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Impacts of the 2008 ice storm on structure and composition of an ever-
green broad-leaved forest community in eastern China
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Abstract: Subtropical evergreen broad-leaved forest (EBLF) is the zonal vegetation of the Chinese subtropi-
cal region, among which the most typical and widely distributed type is mid-subtropical EBLF. To explore
how the 2008 ice-storm affected the short-term dynamics of mid-subtropical EBLF, we examined the com-
munity structure and species composition pre and post the ice storm of the 24 ha forest dynamics plot in
Gutianshan. We found that although the DBH size class structure was highly consistent pre and post the ice
storm, community level recruitment was low and mortality was high. Results of community dynamics analy-
ses conducted at various grain size scales implied general depressions, despite the different rates of change
between habitats. Species abundance and ABH (area at breast height) both decreased but species frequency
and IV (importance value) did not change. Species in abundance, ABH, frequency and IV were highly con-
sistent pre and post the ice storm. The results imply that the 2008 ice storm negatively impacted the
short-term dynamics of the EBLF community in Gutianshan. The severity of impact was associated with
stem DBH and topography. However, the community structure of this old-growth forest showed its consider-
able resistance to ice storm disturbance.

Key words: evergreen broad-leaved forest, community dynamics, DBH size class structure, ice storm, forest
dynamics plot, Gutianshan National Nature Reserve
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VKT R FE PR WL AR E, RERAETE
s 2E B2 X (Lemon, 1961). HIT-4BRSRASAL
Som, T HARIVK S i E R AR R AR T s, B
FE RSB T A TS (Tremblay et al., 2005; Bl
ZLANEENL, 2012) FRIRVKES 5 1R o5 AR Tk 75
T AR, T BRI A SR (Regan, 1998). K
5 A SRR BT, I A SR A T T
W RS2 A5, T E N AT SO AR BRI R R
g, TERRE, AT TR (8 D5, 2011,
FRA[A[AE, 2011). DAERFIERM, VKE 9 FEXRA L)
T FEREFE SR B By PR 2 (b Tl 45 DL K ol ] 22 S
SV DL AR A IR BT IR R (A0 AN 3 IR 4 S5 A
KRG, 2010; RAIA4E, 2011), F, 7 Hrok
TR EN AR R ERESHEY A F R R
AR RN KR, BT ESTHIKE % EBR
T AR R R (FOEL R B AL, 2012).

i o3 W] TP PR ST A S DX ) A
Iy A XI5k 2.5/Cha (24°-32° N, 99°-123° E), H:
DA SV AR (1 4 i bR B oy BB (SR IR, 1980) .
WL A8 V0 00 7 H L B R ) B AR R X AL T TR
iy (R 1EEE, 1980), TRY X P IRATFH KA SE 4T 1
W SR RE AR (T B A 2001) . 9 T 5E AU IIRTRI 5T
BT SRR AR, R ERFEERE . WS AL
0K 2% % AL T 2005 4F 7 % IR 37 X A #% CTFS
(Center for Tropical Forest Sciences)#F i 2 1%} i 2
BT — e B AR IERI24 a4t R bk h 25
FfHh(Condit, 1998; #ii#E4%, 2008).

20084E4], —3750 —BMVK S K FE2E T T
R 720N X, R K AR S R4 5 R
(Stone, 2008; Zhou et al., 2011). FEIXRIKE K FEH
PR, T L24 hatf 1 E 2t ) bR s 21 R
(2240455, 2011) 0 ASCHNIE I X ZAF Hi 200547 25 —
YR 7RI 201047 55 — IR 2 2 (1) B & 45 10 A Fil 28
R AT LU AT, I ST UK S 0 R S S I T P
SRR AREEVR AR, SRR 9 2556 Hh ARG
SRR MR B RIS SR B 5 & DR IEA Y
WEHERMIRR, T EZR BRI UK T K FE 1)
HEHT /I (resistance)

1 FB&

1.1 RXEER
WL E K HE SRR IX (29°10-29°18" N,

118°04'-118°11" E)fr T-#iiL & B, SR 2]
8,107 ha. 7 H Ll b &k T #4002 i i ARk by,
T2 TEAE A IS I o BT R 4 bR R A A T
$350-800 m) L3 AL B (F- B IR A%, 2001, HHIE
#6255 2003).

7 AL TR E D T SR X, SRR
B 1 AR . SR RIR15.3°C, A AR
38.1°C (7TH), &ILK#E-6.8C (1H), EKHEFIE
5221.5°C, TLFEHIZI250K, F-FH5fE K REh142.5°K,
EYFEIKE1,963.7 mm, AHXIEAE92.4%, A H I
i %51,334.1 h (51 IE 445, 2003). 1% I A
RESRATE RS, FEAALIE, B, aRRfaE
+AKIEWMESE, 2008). HILRTEM 2R, k%
K33 LR, pHIE5.5-6.5 (W1 1E£4%, 2003).
1.2 HMgEMHARSEE
121 HHgERAE

P57 L K B SRR X A% 0 XA ST
T BRI R 24 half) 7k A AR AR Sl 25 15 AR
H1(29°15.102'-29°15.344' N, 118°07.010"-118°07.400
E). #&CTFSHEHUE R TT 58, i H R A FE A i
ADBH (%) = 1 emfARAMY), iR HRIED
[FIApE . DBHAALFREE, 4R Rid (Condit, 1998).
WZRE L N S AT N [R) A 20054F, B — IR E A
i} (8] 920104F . &A% N A8 GLFE % BT 20054F 1 £ £
FEANMAR B AERIR L PP S . DBH R AR AR EA T & A, Xof
FeH N BT DBH = 1 emffi#h 51 (recruitment) At
FTRhZRG . DBHIMIE . ALFRI & AEEREARC o
122 MRFE
1221 PERERFREIE

¥ DBH AT log % #: 173 12 4%, K F Pearson#H
JE AL I8 43 HT 2005 A1 2010 4F B 74 5518 2 i MR 4,
K. FH Wilcoxon 135 5 Rk i 56 bl 45 3 7% %44 2 7F 2005~
20104E fi#h 53« T+ 2% (upgrade) AT FE T~ (mortality) 5%
&=, KX HBonferroni /7 kA% 2 B LI IPIE . 72X
B, A 0RO AME, O T A KT
B ERRMAE; FET AR LIFET AN

TESRAF TR B R T AN R B 25 B 2
fili b, BB AR G N A U 7E 2005-20104F {R FF A
A, HEAS B E R ShA T SR R UL T2
(expected mortality rate) . #X J&5 I FH WL AE 12 %
(observed mortality rate) 1T HAZE T 2 ) 2 AH X 3
T-F (relative mortality rate), F DLW A il 58 172 5
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M, = (1)

© Nygos X T
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N5 X T

My =0 = e @
M. Nz—N,

Hr, Mo AMZET 3R, NpsbT- ik, M T
FET-%, NrRAAN RACE, NOATH B AR, Nogs i
20054F 192 J5, TR C U 25 1D (8] B B 8], M A AH %
TR,
1222 ZKE LEESISURERERSERNS
HES

¥ B A~ 24 hat Hh 58 4 Kl 43 A [RDRLE (grain;
HP0.01 ha. 0.04 ha. 0.25 hafii1 ha)ffJ#H48 HAH &
[/, SR FH Wilcoxon FF 5 BRAG 56 20 AT 25 AN RUEE B
FEVE A 2 FETE, EDShannon-Wienerfg ¥, Mk
UL i v T AL (ABH, area at breast height) )38
% . KHHHEZRT7 % 75 (One-way analysis of
variance, One-way ANOVA)KG I AN 7] A= 5% Fh B 74 1
AW RENE . MREOR I e T R AR R R B AR
FEFt R FESTE RN T Fa A 18] AR DS T 2 3 bt
SER A5, AfF Torus translation 56 A= 53 3w
)23 AT T kT (Harms et al., 2001).
1.2.2.3 BEREMFENS

T - Wl £E 200520104 (1 Fh 22 J8 AR Ak 5
IR v AR T R A 26 | AR (R 7 P R ££.0.04 haok, FE 1)
ANEETT R B A 2R ) AR A 2R DA R B A (1Y, im-
portance value) b, K HWilcoxon 5 B 46 7>
HrH A&

RN — N2010 — Nzoos (4)
Nooos X T
R — ABH 5010 — ABH 505 (5)
ABH
ABH 5505 x T
R = Fao10 = Fooos (6)
F E xT
2005 %

Ry = Vo010 = Vaops (7)
V005 X T

Hodr, RAAZJERAE, NaoosMNe1073 71 2 7152005
A2010 4 # 2 &, Ragn /9 M ey A T AR AR 40 &
ABH 2005 F1ABH 01077 71 4 77~ 2005 F120 104 1) ¥ M fig
AL AR, ReASIEASALZE, Fogos FH1Fa010 73 K78
2005120104 (A, Riv A B ZHAZAL R, 1Vo00sAT!
IV 201077 7)€ 71 2005 F120 104 1) B B8, T 5 K A
7 (1) [ B I (7] o

XETYIMIR IR, B el 4 e br
(BRFh 2 B sy A A, 0 R A B B ) 3t 4T log#%
#, #R 5 K F SpearmantH ¢ A 56 43 B 0 Fh IR P AR
2005-20104F A AL 15 ¥ . 1 F Spearman A < PE
B9 BBl ik 7 AR A 2 36 T — AN HET VR A
PP SEANREAE (U0 22 B o A2 ) PR U0 AE A I8 BT F=
SEAARIE], WNZARHE AR 4 B /), S SpearmanAH
KEZE(p) 9L, 5 BV NP AN RRAE I 07 76 5
AR BRI 5 e i, WRZARRE AR ECR, I
i Spearmanti o< R HUA—-1. ElSpearmanitf o< 5 £k
KINPFFAEASAL RS, R EE N R AE AR AR R .

A FTE G A S ER R 3.1.0 3
143347 (R Development Core Team, 2014).
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21 DREEEDS

2005-20104F (8], #1124 hask bhzh 245 W A
HU SR AREEE (DBH = 1 em) & 4220 MASL
AR B ZE TP < 0.001), 1E425% 8] F R
AMEBCRAR/D, IKE K E AT G R R R A
I IMp = 0.97, P < 0.001) . £ B2 2% (I #b 53 B0/
THE G T HEmz A(ELA);, XTI REEE 7
PR/ NIA R T AR AL B B, K BUNYEDBH = 20 cm
FE A WTIEEIRCR, WA NES(E1B). 54t, H
T4 R BCR LR ECR D, I AT R RCR, &
INERAREIR D R BERUK
22 ZAMRE EMBEEDNSURERBRFENS
HER

TERCI R4 KL b, S5 N BEVE IR AE D 2 FE 1
TER/INKLRE b 25N, RN FIC R AR
;T AR FORN Bl vy 48 T ARUPE AR 350 (2 0
/NP < 0.001; EI2). =0 @A JE,
2207 B 68 SR W OR A [) A B (8] A2 ) 2 1 1 T A A4
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Fig. 1 Dynamics of DBH size class community structure between 2005 and 2010. Diagram (A) shows DBH size class community
structures in 2005 and 2010. The empty part of the bar represents the number of individuals of a DBH size class in 2010, the empty
plus the grey filled part represent the number of individuals of a DBH size class in 2005, and the grey filled part represents the de-
crease in number of individuals between 2005 and 2010. (B) shows the change in relative mortality rate with DBH size class. The
dotted line divides relative mortality rate values > 1 from values < 1. Values above the dotted line indicate observed mortality rate >
expected mortality rate, larger y value represent larger difference; values below the dotted line indicate observed mortality rate <
expected mortality rate, smaller y value represent larger difference.

A TC W 22 5, 1 e AT AR ) AR AR AR A 2 22
F, ABA BTSRRI P R RE IR 77 2250/ L) .
2.3 BERGENMEIES

2005-20104F [H], Fv& N I M 22 52 0 i vy
AR 235 8/NP < 0.001), {H 455 A 85 EL4H J6 B
ZAZ(P > 0.05; E3). WA Z KT (p = 0.94, P <
0.001). gy AT AR IRT (p = 0.99, P < 0.001). #iifiE
W (p = 0.97, P < 0.001) LA K 5 BAEH KT (p = 0.97,
P < 0.000)ZF LA K (F4). RN, X5 W
(20054 E M Z L= 24NN Z IR T (p = 098, P <
0.001), #i F(20054FEFh % fE< 2412 FEIXF (p
= 0.51, P < 0.000)AFaE, —SMAEMI £ E
AR RS (BI4A) .

2005-20104F |8, ¥ WA IMIFIE &, BRI
b i (Ardisia crenata). PYME{E(Cornus kousa subsp.
chinensis) . J& 5% ##f (Ehretia acuminata) . 4% 3% 3
(Viburnum setigerum) . & & M T £k (Phyllanthus
glaucus); [EIWSA5ANPFH L, B /N4 #% (Brouss-
onetia kazinoki). 1% f4 %% (Buddleja lindleyana). 1117Hi

J#k(Trema cannabina var. dielsiana). ## 4% (Mallotus
philippensis). —434%(Cephalotaxus fortunei), %4
EREREE7/R

3 e
UK I i I AR T 4 W AR 3 2 1

K EZ —(Cao & Peters, 1997), ] % AR Te )2 1
J% ™ BB 451 # (Hopkin et al., 2003; Lafon, 2004; =%
YA, 2011) . VKT R FH A 3 BN GE E W o AR
(Hopkin et al., 2003; Lafon, 2004)F1K & M & T Al
(BB, RKREREAR). KT RFG, R F
PR 26 I8 2 kA i 35 4k (Proulx: & Greene,
2001; Rhoads et al., 2002; Lafon, 2004), M ifij #0i #k
Hahis.
31 NREFEEI;S

7£2005-20104F 8], EAAT H 1124 hatfHh A
SRRA N B IE R R AN, B ERHIE
AN R BEALT B REE, FEUMEE R &
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Fig. 2 Comparisons of the biodiversity, number of individuals and area at breast height (ABH) of multiple grain sized assemblages
between 2005 and 2010. Box represents the interquartile range and the median (the thick line); the two whiskers up and below the
box represent the upper quantile plus 1.5 times interquantile range and the lower quantile minus 1.5 times interquantile range, respec-

tively. Different letters represent significant difference (P < 0.05).
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124 hatHh Py oK S ok 5 JE A VE TR A 4 S'E%%
W, BEHEH(DBH = 8 cm)f3K, fE KA 45215
E’J‘Tfﬁiﬁﬁiﬁzi(i#\%%, 2011). ABEFEAI, K
BHEAERARIERIE T KBV ME R AR, X5
u1£7ﬁﬁn7if)”l§1’]{7k IR R JZ BRI G

5 [ 45 18— E(Hopkin et al., 2003; Lafon, 2004).
XA eSS BT AR AR AR DK S 9 e Z B
SER(MLAESE, 2008), X TUKE AR B 1R, 1
IS T OKE XTI BB LA T [FI, 5L
KL R Z MR 2 TR B E . A4S

5 DT — BB 58 R L UK 55 9 3 06 R AR ) 8
I 842 A 38 KT 98N FE AT T (Amateis & Burkhart,
1996; ik H 4%, 2008), K AMEARNT UK 9 F MK
}*ﬁE’JEﬁaA&EWIE’Ji‘j(Tfﬁi‘iJD BRI =R

FE BT T AN [ AR SRR 52 B I 0K &5 ¢ 35 40
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Rl TEERFFEZEEDLZHEN. MELNSHEEREUENERZHFENTER
Table 1 One-way analysis of variance results of the rates of change in biodiversity, number of individuals and area at breast height
(ABH) among different habitat assemblages

EREE)ES M2 Y7 % FH PA P{ti(Torus)
Degrees of freedom  Sum of squares Mean square F-value P-value P-value (Torus)
(A) EWZ A L% Rate of change
in biodiversity (per 0.04 ha)
£ Habitat 4 0.002 0.0005 0.752 0.557 0.541
5% 7% Residuals 595 0.40 0.0007
(B) MMA%E1L3 Rate of change in
number of individuals (per 0.04 ha)
AE3E Habitat 4 0.14 0.04 3.58 0.007 0.795
5% 7 Residuals 595 5.92 0.01
(C) Mk (k% Rate of change
in ABH (per 0.04 ha)
HE5E Habitat 4 1.58 0.39 16.49 <0.001 <0.001
¥ 7% Residuals 595 14.24 0.02

“P{E(Torus)” #iEid Torus translationts: 4642 1 T 2 ] F AH < FIPE
“P-value (Torus)” represents P-value estimated by Torus translation test that has controlled for spatial autocorrelation.

(A) £J% Abundance (B) Nm#Ef ABH
25 r ] 8 r 1
3 f [
20 |
2 I 6 I
5 | !
:g‘ 15 | I
£ | 4 f
= |
Z 10 I
£ 2 |
o5t
EX
0 % N p—r— N N g 0 -, ! N N )
-1 0 1 2 3 4 -1.0 -0.5 0.0 0.5 1.0
(C) i Frequency (D) HEME IV
" 30 r 1 60 1
2
é 25 1 " 50 r ||
— !
S 20 t | 40 |
2 !
E 15t | 30 t
Z !
® 10 ! 20
& !
R 5 ‘ H 10
o L . | “nl‘m.... ni g La o o o
-0.006 -0.002 0.002 -0.010 -0.005 0.000 0.005
254k & Rate of change 484k # Rate of change

[E3 2005-2010FE)¥F%E. MSEHER. MEREEENTHE, BEEELANTHERAIEE, £MNARE.
Fig. 3 Rates of change in species abundance, area at breast height (ABH), frequency and importance value (1V) between 2005 and
2010. The right side of the vertical dotted line indicates positive rate of change, the left side indicates negative rate of change.

TR NMEGE R T R (U7 5584, 2010). ST B0 14 BA 2 RT R 2 AR MO IR AE VK T R 5

BeAh, BANMERAN BRI AL, FINE 2R EBOR, R RN RUK TR R, MR
A B A T HE N B R AR R MA SR AR R (BLA),  FUERRAE IR, B2 H T+ R 2 RA2 B B (Proulx
KRS MEFANRBE R E A, 2 & Greene, 2001; Rhoads et al., 2002). /MEZi %) H )
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Fig. 4 Correlations of species abundance, area at breast height (ABH), frequency and importance value (IV) between 2005 and
2010. o, shade-tolerant species; +, shade-intolerant species. The solid line divides species increased in value from species decreased
in value between 2005 and 2010. Values above the solid line indicate increase and below indicate decrease. In (A), on the left side of
the dotted line are rare species and on the right side are common species.

TR T ARMRAN SR, FBUMER A
BEAAIANE, AT I M A TR %
) J& il (DeSteven et al., 1991). #— 7T, KFH K E
T 5 1R R A F Wi 45 DR 3R 3 ol 1 4 B8 4P i R A
WEHHOG, RN SEBORES LT, 7§
— B T ME RS 51 AS 2 (Darwin et al., 2004;
Vowels, 2012),
32 HZMNE LHREESURERBEEZS
HESR

2005-20104F (8], £ 2 VR0 _E o AR MR
% 2 —EU IR (K12) . XM\ 7S 8] Z T e 7R
WA, RN g R B ) SR AT S22
KIE BIAEBR R o BT X AN R A= B 95 AR A 26
IR 2R T Z g R EoR, SRS ZE 7N
TR ER SR B[R] () 22 5 (R 1) RN H 1124 hals 2k [
I b PAY S A 355 1) ) 3t T 2 R R R 9 2 A 2 22 S AR

K(Chen et al., 2010), AEFE[AIZHA M 2= FA A HE
N SR YR T AR B S5 A (L T2 ) 1) 22 S X VR Bh A T EL
g, DL A B Ak R I R M K 3 0 (MR AR
JEE 1T % B Vi B A5 77 A 1 TR) 42 5 e A5 (Warrillow &
Mou, 1999; falf&2%%, 2011; 2 MM45, 2011; FRiRAT
FEEST, 2012). & D40445(2011) & B, o FH L AR AR S
%HDBH = 8 cm M5 FE FE LM IRE IR 1L 43 i
e, TR L R . IR, AR KB
(1 7 FE LA [R] AR 35 1) AR AR Bl 45 1) 22 57 P e 5
O KR HOTE S5 AR, X 55 20084F VK Z5 K FE6f
R 6] Al 1 DX R PRI R R — B
2008; ik [E 4%, 2008).

B, MFTEDBH = 1 cmiMERE, &4
S 1) B B e TR R AR AR R 22 5, (ERRIEED)
SRR MABCR AT 22 AT, X 5 R
L 5 S HEES(DBH = 8 cm)ii a4 BIEA TG
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(BN, 2011). FDNMEEAEEVA(DBH = 1 cm)
KA, REHMEDBH = 8 cm) H HAMKRELF) /N
F o3 (FIL), AF RV B v Bk T AR P DT R Iz K T3
XIREVRAMABO DTk . PR, RAR MR R T X
T ) v AT AR P 5 e B G T A VR A AR DL K
V) Z RS R TR R, BT DUAS [ A2 B3 1) K
TR AR 52 A5 R P 1) 22 S 1) R agt J T i 100 v 48 i
NS E S, HEME B BEE MEER B 2
FEMEBNAS B (KL).
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TR R, XA KA] R & B AR 8 DR 3R (s
T )G, ERIREK H 1200844 K A1
UK R FHF IR (2 % %5, 2011).

H2, WM A R B A A A AN B 2 (13C,
D), i HAFh )2 e B v A AR AR AN B
MRy B W R e (B14), IXAE— e B T
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2011), fHEHT/MEQERR R ZH BT DU AR
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Ty Ak, — SR A P £ FE E 2005-20104F [H] B
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