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Research paper

Natural Regeneration of Native Woody Seedlings in a China

Fir Plantation after Thinning Practices

Kuo-Jung Chao,”  Yung-Chiau Lin,”  Guo-Zhang Michael Song,>”
Hsiang Ling Chen,”  Ching-An Chiu,””  Yen-Hsueh Tseng”

[ Summary ]

Natural regeneration of native seedlings is important to the future composition and structure
of forests. In this study, we investigated relationships between microenvironmental variables and
native tree seedlings (including their composition and structure) in a logged China fir (Cunning-
hamia lanceolata) plantation, in order to propose management and restoration strategies. Our study
site was located in the Huisun Experimental Forest Station, central Taiwan. After logging practices,
the canopy and subcanopy layers were respectively dominated by residual China fir and naturally
regenerated native trees. We set up 30 seedling subquadrats (each 1 X2 m) in this plantation. The
communities in these subquadrats could be clustered into 3 groups based on the species composi-
tion and abundance of 121 tree seedlings recorded in censuses. The first group was dominated by
the moderately shade-tolerant shrub species, Lasianthus fordii, and was located at the habitat with
high overstory (canopy and subcanopy) cover. The second group was dominated by the shade-
intolerant tree species, Mallotus paniculatus, and the habitat of the group was characterized by low
overstory cover and high understory fern cover. The third group was dominated by the moderately
shade-tolerant tree species, Machilus zuihoensis, and its habitat was characterized by low under-
story fern cover. In terms of community structure, seedling density and diversity indices were sig-
nificantly negatively correlated with subcanopy cover. Residual coarse woody debris of China fir
had no significant effects on species composition, stem density, or species diversity. Regeneration
of native trees was mainly influenced by the canopy, subcanopy, and understory cover, while the
seedling community structure (stem density and species diversity) was mainly influenced by the
subcanopy cover. We proposed that it is necessary to maintain the heterogeneity of overstory cover
when managing logged plantations through passive strategies, since habitat heterogeneity facili-
tates the coexistence of seedlings with different regeneration needs and in turn maintains species
diversity.

Key words: Huisun Experimental Forest, logged plantation, native tree seedling, natural regenera-
tion, secondary succession.
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tive woody seedlings in a China fir plantation after thinning practices. Taiwan J For Sci
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Fig. 1. Logged China fir (Cunninghamia
lanceolata) plantation in Huisun
Experimental Forest Station. (A) Photo of
vegetation profile. (B) Layout of woody
seedling subquadrats (1 X2 m, solid
rectangles) and animal camera traps in
the study plot (100 X100 m).
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= Table 1. Species, number of individuals, average height (¢cm), and photosynthetic capacity (A,,,) of woody seedlings in a logged China

MNA fir plantation, Huisun Experimental Forest Station

IA/ . . Chinese Species Number of Average . A A

N Family Species name abbreviation  individuals ~ height (cm) Amax class”  source’

<

H Lauraceae Machilus zuihoensis v Mac zui 28 19.3 19.7 3 S

m Rubiaceae Lasianthus fordii BRERZE PR S Las for 25 38.5 18.6 3 F

LS Euphorbiaceae Mallotus paniculatus HET7 Mal pan 24 37.3 29.4 1 S

| Primulaceae Maesa perlaria var. formosana B LIAAE Mae per 17 24.1 17.6 3 S

Lauraceae Litsea cubeba LLIEHR Lit cub 5 28.0 16.7 3 G
Phyllanthaceae Glochidion acuminatum P ABTESRE Glo acu 4 26.9 21.7 2 G
Primulaceae Ardisia quinquegona 7INEERE A Ard qui 2 58.0 14.9 4 G
Ebenaceae Diospyros morrisiana [ LpRLA Dio mor 2 13.5 14.4 4 S
Proteaceae Helicia formosana [L5ERR Hel for 2 16.0 18.6 3 P
Lauraceae Cinnamomum subavenium HrE Cin sub 2 27.0 143 4 S
Pentaphylacaceae  Eurya loquaiana IR ASA Eur log 2 32.0 13.2 4 F
Juglandaceae Engelhardia roxburghiana BT Eng rox 2 14.5 14.7 4 S
Moraceae Ficus formosana RANER Fic for 1 18.5 22.1 2 G
Anacardiaceae Rhus succedanea IR Rhu suc 1 36.0 26.0 1 G
Adoxaceae Viburnum luzonicum ERAEGK Vib luz 1 40.0 17.4 3 G
Daphniphyllaceae  Daphniphyllum glaucescens subsp. oldhamii B K7 Dap gla 1 12.5 14.5 4 S
Araliaceae Aralia bipinnata AR Ara bip 1 49.0 17.4 3 F
Rutaceae Tetradium glabrifolium A et Tet gla 1 22.0 24.5 2 S
Total 121
Average 294 18.6

"A, .. nmol CO, m™s™ (photosynthetic capacity), based on Kuo and Yeh (2015).

* A, class by Kuo and Yeh (2015) as a surrogate of shade-intolerance. Class 1: very shade-intolerant, A, > 26.0 umol CO, m” s™'; class 2: shade-intolerant, A, >

max — max —

21.0 and < 26.0 pmol CO, m™ s™'; class 3: moderately shade-tolerant, A, > 15.0 and < 21.0 pmol CO, m”s'; class 4: shade-tolerant, A, > 12.5 and < 15.0 umol

CO, m”s™; class 5: very shade-tolerant, A, < 12.5 umol CO, m”s™.
’ A, source: the source of A, data. S, based on species-level measurements in Kuo and Yeh (2015); G, based on the average value of the same genus measured by
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Kuo and Yeh (2015); F, based on the average value of the same family measured by Kuo and Yeh (2015); P, based on the average of all species in the study plot.



GIEFRSERIE 35(4): 277-96, 2020

Py IS B B OV BR B M R - FRPIARE 0 R
iR A A ) 0 S AT 2 90% » Hoh— R
FEAFS m» H—RAIE2 mE - H{2 m
EIEET S @ BTER AR E AR
AFRABT - MAEGELIBESEER - gk
PR 0 S R R o A0 - AR
MY FREEEA80% » (HEEHE0.5 m
BITEDLT » LT B AR20% (= 80% / (2
m /0.5 m)) o EHIPHEY)ERGE2 m - HEVRIE
BHERES0% » L REEETIRS0% (= 50%
(2m/2m)") e MARWZEH - Mg &R
i LA 14 BB S o v S R B SR RO R
IEMENERE - AR ME T mE SR -
WROEE S R R ARG JE ) [RLIEE » BP9 S AR e
& e XM o 7 T ) i o [ A A A e
BETRHIE » 5T RS m&k X5 mE - B LJg
FE A7 % & (overstory cover) » HIRy AR Jg Al
RIS - A - BRI T
IRBIE T &/ VTR S IR RIS -
JR20184E9HIERI2H3IEM » K TEM
i e ) ] A ey o R R IR LB ) B
TEA » AR FEE AR AR T = (AR S B )
YIfEE% (Bushnell Trophy Cam, Model 119436C,
Overland Park, Kansas, USALL ;zKeepGuard,
Keeptime Industrial (Shen Zhen, China)) ° @j
VIREE 0 E E H I Ry e E AR & A E BRI R
REYEE » KBEIYIAEE) - FlaEe ~ 2
P~ TTEFTREE G R HTYSE L (e.g., Song et
al. 2012) - AEHE T SR EAE AR PR v /MR T IS
i HE BB 2B - B EAY0.5 m - [EE
AR GERAE Lo FEZEfERE L EEENR
AR B AR S BB TR T RE S B A » IR
SHETRE MR TE TRUMTE o ARSI EIE
WA R YT 0 8 WA R B
PLOI{H (occurrence index) R » HEE ik
Fo o (FFEVIRE R B AR B 2 B UM Fr B AR B
A TAEIRFS) X 1000 h 5 R R P2 HI B e Rl
2B Pei and Chiang (2002) 2 EF « —fE/ N
DA [R] — 2 {1 e 1 32 S R — 3R S8R
B o 3l H S — R VR A RO IR ] B
BISARERC Sk o #8 AR IRF SR 3t S A2 1 52 et

283

PRI E (B 4G A 5 - BIFSEA B IR E R
1k —H5E2,736/\F »

(Z)ERIT

LAY SRR
AL REIRE T EEYE B (species

richness) » Shannon’s indexf1Simpson’s index
(Magurran and McGill 2011) » Hill (1973)$8H
=L EERETHE - ARG - W
Hill number {3 EH YR S S B FIRR B AY 0
HEME - HrpHill number = 0 (No) Bl S5 A 10
BE - FRI AR YU RE BE % 5 Hill number =
1 (V) BV BRI 2 B IR i B - 5
[E]fAShannon’s indexHY¥5E4{H ; Hill number = 2
() BIV s B B pia IRE A A SR B 2 AR
Simpson’s index 1 FE{E (Hill 1973) - FfFiE2
TREITEAT
« N, (VIFEER 5 IRERE A )

Ny=8

FHrh SRy METT N Z P et YR g -
* N, (Shannon’s index/U$E#H ; WS S

J& IRER A A 20

N, =¢H'

S
H'==) [plnp]
i=1

T p iy B 1 A BE B VR T (R S Bz
Lefl o WA IFEREH (Shannon’s index)iE
M sk - HAARAE AR BB B —Ea e
J& 1A F— VIR RN E & (uncertainty) » N FEE(
KIEYIRER BRI - B R E I R
RGN B2 H AR AR LU -

* N, (Simpson’s indexPMJEIS{E 5 HHE B N
FERIE BCITE )
N,=1/
=217

llftﬁ@'(%@%ﬁfél (Simpson’s index )fE i
AR o AT AR % B i A — YRR
HENROEN R » FHAMEER AN/ MEST R
H B — W REAH L - OB N TR - BUE
il - AREBERY RS -



284

2 N BOAH BRI S3AT

Ko 7 W% i /1N e W) R R AR 1R R B Y
TERE - AR AEN L 2SS
T3 (PCA, principal component
analysis) (Gotelli and Ellison 2004) - {HEEE
LI Hellinger transformation (Legendre and
Gallagher 200 1) R 2 4% /7 I RHBHHEEE 2
FiRR%% o Ak A A By Euclidean distancefcluster
analysis (Ward’s method ) tEEE> £ - Hellinger
transformationft) 3= 2 H /Y b K P C A ¥ i {E /)N
B o3 PSR IRE R R ORI RIURR -~ REIR
@i 2 R SR B (Legendre and Gallagher
2001) o Correlation coefficientHl|f# fiPearson
correlation (r) © McCune and Grace (2002)f/1
Borcard et al. (2018)Z&35EPCAflFITRER B2 K F-FH
B 43477 & BB 1k FEBR FI permutation test (1) o
It AR R EEE R DL Z-score normalization
% » Llpermutation analysis3kK{5PCAfHFI IR
BRI T FHB Z B - A R SR R (<
0.05) 2Kl F &R PCAIE - it/ 46 FI Rk
#8(R Core Team 2019)H1#yFactoMineR (Le et
al. 2008)E/FPCAZHT ~ cluster (Maechler et
al. 2019)E#ffcluster analysis » permutation
testfifi fHveganE - H1fenvfit function (Oksanen
et al. 2019) - jfijPearson correlationfISpearmen’s
rank correlationH|fI| [ Hmisc (Harrell and
Dupont 2019)EH-ZE - 4 & HI{# i factoextra
(Kassambara and Mundt 2017)&{#: frggplot2
(Wickham 2016)Z {4 -

= AR

PEAE R I SRBN 12 16k B - A
MR 2.0 £2.0 stems m™ (mean = standard
deviation (SD)) » HH{140% B 77 i R b2
FEER 1.0 stem m™ o [f796.7 % ks 504 M B A bk 22
FEEDR5.0 stems m” (Fig. 2) - FHEEIHI R i
VITESILET18%E » 3@ ISEH SR - I E Ry
29.4 cm (Table 1) « ¥ & ix % HYIRERT A 4K
Frky B - BREREEDRE ~ D3l ~ 2L
(Maesa perlaria var. formosana)F1[LIHIMI(Litsea
cubeba) (Table 1) S AFEY)HI 3= 22 DURAH

B A F A AR RIRE R

50

40

30

20

10

Percentage of Subquadrats (%)

0 2 4 6 8 10 12
Seedling Density Class (stem m?)

Fig. 2. Frequency of average woody
seedling density (stems m”) of subquadrats
in a logged China fir plantation, Huisun
Experimental Forest. The x-axis indicates
the upper limit of seedling density class.
For example, x = 2 includes the frequency
of those subquadrats with seedling
densities of > 1 and < 2 stems m”.

TEYIANEERR (Histiopteris incisa) Rl HEFE s HEZS
R

PCARKE R R 25 /Mg 7 2 BRI FH B
(Fig. 3) » Hrf » PCASE—BIFIEE — ol 25T 3%
] fE R AR A T S 19 50.4% o R E /MR
TR K 7 FIPC A S — i 2 5 — il i Pearson
correlation analysis[ Jzpermutation testgf7~ » 18
B /INVE TR 0 T S T (PRE JE R R M5 g
BB EREIE) DU iR AIPCA S — B e
TR ER R ARG) B o T AR BRI T (5
B ~ B DU 1) B P C AR R il Y 38 67
HIRNEHZE (Table 2) » #REURINFig. 3z - FIH
cluster analysisf55E » HKF /MR T RO PIRERE K
SRR 0 B E EERAPCARYE L (Fig. 3) - 55—
FER(E BAER FE A Ry it 2 5 P S AR R R
BREEPRAH (A class = 3; Table 1) » FE4AAE
JE TH M S AR m i BR (Fig. 3) « B8 FEAY (R
BRI Ry R NI A SE B T AR YIRS 1 50
F(An, class = 1; Table 1) » FEIHAGE FIGHEME
BEBRIE MY E SR e
(Fig. 3) o 25 =FFAY18 BA BT FEARYIRE Fy Hh BT e
HIBE AR (A, class = 3; Table 1) » 325
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Fig. 3. Seedling composition in a logged China fir plantation, Huisun Experimental Forest
Station. Hellinger transformed species composition data were used to calculate the distance
between subquadrats in the principal component analysis (PCA). Characteristic species are
indicated by black arrows. Because the coordinates of many species are relatively closer to
the origin than the 3 major characteristic species (Mac_zui, Las_for, and Mal_pan), black
lines indicate the relative positions of the species to the origin. For species abbreviations
please refer to Table 1. Significant correlations of PCA axes with biotic and environmental
variables (fern and overstory cover; red arrows) are indicated. The length and direction of
the red arrows indicate their relative correlations with both PCA axes. A cluster analysis
was used to group seedling subquadrats, and group mean points are indicated by the large-
sized symbols. The number of subquadrats in this figure is 29, because one subquadrat with
no woody seedlings was not included in this analysis.

SRR AR F R B B4 H BT (Appendix
1) o BRI R B B - H W R R B
RS - BEERE BN 2RI BN,
N, ~ FIN,) R G g 78 35 A #E et
(Spearman’s rank correlation analysis; Table 3,

Fig. 4) » MIHALK 7RI A B2 HAHRA 1 (Table

3, Appendices 2, 3) o HIfE ] 7 =R A Bl 4
#r + B AT RERTFERR M B PRI A S B - R IR A
#H# (polynomial linear regression p > 0.05) ° 3&
RERMEE ~ KN E R BREE T ERE L
i+ e AR R B B R 2 R M MU R
Huy o BRIL A - ARREEHE R 16.5% 1
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B A F A AR RIRE R

Table 2. Correlations between environmental indices and principal component analysis
(PCA) axes of seedling composition in a logged China fir plantation, Huisun Experimental
Forest Station. The correlation coefficients (r) are Pearson correlation coefficients.
Explained variance () and p values were generated by permutation tests. Variables with a

p value of < 0.05 are indicated in bold

. . PCA axis 1 PCA axis 2 Permutation test
Environmental index
r r s p value
Herbaceous plant cover (%) -0.022 0.358 0.129 0.174
Ferns (%) 0.181 0.466 0.250 0.026
Monocots (%) -0.053 -0.060 0.006 0.937
Dicots (%) -0.011 -0.341 0.116 0.197
Spiny plants (%) 0.026 -0.065 0.005 0.952
Overstory (%) -0.271 -0.369 0.209 0.035
Subcanopy cover (%) -0.291 -0.194 0.123 0.168
Canopy cover (%) -0.124 -0.378 0.158 0.103
Woody debris cover (%) -0.101 -0.207 0.053 0.481
Slope 0.259 -0.026 0.068 0.398

Table 3. Spearman’s rank correlation analysis between diversity and density indices and
other environmental indices. Variables with a p value of < 0.05 are indicated in bold

. . Density N, N, N,
Environmental index
r p value r p value r p value r p value

Herbaceous plant cover (%) 0.086  0.658 0.031  0.873 -0.027  0.889 -0.013  0.949

Ferns (%) 0.110  0.571 0.068  0.727 0.034  0.860 0.059  0.761

Monocots (%) 0.084  0.666 0226 0239 0.197  0.305 0.193 0315

Dicots (%) 0.325  0.085 0.164 0397 0.116  0.550 0.104  0.592

Spiny plants (%) -0.134  0.490 -0.148  0.442 -0.174  0.367 -0.198  0.304
Subcanopy cover (%) -0.414  0.026 -0.367  0.050 -0.383  0.040 -0.373  0.046
Canopy cover (%) 0.014  0.941 -0.283  0.137 -0.298  0.116 -0.298  0.116
Woody debris cover (%) -0.091 0.638 -0.043  0.825 -0.068  0.727 -0.072  0.709
Slope -0.242  0.206 -0.109  0.574 -0.056  0.774 -0.067  0.731
Aspect -0.050  0.797 -0.276  0.148 -0.333  0.078 -0.342  0.070

BT EERMED LR BRI EETM -
Bk PR ~ (LA 57 - FEsth i kA
VI S AR/ N T BB R A R
Frtbw o AR/ T R R BOR R b
(branch ratio)f& = (p = 0.002, +* = 0.46, n = 17)
(Fig. 5) »

T2 3R 2 JA R AC R B AR & IS B R R oK
R A EE Y E R G Y o Hop DI
(Macaca cyclopis)HBRIFHEE (occurrence index
5.12) By ~ HAMRIOR Z #8115 (Muntiacus

reevesi micrurus) ~ Z{HEF[1ZE(Capricornis
swinhoei)FIFREEN Bl (Callosciurus erythraeus
thaiwanensis) (Table 4) -

g

P

B

ARG BB MR E I R, - RAE AR
TAMER FTORIHEEE) C8ETHK
AR KRR o BRI IR E K Ry
2.0£2.0 (stems m™) » 3E A2 L H 6 -
PR TR L 2 T R (A0 1L11.5512.7 stems
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M AR AR SRR R AR BT - AR AR H A
BEZEIMEBE AR - ZETN =S
PEFEBU(N, ~ Ny~ FIN) BIHE R < FT AR 823
(Appendix 1) » JEZ A /MG 5 A A i 18] 8 B4
TR b (FEMREE 2.0 £2.0 stems m?)FTERL © 757N
BB EERERESWERT - Z—EER
AL ATRE L — YRR - 2 st Al Bk T £2
i o AL & R 8 B O S E R )
ATHIERSE A FAH BT E(Fig. 3) » SCFRPOE SRR
B JIE IR Ry e i B2 A2 B Y B4 (Kuo and Yeh
2015) « DUN 73 BRI 4 B 15 5 A o R A
A7 BT 7(Chiu and Hsu 2015) A1 LGS

A
i ©

1. P L B 5T AR AR 952

T A SRS SR ] — bk i AR SR 65 SR
LI - AR E SR E AR - A
FEMR R EA/NET © Lu and Ou (1996)3 % 1 [A—
MREEHA AR - ST @ S R =
EEAC ~ T IUKLAG - IR T /N3
RIS S o AWFSE H AT A F A 2 T
FIRE T~ NIRRT AR - 7R E Rk
fRphtrh - E BB R i A R AR SRR
/NETRETTAME - R BETEHREE T RN ISR Y
R BRAN - MERADF7EE R 19994E9 H 21
HEER » GAEEAM B AT (Feng and Lin
2003) - BECAKIET - (HHATEER AR T
R/ NBE R AR 13 77 AE F BT A 200 mai ) J A bk
L HEZIR AT AR m] SLBIAS A 38 2l A 1
/N o IR AT e B A 8 R AT A I A
I IR BT RN ZE R AR (OR B it 1%
R - A ARER B LY R RE T AR IR Ak
AN B (O 3 2 B N AR AP BRI

AR RATIAZ A M ERAH L - A]
DAZEBRA D AW e iR A B ek v Rl A - AE AR R
HIENE Bl B AR cmffE#8(Lu and Ou
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1996) - Hat/Z i » ELEF AR F N AT
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PORE R/ INE o TS L A R R A R A
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BHFEDETAMRAE O EEE ~ O3l
T (L2 RFAERZE T HF MBI - &
BERIAS R A W RE 2 Z IR R i & i
FRRRBE TR v R & T SR B KA E R Y)
o f% LAl - W DAHERR AR SE T AL ER B 2
EILEETE ~ R - (AL
JRE 40 - 4 7 Je e A R T B T2 -

3. R A T B AR B it 2 BRI K] T

o v A AREL o = 52 2 e AE 4 (M S A
KM ) Rt B R KR A R OS2 8 - T LAt 3R
BINTEEITANK (Fig. 3) - MIZeREARZA
AN THAETTHI SR % - SR T A boe e ¥t
FEEREA - KM IR £ 2R R A YR (A



288

JE3HE ~ (LIRLHIFI &G SE) - 38 XML g P
JE 2 ARAHT EAER AT 32 8 K AR BT 1M 2 0L
T - DEEYEEERSZE  SeEsAEE
o JEE i B2 B SRR HE PR A (A class = 3) > TSR
HEAME B EEERECRE - BeESER
JEBRTE ) 15T (A class = 1) (Fig. 3) - fHfF
EERE - BREEEREEATT - DA
(A class = 3) Ly & 3% - iR Table 1 ARF5E
A MR RZHET LA BT - A PR R i
R EARI R (A~ SRERHEDRR - 2298 1k
e~ IEAR) - A — TR A i B T (5
T) o Hrfr o fR#Kuo and Yeh (2015)f7RF5E -
HLEA RS 1 88 (Litsea) Byt e 5 B m] Bt 26 Ry o
Fifkz(Table 1) - HAEBFINRE T - 1LIHIHUE
TS T 2 R AL ) e R M e - A 7 10 5 S
B o KL - AUTURE (BB R R R AR D IR R
(E 57 B LR B AR A i BRI REAR » S5 RN
FF&Fig. 3R © BREREEBRAS E R AL M I 7 22
FEBGE /RS - TS~ IR A4 R AR
MR o 7 AR/ IVEETT ©  R  o E
Pl - thte HAE T AR P T i3 17
i AHPCARYHRE R BUR H/ NG (50 7795 Y R 2
BELBRRR (Fig. 3) - AWRFEd - FE5 R
Vi T B BB HE PRSI 20 — TR 48 S50 A i
ARAR S T EE i R AR R £ H R A R
ERERERL DR BT E (Fig. 3)  ARIRAEH fhith
BRI BF SMNELER - BRERHE PRAS HI LAY A4 B st
e RS - RIRE AR — FERSE — R AR TR
fE 8k oy ERRTER - ISUUR R A
REANFE - G R E DI REREE -
BRI - RRA DL ERER > EAEEE A &
RIS FTR] R AR g 1 B 7 -

4. B E BERE AR 0 B AR B 2 BREE IR T
FE o v O S RS T T - KOMK RS e T
A PR O AR PR 2 R T
(Table 3, Fig. 4) - [Kbt - Jeni M FEEE
JEOEE) MR T B m] [R] R e i Bt i ) 7
NEEAE - A B SRS RIS - A
BAEEARYFEHBE - RBER XML E %
HIEE - R AR (Fig. 4A) kL1

B A F A AR RIRE R

PR R (Fig. 4B-D) » DUFHEFE E R IR RAE
J&& LIS n e AR MR/ N Y B R 2 AR 1 - (BB
B L ERAAZEWME - KRRy iE XA
PR AT R AR R - EZ AR AR RIRRTRIEAE
PR Sh AT R EE(KIC BN » BRI 4
R ) A 2R i S A 5 A T/ N O B DT R AR
FIERIIE -

DS v i R 2% S B St i ML V) 7 2 B
LB AS IREE » g Y & % 0 A T
R E T T T R 4 SR BB /N B Y AR A7 (Table
3, Appendix 2) - KRS B BIMBAEY) E &
A B YT 2 BRI B R 2 2 (Table 3,
Appendix 3) o AWFFER20184EFARFHEIT > A
AR Bt 1 St ARBE B By B 58 - 12
— A S A A R e RS S A B AR R A
VICERR A B SR i ) B 2 - IR SE 38
BB A Y i n9 B (Royo and Carson
2006) » HAFFGEANT Y 50T A0 43 R AE 35 26
FRAERE ) A R =R/ MR TG (Fig. 3) < @84
A BRI YR OB FRY R E - A
B RE - EHYMESFRER LSRR
I (BI A @) AR EIRY 4 B 3 I — i Pk
Red & O R YA R R B2 R A T AR
P o BESRATIL » Hit 507 B St 4 F ) SR AR
— it HERECEEF - T RER EEH Y
TR REERE - KREBEHELHE
FIEBE R A R R SR

DIt V) 2 s - Bl JH A S 4R
AR RS SRS HE T - 4 AL S v ) PR A
£ (herbivory)Zi s {5 & (mechanical damage °
W ED R IREEME T - MR Y 3 5 K
Fy/ BT IR - R e B 2 B EE B = (Fig.
5) o B EY S B B G R THA B B i 1%
Frigsy - thgt 2 E o Rpsim EIHA Y=
WG - WA 0 R EE EERIK
B W HA AR E YRGS - B HE R
$EL 65 7T HE o ME T HE B W (411 2 @) O 1L R B A
B FE R B AR T T A o FE R S HE B
WML ) A St M AL V) 7 2 P e Y St R R - 1
R B (5 HE BN ) HI T2 SR AT A ) 7 2 T R T
H))(Song et al. 2012) » [K] L Bk 2R 7 35 P 0K



EEMEERIE 35(4): 277-96, 2020 289

]
)
o

©
1
~

o

Density (stem m?)
S
o o
] F L]
L
L ]
L]
80
[ ]
o}
L 3
Diversity Index No
N
L ]
[ ]
L ]
[ ]
L ]
o Jo
(]
L]
L 3

o
It

75 100

0 25 50 75 100 0 25 50
Subcanopy Cover (%) Subcanopy Cover (%)
(©) (D)
5 L] .
- 44
z 4 LI . - ZN 3
35 Fal e o
S E |
22 2* !
£ 2 »
g1 S1{ ee o S e o e =
a a
0 04
0 25 50 75 100 0 25 50 75 100
Subcanopy Cover (%) Subcanopy Cover (%)

Fig. 4. Relationships between subcanopy cover and seedling regeneration. Densities and
diversities of seedlings were all significantly negatively correlated with subcanopy cover.
(Spearman’s rank correlation analysis, p = 0.026, 0.050, 0.040, and 0.046, respectively).

Table 4. Animal occurrence index ([effective photos / working hours] X 1000 h) of medium
to large mammals in a logged China fir plantation, Huisun Experimental Forest Station

Species Chinese name Camera
Cl C2 C3
Macaca cyclopis R 5.12 3.65 439
Muntiacus reevesi micrurus i FE 5.85 0.73 0.00
Capricornis swinhoei T 0.73 2.56 0.00
Callosciurus erythraeus thaiwanensis TRIERS B 0.37 0.00 0.00
K B Y TH 2 4R B3 FTE /2 Table 4y R AL 2L o "
WY AEEI5E « EEFLENES - 52 .3
EENEME(Lophura swinhoii) ~ V1#(Bambusicola g
sonorivox) 5 H M # MUV Y B - N
FIEENE - 2 LA RS R H At & §‘°
HOE K I {E 0.18 (BEAH®, unpublished ol ar + y
data) - [EAER AR PIO A Al %256 Fern Gover (%)
(Table 4) » BT AHRZEH H A B Hb B L o 2 Fig. 5 Regression b.etv.veen fern covef' and
E MR P | T S B - AT seedlmg branc%n ratio in a.logged China fir
OB TR R Lo e LU DXPerental forest
o tation. Branch ratio = total number of
BERPITE S BR AL - (LR TP BT B branches in a subquadrat / total number of
VML BT T - T e AR v £ L 45 3 stems in a subquadrat. Only subquadrats with
R R W AR B - BT — A > 3 seedlings were used in this analysis (y =

H A ) ST B R DR AEURE - logx+¢; p = 0.002, adjusted r* = 0.46, n = 17).
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Appendix 1. Woody seedling density, diversity indices, and micro-environmental variables in a China fir logged forest in the Huisun

Experimental Forest

Stem Woody Herbaceous Fern Subcanopy  Canopy
X,Y) . . Slope Aspect
. Group density No N, N, debris plant cover cover cover cover . .
coordinates (stems™) cover (%) (%) %) %) %) © ©
(12,08)  Group-2 1 1.0 1.0 1.0 0 40 30 5 0 23 343
(12,10)  Group-1 3 5.0 4.8 4.5 5 35 30 0 5 23 5
(12,12)  Group-2 1 1.0 1.0 1.0 30 25 20 30 0 36 46
(12,14)  Group-2 4 3.0 2.5 2.1 5 20 50 5 0 15 351
(12,16)  Group-3 5 2.0 1.4 1.2 15 25 15 30 60 22 35
(12,18)  Group-3 1 2.0 2.0 2.0 15 15 15 5 60 28 20
(14,08)  Group-2 1 1.0 1.0 1.0 0 15 8 15 5 33 340
(14,10)  Group-1 2 2.0 1.8 1.6 0 20 3 100 80 30 315
(14,12)  Group-1 3 3.0 2.7 2.6 10 20 15 0 2 22 5
(14, 14)  Group-1 1 1.0 1.0 1.0 30 25 20 60 0 6 39
(14,16)  Group-3 11 6.0 3.7 3.0 25 30 3 0 0 22 50
(14,18)  Group-2 2 3.0 2.8 2.7 30 12 2 0 0 16 0
(16,08)  Group-1 1 1.0 1.0 1.0 90 40 15 5 5 18 38
(16,10)  Group-1 2 2.0 1.9 1.8 30 40 10 25 2 9 42
(16,12)  Group-1 1 1.0 1.0 1.0 40 45 10 70 5 23 24
(16, 14)  Group-1 1 2.0 2.0 2.0 10 15 10 50 0 21 45
(16,16)  Group-1 2 2.0 1.9 1.8 10 50 40 5 0 16 19
(16,18)  Group-3 3 2.0 1.6 1.5 50 50 40 40 0 20 43
(18,08)  Group-2 1 1.0 1.0 1.0 5 35 5 0 10 22 40
(18,10)  Group-1 3 4.0 3.8 3.6 15 30 10 10 0 36 22
(18,12)  Group-2 3 2.0 2.0 1.9 5 60 40 5 50 27 44
(18, 14)  Group-2 1 1.0 1.0 1.0 5 65 65 40 0 30 16
(18,16)  Group-1 3 1.0 1.0 1.0 10 30 10 0 70 18 50
(18,18)  Group-1 3 4.0 35 3.0 20 75 65 20 0 15 30
(20, 08)  Group-2 1 2.0 2.0 2.0 10 15 10 30 0 27 25
(20,10)  Group-3 1 1.0 1.0 1.0 30 25 5 50 10 12 43
(20, 12)  Group-2 2 3.0 2.8 2.7 10 40 2 15 2 23 12




o con’t

“ (20, 14) NA 0 0.0 0.0 0.0 15 75 70 0 0 29 41
(20,16)  Group-3 2 2.0 1.9 1.8 80 45 45 30 5 31 52
(20,18)  Group-2 3 4.0 35 3.0 10 70 65 5 0 8 43
Average 20+20 21%14 19+1.1 1.8£1.0 203£215  362*185  243%216 21741249 124£240 220X£79 72611067

N, Hill number; NA, not applicable; SD, standard deviation.
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Appendix 2. Scatter plots of woody seedling density and micro-environmental variables in a

logged China fir forest, Huisun Experimental Forest Station (Spearman’s rank correlation

analysis, all p values > 0.05)
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Appendix 3. Scatter plots of woody seedling species richness (N,) and micro-environmental
variables in a logged China fir forest, Huisun Experimental Forest Station (Spearman’s
rank correlation analysis, all p values > 0.05)
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