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Spatiotemporal variation of plant community aspections in the north-subtropical

zone of eastern China

CHEN Xiaoqgiu ", QI Xiaoran, A Shan, XU Lin
College of Urban and Environmental Sciences, MOE Laboratory for Earth Surface Processes, Peking University, Betjing 100871, China

Abstract; Studying relationships between plant community phenology and climate change in subtropical zone of eastern
China is crucial for revealing integral characteristics and spatial differences of ecosystem responses to climate change in the
Eastern Monsoonal Region. The authors used simulating method of phenological cumulative frequency to identify aspection
stages of the plant community at Yancheng, Wuhan, Hefei and Tunxi during the period 1982—1996, and analyze their
spatiotemporal variation and statistical relationship with air temperature. At individual stations, annual mean onset dates of
greenup, active photosynthesis and dormancy stages display a delayed tendency with increased altitudes but annual mean
durations of the aspection stages do not indicate obvious spatial differentiation. The delayed tendency in the dormancy onset
date with increased altitudes indicates that autumn leaf coloration and leaf fall dates of trees may also correlate to other
environmental factors except air temperature, such as light and frost, which may reduce the effect of altitude increase to

autumn phenophase advancement. Further studies may focus on ecological mechanisms of the above result. During the study
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period, the greenup onset date and duration mostly advanced and lengthened; the active photosynthesis and senescence
onset dates dominantly advanced but the durations of both stages were prolonged and shortened at two stations, respectively ;
the dormancy onset date advanced and was delayed at two stations, respectively, but the dormancy duration was mostly
shortened. Furthermore, the greenup and active photosynthesis onset dates correlate negatively with preceding mean
temperatures at all stations, whereas the senescence and dormancy onset dates correlate nonsignificantly with preceding
mean temperatures. Based on the time series of onset dates of the aspection stages from 1982 to 2006 reconstructed by the
optimum air temperature-phenology regression equations, the greenup onset dates significantly advanced at Yancheng,
Wuhan and Tunxi, and the active photosynthesis onset dates also significantly advanced at Yancheng, Hefei and Wuhan. It
is worth noting that the greenup and active photosynthesis onset dates at the above stations represent an obviously delayed
tendency during 2002 and 2006, which is consistent with a decreased tendency in preceding mean air temperature during
the same period at the stations. From the 4 stations of the north-subtropical zone to Harbin in the north of the temperate
zone, the annual mean onset dates of greenup and active photosynthesis stages show a significant delay at a rate of 2. 7—4.0
days and 1.8—2.8 days per latitudinal degree northwards, respectively, but the durations of the both stages display mostly
a nonsignificant shortening; the annual mean onset date and duration of senescence stage represent a nonsignificant
advancement but a significant shortening at a rate of 1. 8—2. 6 days per latitudinal degree northwards, respectively; the
annual mean onset date and duration of dormancy stage indicate a significant advancement at a rate of 2. 9—3.3 days and a
significant lengthening at a rate of 5. 8—7. 0 days per latitudinal degree northwards. Generally speaking, the above
observation is consistent with the common rules in spatial variation of plant phenology, namely, plant phenophases appear
earlier in lower latitudes than in higher latitudes during the first half period of the growing season, whereas plant

phenophases occur earlier in higher latitudes than in lower latitudes during the latter half period of the growing season.

Key Words: plant community aspection; spatiotemporal variation; air temperature-phenology regression model ; time series

extrapolation ; latitudinal changing rate
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Fig.1 Segmentation of phenological frequence curves
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Fig. 2 Simulating cumulative frequencies of phenophases (a) and determining turning points of aspections (b)
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Table 1 Mean onset date and duration of aspection stages at each site

- ALk (IR R 75 1 FRAR Y]

Ul Numh /a . Greenup stage Active photosynthesis stage Senescence stage Dormancy stage
L umber o - -
Station vears HH KE/d B KiE/d B KE/d BIH Kpsd

Onset date Duration Onset date Duration Onset date Duration Onset date Duration
Rk 15 02-22 70 05-03 136 09-16 60 11-15 99
H 13 02-28 67 05-06 121 09-04 81 11-24 96
Hhe 15 03-05 67 05-11 108 08-27 92 11-27 98
GERTS 15 03-05 71 05-15 122 09-14 78 12-01 94
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Table 2 Linear trends of aspection stage onset dates at each site from 1982 to 1996

B 4 B A/ (d/7a)  HBOGCEMWH/ (d/a)  JHEHRIH/ (d/a) PRI H/ (d/a)

o . Greenup Active photosynthesis Senescence Dormancy
Station Number of years

’ onset date onset date onset date onset date

.iu'iii‘ﬂi 15 ~1.382 * 3k -2.057 ok _1.232**»‘* —3889“{**
e 15 —-0.489 -0.086 -0.786 +0.700
H 13 -0.346 -0.170 -0.009 -0.104
RERES 15 -1 +1.664 *** +0.086 +0. 839 ****

# . P<0.1, * *, P<0.05, * * %, P<0.01, * % = %, P<0.001

F3 1982—1996 EZHZHMBEKENE KBS

Table 3 Linear trends of aspection stage durations at each site from 1982 to 1996

, " LA WK B/ (d/e PRIEMRKE/ (d/: MR B/ (d/
Ui R a A K (d/a) @).‘ﬁnjg”\ﬁ; ( -a) IR/ (d/a) PRI B/ (d/a)
. . . Active photosynthesis Senescence Dormancy
Station Number of years Greenup duration . ) .
duration duration duration
ik 15 -0.675** +0.825 " -2.657**** +2.521 %%
e 15 +0.404 -0.700 +1.486 -1.175**
I 13 +0.176 +0.272 -0.094 -0.341
GEEES 15 +2.775 %" -1.5795*** +0.754 " -1.936*"**
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e
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Table 4 Correlation and regression analyses between greenup/active photosynthesis onset dates and preceding mean air temperatures at

each site
ARk ) B S HTEF R REROL & w0 H S HH P R
i Greenup onset date and preceding mean air temperature Active photosynthesis onset date and preceding mean air temperature
Y
= N ¥ g = N ¥ g -
Station BORHRRE o, RAEEIDIR L T, S R
Maximum correlation . Optimum regression Maximum correlation . Optimum regression
.. RMSE . - RMSE .
coefficient equation coefficient equation
E -0.582* 5.3 y= 63.63-4.82x -0. 747 *** 6.3 y= 196.63-12. 12x
ahe -0.686 """ 4.5 y=76.11-1.22x -0.721 """ 6.2 y= 220.57-10. 19x
w)d -0.774 """ 3.7 y= 85.96-5.38x -0.637"" 3.4 y= 178.33-5.25«x
LIRS -0.786 *** 4.8 y=95.71-4.59x -0.396 — —

3.2 WRUFHIIMERG T

R T HERIE 10a K SM5AR A0 3R [ AR Ab A A A v ZE AR AR A i g, R 3 7 A LA 7 R AL
Ui 1 1997—2006 4F 3% H -0 5O, AMEAL T AH 25 58 1997—2006 45 /9 A8 S W AT RE B G W H
IFH T 1982—2006 4FAR S MR BROG G WI0) H AR 581, etk o R  ERI i DURIT g iy A8 4
H4) H ¥ 5L S R AT A A S YR AT R 0.29 d/a(P<0.05) .0.47 d/a(P<0.05) fil 0.40 d/a
(P<0.05) , A MEAR LR IAR) H AT BOR B3 X 2 v 1982—1996 4745 #b A8 £ 01 4) H 1 £ ka3
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Fig.3 Linear trends of greenup onset dates at each site

UEAh  FRIR A RE AR I BOGA 1A A 3 2 B E R AT, B8R nr R B B R TSR A
391ik3) 1.0 d/a(P<0.01) 0.85 d/a( P<0.01) F10.62 d/a(P<0.01), 5 1982—1996 4FIFEEA W) H (1)
RPEREBAR L (22 2) ,1982—2006 4F-A NE AT U B G HA) H £ w1 2t e 5 W I 348 O T AR I g &
Wi H AR St R s N (R 2, 8 4) . SRS H AR, 2002—2006 445 HiLE B A AR H 2
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Fig.4 Linear trends of active photosynthesis onset dates at the each site
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W AU FAAT RIS R TR A B BRI 4345 SR ™) (0l s M (B AT H e, mT AR B, 6 By 1 72 4 30
REEG A 0140 HE IR W S B, L0 205008 18 d AT 15 d; b Ay 0 v 20100 B G TR HS s A7 R, T K I
10 H D00 BA S R DR B R 15 d, AR D AU B AR SR I BROEA HA AE U A B Y LA I HAE
F A BE ARSI 5 PRI SO BE DU B S 4, AR S B s 30 0 I S 48 o Ok 2R R R0, NG iy i 2R K 2
TR R T 33 d(£5),

x5 JLTHEMBFFHENBEOLER

Table 5 Comparison of aspection stages between the north-subtropical zone and the temperate zone

[E2D N AR
gy JEELED W IR Fh
) Active photosynthesis . Growing
Sty Greenup stage Senescence stage Dormancy stage
stage season
Climate zone N N
#IH K ®IH K ®IH 19} ®IH K KB
Onset date  Duration  Onset date Duration  Onset date Duration ~ Onset date Duration Duration
37 Temperate zone 30-19 65 05-23 109 09-09 61 11-09 130 235
J63F #4347 North-subtropical zone 03-01 68 05-08 122 09-07 78 11-24 97 268

4.2 ZFHIB B2 [

R T s R AR BB A By 2 I A b DA ) A U 2R B B ORI B A 2 TRV E AR AR b BT R
W AR R TR 4 AR BN BRI Y 2 AR 408 2 50 5 iR A R U PR w5 B bt
B I FH 6 A 2R B B H AR I 245 EA R 4 DS RFS (n=7) , @7 ZH B By H K S
Sl S Z MR APE RN AR 45 SRR I ARGHE 4 A0 a5 5 0 IR B2 22 18], S 25 25 28 01 RN RE B A 3019
H ()2 1) A AL R 4 R R A, B2k a3y A d8amad T g A e, S Y Bk At 1 AR AR gk fEiR 2. 7—
4.0 d,FEEOGAIIHER 1.8—2. 8 d; FIVATE IR N4 H (14 45 1] A5 A 3R 15 4 £, HLA$ M ARHI 340 H
BN RNH AR s T B ARG S8 S b 1 NSRBI AT 2. 9—3.3 ., AL R AR S 3 T HE %
A W BE (0 26 ) AR AL R N U (B AR RUA D R 2R B8 YR TS R B W 26 i AR b R o i, B
BRELIR E G R Z A0 2 B E A, PR Al 1 AN A0 1. 8—2. 6 d 3 R B2 19 26 1) AR fb R 3
RHIEAE, H¥ 2 B SEaEm Al | AN IR 5.8—7.0 d(#£6) .,

®6 FHEMRVBMKENSEELER/ (d/(°))

Table 6 Latitudinal changing rate of onset date and duration of aspection stages

AL HE RSG5 1 R PRAR
Vi Greenup stage Active photosynthesis stage Senescence stage Dormancy stage
Range WIH K WIH K WIH Kz #IH KEE
Onset date Duration Onset date Duration Onset date Duration Onset date Duration
ERIN-MG IR 3.970 *** -1.143 2.779 "% —4.575*" -1.796 -1.256  -3.022*** 7.019 ***
B LG R 3.147 " -0.886 2.217 %% -2.874 -0.657 -2.637"  -3.267"*" 6.439 ***
DMK 3.140 %" -0.797 2.304 *** -3.203 -0.900 -1.998 "% -2.874*** 6.037 """
R R I 2.737 %" -0.939 1.761** -3.068 -1.306 -1.778"  -3.062*** 5.822"**

5 Hit5iTie

ARSCH AL e SRR AU G150 FR R R AR LGS 4 Do s 04T T ALV 2 Bk i 221
87 T 2R By 25 22 S AR AE , D e 2 57 - Aok (SRR | SiE T AR S AN E B & 1400 B A IS []
G, FEER LHGHEW T

(1) 28 i Z AR 2528 2 ) IR IG5 S AN ORI U100 I 3497 I T 3¢ v B8 40 T o T4 B9 B 1), T 22 48 24
AT B E 923 0] 25 SRR R AN, ORBIRIPIA0T B G5 T e T S B9 2 S 3 T AR A RK 2 € I I o
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Z BRI A, 305G B AR S e IR R R A 1 I il A5 g 4 T o8 5 RS 9 AR T Rk Bk 2
Py fe BRSSP 0 559, LA 0 AR S s ML A TaE— 2B AR

(2) 1EZ A0 Wy BE A 2R Mt 284k 7 1T, 4% 3 1982—1996 4F 1 ] 25 43 A4 H AR T o &, K ELIGEK K
F 5 FEEOG A RNV A0 H 8 LIS AT 32, KB RE K S5 4500 220 (H ) — 3l f R ZEAH B B K B 3R e i
T3 NELFAR S RIRIAR) B 3T 5HER S KB DI 3

(3) i AR LA OGS 10T B 5 RT3 R 2 2 W38 A C G R, 1M 8 7 A AR IR W) H 55 51
W SR AR DR YA 3 X — 45 5 T L X — 350, U G e IR IR R W | AR K F T i B A
YIHETE AN AR AL B 22 BV SIR MRS TR RNE Jr R M E EE ) 1982—2006 AR 4% 10 FNRE 556 A 1)
H B8] 730 S, 030 R i R A AR S M) 52t 3 P A A 5, SRk A AR A L BE S OEA B3] B
5 E T

(4) ML By 25 3 B A7 LA 0 G JR U 3 Bl At 1 A4 B AR SR TR B & w0 H 23 5 e 2 3
R2.7—4.0 d F11.8—2.8 d, M EEH R 45 AR H 0 208 3 A 3 w0 H 3R s 3 (04 B Bl 38 4
1.8—2.6 d(ERIRE MG /RIERRSN) s IKIR IR H B & 8201 2.9—3.3 d, HKE B EELK 5.8—7.0 d, MK LF,
IR AT A Y 0 A () AR AR G — SRR A | R AR K A i B (R X A e T e A
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