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Abstract ; Forest gap is the dominant form of disturbance in many forest ecosystems. Gaps play an important role in forest
helping to maintain forest regeneration and dynamics. Little is known about the gap pattern and characteristics of karst
seasonal rain forests. In this study, high-spatial-resolution Worldview-3 satellite imagery was coupled with field data to
assess gap disturbance regime and its pattern in a 15 hm® northern tropical karst seasonal rain forest dynamic plot in Non-
ggang National Nature Reserve, Guangxi. Total 305 gaps were identified, ranging in size from 10 to 371 m® and with
mean size 52.3 m’. The canopy gap fraction was 10.6% , and gap density was about 20 per hectare. The spatial pattern of
gaps was clustered at scale 0—50 m. Significant association was found between gaps and big trees( DBH=10 ¢cm) , and
null associations between gaps and small trees(DBH<10 e¢m) and between gaps and standing dead trees. The prevailing
ecological factors had different influence on gap distribution and gap characteristics. Convexity, altitude above channel
(AAH) and tree species richness had significant effect on the gaps distribution. Gap size was significantly influenced by
slope, mean elevation and tree species richness. Gap perimeter was mainly affected by mean elevation, rock-bareness
rate( RBR) , topographic wetness index(TWI), AAH and tree species abundance. These results indicated that gap dis-
turbance was very frequent in karst seasonal rain forests, and there were topographic differentiation in spatial distribution

and characteristics of gaps resulted by the combination effects of unique special karst geological conditions, habitats and

39 %

the biological characteristics of karst forest.

Key words: karst seasonal rain forest, forest gap, spatial pattern, spatial associations, ecological factors
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Monthly variations of average temperature, precipitation and average

wind speed of Longzhou County, Guangxi (2000-2010)
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Fig. 3 Spatial distribution of forest gap of the 15 hm’ forest dynamics plot in Nonggang, Guangxi
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Table 1

Tests of generalized linear models for modeling characteristic of gaps and ecological factors ( full model )

[5] ) 22 %X Regression coefficient

FrUELR Standard error P {H P value

Bkt TR JAK

Bk TR K Bkt (g JAK

No. Area Perimeter No. Area Perimeter No. Area Perimeter
R
-0.236 0.000 0.000 0.059 0.051 0.051 0.000 1.000 1.000
Intercept
I
;Elzo}i:e -0.050 -0.042 -0.082 0.080 0.071 0.070 0.533 0.554 0.240
M&E% -0.110 0.038 -0.048 0.085 0.069 0.068 0.199 0.582 0.478
Convexity
Werm _
0.052 0.087 0.044 0.063 0.055 0.054 0.410 0.111 0.412
Aspect
R B _
. 0.032 0.198 0.078 0.097 0.088 0.087 0.740 0.026 0.375
Elevation
ARG -0.074 -0.116 -0.168 0.085 0.074 0.073 0.385 0.117 0.022
Rock outcrop
TR R
Hﬁﬁ/ﬂkdﬂghﬁ . -0.066 -0.060 -0.114 0.076 0.068 0.068 0.388 0.383 0.092
Topographic wetness index
©EL R4 R
—1—?:{’%%%{ -0.191 -0.055 -0.169 0.070 0.066 0.065 0.007 0.405 0.010
Altitude above channel
45. L 0.126 0.104 0.126 0.070 0.062 0.062 0.070 0.095 0.042
Richness
2 -0.048 0.029 -0.075 0.143 0.127 0.125 0.739 0.821 0.550
Abundance
= .
Eij(.}]@4l 0.045 0.057 0.036 0.088 0.080 0.079 0.608 0.476 0.651
Maximum DBH
7 A FA
Tt -0.052 -0.033 -0.128 0.140 0.126 0.125 0.709 0.797 0.308
Mean DBH
P W T ]
M s T T 0.022 -0.070 0.025 0.129 0.116 0.114 0.863 0.546 0.827
Basal area

Pl I, 30k 2 5 D] I 32 55 5 6 ST AR 2 Y M TR PP
Wi 23 5 0 P AR B T AR/ N AR T 285 DA G

T 5 W SRR 2R 1 T POMR B R A B SR R
LM R . 3K 5 — 2o B AR IF FY 45 2R — 3K
( Garbarino et al.,2012) . %5 [8] 5 5 #1848
PR 2R BT D S 52 e AR It 225 () 93 A 4 JR g B Y
[ 2 ( Garbarino et al.,2012; Kian et al.,2017) , %
i 15 hm* BEHL A TR 3 XA A% 0 X, N T 3l AR
b TR AR B SR R A A1 At J) 1) 9 80D PRz 2 A
5i 5 PR A DI G

AHFFE R Worldview-3 5 45 1] 43 B35 B GY
255 b, T A A AR IO 30T R 2= 9 P T AR AR B A
B BFFEEE R B os ik s s ] o3 B 3R B s
AR SRS DMK B R AR A2 FT AT Y . R A5 1) 40 B
T8 JTAE T AR AR SE BRR B A5 L 2 IO 9t ik ]

SBR[ 1T B9 7 ¥ ( Garbarino et al.,2012; Hobi et al.,
2015; B#HISE,2018) , HAR H AT — 288 B BF 52
FBL R AHLHOLTE 15 (LiDAR) 45 50K Al LI 3k
PR TORS A0 AR B {5 L ( Vepakomma et al.,2008; &
WA, 2017) AHRAS B T HLAE — S I 5
B DI, e ALY 7 e 25 52 B RR i, PRt o

WTRE AR ARARBR T 5T, o 2= [ 3 % 5 e S H i e
— T A R Tk

4.2 MESMANZTEX R

AT i) 1 1 45 2 5 P T PR B 55 AR K 7 23 [l
KERATHT 45 R T AN TR B A X R A I8 iU AE
BRI, KRS ARBRAE 23 8] 17778 35 1Y 1
ORHR M/ INRE RIS 7 AR 5 AR B AE 25 18] F 36 838 T
ORHR U W KA 1 43 A 5 PR R 09 T i %5 U0 G BK
REARBIFET SEARBIE )5 (Muscolo et al.,2014) ,
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Table 2 The best generalized linear models for modeling characteristic of gaps and ecological factors

RIS [EIEER bRt PH
Parameter of model Regression coefficient Standard error P value
RBRE B Intercept -0.230 0.059 0.000
Number of gap
MM Convexity -0.118 0.068 0.080
TS Altitude above channel -0.157 0.054 0.004
EFEJE Richness 0.124 0.056 0.028
ARBEI N T Intercept 0.000 0.051 1.000
Size of gap
R[] Aspect 0.110 0.052 0.034
W% Elevation -0.172 0.053 0.001
FE & Richness 0.118 0.054 0.029
VNSRS HREE Intercept 0.000 0.050 1.000
Perimeter of gap
4K Elevation -0.173 0.065 0.008
AOMEEE Rock outcrop -0.137 0.067 0.041
MR L Topographic wetness index -0.138 0.063 0.031
TR Altitude above channel -0.168 0.061 0.006
£ % Abundance 0.149 0.055 0.007
W IR T P AR B G0 SE HOR T A 4.3 HEREE ST KRB EORNET

IR SLFE T A S RBORBRIE L, X5 Senécal
et al.(2018) MIBF5E 45 SR —2, BIARM L IET & —
AR A AR FE AR R 2 BT R AR A R R 2 B i Ak
T2 IR B AT A BE T AR R 2 R OR 1 A=
Ko, M7EH 52 0T I Al 7 AR ER & 48 19 Ak =
(N RREZY 8 N 1 N S N P N DR R i R i
NG ERRBR AN — R B A, e R A )
AL T AR JZ ) Bt/ INAR O R B Y I AR T
B, AR PR AR A e R R S AR B R R OC
KR, I HEAE KA (Song et al.,2010) , 7F
B KRB FEIRBE T (4 KUK T B R
AR AT 155 ) O BE B2 AR BRE Bl 2 i
(Kian et al.,2017; Jg 22 ¥ 420055 il i Ot 7%,
2014) , WEHRRRIALE 43D A A R ER R S R
FIAR R (BRI 46,2005 ) , OBl 5 58, 7E
RN KIEFESN VR T 5 5 IR, 55 i< v 3 e 2=
P AR R B 5 DR R 1. 3 1Y) 5 ] T DG HR N 1
WHIILA X,

AN [ A 25 PR 0% 5 1 W 30 2 7 M T ARORR B
B R S A TG RRURD J R A5 AR AR 1 52 e O S A ]
LIV SO W IN 8 G 0 TR ST 1821 P Ry <1
OGS AP B K 53 A1 IR B A R AR 24 AT B 5
T ARORE AR B DR /N AR ] R X A 70532 Wi 5 35 1) % b it
KN TEFE W 5 o A0 BR 5 T 1 TR 1 11 32 45 B0
ARBE SR AT B8 W 5 T = R0 PR B K A H
MRER IR/ IN 4 A T 52 W), T 22 2 X6 AR B il 4 Ry GE 52
M . Goulamoussene et al. (2017 ) X #4747 7% Ak 1) OF
FEINN AN [R) B0 55 A5 55 AR B /N 09 7 FH O A AH
[] | AT e 300 38 2 B /0N 1) 57 AR S 9% T A B K
RARHIFFE v oK 2 B0 30k 5 5% A B 450t 0 A L /N
S AE R A7 TR 1235 09 OC 2, J5L K AT BB 5 A [W] 2k
RS Tl 53 A B 52 00 PR 2R AN [) A 5

W ST AR L DX A= B R K 1 AR B A Y Dy T
BRI SP-2 [6) 47 7E i JBE 57 5T Ve, ] I i 3] T80 A7 72
ZERME (FRRT A, 2011) o 55 B W8 R R M T
PRI b Sy ML AR ir e Wi TR ) G BB K 3 AR A
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A PR R R A PR PR - 2 DA T 2 3 b i A J B
AL (ERAE,2014) , HB I 2R A0 B A G 23 Al 2
A7 T 5 ) B A R R R 4 R e,
P R M) EEIRCAE R B AR R T
M R 52 A5 R DG il 7K B A 3 A5 BE YR T
{18 i) 22 5 e, DA T 2 3 i 4 8 W PR AR, - 0
IK 53 T I b S VR R 5 4 0 T A R
28 2R 9 /L [R) ESF Ol R 3 e (R AR
2014) , HIEAZAHE & R85 A 7 1 SO A2tk
W 4§ 7ol 14) 2 TR 5y (3 25, 2014 ) B 252 i 2]
ARBEAE 73 A MR AR, 320 I K RS SRR
A1 BB A5 DR 3R R R, A8 5 1 W 30T A 2 T M AR
T b ARV 4 3 v o B 2 A A T 5 T 3L B
GBS B AP, WE A K ( Pistacia weinmannifolia) | ¥5
FLUK ( Boniodendron minius) B 4RH5 ( Sinosiderox-
ylon pedunculatum ) . 111 #§ ™ #i ( Diospyros
siderophylla) 55 | 3% SE 4 i 32 22 Ry /NTR ARRIHE K
T A 1 A R YA A 25V 1, DX 43 A1 1Y) 3 R T 7 |
B AR a0 b [ JC M A6 ( Saraca declinata) | 3 %
( Sterculia monosperma) .J~ VG 4130 ( Vitex kwangsien-
sis) IR UK ( Erythrina stricta ) XF kA ( Ficus
hispida ) 55 , X BER DL s KA ARF/NR A 3 5 1M
T WA THURT 32 1, 22 () %) v v 4 3t 7 | 32 2800 A 1) 2
= RIRARM B R 3, AN K ( Excentrodendron hsien-
mu) MIAEAR ( Cleistanthus sumatranus) P kA% AR
( Drypetes perreticulata ) 55 # 2 ( 85 B W 45, 2014)
BT TR 4 DBH = 20em 1 K 43 fi
1711 76 A ¥ 34 35 432 DBH = 20em ) KB 43 #i 5 &
(EEE,2014) o MR A2 8] 3 A1 1 BE AR AT L 4
I RARBEE 32 2 A AR T AR AL | T /N PR B IO 2% 7 e
MEIRERAL o D) SCER AR HY 73 BT 10 45 SR AL 7T LA 1
BEWEFE ) A B IX — R, B AR AR A o7 PR
R DR /I o B A, S A R R R BER ) 7 bR B
JAHBR R, AR Y DL 5 1) 45 2R 3, 0 b
2 R TN 22 B 45 A ) TR -t X R Bt 1 4 A1 AR AIE
A E MRS 31X N 1% 3 AR R 8] B A B AR
A, I, 57 i W 38R 22 795 M R AR PR B 19 =5
] 73 A1 55 FR AR A7 AE G M B 43 5 R AE , J2 W 20 e
YR P M5 B A A 5 2 S I R AR AR A B AR
FRAELE S ME R 4521 =AY 5 PR 5T O [R) 0 1k

AR PR
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