41 A2 (T, contorta,

© ZFEBESE (2013) HPIE SRV I B LS WS NLRITT L. At 220
3, demthkl ok, et

AP = LD G A(T. wallichiana, 17N Fh )
R 7 AL GAZ(T. mairei, 3MFPHE) L5090 REAT
T HET SRR DNATIZ I 2 H8AE 22 FEERIT 5T
g5 RER UL 5 SR e L TR X,y s A R 20
LGNS EME SRR BB LGSR
R UK 2 D B SR T BB 5 ol ok, =5
Fo7 0 21 5 A2 b B 52 2R % UK BA 1740 2 v 2 A1 5 HL UK
5 A AN B2 S R HE AR 1) T kT (Liv et @,
2013); A 77 4L 5 AZ 32 EEAE [ F S XA LA
Hh3BE A T A7 AN 7K (Geo et al, 2007). H4h, FRAk
Kl 1 BETBCCEE N0 B A 192 X RS A A
A A BRI B, IR T AL AL PR R P R
J& (Pant & Samant, 2008). [Kitt , #ft Hh ARl R FhEE,
T b OR PR BT B YR I 9 N SRS B A R T X B
Wil fes P A A A A7

5 Bk #l /NP R Fb ) 18 4% 2 AR TR AN [
B ORI /N R BT AR R A ) 35 A% R SR R AR A A T
Wi 3 AN B 4 (Llorens et al, 2018) . Su%%:(2018)i it %}
HALLL T A(T. cuspidata) 264 FhiE3L 2654 M )
2% A DNAFZ K AR DNA 7> BT R 3L, H SR FES 48
FREEAORRE T Sk PB4 2 R . JCBH 2 AR
WitE g 2= I R E AR R, U AR
WX RACL G ALK, R IEFRE
SR U Ik R R R g e 1 AR S5 AL B B0 A B i
I AR e R K A o ZRAB L A [ R IR AR B4R
HhfE201H 2060-70FAX, A T FiE 44 (Pinus korai-
ensis) M AR R ARAR (25 5 305, 1964), F34h201H 48
QOMFAX H T~ SR AZ W 1) i WL AH X6 21 T2 AZ AR AEEAE FH 1)
HAE, G 2P RE A RALA G AR
RANE ) S R AT R 5 1% R ons 5 DY 20 S fig SR 2L R
R RIE RLRE JT KPR B4 M S A AL R 2 6 () 4
HR(Aguilar et a, 2008; Kramer et al, 2008; Borrell
et al, 2018; Browne & Karubian, 2018). K%} T %<
LA G RAZ AR R IR AR, FRE RILA
T2 IR R R A A% Z AR . S AR ) A AEEAT
BEHAE, IRRARS 5EMZHEMERI EI.

54 G235, Fpk 3 (Ephedra sinica) fl Ak
35 (E. intermedia)th H1 T 24 FH OB AR & i i 20
KA, AR, PRI . PR AT RR v 2
JRR 3 LR 3 & (Ephedra) (W L 25 AW, LW
BEE, PITE, FESMTIRREEREMX . Yin
2(2016) 8 I H- 444 DNA J7 7206 B [ AL 35584 2k



% 340 DNl S ]

1o A% 2 REAEAR IR N B A R IR OB S PR SR DARR T o ) 381

T PR RN 7S HRRR BRI 3 1444 MR HEAT T BE
WA, RIGX AR B A S L 20k B3
AR 7 AN AR B GT o 20T R AR R
e R T A e JRR S A RS MRS R i A 22 A R I
e e AT AE S ey, BB RR R N R [ AR AR
BORBAEE, T A PR 35 L 78 B P AN A v 3R
AR

XS TLLEAS . SRR A P R, ZERAE 58k
(Cycas panzhihuaensis) KWL 54 4 A = ifi 18 21\ 28
JETFRMPISG . ZEBAE TR 9 758K S s S e 5 ik
T, TR DA TSI 3 4 e H ST A
. YangZE (2015) @ L ¥ A B K 2 S
(amplified fragment length polymorphism, AFLP)J7
VERIEFT T BE R AE 758 3 BT A Pl A9/ SR B B
L1 AMK AL Z e, 45 R Bz i s i
ZFEER, B K, (HRZEAET R
TIRE KA A T3 B 1 120 P (1) Ae 15 BB R A4 AR e
TERUEL T B 3ok, Rk R BIRA TR Bz th
B AR BB e AN A AR HAE B AR B T T
FH, R T KA R, BRI T 78 8 BOIn 9 T b
TR DAV RS RN RS e 8% 2 FE 1 .

H N ZE I 46 3R 15 1 e 28 5 ) FH 4018 K i A
Vg, FCEPAEMEEAWOE 2NN . RERE
(e A AR F AR AR A5 (Ginkgo  biloba) v R 45 B4R
A J& R AC ALKy . MERE R IR B0 AR, 2 3k
B HARR: P s KIAT4E(Del Tredici et al, 1992).
Gong% (2008) i 3 1H-4% 1A DNA J7 2 06t 124 v [ 47
AR DL S BAE AL S . WO A H AR 34N [ ShFh L
220 MANMARBEAT THETT, 25 R R ARA B 4L 2 et
i RIS, BT AL oK IR AE I, (H 2R
TEREZ B NFER MR BRARTE T, B A2 A
FEAR /DN, Wl KA o DR st R A o2 o 55 gl b £ 477
I N4

B KA BB 40 JE (Dacrydium) 78 3 [ K B 1)
PACHE V) 2K h A AFAE, AT Bl 242 (Dacrydium
pectinatum) Z & 73 4i T e & L R AR, B AT T
KA o A FRAE 25 DU 20 S Mig 7B 5 AN A KT
T AR AR HH AR R 7 RRE (8 5, 1991), g A
PRIFIH R TF A . SuSE (2010) i i 147 B0 8 53 17 41 [ B
[X (inter-simple sequence repeats, 1SSR) 55T T
T 5 17 Bk RS PR L 2304 M, 45 R R %
Yidhigfe Z e S SRS, BT E,

WHHE F 2R BT U HEREE A D, S
TERAKE ALK ERARRRAIE o 2R A 25 A0
A i 3 SRR (B An AR ) 1B 22 1 A B AL
J& BIAS R I8 AL RS, DR A e 7 @ SOt DR DAY
DR 1 R R A

3 HRNFhEEETAE 4R

W NP R AR B e Z R R E RS
SRR AL S R NI, R, AR SRy
T AR /N b B B A AR 20 A% 22 A O A A R )
fih b BF 2 S B R SRS UL L AN
S5 A4 R W 1) DR B 32 A b A T e AR B (Ledig,
1988) . it R4 2 F5 75 i AR 355 o ORI 52 BB A
AL FREE LB, dEFFAES R, TR
YyFpisi e 2 FEVEREAEAE J1(Ledig et al, 1990; Raj-
ora& Mosseler, 2001). wiith R4 B 44 ety B
ARG B AL PR, (RIS A5 S AT St P AR
AR RS, SCEYR AR B (B bk 73 25 44
OB % M25) (Kramer et al, 2008). EXFhK 4%
PR, MR AR SRR BT N AR B A .
B R B AN S If b 78 P 1 R S it DAORFF PR EE
[F1) FR) 353 A 322 368 M R R 1 A8 € £ (ElIstrand. &  Elam,
1993). SR, Mk 75 A S R Al /NP T AR R A,
R 2 TS M 35 A 22 R T ARG PRI A0 o (L G 7K A R R
12), AU ORI A JE DA 5 Fh e (1) A2 A7 kAL
At J1(Leimu et al, 2006; Aguilar et a, 2008), [l
ZAE R HL R SR A E O R HL IR . IR 2
fea ek N TR HOR e AR 9 R0k 40 F i) A
RN A% 2 FEE(Wang et al, 1993), Hiltniic s &
AL RPN B BT SRR (L b7 18k 4121
WHE BT R, R R H O
S E SRR X EAT A /N B B AR A B KR T
VEo fEEH R IRt b, Sk /NIRRT AR A
1) 5 A1 ] = A0 R K 52 S A AR A7 B LA,
DAL 9 85 A1 [ 5 & 72 18 48 5 J5 AR S AR AT 1Y) 5 SR R0~
HARAEZS R G E @Hr i (Maunder, 1992). 5341,
A T 7 M AR /N S A R ) R A B R U
MR AL, JF HREE I KR AR AR
Kb Zp%E,

gx bRk, RRYE RN PR R AR A R RO
V2R REC S RY, 78 7 DR B I
GUEF YR KA, R R A SR
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Breeding characteristics and artificial propagation of 14 species of Wild
Plant with Extremely Small Populations (WPESP) in China

Sha Deng*?, Yanni Wu*?, Kunlin Wu', Lin Fang®, Lin Li*, Songjun Zeng**

1 Key Laboratory of South China Agricultural Plant Molecular Analysis and Gene Improvement, South China Botanical
Garden, Chinese Academy of Sciences, Guangzhou 510650

2 University of Chinese Academy of Sciences, Beijing 100049
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Sciences, Guangzhou 510650

Abstract: Reproduction is an important part of plant population renewal and maintenance. Threatened
species including the Wild Plant with Extremely Small Populations (WPESP), are the result of a combination
of internal factors, such as declines in reproductive ability and evolutionary longevity, and external factors,
such as artificial over-harvesting and habitat destruction. Efficient artificial reproduction of WPESP can be
used for ex situ conservation, reintroduction, and, in some cases, meet the demands of the commodities
market, which underscores the need for protection and sustainable use of their germplasm. Seed propagation
is the most effective method for maintaining genetic diversity in these speices. However, cutting, grafting and
tissue culture are effective supplements for these species that are especially difficult to propagate from seed.
Here, we report on the breeding characteristics and propagation methods of 14 typical speices of WPESP
selected by our National Key Research Projects of China, and the progress of seedling propagation. A total of
230,000 seedlings from 12 species were produced via sowing, 33,100 seedlings from 5 species via cutting,
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2,415 seedlings from 3 species including Manglietiastrum sinicum, Pyrus hopeiensis and Snojackia
huangmeiensis via grafting, 24,850 plantlets from 9 species via tissue culture. The results of this study
provide a basis for the protection and use of these 14 species, providing a reference for other WPESP in

China

Key words: Wild Plant with Extremely Small Populations (WPESP); sowing; cutting; grafting; tissue culture

/R BT A R (Wild Plant with Extremely
Small Populations, WPESP, 1 4 % # % {F Plant
Species with Extremely Small Populations, PSESP) /&
FRHLIX 73 A B s R W A . K2 BN AR R
Fol e F-HE T I AR A AN B R D P
FARBE AR D, O T A7 15 TR 1 e

AR T o P I 2K 28 ) B AR A A (Ren et @l

2012; Maet d, 2013). Ax[EMR/NFIEFEFAEREY) K 2
Fe [ ZX AN 448 X 5 A0S R4 s i, Ak 4
] SR B BT A AR A U A R AH G T TR A 45 R
(4 [ A% /N b B BT AR AR ER ROLR A TR A R
(2011-20154F) ) 42 AL S ORar i A /N e B AR A )
J£120%h . EEHSHIEZRE SR THRITE - g
W/NF B B RS WK E R
(2016Y FC0503100)" (LA T fai #x“ A3 H ")k % 1 14
T BORYAR /NP B AR R VR I SR R (R L), Horh
& g2 2% (Paphiopedilum helenae) Il B¢ 1L & &
(Dayaoshania cotinifolia) R A FE 4, HoAth AR A
Y. TR F ARSI S 4ERERLH . PR SRR
R HEAR SR SRy RAERKE AR SR
. YEREARERTE, TR B SR EN
BOR 7R85 N 25 (80 [ 55, 2016), Hym EHoR
LORVERATE 1 3a, WA EE LA A
REIEAT A T AR SE LR A E AR BT E
G R )M AR SR AE P I AR B R BRI
WA —, MRS R S 4R 0 A .
RE IR T /2 K 2 208 0 i A A ol 6,455 3 ) 120 %+ 4%
NPT A A I L R RFAE, 2RI A R
WAER R FSMER REESGTER IS R . Yt E 5%
B MR WG I T RS R EUEATE M
KA N AL, TN I B2 R A2 A0 A B R
F2& LM DR 3 (0 [H 55, 2016) . G/ FlEF
S AL A IR S B A, GRS M T 2
FEEREY T, MiE I SRS . A
SRR VIR G, P DA HE A (0 DR 58 B i
T T A B AR A I At A A 2 R 1 D R o e

AR BRI ARSI N T MR SE TR
Tt R foe 3 A 5 3K, (B B R SRAR XE SR AT ol
T, BRI BT R AR, AR LR, AT
Wi G ORI PRIH SR 9755 2 FhE R T Bt
AT IRERY REFE R A AT B A3 145
r I it AR /N AR B A AR ) SR R PR AN 2 1Y
NTLEHINEATERR, /4 T Rl e B 7ei
WAL, DAY 3 B /N R R B A R ) R
A RME S

1 14%peR
HERAT

€4 [ B /N Pl B B A A AR RO R R K
(2011-20154F) ) HhaAf 1 K 120FH /NP B A
TELE R B 20 A0 s oA X AR SR, AT R i)
14Ff e ] SR A NPT AEAE (S B LR L. Hod
A AT AE B At F 50 A R AL 4 542 (Taxus
cuspidata)id 43 A T L 5 EGE I 5 2 W
H A, 9 [E R 56 [E 55 ;4 22 (Hopea hainanensis)
FEEAG S0 2238 70 A T B R AL, 25040 5 (Taxus
fuana)it o A TENRE . ELFEHrIH. RiF/R&ER. &
T H AEXX 14 R AT IR N VR A B B (1) B
JERINE . ERARER, BRI BN, RN
K7 BRI 55 [ BAAE 2 PS5 N A e S B R I T

I, R IIKAZ B A AR5, 7468k, £ T CRkIE N
5,681%k; (2)H Rt 2 e e 47 [l V1 B 5 A A &
P 35 M AP 4 B4 (Sinojackia huangmeiensis) B 98 A4
TMEEL LN oA i, (PR R A 1,2258k, £ T8
fRIE 18671, ()AL MRlk K 4= 42 3 H BA K LA
H-Hak(Acer catal pifolium) B C & 109 )1 ERYTHE T |
Uk JE T B BE R AN E5 N A Ak, TR
V)PP EAR & B WA 00, (4)ZEF TR I
AR YR BRIES PRI oy Amah, fE g A, K
BrEA N B A, IERINE07RE, w2 T Ok
TEI358K; (5)ifF FE K24/ NIk A1 DA i I3 22 7 3R Bk
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W RARE. AVE, BUhEAE DAL, TElEEE
KA. AR, BokE. BE. BEESHBE /A,
FFELIHIE N, $E£1200,0008k . £ 551X 14/ /)N Fil
TP A Y ) B Y A BT, (H L 1A
FRAERS . T IEZL(Pyrus hopeiensis). M40 42
i1 754% (Cycas fairylakea) 4/Fh K E TN T
BHERT R IRIE, 10N R A B A I AT AT,
HA 7B FHE B s B 2 RS, 2N 15
FLETHIRIE (R D). TER BB AT,

s TN AL, B ERER TR
T RWLAEA R R, HiREWRK, B2
KN T FRE BT IAEIL AT & (Lee, 2007); 1M
MHHALREFRT RS, RICL TS, iR (Ma-
nglietiastrumsinicum). K H kK (Ostrya rehderiana) il
EERfI(Thuja sutchuenensis) 4/ MRS FRAGAEAR AR
AR, A BARA AR R,

FEIH St AR, I H 0 14%4 o [ gAY
NIRRT AR BEAT T B BRI R G F (R 2) -

®1 mMBEFRANAMSDE AN FEFEBEYEFENS S MEXNRALEERRL
Table1 Distributions and population size of 14 species of Wild Plant with Extremely Small Populations in China and their artificial

propagation status before the Project

W e ] 23 A 3t A

AT R B AR RS N LSETE T

Species Distributionsin China No. of No. of wild  Artificial propagation methods
localities  plants
R iR iR dHBUESR
Seeding Cutting Grafting Tissue culture

KA WHACFI B =P b B A e e L B 3 5,681 J \ J J
Metasequoia Lichuan City of Hubei, Shizhu County of
glyptostroboides Chongging, and Longshan County of Hunan
RILLTA LTE. HhE. BRILE 18418 18 42,700 v v - v
Taxus cuspidata 18 counties of Liaoning, Jilin, and Heilongjiang
& B RRE. AR bR 4 89,300 V 3 J -
Hopea hainanensis Ledong, Baisha, and Qiongzhong counties of

Hainan
ZhHE Betula halophile 73R #h 2 A s ok 1l 2 282 \ N = \

Alatai and Bole cities of Xinjiang
ST = M P BRI T 0 B 1 18 \ v - \
Manglietiastrum sinicum Xichou and Maguan counties of Y unnan
REZAR W22 & Lin'an County of Zhejiang 1 5 y y — \/
Ostrya rehderiana
AT iy =V iIPI S 2 4,500 J V - V
Thuja sutchuenensis Chengkou and Kaixian counties of Chongging
Bt PO UL L 5 53 v - - -
Acer catalpifolium #HiER, JLNE

Dujiangyan, Emeishan, Leibo, Junlian,

and Beichuan counties of Sichuan
e g = I PE AR E Napo County of Guangxi 1 35 S - - -
Paphiopedilum helenae
RIIEEL J 4755 Jinxiu County of Guangxi 1 9,600 V - V
Dayaoshania cotinifolia
EXZas ] WAL # MR Huangmel County of Hube 1 867 5 - - -
Sinojackia huangmeiensis
[l b E & E Changli County of Hebei 1 200 = = = -
Pyrus hopeiensis
EMOEE PG5 75 B £ Jilong County of Xizang 1 34,000 - - - -
Taxus fuana
il 958k PRSI HNLE, R, 5 4 1,500 - - = -
Cycas fairylakea Shenzhen, Qujiang, Lianxian, and Heshan

counties of Guangdong

BRI ATHL R AT B BRIk B T (RN REE AR R O TR (20112015 4) ).

The distribution, the number of distribution locations and the number of wild plants in the table are from the National Plan for the Rescue and

Protection of the Wild Plant with Extremely Small Populations (2011-2015).
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2 TE LML RE P14t E AR R B I A YR A R BE
FEFRGHMERE

Table 2 Number of seedlings of 14 species of Wild Plant with
Extremely Small Populations in China by artificial propagation in the
Project

) Fh AT %584 & Number of seedlings by
Species artificial propagation
Frh iR iR HLUER
Seeding Cutting Grafting Tissue
culture

K 50,000 1,500 500
Metasequoia glyptostroboides

ZRAL4 G A2 Taxus cuspidata 50,000 -
3% Hopea hainanensis 50,000 =

L Betula halophile 4,500 10,000
i 5,000 200 50
Manglietiastrum sinicum

KHEA Ostryarehderiana 5,000 0

EAA Thujasutchuenensis 50,000 300 100
e Acer catalpifolium 2,000 300
A A4 A 500 30,000 15 2,000
Snojackia huangmeiensis

MJEtZL Pyrus hopeiensis - 2,200 900
B4 54 Taxusfuana = 800 0
#7574k Cycasfairylakea 1,000 0

Y 10,000 1,000
Paphiopedilum helenae

PRILEE 2,000 500 10,000
Dayaoshania cotinifolia

&1t Totd 230,000 33,100 2,415 24,850

KR T KB R I A 1280, B HE 4 T B Rk
230,000%%k, A ZFE LD 24 Fh 73 Sl o2 3] AL AL
FEMLL G AERCA N A i, TR 2
FEMEACE AR BHASAER, MELLRTSF o SR
TV R B AN oA BB AL S T 3RS
FrHIKEAR, TrREmE, PR R
IR ANEIlNE = S [ RANS R AL R e S 2SR ]
AR b BE PR AT R ZF S0, R IRAT ),
DRI IG5 5 W 21 S A [ ot~ R 348 R R L 1) 75 22
W= EEXRIE T AR FE A R B L B
&, BEUH TR F T M3k T R . R
AT EEM B R A 5M, LB B A
33,100%k . JRE @IS MR T RERKIZ M
{H— SR M AN RE S S, DRI R FH AT AN 20 23 5%
FREN FLEAT 7S . SRR R A G A B
I AT, BRGE IR, MELARB AT, —Lhh
BEARELE S, R AP R IR (1) A S adE AT -4 A1
H IR A, FFAHEERT (Snojackia xylocarpa)

GEIN T 156k, & TRRINE S, 78R4 R At
R EIE 715, MER R AL IsE Z A, FTi6
TERRSE —EtBETTFAESE SR . HE e AR AL AL 4T 4
LHAMEE R, P G4y 7 B A T 2008% #112,200
PR, I R B R 3R 1 T 2008

BRARILATGAS, Hgadbh, St A2 s k4T
THLEFEARH T BRBEA, BEHA G
A 25 R B IRAF AEAR (1 AR AR R Ah, A OFh 3
RAF R, Horb 2 HE(Betula halophile). 24 A FE4E
B BELLE & ANEAE T A A UG TR AR R R AR
AR, CREFHAT RN B S5

2 14%e
T E5E07

21 7Ktz

IKAZ S v [H 2 2 T 194148 76 W0 A6 ) ) 1| 3 4
CHAREPY )15 BB TJ) i O B 44 ANl 2
s R, 76 ChEELE ) (A7E, 1991)
R, ONE K — AR, WA ONIE
W iEA . BAT, AN TRE A SOE Ttk
TR 2 fr LA K F g i N R ),
FH T R BE AR AORIE T LRI BEAk, 1 2R
PG ANREEARTE R, AR SER D, B
E AR T AN BORRR R T8 B B R (R 2 2 AR et
2019), ZIHFFHEARZAFREZ ., P HEZRRE
AN B R o5 S5 R D R FR T I R (R R
25, 2004; JUAMERIT 4L, 2008; ZEIUHSE, 2012).

TH R, CRIEAREN TEE G %
Pl FFHR. B R AR RS, A AR
WSO, (H 202 38 )2 R LAG X 3 B T vk
MY, BT RIS R AT, 20tH 42704
AR O 3 PR 4 45 7 U 7= T K E A I R
Az AR, WN19765ETT 548 dn AR ol i ik A oy
I T 146,3600K B 1, LA N A B R A Ak
HA9T6EARIE LT T 4008 itk . 1EJR 7 Hh, FhT2
TEA R, TR RS, FEHMES
TAE34H T RERE R (YU, 2008) . {45 3E(1981) R iE
TEOC 26 N B AT K 2 2 N 87 .4%, 3 FAA
85.9%I1 & 2 2, (HZ i N IR L AR 7l 76 4 2k
ERIERE S . BP0 (2010) % 5F% [F] T & &/ 7
R, 4°C . BOYIEE VDI e 55 A /K AS Bl 15 1)
FAFe AFENZFNET ] RANRE &R FRE . R
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Ky fh AR S E SR SRR T TR

(BEEEME TR, 1989; #4 R4, 1991, M L%,

2015).

201 20 X6 K AZ AT 4T 470 S 0 1 32 22 I IR 2 A
PLFRAS Fh(Creech, 1948), 3k [E20tH 20504E/CA170
FERMA R EFHREHEMNIRE, MR &R
RS (UL IE %, 2016). K AR FR &S (LR
45, 1980; T kHRZE, 2012). 4T 1A (4 B4R 4%,
2008; Tk, 2008). T 1 [ 5k Jog FHFR 5E (F g,
1980; FKHF, 2005). FHAHALFE(F I, 1980). M4
KA 70N FH A% (R A B A RE T HE, 1992; AR FA I
A kA=, 2008).

SR FH KA B0 R R TR A 2 1 2 e A 2 2 i o F
16 28075 (1987)#aE, KAZ I 7 B 25-304 4
BB 5. WL RPTEK IR DUASHS 5542 104 1
AR ML 52, 1 AFZ K (Cunninghamia lanceol ata) A
Tl AR HEAT “ B8O TV 02 S 427 R0 TV F 2 4 B 45 I
FITE 2 989.6%, 1E G 158 — -5t A 16.5%-43.0%
MR AR S5 52, HF N Rl A A Rl AR Bz
Jv B Tty 43 A 2H 2R R R GAS I CIN BE 2 2 4542
KA SE T AL (I 545, 1997, %) 4%, 1997,
Fiti 4%, 1998)

AR HRG FRRIE B D PRl R}
HF 5T T 255 57 4H.(1980) FH /K AZ B 2 2 Bk AT 1
ML TRV T . 36 24 (2010) 4R 1+ T Fh AL
gt IE. ZEB . ARBCAEAME AR ) A A 7
XPANE 3 B A M A A AR, &5
REW]: FEMSH: = E R IN2,4-D. NAATIG-BAA
FA GRS S PR EGAL, HhRiriES s

HAPORRGF, FF3EH15100%, 2FHFARRL,

FHFFNT.1%, AL LE RS YL KR 7)
M SK 723 b REFF A fE AR, F4 % N62.5%.

AT H SRR, S AR K 2Bk B T RA
TE X} 4385, TAGKR 7 A /K A2 MR R AT 18t 4% 2 R P 47
Prisbat b, Gk T BB AL B I 1% £ FE I (1 40Kk
A% o I B 27 Bt 27 [ BA X I A0k A% o
R (O EREIR B AT TR, KRB TRRAESE S
KX TR AT AT T IR, Hoh bk A A
R (RIBAEE, 2020). #EFTERE T MF1LA R
SEFh T AR A8 35 U7 J5 TN A°C VKA 5 25 5 — 4 4
AR SRV R ARG, 0 K % 2)30%, FEl2
WACR) L5 B0k, BTERK, frRERES

7, BRFRAS, KREFEFEEN, HTEa%Em,
B R ALY e A o T3 Bl I i O BE R
KRG 54T T R S TR FARAR (16 4%
BB, AEAEKFLAI, SR IA $)30%
Jeda, i T E RO AT A S A . AR AT
H w0 1) P T M AZ O ol B 475 P SR A5 ol i 1 2
fih b, 2525 W 7 [ BRI FH 24 AR B A K AZ S AR T 1Y)
M ZEAAMEAR, B T ANEZEFASHA R, HE
F Ty 1) A0 AR E WPM 85 97 25 E RE 1S 5 HE A 2F,
ANE V) BEAEWPM + 16.0 UM zeatin + 0.5 uM I1BA
R Rk B E R ATk 5.50%, ZEWPM + 0.05 uM
NAA T A4 R 1] 1£68.5%, F#k iis %1£78.3%. 1E
WA 28 2 K 2 AR HE VAT Vb R A (L 1) (VR & 56 T
W, AR R T IA65.4%, FARIE1£93.3% (Xiong et
a, 2020).
22 FRiaGH

VS| RANCR A SANER Y SEANCR A N S
JE TR . 75 R, RILLGEMFT
TP — B A REH K, REF 7128 K AR IR )
AR T a7, I AR B, RAEH A
D17 o XE5E(2008) %) K AR AR AL AL T AZ L3 7 J

BEATHEFURIL, 31 b BAE S A T BE R D,

AR RI1%, P d0E 7 B R B R
HORIMG RS £, bR & 1)52%, HRE
1, 129%. Wb, BT HAHANE B EFN
A A S EOE B Bk, DB SRR
BT R . RACL S BT 5 1R A %
VENIEREGIE LR
BRARICA G R, 145 STk 2
fit b, AT LSS — A EL AR HE R R /E9-10H
Fh ¥ BT IR R, SR FARIR 2 AT i R AR (5
INFESE1996; BEELE, 2010; B AL, 2010). HRAE
I, TSR T LB VR B S, R
K LIS D ABA B i, SR 5 IR A BRI R

it AR R AR VAT A 2 R (2] 4%, 2004,

TN SCEE, 2014; ZE#hls4E, 2015). FEFHIN Je7E 5L
RN, PR IR BRIk A K R
AR, B JE FH0.3%01) e B A AR R T bk
TR AT R RN (5 8255, 2013).

AL EREEH A KRBV TR
8 (F B IS5, 2008). 520 ZR AL AL SAZ AR OE
Rl A FE AR R VR (. = £48, 2005; A6 S Ak
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TE, 2007). HUOM AL S (A (S /NESE, 1994; 45 (]
WREE, 2014) AEA) A K AR 771 S o) i B 1 TR A 21 7
N(S/NFELE, 1994, TIRFES; 1995 TIK R4,
2007) #4645 57 (B KI5, 2008; 2 [F] k45, 2014).
47 FoF TR0 S 77 38 45 (R AU AN 5 49F, 2005)

ARFILD B2 HA LRI OB/ B2 IRE,
BN EFHARBMEGALESRE, HRAA
WAEFHAEBRBRE W TARMEKFE A E,
1997). &) HFE(1997) N AA E ZF KK S A4
AR B Fh 0 L AG) B BER AR R O . KA R
BHL T FEREAFSMEEF ., HEH
W BEARREFRAA, MWK S @G
A R, (H R IRAF AR AR 1) PR AR R AR (T
3%, 1994; XIWNHE4E, 1998; 411 %%%, 2010).

T H sLi it fE , A BRILE . HhE. LT
B G ZRAC AL A ORI R BT TR, R
HIP AR TR iim. bR ai
DR LR A E SR ST, FIH bR
HERAR AT FEFh 200, P -1 i 26 11K 90%0LA I
BT R R R LA s, AT H %A 347 HARE 5
FARWFFT
23 f£EK

KRZEFRHEY) R BTN T R NFp R, HE
FEMEFE IR . FRATESRE T S R I E X — AR
PHEYE S AN B EATI A . A
MIE LB R AR S B MET2IEN
(#KR, 2009), HRTEFAMEMMK D, 1CH 181k A
k. EMEaA T, £H9-11H, HERF1-2
ALK, RS, JHCMESE o E Bl R R
7, SEELRMAC. ok, BRI AF T4
B AR S A W R A E), BARHR
FRPE, A5 R CRHEFA S, 2008), T3 H SR B A
FERC R o T 5| Rl R AR BT i B T R AR SR, B
HMEFFAE, o R B e e AR A Bl 5| RS T 40411
TR 2S5 AT

S HE DRI Fh 7, (HFp T EIE IR 2 H A4
AR EEEIEIRE . ZhengFISun (2009)HF 78 & B,
R Y EK AT 7IGAs. NAA. 6-BAFI2,4-D
AL EE24 h, R GAsA BE T 2 58 mFh I k% .
HHAFY %5 (2008)fik 18, FIFH500 mg/L GA kb3 ) il
T HIH KR 2 °N66%, X NT%; SR H4CIERA L
T3 W Re A BT WA ARHR, H H56% 1 M- £

30 dJi5 8 & » 4 /K A (2015) R B fs L A A5 2% B i HAR
AT R HE A= SR HARFELE M A 24T Fh 735 &
Frat K 2-3 v Hi | MK O IR KARRS, HBA
ERNSPIHMTRE . WOTIERT LB IR R .

HE 7K M55 (2012) % A 55 AR AR EEAT T HEAL .
AT AR AL 16-8 cmidiAf, 144100 kgikie
KIS0 mL CL2010-D, SHEMAEMH), LA
BERRES . HANE&0.75 kgfa 780 £E20, B IdEAR N i
BT AR G4 N RV 2K P o FHRRHG IR 45, +TF
TEREN2-3 cm, & BRI, B R RS,
B B 709%-80%, 1t 77 5 AR iR AR (OC H AR o AT
FERAEMRE), (B0 CAERMIFEY FREER, 1
T J5 R 5 A 15 86.5%.

OV B X R 3 AR M H AR F2 34T T WD
T, AR P I AN A 2 AR A AL B AR DT T, AR
FORGGE . AR B TR ARS8 R LR 38 (Rl 3R R B R
2007; AR, 2008).

T H st #E R, TEAR SR IR B ORI,
I N T4 Bh 2Ry B i 45 9%, 7EMT A 18R HE Ak
3R13 78,0002 MiFh ¥, FEMHT, K HI500 mg/L
GALHE, 1 K R L HNT0%, BEAR R b e Al
W) el R AT 4 15 AHT S SZ 36 I R SR AF AR T, (HAIH
Pl A 5 R R IR AS e o B LA 36 AR AE MR 344 A=
(kG 2%, FEFE 26 E M T-8-12 cmitk |-, R4 53R
WA — B, P TR B B B O 2-3 em, PRIA AR
0, SR 5N BB R R R R BRI TS, ERR AL
RPN IS KT B 0dE /N BB
FITER 2% b, AR 2% 2 i 2= BB R0 AT By i) b 23 4
TEAT B A SEL9 TS0 e 4 iRVl AR AR R TR, PRHF AT B
PR R, TS AT B R A AR K 4. 30 d)E
THER AR, 180 dJ mI LUCKE R R T A 9 P AR AT 32
FEAREr . P ZHE AR T 72002 kF . E#H
HF 78 AR A — 77 K 2% (Mangllietiastrum soulangeana)
NIGERGA, R VI, G R £150%, 13K
132008k i e 1 - [RIE, 2B 0t ST I A A e AR ZH 21
B R AR RABAT TIRAETE, C3R1GWI5 R Ih
TEREFRE AN E BN S PUM AR, Mtk e peds
HITE15%LL T, SRAWPME; F= 5, I &i&E Y
AR RIS K, 24 3 WS 5E S50k 2.5 F;
KARE IR, EREL20%, CIRG THE
MR P AR R . T4 e A T AR R, B/
LA
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W22 R RN BHIE 22 8 5 TR, i 5
WA WAAREIREN Rl . HARMEE MBI, A
W FOREF AN 2 —, BT R AR ™ =17 1 I
fa. YAAFhTAEATE, RGP R T KT 3
KRG 77, T I i O ARt 2 BRI I R 2F NI 5
ML EREFRE K. PR ER A M. 6
FGFE S D) (4 3E

T4 8 MR T S HE 156 WK 3% 1977 4F F O LR
Pt 2k T oM R, 24 KIRFI5-10 minjE R
FARIIAERD, CRFREL TR, 40 dJS H T N46.7%.
MR (20020 5T TR SE . DR, 3Kt Ze
ol B R N R, 4 SR 3R I 33 22 b 1 B R 1Y)
G HRE N15-20°C . Fl 775 4 BG4 1F 5 R v
FERE A T A RS R B E S, TIEEK
T 30%-50%I R B i o 75 % N H AR L0 diY,
HA R A5 86% LA I, T B2 14 diS & 2 R ALK
20%, 18 dif 5E A= R R ARG 1 SR G ) A B
KEIFE, DA BRIV AE AR R R T, T = 5
IR, 5 5 38 T B 60%-90%, % F 5 6-7 dk 3
10-12 dili iy, Fh¥REFZnA95%0L |-, B2EHE 4%
(2015) LA B EF 0% (1) 35 22 AR AR D SIS 0T B, 15 A
KA A3 H Hfy, 20 B ORI AL BE R s
Uf, LA (L 1) VR A AR R R T

A E RN B SR 72(2012) T 1-2 A 34k A H: 1 2 A
SR SR AE A 2%, #6fEK15 cm, E1£0.2-0.4 cm,
FELET B, K 990-110 mg/L I BA T TR I
FEFEESL h, FF4E T AFEZET . 45 3% 0] 35%7k pk
F 1 R165%I2 Bk 7 VR B J5 138 i 45 1F T 3 22 (1 4T3
WK B EAF, BUEFENT78%.

B AESE(2010) £ 34 H LA1-24F A= ()3 22 1
BASORG A, 396 R A A8 S — 50 R s s Ao PRI ke
T, K RZ 5 B0k, A0 ditk/K i i
AN REIR Bz AR AL DABT 1) TR G Jas 42
GH:10-15 dfs#: PR @A, 25-30 dzfn] i H
W, BUE R A1492%.

AT H SRR, R K EE /N A BAAE XS
WAL, P, RGNS, BTN, BEFS
Fe B AR S5 64 i SUHEAT PRSI A 2R Al b, ik
PRI KR, 7R + M + a2 L1
TR B ik it o R FH B SR RO 7925 © 3R 15:50,000 2 A Fil
W, R R ZF80%LL I, K4y 2l v H Tk MR

AN S CNEVERISE/S Y7
25 XKE#HK

K HYARBMEARFHIAEE T TA, AYFhC
T 2w, BAMAK R AW 2 B R H 1o
i 158k . K HBRAE TUERE R bR LA, T
HEACAC AR — 5, SR SRR, Lg%
KRG, BIREREE 155, Hur oA F A ER .
FHEAH G TR AT R B AR BT R HRE .

B R MARN ) R JE (1988) il R H kAT et 1 B
A RN, 234100-120 dfft ¥ & iR — % iR — A
TZ R A B8 58 AR B JE 2, WEBRIRAR, (R kT
K, ER TR R M WA 20078 4, 778 R AR
F2-3 B RA—ERIER . SREHS(2013)1A
R H R TP A7 LE A S 5 4% 0 R 2 RRR AL,
FhF— AR LA A, ANEARIREI AT EE R, HinR
U N A 3 PR A R S, 2 e i T R 11 4 ZRAIG
IR FIRIR, B, RIREIR, £ ZFEFH
TR AR REATRARER . BRI, R H K
EEENHFEXRFENTENAER, B THER
FRA6 TR R R = A %, 1E15-25°C 2
" it 400-600 mg/L (1) 7555 25 R B R ARH 18 &
AR PIEREE R . 5K 45 (1988) kil T K H
BAMFERENE, RAELHEFER
150 ppm + SR ppm + 4 + BF36 h
AL FEF (A R A

REBRAR—F DT AT IR B 5, DEZE
NUF, AHRERAN G o S D124 AR A S By, M
FF46 2 H AR 755060 d (B REAR AP AR A, 1988). 7K
i B 55 (1990) %5 iR 18 7E & ZE L4 AR IR B, 2
ABT-15 4R #1100 ppmib#, & Kyl 42 F
ZERHIR 25 0 2 T HT40 T 4000 RIS Bk A VR A fd 1
G FE ] 1% 20%.

JaiHh & 45 (2013) R FH R H B A ZE I AL AT i
RS, AiEREFRE8U2 DR + TDZ 2.30 mg/L
+2,4-D 0.55 mg /L, #3F N93.5%; MM
L RS 53 91/2 DR + TDZ 3.30 mg/L + KT
0.70 mg /L, 7 b%Fi£99.8%LL F, (HEAMIRIE.
JEE 1 & 5 (2014) B i SR FH I 25 9 3 P AR A 7 2 3
TS, A& 73 82/4 DR + TDZ 3.80 mg/L +
NAA 0.03mg/L + KT 1.50 mg /L, %5 %£99.0%LA
&y WE RS 77 5 U8 DR + TDZ 0.45 mg/L +
KT 1.60 mg /L + )% #2.80 mg/L -, 7EiRE A
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181 A, THAEK R N2.26%, (HICHE 514 AR
Wi, WA PR EBENRE T HERR.,

ARIH sl R, R XK B AT T
TR 7525050, HIARIRIFARENR . WA
MMV} 22 B 5 5 48T 40 [ BA 3 3 ) AS [ #k & )
N THB R 3RS T IR Z R 7, R ERIEA
CL%AE H 15,0002 R . HEFIEARE LA (D)
oA TAE =R T (BT AL S A 5K
11400600 mg/L i) 75 %5 2 (GA) i 1117 11 12-24 h,
RIEBET25CHNTAEMT6 dEBHET; (3)
W0 5 B FP 3 IR A A 3 omE T ) & 4%
v, 2 JELEM T F 7 RR0.5 emi L B AT 54
BB, FHWEZE 28I NIE 57K o (5 25 S0k 21 i A 7K
B, AR EE DR 78 28 5 B R 5101/ L, B
AET25CHMNTAMEFES, WK 18 3)30%7%
o MW RAEKELAS cme H2F Bt w4 g
FRAF, AL 2E R AR NI KW N BT 5 A 25 2
HEATARES o
26 EH

EERUAMIR M B T ST AR, e 3 22N
NEE S RARH M FINE ™ E, RIS EEN
RIFI N BRAR AN RAZ G AR . 00 H JF R O A AR
AR FTHE RSB IR A RIE .

Zhang %5 (2015) Bff 9% 1 I B AR S 0 R AT 1
KRR IOH R, a5 RE0: RAA T R
JE ARAR, K 4FIE B MR E N15-20C, RIERE
N20°C, KIEEFRATIEI5%, MMifE25°C4&1F T B A b
THRA EARER K. 1EA0C IR K IR H24 h F]
TREMFIIRZER, TR F, RARKE
SRR AR T B W, 8R23, kK LR—
M U6, ARIT R E RS IR

F X DLIRT BRI 7, X AT 4 BB T 5T
®% . 5B AEGI(2001) 19994510 H FKHIK 4 )5,
BT AR, — 8 H 2B 40 embh ERA
FAGT A, EMIR R R IR o5 AR, 5
MAJEFE B R0 emKIH &G TiEAH; 5
B A TS T 18-20°C IR E g h . 4
HJG, Wi e = T R AR N T78%, JGE1E
TR AT B A AR AR 2 9 65%. VTS (2013)
STRFEREREAERS . R 22K T AR R AR A
A BERIRE . TR . YIRS AR F AR T
T WFF IR AEAR ST T Rt 7, fEE KT

WO R RCE 2R, KA B i, DR
WA B (L L1) & BT, 12,000 mg/L IBA
Ab PR BRI — ARG %, FTAE 5 160 i AR #
996.70%; 7£H EAEFid 2= H 1,000 mg/L IBA +
50 mg/L NAAKLFE EMIZ R —F 4K 5%, 1465
120 dif) AEAR AN N45.37%. #1145 (2014)F1) F IEAE
SCHG A FURERR AR RS L T 2 ORI AR K 4 7R X 2-6
AR ARSI BT A R R A I, EE A AR I
FRAGAELE B R B AR08 S5O0, AN R4 26 S B9 sl
WRAEREN R ER R, RELEAS N WHE
A= BERR B SRAE 3643 . GGR6 1,000 mg/Li# ##2 min.,
PLE R T8 B RS (UL IR &Y N R, T
13345 ditf ZE AR 2 9 75%.

T H SEjti i AR, E ROl R 2R 7 R AR AR
AL 5 ORI 50T 2% 5% 0N 55 (2018) FE i 7T AT B
PAERS . AT FFARA RS FF 2 0 SR04
MAMRZE, NERHE. R LR R T E R
RIN, ML BERS FoRAEMRE. FH2,000 mg/L IBA
SREEAC P, PREBIBELE SN BOR T B A
(L:1:1), AR ZFE5%.

FETH sei i FE b, = kA Y e ) R
(2019) %t ERAH B AR5 77 04T T W10 E . R
FEAERKFAIIF 2, S HT75%PRENE L min,
FH0.1%TF 7R FE12 min, FIHE KEBCR R, Ko
2 R P 3ok vy s AR X R A AR A A K B AN,
1/2 MSHR Iy A= KR S AR K i B, AR SRR S
@t ERA AR R NIRIE . 80T AT
FAZH 23RS 20 0 Fp A B e, DA24F AR R AR I
41 25 BN M AR, A RO B2 1R 6-BARE 1EAT 2
FAAS 2 2R 05 S AN 5E, 22 IBAKCHE RS /N 7
I P REEHT I E AME R AR, HAERRRIL, &
BB A
2.7 EhiE

EhHE TR MEARBIHEA B (1) 2 4 A2 7& i /N TR R B
BER, ER HE R EY) . CHRER. T
Y LRSI S T VR AT IR i T 4RO

259 % (2000) S5 W T AT, ERMEI BT K 5F
AT E R BRI, AN Re /1, K
FANaCI i AT M7 A Se B iy, IR FE 1 25 i
(< 0.1%) X} T~ Eh AR - 2F 1) & Tl e b 1% A B R 1)
FOMA), R EFE 5 0T R AH TG 43 1) 82.3%F185.7%; 4
NaCIK ik £]0.2%LL G, FhFRIK R, KFEHE
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FHRRAR, B ERE; 2R N 0.6%I, Fy AN
RERA A o

O IR 5 (2009) 1 B ) M T4k S0 OV 1,

{EBEA S0 B R RS

T3 LIRS R, 4455 9% oA Hhpe 2 )
BT B, BHE A ZF A AR R A0 20 2 AR A
BT . MEHTE (2004, 2006a) DL £hHEZE I FIZE B
NAMER, fEMS + 1.0 mg/L BA + 0.50 mg/L IBAT
HAT A F W 3G 5E RO B, B 5 A A
6.00-8.00, £1/2 MS + 0.2 mg/L IBAE; 7=k AR
#06.68%-100%, %+ % i K B i i s A L o
I #295%—-100%. H 3 55 (2006h) i i #5175 21
SURBFE T M AR, /ELS + 0.50 mg/L

6-BA + 0.40 mg/L NAAH I @ 4L 2R 15 3 U R S i

LS + 0.50 mg/L 6-BA + 0.02 mg/L NAAF 54 F| T
AL

TLIBEHT45(2006) R IEEMS + 0.50 mg/L 6-BA +
0.02 mg/L NAA + 3.0%JfEME + 0.6%E iR idt47 A
ATERE S S, O RHCN5.80; mEAER
B EHU2MS + 0.3 mg/L IBA + 0.15%JEkE +
0.6%%5 JIE, AR F N100%, “FIIMRE5.7%% .

K T U 55 (2009) 2K F b1 TG 181 H Bl i 1) 22 B
MBS T 7C R I, F2.00 mg/ll GAXS FhF AT
TRALBE, REREHE =M1 IR HA A 26, dpedd 1Y B 85 77 0k
JIMS + 1.0 mg/L 6-BA + 0.2 mg/L IBA, MA:ZEd
B4 £ ¥95.20, 712 MS + 0.3 mg/L IBARE 53 |,
AR ZE ] 1R 100%. B ik 5 A 4(2008) K 1E 22 52 4
izt AR AR AR RE FR 56 8 1U/2 MS + 0.10 mg/L NAA
+ 30 Q/LIENE, A AT EhMETC 1 W R AR R 1 2
FURAUNIRIE R LB = L1, S % N64.4%.

T H St A, A E AR R BE Ao 5T B
ER A H @ L B RS TR 2 MR+, 7E3%
AT R 400600 mg/L (1) 7555 K AL B, 7E15-25C
BT, 8RR EIE80%, CEFHH 14,5002 HRaA:
BN T I H ORI A AR EE . R, A AT AR
BT 72 [ A 23 ) %o — e 2 DASRAS Fh 1 [k REAT T
LTI, KIS WA 2 R AR
H R AR, M R BCER S, s ik
10.0VA |, MRS FMER S, 1£1/2 MS + 05 mg/L
IBAR; 973 FAEMRATIA100%. Wl T 858 R 50K
i, AR TFECANSS, TEARES IR AT 7R ZEAE V2 MSE:
ARG IR HE O T DASR A 1 B8 AR I T e AL

HAgRRAE K
2.8 1R

FE AR B B & i ook, 8 T B K 4
HARY Y . HoAmIX s, MR D,
IR AN IR S B IRAR; Fh R TR, oG
B RKERKET], SIEENRT BIATEHiEe )%
(RBP4, 2008) .

A R B R A 26 R R IE . RIE
- 45 (2008) 71 Fh T~ i A Sz 56 v R B, R % DY 1]
B Uk JE L AN ET T 24 A g Hh ) Bl B R R
EROMA, 25°CONFRF I R I BB, 2R bl
THIH K 55 5 N 42%A148.7%, 6 I8 X Hug Kk %k
AR . B30T A (2014) N AT A R A AT
200 2 2 B R S DL R A A ELAE R s,
FE B AR R IR E20°C FI10°C R, 8 JLAT /N 12 R fg il
R ZF43 5N 28.67%41150.00%.

FETH SEREEFE A, b MROL R 2= 242 37 A
8 X FE BT A= SRR HEAT A A R B, HRh A
WIEA IRE . RO TE10H AR FE R
FhF, BEAT R A 7 ZE A0 FE, 7E10-20°C (7 BT
ZEN, FEMARRR TR 2F R 1A90%, ILIAR R CL 4 H
W 7R 1A T A BN AR A S AR I 2
AMEMAR O T AN AR R B H AR M
PR, HEHE RECEUK, HATIEE4k 87 H Bk
Pid EHE AR R T
29 wieH=

TESTRP 2 B /INFR AR, LW ) i R
PR NN R RIZ A S A B BR, (H— 2 fp
IR B M AR R B EHOA 1. ARSI
RN A LA K PR BRI I P T o, DA R A B
AR IR AR R LB R, B E FEUR AR 4h SEEk
TREEREI K. HAl, ZRHEM AN TEHEZ XA
R FEFI R 75, 3T 2B /N R R A7) AR AN 1354
HEEMMIE . Hr, #1228 (Cypripedium) F1 5 2%
J& (Paphiopedilum) & == B} 47 Hh 5w %5 5 1) A 2K
(Zeng et a, 2016), F AR/ NFEEEF A FEAD 65 )
2ZIEEAAATAT B AR WA, 7 5022 JE AN
BRI R, RAG SE 25 th R WK T 7 4R0E, e
9122 AV A 15338 (Lee, 2007). S82% @MY T0 1 7o
MEFER, TR RO L E N T I .

VA S0 22 A0 A T R T R S — A
KA X H G AR T 48, T8 528
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MR, BERGSIEMAL, BRI, AR
A S22 ) B OUA AT B R dRIE: MR s 22 4RIt AR
B R I B (1) SR S A FE A JE 150 d, B  #2.35%
4 (Lee, 2007).

TEIH st fE vh, B E 0SS (2016) K FH BT ~1
P2k IRAT 1) R P - 35 4T TG R 36 Fh AN 2 285 3R K
P, B AR 8 22 b R B IR 1 T Ak B T V2
F£FH0.1 mol/L KOHALF10 min; #5i& & F0 185 & 1)
BEFRFAENVAMS + 0.1%55E R + 60 g/L & e, Fil
T K %1469.40%; FiE G WA SRR TR N
1/2 MS + 0.50 mg/L 6-BA + 2.0 mg/LNAA + 0.10%
TETEIR + 60 g/LAE ARV, Bod G AR HDH B I R IR 2
MS + 60 g/L B Z e skiMS + 30 g/LFFEVE . EH
BF 72 T A SO0 54 J B 1) B A F AR R AT KRN
Tk, RS R G AT R, KIM e
#5210 diNf AR RS, £IN36%, AN[E]FE L i
2Ll R R LR, (EILIEAE B, RATRAH T
PR AT I SR BR 2 N AME AR L 7 A
HAFIRFERZEF AR R, FHEHH T RERE
A3 7 30T 2 K B LR
210 ELEE

RIESRETESMNBLEEBZEA TS
FA, WS ) 32 B R A A XA B/ BT
B RIS B T R 2 AT A5 A A T DR A 55 T8 38 g
INEAMEJR R o ST 3 55 (2012) % BE 1L i & AR K
TR TRE ORI, B BB MR A K LR
U, (HEH/INE E 0 b o TR 5 (201) B 5T K
P Z AR S5 SL 2K, 2t TR A Bk
Z RS, BARE B R B8 HIE AR E
TR AR, EB 7 1) A BV A BE (LS & T L 5
IR IR

K Je 55 (2008) 4Rk B RE LLEE M1 RN TR,

B R R, RHI500 mo/L 775 2 VA RAL B e 1
Pl k%, AEE 2330 d7e 4 i IR
Ja A RERE K, B R FON60%, AL R R AL
R FIR D EA R o

M T LR A3 2 08 1 BE L B S R, kISR
(2013) LAF A & 1) TG R B 4 AR TR AR, IR T
AN [ AEL A7) A AR U 4 790 B P 0 B L AR B
AR SRR, 458K it AMERTEMS +
1.0 mg/L 6-BA + 0.1 mg/L NAAR;F%3E F A2

FESREE, N96.43%; {EMS + 0.1% ACK:; 7= 5,

INAEZE S R ON83.67%, H A ELids ity K
W T A e O fEH; fEU2 MS +
0.1 mg/L NAA + 2%JERERIRE &Y, NERBE T
Rk 100%; L2 MSEFRFEH R InGG R, “hi
A4 K LEE IR IINAA I B 97 38 SR, 4 &
WRH E AR BNR & E R A B EE = 111)
S 0] 15 85%.

SE W IT BIBCR H #E P EOR 2 35452,000% #
BRI E S MO N TIE AR A E AR B, (BT
W ERE BRI . TR B S T
AR, BT H A AR K IR BB R %, AR A%
o MEALEEFRI I, BBl EE R T
1217500 mg/L GAg# 124 h, FiH0.1% HgCl,
JHEES min, JCHEZKIETEEIK G AT MSH; 77 2
FHFOW M, DAV R R 4 s 7546k
PRICAS [FERE P A 5 70 AN 8 S AR IR . &5
FFEW, MS + (1L.0-3.0) uM 6-BA + 1.0 uM NAAFI
MS + (1.0-3.0) uM TDZ + 1.0 pM NAA B 55 i
ARLEENEFNES, xR Ik
JNMS + 2.0 uM 6-BA + 0.5 uM IBA, ZFH5H ZE0N
58.1. NEHIEREFRFEL/2 MS + 3.0 uM IBA/NAA +
0.1%i M % Fh A AR 251 9 100%, #% 4% T- 708 47 8 il
i = LA, BE#92% (Yang et a, 2014).
A, WAL BAAE DUST AR BE 1L & R S 4b
AT H AR IR0, BT H R EREWRZ, 15
ARy, LEBPAT X BERRIEAT 0 4 R R B R AL
HLOEMEIMAGUAERSETE, RS 7 LE M AME
RIFESL T N HAAR, CREITRELEEM
BRI AL 77 o S Ak, FRANE S5 AR 1 B R F B A
TR 7 AT SEhE R AT BT, & K500
2k, B ER AR SS9, CIE R TR AR ) N
CAEIE
211 EIGFTHER

TG R 22 S A BT R I i T R R B
INTEAR . T H A XA, B 545K,
Pl 743 Bz JE HAME DL BRI R A, Iz N AIR
PR IR, FEHYIE . RN K G H
BAEAT 1 S M APAEA O FE A . FHd . I PN 2185
FWHIE, YICRBAT . WFET, & 2RBRM I
TREE R AL BT ORI, WK R 420%, (EFFdises
ORI, — M4 b B AR L2 R b A
SyAEAR, BER R R RS S S S AR AR, SR A
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K7-10 cm, Tius 4 28 4146, 7£15-25C K H
M5 7K T g V% 5 AR 1 A 25 7 ¥ AR - 80%0—90% (1) =%
SAEXIR BERY, BRI A AR F 4T
BB A AT AU IR B3R T T
212 jAdeE

LR SR AR B e A bRl K
ik ZE H BAAE X A6 & B2 B B A6 AL AT 2 i
RO, BFAMEMRLIA 2008k, (Histfe Z A AEE K.
B K, AR A A SER, ARERAG R T
Regdt T o5, Har, AR (Pyrus betul-
ifolia) i #7127 42 O 50 12,2000k i iy, AT
IEHL ORI AT B SR [E1E, TR A A 2R TR B R 3R AR
T 900% HR T .
213 ZEHaOg42

LGN NS SRER M 2L G AL, RS
BRI GRS, =T R EbE. B,
UL, Jeyr/R S, FRIE 2£)34,0000% . & FRIEH
LLGAZ B AT X e/ BRI 2 e e D B
Fo EAMMERFE R 4R MR AT AL 25 2 35 P 4
BEAT YRR AT R IR, B8 AR I 5 A PR B AR T Al
K, AHETRA™ E LA s N>, L ERE
ERENZE. HTEAEMSNEBEEARSE, RAL
TAZ B H AT P E P B AR ARG T . H
JR K R 728 Fe R B 2 Ak, AT RE IS AT E RS FL A
RIIRBER T ARNIFR PR % 2L G AR SR A
VG 5, 7 I EEURT Wl e e L T4 3 R4S Ty, i i 4
HIE A KR A BRI A IS W FFE R, BUE Fnlik
50%, L3R 1800k A= R A IR I OR A7 72 v [H] -
2.14 A7 ER

Mg TR 2 TR R IR R B A, Tl R AZ
MAESEIIR, B A PR R4k gk . [FIIF
T FRTFACRERR D . MERE SR MRS 20, Fp
T A U8 25 M 22 A0 DL R AL 1 rT i S IR PR B AL B
FERRH, T ARER MRESREF T . EHT
Ft AT AR BN T4 Bh 2 40 3145 12,0002 KAl 75
AT, ZIRIMERACEFT R FIRIR, BT
HN[IA60%7E 47, T 3R1F 11,0002 bR i IR H T
SRR AR H RS o RO R R R 2 T AT AL A
TRy BE A, (H TR 2E D, R 7 BE K AL
RARE AR Al 758k 1 2H ZUE% R B AR R K,
B0 R AR AR HAEAM, R IRAR A A
FEE

P E — B2 RN B R DR
o JITN LR 1AR A SR AR /N B A A A
NI EAT B 45, IO oAb AR /e B A 4
W N T EHIR S .

(1) £ 348 5 S JOUBTE U 1) L R AR /N Pl B A A )
Ja, TAEREMEL RN T &, R
H AR R0 K S A AR VERIE T, WL B H AR
[lES e e N ES

(7 T PREFPIF I8 AL 2 FEE, BRI BEAE
PTG H R O R RSt b, R P A IR A AT b
AP xR B ARG AT, B T AER IR
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