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Effects of thinning on growth and structure
of overstory and understory vegetation of a
Japanese fir plantation in northern Taiwan
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Abstract

The management of Japanese fir was for timber production as primary
objective in Taiwan. Most of the monoculture stands composited of the
species frequently lack structure diversity. We examined lowing thinning
effects on growth and structure of the overstory and understory vegetation
8 years after treatment. A 28-year-old plantation in northern Taiwan were
thinned with 4 intensities respectively: heavily (515 + 75 tree/ha),
moderately (660+36 tree/ha), lightly (995+41 tree/ha), and unthinned
(1,4631+312 tree/hd). After 8 years, major results from this study are

@
@

©)

®

thinning enhanced the height and diameter growth of residua overstory,
especially of dominant trees,

the annual increatment of stem diameter of residua dominant trees
with stand ages was enhanced in heavily and moderately thinned
stands,

the openness of overstory canopy was decreased by approximately 8%
in stand with heavy thinning treatment which was more significant
than other 3 treatments;

due to the difference of growth rate among tree sizes, the clumped
pattern of frequency structure of tree sizes in heavily thinned stand was
shifted toward normal distribution;

stands with heavy thinning offer the opportunity to restore vigorous
and complex understory vegetation.

[ Keyword] Stand structure, tree growth, canopy openness, frequency

distribution of tree sizes, annual ring.



AL HEE B pRRIIE A AL L RiE RS (monoculture
plantation) % & i¥ » = & + 2 =44k (mixted stand) 5 @k o] 0 28 R
2 (Sands, 2007) - b A< 4 A > A I HEFHEFLER R ﬁﬂ?.%’*/%
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(1) #Feey

AR BATA R RS AT F 292 344RsT s 2 L5 121707307 - A
S 24°30 427 o iu kA e 1974 & 1w AR 0 & 44 28.18har i & BHE L ¥R
ot blend B R A4S e R R HLE R R 5 1,900~2,100m > Hom § e o B
B 2003 30T I S ABEY > EEY 17C 2 AR Y
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HA fgs 5% S A 4 1500~2,300 % haz B #d 5 15~16m (4 1)
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A BRSO AR R R
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3. BH AL LART AT
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Table 1 Stand conditions before thinning and changes immediately after
thinning of a Japanese fir at Guan-Wu.

B P

# % R YR 3 R HRE
3w (k/ha)  2365+222  1655:690  1845+120  1560+335

® B, pedis(4k/ha) 51575 660+36 1000+36 -
#5155 (%) 78+2 55+16 46+3 —
gr 5w (m¥ha) 87.9+95 86.61+10.96 100.4+85 82.3t116

U B (m2/ha) 32.6+3.7 53.88t11.98 72.7+6.0 —

# B s & (%) 62.7+4.1 37+16 27.6+3.7 -

7o 59 (m/ha) 650.9481.9 667.7+489.9 774.0:72.1 635.6481.1
H A et s(miha) 25444338 430.7+1049 573.0+50.3 -

Fi 15 % (%) 60.8+4.4 35+15 25.9+3.7 —
Ee 5 (m) 20.5t1.4  25.7+4.8 252t14  24.8t16
T ¥ pe s is(m) 28.2¢31  31.6t4.2 29.8t1.0 -
B3 g6 (%) 374184  24.1+7.7 18.6+2.7 -
B 5w (cm) 15.0+0.4 16.2+1 16.3t0.3  16.2+0.3
I3 g5 (cm) 17.1+0.4  17.4+0.5 17.310.1 —
WO s (%) 13.7+2.6 8+3.3 9.4+1.5 -

LA g5 AJ2 HcE ' meants & 7

() sdEmkERA LB

LB RILE A R BB AT G R ARG R F T 30% 0 5 3461279 0 H 4
&k p gt 30060 TR ALY SRS 0 AP AE R P PRE o b
8 W2009E - G AILEE Ap S 2 HEE B BB S P Aot 2001
ELp o 30060 T 0 K U5 RE S RS T7H44% A & 5 26.963.3% 0 T
BE R 100 ReLhox 0 8 RH S 5 21.8t11.8% - A R R A B F
BRSO R G 1743% i & 2001 3 2000 & o g F o) F AR B AMS R
R Y 9-11.141329 (% 2)
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Table2 Changes of stand canopy openness between immediately after thinning
and 8 year after thinning.

e BOY
w R PR 3 R ke
TR 34.6:2.7F 276458  20.9+3.2% 21.5+3.3
s 8 26.9+3.3° 21.0+435° 184+3.1° 17.2+30°
g8 7.7+44 66466  -25+3.0  -4.3+4.4
% % (%) -21.8+11.8 -20.6+21.2 -11.1+13.2 -18.2+19.4

¥ P F-mBRAB2BHHOTIHELNI FEFAETEFLLRAETF

() =k BRAEE A A M G
FhRERZHRAGRADELE > A HA BRI ARES 3 %5 # (BA)
Fon kv o M FR B B E 2 KRG B 2 k2 BA S B
AN G - ERMHM G R°=05806 (K 2) ¥ d 4 $1BA it L5
K BRBEGA | A HRA RREY P o blAchin S HkA o g F A
BA %o ¥ 24 B A - H3m6 24 B R A TS ik Moks L3 7 2319

Hpep & o
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Bl ¥k LB R R A2 % o 2 12002 > + 12010 # -
Fig.1 Canopy images in various thinning intensities of a Japanese fir plantation,
left:2002 ; right:2010.
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) A 2002 fl 17
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Fig.2 Relationship between canopy openness and basal area of stand.
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Table3 Growth responses of overstory trees 8 years after thinning.

R e WM
%R "R OBAR Hige
2009(#k/ha) 515+75 660+36 995+41  1465+312
® ¥k 0 #(tk/ha) 0 0 5+1 -95+41
w0 5 (%) 0 0 -0.5+0.1 -62
2009(cm) 33.4+4.0 36.4+4.1  331+0.7  28.3+27
T 3= 4 &£ g(cm) 5.240.9 4.8+0.6 3.3t0.4 3.4+1.3
g E 4 £ F (%) 18.3+1.2% 15+30® 11+1.8°  13.744.6™
2009(m) 45.8+5.6 71.2¢1356 88.5+4.8  98.9+10.9
% 4 £ E(m) 13.1+2.0 17.33+2.96 159+19  16.6+6.0
B A EF %) 40.0+2.0° 33.0t7.0° 16.0+3.0° 20.8+9.8°
2009(m*/ha) 21.4+1.0 22141 214402  19.9:0.8
T 35 4 &£ (miha) 4.440.6 4.7+0.5 4.1+0.1 3.740.5
w3 2 & F(%) 25.5+2.7° 27.0:2.0° 235t04° 23.2+2.8"
2009(m*/ha) 452.1+72.9 731.5+163.9 851.8+49.9 9459+101.5
H f 2 EB(m’ha) 19774394 300.8:62.88 278.9+11.0 310.3:62.7
4 £ (%) 77.245.9° 71.0+7.0°  49.0+4.6° 49.4+12.6"

FIEmBRENARFAE T A AL AT

(V) H& =

GREBS RN R St R AT Ak 0 2 #4RA p Ak D 2009

AR RE AR

ExAPFORE AERHE A 402 2009 £ 50 0 2 A EHeHfFRLEE N
BRMA R LA 107 mYhay B AP BRant R 9685 mihas &= 2 HEBE
945.9 m’/hav B > % % 5 K 5 5 T 2 848.6 M/hac $ M o g 5 A B B R fugn 5 2 W
oA e 28 miha (% 1) prdts 8# » Lptb B AHEAE TR >
BY B RmSRASY120mIha i s b o
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Table4 Timber production of different thinning treatment stands.

PR ASL GRS 2000 HRA HRA RS e
(m®) o ARM)  gsw  gmsp 8

WA 396.5 452.1 848.6 1.03 0.90

R 236.9 7315 968.5 1.06 1.02

B R 201.0 851.8 1,052.8 1.22 1.13

HRe - 945.9 945.9 1.0 1.0

(V1) tiEmzi4 &

AT E-HERNIFIEET FANE E LA B2 HRARE TS AR
FREs A58 kAL E Lot B4R (£ 5) ABAMB R 4 E L
42cm i ek h o pa 3 s 8 H 43 St £ E A G B L 1.75+1.1cme
FiRfEaei < { 22 £ E > A% 53+21cm 2 49433cm o g S T B
F 6.0t24cm e ¢ R Z B ARMB RF A TaikA G R A2 E R R B 4
ez 3 R RTINS RFES T Pk LA A o i LR AL £ A S 034
PSR g ’*w’%iﬁ@a;’%ﬁ@ﬁ%%a%¢ﬁiiaﬁﬁ
FEM e RHERR AR ERCF IR IR DL TR EA RS YR

m"' I\IFL 7‘?10
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Table 5 Growth responses of DBH in different stem diameter classes 8 years

after thinning.
RS v RER
EEFR pmepT ps8E TidE BT ms8E Tiod L
(cm) e T35 £ (cm) e Ty £ (cm)
(cm) & (cm) (cm) & (cm)
I X< 18 15+0  16.8+1.1 1.75+1.1% 15+0 1740 2407
0 18<X< 26 23.3+t1.9 27.6:29 4.3+2.2° 22.742.0 27430 45+2.6°
I 26<X< 34 288#2.1 34.4+30 5.6+2.1 29.742.3 34.7+38 5.0+2.9°
IV 34<X< 42 30+20 42.9t29 6.0+2.4° 37.6+3.0 42.4+35 4.8+25%
Vo X=42 — — — 44+34  49.3+43 53#2.1°
BRES HRe
EEFR pmoir gms8E Tiod FBHT g 8E Tivd Lk
(cm) e BTy L e sy £ (ocm)
(cm) & (cm) (cm) (ecm) & (cm)
I X< 18 18.0+40 19.0+1.4 1.0+1.4° 13.1+2.8 14.5+ 1.5+3.9%
0 18<X< 26 233+19 26.7+24 3.4+2.0% 223t+24 245+34 23+25°
M 26=X< 34 29524 32.8+3.1 3.241.9° 28.7+2.1 31.8+33 3.242.2°
IV #=X<4& 365+1.9 39624 3.1+1.7° 36.4+2.0 40634 4.1+0.7°
V. X=42 42914 47.8+2.1 4.9+3.3 458+31 47.7+59 1.8+3.2°

XA R ER D R AMS S AT 42em 2 2ok o

A g BRI Pﬁf?‘-“%%r‘ﬁ—‘ﬁ%\»g;;ﬂl,g‘:«.ﬁfg“
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Table6 Dynamic of understory woody plants in various thinning plots.

2001 (grafs) 2003(pndfs 2# 2010 (grtdis 9 &

A BA FA A A A

5. 19 5 29 4 31 1
R YR 9 7 19 7 22 2
B3R 15 4 27 6 23 1
HRw 22 8 19 6 19 4
58 125 46 4825 101 400 134
BirE YR 29 7 6607 22 132 22
B3R 69 17 11660 30 224 103
HRw 73 34 435 45 98 12
5 & — — — — 166 192
T YR - — — — 145 165
BROBAE — — — — 75 81
(m) ¥HREw - — — — 65 55
*FEcE Riics IR 4 B 0.05ha X A R 2 Sl
- & RRE
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LR F 2 A A M LA

(a)~ Rt
g N
oy L 2001 # | 2003 & (2010 # 2010 #
& (cm)
¥ris Cryptomeria japonica 0 1125(721) | 142(96) 2-130
NERLE 5t Litsea cubeba 0 6250(1594)| 29(15) | 100-350
¥~ Eurya japonica 3(3) 7(9) 16(5) 30-350
LR S Eurya strigillosa 1(2) 7(4) 10(10) 50-350
AT Rhododendron ellipticum 4(4) 8(8) 709) 50-400
SR Symplocos glauca 1(1) 3(3) 6(3) 50-400
BLATAR S Neolitsea acuminatissima 0 0 4(3) 60-400
=t Machilus thunbergii 2(2) 1(2) 4(3) 50-400
B A% Ternstroemia gymnanthera 3(1) 5(6) 4(3) 100-350
#E Elaeocarpus decipiens 0 1(D) A7) 30-280
A Symplocos paniculata 0 0 3(4) 120-300
LE Castanopsis fargesii 0 0 2(4) 200-600
Tl & Securinega suffruticosa 0 3(5) 2(3) 100-350
LEAFS Litsea acuminata 1(1) 2(2) 2(2) 50-220
£k AF Castanopsis carlesii 2+1 1(2) 1(2) 250-800
g+ 1# Cyclobalanopsis sessilifolia 1(1) 1(2) 1(2) 300-400
e Ilex formosana 0 0 1 320
ic D& |Camellia euryoides var. nokoensis 0 2(2) 1(1) 200-400
oL 3 A Diospyros morrisiana 0 0 1 250
L AjS Litsea morrisonensis 2(1) 3(3) 1(1) 200-220
i Sassafras randaiense 0 2(2) 1(2) 180-220
byt s Viburnum taiwanianum 0 0 1(2) 120-300
FrAdi Cinnamomum subavenium 1(2) 1(1) 1 200
FE* + Ilex goshiensis 1(2) 1(1) 1 200
A e Machilus zuihoensis 0 0 1 200
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Kok A Ilex micrococca 0 0 1(1) 160-200
REMAGS Neolitsea variabilima 0 0 1(2) 120-260
| TRTA RS Neolitsea parvigemma 1(2) 1(1) 1(1) 100-240
<7 Clerodendrum cyrtophyllum 0 0 1 100
B ol % Viburnum propinquum 0 0 1 100
X E Acer kawakamii 0 1(2) 1 50
EEY A Eurya leptophylla 9 (10) 1(1) 0 -
S Callicatpa randaiensis 0 1(2) 0 -
~EAR Osmanthus matsumuranus 1(1) 2(4) 0 -
- A % Malus formosana 1(1) 1 0 -
s T Michelia compressa 0 1(1) 0 -
L Vi Evodia meliaefolia 0 1(1) 0 -
%G Elaeocarpus japonicus 0 1(1) 0 -
oL 4 T Prnuns campanulata 0 1(3) 0 -
b A Trochodendron aralioides 1(1) 0 0 -
fe e £ A A Symplocos stellaris 1(2) 1(3) 0 -
! Acer serrulatum 1(1) 0 0 -
i
LA g 2001 & | 2003 |, 2010 20;(2;;5
R liex asprella 8(9) 20(25) 34(27) 80-300
Bk Ay Pittosporum illicioides 1(1) 0 0 -
P = Skimmia reevesuana 1(1) 1(2) 0 -
RF) T Ardisia crenata 1 1(2) 0 -
R Damnacanthus indicus 1(2) 3(3) 0 -

() ME AT L) 2 L
H = ¢ $x#/0.05 2 F
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(b)~ ¥ Rgrd

- - gz 2001 # | 2003 # | 2010 # 2010 #
& (cm)
¥ris Cryptomeria japonica 0 738(1476)| 58(114) 5-70
< F Clerodendrum cyrtophyllum 0 0 A7) 120-400
¥~ Eurya japonica 0 1(2) A(7) 30-220
B ol &k Viburnum propinquum 0 0 3(3) 120-220
g Machilus thunbergii 1(2) 1(2) 3(4) 60-300
L S Eurya strigillosa 0 1(2) 3(5) 50-300
B LEATAR S Neolitsea acuminatissima 0 0 3(5) 50-180
LB Litsea cubeba 0 125(250) | 2(4) 100-400
Tl & Securinega suffruticosa 0 1(1) 2(3) 30-600
LEARS Litsea acuminata 0 1(2) 2(4) | 60-220
| K Viburnum parvifolium 0 0 2(2) | 100-220
IR Ilex formosana 0 0 2(3) 100-220
Jy 2 Michelia compressa 1(2) 0 1(1) 260-300
EQES Symplocos paniculata 0 0 1 220
I 3 At Viburnum odoratissimum 0 0 1(2) 50-220
A E A Lindera communis 0 0 1(1) | 120-160
S FAt Euodia meliaefolia 0 0 1 140
s Viburnum taiwanianum 0 0 1 120
FE* 7 Ilex goshiensis 0 0 1 100
ESNRE S Pinus armandii var.masteriana 0 1 1 80
Lx 3R Symplocos glauca 0 0 1(2) 50
it Tsuga chinensis 0 0 1 30
ESNIE S Litsea morrisonensis 1(1) 2(5) 0 -
Bk Machilus japonica 1(1) 1(1) 0 -
L ¥ Evodia meliaefolia 0 1(1) 0 -
oL Prnuns campanulata 0 1(1) 0 -
7. 8 L& [Camellia euryoides var. nokoensis 0 1(2) 0 -
EEH A Eurya glaberrima 3(5) 1(1) 0 -
§F Bk Callicatpa randaiensis 0 2(2) 0 -
N Cleyera japonica var. morii 0 1(2) 0 -
HEV A Eurya leptophylla 0 1(2) 0 -
poAH A Symplocos lucida 0 1(2) 0 -
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o Cyclobalanopsis sessilifolia 1D 1(2) 0 -
| TR Neolitsea parvigemma 1(2) 0 0 -
v 3 Phyllanthus multiflorus 1(1) 0 0 -
B A A Ternstroemia gymnanthera 0 1(1) 0 -
A Machilus zuihoensis 1(2) 0 0 -
#
R liex asprella 1(2) 2(4) 5(10) 60-160
e IF 42 2 Barthea barthei 1 3(6) 2(3) 60-100
< g Deutzia pulchra 1(1) 0 1 200
2l Ligustrum microcarpum 1(2) 0 1 180
Tl % 5 Euonymus echinatus 1(1) 2(4) 0 -
) Sambucus chinensis 1(1) 1(2) 0 -
R Damnacanthus indicus 1(1) 0 0 -
Tl EE Hydrangea integrifolia 0 1(2) 0 -
K Debregeasia edulis 0 1(2) 0 -
RF) T Ardisia crenata 0 1(2) 0 -
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(c)s BRmS
) 2001 # | 2003 # (2010 # |2010 # &
A gt , , ,
R R Wik | & (cm)
¥ris Cryptomeria japonica 0 2688(1760)| 23(6) 4-120
¥ Eurya japonica 0 2(3) 11(11) | 20-180
% L3TA &+ | Neolitsea acuminatissima 0 0 10(14) | 30-260
L xR Symplocos glauca 1(1) 2(1) 10(7) 20-200
EEAFGS Litsea acuminata 0 1(1) 7(2) 30-260
LR S Eurya strigillosa 0 1(2) 6(10) | 50-200
et i Litsea cubeba 1(1) |3184(2139) 3(4) 50-80
B A A Ternstroemia gymnanthera 1(1) 3(3) 3(4) 50-120
g Machilus thunbergii 1(1) 5(6) 2(3) 100-280
A Machilus zuihoensis 1(2) 3(4) 2(4) 30-150
X E Acer kawakamii 0 0 1 250
FeFENS TS Hydrangea angustipetala 0 0 1 210
44 % & Cyclobalanopsis longinux 0 0 1(2) 120-300
L EAR Osmanthus matsumuranus 2(1) 2(2) 1(4) 180-200
#E Elaeocarpus sylvestris 0 0 1(2) 120-280
B ol & Viburnum propinquum 0 0 1(1) | 120-200
T LAFF Litsea morrisonensis 3(2) 4(4) 1(1) 80-200
LGS Symplocos chinensis 0 1(2) 1(2) 100-160
i Ilex formosana 0 0 2(3) 80-200
AT Rhododendron ellipticum 1(2) 3(3) 1(2) 30-160
A E A Lindera communis 0 0 1 80
ME* + Ilex goshiensis 0 0 1(1) 60
F-A 1 Cinnamomum subavenium 1(2) 1(2) 1(1) 30-50
ot i Sassafras randaiense 0 1(2) 0 -
Tl & Securinega suffruticosa 0 1(1) 0 -
£k Aw Castanopsis carlesii 0 1(1) 0 -
o A Malus formosana 0 1(2) 0 -
S N2 3 Callicatpa randaiensis 1(1) 3(3) 0 -
TATAJ S Neolitsea parvigemma 1(2) 33) 0 -
I3 1 Cyclobalanopsis sessilifolia 0 2(2) 0 -
B Eip Machilus japonica 1(1) 2(2) 0 -
IR Pinus armandii 0 1(1) 0 -
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var.masteriana

< Cleyera japonica var. morii | 1(1) 1(2) 0 -
R A Eurya leptophylla 5(2) 4(2) 0 -
D R Camellia euryo_ldes var. 101) 1) 0 -
nokoensis
i
ERLT liex asprella 1(2) 1(2) 26(10) | 60-160
ik F Skimmia reevesuana 1(2) 3(6) 0 -
HF) 1R Ardisia crenata 0 1(1) 0 -
R+ Damnacanthus indicus 1(1) 1(1) 0 -
< E L Deutzia pulchra 0 1(2) 0 -
Tl % FF Euonymus echinatus 1(1) 2(3) 0 -
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(d)~ HER %

i i . 2010 # 3
ok g ¢ 2001 & (2003 & | 2010 =
& (cm)
LEEAGS Litsea acuminata 1(2) 5(3) 4(4) 20-120
| &k Viburnum parvifolium 0 0 4(3) | 30-100
A Machilus zuihoensis 0 1(2) 3(3) 30-100
a1 Machilus thunbergii 2(2) 42) | 3(3) | 30-100
B b & Viburnum propinquum 0 0 2(2) 30-100
%A Eurya japonica 1(2) 1(2) 2(4) 20-80
ik Ilex formosana 0 0 1(2) 40-300
S ERE Pasania kawakamii 1(1) 1(2) 1(1) | 120-240
F94 Cinnamomum subavenium 1(2) 1(2) 1 140
| TATAF Neolitsea parvigemma 1(2) 0 1 100
BoLATAR S Neolitsea acuminatissima 0 0 1(2) 60-130
7% Beilschmiedia erythrophloia 0 0 1 80
¥ Clerodendrum cyrtophyllum 0 0 1 80
CEARE Osmanthus matsumuranus 1(1) 1(2) 1 60
LR S Eurya strigillosa 1(2) 0 1 60
+ kA7 Castanopsis carlesii 1(1) 1(1) 1 50
Lx A Symplocos glauca 1(2) 1(1) 1(1) 30-70
Bt E Machilus japonica 1(1) 1(1) | 11 30-40
WEY A Eurya leptophylla 1(2) 0 1(1) 30
¥ris Cryptomeria japonica 0 76(108) 0 -
g+ g Cyclobalanopsis sessilifolia 0 1(1) 0 -
H® Elaeocarpus decipiens 0 1(2) 0 -
FoRR Callicatpa randaiensis 7(8) | 15(12) 0 -
B A% Ternstroemia gymnanthera 1(1) 1(1) 0 -
T LAFF Litsea morrisonensis 1(1) 1(2) 0 -
A Michelia compressa 1(2) 1(2) 0 -
L T Prnuns campanulata 1(2) 1(2) 0 -
BLAgH Litsea akoensis 1(2) 0 0 -
o Malus formosana 1(2) 0 0 -
i 08 2 Alsophila spinulosa 1(2) 0 0 -
R Rhododendron ellipticum 1(1) 0 0 -
FE* 7 Ilex goshiensis 0 1(1) 0 -
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N Cleyera japonica var. morii 1(2) 0 0 -
B *
S liex asprella 2(3) 4(5) 2(2) 30-110
< e Deutzia pulchra 0 0 1 60
BN B AR+ Elaeagnus thunbergii 0 0 1(2) 30
Pty Ligustrum liukiuense 0 0 1 30
RF) 12 Ardisia crenata 0 3(5) 0 -
RN =3 Euonymus echinatus 2(2) 2(2) 0 -
S Elaeagnus formosana 1(1) 0 0 -
o & Ardisia cornudentata 3(4) 0 0 -
i F Skimmia reevesuana 1(2) 1(2) 0 -
i 12 Pittosporum illicioides 1 0 0 -
Fl P Barthea barthei 1(1) 1(2) 0 -
T EE Hydrangea integrifolia 1(1) 1(2) 0 -
AL Maesa tenera 0 1(1) 0 -
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