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Biodiversity, forest structure and leaf area index (LAI) are important

parameters in forest ecological research. Forest ecologists are interested
in understanding changes in these parameters along latitudinal and
altitudinal gradients. Early altitudinal studies were conducted in tropical
regions (ex. Central and South America) or biodiversity hotspots (ex.
Costa Rica) in 1970, and most studies reported a general decreasing trend
in biodiversity, biomass accumulation, canopy height, and LAI along the
altitudinal gradient. There are very few altitudinal studies in Taiwan, |
investigated undisturbed forests in the central Taiwan to examine the
patterns of biodiversity, canopy height, biomass, and LAI along the
altitudinal gradient. All stem > 1cm and higher than 1.3m in plots were
identified to species and diameter at breast height (DBH), and tree height
were measured. Biodiversity is presented as species richness. Further, we
utilized two equations to biomass estimate. We also collect information of
Important weather parameters including mean monthly precipitation,
annual mean temperature, evapotranspiration and typhoon disturbance to
explore their role on controlling the altitudinal pattern of forest structure.
The results indicate that biodiversity decreased with increases in altitude
and may be influenced by temperature. Biomass and tree height both
decreases along the altitudinal gradient. Water availability (increases with
elevation) and typhoon disturbance (decreases with elevation) probably
contributed to the decreasing trend. LAI showed a “hump-shape” along

the altitudinal gradient. Previous research infers that this tendency might



be related to occasional drought at low altitude in winter and low
temperature at highest altitude. However, statistical result is unable to
suppose this inference. We propose that typhoon disturbance may also be
important in causing low LAI value at lower elevations in addition to its

effects on biomass and tree height.

Key words: altitudinal, species richness, biomass, LAI, typhoon, canopy
height
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HIEEFE(Nikon Laser 550AS) DA= A i &k it =i (Fig. 2) - H e S
FERFA MEEERIMAIVEIR(B]. E ~ odfEsid iy eE8) et
FrFAREENTE NItE e EERR Iz E e S
] 20% 2 EREE SR Ry fgtls L LA BUE L e e = A T

R REYEE -
N RERT

At 7E AR A B SURK » AT SRR EGE P R G E R A
WS A& LT 20 £ 2 R EER - AIEFERER - IREEREFE&E
FHHIRBACFEES Y Tab. 2) o (HFORE ~ & B =8 Z IR A
VI HEARRES A ZE: - Ve - Bid e R i RS
A INIEEAH S S AT A SR R AR AR BRI Hiiessh ~ Vgl
TR Z TR BRI P R B R AP & TRV R (% -
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EAERF B ZE ] BRGNS 5] o By 1 HE—20 T /KOy ml A1 R M
1 Ry S ARG AR S B LY R AW FE R Pl B
Pl B BRI Ry S Bk e P R B B R 25 H i Z PSP & - 28
Bk A R & BT e PARER/K R R A M > 25—l &
i = {H 2R S RN > RIEZ A 7K (R PR FTRE AR S 1T 23R dR/K
HIRRE » 2B 5T E sl A SR E R LS K B R S R i 2 26 380 2
AMZAR A EAVET R S0 - FeE 228 HIU(EHEMESEh A
FREZ AN Z AR © MRS (2003) B HE (R EE A ~ 1R ~ BErRE =
{ERA K 2 ZA S HCE - AT R sl P AR s
1983-1996 F 2 & HEEBIR &L WELIT 20 FEEE S H P E
HAEER(Fig. 3) - IR ZSFRLE TR T /K (0 H IRz S E Ve =R
FRAUAUS Y E > Thornthwaite(1948) 25 F1 5 F & HY o pl B 5 7 540

&= DL a2 i iZ A2 S > Vicente-Serrano(2010) & 1 i SCHTF DAETE

1

By LR S 585 (drought index) A2l standardized
precipitation evapotranspiration index(SPEN7ME & B 2~ [F ik & 7%
SRR Ry R » T5 2R = AT & AR R AT B R 7K 03 A
A EHIRARE - (EEFEN AP B BUASERE B 0 HE 12 H R

wR7KH 03 > Hobg A (o s il A A ek B0 BE R EA]
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FEEFFQAEt U EREE 10 HE L H /ioK A0
EEERE IS LREI(1999)50E R 11 HE 12 A fgl R D i
FURk - NI E - TEARR - 808 11 HE 12 A /icE - &
Bl 2 57 2R SR Pl B B4R B v S DU A oo i 1 B & Z [T YRR A
» Ry Tl — DI RN B & R BAMGERE Z ER AN T A
FeLL Sk A Z PR B AR B S A i 2 SIS AE R & oy B AR & -~ 4B
feli= P~ TR B Y B M BT T - R R R E
N AT R SE Eti H 2 2 » Al [a] R oA 2 SERE R R 2R
MBS 2R B (R RS IR WS E 2 A R 2
58 %

HH &g R BB ENSRE > HIReJE\Aris pler e v] LUE i B 21
Y - BRI EIR Y2 HER AR BIREBORS - AT RE B o BCx
MZ IS PIHER ~ B S B IEIREL » BUERUREE R B e ARl
FLBEECE LAY AT E S B AT RE R M 2 el = e Y&
FRENREE > NII/RER R REEE 2 R &R - AbFTkEEt

i

GBS E) » RS2 U LRE N B TR BRI R R, - (22
PRI EEHAR AR BRI A 525 - 875 2012 48 6 H {7 Z Z A1 HgJE|
(SR > (R ERRIETL) - AT AR R S E S A 2 R

# o DUT e RSN A BRIV EIE -
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t. &GEtotn

AW FE(EE A one-way ANOVA B Tukey SE{& ELE AT £V M
AVE ol E R IR e B RS R R B 2 F
HIE 25 - RN E USRS REEIRIRR A « R Bk 2 2 HRYR A -
MBI R AR (7 R AR E PR B Z YRR R ~ VISR
PEETSIN ~ U ~ PR EF B REAHERE T - IEREA TN EER E
MEZFEREE N EVZEN - AVE - BiE-PYsEmai 8=
58l (Ao F (Bl oA DU E SRR B S 2 U IS E S BRI -
e R B LA LRSI one-way ANOVA B Tukey ZE{%

LR AT AL/ S E RV -
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F=E OER
— R EVZ R LRSS

AARIEY) S R B 2 PR S AHRA (r = -0.989, p = 0.011)
one-way ANOVA JREUR IR AL RIS EARE 2R
(Fig. 4, Foos@), 3,12 = 58.25, p < 0.0001 ) - AR fEEHIAEFE S BRAECEE
FI 49 1 4E 1200 2 KAV E R AR SEE SR EC g 21 34 1 - i 2100
m HY & AR 55 3000 m DL EAY& LS SRR E R 77 Al EC sk E]
22 FRER 7 1E - VIS FERIFGE(r = -0.988, p = 0.013 ) 3 S AHRH - 81

F3m 2 #E EAHRA(r = 0.975, p = 0.025) -

—. EVBERR EHEE

R N SR E AR AV EAE A FES A B E A [F (One-way
ANOVA, AGB, Fo 50y, 3,881 = 33.92, p < 0.0001; #4FE, Foos(w) 3, se1 =
37.08, p <0.0001) > HFEAHK EFHMIHEINAYEESS - HRIEAY) S0
G EIFIEFAATAVE R (Fig. 5) - Tukey SR ILEIUNEAM « BLE A
DLffplie 2 R 22 RIRAE 2 22 » T i RN S B 2 = FR A © 1k
& 2 RV e A BN BT T IR Ss R SRR S
SN 7338 > (BRI Z2 52300 A BiE (Fig. 6, AGB, Foosq), 3 12
=1.76, p = 0.21; #FE, Foosw, 3 12 = 2.63, p = 0.098) -
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=. SRR LRSS
et e = FE A A (R AL R T A B 7= 5 (one-way ANOVA,

Fo.os), 3,160 = 31.7, p < 0.0001) » Turkey /R LU » (E 5 NIFIEE
$%5(20.1 m) B S A (19.0 mfE e E R - (H I BE SR EE X
(14.1 m) S = (11.5 m) - fff B & K X S st - daials Py
RIS~ S e A IORR SR L8272 2. (one-way ANOVA, Fo 05(1), 3, 881

= 42.8, p < 0.000L) B BT = T ZHE i - Tukey SR EEEE RS
AR A R R - HEE S ESEA R SR R N

BE 2 R(Fig. 7) »

0. FEERE B AN &S

MU FE I B 2= 52 (one-way ANOVA,
Fo.s1), 3,90 = 4.44, p = 0.006) (Fig. 8) - Turkey F51& [ il LAt
MBS B B 7 P KA (H B B B R £ 7 5 & Ah
BRI M E R A -

I RIERT
VOl W P S0 bR & B A H B 1B AR (r = 0.991, p =
0.009) - & H IR E 2SR SHEZ REMEETINES > 1£

KR E Y N o M DOsEEE R & Ry i (R(Fig. 9) » SR B
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BT 23R AR (r = -0.981, p = 0.019) ; F157 0 B AR R AR 230
R EfHRE(r = -0.951, p = 0.049) -

B iRl Z KA RTE I & & e MRS~ BN 1 Bl 77
M RETRHZ R ENFEEREEAEYR -~ BiESE - A2 5=
HEEE PR (Fig. 10, R R4EMRE © 4AfiE e - R =0.917,p =
0.043 » 48 ace - R°=0.982, p = 0.009 » 4% &um : R°=0.966, p =
0.017 » A9k © R*=0.996, p = 0.002 ; fE4ERH & © 4afim Fs -
R*=0.987,p =0.007 » & acs : R°=0.923,p =0.039 » 44 & e
R®=0.931, p=0.035 » £E¥ZHEHE: © R*=0.975, p = 0.013) » BAZEHIFK
TR IR R A (222K & > R* = 0.058, p = 0.759 ; 4K &
=0.037, p = 0.808) ; FZZRAH K & B4R &~ ] S IR EAHRA(r =
0.984, p = 0.016) -

BRI R RS U B R R AR AR TSR
PR ZF BT 3mSR - R R R = R
(One-way ANOVA, p < 0.0001) » DU @iy & B LL SR SR el 2R o

HA BRI RESRGE > T2 & B 0 i EE T (Fig.

11) -
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BUUE PR
— BEEYSEMNRT

28 T EN L@ AR ARE Y 2R M B U g TR )RR SR ER %
SRS - AREAVIZ R TR 2 e R 2 B &
EAMHE AT E SRR i 2275 - 40 Moser (2005)383% 172 B
St B R PR LI AR 2 SR e ~ BRI B M F N T ARV SRR
o T STAY A RAVRE KB EARE 2585 H = (potential
evapotranspiration, PET) i # s Ae AR R s i) 2 B ME AT HI A
T Sy ET 2 SURKER Ry i B RE B R 5 YRR o AT R FE Ak B R 52
LRt~ (Markley et al. 1982, Blasco 1984, Turner et al. 1987) - Saenger
and Moverley (1985)5% By /& EA AL BN R ER B 4R/ SIEE YT 73 Ah
BUEAERE - HoAr EEAYIRHNZ R 2K B A& 2 EOR A B B MBI
TEYIHA BRI - TAE BN AE AR SRR - IS m(2010) £ 5172
BRERKHEY RN T (FETREE R T a2 R
SRR o AW TSR IR SRV E BT e S NE 0 H

LI n 2 AE PR - BSOS Y SRR A -

Z AYEESTEESE - EEREBEEEIN EARRES
A S e L 2 AL R SRR RS A B
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Y2 LB L 2 BT AW T4 R HERY A [E] > DUEZ B FEat Fors)
HHATREN R (EOR R BRI A & > 1S RHEY) 2 A E B iR
RIFHHEE L MR SR | BUS NG S Bl B TR0 R B AR MRS 1R eI 20 A
TEFEVBTFE T 8 AR e (2 BRI EL 2 FR BRI RN
Al (Waide 1998, Aiba 1999) ; SR AE TN AL = » 1R E(RELS
AR R (Lieberman 1996) - (HAWT AR Y& R EGE
HRLLEE AR BB T T g DNEEsSs - ef et feg = FE A£ 7K 2500 m
LUNIRE i Bt s - B2 R EaaaT R -

AT E S SRR TR AR R R 2 3R 52 AT e HEN BRI
sz BV A RE R ERRMGETR Z INZ AR Tk 3830 eZ
TR ERESEE - EVENEVIZ ARSI - (BEFEN
BT ERAVERINE AL - NI Ao By Y AP 8 B
RERAVES S e (RN KB D RTE R AGE R (52 R E
SONELF SR 8 B g HARiE PN A E RS 2 BS 2 S
FEIERHBAACE - BRI FHHK I BRI - nIRe ik 2 ) 8 8
ffE A (e (E A - Fritts (1976)52 Orwig and Abrams (1997) & 157K {73
IER R AR = B - Phillips (2009) f 1B A% R 2 2B
SRR DRE & 40 A 52 2 6 A e PR AR BRI (IR - DRIEE BT
2005 524 A — REC FHETRARMMAE & - S REUREZ FIE R
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A AR 2 N4 5.3 Mg HEZ R IR 747 1.2-1.6
Pg HYAEYIE & IAMEATHFTERE] - /Ky 2 ikt 2 IR F e S Hy BB
A7 —(Koch et al. 2004) - FHLFIEE B2 /Ky ¥t RAVE
SV HAGER E BB E B EAHR - BUR e B (U & A gE A
RIA AR Gy b - SRR AR V&0 R8BS et = RE Y A £ - 281
AT AAE EEEAR LB (520-1230 m) B 525 A (576-925 m){%
SR st A A YR E = T - 1P B R R
AR L i = FEE Al (B (Forsyth 2006) » 5% 3 SR EL AR BT FTATE 22 ZIHY
PR E RS AR S VR R AT & - BURER T/KAVIESN - [
AEEEEN T E S ER Ml A Y S22 ) -

e EGEEN N RE s B4 Y E BT E S ENRAZ — -
Gouvenain (2003)FH i AWTFE SRR > 2 s ZE T 0 & SR AT 2y il
J&\(tropic cyclone) &1 2 )i R AR IS5 =8 B H A 2 il AR AR A
Z N M RERNETERE - HERZ % et g e - TR
R R H RV R EFR R ATIS R - K TP IRE IR R
SRR s e SRR 52 - Bl B R RS & (AR Pt A
P i) 2 HL[F]2H - Gouvenain (2003) 525 720 SURR - AliFHEE
B African ~ American F{1 Indo-Malayan rain forest = K&k > CL#R S

TR =T~ AR B A T (Basal area) fE R T AV R L. Ax
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MBS SLE AT AR T 22 52 - GG RBUR A A e 3% A2 Ak
5 15 Tod g A 2K - Forsyth (2006) 7% &7 Y BT ST 22 21 1 LS8 FE e
TEBIYARR (L Alyear) K 5 SA BR R (0.94 year) - [EEEEA 2 P4
et = (12.9 m)RIE iR ELL(10.2 m) - H A se g F2 iR i st
BRI T SRR A R (less-uniform) g, - & B/ He &
B FIAE R AR | WA 2 R 2 R R A -

PRI AT e B mT e e T P 8 2 P (B AL pR L LIRS T
JE (R - {EReEESNE S o] R S8 T Bl S et ERYSE(EE 2
A FE AT e B EVE ERICE » 35 S RS A - I AT 3%
IR B e R Tt e I e 2 55 LR 2R e B - 44K e B s o K
IR RARE ORI BB B S AMAERZ - 2R =GRS AR
A& Z R R A v i At = Al Al LR A T v 7 B A B
M - EBCRRUE L R S A= L E - S EEIEE S -
IR B S R AR MR s B & /YK > Smalley(1984) T
FERURHI N AT LA AR 7 ) SRRV - 2R 578 T B AN
R AREIIFH AT S PR AR A 7 D - AU H1 2 Ry (BB AR
SET TR - PGB IIARE M & Rypg J0E [ - DRI Re LS A B30
HHRE NERTAERS - SEREHTRTREE R LR PEAE I b T > 2

(BRI E SR - KB FIRR R RS E) > BTiEk
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HYIR BT ] RERU RN Ry 55 BURAMIE T S B B TR 22 F]
He R BN & (RBHUE rT s N Ry — B I Eh B (R R Y 1R -
SRR - HAEYE BRFRRE -

B BB N S AR R 72 BN R R A V26 AR A
FIOBIE_ERYSEAE - Pillips (1994) By TRV AR MR (RGE RS
EWFRA > RV 2 (AT & BRI - S5 REUR A
PREY 2B SRR R N Y B AR (IR ARTE LR B Al e =) SEE AR
Burslem (1999)FrF T8 B Pl T Z s & 45 SRS R R 2 W s
SR EELREERTE B2 (tun-over rate)Sr B BLEENAYE = 5 (AHE - I
ZFF Connell (1978)12 tHAY 3 ¥ F)i{Eak (intermediate disturbance
hypothesis) » 58 R EHM: S HIIEEhEGETA BIF 4 sle #a% BRiR
FREES NS - S8 ES LRSI Re R B - FIREAHL
S FLIS B AGRIE A - PG s BV R B 1 R S B0 F bR
(EELZ R E R 7 SR ENREH - B E /N - N R
% BB GIR EEUEY) AR R T -

ey eI 2 B R T B R B N ] < B (A i e D A2
KA B2 BB EIR VIS - T % SURIN A & AR E T E
PR AT FE AT FE T stEm AV EALR AR ERVE LA <2 2]

HE/EUATEZ 45 - Mabry et al. (1998)3 % &L B bR 5 S e L 2 R
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(2003) > & L s B H Y BT FE U T A AR [ Y B S PR
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BR > WM EMARNEE - BRI AV EN RG> EEAEL
B BRI SRR R . N A SR EAT S B = - 8

NEIE T ER AT A AV e R B EN SRR (RN BRI Y18 s Rk - (H o 2
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B EIGR Z EYE RS & SR TR -

R T E A YIRS AR & L e R
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