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Effects of canopy gap size on understory species diversity and biomass in a
Pinus massoniana plantation in western Sichuan®

YAO Junyu', WU Xuanbei', SUN Qianhui', WU Xia', YAO Xiaolan', HAO Jianfengl’z** & QI Jingiu"’
" College of Forestry, Sichuan Agricultural University, Chengdu 611130, China

* Key Laboratory of Soil & Water Conservation and Desertification Combating, Chengdu 611130, China

* Wood Industry and Furniture Engineering Sichuan Provincial Colleges and Universities Key Laboratory, Chengdu 611130, China

A}ﬁm Canopy gap is an important driving force for vegetation succession and forest cycle. This study aimed to investigate the
effects of natural gap size on understory species diversity and biomass in Pinus massoniana plantations in order to elucidate the
function of gap disturbance on ecosystem restoration. Fifteen natural canopy gaps were divided into five different sizes (81-625 m?),
and three non-gaps served as control groups. Species composition, species diversity (Richness index D, Simpson dominance index

H’, Shannon-Wiener diversity index H, and Pielou evenness index J,), and understory biomass (shrub biomass, herb biomass) of P.

massoniana plantations were investigated in the Lianhua Mountain, West of Sichuan. (1) Ninety-five plants species, belonging to 56
families and 87 genera, were surveyed in the 5 493 m” plot; both the number of herbaceous species number and shrub species showed
unimodal patterns with the increase in canopy gap areca. However, the species number of herbs exhibited a greater change than that of
the shrubs. (2) The D, H, and J,

of non-gaps. The four species diversity indices reached a high level in the 400—450 m” canopy gap area. (3) The biomass of the canopy

indices of the canopy gaps were higher than those of non-gaps, and the A’ index was lower than that

sW

gaps was significantly higher than the understory biomass, and the biomass in the 200—250 m” canopy gap area was the highest. (4)
The correlations among the aboveground, belowground, and total biomasses with species diversity indices were not significant. The
results showed that large-sized canopy gap (400—450 m®) increases species richness and promotes species diversity in P. massoniana
plantations, and the medium sized canopy gap (200-250 m’) favors the increase of the understory biomass.

T_@Wr@b canopy gap; Pinus massoniana plantation; species diversity; biomass; understory plant species
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7 %ok 2 PACRRE 95 PR B B SRR I R RS TR B
K TFIRE M T AR AR O RIF I iR e = 2, i A S Ak
T RN A B T R 2 REPE R R B S5 B IS T oA Z . 5
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2, R KRR B R AT B Fh 2 R KR HE AR AR
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1 GRS

1.1 #F3 X ISR
B 5 DX 52 T DU 1194 348 301 2% B9 3% 46 1L (30°07752.82"-

F1 ERLGEMATHEBHIR

24% WRT F 215

30°13'48.15""N, 103°03'9.16"-103°06'10.55"E) , Hu 5L . =il
A, WEH910-1 120 my JE )1 PHUTREAE S H7, L3RI b #5 4
S WA 2 XU A, ZAETRIEIRIE, BA T TR
ToFE W, SLARSE B RRE, AR 15.4 C, FHH)
Uity fpe AR IR JEE-5.3 °C, A 24 M g de e ek 8 35,1 °C, AR A B RN 4
1 498.5 mm, 4F 354 X W 82%, AR L FEIA297 d, A H
HH1 018.3 h. N T EANEATIN T 5 . 20, 1k N 198 55 R,
JEHE LS AR B S B R, 7RI 5T X T2 AR AT, T X
SERY T L, 22 MRS 254F 2 A4 1 H A N AR, AR EAT 0.7,
BN 5008%/hm’®. FEA)ZE T B LMER (Quercus serrata) |
SEIEAE (Ficus heteromorpha) %MW N T 5 B2 F 5 LIER
( Pteridium aquilinum) . 5251 (Fordiophyton faberi) . B3
(Saccharum arundinaceum) “5 64 M E.

1.2 #HEHbig it 5 E 7%

20154F 107, 7EATF 7% DXk P 43 S0l i B vt 4 L 3 0L D)

EARBE IR F AL, MR I R B R L P R 3k
A (FR1) , ARG Y2 5B BE K F10 m, @
MR I A B, DA 18] 1R AR 5K 5 1 8 24 2 (Heron’s
formula) THA3 MR T (9 AR . AR A U7 IR A 2 MR AR L DB AR
R ) R 5 R 8 A AT DN A T A i ST 2 A N Mk B
ML AT FR , S AL 1L S RN N TR T8 AT FR SR 54T, 25
A RN X A T 4 K] 0 21 R S o b 7 R
MBI RS> M 3R SN2 50-100 m®, 100-150 m® (/K
%) 5 200-250 m® (FFAKET ) 3 400-450 m®, 600-650 m* ( Kbk
). BRSO B3R, BE UM 3R (20 m x
20 m) fEXTRRCK, 18 #EHh, 7R 5 A FEHb D, BEL L 4
WEARFETT (2m > 2m), 6DFAFET (1 m x 1 m) FEF7HR
ZREME S A R IR

1.2.1 ##EHEERNNE TEREHEF NE— i 48
THR < 3 mi T R AR (BL& TR ARG 541k i Fh
X AR (EAE R TUEA SR IAEY ) R 2 FR . BRE (A
B | g (SRR ) R, SR oo Rt BE Jy ik Prb i 4 b
FEEFEED., Simpsonfl #E 4 H’ . Shannon-Wienerts ${
H. Pielou¥) 5] EJ T BHEARZE | BA)JZ YR ZFEPES

Table 1 Gneneral situation of the sampling plots in a Pinus massoniana plantation of Lianhua Mountain

Fehgh s AR MR i TR 3R 533 0| Z e
Plot No. Type Gap area (4/m”)  Altitude (#/m)  Slope (a/°)  Aspect (5/°) Longitude and latitude Gap formation type
1 Gl 81 1078 9.1 NE22 103°03'07.29"E, 30°07'01.18"N  JX{#] Wind below
2 Gl 81 1065 9.8 NEI8 103°03'07.13"E, 30°07'02.04"N 25}k Crushing by snow
3 G3 225 1071 9.9 NE17 103°03'09.32"E, 30°06'09.57"N A Wi 5 Anthropogenic
4 G2 100 1065 10.3 NEI16 103°03'07.12"E, 30°07'02.07"N  JXf#] Wind below
5 G2 100 1078 10.4 NE22 103°03'07.20"E, 30°07'01.20"N  JX{#] Wind below
6 G5 625 1078 10.7 NE21 103°03'07.29"E, 30°07'01.15"N 4} 37, Standing death
7 G2 100 1090 11.2 NE25 103°03'08.35"E, 30°07'00.67"N & [ Crushing by snow
8 G3 225 1065 114 NE23 103°03'07.10"E, 30°07'02.06"N A M{ifi 3l Anthropogenic
9 G4 400 1071 114 NEI8 103°03'09.14"E, 30°07'02.13"N A 413 Anthropogenic
10 G4 400 1090 12.1 NE25 103°03'08.50"E, 30°07'00.72"N AN 5l Anthropogenic
11 G4 400 1089 12.3 NE24 103°03'08.45"E, 30°07'00.73"N  #fi37. Standing death
12 G3 225 1071 12.3 NEI17 103°03'09.24"E, 30°06'09.55"N /% Crushing by snow
13 G5 625 1065 12.8 NE24 103°03'07.14"E, 30°07'02.06"N  ##37. Standing death
14 G5 625 1065 13.3 NE24 103°03'07.13"E, 30°07°02.08"N 437, Standing death
15 Gl 81 1090 14.8 NE22 103°03'08.53"E, 30°07°00.75"N__ X5 Wind below

G1-G5 A A 1l B/ NI AR B . G 50-100 m®; G2: 100-150 m*; G3: 200-250 m*; G4:; 400-450 m*; G5: 600-650 m’.
G1-G5 represent canopy gaps with different sizes. G1: 50-100 m*; G2: 100-150 m?; G3: 200-250 m’; G4: 400-450 m*; G5: 600-650 m”.
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(One-way ANOVA) 7T ARG N 45 ZREHEFR 5L, &4
R 2 5, 18 AR 38T (Correlation analysis) 71435 2E4)
S YR RN Z R C .
131 HMEAERRITE KPR AR E AR, R
FHPRAAS R B 1158007 . 0 00 30 06 820002 1 b v, e IV [ T
AT, AR BB R M s, R A .

W AR A X 4 = nLw/4
A, ANMEEIE IR, LA B Sl ki (5 J

8232 (Heron’s formula) : 4 = [s(s—a)(s—b)(s—c)]/2
Arf, A=A, sHPEHIK, a. b, chEHBK.
132 #ifMSEEITE AW RS YR F = 55D,
Simpsonfli #EEF5 %0 H . Shannon-Wienerf§ { H, Pielouty) > i
B ES W E AN N TR T P Fh e

FEEIRE: D=5

Simpsonf§#(: H'=1 - iPZI

Shannon-Wienerd5 4§ : H = - iiP,- log P,
Piclouty SIFE L sy = ‘%f%

R, PRSI YR A REL, nak BT A AR R
Bl LL 6], n ok 25~ MR B AR B, noh BTAT 0 Fh G AR R
Bai=1,2,3, - , S, SRS

25 RS I

2.1 BEMANIMRAREXINGRE PR FhE )

FEVE A 1 S AL S 493 mPAY 18/ M 18013 | AL
T, Sl SR BN AR AR Y 99N, SR S6FL84)E . AN Al Kbk
W NS E WA 25 5. EHER 2, el S Y
ATFh, K JE T 2681368, EE N HEL (Rosaceae) | ILIASF}

(Theaceae) | f5F} (Lauraceae) . KikFl (Euphorbiaceae) 1
W5 WEARJZ B A5 B AR T AR R S Pl 2 AR AL, AE
G2it PR BT I, BHBFIEGA e RME , CKAe /b (3R2) . fEHA
ZEr, Hal SRR Y 5280, RIS T35 48)E, EE R R AR

(Gramineae) . JEJEF} (Labiatae) . 35F%} (Compositae) 4 A
BHARZRHEF AR NG4 > Gl > G5 > G2 > G3 > CK, #G4
T AARE N R B 2, CKiR/D (£3) . JERZE . HAR
A BHE FhBCE AR L R BT >R, Mo N R S Al
ISR AR B A Rl A2 B, ELMRET P AR R S AR T
F5H, FEME N BT B 1 EEM L (Anacardiaceae) |
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MEARBL (Betulaceae) . FLMIE} (Araliaceae) 25 RLgE (8T ),
TN T BF P 5 A R 28 (Pteridophyta) 78 AK % PN I 1 98l 20, 3 i3
AR T (1) 77 728 2 T AR R4 5 2 5 08 3. fR e 23 3m]
AL, A ZRLE PR I AR T TR 0 7 Ak e H A T R 2 B
b, UM B A /N A X B AR 2 g ol 4 I B 2 ) R AR
J2 W 2H R 5

R2 FEMEDEMAIHRERSEDEN
Table 2 Shrub species composition of Pinus massoniana community
under different canopy gaps

Bl Gl G2 G3 G4 G5 CK

Family G S GSGSGSG S G S
1% Fl Rosaceae 2 5 2 5 2 6 2 7 2 6 2 3
1145 R} Theaceae 2 3 2 3 1 1 2 2 2 2 3 4
Kk Bl Buphorbiaceae 2 2 2 2 2 2 2 2 2 2 2 2
Rl Lauraceae 2 3 1 2 1 2 1 1 1 2 1 2
W Fl Anacardiaceae 1 I 2 2 2 2 2 2 1 1 - -
A 22 B} Magnoliaceae - - - - 1 1 1 1 1 1 1 1
FMAL Araliaceae 11 1 1 1 1 1 1 11 -
HEAR Bl Betulaceae 1 1 1 11 1 1 1 1 - -
B4 FF Liliaceae e [ e
#-2 Pl Elacocarpaceae - - - - - - - - - - 1 1
1188 &l Cornaceae - - 1 1 1 1 - - -« - - -
H AW Fh Other species 6 6 8 8 5 5 5 5 5 6 6 6
Et Total 17 22 21 26 17 22 17 22 16 22 17 20

G: JE ¥ S: M GI-GS A i BUR /Ny AR E . Gl: 50-100 m?; G2:
100-150 m*; G3: 200-250 m*; G4:: 400-450 m’; G5: 600-650 m*; CK: #k
TXTHR.

G: Genus; S: Species; G1-G5 represent canopy gaps with different sizes. G1:
50-100 m*; G2: 100-150 m* G3: 200-250 m* G4: 400-450 m*; G5: 600-650
m*; CK: Control (closed canopy).

R3 AEMEDIEMATIHREREEMARK
Table 3 Herb species composition of Pinus massoniana community under
different canopy gaps

s Gl G2 G3 G4 G5 CK

Family G SGSGSGSGSGS
JEJEF} Labiatae 33 3 322 3 3 3 3 2 2
ARAFE} Gramineae 3 3 3 3 3 3 4 4 4 4 3 3
4§ F} Compositae 2 22 2 1 1 1 1 4 4 11
% & Pteridophyta 2 2 2 2 1 1 2 2 2 2 4 4
Y4t FFRl Melastomataceae 2 2 1 1 2 2 2 2 1 1 - -
74 5 Bl Rubiaceae 221 1 2 2 1 1 1 1 11
$ Bl Polygonaceae - - - - 1 31 21 2 22
B4 FF Liliaceae 1 1 - - - - < - - - 2 2
LHARL Selaginellaceae - - 11 1 111 - - - -
A Hi#l Plantaginaceae rr11 - - 1111 - -
LR} Zingiberaceae - - - - e - - 11
HA WA Other species 13 13 13 13 11 11 16 16 11 11 9 9

J 11 Total 29 29 27 27 24 26 32 33 28 29 25 25

G: JB%L; S: A GI-GS N AR[A AU /NUAR ST, Gl: 50-100 m®; G2:
100-150 m*; G3: 200-250 m*; G4:: 400-450 m*; G5: 600-650 m*; CK. #k
XA,

G: Genus; S: Species; G1-G5 represent canopy gaps with different sizes, G1:
50-100 m?; G2: 100-150 m* G3: 200-250 m* G4: 400-450 m*; G5: 600-650
m*; CK: Control (closed canopy).
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e 5 ek A ) I FE G2 AU N ik B RA(E, CKE/D,
AR HRG2 > G4 > G5 > G3 > Gl > CK; Hi FAEY it 7EG4
RN Ik e R, CKiR/hy, b hGa > G5 > G2 >
G3 > G1 > CK, UdHHME 94776 A R T A A b i 38,
IINPRE A R T R L A= ) A ik AR A i e B, R
TR AR MR A4 (R 14 T
24 FARAMEBHEYMSHEESEEMEXR

T 1o X VR A% )2 YR AW 1 4 2 BRI R A0S 45 2 AT Wk

i A2 Herb layer
b a AR Sh;'ub layer CJi#AJZ Shrub layer
20} a a a i{{a a4 832 a, a
= 437 e {>+ s e a
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5
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MHE K/ Size of canopy gap MH /N Size of canopy gap
T 1 HEARJZ: Herb layer
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ME KN Size of canopy gap

Gl G2 G3 G4 G5 CK
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Bl TRREDSEMATHREZRERRDTSHERRE. AR/NG TR R AR MO 252 W E A $s 22 5 1 3% (P <0.05) . GL-GS AN A I BRI /Ny

Fig. 1 Species diversity in different canopy gaps of Pinus massoniana plantation community. Difference lowercase letters indicate significant difference
between different sizes of canopy gaps for a specific plant community (P < 0.05). G1-G5 represent canopy gaps with different sizes, G1: 50-100 m*; G2: 100-150
m*; G3: 200-250 m?; G4: 400-450 m*; G5: 600-650 m’; CK: Control (closed canopy).
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Fig. 2 Biomass in different canopy gaps of Pinus massoniana plantation community. Difference lowercase letters indicate significant difference between

different sizes of canopy gaps for a specific plant community (P < 0.05). G1-G5 represent canopy gaps with different sizes, G1: 50-100 m*; G2: 100-150 m®; G3:

200-250 m’*; G4: 400-450 m’; G5: 600-650 m*; CK: Control (closed canopy).
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Table 4 Correlative coefficient of species diversity and biomass in different canopy gap communities

S T EARJZE Herb layer (HL) WEAJZE Shrub layer (SL)

Parameter Area D H' H Jow AGB BGB TB D H' H Jow AGB BGB TB
[ Area 1.00

HL-D 0.34 1.00
HL-H' -0.72 -0.63 1.00
HL-H -0.40 0.43 0.33 1.00

HL-J, -0.73 -0.81* 0.85%  0.13 1.00
HL-AGB -0.14 0.16 0.12 0.59 0.24 1.00
HL-BGB 0.24 0.44 -0.22 0.49 -0.16 0.91%* 1.00

HL-TB -0.08 0.20 0.07 0.59 0.18 1.00**  0.93%* 1.00

SL-D 0.14 0.66 -0.38 0.54 -0.32 0.82%* 0.93%* 0.85* 1.00

SL-H' 0.07 0.33 -0.27 0.26 -0.10 0.84* 0.88%%* 0.86* 0.89%** 1.00

SL-H 0.06 0.46 -0.29 0.41 -0.15 0.88%*%  (0.93** 0.90**  0.96%*  0.98** 1.00

SL-J,, -0.28 -0.17 0.05 -0.04 0.31 0.64 0.51 0.63 0.50 0.82* 0.71 1.00

SL-AGB -0.17 0.37 0.28 0.81* 0.06 0.79* 0.77* 0.79* 0.71 0.60 0.67  0.31 1.00

SL-BGB -0.15 0.38 0.28 0.81* 0.05 0.78* 0.77* 0.79* 0.70 0.59 0.66  0.30 1.00**  1.00

SL-TB -0.16 0.37 0.28 0.81* 0.06 0.78* 0.77* 0.79* 0.71 0.60 0.67 0.31 1.00**  1.00** 1.00

AGB: i I A:¥)ik; BGB: Hi FA:#)ik; TB: 2. * P<0.05; ** P<0.01.
AGB: Aboveground biomass; BGB: Belowground biomass; TB: Total biomass. * P < 0.05; ** P <0.01.
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