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Abstract

Aims Seasonal litterfall production plays an important role in the carbon and nutrient cycling in forest ecosys-
tems. This study examines the effects of micro-environmental factors on seasonal litterfall dynamics in the forests
of Putuoshan Island, Zhejiang Province of eastern China.

Methods The study covers five forest types, including Liquidambar formosana forest, Cinnamomum japonicum
and Machilus thunbergii forest, Pinus massoniana forest, Cyclobalanopsis glauca forest, and Distylium gracile
forest, in Putuoshan Island. We collected micro-meteorological data, and measured monthly litterfall in stands of
the five forest types over one year. Redundancy analysis (RDA) was performed to determine the effects of
micro-climatic factors on litterfall production.

Important findings The average annual litterfall production ranged from 3.45 to 5.36 t-hm across five
types of forests, albeit no effect of forest types on the litterfall production. The partitioning of litterfall compo-
nents differed among the five forest types. The seasonal litterfall production exhibited two contrasting patterns,
i.e. double climax curve and triple peaks, and varied significantly among the five forest types. Moreover, the peak
in the litterfall production mostly occurred in the windy months of the year, such as in April, July and December,
which was consistent with the dynamics of wind speed. RDA results showed that components of litterfall
production in different months were controlled by different micro-climatic factors. The total, leaves, fruits, and
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miscellaneous litterfall productions were directly and positively affected by air temperature. Twig litterfall pro-
duction was positively affected by the overstory wind velocity. Flower litterfall production was negatively af-
fected by air humidity. In summary, forest types had no effects on litterfall production. However, variations in lit-
terfall productions were explained by air temperature, air humidity, and overstory wind velocity in the forests

studied.
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2009). Rl A5 I 0 DR 2R A ] 428 o) AR AR v )
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HEERN—MERAES RS, R ERE
M, RIS I — 58 R A 22 A8 (b U 55
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Z R 2 B B (Brando et al., 2008; Lovett
etal., 2010; Lin et al., 2011). {E MR R A E RS
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FEMEAE, SEPEARELe C, KRE N, RIS
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TR WI251-303 K . (ki L&, 2012)
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EH 115 2157 i (0 JEE 37 T 2 4 DR A7 R Sk (SRt FLEE,
2012). FHEFINATIAER B IUR, fEFEH
PR, LA NS I, ik BUIR 7 (Liquidambar
formosana)#k . K %4 (Cinnamomum japonicum)+Z£L4#
(Machilus thunbergii)#k. )£ #a (Pinus massoniana)
M. # X (Cyclobalanopsis glauca) Ak Fll & ¥4 i £ 4
(Distylium gracile) RS FIA R AR LAY, Hi PR AL
BB AE &l SRR KA R
THLSF R . SRV SRR AR TE WL R L.
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JEx.
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Table 1 Characteristics of the five forest types in Putuoshan Island, Zhejiang, East China

AR R HER W W TEE i [ PR T
Forest type Age (a) Altitude (m)  Slope Aspect Community height (m) Coverage (%) Dominant tree species
LR IN 50 65 19° ~F SE 135 70 WA Liquidambar formosana
Liquidambar formosana forest AR Quercus acutissima
&4 Cinnamomum camphora
RN+ LT A 80 70 15° 7 W 9.5 100 ZI4# Machilus thunbergii
Cinnamomum japonicum+ KA Cinnamomum japonicum
Machilus thunbergii forest
oA 40 50 14° #dk NE 135 80 L EF Pinus massoniana
Pinus massoniana forest fi#% Lithocarpus glabra
# X Cyclobalanopsis glauca
H Xk 60 153 15° #dk NE 8.5 90 M Cyclobalanopsis glauca
Cyclobalanopsis glauca forest fi#% Lithocarpus glaber
BV RER AR 160 241 8° %4k NE 9.6 100 ASICRF Distylium gracile

Distylium gracile forest

A7 llex rotunda
ZI4# Machilus thunbergii
211 %% Camellia longicaudata

NE, northeast; SE, southeast; W, west.

2 HRLEEE L S SRR RS S A AR VTS R (e hm 2 a™h) B 5 A B LB (5 5 R A N E S L, %)

-2 -1

Table 2 Characteristics of annual productions (t-hm™-a™) of different litterfall components of the five forest types in Putuoshan Island, Zhejiang, East China

(Data in parentheses are percentages)

RE R
Community type

53 JRVE B T b S AvE B E AL
Component production and percentage over the total

i Leaf 1 Twig 1€ Flower B Fruit Ak Miscellaneous
W EM Liquidambar formosana forest 273(6823) 0.35(8.62) 0.19(4.83)  0.56 (14.05) 0.17 (4.27)
KEFE+LIAHAR Cinnamomum japonicum + Machilus thunbergii forest  2.96 (77.57) 0.28(7.38)  0.19(4.95) 0.18(4.62) 0.21 (5.47)
HFEAAHK Pinus massoniana forest 3.09 (78.50) 0.15 (3.72) 0.17 (4.21) 0.18 (4.49) 0.36 (9.08)
#H M#k Cyclobalanopsis glauca forest 322(82.85)  0.21(548) 0.08(2.10)  0.08(2.17) 0.29 (7.40)
BIBICEER AL Distylium gracile forest 3.81(71.08) 0.98(18.21)  0.06 (1.08) 0.15 (2.78) 0.37 (6.85)
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Fig. 1 Seasonal dynamics of litterfall production of the five forest types in Putuoshan Island, Zhejiang.
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Fig. 2 Monthly dynamics of micro-climatic factors across the five forest types in Putuoshan Island, Zhejiang.
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PV BRI AR ZE e, B B U2 AR AR

R RGE 52 (F = 4.06, p = 0.04, R? = 0.05), M-
Vi B A IR IS (F = 5.56, p = 0.03, R* =
0.09), 1E1AVE f 5 B 52 25 S FE 1A B ) 880 Fr) R i
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AR IS4 (F = 7.95, p < 0.01, R? = 0.13), 75 1
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Fig. 3 Redundancy analyses (RDAs) calculated from monthly
litterfall production (dash line vectors) in Putuoshan Island of
Zhejiang and the monthly air temperature, air humidity, over-
story wind velocity (bold line vectors) over one year. FL,
flower litterfall production; FR, fruit litterfall production; HA,
air humidity; HS, soil humidity; L, leaf litterfall production; M,
miscellaneous; T, total litterfall production; TA, air temperature;
TW, twig litterfall production; V1, understory wind velocity; V2,
overstory wind velocity. *, p < 0.05.

R® = 0.33), BB B2 B RPmFE =
9.31,p<0.01, R?=0.16). 772/ R4 BB, S
fige DR 7~ e 1 AR AR T I B 5 2H 0 A8 7 11 14%, 1T
FRAR IS AR AL 50 H VT B TE 5 M (%o 75 443
R 50 5 AR R B 0) o

3 g
3.1 HRMEREERAEMHE
M E D) RS R GBI R AT T1(NPP)

MRS (Liu et al., 2004), FRZREFE L5
T B AT B T 90 DX 3 i B U PP A . BF LR,
KX REJEHE A, A A DX I8 0 AR 7% A7 A
ZE 5. AU RS A B X, R TR
§43.45-5.36 tthm™.a, fEAEREERHIERTEHZ N
(3-11 t-hm™2-a™)(Zhang et al., 2014); 5 #H Hifh
X3 AH b, /N T W T K 260 2% R AR (6.38-13.03
t-hm=2-a ) (jE B 54, 2008), KT 45 WA &
IH#£(2.70 t-hm™2.a ) ($5 %45, 1993).
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FRMAE VR B 25 AL M S EL AR AR 22 5, U
VBN KL oy, 5 A BRYE Bl P VR V4 4 R AH
—3((Zhang et al., 2014), i H-JE 75 B A R 7 &
T i B B R (R IE B S, 2013), {HAEMFELL &, K
FHE R EE SR T HRSH . £
WA, REEE>H A% E, BT REREE
TELARAE N3, WA RSBk, Hp & AR
K, WS R SM I ARV R A G MAREE B SR
(201 3) X80 B 44 AR ARAELA) el 1) AR AR IR ¥ 4 77 B A 7
RO, WA MR R T R & ik, YR
W45 4143 (ARG B T e S B B . fEF X
PRAN G I BER bR R, VAR RSN TS &, K
BT Pl e BEAL RO (FRIEBA S, 2013), & H Uk
LB B RTE AR v RERUE T Fli 4 (Gosz et al., 1972),
TE A B TN ST s e N A & i v . DR, YR
BT BOK, AT Re SR B DIAR G
32 FHRMBAEERHEEEDNSHHE

WAEM . REEFE+LLRAR . T RIARE)H 8% &
IR R RAE, HoAR PRy =08, 7R
MIRTEYZETT ST BE AR BRI Y . X, =
e R B AN U B 45 U A B AR R A S
FY i PR R T 45 5 S R 0% (Zhang et al.,
2014), L RE Ll B ARbR R VE =S RSSO, Y
TohbR 2R (1) 1 Vi VAR AR XU (A e A — 8, %2
ERES A GRTHEKRIAH 4 LUl &
REERZITHER7 A A2 A (K1, E2), & XA
ATREINIE T AR AR . b, R —KRIEE
Z e, I BV 0 8 3 B H B B 25 (Sharma
et al.,, 2012), AW H, 7 M ERER. #ER
B TR A PR . T R AR, 5
FRAR G S4E7 H oy B I v] e S M4 B S AR 3
AR A (K2, EI3),

1% HE BH 45 (2013) 75 A & AR U8 7 0 i 7 b B,
HLURVERHIE S T o0 2, EEERIETHEAG L, 1§
18 BLAE NV R 10 H 4y, T ASHE 78 R BN A
MAEAH G M IS — MRV =, 1E7 H ik 328 —
ARV . TR, AR AR T TR 252 & AU 2 m]
REZLR T H S AR . 5 RSV %
HRAMEA: TH>12H >4 4y, HF12 30N
LR AATEH, BEEIRRAK, 9T Ik 37 5 FHOK 43 1
THFE, W KA FEMERVE (JRIE RS, 2010), 115
VR ERK . G TEBURERAR 1)U KB MK ICRT
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At 5SHM 12236 (E1), 12836 87, 5H 4
MRS YIRA K, BT KRS SN HAERR
(3-5H) WA AEACHE RS, WiACH, (2 1V 3EZ M
it 7% (89555, 2015), BRIHAES H RIS 1AM 4 .
3.3 FMmHxMkBAEERIEHIEF

ARHBMH MR ESISNHACHRZ, JFH
A& RZ 5RE AR, EEEDRAELE
FKZEFI 4 Z5(Sharma et al., 2012; #&IF A%, 2013
Zhang et al., 2014); {H,&, 7EXIE -, TR
B WRRE XU SEGR AN A [ A 20 5 1R 5
AR HRIE o JHTEAAN RV 20 53 (R S A 55 K]
THISCE T AFAEZE 5

AWEFERY, BT X IR ] V% B 5 ARk R
RTER, MEMAURETH K. AT REE SN
MR R, RFEEE. WEREEZITRER
IEE A RSz (B3), v R H shas 5 XGE A 30
B EH—S(EL, E2), (HHARS2 R )50,
M52 REA K, SRR &2 AR 2 R 5
Wi B R, I RGP T 35K, O B 5 KGR AR A
— (B, E2). FRLEXEREEERFRK
A, BORIRTE S 6 B VIR G, 1Rl R I A
& KECIE R R AR BT T, B BRIAUAMEE 77 A A= 90
W%, JUHW T LR R SER (Gosz et al., 1972;
Sharmaetal., 2012).

T ST, MR S vk, X ATRE S i
RIX—IMRAH K MEEZIREE—FRERK
IR, B S R 2R AR A T R AR R AR A
IR, FEBEAE BT R 2% R AR AR i 7., el Tt
R AAERR b, ERL s R I 3 R E I [ A 4
i) b e A HBE R (Dale, 1982; B V4%, 2013).
3 W S AR A6 T AR LB R IR, A7 AE K
BB, R AEAE ORI, I HAE Itk &
AR LB, s SR A AL B SRR R,
JIT AR 0 e s AR bR (R ARV 4%, 2013), Iy
SRR, AR R R KA AE R ) )
(Coley & Barone, 1996), filifsiid #EfEREE I A #K
BIE. AL, BT RIS, JeE MR
AbFAEACHEZR, BACHTH, M SRR, (Ml
HIH-- it Y& (FR G555, 2015) . BE J7 5 SR i AR SR AR
T IREIAEE T, (2R B T, i &R
Beo, WK KEIKIY, IR 1 4EHF B 5 A4 BEE )
e Ky, BB Ve Fr bk gk, KA

A= T M i 9% (Valentini et al., 2008; Ndakara, 2011;
Zhang et al., 2014).

i AN [] [X 4853 Bl A AS O 9 R i < R SR AR AE
ZE 5t o A RARALAR DRI Fe ARAR AT P R8T 72 A,
B )8 ¥4 32 22 5 i PRI B I A R (KRBT F- 4%, 2008;
IHRIE B4, 2013); 1fj SharmaZ%(2012) % H 41§ Fi
Py L X AR AR R T8 =BT LR W, B RS =
AR E R RGE IEA DG, HIBE TR, AT A4
R (E4B) 5 A —2, AT LW JE IF A fe 42 ik 1) )
VIR o TS RV 2 B el A Rl (R HE B A%, 2013),
TR 05 R % B 32 BORVR T AR AR R, BRI s e A 0
T B IR 20 50 V8 U B i R A — B, o
R . IR E B E S SRR B R
FAEBE7K B R (FKBT-45, 2008). AHfF i, E5H
A B ALV B 52 B R FUSN B2 e (K14), 5
DRI AT 6 A I 70 DX I3 R 6 T REOeS I B2 1) 25 Ak i, ¢
KINRERSE T EEBEENRE, e THRERE
XPIKAF TR, M 7 RRE AR TRAK IR
BT K xS Z A, IR RE LR
WEETE ST W IER KE, MR A £ B %
(Borchert, 1996).

ZE b RTIR: AR ARAR S A0 BR AR 7 A
TEFZME, FRAR v 5 B 2 A0 R =y T 3 K
50 A [F] 21 43 1 7 R % & ) s SUAe X A7 AE 22 57
M RS VR B R SR R, JE
I =R PR PR MG T M K B A B A AR A )=
KU R G K, SRS, B2 S
T FEE PR 14 DR k0N, i BH AR ARAS 5] J V& 0 4 5 11 %
V553 T 52 AN [F) PR R 1 P s e (5K 7145, 2008) 0 28
T, B R R R R 5 AR AR v S R, JvE it
TR AL 52 214y {5 R RRAK 2 0 Folt 1) 26 4 5 SR P 1 £
(R4, 1989; 4[Z55%E, 2006; 5KHr-F-5%, 2008).
A ARG RPN BY TR NI T 32 B (1) A= 9
A BRAE VRS, R AEE— P SLIR IR R

E2mB HZFEARAF LA (31270475 4=
31070383).

Bt RBEARIFERFMA. #F4.0. KIFEE,
RIEFH B BT R F B AT IR K A A
ERASH T LTI,

SE 3
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