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Research paper

Fourteen Years of Stand Dynamics of an Evergreen Forest

in the Kaoshifo Experimental Forest, Southern Taiwan

Li-Wan Chang,” Ding-Hong Yeh,””  Jeen-Lian Huang,”  Yi-Ting Chen”

[ Summary ]

In 1995, a 0.6-ha (300X 20 m) permanent forest plot was established in the Kaohifo Ex-
perimental Forest, southern Taiwan. The second and third censuses were done in 2002 and 2009,
respectively. In this study, we reveal demographic patterns of recruitment, mortality, abundance,
basal area, and structure of size classes of diameter at breast height in both census intervals. During
the past 14 years, the species composition was almost the same except for a few species for which
a few individuals moved into or moved out the plot. Both census intervals showed the same pattern
of increased basal area and decreased number of individuals. The rank of the top 10 dominant spe-
cies changed slightly. Not all species had the same pattern of change, because species responded
to fluctuations of the environment differently in the time series. The mortality rate decreased with
the size class increment indicating that individual tree competition was the main mechanism con-
trolling the mortality pattern. Comparing the demographics of 3 habitats defined by the positions
on slopes, the lower slopes had a higher mortality rate and more-variable recruitment rate than the
other 2 habitats. On the other hand, the upper slopes had more-stable mortality and recruitment
rates. This pattern might have been caused by small-scale landslides which more frequently oc-
curred on the steep lower slopes after typhoons than on the gentle upper slopes. After the these 2
censuses, we concluded that the Kaoshifo forest might be adapted to frequent typhoon influence.
The forest has maintained a stable species composition, and the structure of diameter at breast
height is shifting to larger size classes.

Key words: Kaoshifo evergreen forest, re-census, stand dynamics, Taiwan.
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PRARENRE (forest dynamics)fYHTSE » FHE
TR B AR ARBE S I L A A AL RO ML B EE
MBI REAH L (species composition) » £ #K
fEf# (size structure) » Fri¥(recruitment) ~» £
(growth)EZZE T (mortality)Z fij[A] (Pickett and
White 1985) » RS & IMEBRSEIN T &8 - AR
B RE - G RESE A (White 1979, Oliver

and Larson 1990) » DIFRET & AR MR i R IK]
G E T HE AR A KRB B (Wu 1998, Chao et
al. 2010) °

FROVK A BB R B IR T P AR YO B
AL E| T # (disturbance) Z BREYEITE » Py R
PRAREWTC 2 EE R RE(Connell and Slatyer
1977) = #2838 5 AR AR AR RE R AR HH R IR



GIEFREERIE 30(4): 271-80, 2015

MR 2 1% » RS B R e BITE
A (equilibrium) AR RE - BEIA K » RATX
HZFNBIZIRY T8 AEER - KK RS
& B A RE R [ B FR MR 37 2 WK
RE » P EHTQRE — R HY @A (Connell 1978,
Huston 1979) o SE204E 2R 52 HIFE Ky AR AR ZE B
B R A B ZU T AT 2 B — 8 4 (non-
equilibrium)#YARGE » FHEEAY Lt IR R g —
FEEM ~ TBERMBAH (climax) 38 ; AERER A
VIEEEERAIRE) - YIRERE B ~ Yt
SIS - 558 b ik LA R RO BB
b2 > & KT (stochastic mechanisum)¥f
TR RE R P R R A 1 2 B (richness) Bl
SRR (abundance) A HEFE ; XY
R4 W] Re I B — S A R FLBR (gap)
BEIR F S K HUB B 32 (destruction) » &R R
BHRMYMEA R R - g BB
i & (R 45 2 Dl (Hubbell 1979, Hubbell and
Forster 1983, 1986) °

R R 8 P i 38 i T A 9 58 R TR A AR
o HEE R AR SER 10 E RN RE >
1 S 1 0 G A7 6 s L 5 B 1 T B R B
FRAK o FRE L - ER0 55 B HR B St I SRR L
TP o R S BE R P LR SE PR W s T AR AT
g JE 42 BE(Mabry 1998, Lin et al. 2011) » E#
2 B B LR P R RS
AT —HE o AR Lin et al. Q01D IFFEHRHL
EEN R e EEE - BEWR
7 It R 52 B I R AR AR 1R R T o B (LG
R AR A LA TR E B LITEY -
DEBEFHAEISRIGE S EHE - A ret
— S ERET AR AT R AR R BB e b T 1 0 [KIB
EERERER T2 HRMBEEE » FER
FH 5 HA B e I A AR AR B B 8 5 BT — AR
o REEEENS - HHREE R TN
AR -

WEFXEMNRGESME  HYHES
EBABEHHEEER s B R EE
FE(HEEE L R @) R B E - KR
JERITEYIAE 53 0 BRI B E AR RILE B
EIERF(Yang et al. 1998) o BEE 19954 3%
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A B RHETAR ARG ART A - AR 2002 K
2009 TR R EE - LZEARPIRAEER
BB 1A (1995~2002) 4 6 1 MR 25 FE IS 5L » HAES T
AR - AR RER MK B IR A - Wi
& BRI B i A B T ) AT (Chang et al.
2005) o ARWFFCHAE S HT2002 20094 [ (52
W) AR B LB - B LA LK -
SAf7 Z0E A ELHR ST Ao Wt o2 ARAR BN RE - DAREE R AR AR
frEhRE (L 7 5 o e R AT B B 2R 2 B R
HEWI R ol Fre g 34 -

M ¥ B 75 A
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e i B B R st o PR S B B T IR T 9
DERE 2 AR AR > (1 H R SRR A T e
(514 m)BAlZ FEFEAEF - BIREEA 7R
250~430 mZ [ » MHITEAYSS ha o AR EE
HEHHE - BEESu (1985) 5 A B 2 HiH R fiE
oA - S HA S R 2 (R A ) SR M oz PR Rt B SR
W - RETiH » KB RBHARZR L
R4 RBITSEsE BB E R (1997~20034) » H
SRR EAE21~23CH] - SN E2000 mmpBL
o e R R PE R R R B & 0 RS
REZF  AFARILFERNREN » WR2ED
BEKB S o fEHE L& HA Hh g T 28 v 7 i
WA PHE - ER R EA RS AN » R
HEH 28 RS E 58 (Ho 1986) -

e o s I b o L A I T 43 il = K
fr + ALEP IR AAARIE ~ FPERR AR ~ SRR
MRIEFKE (Yang et al. 1998) o &+l Ak A 3B
BRGNP ACET AR - BRI 19954F - 7
W W INRR FIRR R R R
KEAEEE > EPEAEEFE300 m > BAEE20 m 0 H
60fE 10X 10 mZ/N&EF K » #§H330~416 m >
fol 58 B SR R 10.5~13 m o A B JRE AT Ry
22°07°42”N, 120°49°20”E ©

= MR
ARER199SFEYIXEPHEL 21 cmZ
ARATHVIEITRA - B2 B 2002 5220094
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HEITH AR - ATEREIAR Z AR % (e B AR
k) ~ BAELE ~ B~ G RIET
IREE » A5 B2 B A ELE UL (CTFS)
BT Z R B RERE I (forest dynamics plot) 7
J73(Condit 1998) -

= BREE R R AT

PIMicrosoft Excel5ga & AR - 58
BCTFSAFH Mg » E R ITIBEER IR
(R Core Team 2015)fd A CTFS R Packagei#{T °
&I ST > 3P E1~2 ~ 2~4 ~ 4~8 ~ 8~16»
16~32 ~ > 32 em3L6fERHE - DIZ A R A
I3 MR AB By 3 A HE o

L A U P R e ) B 2 S P A
MR PR TE  REUEEIER « FEER
SR~ i o B T AR AR Bl R R S P T v
[ EER » AKX
SIS = (logN, - logN)/t
SPEFEFETTE = (logN, - logN )/t ;
PRI SR = AARMRE-HARIMRE) HR IR
I RREL () BB = (logN, - logN,)/t.
N R FARIE MR B 5 N RIRIE R EE 5 NJR
X FAE ARG R R Rl SR ()
Wel v B TRIAE AR B R = (SR e v o T A - A 0
0 T TR R ) /A ) W v i TR AR 5
SR S B T R AR R = (logBA, - logBA,)/t.
BA BRI = B i 5 BA R AR M & B i
1 tRHERRGE)

BEAEF M - fREE AR 1P
] B R B ARAR R R0 KB I B e (R AR
353 B E AR A/ N&E - 23 IR R AR
g~ g~ DU ST B A 3T A [A] 3
ERIAEEH - ETREF MR ERRE (L
o -
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AMFFEAR20094FEFH A 1% » B IEAFF20024F
A TR PR SR AR S AR e W TR
H20026E AT AR -

& R

— ~ IR B SR ST s R A

YIrE A T - SRR TE20094F
P ACFREN 12270 - BL20024F 50 #% 12 7R AR
TR ST (Table 1) » TR AP TE
BB PN (Melastoma candidum) ~ FEAENVS (Ficus
variegata var. garciae) ~ B IKEAFEF (Elaeagnus
thunbergii) J|LISE 5 (Radermachia sinica) » %
Yt R RACE R (Ehretia longiflora) ~ FAVE
(Ficus benjamina) ~ B8NS (Ficus septica) > &
HERE(Schefflera arboricola) ~ [LIFE A (Meliosma
rhoifolia) ~ [UIFEE (Symplocos glauca) ~ &1
ZAL(Wikstroemia taiwanensis) ~ 2 H JINEEAR
(Fissistigma glaucescens) [ 5 K|¥%(Castanopsis
fabri)ZF9fd -

7€2002~20094 » tREAEPRIE T 15058k -
SEHESL TR R3.6% » FrigeeThk » ST
BER1.71% » HESE C SR KR HT Y B R - BT
—HAERER - BB EH R TR mET
HBN(Table 2)  FERRZEE ST » 1E2009%F Ky
FFALEIO25FE - MHRA 20024 AN EEAH 11018
PR BAEKA 13938k (Table 1) » PR SR
Fy-12.6% » PITFREBEIR R-1.89% - 9=
B g 51 » /¢20024FH953.53 m” ha™' » B4
F520094E(455.11 m” ha' > HIE 5 1.58 m® ha'!
(Table 1) » s MRS BIZRF2.95% » BHF
PRI NIN0.18%

RIS o METAEARYTEE ~ MR
B TR EE MR o EE R

Table 1. Species richness, density, and basal area of the Kaoshifo plot in different census

Density (individuals ha™)

Basal area (m” ha™)

years
Census year Species richness
1995 128
2002 127

2009 122

11047 50.09
11018 53.53
9625 55.11
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Table 2. Recruitment and mortality rates of the Kaoshifo plot during different census

periods
. R i Mortali
Census period .. ecruitment : - ortality :
Individuals (% yr) Individuals (% yr)
1995~2002 966 225 975 227
2002~2009 667 1.71 1505 3.60

RO - (558 2 50T 0 v AR I 265 1 ST A%
AT 54 B 15 BA R ff v e 7 18 BA R 2
fesgsers Ao > BEESREGRERREZ LT
BIREDANE L 1% - T v B v 4 BSR4 B
A g £ B T R P TR R 1 % - BB OK

T~ R e TE AN B R s M v B TR A AR b

bt 5241 A (SR 1 SPR DL 1) 2002~2009
EREEEML - EomMEI N - HER46
MR ERD - EEmE - KRZHESEHEHA
EEER RS - IR R R 5 S T R
RS EE B2 -

2002 ~ 20095 3 K 38 25 & T A o S e
T = B A AN Table 3 - SE2MIFAE - BEMIN
% MRS AR EUR e Ry RFRFS B (Strobilanthes
longespicatus) (24%%) ~ HE T (Mallotus pa-
niculatus) (218R) ~ I A S (Dendrocnide
meyeniana) (14%R) ~ /NERIFL (Ardisia
quinquegona) (9%k) ~ FE{ILIZELRRS (Lasianthus
nanjenshanensis) (488) ; BRI % RS
W FF Ry Fi{- T H A (Antidesma hiiranense) (84
BR) ~ SUEIR(Psychotria rubra) (81%k) ~ B
KR Mi(Daphniphyllum glaucescens subsp.
oldhamii) (T9%F) ~ KIEA(Gordonia axillaris) (57
) ~ =AfC(Engelhardtia roxburghiana) (49%k) °

55 e e 5 2.4 3% 1 i o BT T AR A2 ML - O
REREIME » AR REN22/E » i8R
L Ry T R Y IR R B ©
B TH R T 3 2 O T ST B B4T(0.37 m® ha!)
A E (Ilex rotunda) (0.28 m® ha™') ~ FIfEE
(Castanopsis indica) (0.27 m* ha™) ~ #2(4rdisia
sieboldii) (0.21 m* ha BRI NRF=HE (Syzygium
euphlebium) (0.20 m* ha™) ; A &L I PITEY)
2 BLCFR 7R (0.46 m” ha'") » IR IR b 150

F(0.32 m* ha') ~ KUEA5(0.26 m® ha') ~ fHEERE
SE5(Glochidion rubrum) (0.14 m® ha") jz =[]
ZFB(Turpinia ternata) (0.10 m* ha™) (Table 3) -

[1]

~ AR ARAR AR I

Bl 2 A AR R B i WA Fig. 1 F/)s
T&HL(1~2 cm) » 20024EFH7E51428kha” » 20094F
F#£3820 ha v M 13228kha o R IR RS
AT AR AR BRI 5(25.7 %) L8] A5
AR D PR 13938k 295% » i A AE# (> 32
cm) ML R E(11.1%) » HEN L RREEE
WIERE R RS » IR EREE10% A
(Fig. 1) = LR AR M m A HT B B IR LR (Table
4)  B/MERR(1~2 cm)FEIET RS 11 DR -
ARG (> 32 cm)FFETZH0.8 %A » HfE]#E
BEIE RN 2~2.6% 2 [F » FE L RFER AR
BRI o & MR 3E C R B — HA R H
BRT 4~8 omfRAR A& PHERF A » Hap %3t
CUHREFHMIMBEE » LEE1~2 cm &RV T
RIS » 1H2.74% K06 L 7HR5.11% (Table
4) o HEAREM S » 144F SRRV M AR AB FR AR B3>
PR AR E R 2 36 CH#RE - %%
AR EEERT AR EZBS -

MY~ “RIA 4B HhEy R L

R 2 AR EH 7 e SRS RS A e 2R 4y
R 958 1 AL v K K A W S 2 3 R AR/ N - 43 Bl
RELHH LHE - hiE - DR FEODRS
& HEET S YR AISE TR LA Table
50 DIBBERME @ U R C R RS
(2.71%) » X Ry FH2(2.32%) ~ Hh%(2.04%) »
B2 HI DU 3 Wt bk e 55 (4.6 6 %0 ) /& KK By
HI(4.02%) » E3(2.89%) 5 LIRS
S 1H] bR i % (2.42%) + R K Ry b
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Table 3. Number of individuals and basal area of different species in the Kaoshifo perma-
nent plot in 2002 and 2009

No. of individuals Basal area (m” ha™)
Species Species
2002 2009 Change 2002 2009 Change
Strobilanthes longespicatus 6 30 24 Engelhardia roxburghiana 886 922 037
Mallotus paniculatus 25 46 21 llex rotunda 0.81 1.10 0.28
Dendrocnide meyeniana 12 26 14 Castanopsis indica 1.82 209 027
Ardisia quinquegona 41 50 9 Ardisia sieboldii 098 1.19 0.21
Lasianthus nanjenshanensis 12 16 4 Syzygium euphlebium 226 246 020
Tricalysia dubia 15 18 3 Castanopsis carlesii 297 310 0.13
Ficus formosana 58 23 -35  Cyclobalanopsis longinux 1.70  1.82  0.12
Turpiniaternata 137 101 -36  Elaeocarpus sylvestris 036 0.48 0.12
llex uraiensis 376 335 -41  Schima superba var. kankaoensis  2.65  2.61  -0.05
Eurya chinensis 253 209 -44  Schima superba 161 154 -0.07
Ardisia cornudentata 105 57 -48  Photinia lucida 029 020 -0.10
Engelhardia roxburghiana 192 143 -49  Turpinia ternata 072 0.62 -0.10
Gordonia axillaris 210 153 -57  Glochidion rubrum 025 0.11 -0.14
Daphniphyllum 129 50 -79  Gordonia axillaris 375 349 -0.26
glaucescens subsp. oldhamii
Psychortria rubra 1496 1415 -81  Mallotus paniculatus 045 013 -0.32
Antidesma hiiranense 524 440 -84 Daphniphyllum 072 026 -0.46
glaucescens subsp. oldhamii
Other species 376 321 -55  Other species 6.05 6.67 0.62
Total 6606 5768 -838  Total 5343 5510  1.58
6000 1995
2002
5000
k:
= 4000
=z
S
=]
= 3000
el
i=
G
S 2000
o
Z
1000

1~2 2.1~4 4.1~8 8.1~16 16.1~32 >32
DBH class (cm)
Fig. 1. Diameter at breast height structure of the Kaoshifo plot in different census years.



GIEFREERIEE 30(4): 271-80, 2015

277

Table 4. Mortality rates of each size class in the Kaoshifo plot during different census

periods

Dead individual
Size class (cm) ead individuals

Percentage of dead
individuals (%)

Mortality (% yr')

1995~2002  2002~2009

1995~2002  2002~2009

1995~2002  2002~2009

1~2 536 944 35.7
2~4 222 292 14.8
4~8 141 131 94
&~16 58 97 39
16~32 15 36 1.0
>32 2 3 0.1

62.8 2.74 5.11
19.4 2.01 2.58
8.7 2.30 2.28
6.5 1.38 248
24 0.90 2.01
0.2 0.66 0.80

Table 5. Recruitment and mortality rates of 3 habitat types in the Kaoshifo plot during

different census periods

Recruitment (% yr')

Mortality (% yr')

Habitat type

1995~2002 2002~2009 1995~2002 2002~2009
Upper 242 1.73 2.32 2.89
Middle 2.31 1.11 2.04 4.02
Lower 1.63 3.25 2.71 4.66

(2.31%) ~ NH(1.63%) » THE2 IR LU Sz 35
BN % (3.25%) » EHEERZ(1.73%) » {HH
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— ~ B MS EIE AR ML
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BERHEUR » KRB RN IR E - /)
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2H AR ERE(1393Fkha” > -1.89% yr') ;
P Ve I T R A7 5 1 B S 2 ST B R A B - (BB A
R 6,88 %R 152.95% © & LB A
RV I 52 G JE\ B B AR 0 DA SV 1 A R
S @ FRR4FER B - TEREER - KM
JECTE RS R A - B RE R R - HAlS R B2
T e s B R (B S R HE R e A K K
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FN TREERBNRENRK, -

FRRR [RIAR A7 T 1 B Y B A L8 3 AR
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TR B PR I 4880k (1.23%) » {HEE 21
(1998~2005) K IEIK 44459 BR(12%) 3 ETHTEE
VAR IER R 12.34 m® (10%) » AR 2B &
J455.62 m* (-4.16%) (Yeh 2006) ; 53Chao et al.
(2010) %R ILIR A £ @ 2000~200 85 AR ARl
RERYEEL - RS SR R AR PR B g 1 0% » 5
JETRIRE IR A 1.6 % © Fofal B8 A7 A 16 5~ B Y FR Ak
BIRESE LG H 7 2 Yeh (2006) 5235 - 40
DU rdlEim S - BB 2 R R 4
B E » AR R A 72 B R BB R 1Y

RS RS~ R BT B - R AT
RE/EREE ~ HALFERW T - SR Bk
IEAE B4 H IR R B &2 (self-thinning) » fEH
RIINEIEARE - B E (o) F (K 7 i 5 B e
b BIFSH SR T RE R TS E1THE
A RIS T R R R K B A AR R AR Bl TRy
BHR -

g 93
i
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= PR HREREE L
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SR ERRSE TR E fm e o AR
2 1 300 9 7R R 36 L SR AT T I S AR A T SR K
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HEAR R L AR R R T - HA R
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g B+ A 2 LS SE L (Bellinghan et al.
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HEM TG MR B MERZ IR -

V9~ NEE BB RS L

A E TS B0 EIE R RE M
e TR @O R R TR K
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