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Plant ecology in Kirigamine 3: Relationship between the degree of spatiotemporal
stratification measured by Rao’s quadratic diversity index and the stages of
secondary succession in herbaceous communities in Japan

Jun Kato and Mihoko Kawakami

Abstract: Spring ephemeral blooms before the leaves of canopy trees unfold so that light
penetrate into the forest floor. These light partitioning system are maintained by spatiotemporal
stratification. In that system small early-blooming herbs flower before leaves of tall late-blooming
trees unfold. To elucidate whether the degree of spatiotemporal stratification in the herbaceous
community increase as succession proceeds, we conducted experiments in the stands of two
different succession stages. To determine the spatiotemporal stratification, spatial difference was
defined by the height of herbs and temporal difference was defined by the month of flowering of
the plants. To normalize the height and the month, we converted these values by the following
steps: Step 1. the value was reduced by the minimum of the values. Step 2. the resulted difference
was divided by the width, that is the difference between the maximum and the minimum of the
values. Consequently the converted values became between O and 1. By these conversion of the
height and the flowering month, the species was represented by a point in the height-flowering
month plane (xy-plane). To quantify the spatiotemporal degree of the two species, distance
between the two point was adopted. To determine the spatiotemporal stratification degree of the
stand, we summed the distances which was weighted by the positions of the two points in the xy
plane and the abundance of the two species. The degree of spatiotemporal stratification of the
stand increased in accordance with succession stages. These results supported Whittaker's report
that net primary productivity in the early secondary stages increased.

Key Words: Net primary productivity . Onset of blooming . Rao’s quadratic diversity index .
Spatiotemporal stratification . Succession
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Rao’s quadratic diversity index Q(Rao 1982) (3K
RTEZBENS:

Q= Z i#jdjpipj 0
TTTdildfii LjDER, pi pBENENM
L jDETH S (Ricotta 2002).
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X R Height Onset of blooming
Species No. of individuals / m* Note
(cm) {month)
A Digitaria ciliaris 370 90 7
XY Ay Galinsoga ciliata 182 60 6
T/ansy Setaria viridis 168 80 8
vV sy Cyperus microiria 27 60 8
av iy Trifolium repens 6 30 5
ARETF Persicaria longiseta 6 50 6
Rl Amphicarpaea bracteeata ssp. edgeworthii var. japonica 4 - - vine
v Chenopodium album 3 150 9
ayHIy Chenaopodium ficifolium 3 60 5
R Equisetum arvense 3 - - fern
AR DX Bromus catharticus 2 100 4
A=V AL TY Oenothera biennis 1 150 6
)XY Acalypha australis | 50 8
A= Metaplexis japonica | - vine
FEX Artemisia princeps | 120 9
I Unidentified species 114 -
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Table 2. EER2ICHBITIBHAXA , B, C, DOMMM L HE, K5TIREFNTNOMOEL, {EW,
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paliie %

Species L em)  TERRGD) B . >

RAN Miscanthus sinensis 200 8 424 333 38 35

=y ayy Susa cheriucea var. st 15 177 58 troe
Fa GBIy Carex longerastrata var, pallida 40 5 46 55 116 26

H Artemisia indica 120 9 7 69 8 15
qvsReary Eupatorium chinense ssp. sachalinense 100 8 55 4 33 36

UL FSY Potentilla freyniana 30 4 32 26 17 2

I Preridium aquilinm var. latinsculum 31 0s 3.1 18 fem
MR 7228 Arundinella hirtu vas. glauca 120 8 2 [17] 6 0.l

Wi A Smilax biflora var. trinervula 5.7 03 13 tree
A a4 Rhododendron japonieum §. glaucophyih 6 wree
EALY Thebypreris palustris 01 55 fem
AATS G RAX Spodiopogon sibiricues 100 8 27 2 05 06
TEIXYVY Solicago virgeurea var. asiatica 80 8 05 .2 1.7 15
G4IIRAIL Viola kirtipes 15 4 [} 12 07 09

v ARY Carex axyandra 30 5 03 L5 1.7
ne2vIy Senecio cannabifolius 200 7 3 03

AR A Attgrium yokascense 03 0.1 29 fem
Fday Disporum smilacinum 35 + 0l 04 03 2

sME Ixeris dentata 50 5 03 16 02 0.7
TSy Astitbe nicrophytic 80 6 16 09

AXG Comvullaria keiskei 25 4 04 ol 1 09
IALYIERRIV Viola sichotdii £, varicgata 7 4 09 09 0.5

R ¥ 23 Arundinella hirta vor. ciliata 120 8 (4] 18 02

g AV 3 Lespedeza avinbotrye [} 06 05 tree
v~vvLEay Sanguisorba longifolia 100 7 04 Ll 03 03
FagrATGIeYR Galivm verum ssp. asiaticum vav. trachycarpum (. atbum (1) 7 04 07 09

AR Lycopus maackiarus K 8 2

T AL Viola rossii 10 4 03 12

A7 A Mochringia laterifloru 20 6 03 1

A-eya4 Iy Ocnothera biennis 150 6 06 02 03 01
vy Rhododendron japanicum 0) Ll e
VP 4 Aster ageratoides ssp. ovatus 100 8 03 08

IV HLFS Rubus micropleyilus var. subcratocgifolius 1 e
AN YL Hosta sieboldki €. lancifolia 0 7 0.l 09

ITHT Cirsivm japonicum 100 5 05 0.1 04
EARALS Rumex acetasello 50 5 |

YvikgR77a Campanule punciute var. hondocensis 80 6 05 04 (3]

Ah T A Lysimachia clethroides 100 6 0.1 0.1 0.7

A=Y AE R Celastrus arbiculatus var. papiliosus 03 03 03 ree
yeAIL Viola parinii 15 4 02 05 0.1 0.1

A4 FY Reymoutria jupanica 150 7 05 03
INGTHI Cirsium oligophyllum 100 8 02 06

Az Anaphalis margaritacea 70 8 07 ol

k& ardra:l Geraninm krameri 70 7 (1] 2 04

A Rt Stachys riederi vus. intermedia 70 7 07

4RI} Clinopodium micranthiom 50 8 03 [1R] 02

LY Euphorbia pekinensis 80 6 02 03
bR Arundinella hirta 120 8 05

Irbvavy Iris ensata var. sportanod 100 6 05

Yy ke Gentiana scabra var. buergeri 100 9 0.1 03 0.1

29y Angelica decursint 150 9 04
AGRE AV aty Frigeron strigosus 130 7 04

S D) NFTGE Botrychium matificm vas. robustum 01 02 fem
P ks 4 Aster scaber 150 8 02 01

x3 Malus toringo ol 2 troe
LS XA Ty Seseli libanotis ssp. japonica % 8 03

ARy GF Persicaria makinoi 100 8 03

P Angelica pubescens 200 8 03

ag Yy Senccio flammens var. glabrifiding 60 7 ol 0l

ESdiavss Serophularis buergerisn 150 7 02

TG Iy Cynanchum atratum 80 6 02

et NGy Thalicrrum aquilegifolium var, sibiricum 120 7 02

e Quercus mongolica ssp. crispula roe
Ao T Brachypodium svhticum 80 6 .2

TENTT Thalictrum minus var. ypolacum 150 7

rv koo Polyg k sar. phurifie 60 4 0.1

4 irmy Parrinia scabiosocfolia 100 8 o1
Ry Carex dispalata 100 4 ol

LA i Chaenomedes japonica ol troe
Jor47on Geranium eriostemon Vg, reinii 50 6 [}
araly Lilivm leichtlingi var. tigrinum 150 7 [1X}

IAHY Melica nutans 50 8 ol

VIRRAI L Violu verecuna 20 4 0.1

DY Adenophora triphylla var. juponica 100 8 0.1

AL XA Polygonatm humile 30 6 0.1

v A aky Seenactis anntus 130 6 01

AN Pobygala juponica 20 4 0l
A VY Pogonia minor 20 6 (4]
Aree XA Aprostis clavata ki 6 [

AT r¥ay Allium thunbergii 60 9 01

AR 0.1 [
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Ist year  2nd year

3rd year  4th year

Sth year  6th year

7th year

8thyear 9thyear 10th year Source

0.000

0.026
0.011
0.059

0.007
0.025
0.044
0.000

0.142
0.185
0.000

0.044

0.123
0.104

0.226
0.020

0.059
0.050

0.169

0.125

0.070
0.029
0.038

0.268

0.073

0.000
0.039

0.277

0.155

0.039

0.294

0.097
0.125
0.098

0.034

0.027

0.089
0.081

0.037

Experiment 1
Experiment 2 Plot A
Experiment 2 Plot B
Experiment 2 Plot C
0.145 Experiment 2 Plot D
Numata and Yamai 1955
Kasahara et al 1978
0.037 Matsumura et al 1988 a

0.164 0.148 Matsumura et al 1988 b

Chiba 1989

Usami ct al 1990

Hayashi 1992

Tachibana et al 1992

lijima and Sago 2005

Kato and Kawkami 2013 Plot A4
Kato and Kawkami 2013 Plot Bl
Kato and Kawkami 2013 Plot B2
Kato and Kawkami 2013 Plot C
Kato and Kawkami 2013 Plot DI
Kato and Kawkami 2013 Plot D2
Kato and Kawkami 2013 Plot D3
Kato and Kawkami 2013 Plot E]
Kato and Kawkami 2013 Plot E2

Kato and Kawkami 2013 Plot E3

0.093

0.176
0.139

0.085

0.015

0.075
0.047

0.15

0.05

1 2 3 4

Stages of succession
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