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Table 1 The basal area at breast height (m?/ha) for
total of all species and the total of every
species in urban (Nopporo) and suburban
(Mourai) forests. Numbers in the parenthesis

indicate number of trees in a plot (35 m X 35 m).

Species Urban Suburban
Picea abies 29.27( 83) -
Abies sachalinensis 21.12( 73) 48.43(122)
Betula tauschii 1.04( 1) -
Quercus crispula 0.43( 1) -
Robinia pseudoacacia 0.32( 1) -
Total 52.19(159) 48.43(122)

Table 2 The relative photosynthetic photon flux den-
sity (rPPFD, %) of understory layer in urban
(Nopporo) and suburban (Mourai) forests.
Means and standard errors are shown.

Site rPPFD (%)
Urban 3.52%0.47%**
Suburban 0.96+0.10

R ttest P<0.001
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Table 3 The frequency of each species in the understory layer of urban (Nopporo) and suburban (Mourai) forests. Life
forms from Kitagawa (1994) (Japanese) are shown. Frequency indicates the number of subplots (40 plots in total
for each site). Asterisk indicates exotic species.

Japanese name Species Life Exotic Urban  Suburban

form (40) (40)
Akabana Epilobium pyrricholophum HH 1 0
Akikaramatsu Thalictrum kemense H 0 1
Akinokirinsou Solidago virgaurea H 0 4
Akitabuki Bynostemma pentaphyllum G 5 9
Amachaduru Gynostemma pentaphyllum G 1 0
Amerikatsurumasaki Euonymus fortunei var. radicans 2 0
Aosuge Carex leucochlora H 17 0
Chishimaazami Cirsium kamtxhaticum H 8 17
Chishimazasa Sasa kurilensts N 0 13
Enreisou Trillium smallii G 2 0
Enreisou (genus) sp. Trillium sp. 0 4
Ezofuyunohanawarabi Sceptridium multifidum G 0 1
Ezoniwatoko Sambucus sieboldiana N 26 2
Ezonoyotsubamugura Galium kamtschaticum H 0 2
Ezoyamasakura Prunus sargentii MM 0 3
Fukkisou Pachysandra terminalis Ch 0 2
Furansugiku Chrysanthemum leucanthemum H * 5 0
Gagaimo (family) sp. Asclepiadoideae sp. 0 1
Gamazumi (genus) sp. Viburnum sp. 0 1
Ginran Cephalanthere erecta 0 8
Haiinugaya Cephalotaxus harringtonia 0 9
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Table3 D> &

Japanese name Species ff)lfri Exotic U&k())z;\n Suk()zé?an
Harienju Robinia pseudoacacia * 9 0
Harigiri Kalopanax pictus 0 12
Harujoon Erigeron philadelphicus * 0 5
Harunire Ulmus japonica 0 5
Heraoobako Plantago lanceolata * 1 0
Hikiokoshi Plectranthus japonicus 2 0
Hoonoki Magnolia obovata 0 2
Houchakusou Disporum sessile G 0 7
Ichii Taxus cuspidata M 2 0
Ichiyakusou Pyrola japonica H 0 1
Inugansoku Matteuccia orientalis Ch 0 1
Ishimikawa Polygonum perfoliatum Th 1 0
Itayakaede Acer mono MM 0 5
Iwagarami Schizophragma hydrangeoides MM 0 5
Kasumizakura Prunus verecunda MM 0 1
Kayatsurigusa (family) sp.1 Cyperaceae sp.1 H 0 2
Kayatsurigusa (family) sp.2 Cyperaceae sp.2 H 0 1
Kayatsurigusa (family) sp.3 Cyperaceae sp.3 H 0 1
Kayatsurigusa (family) sp.4 Cyperaceae sp.4 H 2 0
Kayatsurigusa (family) sp.5 Cyperaceae sp.b H 1 0
Kayatsurigusa (family) sp.6 Cyperaceae sp.6 H 3 0
Kiku (family) sp.1 Asteraceae sp.1 4 0
Kiku (family) sp.2 Asteraceae sp.2 0 1
Kiku (family) sp.3 Asteraceae sp.3 0 5
Kofutabaran Listera cordata G 0 3
Koichiyakusou Pyrola secunda H 0 2
Konasubi Lysimachia japonica H 17 0
Kumaizasa Sasa senanensts N 22 15
Kuri Castanea crenata MM 1 0
Kurumabasou Asperula odorata H 5 18
Kusanoou Chelidonium majus Th 9 0
Maidurusou Maianthemum dilatatum G 0 1
Mamushigusa Arisaema japonicum G 9 1
Matatabi (genus) sp. Actindia sp. 0 1
Mimikoumori Cacalia auriculata var. kamtschatica G 0 5
Mitsuba Cryptotaenia japonica H 1 0
Miyamaibota Ligustrum tschonoskii N 12 0
Miyamauzura Goodyera schlechtendaliana H 0 2
Mizuki Cornus controversa MM 1 11
Mizunara Quercus crispula H 2 5
Mukagoirakusa Laportea bulbifera M 0 1
Nanakamado Sorbus commixta H 35 7
Nishikigi (genus) sp. Euonymus sp. 0 1
Nogeshi Sonchus oleraceus Th 1 0
Noriutsugi Hydrangea paniculata N 0 5
Ohyou Ulmus laciniata MM 0 1
Ooamadokoro Polygonatum odoratum var. maximowiczii G 0 2
Oobako Plantago asiatica H 1 0
Oohanaudo Heracleum dulce G 0 1
Oohangonsou Rudbeckia lainiata H * 18 0
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Table3 D >o &

Japanese name Species ff)lfri Exotic U&k())z;\n Suk()zé?an
Oomarubanohoroshi Solanum megacarpum G 1 0
Oomeshida Athyrium pterorachis Ch 0 2
Ootachitsubosumire Viola kusanoana H 0 4
Ooyomogi Artemisia montana H 2 0
Oshida Dryopteris crassirhizoma Ch 0 2
Ottachikatabami Oxalis dillenii * 11 0
Ran (family) sp. Orchidaceae sp. 1 0
Ruiyoushouma Actaea asiatica G 0 3
Ruiyoushouma (genus) sp. Actaea sp. 0 1
Sakura (genus) sp. Prunus sp. 0 1
Sarunashi Actindia arguta M 7 24
Seiyoukatabami Oxalis sp. 1 0
Selyoutannpopo Taraxacum officinale H * 16 2
Sentousou Chamaele decumbens H 0 1
Seri (family) sp.1 Apiaceae sp.1 1 0
Seri (family) sp.2 Apiaceae sp.2 0 2
Shida (class) sp.1 Pteridopsida sp.1 3 0
Shida (class) sp.2 Pteridopsida sp.2 1 0
Shirakaba Betula tauschii MM 1 4
Sugina Equisetum arvense G 4 0
Tachitsubosumire Viola grypoceras H 0 9
Tanigikyou Peracarpa carnosa var. circaeoides H 0 4
Taranoki Aralia elata M 8 11
Todomatsu Abtes sachalinensis MM 7 32
Tokusa Equisetum hyemale G 1 0
Tsukubanesou Paris tetraphylla G 0 1
Tsuribana Eunymus oxyphullus N 2 0
Tsurifunesou Impatiens textort Th 1 1
Tsuruajisai Hydrangea petiolaris MM 0 11
Tsurumasaki Euonymus fortunei M 2 1
Tsuruumemodoki Celastrus orbiculatus M 21 5
Tsutaurushi Toxicodendron orientale 18 34
Tsuyukusa Commelina communis Th 24 0
Udo Aralia cordata G 0 4
Umanomitsuba Sanicula chinensis H 0 1
Umegasasou Chimaphila japonica Ch 0 2
Yabutabirako Lapsana humilis Th 1 0
Yachidamo Fraxinus mandshurica var. japonica MM 1 0
Yamabudou Vitis coignetiae M 31 9
Yamaguwa Morus bombycts M 11 14
Yamamomiji Acer palmatum var. matsumurae MM 0 2
Yamaurushi Toxicodendron trichocarpum M 0 2
Yanagi (family) sp. Salicaceae sp. 1 0
Yobusumasou Cacalia hastata var. orientalis G 0 2
Yomogi Artemisia princeps H 1 0
Yoroppatouhi Picea abies 1 0
Yotsubahiyodori Eupatorium chinense H 0 3
Youshuyamagobou Phytolacca americana G * 1 0
Yuri (family) sp.1 Liliaceae sp. (before APGIII classification) 0 1
Yuri (family) sp.2 Liliaceae sp. (before APGIII classification) 0 1
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Table 4 The species richness, Shannon index, and Simpson index of
understory layer in urban (Nopporo) and suburban (Mourai)
forests. Means and standard errors are shown.

Site Species richness  Shannon index  Simpson index
Urban 21.3%£0.9% 3.05%0.04" 0.95%0.00™
Suburban 24.1+1.5 3.17£0.06 0.96=0.00

NS Wilcoxon rank sum test P>0.05 (for species richness)
NS ttest P>0.05 (for Shannon index and Simpson index)

Table5 The list of indicator species as a result of
indicator species analysis for understory layer
in urban (Nopporo) and suburban (Mourai)
forests. The indicator values and P - values are
shown. Asterisk indicates exotic species.

Species Exotic Indicator value P

Urban

Commelina communis 1.000 0.001
Sambucus sieboldiana 0.929 0.001
Lystmochia japonica 0.900 0.001
Rudbeckia laniata * 0.900 0.001
Sorbus commixta 0.833 0.001
Carex leucochlora 0.800 0.003
Vitis coignetiae 0.775 0.001
Oxalis dillenit * 0.700 0.005
Taraxacum officinale * 0.622 0.014
Ligustrum tschonoskii 0.600 0.016
Robinia pseudoacacia * 0.600 0.007
Celastrus orbiculanus 0.565 0.044
Arisaema japonicum 0.540 0.033
Suburban

Abies sachalinensis 0.738 0.006
Kalopanax pictus 0.700 0.006
Actindia arguta 0.697 0.013
Toxicodendron orientale 0.654 0.017
Cornus controversa 0.642 0.011
Asperula odorata 0.626 0.027
Sasa kurilensts 0.600 0.013
Cephalotaxus harringtonia 0.600 0.008
Cephalanthere erecta 0.600 0.012
Erigeron philadelphicus * 0.500 0.034
Acer mono 0.500 0.034
Hvydrangea petiolaris 0.500 0.028

NMDS |2 & % F iR O F5ibid, k=4 TH
B CTHo72 (STRESS fE=0.041)s NMDS 7' 10 v
T, A THRIZVTNR L 2, 4 3 REE,
AN TAARIERE 1, BARBICHMLTBY, Wit
& BT T RBEORERIL R 2 > Tz, Hifih
ANTHOFERIZIZY T Ry b7 XE P37
EDYIIAEY), NFFETH DA AN T BN
VLY apEEn T\ (Table5), Z4FA A

DIEFEIZIZY VT I A Ry Ty INT R EDY
i, 7<) FYREEN Tz (Table
56

=L UER

HWHAITE, BL VT TORED D &G, 4k
TRETH -7,

FEMIIR 2> TBY, WEBATHTIEIA Y Y
VYR ATaty, s 4y, aFAE, Gy
FFHENIPLHIL, AN THARTIEE NIV S
THELHBH LTy M hoTze Y~ 7T
A IEE L CL BRI L TWwz (Table6)s

Tl EE STV LD b i A TATH
B2 o Ty (Table 7), Shannon D&%k
FEFRH L Simpson DL EREETREC T, T i A Ak
RN TR E OMICHERZIBD SN o7z
(Table 7)o

NMDS 12 & 23 T HE TR O e 5lfbix, k=5T
HETHo7 (STRESSfi=0.048), Wi AL
HITWFNOE 2, FHIRM, ®BYLANTHIEE L,
AR LCTBY, it & xRyl
T ORI R > Tz, AN TR Fe R
W74y, 4 XFRFAF, Ay S, O
FAY, Ay FFhININEGEEN TV (Table
8)o MHATHOIRER T Y~ 7 I ET T
72 (Table 8),

% %=

i & /B N TR, FESRRMICH B
X7 o 7278, FEFEIZER L > Tz (Table 3)o
HWHBEEOSWEOEIE, B4 &) i Tese
%<, I AN TARDSIRZ L CB Y, Mg
MWENWT LR TWE D0 LNV, Yates
etal. (2004) &, MFFCHEEN L RBAT LS
EARREL TV De NIRRT EYRIE TN S
MHBLL T3, Wil AT TIEA A N T
Vet A 9y RRPHBEEE TCHELL T
W22 ENL, 1Y A MFOORKTIEH S5,
i & DO N TR AR L Twb EEZ b
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Table 6 The frequency of each species in the soil seed bank of urban (Nopporo) and suburban (Mourai) forests. Life forms
from Kitagawa (1994) (Japanese) are shown. Frequency indicates the number of seedlings. Asterisk indicates
exotic species.

Japanese name Species Life form Exotic Urban(10)  Suburban(10)
Akinokirinsou Solidago virgaurea H 2 1
Butana Hypochoeris radicata H * 6 7
Chishimaazami Cirsium kamtschaticum H 0 1
Ezonogishigishi Rumex obtusifolius H * 2 0
Furansugiku Chrysanthemum leucanthemum H * 1 0
Gagaimo (genus) sp. Asclepiadoideae sp G 1 0
Harujoon Erigeron philadelphicus Th * 18 4
Harutade Polygonum persicaria Th 2 13
Hebiichigo Duchesnea chrysantha H 2 3
Himejoon Erigeron annuus Th 4 0
Ine (family) sp.1 Poaceae sp.1 1 0
Ine (family) sp.2 Poaceae sp.2 0 2
Inuhoozuki Solanum nigrum Th * 20 0
Kayatsurigusa (family) sp. Cyperaceae sp. 81 6
Kinenokoro Setaria glauca Th 4 1
Konasubi Lysimachia japonica H 373 0
Kusanoou Chelidonium majus Th 19 1
Mematsuyoigusa Oenothera binnis Th * 2 1
Naginatakouju Elsholtzia ciliata Th 5 0
Okukurumamugura Galium triforiforme H 1 0
Ooawadachisou Solidago gigantea H * 1 0
Ottachikatababmi Oxalis dillenit * 37 0
Suberihiyu Portulaca oleracea Th 4 0
Sumire (genus) sp. Viola sp. 0 1
Tachiinunofuguri Veronica arvensis Th * 0 5
Tsuyukusa Commelina communis Th 11 0
Urajiroakaza Chenopodium glaucum Th * 3 1
Yabutabirako Lapsana humilis Th 0 1
Yamabudou Vitis coignetiae M 11 0
Yamaguwa Morus bombycis M 17 60
Yomogi Artemisia princeps H * 1 2
Yotsubahiyodoroi Eupatorium chinense H 8 8

Table 7 The species richness, Shannon index, and Table 8 The list of indicator species as a result of
Simpson index of the soil seed bank in urban indicator species analysis for the soil seed bank
(Nopporo) and suburban (Mourai) forests. of urban (Nopporo) and suburban (Mourai)
Means and standard errors are shown. forests. The indicator values and P - values are

Site Species richness Shannon index Simpson index shown. Asterisk indicates exotic species.
Urban 9.3+0.9* 1.39+0.16™ 0.59+0.06™ Species Exotic Indicator value P
Suburban  4.4%0.7 1.19+0.17  0.60+0.07 Urban
*: Wilcoxon rank sum test P<<0.05 (for species richness) Lysimochia japonica 1.000 0.001
NS ttest P>0.05 (for Shannon index and Simpson index) Solanum nigrum * 0.900 0.001
Cyperaceae sp. 0.838 0.001
Oxalis dillenii * 0.800 0.002
Chenopodium glaucum 0.570 0.022
Suburban

Morus bombycis 0.779 0.004
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Ay, Arisaema japonicum, Aol; Actindia arguta, AoZ;
Asperula odorata, Am; Acer mono, As; Abies sachalinen-
sis, Cel; Commelina communis, Cc2; Cornus controver-
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Fig.3 NMDS plots for the soil seed bank in urban
(Nopporo) and suburban (Mourai) forests. Circles
and squares represent the plot in urban forest

and the plot in suburban forest, respectively.
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Fig.4 NMDS species scores of indicator species (P<
0.05) for plots in the soil seed bank of urban
(Nopporo) and suburban (Mourai) forests. Circles
and squares represent the plot in urban forest
and the plot in suburban forest, respectively.
Cg; Chenopodium glaucum, Cy; Cyperaceae sp., Lj,
Lysimochia japonica, Mb;, Morus bombycis, Od; Oxalis
dillenit, Sn; Solanum nigrum
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Abstract

Biodiversity conservation should be considered in forest management. Forest management including thinning
was planned for an urban forest in Nopporo, Ishikari region of Hokkaido, but the vegetation changes as result of
thinning in urban forest may be different from the case in suburban forest. We compared the species diversity and
species composition of understory layer and soil seed bank between Nopporo (urban) and Mourai (suburban)
forests located in Ishikari region of Hokkaido, and estimated the understory vegetation after thinning.

The understory’s species composition and frequency were enumerated for ten 5m X 5 m plots in each forest.
We sowed soil from the plots and examined the species composition and frequency of the soil seed bank. Species
diversity indexes (richness, Shannon H’, Simpson D) were compared between sites. Species composition of each
plot was ranked and was scaled with nonmetric multidimensional scaling (NMDS), an ordination method.

Species richness and diversity indexes at understory layer were not significantly different between the two
sites. Meanwhile, NMDS result indicated that the species composition of understory layer was different between
the two sites. Indicator species of the urban forest include vines such as Vitis cognetiae and exotic species such as
Rudbeckia lainiata and Robinia pseudoacacia. Indicator species which also include large herbs, suggesting that
regeneration of understory vegetation may not coming from the soil seed bank. Hence, trimming of the understory
layer may increase species diversity. Species richness of the soil seed bank was significantly greater in urban than
in suburban forest. Species composition of the soil seed bank was different between sites. Morus bombycis was
found in the suburban forest, whereas large herbs and fast-growing trees were not found in the urban forest.
These inferred that vegetation after thinning would depend on present understory layer. To conserve the native-
dominated vegetation, continuous removal of vines, exotic large herbs and fast-growing trees are needed.
keywords: exotic, indicator species, nonmetric multidimensional scaling, species richness, species diversity



