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('"HERLRFERFR, LW 650224; > P EHFREGIIRARAFHESE, =H IS 666303; F T EAFRRE LKA &
WAL RGEARE, 8% R 676200)

 E YHEHARAERNREIR AT THI G ER AKX RLAEFEFL
HEEYH, RHABEEFLEANEEHIARRAERT NATEEYARASEE
FAEE, KR0S FEREEERE L F LB EF&EF AR S A ESMH
( Machilus bombycina) 41 % A 3 %, 3 194 /N 1 mx1 m 7 B 40 £ K 1= 2 AHAT A
B4 ey Wom | AR &R AR (LMM) f1 )~ L& MR A H A (GLMM) |, 247 Ak & FF 1 &
MG E A EKE PR KR TR ERA RN, AR T EXRTHE NN
TAEE AP E EFOm, £ RF A, (1) A" EE e B 3 %2 &% D
(20.07%~9.97%) , FLiE & d B 5] 18 5 (2)2015—2016 4, A4 S E At £ KX 54T
i E 2 8% EMH % (P<0.05), A4 F W H A L T & 4 % % ,;2016—2017 £ B A 4 # »F
Frastie kR EMAETEEE R ZFEME(P<0.05), LA E R HE LB ZHEME;(3)
MAFEESHEHFHERATEHLLEMAME, AFHEREN, TR EHERNAT T HE
B A FHEOR G EK,

KR MoRAREME; LRBEE; TR, RARERN

Effects of canopy openness on seedling regeneration of Machilus bombycina after a snow
damage. FENG Li'"*, CHEN Si*”, XIA Shang-wen”, WANG Bo** ('Southwest Forestry Univer-
sity, Kunming 650224, China; *>Xishuangbanna Tropical Botanical Garden, Chinese Academy of
Sciences, Menglun 666303, Yunnan, China; >Ailaoshan Station for Subtropical Forest Ecosystem
Studies, Chinese Academy of Sciences, Jingdong 676200, Yunnan, China).

Abstract; Seedling recruitment is a key process in forest regeneration. Canopy openness plays an
important role in seedling establishment, growth and survival, especially after extreme climate
events. In this study, we monitored the seedling recruitment dynamics of a dominant tree species
Machilus bombycina with 194 plots (1 mX1 m) over four consecutive years after a snow damage
event that happened in January 2015, in a mid-mountain moist evergreen broad-leaved forest in
Ailaoshan, Yunnan Province. The effects of canopy openness on the seedling growth, recruitment
rate and mortality rate were analyzed by Linear Mixed Model (LMM) and Generalized Linear
Mixed Model (GLMM). Our results showed that: (1) canopy openness decreased quickly espe-
cially in the first year after the snow damage, from 20.07% to 9.97%; (2) the relative increase
rate of existing seedlings’ height was positively correlated to canopy openness during 2015-2016
(P<0.05), but not in other years; the relative growth rate of existing seedlings’ leaves was posi-
tively correlated to canopy openness during 2016 —2017, but not in other years; (3) canopy
openness did not correlate with either seedling recruitment rate or mortality rate. Overall, our
findings indicated that the increases of canopy openness after snow damage benefited the growth of
M. bombycina seedlings.

Key words: extreme climatic event; illumination intensity; subtropics; forest regeneration.
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MRE ShASHAA g Z R Y /N RO T, th 3
[l AEZF K Watt 76 1947 4E 1 R 1 (Watt, 1947)
KRB 23 R ARARZE G O RS DA K+ SRR Ab R o
X 5 el 4 T 3G DR BR bR B 2H 45 A Y S 5
(Muscolo et al.,2007) , WF5ERB . MRETE 5, K
Tl NG IR K il B S5 PRI R - 34 8 AR,
HhX AR A B S e B e BN R O R RE
UEAEIE T 1~ B K Je A B ARG (BEBE, 19965 3K /NS
85,2016) , I TTANPRZRARAR AL . PRt , ARET T 42
AR T B FRAG S 0 B 1 o A A R XA
PR Fh 22 S B A B R S

TE 45 BRI B8 5 B < fek
JCHIR VK T I R A W A 32 o B 2 O | T
(Regan, 1998;1PCC,2001) , H FVKE K FE L EFE
P ARHT 1 DX 3D | DRI AH Gl X 52 DK 25 93 5 el 1Y
W BB RS IR, SR Bk
RAVKE RE M ILRA G m & (958 25%,
2010) , PKFRFSFEMEME, SIS T B2,
NS SR EIVIAL N = NS

LTRERMESREEELN AR TIHEFZ
— BRI R AR R 2 e R A
SREREN, e EHTERMNE S RGRE T
YESFFNZ 400 SO R B rh R 45 AR (Fyllas
et al.,2010; JRE4E,2014) , [ A2 5 X 5 K
J5 Y RBRARG T Wb 2 R AR SRR B 2%
ZAITH EIT R RS, Bl ARe T & i
TURTLVRAZ L e R RE L 34 B8 RO BRI 2, (L &)y
B SR p G AR (PRIE S 55, 2018) , &
RIG PR s AR T B, AR AR A B B
TEAS R E IR 3% T 244 B 8% (Song et al., 2017,
2018) s {HU A WFFE AW, B T AR A &)y 1 SR e
SARE /N TR (XK, 2004) o d” Oliveira 45
(2011) WF5E R B MR E LB HIT 5 48, B 23
RSB B A, JF Hagmah i st (2 d A oF
FERW] MG PRI T 4118 JE T 2B AR ( Kobe et al.,
1999) ; MIXUT £ 55 (2017 ) 45 Hi | D6 I 4l e e 301 17
WG, e Ah  PRE R T 4l i AR KW R W
F W AN W5 B, A FT &Yy B AR T AR T
100 m? AR KB (B IBE AR, 2014 ) o [R] I, MR
XoF 4 BB AE A 2 A R 22 S 0 bR R 2
FAR E B B T B ) R0 TR (Szwagrzyk
et al.,2001) . £ BTk R T AR ZHEFEE XK
7 o8] X 40 TR R T AR OC TR BT R AR

— L,

20154F 1 A 9 HZE 11 HamMA R4 ilig
PR S AR T L K, e R 8 )
=2 °C, M AT ) 40 em B W4 20 W B T ™
IR (Song et al.,2017) , MR ¥ [ B2 AH Eb 25 K A
(5% ~11%) .3 & 5 (Song et al.,2015) , FR7FF
i B2 AR A 23 S BN AE W IR (R4 805 ) AN
AP T OCIR IR R | T3 M P55 ) & AR s
(5K/INISAE ,2016) , HE T 52 AR T 4l 8 58T, AR,
TR EE XY BRI T b X 25 R i
JSCR RIS T ] 2 728 A % 4 ¥ BT 5 Wil £74) 528 85 /)N
DL E R G BER RN R 1 Ol . R, S ik Bk
(B, FA THEAS IR T KRG A LB Jm B BEE 7 %t
TR S5 R SIS O 4 R B S e TR T ok 4
4 FIIESER A . ASIETE AR A 1L S i I AR D 3
i 22— BRI G, 43 B bR TT I J3E 6 4 e
JEARXS A B i A R RS SR T R Y
AN bl 78 1 (e 0 I AR IR G e = A N )
S DL K I e RS b i AR AR

1 HRMXKRFARTIE

1.1 RSN

WIS T A B H T R AR B A I E R
P AR IX (24°32' N, 101°01'E) , #§ 4k 2400 ~
2600 m, 3= BLAE B I Sy op L FE SR R AR (R
AR, 2018) o AR B A Ll AR AR AR 25 R 8 AL W
MBS 56T 4 4F (2015—2018) f9 /B b W 00 9%
B IZXAEY K Bl 1850 mm, 86% L) I ([ /K 4
HIZERN 2 (5—10 J1) 4B 350 11.68 C, AR
TSN RYE (pH=4.424.9) LM BERRIE | 449 5 1
EWIRL) 3~T em, FIEATHLER 4 A MRS By
BR 12.91% ,0.52% 1 0.06% , 3% )J7 +- 45 C/N K
14.4(Liu et al.,2002) , Ak FZ T ARIEHER Fh Ny
PR B0 8 ( Machilus bombycina ) FIE E i ( M.
yunnanensis) | 5¢ 3¢ B K R A ( Lithocarpus xylo-
carpus ) FIE L] ( Lithocarpus hancei) |11 Z5FHA R
AAf (Schima noronhae) FFHE A ( Hartia sinensis) X
AR 2EBHOLT A K SE ( Manglietia insignis ) F1 2 16 & 4%
( Michelia floribunda) 55 (F0 41645 ,2015)
L2 gt

RS KT, 5 A LR BRARH S fe] i p
B S RSO, 2015 4 3 A 7EAR N BEAL 1
B 1940 1 mx 1 m BIRETT, I X B4R 5 BEAT 9
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HF30E H3W

5 THEAE S At raE A, A NS4
BN R R BRI T R R, AR DT A A
W, =5 em BT ARG AR IC ) (G AL S
) o TEC S Y 4 YU A L 3 i O B 4
FEAR R RO . R ARBFFE LB DR RS
P AR T AR X 4y P ST S R AR —
URIA AL I T bR I Y B A 4 2 SO E A, e 2
A bR B 4 2 B g SCOh BT B e (B W A,
2019) B 0E SOl YR BB - —4E4)
BB, FIEFC AN MBI AN ES,
ARG T

1.3 EBEREZAGIRIK

AR AR GEE T ] 18 5 £ MR A5 Sk A A AR I
A5 i i A 58 R BEAT AR, TR R R D
O s TS AHLEE S BEHETET 1.0 m , FHAK P4
ZKFEHEITR v = H IR AT SR H Y% 5, B
U BEA TR
1.4 Hsib

ARWFFEIEILL T v AR AR R -

Wy o X A K @ B ((absolute increment  of
height) :AH=H, -H,(H, : 54E %, H,: F—4F%5
)

21 R 48 X 14 K & (absolute increment of
leaf) :ALa=La, —La,( La, : 34E M F %%, La,: b —4F
MR

DI = B AH X AR K (relative growth rate of
height) :RGR,,=(H,-H,)/H,x100% ;

K R AH X6 34 K R (relative growth rate of
leaf) :RGR, = (La, —La,)/La, X 100% ; ( B 7 B 5,
2017) ;

MRTEETF 1 B2« A Gap Light Analyzer 501 (2.0
) ( Frazer et al.,1999) 3 #7 M8 -, 7155 5 )2 FL PR,
RYAE YL 5 BB o3 o FE MO T R RS . ASHIESE
TG IBURH S8 T A MR TT ] J32 1) ~P- S (LA 5 Btk 20

AWK R IEF (A 3.5.1) 11 nlme 2
LR APETR S AR Y (LMM ) 3 B M et T I B2 % 40 v sy
JEERRDRT AR A AR R X KRR S | R 7%
2J7V8 e PEERH R AR AR (i AR ) AR T
I B2 RN A B0 By s BEAE Sl R, S G o FIAE DT
G LR EIL XM N BRI &, eAb, S X AROE T
I 5 T 1 P 50 1Y 2 ), SR AR B B R A7 3 B
o3y, REREA B E AT ) . R RIS
HY Imed FLERAERY T LR PEIR SRR (GLMM) |, 43

LI SERIN G RORUTE R A me i N ]
BRI T RPN HA logit-link Y 33X
AR 1 FRATEE R AR DT (BAETS) ,0 RN A
B RORETT (S5 o F SO MO T R (73
HrobTo s, 4l i W BB O AR ) , A
Gt FRE D5 40 5 LIRS I AR BRI AL

2 ERESH

2.1 ERTIEE s Lyt shas

2015 4 5 KI5, Mo ¥ [ B 20 20.07% +
4.32% (“PIME AR EZS ) |, I BE N [ ERS 105 28 /)N,
BEJS 3 AERE I MEAR RN 12.23%+2.83% 11.29% +
3.09%#19.97%+2.47% (df =3, F = 378.4,P<0.001)
(K 1,K2),

2015 45— R 4, il SR GO 2T 109
PR, TERE S 1Y 3 AR A b ot 2 0B 1 160
Uk 2018 4E55 4 YA & B, 109 FRE A BISET 18
PR, FET- N 16.51% ; i A KT 4 YR A (9 3 14
(20 Bk ) AR A AT IR 2L, % 140 B 1S 1 AL
T2 20 Bk, JET-F N 14.29% (£ 1) o 4B R A
WIMAET RB R I B A bR 22 57, 22 SV [ 4 5]
9 8.44% ~105.83%F1 1.83% ~10.97% (F 1) ,
2.2 THRAYIE ARG X 4 v A K A 5 e

O B A X A KR 5 MOR JF R AE
2015—2016 45 B F IEAH G (1=2.513,P=0.015)
(Bl 3a) , MAEHABAE G DR 20 E A,
AT AR G 4 K R 5 RO T e AR 2016—2017
ARSI ARG (1=2.206,P=0.033) (& 3b) , 1M
FEHABAA JC 35 A S

F1 20152018 FE L EE
Table 1 Seedling dynamics during the four years (2015—
2018)

$E45 Index 2015 4F 2016 4F  20174F 2018 4F
SRS L No. of total seedlings 109 120 237 231
JSRGTHFET-HEL No. of total mor- 2 10 26
tality

B B BR B No. of recruited seed- 13 127 20
lings

HH 2 Recruitment rate (%) 11.93 105.83 8.44
FET-% Mortality rate (%) 1.83 8.33 10.97
B TET-RR B No. of mortality of 3 17
recruited seedlings

P AT R Mortality rate of re- 23.08 13.39
cruited seedlings (%)

BV HFETS No. of mortality of exist- 2 7 9
ing seedlings

ELAH HBET-% Mortality rate of exist- 1.83 6.42 8.26

ing seedlings (%)
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1 2015—2018 £F 194 ™4 B 77 RO AR E i B 950K 59 7 [
Fig.1 Frequency of forest canopy openness of the 194 seedling plots from 2015 to 2018

35 a b c d 25 a
of €20l o o
8
£ 25 ﬁé 15t +=2.513 P=0.015 .
M % .}\.H g)
Eg 2 _8 o =210
K & - 3 EE
g 2 1.,
R e ==
5 —0 i
—— — -0.5 L ! : ! ! ! !
) ) ) ) ) 10 12 14 16 18 20 22
2015 2016 2017 2018 107p
4ER- Year g sl o
2 MEFEFENFEERER ﬁ‘g 6l 1=2.206 P=0.033
Fig.2 Differences in canopy openness among years g%
2 4
> = . Sl = EE ; o
ST HE T 0728 FEEARX A BRI A K R M %, o oc 8
N \ S SR S B o o oY) [®
¥ ] BEAE BT A AR TR] B R B 35 ARG (R 2) § o Lo sERTE SECP KR
B X8 4 i e o K v B RIS AR Ll . . . . .
TE T ) B8 B AR A A, 45 2R 5 e HE A X A A A 6 8 10 14 16
ﬂ‘[‘H‘?FH}(ﬂ’i K%E@%%*ﬁo Canopy openness (%)

2.3 HRAYIE AR T XS &) BB G AT Y 3 MEFEENCEEEKEENE
A Fig.3 Effect of canopy openness on the growth of existing
v A RTETT Il JBE %o %)) JEE AR A K R Y 5 R
SH 7 U4 4 R S i JE4T4 11 :a:2015—2016 E ARG TT 18] B2 XoF 40 7 ey 2 AR R 2B KA 200 5 b -
RS A B R %ﬁ H B AT I 62007 eI R AT O RIS K R0 B,
*ﬁ , éﬁ%%% ’Mﬁﬂ:"ﬂrﬁiﬁﬁj H %ﬁi%ﬁﬁ)fﬁﬁi’ﬁj\ Note: a: The effect of canopy openness on the relative height growth rate

of seedlings in 2015-2016; b: the effect of canopy openness on the rela-

I‘mi@ﬂiiyﬂﬁ %*H%'@( %‘%3) oﬁﬁxﬁﬁ%ﬁiﬁﬁg tive growth rate of leaves in 2016-2017).
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F2 MEFEEINEORGEEKIERAZ G
Table 2 Effect of canopy openness on seedling growth of Machilus bombycina
Ay 53 At A AR TR tfH P{H
Year Classification Variable Estimate+SE t-value P-value
2015—2016 A R BEARXS A K2R (% ) RGRy 0.036+0.014 2.513" 0.015
Existing seedlings i ARXT I (% ) RGR), 0.013+0.050 0.260 0.796
i PO HIR A (9% ) RGR,,
Recruited seedlings it AR % (% ) RGR),
2016—2017 A i BEARXTAE R (% ) RGRy 0.008+0.016 0.494 0.624
Existing seedlings i ARXTHEC (% ) RGR), 0.112+0.051 2.206* 0.033
BT XS A KA (% ) RGRy 0.026+0.046 0.572 0.592
Recruited seedlings AR IS (% ) RGR), 0.127£0.242 0.527 0.621
2017—2018 oA i BEARXT AR E (% ) RGRy -0.004£0.012 -0.295 0.769
Existing seedlings R A #E (% ) RGR,, -0.005+0.031 -0.168 0.868
ke TR AR AE K (%) RGRy, -0.078+0.133 -0.589 0.559
Recruited seedlings AR IS % (% ) RGR), -0.049+0.038 -1.297 0.202
* P<0.05.
F3 HEFEAENE LM EIIERMIET RN
Table 3 Effect of canopy openness on seedling recruitment rate and mortality rate of Machilus bombycina
Ay es A AR R zfH P{H
Year Classification Variable Estimate+SE z-value P-value
2015—2016 ELA 1 Existing seedlings B R Recruitment rates -0.096+0.126 -0.765 0.444
B Recruited seedlings PT-HR Mortality rate 1.163+3.368 0.345 0.730
BET- R Mortality rate
2016—2017 ELA T Existing seedlings FHE# Recruitment rates -0.116+0.075 -1.551 0.121
FrHAT Recruited seedlings BET-3% Mortality rate 0.247+0.178 1.391 0.164
BET=R Mortality rate 0.157+0.262 0.601 0.548
2017—2018 BV T Existing seedlings BT Recruitment rates -0.160+0.108 —1.484 0.138
HrH Recruited seedlings BETK Mortality rate 0.129+0.166 0.775 0.438
BET-% Mortality rate 0.210+1.006 0.209 0.834

RETT B — 20 0 A SRR R vl e MO
JFRABETR IG5 RO (3R 4) o BEAT, T A B AT
FEVE AP T ARG MO R BE A I AR 03 R AR 2R A
B EMRNE(FR3) .

R4 WEFEEX G EHEN N

Table 4 Effect of canopy openness on the number of re-
cruited seedlings

EHy MiHEbR R AR il PE
Year Estimate+SE df t-value P-value
2015—2016 0.080+0.059 7 1.362 0.215
2016—2017 0.280+0.215 44 1.301 0.199
2017—2018 -0.074+0.051 22 -1.429 0.167

3 it 54iR

MR T R &y i A AR AL T A R 254 (P At
4 ,2004) o AT B AR BRPRTE BT B E AR
FH 41 5B 1S S BT Dl B 5 e o FL R TR
A R ( Comita et al., 2009 ; 4 845 2016) . 47

ST 2 B B[] 4R X6 5 AR i 722 Ak A 1 el 17
(Jin et al.,2018) , AW I A T F K5 =410 H
LU e o ) e AR S T ) 82 X 6 o 407 1 B 50
ARSI, 25 R R TR 5 1 MO I B N
ATROIMARE A B A AR 4 G R FET %
A K 4 e e A T B 3 R

MRS BT B 2352 M AR DG IR, D' 2 5% e A
YA A A A 1) 3 2 A S T (Rozendaal
et al.,2006) , Kobe(1999) Fl&/NEHLAE (2019) [
TR MR IR T W) A2 5 AR F
FT 45 A3 B R e T ) B RN %) 1 BE TR TG i 35 AH ¢
P XTERSE (2017 ) IIF 5T 45 SR & AR ALK )5
TE HARMRE 21T, 6 B 4 i A 16 A
SO, XN 2E S A n SR R AT R 5 AN [ A e S
B 1 B 25 2 % (Kobe et al., 1999 ; Goodale et
al.,2014) , AT AT GRS MR T 4 i % IR A 5
G LU Hb_E OB Y B A S BIURR R 1O
XF LI H AT (52 0 (£ BURLSE, 2003) . ASBIFSEER
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Y MG e FE RE S e E 4l i AR G X — 25 SR 5 E N
AN RIS R — 2, (ARG T ) B A 0 &)y i A
(A 558 B8 R/ INFEAE S35 1R R ] 22 5% ( Gerhardt, 19965
DRSS, 2014 5 5/ NEIEAE [ 2019) o N TEARE XA [A]4F
W4 B B 1) &) B S A A AR 22 5, AN SCHR A (2012)
WEFE 20 ARET KN 1~ 3 4R AE A 4 i A KT i
Em (HXT 4~ 7 ARG T AE KA B
FEJFHEJE 1~ 3 MM e K 2 EAR
SERENA . d” Oliveira 25 (2011) BF9E 22 B, AR Xf
LB A HA B R TR B 50 5 48 L34
Pl A K | (4l 1 o 4 5ik B AH H AR 7 2 i B 3
B PR, MR B, S A AE T SR , AT 3K
LIPEHTIG R R AR, (L3 B 52 i i (1) 328 3 ek 557, A
12 AR5 W AR RN T2 MOGEE T [ BE S e, R 7
45 (2008) W FE 2R A, FEMR T T2 T 1, B FUE R %5
JERR, FEIT AL 1A K 5 TR a2 2 i Z
PRIt , 38 2 o A DAL B () AR B AR A R T k28
(645 #4 B9 4 4k ( Miakinen et al., 2004 ; 4 7 & 45
2008 ;Stan et al.,2014) .

AT 5% 45 SR B, MR i) B X 4 ) s e £
FEAE TR0y, XD 8 35 B AR PR 22 S it — A R
ARG B R — B A AR R BRMORE ST
WELRE A1 0 37 Hoth Z Fh R R 5w AR K+
HE3R 5y JR I R 2l R RN ) O R A
(Lewis et al.,2000; ¥ M B %5 2001; 25 5 18 45,
2001 ;Poorter et al.,2008; FHE 7425 2011 ; T 45,
2017 BEHEAF, 2018 ), H il B FIOK 4338 8 B
BT EENHNE WZER L0, Flan, ik
WA (2018) 5T 2B, AH HEGSR T &, 13K 5
R | CENT AT e =i A i N SO EA) N Ra e iR (1] 14
YL FZ 40P A0 7 106 S5 0k i B0 e 108 1 ) s v 34
(VEBEHISE,2018) , HRHE AR 5% Hb 5 10 S5 W I 4L
#2015 4E 5 H—2016 4 4 1 2016 4E 5 H—2017
4E 4 H 2017 4F 5 H—2018 4F 4 H i A F-HREE 2%
SRR, W (11,38 £4.18)  (12.01+£3.15) .
(11.66%3.56) °C ., 1 3 4 () B b5 W 2 ) H A BH &
ZS 0 1524.5 2503, 2, 1728.2 mm; H
2016—2017 AFFE RN & 35 i T HAB ARGy, 1X A vl fiE
5l 2016—2017 45 2015—2016 4F . 2017—
2018 FFL BB s 2 R R 2 —

A7 3 g AR A S i R A X R R
LI H AT R AIE T R AR bR A R T T MO e
XTEODBI A B sh AR, S5 R M5 S

MR BRI B, 18300 404 H T 30 W 4
AR, DTN 2O AR &0y o S kS e BEA R T . AT
FUAET X B O Sl 0 AR RSP A T 0022 R
SRR A Z2 Wk LA, T AN [5] Foft 248 ] 1) 0 i L A AT
T A R 25 5 | X MRORE T I E £ i A
REMAFEZE S, DRI, 1R ZE RIS o ARETS K
S BEATAH SR IR ARG S, U T A e AT LSl S R
I 3 B AR GEE T ] JEE A A AR A 4l e B 8 25
2R

O BMRELARSSARRERG LS, BBALR
EH LA P AL EIHEZWHEE, BRRHEEAL H
X4 F ¥ HFEETB IR PR ERE, FRESEG/HEE
BT EAITE, R GEF BEA FTILHREIXTE
IR R AR T AT 0 G ¥ A,

% 0k
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