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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.

Key words: biological seasons, local flora, phenology, TWINSPAN, warm-temperate.
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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 I season II 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/ %, =+ F F
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mollis Siebold et Zucc., 7% & DKA=Y
) 2% Trisetum bifidum (Thunb.) Ohwi, I K
¥ i 7 Festuca parvigluma Steud., * Y 7Y 7
3 Torilis scabra (Thunb.) DC., Y27 =t T
Ajuga nipponensis Makino 7 £ DAY D& {E
NHBE 57 (Table 1), &7z, A4 X/ 77
) Veronica persica Poir., 7 XV 7 7 7 1 Gera-
nium carolinianum L., XY X, Y 7R 51
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%D} 72 (Table 1), %72, =74 F Ixeris dentata
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DZEHT T IZHIEL 72D % < NZEE TV ICHR
L7 (Table 1), EAD X, Y72 I, NFA
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73 F Bothriospermum tenellum (Hornem.) Fisch.
et CAMey. PEHEL TWEWIZ EXEFHIVICH
BT, IhoDOMIZEROTH IV 2K E LT
Wiz, BUWEAZRO &R M7 2 FOEES 2 OFHi
IVIZIZRIEL Tuvr7z (Table 1),

ZHV @A TH~11A) &, —F2HELT
2MHDOERE - HE - HFROETTIRHTH D
(Fig. 3), 3> &L Z < DHEMIFEFEL T34
FHEHITH B, V) H =V Y v Adenophora
triphylla (Thunb. ex Murray) A.DC. var. japon-
ica (Regel) H. Hara, Y J 7k Scilla scilloides
(Lindl.) Druce & E &6 - HHR T D, 7224
Y 4 Castanopsis sieboldii (Makino) Hatus. ex
T. Yamaz. et Mashiba, 2+ 7, Y7474 FX&
EOARAFER, 2F4F, Y~2), ¥ruavy
v, k3R NS EOEE T R ZEH IV IZEE
L= HARREOE RAAREIZL 0 (Table 1), 7270,
FEHI»5FMVE TRIEL TS AA X 75
U, RHCTEHET ILISEOERTHRIEL TWa ey
% v Erigeron philadelphicus L., 7 A V) 77w a,
v X ZADOEME, EHVICEERICA L, 57
(Table 1),

W QP QB W e R o OV o

Month

Fig. 3. Seasonal variation of in-leaf, flowering, or fruiting proportion for species.
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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, 0O =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 {21 —FHRX FREPHFRIZEZL G F
N (Table 2), A4 X 72, NoNA T H
Gnaphalium affine D. Don, 7 ¥ /N 2 X Myo-
soton aquaticum (L.) Moench, % % Y ¥ /3 F
Cardamine flexuosa With., & M7 / 25 LD 15
My fH& 7z (Table 1), Typel (- Z @ L
THEENFEL, FEHIVLALEHVOIZLOHIC
2 C ORI B R MKL % 2R B 5 2,
50% % FEI% Z ity (Fig. 6), &{EFIFXRL

S DZERE 1T » 5 Z5f/fi I IC IR & 0 A, SR
TFTLAEFEHVOBLEICENS A -2 2b 5, &
ROPDIFEH L 25 F/H IV CTH S (Fig. 6).
Type2 i2 1k, 744 2 3I L, Z 3L Viola
mandshurica W.Becker, % F YV HKZX IV V. gry-
poceras A.Gray = ED X I L& &L 7THA DM
Iz (Table 1), i 11 20 6 i VIZ2 ) T
WERERBRHER SN, HEEEHITICEPL, &
FIZPHSHR S B TEMIL » 5 F/HV D721
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it L TR 5N % (Fig. 6).

Types3, 5, 6l3& S IZLELHAEMMNETD
D, R Type6 ZZF LA DBEEIZL ) >
7= (Table 2). Type3, 5, 6 DNEIZFHAE - K5I H
AT B A3, Typed id%0R LA (R IID 125
{EENE =7 LD, EROZEH I %F2 5 &k
WOZEE IV IS TERENE =7 L85 DI1IH
L, Type5s id@ili] (FHIV) ITEEL, HHRIT
E 2 f5 0 CRURIS T (EEi V) ICA S T b ¥ —
2 L%, Type6 \F5URIK T (i V) 1T84E -
HRL, SEMEEREEREL T3 (Table 1,
Fig. 6), Type3 ZiX, A Y7V 5 3, h=v s
B, PRI HITAEE SHEABIHE N, Typed 12T,
AFTAT, Y~v2y, vI FY,)NFigl 5N
I NI, £ Type6iZiE, 7F /7 F1) VY
7 Solidago virgaurea L. subsp. asiatica Kitam.
YY) H =YYV, JLEIY San-
VLR e & 12 FA M

ex H.Hara,
guisorba officinalis L.,
hiz,

Typed (F LT/ F, Ah~vVh, IFI745E8H
PO SN, KRR A EIZE > 72 (Table 2).
FEEHIN 26 FZHVICEEL T3 BNECITFH
HIICERL, BHIVALEHMVICERT S, &
fEL RO — 7 MO FRERFIE Types &0 X 510k

v (Fig. 6).

Zhon7x/ayv—x24 FIEFRNEDERE L
BfRa R oh, MrHfmiie & SBICBERER 6N
7B, RRE 4 A4 TRRFEORHE, WEEOTFm L D
FHZITAE R BERIE SN a5 72 (Table 2),

ER

KR THE N EMFNERTI 5 FETHD, K
B DMEAT THD &7z KCHFFER &3 151 112
HIBES, 722N ZhoOEYENREHIITIRE
BV D 572 (Fig. 7). BN EBHTIER
XFEN AL FEEOMEITH 28 DD, 20 HIZ
EELMEZY, BL&KbB, FHILIZRCFN L
FEOHFOMIET 22, BB 35D 1T Th %,
ZEHfi ISR SCE RO B2 & KCFHRE O
IRES 5, B IV IEASCFNE OB IS
3, I VIHIFIERCENFIZ BT 5 28, KX
FIADOFREERIZ & 22D, 0L ASIEE RN,

Ak, SHROBII CAMR AT A L B
WAIEH A RS TERETH B720, ZZTik
EPFNA (FEHD, EWFnSE (EHI1D), &
Mg (BEHID, EWFNE (EHIV), E9
R (FEEIV) OFERREIRZEL 720,
LS ORIE, X0 EABITE 00Tk

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 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.



December 2010

J. Phytogeogr. Taxon.

Vol. 58. No. 1

Jan. Feb. Mar. Apr. May

i i
_ a b
AS;?:;n:Scal I Winter I Spring l
Biological
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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 MREHTizdmn
(ZHiV) (Figs. 4, 5). Wik & T35 O _H5H
IZHESLO ERICADLETE ST EMHE L ED >
T4 < ' (Monsi and Saeki 1953 ; Iwaki et al.
1964), SR TR IS LAEOIRED £ 44
L TE, EHMEN D Z DAL LENED, #
B2 & > TROWE L OO E W & hiiily 5
LY, ZOREOUEDME Lk,

EPORHBRLERIZE 5 TRA T & IRE O
PHI% 5C~25CTH D (Larcher 1999), 6 CLIT
IZhiE LT (Fig. 58 A) % < OFREAMKIRS %%
i T (Fig. 6) 3T EFREFERELI T Th 5 728,
KR OFHOBIT R KMRIZ K - T B DIFHEHET
bAH5. F7z, kd EETHAE - FEMEO LE R
KT Lo TIRIRA R 6 0 2 i IV O—EBid
(Fig. 6), D= DIZATE TH 5 25CLL EDGH
3 (Larcher 1999) IZ&Fh T3 (Fig. 5). L
ML, ZEIIN & ZH IV OBR CH L k5 BH
KITHZDOPHETH Z20D2E, SREIOMETIZ
AT H > 72 (Fig. 5)o F 72 YR Ak D
- FERRICEEL2 525 2L Mo hTha R
(Larcher 1999), miRIRIHIZH & 5 FHi IV 2
5 VAOITIZHEN#IZE > TED (Fig. 5
Wi#%# B), Type6 OMERHIHEZ & & IZHASE - 459
ERMET 52 & TRIRMGERD 244 3 v 7%
MoThbeEZ2H5h5 (Fig. 6),

St EROFH IS SN BT — 443,
KBE T TH % 12 H ERIOEHV 2 5 FHITIC
T 2H0AZIC 1SN TS (Figs. 1,4,5),
ZHEEHI VIZAE LT\ 7z Type6 OFERE & & 2
ML 725 &, a5 LA s EICkD, Fi
II B AE5E - SEMETI2XREVOKLIZE
HIYE - FHAEBWREZ N T A N F e E D Typel OFH
TR Z I VR ED Type2 OFERE D& HE - HEH
PHAEAL L, ZEEILNISEWIREE R > Tz eF A
5h5 (Fig. 6).

WD 7 = 7 a Y — & 4 FI3AEEM &< Bk
LCW=h, TS ORZHR R I E 5 E DL

REFFE & DBfRIEA S e H 5 7z (Table 2), 7=
2 LB & B0 FEn IS, ARG BT S
Typed THEIZZ L, ZEALEFARMYI VP EBKT 5
Type6 THIEIZD L 5720, ZOHRZITEEL
B ARAREI T L < LEMFEARNTH N LI
koT, 7z Y- LHTHUEGRNC B2 O
BTN S b5,

51RO RFHD % 4F- A8 RPN AR I R L
TWEWEDNEH 572A (Table 1), KR
WO TISHRAEREL DT, ESEBOER IV ICH
L TWAEWSFAETANY (v 29X, FHIV
DELEBEMER 0.14, TFHI 1 O 45 EEGEFR 1.0)
MR X N7z (Table 1). —F, mEHTH 5%
i IV OAEBE NS ks W—FLER (v 7
a¥7a, ZEHiIVOEEBREMER 0.0, IVLSHD
SEVREBERISER 0.655 5 N F A NF, BRIV OF
ERESTERE 0.0, IV IS Y935 SR 28TE % 0.53)
& dH o7 (Table 1), F77, WAL TRLFENE
PGS % 1 A OB MR TH 5 A A+ 4 X
770, BRMOFEHIVICEEEL TS Z
LN %< EEBISHER DO RAUEIT TR TV 0 0.86),
sEDFFm I3 ik e LToHamd 1ELNTD
530D NXTWEICTD 72 D FHERLE S (Table
1), AL TIZWEYE—45 (year-long annu-
als) (T 2003) ICRENTHLHFALND,

SR X & X F RIS OEY N EHIX ) AT 5
THARIZB G 2RO SKRGE 2 E L T
RZENYF LW, F7-0LODHETIRIHE LA
OB N 22 O EO S HENHE L WA S B
2, Mg (HE) SEE (KR OMAd b
5 %< OHk A IR 2 Z LT, AWEREESOMET
CEWTKBEHREDESLRHTH D0 %E, X
GIZHHL T A2 ENTEHHREU N D 5,

B
ARIOBMEEZ 0720, TORRIE KA B O 5t
LHRELEICBIEFICZ S OITER - THfiz v
7oz, ESEHH L B 5. AR O—BIE,
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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. FTAAXI T 1 2 1 1 1
Oxalis corniculata L. VETAN 2 2 4 1 1
Trachycarpus fortunei (Hook.) H. Wendl. a0 3 1 3 2 2
Gnaphalium affine D. Don NG Y 1 2 2 1 1
Erigeron philadelphicus L. VAVIV% %% 2 2 2 1 1
Myosoton aquaticum (L.) Moench 7 YNAN 1 2 1 1 1
Cardamine flexuosa With. BRYINF 1 2 1 1 1
Eurya japonica Thunb. EYH¥x 3 2 3 2 2
Lamium amplexicaule L. KNF /Y 1 2 1 1 1
Geranium carolinianum L. FAYATI0 1 2 4 1 1
Ligustrum obtusifolium Siebold et Zucc. 1 K5/ % 3 2 3 2 1
Scutellaria brachyspica Nakai et H.Hara FThaIFIvy 2 2 1 1 1
Semiaquilegia adoxoides (DC.) Makino XX 2 2 1 1 1
Lapsana humilis (Thunb.) Makino YJ72EZO 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 TAALAZXIL 2 2 1 1 1
V. mandshurica W. Becker 3L 2 2 1 1 1
V. grypoceras A. Gray 2FYRIIL 2 2 1 1 1
Spiraea thunbergii Siebold ex. Blume IxvF¥ 3 2 1 1 1
Carpinus tschonoskii Maxim. 1X7 3 1 2 1 1
Prunus cerasoides D. Don var. campanulata (Maxim) Koidz. e h > 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=I)TH 2 1 1 1 1
Festuca parvigluma Steud. FNRIHZ 2 1 1 1 1
Rumex japonicus Houtt. XXy 2 1 1 1 1
Ixeris dentata (Thunb. ex. Murray) Nakai ) b 2 2 2 1 1
Rubus parvifolius L. Fo aq4F3d 3 2 3 2 1
Chloranthus serratus (Thunb.) Roem. et Schult. TEVI XA 2 1 1 2 1
Styrax japonicus Siebold et Zucc. Id/% 3 2 3 2 1
Pourthiaea villosa (Thunb.) Decne. var. laevis (Thunb.) Stapf <V} 3 2 3 2 1
Ajuga nipponensis Makino YaZkebT 2 2 1 1 1
Quercus serrata Thunb. ex Murray ar7 3 1 3 1 1
Callicarpa mollis Siebold et Zucc. YITLZHF 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. B2FFT 2 2 3 2 1
Lilium auratum Lind. Y=l 2 2 2 1 1
Mollugo pentaphylla L. Hoovury 1 2 1 1 1
Eupatorium chinense L. (=R VAV 2 2 2 1 1
Oenothera biennis L. AYIALTY 1 2 1 1 1
Rudbeckia hirta L. var. pulcherrima Farw. TIHN T 2 2 1 1 1
Solidago virgaurea L. subsp. asiatica Kitam. ex HHara 7%/ x> vy 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. YUARxZ>I> 2 2 1 1 1
Jjaponica (Regel) H.Hara

Sanguisorba officinalis L. JLEQY 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 (L.) Spreng. FHTIN 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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20010612
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20010506
20010423
20010409
20010321
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Ligustrum obtusifolium
Scutellaria brachyspica
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Torilis scabra
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Callicarpa mollis
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