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Influence of climate, phylogeny, and functional traits on flowering
phenology in a subtropical evergreen broad-leaved forest, East China
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Abstract: The flowering phenology of plants is influenced by climatic, phylogenetic and functional
constraints. To our knowledge, this is the first study to examine the influence of these three factors on
flowering phenology simultaneously. In order to investigate the relative impact of each of the three factors,
we tested their importance in describing five-year of flowering data using 130 seed traps in a 24 ha plot in the
Gutianshan forest in eastern China. Flowering of the subtropical evergreen forest peaked in May. The
community flowering pattern was significantly correlated with climatic variables including temperature and
rainfall. According to DNA barcoding data, closely related species had similar flowering dates. The mean
flowering dates were also associated with maximum tree height, but not with pollinator mode, flower color,
seed mass and dispersal mode. DNA barcoding data for testing phylogenetic constraint is strongly
recommended in future studies. Our findings also suggest that climatic variables, phylogeny, and functional
traits were associated with the community flowering pattern. Simultaneously considering these three factors
will enhance our understanding of plant phenological patterns.
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FEACIS [ A AR I S b i) — AN EERIR, &
IR TR B3 B LR85 K R4l e
o T 5 A AR ) AR 13 A B (Janzen, 1967; DeBuss-
che et al., 2004). AT E %01 78 P A4
1R % ] B A A fit ik (Bolmgren et al., 2003; Craine et
al., 2012) AARFFR VN R Z WL . KA
H 8K e 52 TFAE % (Borchert et al., 2002, 2005).
SR, U5 R S 2 A o i ME— P MR R AT 4R
17 1E 4+ i (Wright & Cornejo, 1990; Silva et al.,
2011). BT JUERIBT R, MYITEYiRiLZHE
M ARG K E R FZMI R R 5200 (Chang-Yang et
al., 2013; Davies et al., 2013; Du et al., 2015), < F
XKLL R 2O WA TR (R SR TR B T R AR i

(DAREE R B RERTA Y, EH2TT
e 5 AT R R AG O%, IR LEPRI R L
55 H #E K B (Stevenson et al., 2008). /% (Ashton
et al., 1988). &K (Borchert, 1996) 14 BH 4% 5t 5 &
(Wright & van Schaik, 1994). 7£—ZJaHE A, A
BRSO E 50 A R IE AR, S2 I BRI AR A
W = AE K BH B S iR RE A ORI IR i i i R0 AE
(Wright & van Schaik, 1994), H F&-K B AK FH 4R 5t
5 55 0T L P 1R R T B 4 B2 T v T B SR (Wright,
1996). fEiRAHTHLX, FRTIEAIEE T m 215 S
YT AE(Allen & Platt, 1990), Tfi7E A X, ¥R JE
AR AL, JC 2 i I BRIt 2 15 S i T 4
(Ashton et al., 1988). [ KX 1L 1520 3= ELERIAE
X W 2F A0 A S AR 2 I FE 1) 52 e (Augspurger
1983), fEAZ=IET R IR R, I g
EHIET 5 E M2 Fr(Murali & Sukumar,
1994; Chapman et al., 1999). {H7ESZBRIF 7T+ FEA
e 5 4B IX B8 K 74 FF, Chang-YangZ5(2013)7E %
5 75 A6 B S Fh i AR AR AR A TTAE W i (R BIF 9T I,
TEEA B 2= G R X, BV TR
W 5 H IR RE L il R A K P A 5 0 B 1 2= 4 AR 4k
_Aﬁo

()1 R &R R RUAN, £l
HH 21 25 Ok 23T 1R W) R T A8 I 1] A 3T (Kochmer
& Handel, 1986; Bolmgren et al., 2003; Chang-Yang,
etal.,, 2013; Du et al., 2015). {HiBG W LKW, Y
THEINR 52 R YLK B R R BIFEIEUN, JEARFRILH
B 2 % 2 (% <7 1 (Frankie et al., 1974; Boyle &
Bronstein, 2012). R4KE KR & TR ITE HRMAE

VI T AENG A s ma {5 98 75 Bk — B o, T HL
ZHT A A 9T 2 4R R L B 1 4 R 5 SR A
Rl & 17K F _F(Kochmer & Handel, 1986; Wright
& Calderén 1995; Boulter et al., 2006). & J BHIR A
b PR A1 2 OR SR UL MR BRI, Y RA K E
RAMALE oS — MELTEM AR KL R, o
THEMFHAR, WDNAZKELH A RE4E S R
)5 FR ARSI E, IO T R SR B R R
Ve s AL TR .

Q@) ERB R AR R, EYThhet:
Rk, #8070, kR E . fEaffEh
77 NG AL TG R . W 3 A DA S 2 FE I )
FH%(Petersen et al., 2010; Jia et al., 2011), 1H H g%t
XFAE W) T Re MR 5 W 2 18] S8 &R R I A R D
(Bolmgren & Lonnberg, 2005; Bolmgren & Cowan,
2008) o [F]— P HHRE R A AEDOT R PR AR A2 f ) T
FIT A6 BACWIRR 21} [A] < (Ollerton & Lack, 1992;
Petersen et al., 2010). & &1 A0 1B TE
b, JEAGI [A] B VM RT BRI A SRR, Rl
A KF0 7 B PR m] e Lo /NP 1 P b AL B[R]
H.(Primack, 1987). fEV& i Ak, SRR AR A
VSRR LRI, AR Fh T
A6 BF 1] JU) 0 & H- 3 42 30 (Bolmgren et al., 2003).
BolmgrenfliCowan (2008)7E M 77 B A8 ¥ 1€ 416
HORe MR 5¢ R I, Bl 4 BT AN A 148
VAT RIS [E] o A6 R RE Y IE NVEAE A 1) —Fh 3
& (Jones, 1978; Kevan, 1978), filfnfe ;& ilid 16t
VAR BE, A6 fof b 32 3 500 PO e 1) fE R
# (Dyer et al., 2006) . H F L 5A W FEER BT AL [H]
FRE O 2 [5G 2R, WRIRE B R AETF AL I ) 2 5
HHIT

Z R RAIE FE A 2 K X LA B 3R 2 T R s
W, X ATRESAS T ARG SRR
R4 H i Z2ms Dh e MR A R R B Ok R A%
)51 (Staggemeier et al., 2010; Chang-Yang et al.,
2013). {HZHT HATM it sk Em b X o S A%
IR . Dhae MR A R 4t K & 1 5 i A oK B SE
(Wright & Calderén, 1995; Boulter et al., 2006;
Staggemeier et al., 2010). 33 B FEFIE KT
PFFFEAS R, A DA 3B e, BAARZR AN R &
Xy H L A A T A A BE B L (L) R R AR
FEE KT B FF e S5 A1 A PR 2= an Bk . e B
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MUK BHAE S 9B A %, ()1 RERTRYL: SRERAR
AHIT DA AL T AR, (3)DhREMEIRAR U 1ok
FhFy Hor 0. FriE. AW & feaffs
1 77 Q)AL A A A E I TR AH T
1 FH&
1.1 fARMXEIR

i 24 hatof i 7 T Wi A B 5 B L
K H SRR X Py, Hh B AR bR Ay 118°03'50"—
118°11'12.2" E, 29°10'19"-29°17'41" N., 7y FH I A
S VTR o Rl R 2L B L SR AR, F U
R 1,258 m, J& TP IEE ZR KX, SRR
AL . FEHIE15.3°C, K ERIES,221.5C,
A AR3,7705°C, ToRE L2250 K . 7 H & i
38.1°C, 1H R KiR-6.8C. 4 H N £71,334.1 h,
H -7 H IR %73.66 h. -7 #4F% /K 51,963.7 mm,
FHXHIRE92.4% . FFEEMI3-6H N —WZ, 7-87 K
R, 8RB NEE —MZE, 10 BB E2 A
T (ZF L5, 2010) . AR JE R B M A R
(Castanopsis eyrei). i (Schima superba). 5
(Pinus massoniana) £ I 7% A JZ 1) %2 45 41 (Quercus
serrata var. brevipetiolata) (f3#%5, 2008).
1.2 HEOHh
121 PMEHELIE

H BT & A K2 A7 79 S a8 2 AT A OF
16 W0 15 WF 72 1 3% 38 (Wright & Calderdn, 1995;
Chang-Yang et al., 2013) . AHJF 7 F1] FH 24 hat b py (1
13041 N UAC£E 28 7 20072011 4 54 [a] 4 & i 42
FIRAEHEAT 0 A (2 BIM) . IR Ah T R AR A
HAENIEFNL, TAENEs% N0, BT o i ZE R
A RAE ) BN P IR A8 28 /D 72 5% I Fob 7 W L4
AR, FTLLD FTANC SR HERR . R
FH I 6 2 A0 1 T A8 10 S T H S A8 W AP 35 R e B
i) FEHIRIREA LT R T B H1%E2% 1) H 4
(5 & (Wright & Calderén, 1995). K|y L6y #hfy
TP FETTAE, P UASREXT RS REAT S 23 7
N T Ak I AR TR, A B AR FE 3 Gt
(circular statistic)ffi 757k, LRI O
2 % F (Wright & Calderén, 1995; Boulter et al.,
2006; Chang-Yang et al., 2013). X FFHALidk AT
BEETTHIFT A YR, e B (a6 16 2T e 45 A 1A

¢ =180° + arctan(y/x) (x < 0) @
X = Y NiCosgi, y = Y nising

N BB R IFIERIL AL, s U B R 1)
A sle LI BIEELIR 00, LH I 2150, B
2N, Z a0 A4 LA30C I E Bhn. rJe iy
B, M A PR T AR AR R R R 4R bR
(Batschelet, 1981), A SCHaACIHATIHH

re= (¢ +y) Iy, )
122 SEBIELE

A TRER B B LR TR R S
Ul HHE . A SR H12001-20104E 104E 18] (1) H T34
SEEEE TR SRR i RIGRE. R
£ v A HORH -85 H RS 4. A L E R
HOok i B K PSR S 2R, A B RY R B9 OR PR 4R S/ T
Ko By IR B8, Bt DOR 7M1
(RIEENR o DR i 2 RN RN A7 AE 22 B L2 e )
(r=0.85P<0.01), HigBEMEEH AR E(E
TFAEMIFHE) (KIS (e = 0.47, 1 = 0.25)) s T H
RN 25 5 H AR SR (rpy = 0.13, rpe < 0.1), FTBAA
SCHA B &R S35 3 AT 2 o B A 4 A (Zar,
1996). PN H & A AR H Biix3N 2
5% H e A EORRE H R E A R A 1 A G
PEARSET, B AAS SCA A H 3530 5 B A THIAE G &
Ko AR ML R o i H IR IE R B3 AT T log ¥
e, S H BEAE VIR ECHAT T log(n+1) 4% # . BEVE
FFAEHE J5 (12515 14 H Rayleigh #6536
1.2.3 IhgeMREIEL IR

ARSI B AN AR T 374N R R 364N W B 1 R
TR AR R e BB I E . W BE30-200
ROFTEE RN, 7E80°CHEF T FRE.
KB b EREE ) (http:/foc.eflora.cn/)_bids®
(I . Akn 7 IR T AR AL B R AR (R 3R 31T
[X 4> (Rabinowitz et al., 1981): k. fE iy
TEH T B B A e ORI AL, e/ HESSIR 2 HL
ToB R BIAE A IR 4 (Rabinowitz et al., 1981); 4
W TR K S U AL sh P Ak P At . A
T BT R RRTERE EERRFEI L.
etk E (P EMEE) (http:/ffoc.eflora.cn/)

{ ¢ = arctan(y/x) (x > 0)
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21 BIRGLEW

) F Kress 2% (2009) () DNA 2% J 5 15 AR 3 57
H 11124 hakeis159 MR RS B (1) REX
159N ARAHE Y W58 73, SRS DNA,;
(2)%3 5 FHrbcL. matK AltrnH-psb At {7 PCRY™ 18 1
W5 (3)FH MUSCLEHK A X 1% 34 FE [ 1) 7 41 idk
17 bt Xt (Edgar, 2004), 4 J5 H R #& fF
“Phylotools”#2F £l (Zhang et al., 2010)i3k4T ¢ 51#t
P2, BALBRAERE; (4) B KRR 57X 159
ViR RSk B, SR H B B (bootstrap) B 5
1,000 /R & BFAS T SR SCRRR . ASHIE S FHRER A
[*Jdrop.tipeki £ (“APE" £ /7f1) (Paradis et al., 2004)
NI 1594 il U A R 37 NP B Jl— AN &
Gu R B W REAT 5 SR T
22 ERESUE

Blomberg K1#i%:(Blomberg et al., 2003)it % (¢
R ESHEERIPRNARGEREE THRE, &
W REPIR 5FE] RS K B R RIIFRE, 277
HEO T B T A ES 2 ) A% S 8 5T (Lessard-
Therrien et al., 2013). [l #viy FE FAH FRAK 1147 %
s R IR B, WA W B RER, BrbAA
REAUTT AR (0] A E LA B AL B . 5140, 28365 K TT
T(—FMEE—R)EFELIR(—ERE—R) L,
RAETEHA G, ZERL MA 364, AR
Blomberg K{Ei%(Blomberg et al., 2003), T &
Gt IEKAE, RGP EEE 1% R 15 S KIEDu et
al., 2015), B A FAE 8] 2 18] (G 2R 25 1 AN 2
AL PR B AT 93T o
2.3 BRI N&/MRMEYIE

HTPfk B T F—1H%, RGEKEZAE XK
B, SEGH PR AL, I A R AR
FRIAH A 70 T SR ABIE FE 0T A6 P i 5 HeAth D) RE MR 2
[F )R e ARG 2R SR/ 3[Rl )47 (phylo-
genetic generalized least-squares regression, PGLS)#f
FIREVERRAE T ALV o 15 2R SR/
3 [A] )4V S HiMartinsflTHansen (1997)#2 H i, il
AR 18 3 1L 14 4R 11 12 4k AR A Ornstein—Uhlenbeck 5
A, R E B IR ) 2R AL A B AL 30 AL AR AN LRl

B SR % $& 77 35 5 /F H 1 45 R (Hansen & Martins,
1996). 2R JE {kHE LA 1 R GR B MY Fh AT
[P 7 ZE B, 2T e/ ik S IR X )
PR B2 o e 7 VE AL BEE 73 BT AN PR AR
VI AE Y g 520, AT DL RS % bR 2 T) ) 52 L
EH

A SCHT A W50 BT B AE R 347 (R Deve-
lopment Core Team, 2011). K F R# L 1) “picante”F2
J7El(Kembel et al., 2010)+ ffiphylosignal & £ 1 5K
{8; F“circular”f& 75 (Agostinelli & Lund, 2013)
(1) as.circular &% % X FF 46 i (8] 2F 47 #% #e; R H
“caper”f£/7L(Orme et al., 2013) ' Hpglsed £t 17
RS RN R B A S A

3 &

1E260 8 A, — 314,022 610 5%,
AL R AETIR UL L3 37 MR . XLy
AR DhRE VR (BR D RERE) T 73 27 Fh T AR FI 1O
VEA, VIASTE PR RI 265 S0 Fh; OFf U AL
A28t bt ALy, SFl AL FERI . 8P E J14E& Rl
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Fig. 1 Flowering phenology in Gutianshan (GTS) subtropical
evergreen forest, shown by a polar plot of mean vectors, where
the vector angles represent the mean midpoint and the vector
lengths represent temporal concentrations.
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2 x 107 g (VL9 #k4% (Vaccinium mandarinorum)fi%E
It FR Ml (Itea omeiensis)) /1.8 g (1% (Elaeocarpus
sylvestris)) . # = A8 L HAR K, A3 m (A0 - ik A
(Chimonanthus salicifolius) . ## A (Loropetalum
chinense) F1 Jlif i 3 £+ (Corylopsis glandulifera)) B 3
45 m ().
31 SIEEZFN

T HH UL S AT L DXCARE P B VR KT BT AE R
BUH IR (L, K2A, B; RayleighthlP <
0.001). & HIFEMA AR sh LR, M3Fh3I29
Fh(E2A). ~FIITFIERS A ER 2= )4, 5H16 7,
RAEDEYMEEAFIFE(EL, E2A, B). 137118
K E0.90 £ 0.11 (KI2C). Fh1 R UL RS0 45
RN, O L X e 234N H o AEIX3TA
Vi, 0% PR (A5 R FE AL g A 7ES H (B

15[ Flowering range

2B).

B A ALY R B TS SR (1 T AL v e 1
R, W& R ZRE YT EIEN(E2A, B, D),
ZRFIITLE EARSE b (K1) & H eI
NS R - 37K R, B A S 35 (A DR I (L) .
W H B R S5 H B IR U E A S (R L) . H
iﬂ%ﬁ?%n Rk 2 AR RILH 2 22 HAE (P > 0.1).
32 ERXAREMENM

E F Ly T A 5 4 il P bR R 7 o BT IE 9 ) 37
ANYIFIFEE YR B A B3 B R 55 (K = 0.359,
P =0.037); TEHERBE TV SRR )G, ERES
AFASTE N B (K = 0.539, P = 0.029), K HIZE4K %
AT PRI 1] - FE ARG (B BATTAE o
33 IheEMERKeIEm

I R 1 AP 5 FF A I (8] 2 8] LA 055 B A

P48 Mean flowering
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Fig. 2 The patterns of flowering phenology and climatic factors in Gutianshan (GTS). (A) Number of species recorded flowering by
month; (B) Number of peak flowering species by month; (C) Distribution of the concentration of flowering times; (D) Patterns of
average rainfall and temperature per month.
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Table 1 Results of multiple regression analyses between climatic factors and monthly number of flowering species or number of

peak flowering species in Gutianshan subtropical evergreen forest

M) 7 A VR R
Response variables Regression Explanatory variables
R F FETT A
Monthly average rainfall (mm)  Monthly average temperature (‘C)
& H IR 0.773 15.36 0.0063** 0.015*
Monthly number of flowering species
B F A YR8 0.586 6.372 0.0102* 0.6552"°

Monthly number of peak flowering species

* P <0.05; ** P <0.01; A&, *P<0.05 ** P <0.01; ™ indicates that the regression coefficient is not significant.

Febh(t = —1.767, P = 0.086), X3 W HIXH A& I
AR EEAR TR J2 P9 45 e B TR H G . HAth Y Dy et
WEFEMFIRE. T H07 07 X E S
TEI 8] 2 [B) 35 A e AL HE 45 3 O RE O, 35 PR 2 1]
RFIH B EMAZHAER .

4 g

4.1 HEEZRIMEIFEEFHEN

7 LY B i S AR T KT B A
FEAERS A B B A2 1, FFAE I R) 5 35 R A R /K
AR, ZHMEDEPENFEL . X5 FH AR A
S FAHT R AARAIE TR AR P T A 2 B4R P AR 3 R Bl
B 2= FUHK o 78 2 RS0 IR IR I 1 1 4 SR — 3K
(Heinrich, 1976). i BAHE YA B2 i% 3 B 7 7K 43 7]
RESE PRI A YR AL EE R R (R
FEHLIX, WniE s AR bR, R R v i e —
A EPI K (Tyler, 2001) . WF R EINE RIZHTTH =
5 FE T A 1 W0 B Rk IE AH 5% (Lechowicz, 1995;
Williams-Linera, 1997). & FH lHh [X 7 H 65 & &,
F—WEMEI-6H, ZMEMBEKNLAEMH, £
PRI S P TES A A E LR R -

Ty —Fp AT B W E AL T K FIER 2 H
FEFE 8 (U0 % 2K) (52 (Stiles, 1980, 1982; Du et al.,
2009). TE H LAV 2 Y £ B E S R AL HFM T
(Du et al., 2009), [l 1 & S Fr1 A A 1] 6] B S 1 A%
PR A R BRIERR R ), XMEREIE 1T RE e
1 22 B WU TE A2 K =T 1 T A6 AR 2 8511
RSB LA R R B S R A o R L
S AT R Sk R A ) A BE 4 S R R T AR A
AR G AN B2, R 2 45 TP 7R N 22 KPR AR
55 PR 0T 5 55 () BB AR, 3X 0] B2 R R Y AR
Hby X5 AR 7K K AR 9 T A 1) R e L oK BH 4 S

v

FEACI 8] F~F- 357 1) K B2 20,90, XA & V5 4
Lyt XY AT AR AR B 7 45 R — % (Chang-Yang et
al., 2013), I BRAAE I TT LI [ v B 4
o ORI Hi X B RN TR, B G AR R AR
YIRrEIEIRR T, YF2 MM A ITIE(Wright &
Calderdn, 1995). #iis A1 #R17 ARARIX P - 1L 4 =)
(2 F ] e EE R A EZ R ol R B G AR
MR, EADEEAFEER T DLA A, MRV T 1 Hr S )
K AR R HLEHGT X, BN TRELE
FIUR FE I AR AL A AR R ) R I 5 R B AR A A — B
(R FFAERE SR o
42 REXREMNEYPFEEREIFN

TEYMEITTER, FR ARG K E KRR IR
XTI HEA 7 52 FASE R 3 R AR 25 DR 3 0 e ) T
WG R B 25 A& 52 W 1) T fi# (Chang-Yang et al.,
2013). G SR 3E 4K R AHUT AN 5L 1 5205 75 5K
AHTE, B35 S BR BRI A 3L A7, TRk
T R RIS S5 o AEACHIE 78485 R SCHF IS AR IR SR,
BV 5% 5 O 238K AT 1) A7) Aol BB 46T 170 3 £ AH 3T 1 IS [ T
A6, X 5T R R I X G T 15 2R BR | AT T A5
—%(Kochmer & Handel, 1986; Chang-Yang et al.,
2013; Du et al., 2015). fi i1Wright#1Calderén (1995)
i E D Barro Colorado Island (BCI) 50 hatfih
230N R WSCAR BRASE TR ORI, R R}k
5] J& 1 40 A JF 4% B 8] 45 32 . Kochmer A1 Handel
(1986) £E A 7. ifi iy Hly X A A FF AL IS [R]INF 0 I, A8
VI TEAE I T E RN B8 A 2 R 55 1) . Chang-Yang
5 (2013) 5% & W AR LU IE AT AR 25 halE A1 T i
LA TR A6 Fh BT AL RN 45 S VR 78 R BN,
b E SR 5 % Z AT ()W) R 6 [ T 7E — 4 TR )
[ FFAE R4 52 . DUsS(2015) R (h ERE &) 2
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PARLE R /IR e 3 IR S S Ui/
FEAEIS T AHIE, SCHF 13 RO FHIERs R
RSN T REA A BB —, InGM— KA
AT FIRIR, e R/ AR &AL
EHE, REMRYGE T &R e L (Westoby et
al., 1995), DXt ia) T A — m e e BAA T
W 51 4% 2% (Boulter et al., 2006); 25—, &N
AT REACA P 5 A% At T £ L k44 7 1) 52 B PR, A
1M 5245 5y 7 e AR A () F AL [A] (Gould: &  Lewontin,
1979; Kochmer & Handel, 1986; Johnson, 1993).

43 INEEMKITEYIFA /IS

H AT 5C TR IT e g 2 15 52 31 3 B 306 % 5
1B FE b5 A R PR SR AF AE 4+ 1 (Munguia-Rosas,
2011)0 AHFFTCR I, ~F- I TFAE I [) Rl g R v Dk 5%
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