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Abstract

Seasons are important factors for the activities of organisms, and biological seasons are one of the key
factors for in situ studies of wild organisms. In this research, we determined biological seasons based on
phenological pattern of local flora. We defined the study areas of 1km X 1km in rural Tokyo, Japan (under
warm-temperate climate), and the random number was used to extract study plant species from the local
flora including herbs and woody species. Both reproductive and vegetative activities were studied (presence
of leaves, flowers, and fruits), and we used multivariate analyses to divide biological seasons. Five biological
seasons were detected by a cluster analysis (TWINSPAN); those were biological winter (season I, December
to February), biological early spring (season II, March), biological spring (season III, April to early June),
biological summer (season IV, late June to early August) and biological autumn (season V, late August to No-
vember). There were more number of biological seasons in the duration from the coldest to the warmest peri-
ods (biological spring and biological early summer), than the duration from the warmest to the coldest periods
(biological autumn). Temperature was the key environment factor determining biological seasons around the
cold period, but day length was the key between biological summer and biological autumn.
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49 phenology survey data (55 spp.)

Mollugo pentaphylla (Leaf) Mollugo pentaphylla (Flower)
Scilla scilloides (Leaf) Eupatorium chinense (Flower)
Prunus cerasoides var. Quercus serrata (Fruit)

campanulata (Leaf) Callicarpa mollis (Fruit)

Smilax nipponica Scilla scilloides (Leaf)
; . . (Leat) Lilium auratum (Leaf)
Ajuga nipponensis
(Leaf)
Viola mandshurica
(Leaf)
2002.12.11 2001.03.21 2001.04.09  2002.05.21 2001.07.04 2001.08.17  2002.10.08
2002.12.28 2001.12.10 2001.0423  2002.06.10 2001.07.31 2001.09.07  2002.10.27
2003.01.12 2002.03.07 2001.05.06  2003.04.29 2002.06.25 2001.09.29  2002.11.11
2003.01.26 2002.03.20 2001.0529  2003.05.26 2002.07.07 2001.11.01  2002.11.23
2003.02.14 2003.03.30 2001.06.12  2003.06.27 2002.07.21 2001.11.26  2003.08.31
2003.02.27 2004.03.13 2002.04.11 2002.08.04 2002.08.23  2003.09.30
2003.12.28 2002.04.20 2003.07.28 2002.09.09 2003.11.12
2004.02.01 2002.05.09 2002.09.26
Biological Biological Biological Biological Biological
season season I season II season IV season V

Fig. 1. Biological seasons identified using TWINSPAN classification. Totally 49 phenological surveys were clas-
sified into biological seasons based on plant phenology of leaf, flower and fruit. Species names with organ (leaf,
flower and fruit) represent the specific indicator at each division. Numbers in boxes are “year. month. day”

of surveys.
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Fig. 2. Principal component analysis of 49 phe-
nological surveys. The first axis, PC1, explained
17.1% of the variance of the data and the second
axis, PC2, explained 14.4% of the variance. Each
point represents one survey, and five seasons
classified by TWINSPAN are shown. I to V repre-
sent biological seasons.

& % (Table 1, Fig. 3), = I/ %, =+ FF
Euonymus alatus (Thunb.) Siebold, ¥ L 3 E.
sieboldianus Blume, Y 7 4 7 ¥ % Callicarpa
mollis Siebold et Zucc., 7% E DARAKREIR H =
) 2% Trisetum bifidum (Thunb.) Ohwi, I K
¥ i 7 Festuca parvigluma Steud., + Y 7Y 7
3 Torilis scabra (Thunb.) DC., Y297 =t T
Ajuga nipponensis Makino 7 & DAY D& {E
WHEEZ 57 (Table 1), 72, A4 42X/ 75
) Veronica persica Poir., 7 X V) 71 7 7 1 Gera-
nium carolinianum L., XY X, Y 7R 51
Lapsana humilis (Thunb.) Makino 7 £13, #A4E,
HREBICHEIZZ W,

ZHIIV (6 AT~ 8 A kM) &, &fTHS L
FhE FE BRE BTV AT B RN
FHiTH S5 (Fig. 3), Y~2YRreI FYNF, 4
=%, ¥ a7 Mollugo pentaphylla L. 75 &
D EARKEY 23 2> DLW ZE I R THRISAE
%Or 72 (Table 1), %72, =4 7 Ixeris dentata
(Thunb. ex Murray) Nakai, 7 % V) ¥ X % Chlo-
ranthus serratus (Thunb.) Roem. et Schult., %
OABZEET TIT I AE L 72h D % < 23220 IV IS R
L7 (Table 1), B XD X, Y72 I, NFA



December 2010 J. Phytogeogr. Taxon. Vol. 58. No. 1
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73 F Bothriospermum tenellum (Hornem.) Fisch.
et CAMey. PEHEL TWEWIZ EXEFHIVICH
BT, IhoDOMIZEROTEH IV 2K E LT
Wiz, BUWEZRO & 7 2 FOEES 2 OFHi
IVIZIZRIEL Tz (Table 1),

FHV @A TMH~11H) &, ~HF2@ELT
2B DOERE - HHL - HFROEDTTIRHTH D
(Fig. 3), ¥ - & 2L DHMAREIL T4
FHEHITH B, V) H = Y v Adenophora
triphylla (Thunb. ex Murray) A.DC. var. japon-
ica (Regel) H. Hara, Y J 3K Scilla scilloides
(Lindl.) Druce & E A& L - HRT D, £7224
Y 4 Castanopsis sieboldii (Makino) Hatus. ex
T. Yamaz. et Mashiba, 2+ 7, Y7474 F%&
EDOAARFER, 2F4F, Y~ay, ¥ruav
Y, b3 FVNF AL ORE R RH IV ISEE
L= HARFEOH RAATEIZL 0 (Table 1), 72751,
FHI»OFMVETRMEL TN EAA AR T
Y, FHIFEH ILISEWHER THRIEL Thd Ly
% ¥ Erigeron philadelphicus L., 7 A1) 717w 4,
E Xy ZOEME, FEHVICEZERICDE»r 57
(Table 1),

W QY QB W e R o OV o

Month

Fig. 3. Seasonal variation of in-leaf, flowering, or fruiting proportion for species.

2. BN R L SO - HE

SRS LA WMNICIE IO, 101, IVD 3 F
BIEL 72, LA LKIEAME T4 2 WRIE, 3 4/
T 172 B SN I &2 Bl &R
V72E1EDATH 72 (Fig. 4).

ZiLIAIR SRR TTRTTCU T TH D,
i 2 FH (I LTV) EFABETEG SN
7z (Fig. 5% A) . FHi 112 6 T/ IS, T
AT LA LT B, miEHiOBERIIAEmE H
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FTHILETExhh o7 (Fig 508t C, D), Ffii
I 72 5 B IV IZ2 T T &S EH L, BEIV
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BHRIIHRICE > TRy & hz (Fig. 5 B) o
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Ko TS Miss izt 72/ uy— a4 FITHEHL
TAEHR, 6 DD a4 ST/ I iz (Table 1), %
TePAHIC B B EMER, LR, ERELL4T
ZEIZHEEL, AZEOFHMEE Fig. 6 12 L 7z,
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Fig. 4. Temperature and detected biological seasons (¢ =I, & =II, A=III, A=IV, O =V) of
Hino, Tokyo. Running mean temperature for 7 days prior to the survey was used (Japan
Meteorogical Agency, http://www.data.kishou.go.jp/etrn/index. Futyu, Tokyo).
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Fig. 5. Effects of day length and temperature on the biological seasons. Phenological sur-
veys are plotted. Two arrows represent seasonal sequence. I to V represent biological
seasons (¢ =I, & =II, A=III, A=IV, O =V). Horizontal broken lines represent the pos-
sible threshold day length between biological seasons (B, D), and vertical broken lines
represent the possible threshold temperature between biological seasons (A, C).
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Fig. 6. Seasonal variation of in-leaf, flowering, or fruiting species proportion for each phenology type. I to V

represents biological seasons.

Typel {Z1d —FHRX FEPEFRIZEZL G F
N (Table 2), A * A4 X/ 7270, NN TH
Gnaphalium affine D. Don, © ¥ /N 3 X Myo-
soton aquaticum (L.) Moench, & % Y r /¥ F
Cardamine flexuosa With., & M7 / ¥ €D 15
FEA & 7z (Table 1), Typel X443 L
THEENEL, EHIVIALEHVOIECDIC
P T OERINCE ERMEL B 2R B 5 03,
50% % FH% Z L3z (Fig. 6). HERIIAE L

HBOZE 11 4 5 /i [T IR S @A, KImAE
TLAEEHIVOBRLICE N A -2 Db D,
ROFIIFESHIL » 6 FH IV ThH 5 (Fig. 6).
Type2 1213, 744 2 3L, Z 3L Viola
mandshurica W.Becker, % F YK Z IV V. gry-
poceras A.Gray = ED X I V& &L 7THA DM
Eh7z (Table 1), ZEHi Il » 5 /i VIZH T T
WEBERDHEF S N, SEEEHILICEPL, &
U & GO CEM L 2 5 Z/H V D H 721
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B8 EH 1S

2010412 H

ML TR 6N (Fig. 6).

Types3, 5, 6 k& BIZLFEEREMNTETH
D, R Type6 ZZF LA DBEEIZL ) >
7z (Table 2). Type3, 5, 6 DNEIZHAE - KFH
AT B A3, Typed id50R LA (G IID 1255
{EENE =2 LD, EROZEH I %F2 5 &k
WOZEE IV IS TERENE -7 L85 DI1IH
L, Type5s id&iil (FHIV) ITEEL, HHRIE
Rl & B CRURIK T (EH V) ICA ST 5 E—
2 L%, Type6 IR T (i V) 1254E -
BHRLU, HEMEERNILEREL T3 (Table 1
Fig. 6), Type3 ZiX, A Y7V 53, h=v s
B, PRI HITAEE SHEABFHE N, Typed 12T,
AFTAT, Y~v2), vI FY,)NFigl 5N
I NI, £ Type6iZiE, 7F /7 F1) VY
7 Solidago virgaurea L. subsp. asiatica Kitam.

ex HHara, Y 3=V, YLEIY San-
guisorba officinalis L., Y IL K7 & 12 A 40H &
N7,

Typed (F LT/ F, A~V h, IFT75E8H
BN, KRN EIZEH - 7= (Table 2).
T A2 5 E/H VICHEL TV 3 BEEIRZEH
OOz L, BEHIVASEMVICERT S, &
HBEBEROE — 7 B OBFMIL Types & X 512k

v (Fig. 6).

IhopT7xz/uy—a4 FI3EFRNEDHERE R
Bl S, e & IR h
7oy, KRy A A TRRFEORHE, MIEDTFamE D
FHZIIE R LRI S s 572 (Table 2),

ER

KW TH N EMFNTERIE 5 FETHD, K
B DT TR B2 R EEiEd 15112
IS, F72F N2 ROEWENEEIC I3 E
1BV D 572 (Fig. 7). EWFN L EHTIZR
N A L REEOMBEITH 28 DD, 20 HIZ
EELIEZ Y, BL&bs, FHiILIZKEMN A
BOPLINIET 208, HIE3 3D 1 FTh 3,
0 IS K CFNHEO N2 & RCFNE O
IZHES 5, B IV IFACFNE OB SIS
%, B VIIZITRSCFNFIC BT 2 4, KX
FRORPEERIZ R D, e HBIEER N,
al, SHROUIIIE TSN AT A v S
BAICIIH A3 S TCEAHETH 5720, I Tk
BN (FBEHD, EWFENSE EEH1), &
WEFNE (EBHID, EWFNE (EHIV), £9
FHIFK (BEIV) OMNFREEEL 720,

M ER RO, KD FAHT SOOIk

Table 2. Numbers of plant species belonging to phenology types seen by each ecological traits (Table 1, Fig. 6)

. . Type Type Type Type Type Type Sum Ratio
Ecological traits 1 9 3 4 5 6 o
Life form

Annual and biennial herb 8+ 0 2 0 1 2 13 23.6

Perennial herb 4 3 5 1 4 10+ 27 49.1

Woody plant 3 4 1 T+ 0 0- 15 27.3
Pollination

Anemophily 1 1 4 3 0 4 13 23.6

Zoophily 14 6 4 5 5 8 42 76.4
Propagule dispersal

Barochory 8 4 5 1- 2 10 30 54.5

Anemochory 2 1 1 0 2 1 7 12.7

Endozoochory and synzoochory 3 2 1 T+ 1 0- 14 25.5

Autochory 2 0 0 0 0 1 3 5.5

Epizoochory 0 0 1 0 0 0 1 1.8
Fruit type

Dry fruit 12 5 6 5 4 12 44 80

Sap fruit 3 2 2 3 1 0 11 20
Leaf longevity

<year 13 7 8 7 5 12 52 94.5

> year 2 0 0 1 0 0 3 5.5
Number of species for types 15 7 8 8 5 12 55

Signs indicate significant differences between actual frequency and expected frequency detected using binomial test.

+, actual>expected; — , actual<expected; both in p<0.05.
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Fig. 7. Comparison between astronomical seasons and biological seasons. a, the first spring day ; b, the first
summer day ; ¢, the first autumn day ; d, the first winter day.

LT (FEHIL UL V), o MREHTiEdmn
(FHIV) (Figs. 4, 5), FHiZ& & TIIXIRD 1571
IZEX O EFRIZEDETENT A EE D -
T4 < ' (Monsi and Saeki 1953 ; Iwaki et al.
1964), RO FEINIZFLAEOIRIED £ i
FELTWE, EHMEND Z VAL L RN, #
Fals & > TIRWESL OO A E 23 M 6 Aty 5 2
Ly, ZORKOVOED,TE Lk,

EORGHR LRI & - TRAE T 4 HE O
PHI% 5C~25CTH D (Larcher 1999), 6 CLIT
I L C (Fig. 58 A) 2 < OREAKIRS %%
i T (Fig. 6) 3T EFREFEIRELL T Td 5 728,
KR OFFHOBT VR EMRIZ K - T B DIEHEHET
bAH5. F7z, kdEETHAE - BERO LFE R
KT U—BOMTIRIRA R 6 0 2 i IV O—EBid
(Fig. 6), ERDO7Z®DIZAETH % 25CLI LD
3 (Larcher 1999) IZ&Fh T3 (Fig. 5). L
MU, ZEFII & Z6 IV OBIR Tt & 7 5 EWH A
KB THIDOPHETH ZD»E, SRIOMETIZ
AR TH > 72 (Fig. 5). = XEME» MO
E-ERRICEEL2 5252 Mo T EH
(Larcher 1999), ErRmEIHIZIR & h % =Hi IV 2
LM VADOMITIZHEN#IZA >TED (Fig. 5
W% B), Type6 OMERHIHEL & & IZHHAE - 59
BT 52 & TR AGEMD 2 4 I v 7 %I
MoThWbtEz26h% (Fig 6).

SR E RO B I W 285 T — 4 723,
KUK T CH % 12 A EROZF V » 5 E/ 11
T2 1AM EN TS (Figs. 1,4,5),
ZHIEEH VIZAE LT 7z Type6 OFERE & & 28
ML 728 &, —Ba5im LA aEIcky, i
II 2 AE4 - EHEMET2XFHVOBIIZY
HUE - FHEDRE N F 4 8 75 E D Typel OFfi
TR Z I VA ED Type2 OO E I - HAEH
PEL L, BEHIIISEVIREEE B> Tz &H 2
5h5 (Fig. 6).

WD 7 = 7 a v — & 4 FI3EER &< BItG
LCWzh, ZRLSADORZHRCRFEE 2 EDE

TER M & ORI A S N h 572 (Table 2), 7=
U & B0 B, AAR A R S
Typed THEIZL L, SFEERFEY A RS S
Type6 THEIZD L 5720, ZOBIRIZHPIRL
i AARARREI TL < BHEMFARNEITHHENZ LI
£oT, 7x/uY— LR FHURRNC R O
EHUZAEEES & 5.

5Bl % RFRD L AF AR ERYN AR S L
TVEWVWEDNEL N 5724 (Table 1), I
WOZEH TICHRAELEELOT, SRBOEEHIVICE
L TOWAEWSFAETARMY (b2 X, FEHIV
DO EBEMER 0.14, FHIT O EESIEHR 1.0)
MWiEE X N7z (Table 1), —J, @i TH 5%
i IV OAEF N s W—FL RN (v 7
Z2¥7a, ZEHiIVOEEBREMR 0.0, IVLSHD
SV HEBISER 055 5 NFANF, BRIV OE
ERIERTERE 0.0, IV IS O P39 35 SEBIETER 0.53)
& H o7 (Table 1), x77, AL TRLFENE
IZBHAET %2 1 FAEDOHHME R TH 2 4 A 4 X
770, BRMOFEHIVICEEEL TWEZ
LN %< (EEBISHER O RAEITTEHI TV 0 0.86),
MO FdzmE < ik e LToFHmd 1ELUNTH
230D TWAEIZD 72 D FENGE X N (Table
1), K& TIZmMENE—45 (year-long annu-
als) (LJE 2003) IZ#4MdTHLEZXON5,
Si%13 & F X & AR HUIROEYIEFHNTHIX 7 A 1T -
THARIZE T 2 EWF RO SR 2 2L Tn
RZENYFE LW, 0L O0HETIIHEEA
OB N2z O EO FHENHE L WA S B
2, Mg (HE) SEE (KR OfMAd b
5 %< Ok A IR 2 Z LT, AEWERTEESOMET
EEWTKBEHREDEBLBRHTH D0 %E, X
GIZHAL T A2 ENTEHHREM NS 5,

B
ARIOBMEEZ 720, TORRIE KA B O 5t
LHRELEICBIEFIZL S OITER - THEfiiz v
7oz, ESEHH L B 5, AR08,
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Appendix 1
Studied species and ecological traits. Life form (1, annual and biennial herb ; 2, perennial herb ; 3, woody plant),
Pollination (1, anemophily ; 2, zoophily), Propagule dispersal (1, barochory ; 2, anemochory ; 3, endozoochory and
synzoochory ; 4, autochory ; 5, epizoochory), Fruit (1, dry fruit; 2, sap fruit), Leaf longevity (1, < year ; 2, > year)

Species Japanese Life Pollination Propagule Fruit Leaf
name form dispersal longevity
Veronica persica Poir. FAAXITTY 1 2 1 1 1
Oxalis corniculata L. HHINZ 2 2 4 1 1
Trachycarpus fortunei (Hook.) H. Wendl. a0 3 1 3 2 2
Gnaphalium affine D. Don AVAS=LrA s 1 2 2 1 1
Erigeron philadelphicus L. NV F 2 2 2 1 1
Myosoton aquaticum (L.) Moench JYNAN 1 2 1 1 1
Cardamine flexuosa With. BRI INF 1 2 1 1 1
Eurya japonica Thunb. Evh¥x 3 2 3 2 2
Lamium amplexicaule L. KN/ 1 2 1 1 1
Geranium carolinianum L. TAYAH 70 1 2 4 1 1
Ligustrum obtusifolium Siebold et Zucc. 1RE2/ % 3 2 3 2 1
Scutellaria brachyspica Nakai et H.Hara FhHEIFIVY 2 2 1 1 1
Semiaquilegia adoxoides (DC.) Makino Ex X 2 2 1 1 1
Lapsana humilis (Thunb.) Makino Y742EZ2 1 2 1 1 1
Bothriospermum tenellum (Hornem.) Fisch. et C. A. Mey. /\F 1 /\F 1 2 1 1 1
Chaenomeles japonica (Thunb.) Lindl. ex Spach TR 3 2 3 2 1
Viola hondoensis W. Becker et H. Boissieu TAAZXIL 2 2 1 1 1
V. mandshurica W. Becker 3L 2 2 1 1 1
V. grypoceras A. Gray 2FYKRIIL 2 2 1 1 1
Spiraea thunbergii Siebold ex. Blume et 3 2 1 1 1
Carpinus tschonoskii Maxim. 1XT 3 1 2 1 1
Prunus cerasoides D. Don var. campanulata (Maxim) Koidz. Eh > H 75 3 2 3 2 1
Torilis scabra (Thunb.) DC. TYITI53 1 2 5 1 1
Arenaria serpyllifolia L. JIJYXN) 1 2 1 1 1
Trisetum bifidum (Thunb.) Ohwi H=IVTH 2 1 1 1 1
Festuca parvigluma Steud. FNRIHZ 2 1 1 1 1
Rumex japonicus Houtt. ¥oxy 2 1 1 1 1
Ixeris dentata (Thunb. ex. Murray) Nakai —HF 2 2 2 1 1
Rubus parvifolius L. Fo aq4F3d 3 2 3 2 1
Chloranthus serratus (Thunb.) Roem. et Schult. PEDPPY 2 1 1 2 1
Styrax japonicus Siebold et Zucc. Id/% 3 2 3 2 1
Pourthiaea villosa (Thunb.) Decne. var. laevis (Thunb.) Stapf H <V} 3 2 3 2 1
Ajuga nipponensis Makino YaZkebI 2 2 1 1 1
Quercus serrata Thunb. ex Murray ar7 3 1 3 1 1
Callicarpa mollis Siebold et Zucc. YT LZHX 3 2 3 2 1
Castanopsis sieboldii (Makino) Hatus. ex T.Yamaz. et Mashiba X & 1 3 2 3 1 2
Euonymus alatus (Thunb.) Siebold ZUXF¥ 3 1 3 1 1
E. sieboldianus Blume <13 3 1 3 1 1
Macleaya cordata (Willd.) R. Br. /=g 2 2 1 1 1
Smilax nipponica Miq. RFIFT 2 2 3 2 1
Lilium auratum Lind. Yl 2 2 2 1 1
Mollugo pentaphylla L. Hoovur 1 2 1 1 1
Eupatorium chinense L. E3aRYNF 2 2 2 1 1
Oenothera biennis L. ATYIALTY 1 2 1 1 1
Rudbeckia hirta L. var. pulcherrima Farw. TN T 2 2 1 1 1
Solidago virgaurea L. subsp. asiatica Kitam. ex HHara 7% ./X%1)> V7 2 2 2 1 1
Geranium nepalense Sweet subsp. thunbergii (Siebold et 7°>/ 371 2 2 4 1 1

Zucc.) H.Hara

Adenophora triphylla (Thunb. ex Murray) A. DC. var. JUHRXZ>T> 2 2 1 1 1
Jjaponica (Regel) H.Hara

Sanguisorba officinalis L. JLEOY 2 1 1 1 1
Euphorbia maculata L. FTAZIFVY 1 2 1 1 1
Miscanthus sacchariflorus (Maxim.) Benth. e 2 1 1 1 1
Sporobolus fertilis (Steud.) Clayton FXI/F 2 1 1 1 1
Pennisetum alopecuroides (1..) Spreng. FHZIN 2 1 1 1 1
Scilla scilloides (Lindl.) Druce VLR 2 2 1 1 1
Allium tuberosum Rottler ex Spreng. =7 2 2 1 1 1
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Appendix 2

1, presence; 0, absence.

Results of 49 phenological surveys.

Survey date
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Torilis scabra
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