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Abstract

This study、vas conductcd to vcrify thc relationship bet、vecn thc shins in plant phcnology and changes in air

tcmpcrature over a 40-ycar(1961-2001)periOd in Japan,Daily mean air tempcrature and annual phenological

data(1961-2(,01)frOr13 1 01 mcteorological stations of the Japanトイctcorological Agency、vcre uscd in this study

Thc phcnological datをl COnSists of both springtimc phascs such as flo、vcring and fuli flo、vcrin3, autumn phascs

such as lcaf coloring and lcaf faH oftrccs.

Wc considcrcd inRucnccs of daily tcmpcraturc bcing just closcd to thc datc of phcnological cvcnts,thcrcttrc

thc anomalics〔)f daily mean air tcmperaturc bct、vcen 1961 and 2001 、vere uscd.Thc lcngth of periods during

、ハ/hich air tcnlperature affects phcnological cvcnts 、vas dctcrnlincd bv maxilnization Of the corrclation

cocfficicnts bct、vecn the cumulatcd anomalics prior to thc date of cach phenological cvent and lo thc data of cach

phcnological cvcnt fronl 1961 to 2001 by the tinear regrcsslon.
Frona thc 16 typcs of plant phcnology, the largest 、vas O.88 for P/″rl″sメで冴οC71s,s Matsum. Ro、vcring Thc

lcngth of periods、vith maxtrllunl correlation coefficient differed from plant phcnology Results of the analysis

suggcst that somc phcnological trends reflected responses to climate changc in Japan.
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1.Introduction

Plant phenology, 、vhich is thc timin3 0f Various

scasonal phcnonlcna of plants, c3, thC flo、 vcrin3,

unfolding of lcaves, leaf color changcs, and lcaf fa11,

has bccn inttuc1lccd by changcs in cnvironmcntal

脇cと()r、ovc r  t h c  P a s t  S O  y c a r、(M c n z C l , 2 0 0 0 t  M c n z c l
でr ″′. 20011 Vヽatthcr cr α′、 20〔)2) In particutarn air

tclllpcraturc  i、  considcrcd  thc  most  ilnportant

dctcrminant of phcnology(MaSuda で す α′, 1999)

Considering the sensitivity of plant phenology to air

tcmpcraturc、 it is an ilnportant indicator of Potential

ChをingeS in thc ccolo3y of spccics in rcsponsc to giobal

、、arn3】ng

A nunlbcr of studies in Japan havc focuscd on lincar

rcgrcssion  analyscs  bet、vecn  shifts  in  the  plant

phen()logy  and changcs  in  atr temperature  For
c x a m p l c , M a、ud a  c r  α′ (19 9 9 ) u S C d  1 2  p h c n o l o g i c a l

phascs of pltints and monthly nlcan atr temperatures,
M a t s u m o t o  c r  β′ (2( ) 0 3 ) a l s o  u S C d  t h e  p h c n o l o g i c a l
data 良 )r てお″たgο わ:!ob.72 L  and dally mean air

tcmpcraturen and cstimated periods during 、 vhich air

tcmpcrature affccts phenolo_qical events This study

analyscd thc statisticat rclationships bct、vccn 16 typcs

of plant phenological phascs and daily mcan air

tClllPCraturc froll1 1961 to 2001 ir3 Japan Thc anomaly

of daily lllca1l air tclnperaturc frOnl 1961 to 2001 、vas

u、cd tl、thc tcrllpcraturc conditi()1l s

2,Materials and WIethods

This study uscd thc datcs of 16 typcs of plant

phenological events(day Of year,DOY)and thC daily
nlean air tcmperaturc fron1 1961 lo 2001 respectivcly

Tablc l sho、vs thc list of the 16 phenological phascs

Data from thc 101 meteorologicat stations of thc Japan

Mctcorological Agcncy(refer tO Fig.1), WhiCh

containcd a minilnu■l of 10 vears of continuous

mcasurements of both phenology and atr tcmperaturc

data、vere used

Thc pcriods during 、vhich air tenlpcraturc affected

phenolo3tCat cvents、vas cstin3atcd by lincar rcgrcssi()n

analysis(MatSumoto gr α ′.,2003)In the Study of

Matsumoto で r β′, thc avcrage datc of phcnologicを11

Tablc l List of 16 typcs of phcnological cvcnts

henological phase Specles

oweⅢ ng

′r u , u 5 η」″e , C a n e 1 / 7 2 ″クθわC a  r a 確沼c ″何 ″を印r s

Pruβせ5ッe」θθ,stt M atsum,PわoJθJ9,J「θ,々2θ何,Fa r'
″15 rarra r10′ゎ2,」2,と95ρθJe22めた"θr Tu「cz,

″ッ」′2,どc2,aC′0,わッ〃a S ettngelと2gersrrθ an,2わJ,ca

″,scarr力」ssゎe,s's

uH lowenng P′υ,」s/θJθθ,sls M atSum

eal un〔old ng 3わkどθ bl19め2L

eaF co our ng 6わイどθう〃θう2[1カ Cθ′palTarυtt Thunb

eaF Fa‖ 6/77k[Cめ力う2と ,イcθ′ク2'第2rを″ Thunb
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Fig  l  Locations of meteorological stations at

、vhich phenological data、vere obseNed

event From 1953 to 2000 was used as the end date of

the pettOd to caiculate mean atr temperature Because

we considered innuences of dally temperaturc being

just closed to the date of phenological events, the
anomalies ofdaily mcan air temperature betwcen 1961

and 2001(frOm l to 150 days prior to the date ofthe

phenolottctt CVent)were used We cttculated the
correlation cocfttcient of the date of each plant

phcnological event ● OY)and the cumulated

anomalies I予o■1 1 lo 150 days priorto the date of each

phenological event by the linear regression lt 覇 ′as

assumed that the length oF periods duttng 、vhich air

temperature   afFects   phenological   events   was

deternlined by the pcriod sho、 ving the maxllmum

correlation coefttcient ヽVe considered 16 phenoloBical

phases and temperature conditions in the analysis

3.Results and Discussion

Table 2 sho、vs the resuits of the linear rcgression

analysis The length of the pettods and correlatlon

cOefrlcients  、verc  averaged  by  the  nuEnbCr  Of

meteorological statlons 、vhich have the resuits with

signiflcance level of< lウる(F‐test)The phen01ogical

events of P/rr772パ″″777g(aowcring),P/″ ′?″Sノ2め Cヵs,s

Table 2 The resuits ofthe lincar regresslon analysis、vith s18niflcance level of<19名

Piant
Phenological

phase
the meteo「ological

stat,ons
Percentage

O o r「e l a t i o n

coe衛 olent t

Length of the

perlods｀
the posH」ve the negatve

6ョ″ettaブq″rP/C,
五財4ズ,o2″ ″ィ露ワrs

″切 匹 /θめ ●/7S/3N Matsum

月的″クs/,め trPsな Matsum

筋 θわ さenさ「鎖 ス密θttρ7re″

材st●ra乃 ル 切 Ja

と,ゥ o後 z,めたo/9r Turcz

'レ“虎吻″,加 acっっ,〃● SeAnge

とarerstr●●確la″J/ca

7/scβヵ訪2s切 切 sだ

6仰 biおヽ aL

勧 れっ b7/cめ,L

G力絶ob//o施 L

4o●′ρa力"台tt7P Thunb
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岸f Percentage of the tteteor。loglcal stajons ttth signittcance level of(1銘
十十!Average valuc of the stations市th signittcance level oFく1●・
中料 :Percentage on tle basis of the stations with signittcance leve ofく11

Ⅲ P c r c c ∩t a g e  o f  t h e  m e t e o r o l o g i c a l  s t a t t o n s  w i ■l  s i g n i n c a n c e  l e v e l  o F く1牝
と= Average value of the stations w th signincance leve Of〈1党
=承承!Percentage on the basis of the stations wたh signttcance level ofく1%

Table 3 Results comparison ofthe linear regression analysis on thc lcafunfolding and leaf

fal1 0fCr77耗pうメわみα L between the study ofMatsumoto 2r α′,(2003)and thS Sttdy

Plant
Phenological

phase

Ihe number of

the meteorological

stations

PerOcntage
Correlation

coefFcient…

lJercentage ol
the p ositive the negative

This study C/7を。め//Ob,L
LeaF unfolding 0

Lcaf fa‖ 0

Matsumoto
θ̀″7(2003)

0',化pう//Ob,L
Lcaf unfolding no data 0 100

Leaf fa‖ no data 1∞ 0
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Mat、u nl(RoWCring and fuli nowcring). 材 町Sreァ・サα

ア′て,′'か″′!″r7(f10WCring)and 6′ ′7たFθ か,′θかα L (lcaf

uri f(、lding) sh()ヽ VCd  high  pcrccntagcs  and  high

corrclation cocfficicnts Thcrcf()rc. thc scnsitivitics of

thcsc phcnological cvcnts to atr tcmpcrature are

rclativcly high ovcr Japan.

Thc length ofthc pcriod、 、vith maxinlum correlation

cocfficicnt diffcrcd from plant phcnophases. Thc

shortcst avcragc lcngth of thc pcriods in thc 16 typcs

()f Plant phenology 、 vas 44 days in thc casc of leaf

unf()lding of C,″ オざθ かど′οbrr L Thc longcst was 106

day、f()rれ,V″′α′rftFa′″αC′
・θβ力)'rra scringc flowcring ln

nlo、t()f thc lllctCOr01ogical stations‐ the slopcs of thc
rcgrcssion linc on plant phcnology in spring had

nC3ativc  values  On  thc  othcr  hand,  the  plant

phcnology in atlturlln had pOsitivc valucs  For a
negativc trcnd (a nCgative rclationship), thc dates of

phcnological cvcnts implied an advanccd according to
thc   incrcasc   in   tcllapcraturc,   、vhile,  positivc

rclatiorlships lncani that thc datc of phcnological

evcnt、arc dciavcd

Vヽc c01nparcd thc rcsults of this study 、vith that of

Matsumotoご r αF.(2003)about the leaf unttlding and

lcaf fa1l of C,′ ,たざθ b↓′θわα L.(Table 3) Thc

mctcorological station、uscd for thc statistical analysis

、vcrc thc 70 111ctc(〕rological stations、vith nlorc than 2S

ycars of rccords f()r both  phcnological  and  air
tcmpcraturc data  Thc mctcorok)gical stations that

sati、村cd signincancc lcvcl ofく 1%(F― tesl)was 94%

in thc casc of lcaf ur〕folding of σ,′rたgθ bj′θbr7 L and

S()?み in thc casc Of leaf fati Silllilarly, Matsumoto でr

″′令(2003)also Obtaincd hi3h pcrccntagc with 83 and
70よ)r65 and 64 nctcorological stations rcspcctivcly

Thcrcf〔)rc, 、vc ft)und that thc results of t、vo mcthods

wcrc silllilar

In  conctusion,  using  the  anomaly  of  dany

tc133pcraturc  data‐  u/c  analyscd  thc  rclationship、

bct、vccn 16 typcs of plant phcnological evcnts and

tcmpcraturc conditions.Rcsults of thc analysis suggcst

that sonlc phcnological trcnds reflcctcd rcsponses lo

climatc changc in Japan.
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