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Abstract: Phenology is an important trait in plant life history, and also plays an important role in indicating changes in
climate and natural environment, which has become one of the research hotspots in the field of global change. Conventional
phenological studies assumed that phenology was determined by climate factors, such as temperature and precipitation, and

focused more on the influence of climate factors on phenology from the perspective of interannual changes of plant phenology.
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However, the large differences between phenology of different species suggest that phenology is also related to species own
biological characteristics, such as phylogeny and functional traits, but it remains unclear that how biological characteristics
may affect phenology. In this study, based on the phenological observation data of 44 common woody plants from 1965 to
2018 in Beijing, we investigated how the phenological traits ( multiyear mean phenology, temperature sensitivity, and heat
requirement) of two spring phenophases (leaf unfolding date, first flowering date) correlated with the phylogeny and
functional traits. Firstly, we tested the phylogenetic conservatism for phenological traits with the phylogenetic signal
(Blomberg’s K) and evolution models, and intuitively depicted the evolutionary process of phenological traits with
phylogenetic signal representation (PSR) curves. Subsequently, we analyzed the relationships between phenological traits
and functional traits using the generalized estimating equations to investigate the differences of the resource utilization and
survival strategies of different species. The results showed that all phenological traits, with the exception of the temperature
sensitivity of leaf unfolding date, corresponded to an evolutionary processes shaped by random genetic drift and selection,
which suggested a phylogenetic conservatism for them, i.e. closely related species showed similar phenological traits. In
addition, it could be deduced from the strength of phylogenetic signal that the reproductive phenology, e.g. first flowering
date was more conservative than the leaf phenology, e.g. leaf unfolding date. We also found that the timing and heat
requirements of leaf unfolding date were closely related to life forms that the shrubs showed an earlier leaf unfolding date and
a lower heat requirement for leaf unfolding than the trees. The first flowering date was closely related to the pollination type
that wind-pollinated species flowered much earlier than insect-pollinated species. The results of this study will contribute to
a deeper understanding of the biological mechanism of phenological response to climate change, and are of great significance

to enrich phenology theory. The conclusion of this study could also provide reference for further plant conservation research.
Key Words: leaf unfolding date; first flowering date; phylogeny; functional traits; Beijing
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Vet 7 B9 L oA FH 2l PR 1 35 B 358 00 B (bR A Ak, AT PR mT RE R B AL e BM s AR, (H {2
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IR, K BUAR KT BM AL, OU A58 X - F R AE A ASE 0L S B 4" Rafferty 4538 3ot SCRR 20t dig b2 Bk
13 MEYIREE R 116 AR AR R A SR L 45 & OU Ayt
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XA LG Hh A 0 T 46 T ) 37 88 % 8 R S b X 31 FhREL A B BIF 5T B, 7 K LB R T 4B LY
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1 ¥iEMAE

1.1 ks

JEHTHLIX 1965—2018 AFAR Y R -Gy FF A6 16 59 WK A1 A 11 < v B 0L 0 ( CPON) ™ 49y UL
FA i R R A A X 3 ) AT 20T SR 4 ORI 5B A 2 s ) AN S E S AT R S S B U
40T 15 FROEITS . AT TR Y3 44 Fh (3R 1) o SERIBI AR Gy B9 5t H 2R %L
a2k B EAS S EdE M (http ;. // data.cma.gov.en/) o

x1 HARBERAYHER
Table 1 Summary of the species in the study

5 s, i ety IR
Species number Species names Life form Pollinating forms StarF and end. year
of observation
1 B AR Acer mono EIN M 1973—2018
2 TCEMR Acer truncatum PN Hg 1974—2018
3 AW Albizia julibrissin A Hu gt 1974—2018
4 LBk Amygdalus davidiana TeA U 1965—2018
5 iR Amygdalus triloba HEA iy 1965—2018
6 A Armeniaca vulgaris ETN Hufkt 1965—2018
7 MRS Castanea mollissima ZIN JRE 1966—2018
8 Wk Catalpa bungei TEAR Hufft 1966—2018
9 KT BBAE Cerasus yedoensis PN Hu gt 1965—2018
10 2530 Cercis chinensis HEK Hufkt 1975—2018
11 i Cotinus coggygria TN g 1966—2018
12 i Diospyros kaki PN Hufht 1965—2018
13 BHiTF Diospyros lotus TR Hu it 1970—2018
14 HEMT Firmiana platanifolia PN XA 1965—2018
15 JEXH Forsythia suspensa TeA U 1965—2018
16 RS Fraxinus chinensis EIN R 1965—2018
17 R Ginkgo biloba AR AU 1965—2018
18 RBAE Jasminum floridum HEAR Hu gt 1965—2018
19 Ak Juglans regia FrAR RS 1965—2018
20 25} Koelreuteria paniculata PN g 1966—2018
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i i i e it
Species number Species names Life form Pollinating forms StarF and end, year

of observation
21 et Lagerstroemia indica HEAR T 1966—2018
22 = Magnolia denudata A Hu ke 1966—2018
23 PEIFIRE5E Malus micromalus U gt 1965—2018
24 2& Morus alba AR A 1966—2018
25 H: P} Paeonia suffruticosa A g8 1965—2018
26 HAEHIAR Paulownia fortunei A Hufkt 1965—2018
27 KF-AE Philadelphus pekinensis HEAR Hu gt 1975—2018
28 Jin#% Populus canadensis U A 1966—2018
29 NUR Populus simonii PN XU 1975—2018
30 EAW Populus tomentosa EIV/N XA 1965—2018
31 f1¥8 Punica granatum i Hu gt 1965—2018
32 BT B Pyrus ussuriensis AR Hufgt 1965—2018
33 ¥ERR Quercus dentata EIN A 1974—2018
34 pEYS Rhodotypos scandens HEA gt 1965—2018
35 T HIEL Rosa xanthina HEAR U 1965—2018
36 W0 Salix matsudana EIN R 1965—2018
37 M Salix matsudana /- pendula AR e 1973—2018
38 # Sophora japonica AR U 1965—2018
39 jf,ﬂu‘ﬂi Sophora japonica var. Tk s 1973—2018

Japonica f. pendula

40 B EkAM Sorbaria sorbifolia TR Hupt 1965—2018
41 T 7 Syringa oblaia AR s 1965—2018
42 T % Syringa oblate var. alba THEAR MU 1973—2018
43 TR Ulmus pumila EIZN B 1974—2018
44 & Ziziphus jujuba AR Hu gt 1965—2018

1.2 BTk
1.2.1 YRR AT
T8, S A YRl 1985—2018 4F (14 2245 X W3], Xk 2 iy il 28 1) e [0 BURRBE D S 22 451 B BRI
R o W g A T AR SR P e I s BE A AT T R, B LA Ak 30 Ay DRI AR e Sk ik ) e K A 2
At B~ AL A R R e DS 7 AR I U R A, JR it 4 SR AR 4 01 ) B 75 R e B A X5
Feoop = 2 max(x(z) = T,,0)

t=tqy

K, F oy AT K s, BRI R BRE 5 1 A 1 H e, 2R & EH W2 (0) 5 ¢ HIEHR
R T, W BUR R BR B, 1528 0°C Y,
122 RGEEFWMHE

TG, 2T The Plant List M3 (www. theplantlist. org) % 1f) I A% X 25 W Fh () 24 445 SR J5 , I R 24U
V.PhyloMakerH [ 4545 Hi 4 B R 248 GBOTB. extended. tre f 74T X} 44 MR R G K EM 2 (K 1),
123 YRFENRGELBFSIHA

FIIF Blomberg's K B YEFHEN RS LT LS5 . Blomberg's K 347 B2 8l ( BM) B AU Ak B3
REBES SR PR MR B S PR IS R A BB BUEL . K HKT 1 FRBEHEY
TR AR AR ARL P bAie BM D7 A0 R A ARUME BT i, A S DO B 555, R MR 20 40 T 8 o Bl LR Ak i 7R B4k T
X IDIRES . T REKBE SR EVER, B REKER EPFEEILASH 1000 ¥, 735158
ACHRE ) K fH, EUEMEAE a=0.05 B ERTEEAN K #H, WRITZIGEERA B ENRELETHF
5, B2, MARKEEHESHMBESRAHBENREREHS . BRI phytools BT ALY phylosignal #Ri
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BBk Juglans regia e 0
“ E M Castanea mollissima
VErR Quercus dentata ®
* Ziziphus jujuba
M Ulmus pumila ® o
F-3 Morus alba
———— iK% Rosa xanthina °
— itk Amygdalus davidiana e o
——— it Amygdalus triloba CI )
— % Armeniaca vulgaris o o
—— XU Rhodotypos scandens CEE )
5000 )5a Zimititg  Cerasus yedoensis o 0
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1 JEREHIK 4 MARENMRBEEREL TR ENDH
Fig.1 Distribution of phenological traits of 44 woody plants in Beijing on the phylogenetic tree
PHGAFAEBUE /N5 5 R /N LG A8 o JF o s DR 10 B 2 7 A G 9~ 2 A 1 0 O < 08 R BRUEL A SR 5 FLD : JR IR 40T Fiest leaf
date; FFD . FFAER I First flower date; St: IR HUBKE Temperature sensitivity ; HR ; BUR T K Heat requirement

1.2.4 Yok ik AR o3 b

XS L AR DL AR B BM B OU BT WN A5 (R MR B AL 1L ) X 9 e R A i 100 6
ROR  RTEoR (Ed5c ] RE A AR 2, YLLK 125, AU AKCER 1) 4G 9 >R /PR AR B T S 1Y
TRHAE EVEN] (AICe) , AlCe HMU/N, BRI MGY . BART A Geiger £ fitContinuous PRELSE AL,

AN, L RGR RS RAEMZE (PSR curves ) ELWLR A MW P B RFAE 1O HEALAR S 0 1 2, R 3241
BT (PCoA ) MAIFH I R 5 5 7 B B PRI R G B L RE (P, Py P SRR IR UG
RGP, P—P, PP, h AR Wy s AR Ry AR A A R GE R B RAE (] A 1] )
(PVR)BAY Z:4i PSR £k, PSR Mz iy x Bl BRVRAEE, y Bl R® ., 7645 W2 shik b BB T (BM
FEAL) PSR 4R &2 45° FLR AL FEREALUEfL B (WN A7) | PSR HhZR7E 45° B8 F i Ll £k, 45 PSR
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2 AL T W0 22 18], 3 B 4 1 R 1E A R H A B2 sh i (B AEREALE Ak, BRSE A7 5 oU iffkid 72 (OU A%
), 3T PSR MZA TR FEE D PRI S EAL I RS . 45 PSR I ZRAE A i SO T, FeBH 988 5506 g
(LA AR 43 32 (REAR ) A R 2 S K 3 U B R AE B4 [ 22 S TG 3% i Y PSR &R TH5 4
il PVR A58 i,
1.2.5 YRR 5 Yae AR OC R

AR TSI 2 P REMR——A= T Y L4 7 S W R (5 i, 22 (b A AR ) X Sh R IR
BN . QA TR S R L 6 KRIGIF TR A, Rt 6 KA AHEAR,, OFfE 8y =X 8 PR DL L
A6/ HLICA MR eS8 B0 35 22 WO A VA R AR ) 5 46 R B Bk AE 0 W i A6 € fif o 1) 9 - AL ) )5
BRI DHREMEIR S PR R AR ) AT R (GEE) o R H R i 8] 3% 25 1 B
PR SRR I Fei/p7E [l — A0 v B 243 JSRE S R D) RE MR AR S b A 1™ 20 R, i it
WL DL R BRYIF R R Gk B ORI A3 2 DI Re R 5 P p e Z I B C R, iR r Il R 4L
A T AR D) REMER IR ) (ANTR AR FEAR ) R AE Y 25 S 09 R 82 % BRI TS ape 211
compare.gee @ﬁ%}ﬁo

2 ZBREHSH

2.1 dtatHs AR PR

U b DX AR AR B 1 A 0 0 X R P i o BURRBE A S BB T SR I B A R b 22 5 (1K 2) ,
MR 3 H 31 H e S 1 B, JHERBIA 3 A7 HE7 H 13 B SR AR EAEZEE 4 ~H 0 Rt
TRIFIITAE AR 30 Y 15 3 SRR sh 9 FBl o —0.2——-8d/°C . sl BUIR AR M 5, B 0 309 1 AR 75 SR Ak T 202—
789°C d Z ), FFALLH I B AL T SRAH 22K MR B I BIR 752K (2768°C d) 9 iR (205°C d) 1Y 13 £,
22 YBEFHENRGELREFES

YRR RS R B 5 5 B (P<0.05) , i EEYENEG RE L THRTIE(FE2),
Hrb FFAER I R G R 5 LR 08 | UL RAE A 78 A K 0 L0 s R A K i i A R 50k
BIRSFYE, MILZTS, EAGGIBAIFAE GG R B BURIE I RE K B F 5 A B UL U Y & =Y oo iR B2
IR N TG R B8 B ARSERE T A BRI R R B BB W R G L BAE 7, RV B 5 OC R BUE P Fh U =5
SRALERARLL

R2 EFHBX 4 HEVHEFTINRERERFS
Table 2 The phylogenetic signals of phenological traits of 44 species in Beijing

WS Blomberg's 1[( LI Wy AT Blomberg's I/({E
R . Blomberg's P i . Blomberg's P
Phenological traits Phenological traits
K value K value
JEm-4519 FLD 0.36 0.02 TFAE IR IR UL FFD-St 0.30 0.13
TFAELRY FFD 0.52 0.01 JR - AR T R FLD-HR 0.40 0.01
Jrt b IR R U FLD-St 0.22 0.22 FHAE IR BUR 7 K FFD-HR 0.52 0.01

FLD : JE M43 ] First leaf date; FFD: JFAEIGR ] First flower date; St: THRBURE Temperature sensitivity ; HR : Bl 752K Heat requirement

2.3 YRR AR

BT AR UL L LU K PSR IZR g IBAR (38 3 FIE 3) | & SR it 4R 301 TR A6 4R 300 B HRGR 5 K 1
PEALERATEART G OU A5, R R M e fik i) 2t Al 32 21 A SR8 7 ROV T, BV 36 3 I 35 1) die A6 7 1) i
b, X WS LARYRAFAE R BEALER LU AT s S S, MR RGBT IE . il B U@ = R i
1 B0 L S AURR B TEAT S WN R EAR AR W] R SO0l P R O AU AN Z RUR TR, SR, JFAE LG
WA IR UL AT S OU BERL y BEAUA X, 2 WA T AL 4 U130 B2 SRR B8 114 A o 5% e A ) gl Al it ) A i
Rig AAEGRRGER TR,
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N e S I P IV P
60 80 100 120 140 160 180 200 -8 -7 -6 -5 4 -3 -2 -1 0 0 400 800 12001600 2000 2400 2800
A 2 FEAE AR 1 FFAER RO oK
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B2 JtRHX 44 FhEY 3 MBS ERSAE ST
Fig.2 Frequency distribution of three phenological traits of 44 species in Beijing
ML FRTIME ; DOY . JF¥ H Day of the year
F3 deFX 44 FEYE IR LR AICe &
Table 3 AICc for phenological traits of 44 species in Beijing
YAk BM #5 7 OU 7Y WN #5704
Phenological traits Brownian motion model Ornstein-Uhlenbeck model White noise model
JEnH iR FLD 323.53 316.06* 323.32
FFAELHIY FFD 423.63 422.93* 439.28
JrE i B R U EE FLD-S 158.59 121.72 119.41*
FAEI IR B GURBE FFD-St 156.07 136.84 139.45
JEMH AR FS SR FLD-HR 556.48 552.62* 561.84
FAETR I BUE T >R FFD-HR 692.56 691.98 * 708.54

# S YMERHIE S A W HE AT ; AlCe . /IMEEAR AR IE S5 1 2Rt {5 BN Sample size-corrected Akaike information criterion

T35 B 338 B A WRFFIERY PSR 40y b TR AW AL, U0 A P AR AE i AL B R B A R
%ﬁwﬁoﬁﬁﬁﬁgﬁmmﬁwﬁ%%ﬁﬁﬁ,F%mR%%ﬁﬁa$@ﬁ%EMﬁ”%%ﬁER¢
A S (CREAR) BT AR R 22 R EOK S BU G FRRAIE ) 0] 22 S a3
2.4 YRR S TIRe R E R

WF5E B0, AE P A 176 2R0T J it oy ) e R IR 5 SR A i 35 e (3% 3 &1 4) o v R R i i AR T 5K
(%ﬂﬁ&rdnmﬁq¥w4u%dM%Mzm%@ﬁ%%ﬁ%ﬁ%ﬁﬁ4ﬂ10&wﬁﬁ$ﬁ6io
SR, T A FIE A I ey B X/ I 4 e 7 SR (49 5310 - 3.51d/°C  —3.86d/°C ) 22 BRI, Ui B AR 16 7 55
LR A A SR BBUR B TE G, MG M T 5 T AL G 3G 0 3 B AR DG o XUBEAE P 1) TR AE LR I (-3 .4 A
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i BB 2 kAL 77 3% BEALIEAL T7 3
JRemt-h Jm- SR BRI Jemt-4ai
08 | 0.8 | BURE 0.8 [ BURAK

04 - 04 0.4

0 b 0 b 0k
I 0 0.4 0.8 0 0.4 0.8 0 0.4 0.8
TEAEH IR FEALAL
og | 0.8 | BUAR

04 0.4

0 o - I
0 0.4 0.8 0 0.4 0.8
B Cumulative eigenvalues/%

B3 demiX 44 FEM I IEFFER) PSR #h4k
Fig.3 PSR for phenological traits of 44 species in Beijing
AR A B S =, B ARV T PSR, RE K B E 5 FENMEMZ phylogenetic signal-representation curves

18 H) LB (3.5 H 4 H) R4, EIFAE 8 T AL 0RO 1B 5 5K 15 158 R0 W] 8

R4 BT VAT AERAOMBRFESHEERNHXR

Table 4 The relationship between phenological traits and functional traits based on generalized estimating equations

I GRIN Yy BERFAE EVEER p

Functional traits Phenological traits Coefficients

AR (R VS EAR) JEnt-tis 1 7.52 0.01

Life form (Trees VS Shrubs) TR 1.02 0.85
SR 6 S AR SRR 0.64 0.06
FFAELG B R U -0.06 0.76
Je R AR R A oK 91.87 0.001
TR LRI BUR oK 38.33 0.72

Ry AL (AL VS Hudih) Jrent- i 4 -0.28 0.97

Pollinating form ( Wind VS Insect) FEAELR I -5.72 0.02
Jr - 1 SO AU B 0.27 0.27
TFAE A ) U 0.43 0.13
JR - G AR IR ok -1.67 0.99
FAER AR oK -65.98 0.08

019 2R B 7S AN [R) A 17 5 b A% oy A ) 00 A R AT 2 5 94 15 1) RTRR BE: 10 9 AR A TE B 7S T2 LU 8 O A0 T I, B 7 SR B R sl Uk
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Fig.4 Differences in phenological traits from both life form and pollinating form in Beijing.
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