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Effects of forest gaps on understory species diversity of Larix principis-rupprechtii
natural secondary forest

Zhou Lai Cheng Xiaofang Zhang Mengtao
(Department of Forestry, Shanxi Agricultural University, Taigu 030801, Shanxi, China)

Abstract: [Objective] The aim of this study was to study the effects of gap size and light factor on
understory plant diversity in the Larix principis-rupprechtii natural secondary forest. [Method] Taking the
natural secondary Larix principis-rupprechtii forest in Guandi Mountain of northern China as the research
object, 12 gaps were selected according to the area grade, and three 5 m x 5 m quadrats were set in each gap
to investigate the shrubs in the quadrats. Each 5 m x 5 m quadrat was set up with a 1 m x 1 m herb
investigation quadrat, and another 12 forest control checks (CK) with the same area were set up to
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investigate vegetation in the same way. Four diversity indicators, Simpson dominance index, Shannon-
Wiener index, Pielou evenness index, and Margalef richness index were used to analyze the differences in
species composition and species diversity in different area grades of the Larix principis-rupprechtii natural
secondary forest. We investigated the light factor indicators of different areas of forest gaps, and analyzed
the relationship between light factors and species diversity in different areas of Larix principis-rupprechtii
natural secondary forest. [Result] In the 12 forest gaps investigated, a total of 8 species of shrubs and 32
species of herbaceous plants were recorded. The species diversity index of the herb layer in the gap was
larger than that in the forest, while the species diversity index of the shrub layer was only higher than the
forest gap of grade III and grade IV. In the shrub layer, with the increase of the gap area, the H value of the
Shannon-Wiener index showed a trend of first increasing and then decreasing. The H value was the smallest,
and both were greater than CK, but there was a significant correlation between the H' index of the herb layer
and the gap area (P < 0.05). In the herb layer, the Shannon-Wiener index H, Simpson index H’, Pielou
evenness index J,, and Margalef abundance index D were the largest in the small gap, and gradually
decreased with the increase of gap area, but it was higher than CK. The D value of the herb layer was higher
than that of the shrub layer, and the changing trend of the D value of herb layer with the increase of the gap
area was more obvious than that of the shrub layer. The direct radiation, scattered radiation and total
radiation in the gap changed significantly with the increase of the gap area (P < 0.05). With the increase of
gap area, the amount of scattered radiation and total radiation also increased, and the amount of direct
radiation was reduced first and then increased as the area of the forest gap increased, and the direct radiation
was the smallest when the forest gap area was 70—100 m”. [Conclusion] When the forest gap area is
100—150 m’, it is beneficial to improve the species diversity level of the shrub layer, and it is beneficial to
improve the species diversity level of the herb layer when it is 0—50 m’, and the species richness of the
understory community is the highest in 50—100 m*. Appropriate light factors in forest gaps are beneficial to
increase the diversity of understory vegetation species, however, too high light factor is not conducive to the
formation of understory vegetation diversity. Therefore, in the process of protection of forest species
diversity of Larix principis-rupprechtii natural secondary forests, small and medium-sized gaps should be
the focuses.

Key words: forest ecology; forest gap; light factor; species diversity; natural secondary forest; Larix
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Fig. 1 Canopy structure and light factor data acquisition
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Tab. 1 Proportion of main plants in shrub layer of natural secondary forest of Larix principis-
rupprechtii in different forest gap grades %
WyFh MBS Forest gap grade
Species I i 11 v x
WK Rosa bella 39.47 31.25 12.90 21.78 24.44
WKMI)F Cotoneaster acutifolius 34.21 38.75 35.48 43.56 51.11
G H Spiraea trilobata 18.42 6.25 17.35 11.88 6.60
INHZ A& Lonicera microphylla 7.90 22.50 24.19 10.89 2.20
E#E Corylus mandshurica 0.00 0.00 4.84 7.92 15.56
£ 1t Total 100.00 98.75 94.76 96.03 99.91

VE: T ~IVERBSME RS 380 ~ 50 m?, 50 ~ 100 m*, 100 ~ 150 m*, 150 ~ 250 m?. R [A]. Notes: I —IV represent the forest gap areas are 0—50 m?,

50—100 m?, 100—150 m?, 150—250 m?, respectively. The same below.
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Tab. 2 Proportion of main plants in herb layer of natural secondary forest of Larix principis-

rupprechtii in different forest gap grades

%

Wy M ZELR Forest gap grade K
Species I i 1 v
W 5% Fragaria vesca 36.57 15.76 35.24 0.00 0.00
/N3 Chrysanthemum chanetii 10.49 29.89 14.58 48.91 31.53
AL E B Carex hancockiana 15.35 26.63 20.14 34.30 45.94
V-7 Galium bungei 3.06 9.23 451 1.46 451
TABAE Adoxa moschatellina 15.35 0.00 7.29 3.64 0.00
# 1t Total 80.82 81.51 81.76 88.31 81.98
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Fig. 3 Comparison of species diversity of herb layer in different area grades of Larix principis-rupprechtii natural secondary forest
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&2 B IMARMBEVE VR A R E I, X THEARZ, K
T N IR AR AR B v, TR T A2, /N
RE A BB AS RS MR P f
3.2.3 Piclou 34 B

B MR AR S I, HEAR S I, H RIS
I BRI AR A, For DUTT MR & 1 U, (R
I MR 1) T (B B/ o A A T AR AR % #E K Pielou
B o) FEHe M A JE A 0.718 ~ 0.814, ¥ T CK.
FR NG N T AR 5 (0.814) > TT11% (0.811) >
IVZ£(0.770) > T 27(0.718) > CK(0.618)#a % . K
PR THAR S5 G0 HEA 2 Wi 350 50 43 A 2 FE 1 s 1 £
TE2 5, Hod TR o NP 35 &) BE d i s AR 2
w7 THI AR A5 00K B B Pielou 245) FE 4R £ A%
TEVE A 0.723 ~ 0.778, B KF CK. BIARIN
I 2%(0.778) > 112 (0.760) > 11K (0.731) > V&
(0.723) > CK(0.720). SH#ERZEM Ik, HAZEHEIE
(Pl 38 50 BE P BB A A Ko oAk b, T bk Fl
TR B T, EEBLLER, RIALE/NAR G H, BA
SRR AT A .

3.2.4 Margalef g Z 354

A FTAR S IR T P % 2K Margalef 5 &
R4 DRI R 7200, FEREARJE T, BB AR A T
PRSI0, D A AR AR IR S 36 0 5 B 1)
s, K IR E R D&, TR Em
D EH /N, AN [F)TH UM B HE R Margalef =F & FE 45 51
FR) A8 Ak V8 L A 0.437 ~ 0.817, H1 K B/ B9 % 9
M2 (0.817) > IV4£(0.722) > CK(0.633) > 11 2%
(0.575) > 1 £7€0.437) . fEHAJZH, AN [F] TH AR 25 2%
WE HEA Margalef & & BEfe 5 /IME N 0.792, 5K
18 0.848, KT CK. D 1 Fifi bk 7 T R K S 48 K
JE IR/, BEAR RPN 1T 2% (0.848) > 1147 (0.811) >
[ 2£€0.810) > [V£4(0.792) > CK(0.695) . il i Xif
KEEEARZEW DEATH M R I, EAZEM
DEETHEARZE, B D {HBE RS 1 AR 25 2 i 3 m
RAE AR AL SR I R, AR 6 AR R R R 5
Wi B VEA JZ B K
33 ARERELMREEZWHH SRR

TE I B VR A5 2 R 1 4 AR 2 AR FE AL
BEAT ARG (GR 3R I, HEARZFIE AR Z Y0 £
FEMEFR S (A SRR 55 (P > 0.05), (HEAZ N H'
B MR T ARAEAE BB A M (P < 0.05); BLAZ
(1) Jo Ta S H fa BUAFE R 35 A G PE(P < 0.0D);
VEE R 22 R0 B AR J2 P LA A o 22 9 4 48 5038 6 S 35 A
KAMECP>0.05) . RIFHER 4 DMFP 2 RS EUE
AEEEN LR
34 ARERERMARERNETFHE

A [ THI AR S5 AR OGP AR i 26 4 BT .
SEIRRE, WRE AAAEX G 7724 T R, B
NP ARSI S A A S R A S [ T AR K R
WNZEFREP<0.05). B MR A 8K E

®3 FAEHEREZHREFELILFHRRBRRERFEZPOT SHEERNEXRE

Tab. 3 Correlation coefficients of species diversity index in natural secondary forest community of

Larix principis-rupprechtii in different area grades

EZRETiE [t HEA Shrub layer (SL) # 2 Herb layer (HL)
Diversity index Area H o H D H Jow H D

T Area 1.000

SL-H 0.172 1.000

SL-Jg 0.292 0.546 1.000

SL-H' 0.266 0.856 0.901 1.000

SL-D 0.740 0.772 0.672 0.813 1.000

HL-H -0.932 -0.493 ~0.549 -0.592 -0.931 1.000

HL-J,, -0.927 -0.523 —0.509 —0.583 -0.938 0.997%* 1.000

HL-H' —0.974* —0.030 -0.361 —0.236 —0.657 0.884 0.863 1.000

HL-D —0.572 -0.116 0.491 0.245 -0.308 0.432 0.484 0.406 1.000

VE: H. Shannon-Wienerd8${; J,,. Pielouty) 2 EE 48 %; H'. Simpsonfft 34 HR%; D. Margalef=: & E R, * KR D EMH(P <0.05); ** KR EEH
(P <0.01), Notes: H, Shannon-Wiener index; Jows Pielou evenness index; H’, Simpson dominance index; D, Margalef richness index. * indicates
significant correlation at P < 0.05 level; ** indicates significant correlation at P < 0.01 level.
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Tab. 4 Changes of light factors in gaps of different area grades

R T AR FERE R BT
Forest gap size/m” Total amount of radiation/% Direct solar radiation/% Diffuse solar radiation/%
0~50 1429 +£0.57* 10.69 + 1.15* 19.03 £0.68"

50 ~ 100 15.17£0.78" 8.97+1.31° 2241 £1.06°
100 ~ 150 19.96 + 1.03° 12.56 +1.77° 28.74 +1.59°
150 ~250 24.35 +1.49¢ 15.92 +2.43¢ 32.81 +1.54¢

W R P HUE R IR IME + brdEiR 2 AR RER R A R & AR 5 2 7] 2 7 2 % (B354 7KFa = 0.05) . Notes: values in the table represent

mean =+ standard error; different letters indicate significant differences between varied levels of forest gap area (significance level a = 0.05).

Gt SR A e o L T 2 3K, T S AR R B
5 AT PR T AR B8 R S ek /N B0, FEAR B THI AR S 50 ~
100 m? i}, BT RET &5/,

4 WA EE®R

41 it i

T8 () ) o 4 RSORI R SIS 2 B EEVR N IRl 5 30
35 2% At 2 1) ) AH LA g 1, 3 FborE B AR FH A
LT AN R EE 26 T Bl 2 B ) 22 P00 MR d ik
BRI R, & T I R R R AR . R,
— LG AN REAEAR N AT B A P RS AE AR
A AE K, AT AR HE AR R R ) B RO B AR
ARG I, HER 2 A 2 B fe B 2 B T
Jedhn G Bk p s, HAEARE A 100 ~ 150 m?
Ik B f o X — S N B ER S E 1R
A BRAR S 3O S o X PP BLR AT RE A K N,
FHE T /INPR T, H & R/ IN IR T 7 2 ) B R R HERT
KT EE T BT, NEARKEKAE A H
B, TR 3 T AR P 2 FEME KPR T . 4R,
KT AR AR 5 BB 4R O ol (R 4D, TR
218 K FAG A AN S, DT AR HE AR JZ R 0 A 22 4
Mo MRET N B JE I & R TR AR T AR
SRR AR 5E 4 A1 [F] o SimpsondE %+ Shannon-
Wiener 544 Pielou 5 5(7E 0 ~ 50 m® AR % [ FA 55 2%
I 510K B I KA - AR, SRR, Bl 7 T R 25 2
G K, & W0 22 FE V48 2002 DB T BRI R 35
JAZREFEPI I AT H TR . X —BsS
AT T A5 B (PR T P S S N S 4 O R B
MR AR S 8 K KA R (R . ]
K TR 5 PR B (1) D6 IR 53 26t B 4230 TG Pk th B3R AR
ZHh, T AR B BN, R E
FERAG - BR Ak, BT P8 P (] B 305 R 245 ) 5 4 A
i AUIPS N T e 33 A N IR /RS AR U
Ko S H o A B SRR FE 2R K/ RS IR, A7 AE —
AN B 32 BT ) PR THD ARV BRI O, A 2 R MK
B e o B B ARAN [ T RH A5 2 PR T P B A R B AR

AT 35 P AR A % 3 55 bR P of R ZEL 6 B, AR AR
S I A 1Y 57 PR T TR S 4 ) s e B A B R 3R 1L
2). M B AR TR, BOAAE P ' R A e
I8 EEVE AR B UK

R 06 2 R D B e 2 1) A2 Ak T BE D &2
UYL XA M S5 A LA I B A AR R
R, Wgm T HEYOCEER . B, XL 5AHlL
B MR AE K R B KRR g Ry A T —
SE R o AH B FE 2 B, AR PN IR O HERI I B2 2 5
WY AEKAE KK EREZER R, 4R ER,
RN B SR KT B SR S AR T e
FRVAFDNE S8 06 R T AR T 1A 2 FEVE 3R T S Ho o A
XA K SR, FEE AR & AR SR, ARG
-0 B A G N, PR 2 R K A > (R 4,
Bl 2\ 300 X F BRI A KA & AR S 800 T
far E TR AN K A WO, B AR 4 ) B R R
SR EARITHEE R R, T PR P 2 AT

FRMREEVR W 22 A5 1 1 164 0 3 o AR AR B VR 2
EPEMEER R —PY BEARRE, A RERE
W T R VR R B A B . T
ARG R, BT HIE B AR T XN E
AN [7] X 35 (8] 47 7R 80K 22 R B0 R T
4 DMPIF Z AR RR AR, XA A6 A R AR IR AR AR
W FEHEMRE T R A 2 FEPEREAT T 0, 48
N T MRE SAEMRE KM FTEMZ RN EE ER.
SR, H AT oA 207 VR RE % 78 7 S Bl H A P (]
)22 57, JF R X 28 22 5 5 A0 RE I AR V)RR PRI R R
Ko BEAN, ASIR]HE DR T PR AR AN 25 5t 2 0 ) A
M2 FEVEA S SR B P A — e RS
42 4 £

PRET TH AR S AN [, 3l 3 6 R 7 52 AR A
IR 2 RE 1 o AN [RIZEBL ) R - X EAR R B A 22
FEVE IR 52 Wi £ 76 22 7 o MR T ARAE 100 ~ 150 m® fif
BT FHHEARZ WP Z AR IKF, £E 0 ~ 50 m?
IR T 1R T B A 2 PP 2 161 KR, TAE 50 ~
100 m* AR NEEE MM FE A & SRR A
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