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Abstract: Studying the dynamic characteristics, species coexistence and biodiversity conservation mecha-
nisms of subtropical forest ecosystems is important in the study of the quantitative characteristics and spatial
gap distribution patterns. Based on census data from the 20 ha dynamics plot of the subtropical evergreen
broad-leaved forest in Dinghushan in 2015, we analyzed the geometric characteristics and spatial distribution
pattern of gaps in the plot by combining aerial image processing technology of unmanned aerial vehicles and
GIS. Results show that the gap fraction is 13.72%, the gap density is 35.75 no./ha, and the average gap area is
38.37 m”. Results also show that: (1) The number of gaps in the area is negatively exponentially distributed
with the increase of gap area, that is, the gap is small and the marginal effect is not significant. (2) The aver-
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age area of forest gaps in over-mature forest stands is larger than that in mature forests, while the mature for-
est is more likely to have more small gaps and fewer large gaps. (3) In different habitats, the distribution of
gaps in each habitat shows the same pattern as that found in the whole plot. However, the difference in the
valley is significant when compared with other habitats, and gap area and gap density in the valley are larger
than other habitats. The ridge gap is also distinctive, and its gap density is lower than other habitats. (4) Gap
area is significantly correlated with topographic factors. It was significantly negatively correlated with alti-
tude and convexity, and had a significantly positive correlation with aspect and gradient. Based on these
comparative analyses, a monitoring system of forest canopy changes and patterns can be established using
drones, to dynamically monitor forest gaps and the undergrowth community.

Key words: evergreen broad-leaved forest; gap density; gap area; gap fraction; drone
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Fig. 1 Spatial distribution characteristics of gaps in the 20 ha
dynamics plot of subtropical evergreen broad-leaved forest in
Dinghushan
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Fig. 2 Gap distribution at different maturity levels (A) and in different habitats (B). (A) Pink = Mature forest; Blue = Over-mature
forest. (B) Purple = High valley; Blue = High slope; Pink = Ridge; Green = Low valley; Yellow = Low slope.
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Table 2 Gap fraction and gap density under different maturity stands

KA Type HE | Quantity ratio TAREEH] Area ratio R Gap fraction 2% Gap density (no./ha)
INRE KMRE INRE KME INRE KRG INRE KA
Small gap Large gap Small gap Large gap Small gap Large gap Small gap Large gap
o 2K 55.42% 44.58% 13.20% 86.80% 2.03% 13.31% 16.22 13.05
Over-mature forest
M Mature forest  65.70% 34.30% 24.20% 75.80% 3.09% 9.68% 26.95 14.06
R3 TEERAHDPIREREMHRETHE
Table 3 Number of gaps and gap fraction under different habitat types
. . v . L RETHTR
E3E2KTY Habitat type  FEHWMAY Plot area (ha) M %i&E Gap number WM& ZFEZ Gap fraction )
Average gap area (m”)
KEEH Whole plot 20 715 13.72% 38.37
74 High valley 3.08 151 10.45% 47.89
3% High slope 2.92 122 16.46% 41.56
I’ Ridge 2.52 126 5.11% 26.75
K4 Low valley 6.92 266 51.26% 56.27
K3 Low slope 6.60 226 32.86% 36.64
R4 TREREBPIMRBE=HERREER
Table 4 Gap fraction and gap density under different habitats
AR A NS MR THI AR L A1 M 2 W
Habitat type Quantity ratio (%) Area ratio (%) Gap fraction (%) Gap density (no./ha)
NIRRT KA NIRRT KRG IR RE IRE KRG
Small gap Large gap Small gap Large gap Small gap Large gap Small gap Large gap
KFEHL Whole plot  61.81 38.19 19.08 80.92 2.62 11.10 22.10 13.65
4 High valley 58.28 41.72 14.02 85.98 1.47 8.98 12.72 9.10
=3 High slope 59.02 40.98 17.57 82.43 2.89 13.57 23.38 16.23
IIfF Ridge 69.05 30.95 29.71 70.29 1.52 3.59 13.18 591
&% Low valley 49.62 50.38 11.59 88.41 5.94 45.32 45.21 45.89
&3 Low slope 61.06 38.94 19.59 80.41 6.43 26.43 54.76 34.92
o 4~ NN N N N
g . R B 5N R T PearsonAH G P -0.179,
: a - N \
B, 2! S b 5 GUNI ;5 9 A ) 9 Pearson 1 5 P 43
° 8 o N - N NS
£ — o b - 51°50.080H110.074, 15 5L 55 2 IEHI5(1&13) - AR 25 R
-8 : B B ; : 2 3 St 4 o EN
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E3 ARAEEFHEERNER . FRIFERTEREE.
Fig. 3 Difference of gap area in different habitats. Different
letters indicates significant difference.
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P A P et KRG /0N, T 20 KA PRRT AT L 1 R AR AR
gtk J2 B e 2 R S R I 2. 5 LAt b X 4t
W] I PP T THTAPUART B, S5 080 L0 KR b P o 2 T A/
TR E ILCEHTA137.82 m?) (GKEEE, 2013), =
112684 m) (ZEHRALE, 2003)F1 /5 AR (229.7 m?)
(EIE%E, 2004), HRE TR S REIHZEAK,
{HELTTARIR(50.9%)/ MEZ o IR B TR E — B4 T
AW 2 b, 3BT fe 2 BT AR AR
TR INEARFE TS, DAE MR T R A 2 B
(S b R 2, K AR T TR A [, 38 i i v
W R R TR IR, XA RE4 AR
AT R 22, HW B 2 R k. i SEbx
EMRE Z AN 20 AR E R Z R FIH
WP A D7 9 T R T ARUR U A R U B R e B 1 2 S
B ] BB 2R B o A ST AR TR R ArcGIS HL B2 11
NN B, £ — e E RN Tl T
MRE AR R o] BE AT KRR 2%

NC AW NN RS- A TE RN E NN
(Hubbell & Foster, 1986). A R A 1A F|— 2 m %+
FEMIEZ 5, A6 0 RETEAE T BUZ S T R B
D] IH bR B T BRA ) 4% 20 R 780 5 0K 40 R 42 4 R o
& B #2405 (van Bloem et al, 2006). A . 12
oK, g, WA T JEAR S TR R
PRET A S K o i L 43 o e PR % e — M
7E10 mEAF, WAFEHAEKT1 emPIAM 4350
17H5.02 cm; KE AT P4 0125.66 cm; Ji
KRMEETE T EIE 2126 ecm (B4, 2004). BT
3 KU SR T T = AN IR BN /), KA
SR Pt 2 X BEVR (10 T L 45 M R, (RAE TR oK
[RIRE T T E AR AL (van Bloem et al, 2006), S8
B EEIRAR S R/, BT B AR B S 2 TR RN 25 B
RAFXSENREESE, 2013).

32 ALK HEHRE S g BRI AR E R E AR

FRE R IR] A2 3 5 IR 7 R 0 B R 3 75 B i 1)
—ANE BRI R AR T R RO B
A, IMEARIBET W] RE R R 36 40 1715 S04 A7 Bl 400 1)
P2 R, (R R et 2 A IR A6 T ) ] e 2 F
FHARERKEE L SHIE . K& H SRR A EAE
FH ()45 5 (Spies & Flanklin, 1989). S i 25 Fl1-4K: 1
(ST A1 S B, 4580 L LA [R]85 B B PR T
R 2 7 T, A 2R SR RS &5
AARPEE R, A NREEKR . N TR BT
Wr(EAREE ) Ha T TR A A 31 55 07 T A S A
PERIE, S0 L AR e 1 2 A R H AT = (A
UON: BREL WY, Ed . BN KRAA TR
fRGZINILEE, 2003). 72t I 2 bR B B FE
RIS DR R AR 22 AR A 1k — BRI,
KB 3 MR A 2 IR AR BB N TR, X e 5K (1) 58
T2 RV SELRELREE NAIFER R TR, BATRR
ANEARARE BT, S L AR B RER E E
SRTHR, N TARCK RN AR B o5 EE A /N

HeBR N A THRE R, 7R FRA b DUEAR 77 =X
TERRIIAR T e 22, 10 46 ARHE FISIE #4317 AR bR b LT T
T AR E %, IR G B #ar, T
HhT T IR LA S B N s, B R T 1R1.60%, E
AT 124.41%, BIFGH1932.47% (RIERHEZE, 1999;
ZERR AR A T, 2001)0 X FhAR R T R KAE AL
TR E S KRR AL ) B AR SRS K
SR L AL ST BT, RRURR )2 6 R HS 30 PR A 238 AT
588 A I K TR, T AR R T B () LUK . 31X
HLUMRE T R e o 1 i DR R AR 2 AR T
B8, wIor AT AT R W R TR
(RIF W B AEBE A 22 1.5 mBL ) K2 2 am AR
JIVEF S5, 1T 54T W A A58 KA
H, T REF WA 3 2 B — E FR R, 0 0 A ek
55, R 4 F17E F OAEREE 1) B FE SR 47T 7 o AR 7
B ER — KR R A AR, RIS ARSE T JG, HAL
7%, 1B T4 E L T AR R b AT

ST L KA b RSB T B HBROK T i A,
EUAR T (%)~ S5 THI RFURIMR T 25 BR800 /N T3 bk, X
A BRI AR AR B Pl 5 TRIARAR OG, I8 54K
TR R KA 5. i BARAL T3 5 5 1, B4R
WK, VP2 KM ITIRZEZAET . T bR A
ARIETEAK, PRGN EZER R, KRR
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oz /T BRI AR T 2 B R SRR B ST 2 T A
BERTHAMAS, FEZRABRA L EA R
S, MRS, Iz W BEBE, IS
KEXR, IRBNLIEZ, KT8 ecmiIFrAR
SET-HL 864K, Fh EAMN A 337HE; BIARIR &K
Z AR, 6 RGHT R IR 5 5 R AR B 3 1A 4 N /Y
178 3 (Hunter & Parker, 1993; Almquist, 2002; ¥ &
WAEE, 2012), X301 WARIEARER KIHERE, S
VRV PRV T P TR R 2 K o I 55 3B S o6 BBE T 1,
MR FERE 2 38K, AR AR AR /) o

AN TR B ERL TR R e T AR A [R], AR T TR AR AR
FECR, RZHEAMNM ZAT. VoK
KE, FEHL ARG BT AR AR . AT I
b, Y TS AR T T TR A SR I 9 A il B
ISR I AR 5 Bl A AN I (7% [ T2 (Whitmore,
1978; Taylor & Qin, 1988; Yamamoto, 1992), SZifi /.
AL T 4R o 7R B B AR o T A AN R
T PR 23 S RCER, SIS0 000 g A 0 ) 49 4 A5 ok R T
M. KA S A A T AN & T
PRI E ARG B, I8/ T AR AR AT S T VEAN A
FEAERIREE, AR AR A S RH SR
33 MEEFIMEEIR SR

iy PERE A AR B R IE R R R TR R R
TS &) DA S AARA G5 A A ELAE F B9 724 DR D T
[Al ¥~ 3@ ik ek AR RE B K FE A B, RS TR SR
A, I 18] 42 52 e 25 3 U 16 2E BSORN 45 4 (B2 TR
5, 2003), Bt AR G REAE S HA 5 AT LA [F] iR
Al F- (AR A B b Bt ke o A4 X R VR A ]
R R B ARTE B AR B T AR TR, DRI A A R AR
TR AT E R T AP K . ARHE T4
A Hh S B T X B
34 EANMEMERRPHIRASMHE

B S8 PR T 5 3 9 ST ) AR A TR X AR T
P UATARFAE AT AE RN & . FH I AHLALH R $HX
B HARE S (1) RVE R 7 #dh R4 v] AAE
FIS AN SE R, AT ERERRENTI W1, A%
NTHAE. BRFMERRBIFm, AR RAAE
R g (FHELREE, 2010); Q)TETHE — L6 2

ZRIZHO, WHHT R R AR = 4RSS R 5 S PRI

(4) AT DB g R S MR M RUE 5 22 AR S5t
WL 22 B (O FERS i L, £ — B FE L _EIR RIS A4
SR EDR, Gy @ AR R . HEA

MU R SRA5 MK 5 (5 S8 8 DA 8 7 1 58 9 A
FE, AT DL A IR AR TR A B L S R AR R R AE,
BT BRI AE B, IF S R AR R
WKW KRG, SR INEEE A LA, ARk
T S 4 (It IR S 4% I B ] 25 B v B S I B
W, A AR T 2 R P 4 L A9 2 B A T
IR GTA

MARMIEIR B 1 A FE R, AR AR W54k
TERFOMRFE EAFAE ATt — 5 TR e s
T 70 AT AR B DO A 5 — T THOAR B (1) 7 AR A
Zx XA RS I TR SE U, AT 25 5
RAIR, AR E AR — P R (MRS, 2007).
W B 7L T 1R & TE D Pl L A7 38 R B i P #
FARHEEMAEN . M A TR 5 H e F B
FNHE AR IE B2 F 3 R B AR 45 0 i R R IR
BB T, 2016). AT 7T K FH AT Hb 1 38 BB A
—— T AHUE AR FE 8 732, A5 5098 1L R T
FRANT L% A I PROPR B L ART AR AL R 2 TR A SRS ()BT A
RN, AR T35 5 B S L AR R 78 ()
WrdE. [FRY, TANUIEMRAK. AT A BRI R,
R SE IR R 1) 4 THD AU U416 7 (SR, e e s
AR RS R, AMUAT LRI B R 4Ry . AN
Z AT (AR T BV S5 MM, 38 T DS PR el R A 4
AEHEAT B0 6

A Je N s CA TR L5 TH B TS n i ak e T
Jl SR ARFAETE 4 [ ) 2 2Bk R AT 9,
T T AN 5 MO T 25 & 1 I IE R, %8
SEH R RMAESER R, A B IR AR
M FEE . et AR 7 LR AR AE S RS
IhRE I AT 75 o
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