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Research paper

Damage and Regeneration of Trees in the Liehuachih
Forest Dynamics Plot in Central Taiwan

after Typhoons Disturbance

Li-Wan Chang,"”  Yi-Ting Chen,”  Jeen-Lian Hwong”
[ Summary ]

Typhoons are the common natural disturbances in Taiwan. In order to study species regenera-
tion, coexistence and maintenance of biodiversity of forests, immediate field surveys and monitor-
ing should be done. In 2008, we surveyed a forest after typhoon season, and monitored species
regeneration in the Lienhuachih forest dynamics plot in central Taiwan. Our results showed 11
landslide areas caused by typhoons totalled 9159.47 m’, and most landslide areas were located in
the valley and on lower slopes. Strong winds caused trees to fall down and branches or the canopy
to be damaged; heavy rainfall caused tree death or disappearance. The typhoon caused greater
damages to trees with a small diameter at breast hight than to larger ones. The typhoon also caused
greater damage to the number of individuals and basal area of pioneer and rare species than it did
to dominant species.

In addition, we set up 1 X 1 m plots and divided landslides into 3 areas, the center of the land-
slide area, edge of the landslide area, and non-landslide areas, to study differences in regeneration
of tree species and understory coverage during 2009~2012. Our results showed that for landslide
areas and edges of landslide areas, the density, number of species, and understory coverage in-
creased, but the proportion of pioneer species decreased. The number of seedlings that regenerated
changed very dramatically, especially in landslide areas. In contrast, in non-landslide areas, the
density, number of species, recruitment, and proportion of pioneer species changed less than in the
other 2 areas or were stable. The proportion of pioneer species and average growth per seedling
were significantlies higher than in the other 2 areas. Then, we used the Sorenson similarity index to
understand similarity between regenerated seedlings and overstory trees. The Sorenson similarity
index was the lowest at 26.82% in landslide areas, 37.38% in edges of landslide areas, and 41.65%
in non-landslide areas.

Overall, our study concluded that when typhoons hit landslide formed, more trees were dam-
aged by heavy rainfall than by strong winds in 2008, and new niches were formed, which benefited
tree species regeneration and maintained tree diversity and coexistence in the Lienhuachih broad-
leaf forest.

Key words: typhoon disturbance, forest dynamics plot, damage, tree regeneration.
Chang LW, Chen YT, Hwong JL. 2017. Damage and regeneration of trees in the Lichuachih forest
dynamics plot in central Taiwan after typhoons disturbance. Taiwan J For Sci 32(1):1-14.
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Fig. 1. Landslide areas, non-landslide areas and tree regeneration surveys after typhoons
disturbance in the Lienhuachih forest dynamics plot.
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Table 1. Areas of landslides caused by 2008
typhoons disturbance in the Lienhuachih
dynamics plot

Landslide Area (m’)
A 2561.62
B 83.85
C 947.43
D 575.14
E 871.94
F 1254.50
G 1217.96
H 162.88
I 656.37
J 151.48
K 616.31
Total 9159.47
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Fig. 2. Proportions of damage types of trees caused by heavy rains or strong winds in the

Lienhuachih dynamics plot.
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Fig. 3. Proportions of damage types of trees for different ranks of diameter at breast height

(DBH).

Wb B 2 R (p < 0.05) - [HT R B E
B T 558 6% 3 Y0 7 R L At o 18] o 3 2 B 3 7
(p < 0.05) ; {H2010~10124F HI| 23 R [F] 45 2% ;
DB N R % o B%&ET R ARE
S 5 /INE SRR EE T 0 2009~2010
FHEZEHBEWHELE—(18.50, 11.00
individual m™) » FREBHUAIEE —(6.48, 4.42
individual m?) » ffi R4 =4 (6.29, 3.21
individual/m?) » 2011~20124F 2 B4 DL ERES 1 41
wA(3.56, 2.31 individual m?) » FREBHIEBZE K
Z(5.77, 4.27 individual m™) » AT EE
5%(9.63, 7.11 individual m™) » ={#E@i% 25
HE R (p < 0.05) -

DR FESEEEENYERINE - 5
B i1 1Y ) T (3 O ) BELSE A 5t A 1Y P A B
(33~38HE) MEHIF 22 H(p > 0.05) » LA
HIA B YT B(16~227) o 5 Bl R A Y EL A5 DA
A 3 A Y PR B B 155 (40.91~50.00%) ~ i##%
PSR 2 (18.42~21.21 %) JIE AR £ Hb 5
(16.67%) » ¥312009~20124F FREgsth A ~ 384538
U8 Lk i S S R Y LB B T R B
B S MY S Bass FeE Y LB HIl i sy -

DI AEE M E » 2009~20124F
= A& 2B BB IR E R A DU

B M 2 A = (52.66, 42.87%) ~ iEigE
PR (37.23, 39.40%) ~ AR &
FE A (3.55, 22.37%) 5 20114 A DLGE A5t U
B (50.60%) » 201 247 A 5 P4 B
(58.84%) - #£3+2009~201 24 FRIGFHUIA ~ ;&%
U i B M ML ) 7 P B IR R R I (L
Firy Ha 3t AN St A AR Y 2 R A 2 BRI B
W B 4 SR A B B B B - SR A i
BEEBHREANEISEERRE > DRBEE
ESE105~144 cmi % » FREGHLEE A R E59~61
emXZ » MHRHSP35~39 emARizd - R
BB 72 H(p < 0.05) »

BEEM S » 2009 B2 iR 2201 24F 1 -
SEESMH H 2K » st P R % 1 8 U 4 T A/ N B
B YRR Rt R (HSEEE
i LU TR S EEE B EERBIRE R - X
DUt B R W 50 5 (H AR S 3t o0 I 2 B 4 i
B M AR e BRI P ) G A
g EL At R {181k 3/ N EL AR E PO B B

REHY ~ ORISR AR 14% 2 1
FANTable 4 » FEFHIA B EETTE IR
ARE T (Litsea acuminata) [t w5 AC (Engelhardtia
roxburghiana)Z #m % - MIEAHEEHETE DL
EFRi(Machilus zuihensis) ~ Ba55E ~ PEE SR



8 SRS — e R R B % G ERE AR B R A A YR B BT

Table 2. Proportion of damaged individuals and basal areas of dominant, pioneer, and rare

species. * Pioneer species: Bold, rare species

Importance No. of Total Proportion of Proportion
Species damaged  surveyed individuals of basal area
value 4 dividuals individuals damaged (%) damaged (%)
Randia cochinchinensis 8.43 263 1639 16.05 17.12
Blastus cochinchinensis 5.50 1118 2912 38.39 39.33
Schefflera octophylla 5.41 302 1042 28.98 26.16
Cryptocarya chinensis 5.31 248 959 25.86 21.27
Engelhardtia roxburghiana 4.63 44 166 26.51 18.17
Pasania nantoensis 4.46 8 54 14.81 9.46
Cyclobalanopsis pachyloma 3.34 67 302 22.19 20.26
Diospyros morrisiana 3.17 145 604 24.01 24.57
Cinnamomum subavenium 3.00 103 361 28.53 34.92
*Mallotus paniculatu 2.98 471 1035 45.51 31.07
*Sapium discolor 1.78 52 170 30.59 15.71
*Zanthoxylum ailanthoides 0.00 1 1 100.00 100.00
*Litsea cubeba 0.05 9 13 69.23 79.91
*Rhus succedanea 0.06 5 9 55.56 80.60
*Tetradium glabrifolium 0.08 28 48 58.33 70.06
*Trema cannabina 0.08 37 53 69.81 49.85
*Trema orientalis 0.12 11 22 50.00 10.58
*Melastoma candidum 0.07 8 25 32.00 20.43
Ilex micrococci 0.01 1 1 100.00 100.00
Casearia membranacea 0.01 1 5 20.00 52.04
Lasianthus cyanocarpus 0.01 1 4 25.00 16.35
Clerodendrum trichotomum 0.01 2 4 50.00 77.07
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and Lugo 1995)

Liang (201 )WFEWREIREEH - BJE 8 Ry
ZEIEEZNRERERENFREA - £E
PR B R R - DU AR BRI £
AL B BN SR - B SR A R e P T
KHIZEM GRS - TEEFEAE RN
B EY AR IE T R SRR G RAE 5 T



EIEPRERIEE 32(1): 1-14, 2017

Table 3. Density, numbers of recruited and dead seedlings, number of species, proportion
of pioneer species, understory coverage, and average growth per seedling for landslide
areas, edges of landslide areas, and non-landslide areas in 2009~2012. Values with different
superscripts in a row denote a significant difference at p < 0.05 (Behrens-Fisher type
nonparametric multiple-comparison test; Munzel and Hothorn 2001)

Year Landslide Edges of Non-landslide
areas landslide areas Areas
Density (individuals m?) 2009 4.82° 9.15° 6.83¢
2010 19.15° 14.97° 9.04¢
2011 16.00° 12.83° 7.75¢
2012 11.63° 11.03* 6.29"
Recruits (individuals m™) 2009 1.56° 5.00° 1.68°
2010 18.78" 16.13* 5.40°
2011 6.47° 3.63° 227°
2012 2.79° 247" 0.88"
Mortality (individuals m™) 2009 6.48" 18.50" 6.29*
2010 4.42° 11.00° 3.21°
2011 9.63° 5.77° 3.56¢
2012 7.11° 427° 231°
No. of species 2009 16° 33° 36°
2010 17 36° 36°
2011 19° 38° 36°
2012 22° 38° 36°
Proportion of pioneer 2009 50.00° 21.21° 16.67¢
species m” (%) 2010 47.06 19.44° 16.67°
2011 47.37° 18.42° 16.67°
2012 40.91° 18.42° 16.67°
Understory coverage m™ (%) 2009 3.55" 37.23° 52.66°
2010 22.37° 39.40° 42.87°
2011 34.73° 50.60° 44.06¢
2012 58.84" 52.83° 41.15°
Growth per seedling (cm) 2009
2010 144.40° 61.56° 37.15°
2011 117.49° 59.17° 35.40°
2012 105.73* 59.30° 39.18

e JE i 75 SR A AR L - S A L R S
R SENUIPTEL R P SR 2157 5 N Bkl
R~ i~ BT REEEEE - EREF S
FLIRTE HARMRBI R IR 32 e B\ &L ) 2 8 - FTig ik
(965 55 E 2 DURH e ¥ 35 s 2 (Walker 1991,
Mabry et al. 1998, Lin et al. 2003, Lin et al.
2011) » HAERI ARRYZET (Bellingham et

al. 2009) o [h4h » Lee (2006)DINDVIJFIE &

2Rl SHE S v AP T 52 6 I 2 %8 ) B S ) R
H o T JE S AR A 18 i A A [R] 9 R 5
LR B ARE - B PR B - 58
JEV B R et 7k 1Y S O AR LU B R A IR - AE
R HGIR AR AIND VIR & - R @il
SR R = A o R0 ARIFFERE R AL
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Table 4. Top 14 species ranked by individuals for number of recruits and death of seedlings
in landslide areas, edges of landslide areas, and non-landslide areas during 2009~2012. R,
recruits: D, death: * pioneer species

Landslide areas Edges of landslide areas Non-landslide areas

Species R D Species R D Species R D
Litsea acuminata 408 84 Litsea acuminata 259 104 Machilus zuihensis 281 123
Engelhardtia roxburghiana 110 79  Engelhardtia roxburghiana 145 96  Schefflera octophylla 115 104
*Glochidion acuminatum 30 Schefflera octophylla 118 85 Randia cochinchinensis 109 15
Schefflera octophylla 28 Blastus cochinchinensis 85 15 Cryptocarya chinensis 93 24
*Mallotus paniculatu 27 12 *Mallotus paniculatu 77 42 Euonymus laxiflorus 55 12
*Sapium discolor 24 11 *Sapium discolor 71 35 *Sapium discolor 38 23
*Melastoma candidum 17 Euonymus laxiflorus 61 17 Litsea acuminata 31 10
Blastus cochinchinensis 12 *Glochidion acuminatum 57 21 *Mallotus paniculatu 28 17
Maesa perlaria var. 11 Machilus zuihensis 53 18  Syzygium buxifolium 23 7
formosana
*Trema cannabina 10 4 Wendlandia formosana 26 Blastus cochinchinensis 22
Machilus zuihensis Melastoma candidum* 22 6 Helicia formosana 20
Callicarpa kochiana* 4 0 Maesa perlaria var. 21 Ardisia cornudentata 20
formosana subsp. morrisonensis
*Gordonia axillaris 2 0 Saurauia oldhamii 19 3 Engelhardtia 19 8
roxburghiana
Randia cochinchinensis 2 0 Ficus fistulosa 15 0  Psychotria rubra 17 3

20084 Jig B FT 7 K 58 B\ S SERNSE I = 0 5%
9 369 SHE At R AR B R A PO R A BT $RE )

HHE 3 R AE B B — {9 JRE S S 5 i AR - B
QU1Re JEL T A A B ) o

TR 8 R 5 %8
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(Wu 1998, Yeh 2006) 7887 » 18 BAFH{H A
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