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Effects of forest gaps on the growth and species composition diversity of trees in
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Abstract; Creating forest gaps is one of the important management practices used to promote species regeneration, facilitate
close-to-natural succession, and increase species composition diversity. The stand type, gap size, and adaptive relationships

with species are critical for tree growth. However, significant differences in results across different regions and stand types
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have limited the application of gap-based restoration models. This study, based on forest gaps in Pinus Massoniana and
Cunninghamia lanceolata plantations in Baiyun Mountain, Lishui, Zhejiang, analyzed the effects of different gap sizes
(medium gaps: 500 and 250 m”, small gaps: 50 m”>) and stand type on the growth of ten planted tree species, as well as
on the species composition diversity of naturally regenerating tree species. The results showed that; (1) there were
significant differences in the effects of gap size, stand type, and their interactions on the growth (base diameter or height)
of the ten planted tree species. Compared to small-size gaps, the growth of species such as Liquidambar formosana, Taxus
chinensis, Phoebe bournei, Schima superba, Sapium sebiferum, Sapindus mukorossi, and Altingia gracilipes improved in
medial-size gaps. In Pinus massoniana forest gaps, Liquidambar formosana and Sapium discolor showed better growth
compared to Cunninghamia lanceolata forest gaps. Meanwhile, Taxus chinensis, Ormosia hosiei, Phoebe bournei, Schima
superba , Altingia gracilipes, and Phoebe chekiangensis grew better in Cunninghamia lanceolata gaps. (2) Gap size, stand
type, and their interactions significantly affected the species composition diversity of naturally regenerated tree species.
Compared to small-size gaps, the number of species also increased in medial-size gaps, while the Pielou evenness index
decreased. The Simpson diversity index was higher in Pinus massoniana gaps than in Cunninghamia lanceolata gaps, while
the Margalef richness index was lower in Pinus massoniana gaps. Considering both the growth conditions of planted tree
species and the species composition diversity of naturally regenerated trees, it is recommended to create medium-size
(250—500 m”) gaps in Pinus massoniana and Cunninghamid lanceolata forests. Additionally, light-loving, drought- and
soil-poor-tolerant species, such as Liquidambar formosana and Sapindus mukorossi, should be planted in Pinus massoniana
gaps, while light-loving or shade-tolerant, moisture- and fertile soil-loving species such as Taxus chinensis, Ormosia hosiei,
Schima superba, Celtis sinensts, Altingia gracilipes, should be planted in Cunninghamid lanceolata gaps. This approach will

effectively promote tree growth and enhance species composition diversity and richness in forest gaps.

Key Words: forest gap; Pinus Massonian ; Cunninghamia lanceolata ; growth ; species composition diversity
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WF5E XIS T LA AR K T 1 2 LA bk (28°23'—28°27' N, 119°52" —119°58' E) ,##k N 51—1073 m,
e v AR 2 XU, T A0, DU R4 WY ARSI 18.1 °CL AR FERT 50 1392.8 mm, 4F 7 AH X0 BE
75.8%., KIK AN ) K EERAWFA DB A WF (Liquidambar formosana ) A
(Sassafras tzumu) FEFE( Quercus 1) %5, EEFERFMEA (Loropetalum chinensis) %2 ( Lindera aggregata) | 111%F
( Rubus corchorifolius) %5 , £ 5 WA KL W) 18 ( Woodwardia japonica) IR 1 M ( Lophatherum gracile) | Bk 28
( Pteridium aquilinum var. latiusculum) 7= ( Dicranopteris pedata) % .
1.2 FEHLBCE
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Fig.2 forest gaps of Cunninghamia lanceolata

E1 SEMRME

Fig.1 forest gaps of Pinus massoniana
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Table 1 Growth status of 10 tree species
TG HREL Surviving number FET-HE%X Dead number
- SREAE  RARE  GREEE kS TG TR
. Pinus Cunninghamia Pinus Cunninghamia Mean base Mean
Species . ) . .
massoniana lanceolata massoniana lanceolata diameter/cm height/m
forest gaps forest gaps forest gaps forest gaps
WA Liquidambar formosana 29 34 5 0 7.4 5.89
F LA Taxus chinensis var. mairei 33 26 1 8 4.96 3.2
LGB Ormosia hosiet 21 31 13 3 3.79 2.58
[E] 4R Phoebe bournei 23 29 11 5 2.78 1.7
AKAf Schima superba 32 34 2 0 6.84 4.47
KM Celtis sinensis 4 14 30 20 3 2.4
134 Sapium discolor 17 27 17 7 13.47 9.49
JeHTF Sapindus mukorossi 20 29 14 5 5.64 4.31
YURRFR Altingia gracilipes 33 32 1 2 8.29 6.65
WiTTAR Phoebe chekiangensis 28 24 6 10 4.13 2.44
F2 MEAFAHIERAETRRL
Table 2 Natural regeneration of tree species in forest gaps
. T Az T-E R
Mo AR A AR TR TR
. Mean base Mean
Stand type Natural regenerated of tree species R .
diameter/cm height/m
A& B ( Symplocos chinensis ) . 111 i Bk ( Trema dielsiana ) . 1 A
o R B ( Cupressus funebris ) | % 25 ¥% ( Eurya muricata ) , # K ( Sassafras
;4 n i forest tzumu) Bk ( Quercus fabri) | h BR AR ( Rhus chinensis) | % B & 5.61 4.07
tnus massonuana fores ( Symplocos stellaris) . %€ LI ( Styrax confusus ) . Ty B #1175 1
(Mallotus apelta) JRFF Wi TTA ( Diospyros glaucifolia)
KA #g BR X ( Choerospondias axillaris) 37545 (Alniphyllum fortunei) 1%
i’ 1 (Myrica rubra) FZ5H& MEAR WAL & B R ( Evodia 5.69 5.36

Cunninghamia lanceolata forest

Sargesii) IRAZN (Alniphyllum fortunei) \EhRA

14 Bl

BFFE 1 500 m> 1 250 m> AR BBk A BB RT3 4 50 m>ARBT 43 R /AR (it h 10
A 45 250 m 1 500 m> BB 43 A AR (BCRER 4 ) S SEEOR G AT, SRR P 1 AR S
TR (S) S HA A, R A Shannon-Wienner 5 %4 Pielou 372) B8 %4 . Simpson ZAEMEFE AU Margalef F &
FE F B AR BT I R S35 A R L 2

Shannon-Wiener 54X .
Pielou 5] R %4 .
Simpson ZHEVEFREL .

Margalef & JEHE 2L .

S

H=- Zpg X Inp,

i=1

E=H/InS

D=1-3% (»)°

R=(S-1)/InN

P, p 8 AR ERE AR P AR ORI A SRR N B0 L, S O A AR DB TR AR

] R (version 4.3) X BEHEATEETTH 04T o SRADOUA ZR 5 22 70 H 07 AR e bR R/ NRIRR 73 26 B RS .
PERIRT 10 AN N5 A Bh AR FIR 5 A= KRR, LURORT B R SR TR AR Al 4L RV RS2 I, I X AT (i

FRFIVER AR HER bR T 2 5 LU (R K- E P=0.05)
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TAEPARE R T/ (23,3 4) o MM R A= KORBL , B 75 205242 IR AT | I A8 R4 ZE A% 7 v bk
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Table 3 Effects of forest gap sizes and stand types on the growth of 10 tree species

F

7 S A A KA AR WA [P RSN EANER () [ A7 AT
Source of variability Growth index Liquidambar Taxus chinensis Ormosia Phoebe Schima

formosana var. mairel hostei bournet superba
PR KN iy 0.2 56" 3.17 4.3 8.48 ™"
Forest gap size 1 0.43 4.94" 2.55 5.02° 56"
Moy Mtz 10.21** 8.6 1.37 9.45"" 0.27
Stand type Lir=n 0.22 15.78 *** 8.93" 6.06" 5.55"
LNZPNANS it HuAz 1.56 0.64 0.19 0.24 0.63
Forest gap sizeXstand type s 0.08 7.3* 3.13 0.6 2.17

F
75 S R A A K AR TR AR IIEET T AN EE AR WA
Source of variability Growth index Celtis Sapium Sapindus Altingia Phoebe
sinensis discolor mukorossi gracilipes chekiangensis

LINEPNAN Motz 19.72* 0.15 15727 0.87 0.5
Forest gap size H e 1.69 0.23 11.77** 94 ** 0.03
P Hitz — — 0.72 2.32 0.7
Stand type e — — 2.95 11.36** 6.1"
LINZPNAN S it Mtz — — 6.4" 2.28 3.05
Forest gap sizeXstand type s — — 0.09 7.28" 0.27

AN L S AATE S AR 50 m? A1 250 m*ARE AR RIE ,— FRARNIATZE ST + FIR P<0.05, # % TR P<0.01, ##x FI/R P<0.001

R4 AEKEE 10 MRFEERER (HELARMER)
Table 4 Growth difference in base diameter of 10 tree species among different forest gaps ( Mean+SE)

4% Base diameter/cm

M W RiT4LEA ANCE ] 1t At

Forest gap Liquidambar Taxus chinensis Ormosia Phoebe Schima
formosana var. mairei hosiei bournei superba

AN/ IMRET 8.47x0.15aA 3.96+0.19bB 5.23£0.03aA 2.41+0.11aB 4.63£0.65bA

Small size gaps of Pinus massoniana forest N=6 N=7 N=5 N=4 N=6

AN AR 8.02£0.38aA 5.01£0.29aA 4.1£0.54aA 2.85£0.08aA 7.43£0.46aA

Middle size gaps of Pinus massoniana forest N=4 N=4 N=4 N=4 N=4

NN
EANE 6.01+0.53aB 5.2+0.42aA 5.61+£0.35aA 3.02+0.12aA 5.62+0.63aA

Small size gaps of
mall size gaps o N=10 N=7 N=10 N=9 N=10

Cunninghamia lanceolata forest

AR

. . 6.94+0.59aA 5.72+0.14aA 4.92+0.19aA 3.29+0.21aA 7.23+0.86aA
middle size gaps of

N=4 N=4 N=4 N=4 N=4

Cunninghamia lanceolata forest
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Hi4% Base diameter/cm
LN A 1 JTBT AR A T AE
Forest gap Celtis Sapium Sapindus Altingia Phoebe
sinensis discolor mukorossi gracilipes chekiangensis
) =L N | o - 5.11£0.35aA 7.4720.27aB 4.67x0.16aA
Small size gaps of Pinus massoniana forest N=8 N=9 N=3
) RN - - 5.7720.11aA 8.36=0.3aA 4.02+0.13aA
Middle size gaps of Pinus massoniana forest N=4 N=4 N=4
A UN N
:;7'?1]4‘7]‘@  of 2.52+0.06 b 6.92+0.97a 3.56+0.46bB 8.57+0.35aA 4.43+0.2aA
el stue gaps o N=3 N=8 N=8 N=9 N=8
Cunninghamia lanceolata forest
ﬁﬁfﬂq@ s of 3.21+0.12a 7.48+0.82a 6.54+0.54aA 8.36+0.22aA 4.7+0.27aA
10T sine gaps o N=3 N=4 N=4 N=4 N=4

Cunninghamia lanceolata forest
—HN R NG FRERIR [ — bR g AN R R BB R 22 57, — 8 R R RS B R R AN R R a3 H AR ) /AR BELAF A 22 57 N Ol
REACE , 1 TAR G A BRSPS AR BR (1 bk 4 BRI 8 Bk ) | MR PSR 2R BET I REACE N0 s RV LL 2 178 AR 50 m? Al
250 m® R PR ARG , — R AR HEAT 22 S A BT

®5 AEREE 10 MFHEERE R (BELRMEDR)
Table 5 Growth difference in height of 10 tree species among different forest gaps ( Mean+SE)
P Height/m

M e [EpipanzE AL} (R EN)

Forest gap Liquidambar Taxus chinensis Ormosia Phoebe Schima
formosana var. mairet hosiei bournei superba

RN ==Y AN N7 5.64+0.68aA 2.06+0.16hB 4.5£0.2aA 1.26+0.06aA 2.67+0.45bB

Small size gaps of Pinus massoniana forest N=6 N=7 N=5 N=4 N=6

I AR AR B 5.86+0.25aA 3.49£0.22aA 2.65:0.24aB 1.68+0.08aB 5.21+0.15aA

Middle size gaps of Pinus massoniana forest N=4 N=4 N=4 N=4 N=4

2 A NIRRT
EANHE 5.21£0.35aA 4+0.33aA 5.17+0.4aA 1.74+0.14bA 5.2+0.52aA

Small size gaps of

N=1 N=7 =1 = N=1
Cunninghamia lanceolata forest 0 N=10 N=9 0
Z
1;7]('1‘%}](@ 5.75+0.93aA 3.86+0.37aA 5.26+0.48aA 2.62+0.5aA 5.79+1.11aA
Middle size gaps of
N=4 N=4 N=4 N=4 N=4

Cunninghamia lanceolata forest

AR 5 Height/m

M M 1 5 LT ) WA

Forest gap Celtis Sapium Sapindus Altingia Phoebe
sinensis discolor mukorossi gracilipes chekiangensis

Iy AN IR - - 2.9320.32bA 4.66+0.28bB 2.55+0.25aA

Small size gaps of Pinus massoniana forest N=8 N=9 N=3

I R bk - o 4.97+0.34aA 6.18+0.16aA 2.37+0.11aB

Middle size gaps of Pinus massoniana forest N=4 N=4 N=4

ZAR/N
BAME 1.53+0.67a 5.61£0.65a 3.85+0.62bA 6.31+0.41aA 3.07+0.23aA

Small size gaps of

N=3 N=8 N=8 N=9 N=8
Cunninghamia lanceolata forest
;sz;f]/%@ f 2.59+0.5a 6.1+£0.77a 6.29+1.18aA 6.47+0.68aA 3.17+0.19aA
1 > Slze S
¢ siue gaps © N=3 N=4 N=4 N=4 N=4

Cunninghamia lanceolata forest
— BN AIR NG TR [ — Mo AR R R IR B A AE 22 5, — I AR R R E R R ARG sl 1R /AR B A7 A2 22 55N R
BRSBTS AR R A B (1 BR (4 BRI 8 B ) | MR P A A A R FE T, R AR B0 AMR AT L S5 A1 7E T AR50 m?
1250 m* PR YRR , —FR R R HEAT 2557

RO RIS ERAMR AR RLSN 8 AN NG AR B AR A 1 8 3532000 (P<0.05 ) TR 1 L 25 A1 e
THEEAMbK 250 m? 1 50 m?* ARTT N TCAATT . AR AR A KR DL, AR AT A 778 B R AR R T AZ ACRRET 5 T
FIJTLLEAS B R ARRR SR AL S AR /N T AR (323, 4) . RIGH B KRG, 7 4042 (40
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R R AT AR E R R VAR AE S R AA R DT A ARG (3,8 5), Al WL FEA R ARG 2 B AR T
S RN I NG i S 8 S N N 1 7 o ey € R D=2 /A7 N 2 R N P 2/ S ST 2 W A NS A X o N UK
AL AR A FH VAR TEAZ AR A R AR

BN PR B K INFR 3 2858 BARE AT R 5 1 A2 | JC - RN AR AR 1) A R 7 AR T il 2552 e ( P<
0.05) . FEJTLLGAZFIANARELAR AR 5 78 5 B A/ R T 2B R S (IR 5 AR hAR % 1 (P<0.05) , {HTEAS
AARRIR G hTC R E 2 5 , ToR T I ARTEARZ A IR A FOIR I I THEAZ AR RS 4 (P<0.05) ,HFE
MR/ RE hIC R 2225, W 0L, Al R A AR 288058 B AR AR R/ MR ]
2.2 RER/NFIRR ST SR [ 4K SR A 2 B 2 A AP 1) 52 e

RTE I/INFIR 3 278 T L AZ B ARG AR S Rl 4l AR R g i B 25 5 (6 6—7) . AR R/
TR 4 S ZREMETR AR, NRE 9 Shannon-Wiener 5 50H1 Pielou 4] BE 48 50 . 2 5 T Ak (P<0.001, P<
0.001) , T FHARET 1Y Simpson ZREEFE A Margalef 5 B 550 5.3 55 T/ B (P<0.01,P<0.001) . A I,
AT /IR, AR TS N B SR TR I ARSI B G I, Z2 R VAN = & FE RS I, B3R o WAk & o ey, =
IS BN

MR ZRRUY G 50 T Simpson Z2HEPEFR B (£ 6) , D B AAME Y Simpson 2B P48 808 T 42 KA
(P<0.05) ., AT UL, ShEEAAPRES N H SR BB IS ARFSE S A B34 5]  ARFB RN AT /N FIAR 3 2
YER B2 T Margalef 35 BEFREL, 5AZ A/ F1Ey BB AN MRS A L, A2 R KB 19 Margalef 35 B8
BB ER R AW ARG N BRI KRR 2 | HAZ KRR Gr AN T6) R/ AR B A b = B 22 5
BK,

x6 MEAXNMIMRELENBRERHMARSHIERM

Table 6 Effects of forest gap sizes and stand types on the composition diversity of tree natural regeneration

IR B N F
A | ! | .
Source of variability Shannon-Wiener 54§ Pielou 5] JEH8 %5 Simpson LR R Margalef FEEIEE
Shannon-Wiener index Pielou evenness index Simpson diversity index Margalef richness index
[N
fﬁfsiip size 25.46 *** 27.43 " 9.64 " 15.15"""
k4 T
gﬁﬁ; 3 L7 6.03 1.84
B AN xRS e
VNGNS eS| 0.5 0.25 3.56 5.62%

Forest gap sizeXstand type
# IR P<0.05, * % Fn P<0.01, % F8 P<0.001

®7 FAEREFARENRFARSHEZER (BELPRER)

Table 7 Difference in the composition diversity of natural tree regeneration among different forest gaps ( Mean+SE)

A Shannon-Wiener $5%( Pielou ¥J4] B8 5L Simpson ZFEPEFEEL Margalef =F & EE 54
Forest gap Shannon-Wiener index Pielou evenness index Simpson diversity index Margalef richness index
VAN N7

Small size gaps of Pinus 0.35+0.01aA 0.31+0.03aA 0.92+0.01aA 1.6+0.13aA
massoniana forest

L) N N

Middle size gaps of Pinus 0.26+0.04bA 0.16+0.03bA 0.97+0.01aA 1.82+0.16aB
massoniana forest

A M

Small size gaps of Cunninghamia 0.33+0.01aA 0.29+0.03aA 0.78+0.05bB 1.45+0.1bA
lanceolata forest

AR ARG

Middle size gaps of Cunninghamia 0.22+0.03bA 0.1+0.02bA 0.99+0.01aA 2.36+0.06aA

lanceolata forest
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