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Abstract

Aims Tree mortality is an important ecological process in forest ecosystems. The aims of this study were to de-
termine how tree mortality influences the spatial patterns and interspecific associations of plant species, and what
are the causes of tree mortality in a 1 hm” permanent plot in Baotianman National Nature Reserve, Nanyang City,
Henan Province.

Methods We conducted field investigations in the plot and used spatial point pattern analysis to examine the
spatial patterns and interspecific associations of 17 species prior to and following mortality.

Important findings (1) Most of the species in the study plot showed an aggregated distribution both pre- and
post-mortality. However, the number of species showing aggregated distribution decreased and the number of
species showing random distribution increased following the mortality event. (2) Most species were positively
associated with Quercus aliena var. acuteserrata both pre- and post-mortality, while some had no apparent asso-
ciation. Following tree mortality, on fine scales, the number of species with positive associations increased, and
the number of species with negative associations decreased. (3) Tree mortality was in consistency with the random
death hypothesis. The interspecific associations of four species with Q. aliena var. acuteserrata completely
changed following death. For most species, the spatial patterns and the interspecific association with Q. aliena var.
acuteserrata either changed at minor scales or did not change. The variations in spatial patterns or interspecific
associations were inconsistent among species. (4) The dead trees of Q. aliena var. acuteserrata were significantly
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associated with the living trees in 13 species, but the associations between dead and living trees were not in
agreement with the changes in interspecific association following mortality. Only five living tree species com-
peted with the dead trees of Q. aliena var. acuteserrata, and the competition between each of these species and Q.
aliena var. acuteserrata intensified after individual death. Tree mortality is the result of a variety of factors. Al-
though the tree mortality in the study plot was in accordance with the random death hypothesis, there were also a
few individuals which were dead from competition.

Key words mortality; random death hypothesis; spatial patterns; interspecific associations; Quercus aliena var.
acuteserrata
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X T AU TR A 1 25 ) A% J=) DL B AR R A6 T J5
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Fig. 1 Topographic map in the plot and the frequency distribution of diameter at breast height of 17 species.
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N A AR FE T 5 7 (B A% R K A2k, A
SCRFH RURS SR 23 BT g (r) BRSS9 R BE T I R (T
FIERANZERD) LR BT S A (DU ) B 25 [
J& #E47 4 ¥ (He & Duncan, 2000; Zhang et al.,
2009). T [F—Fhoet AR SRR A 2 AR R, N7
8 ELBBE TR J5 Rl 2 ()% R R 224k, 158
[B] B L 28 (complete spatial randomness)fE & 5

o Mg(r) > LI, A HTIIRIE R Er b 2 R0,

Yg(r) = 1B, SRV FE R EEr B2 BENL 0,
Lg(r) < 1, A A RO r B 2R 43 A1

VIR AR PSR T R A 2 M2, A
TATISFE RN YRR B SE T R, SR BE AL bR 2 AR A
(random labeling) /A F AL (Z 7255, 2009). %ALY
FEV ) BTG A A (BLFE ZER RS A4 ) B LS B —
JEREIME, BB IEE SR R ESE T MR
BEAHRE], B X AR I FER, Fo R AN
M2z <BEpAE T fa R R TER (Wiegand &
Moloney, 2004). # MK FLSLFE T JG FPAE IR 25 (A1 4% )
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Table 1 Basic characteristics of living and dead trees of species in the
study plot

YyFf Species ML
Number of individuals

bipzi) %)

Living Dead

tree tree
BIi#AR Quercus aliena var. acuteserrata 572 114
MM Forsythia suspensa 258 46
18 Symplocos paniculata 218 6
VUR8AE Dendrobenthamia japonica var. chinensis 195 5
=M %% Lindera obtusiloba 167 10
M Tilia japonica 130 4
YT & W Bothrocaryum controversum 122 0
\LIH§AE Philadelphus incanus 119 8
FEEA Carpinus turczaninowii 118 1
IKKIAEMk Sorbus alnifolia 105 1
HEME L Clerodendrum trichotomum 83 4
MR Cerasus scopulorum 69 2
RIWGAKZET Litsea tsinlingensis 63 6
MEmF 33 Viburnum betulifolium 54 2
B Euonymus alatus 48 8
168 Corylus chinensis 47 2
KM Tilia nobilis 40 3
FVEMK Acer davidii 40 0
ERBA Lonicera maackii 34 7
FRF Euonymus sanguineus 30 0

FFG BEMLAET: J5 12 (A% =, IR BH A Fh A4 1)
PETAERENLI; HATFE, W B R AN R FE T
FAERENLI, BIAMARIBET: 7] R 52 2 HAR K 2= 152
Wi, il A A ] 5 4 3 T AR 20 B E SR K A (He &
Duncan, 2000; 2 7°%%, 2009).
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g(r)=% /<2xnxr) (1)
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REE.
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AR STASE FH XAE B gy (r) BRI DA B A ST 4 TR A Y
(independence model) B AFE T Bl J&5 i i btk 5
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1, R SR R E N, gn() > 1, FR
VORI U R 2 2 I TE () A (R AH DG M gia(r) < 1,
RARPPP U PP2 28 I H A 2 [B) AH O 1 o

[FIIS, AR SO0 UG ERFERT 5 H At A0 B B (1)
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2013).
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Fig. 2 The percentage of spatial distribution patterns of species before individual death (A), after individual death (B), and random

individual death (C).
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b, AR VIR B %2, /K122 migRUE
b, SRBUN IEAH SR IR HOA B 2D, T AN 5%
IRl x S0 2
2.3 HUATHFRIER S H b i E s a0 fhiE] #8 5<%
FERTFURE AR, BT PRIEI 5 b4 i 1
IR 2 AR B35 A R MR (RR2). FERRBE AR S
16 MR, BLAHERIER S 1 2R
B, RISARZT . RS2, KM, DUIEAE
A LI X A F EIE R I IER SRR &R, 5 H
FEL G FLA RS I S 5 X 3P (0 s A R I B A
RRFR, HRBANLAMEAEIZ 2P0 1035 B AEAN R
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Table 2 Variations in interspecific associations between Quercus aliena var. acuteserrata and other species both pre- and post-mortality, and associations
between the dead trees of Q. aliena var. acuteserrata and the living trees of other species

ki Ay gl EViEPS G Ay Epilla)iEPS i Tl ) AH SR R AR A BER FIE R 5% 2

Species Interspecific Interspecific Variation in Associations between
associations associations interspecific dead trees and living
pre-mortality post-mortality associations trees

WM Clerodendrum trichotomum / - l -

R Forsythia suspensa - - ! _

=M% Lindera obtusiloba _ _ | B

VU B8 4E Dendrobenthamia japonica var. chinensis - - ! -

TBoF Euonymus alatus —+ - ! -

SARB A Lonicera maackii / — l /

H18 Symplocos paniculata - - / +

ME 5% Viburnum betulifolium - - / +

KM Tilia japonica + + / -

164% Corylus chinensis / / / /

KM Tilia nobilis _ _ 1 .

\I#§AE Philadelphus incanus / + 1 —+

ZISARZFET Litsea tsinlingensis + + 1 -

IKMIHEMK Sorbus alnifolia + + 1 _

EREBE Cerasus scopulorum + + t ;

JEEAMI Carpinus turczaninowii —+ —+ 1" +

RN L BAFAESES, TR L [BIAFAE B, - FR i L [BIE R 70 RE EAPAESE S, R — S RUZ BAFAE LB </ Fom it 2 6 e
AR, BTCH AR, | RORAE TG Pl (] SE 4 Y Sk B LIRS, 1R IR ST R 6 TE S RS B I O ) 1RO BE TG A ) 9% R AE AR Ay UK -

SE BT R, FEHAh 2 R b e AR B L 5k

“~” indicates negative association between species. “+” indicates positive association between species. “—+” indicates association between species is negative on
some scales, and positive on some other scales."/" indicates no variation in the interspecific associations between species pre and postmortality, or there was no
significant association between species. "|" indicates interspecific competition becomes stronger or facilitation becomes weaker post-mortality. "1" indicates
interspecific competition becomes weaker or facilitation becomes stronger post-mortality. "|1" indicates interspecific competition becomes stronger or facilita-
tion becomes weaker on some scales, and interspecific competition becomes weaker or facilitation becomes stronger on some other scales post-mortality.
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Fig. 3 The percentage of interspecific spatial associations between Quercus aliena var. acuteserrata and other species before indi-

vidual death (A) and after individual death (B).
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TR %5 BRI (TS, 2011). 7EFEHL A
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T2 % & HRAET. . TEIE I B ATLAE 1A 560 i A B,
TERSATET J5, BN 48K 2 0 Fh 1) 2 [0k SR A°F
HREHLAET ARG . X R IREH A 2 5 Fh (1) MASE
T Ree — N BENLIE AR, POFhMRIBE T 2 N Fil
[B] 1) 58 4+ LA S A0 7055 DR 3R B 2 i 8/ (He &
Duncan, 2000; Zhang et al., 2009). 7ERFFLHI17 M
P, BEARE LIS I 25 a0 A% =) 30 35 A8 4k
A AE D BORFE R A e, 1 B A 0 ) 23 1)
M JRTEFET R JG YR I N R E AT . MR BENLIE
T ) 23 AU SR R — PO AR E RS, A
RABREA, X5Z 720090745 R —3.

b 5 R AR B BB T LA BOR MR I E A=, Fof
T 1) 23 (B A% SR AN T L R A2 2448 (Bin et al., 2011). 7E
WEREEHL T, BTG E18-25 mify RJF LRI HE
S AR E S LU R R . X SR IITERp M
BENLBET. )G, YR 2 (A& R RO R B BT
BENL Ao AMARIIBETTE— EFEBE LSS T 9
REMPL, AR EAER AR T 2w, AT
YRR AR (LA ST, 2013; k5, 2014).
32 WAZRTHIGMEHEXMERNTK

ot ) A 5 2 AN (R 4 oK B B 5 i ) 485 2R,

TEWA 2 RIS R 00T ok = 5 20 i) 8] 56 4
I, A P Ao T R S0 M A J I ) A AN 2 R AR R e
o FERRBLAER I I 16N F R, R4 s
B UG AR 1M DA DG 1 5 JER I e AN ], R 24
WRORT (R T A DG P AAE A 0 RUFE R AR AR AR, T
HA 4P B MR IR R A SR R AR e
EIRAMRIFE T AL M () FH O 7 A — e A2k, 1B
AIREEH T MR BENLAE TS, 1KLL i ) ¢ 5 5
AR KA KA (Gray & He, 2009).

ARG T JG 164> 7l 55 B 145 A% 0 e 1] AH
RIERACHITE LA —BU(ER2), K ATRE S YA 4
VIR E A K. ZHUGOLT, Ykl TR HAH
ABAR BRI 7 AR S 4, ARUAS [E A E BEIECR) FE O T
TAAERUR Z 5, R ATARAS [P0 1) 1) 58 A B A
7] o BEA A B35 A B0 BB 1 B0, TR A
AFAE 56 H)P AP AT e 2 56 S IR, 0 R A LB 194
Fhz [ Re N E B 7EFEH N, S58IAHRT
EFESHIEM . =525, WRRIEH 27, EMMK
FET 5 5B MIARIG S84 ;5 B A iR A7 £ B
IR AR ZE T KA AERA Bk, TEAMASET
JE 5ERPRAE S 2 RUE BRI BB, 53— 71,
R A A (P B L BE Tt 2 A5 M (B A S R A — o
o B MIFBEYSE TR R Z 5 55— Fh
AMEEE B RGEI, 2EIET S P AN R R R ] D¢ R
RIAFEFINE; 02— DA EELIE T B AR
Z 55— MR AR R S BUT i, SRR A
VR AR ) o8 R RN TEFHRS -

doi: 10.17521/cjpe.2016.0297

©UI 00000 Chinese Journal of Plant Ecology



436 HEMAEZW Chinese Journal of Plant Ecology 2017, 41 (4): 430438

ZHE TR, VIFhZ IR RAE I R AR AR N
RPE b, FERREE EYPh2 T8] R AH DG 1t 32 252 2130
B2 (MRIASE, 2008). fEARHFFLH, 7E/NRFE L,
BTG IEAR SRR & 2 LUA BT BT, ASAH SRR
Aoy BT R B AR A A o LA T
B2, MR E e BT X 3R BB E PR 1)
TS, fE— R LR T R 2 IR B S S R 7,
IS5 TR TS, A B TR IS S5 M R e
PEGRABAESE, 2010). [AR), 7ERCNRE B, IEAHRY)
PO E 0 LA B R R, AR A BT, X
RIS BT Rl IR SR AN T R, AR AE—
S AR S By DR B2 I ) R T = 2 SRR B BT 3

— RIS, AT A B R v R LA S 1t
PAGAH S AIANAH S 32 BEAE T i BEAT, W IE]
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2012)0 MAET-HTBLA RS — NP FR AN AR R R B 4t
T, FhE)AE S R 9 IEAH G, B AR BE N LAE
T AMAE B 2 B IX AN AP G, IS8 AR ER ST
52 S R R (B A 9C 1 P RE R IR IEAH SR BiAS
FHIG, T BB R FEAR 5 40 i 4 ) Ao ) A S 4
30T R G P RAE P ) B AAS—F . filhn, AR
HHELGIARIEI 5 R MER SRR IR
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ABA— 3 (3R2) o T3 — AR B2 B A R 0
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FFHAL . AL, BE AT (1999) A1 XI55 (2000) B
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S (Bin et al., 2011).
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