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Introduction
 

Beech (Fagus crenata Blume) forests are the
 

most common type of forest vegetation in the cool

-temperate zone of Japan.However,in the middle
 

of the 20th century,many beech stands were cut
 

for fuel and pulp production and replaced by
 

coniferous plantations.As a result,the proportion
 

of Japan’s forest area covered by natural beech
 

forests has decreased substantially.

Two ecotypes of Japanese beech occur in the
 

country:the Japan Sea type and the Pacific Ocean
 

type. The Japan Sea type occurs in areas with
 

abundant winter snowfall;it is usually dominated
 

by F.crenata in the canopy layer and often forms
 

pure forests. The Pacific Ocean type occurs in
 

areas that do not experience heavy snowfall and
 

is distinguished by the formation of mixed forests
 

with a relatively lower dominance of F. crenata

(Shimano 2006).The beech forests of Kayanodair-

a,which was the location for this study,belong to
 

the Japan Sea type.

This paper presents 2012 tree census data and
 

stand structure for a 1-ha permanent plot of
 

beech forest for the Monitoring Sites 1000 Project
 

launched by the Ministry of the Environment of
 

Japan (Ishihara et al. 2011). The 2005-2009 tree
 

census data from the project have already been
 

published as a Data Paper (Ishihara et al.2011).

Site description
 

1)Natural environment
 

The Kayanodaira Heights(at 36°50′N,138°30′E,

and approximately 1400-1700m a.s.l.), belongs to
 

Joshin’etsu-kogen National Park, located near
 

Kijimadaira Village in the northeastern part of
 

Nagano Prefecture. This area is a plateau
 

originating from lava flows.At the study site,the
 

mean annual temperature was 4.9℃ and annual
 

precipitation was 1677.5mm(1981-2010)according
 

to Mesh Climate Data 2010(Japan Meteorological
 

Agency 2012).This region near the Japan Sea is
 

characterized by abundant winter snowfall in
 

which the snow cover usually lasts from Novem-

ber to the following May. The maximum snow
 

depth reaches 3-4m annually.

2)Vegetation history
 

In most of Kijimadaira Village (350m a.s.l.)up
 

to the Kayanodaira Heights, the natural vegeta-

tion is mainly forest dominated by beech. How-

ever,the area is currently also covered by various
 

other types of forest such as larch (Larix kaemp-

feri) and Japanese cedar (Cryptomeria japonica)

plantations.Some secondary oak forests dominat-

ed by Quercus serrata and Q. crispula,and secon-

dary birch forests typically dominated by Betula
 

platyphylla var.japonica and B.ermanii also exist.

Primary and secondary beech forests are confined
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to a limited area above 1400m a.s.l. in the
 

Kayanodaira Heights.

The beech stands surrounding the study plot
 

had previously been utilized for fuelwood produc-

tion. Many disused coalpits (charcoal kilns)

remain within the stands. While the stands are
 

technically secondary forests,they are considered
 

to be old-growth beech stands. The beech-

dominated forest is mostly national forest at
 

present and is conserved as the Kayanodaira
 

Natural Recreation Forest.

Fagus crenata-dominated forests in this region
 

belong to the Aucubo-Fagetum crenatae,which is
 

an association attached to the larger Saso kurilen-

sis-Fagion crenatae association (Miyawaki et al.

1994). This association usually grows on thick
 

fertile soils under the mesic conditions of the
 

Japan Sea climate,with its heavy winter snowfall.

An undergrowth of dwarf bamboo,including Sasa
 

kurilensis and S. senanensis, is present. Sasa, a
 

monocarpic plant genus,is a typical undergrowth
 

vegetation type in Japanese beech forests and
 

may have a large impact on the regeneration of
 

the forests(Ida and Nakagoshi 1996).The simulta-

neous death of Sasa improves the survival rate of
 

seedlings and a large seedling bank can be
 

produced (Nakashizuka 1988;Abe et al.2001).

Outline of the permanent plot
 

1)Research history of the plot (Figs. 1, 2)

A permanent plot (named KYD; 36°50′18″N,

138°30′00″E, 1500m a.s.l.; Figs. 1, 2) of 1 ha

(100m×100m)in area,horizontally projected on a
 

gentle slope in an old-growth stand dominated by
 

beech (Fagus crenata)was originally established
 

in 1998.The plot was enrolled in 2005 as one of the
 

core sites for the Monitoring Sites 1000 Project

(Ishihara et al.2011).The forest floor is character-

ized by dense dwarf bamboo, Sasa senanensis,

dominates the plot.Within the plot each year as
 

part of the monitoring project, a tree census is
 

conducted, reproductive organs for beech and
 

fallen litter are observed using litter traps, and
 

ground insects are collected using pitfall traps.In
 

and around the plot, the bird community is also
 

surveyed every year.

34  Hideyuki ID A

 

Fig.1.Map of the study site showing the location of
 

a 1-ha permanent plot for the Monitoring Sites 1000
 

Project in Kayanodaira.Dashed line shows nature
 

trails.

Fig.2.The Fagus crenata stand in a 1-ha permanent
 

plot for the Monitoring Sites 1000 Project in
 

Kayanodaira in 2012.



In and around the plot,ecological studies have
 

been undertaken since 1995. For example, an
 

approximately 10-ha permanent stand was estab-

lished to investigate the bird community.Sixty-

six bird species have been recorded in the breed-

ing season,with a strong presence of hole-nesting
 

birds (Hotta et al.2000).Ida et al.(2004)reported
 

the predispersal predation of beech seeds by
 

rodents,as observed using a tree tower set near
 

the plot (Hotta et al.2001).In 2011 and 2012,the
 

monitoring of carbon dynamics (Hirota et al.

2011)and an investigation of the chemical charac-

teristics of soil organic matter(Iimura et al.2012,

2013)were conducted in the plot.

2)Vegetation
 

Fagus crenata is the dominant canopy tree
 

species in the plot,but other arboreal species such
 

as B. ermanii and Aesculus turbinata sometimes
 

occur in the canopy. Acer  nipponicum, A.

japonicum,A. rufinerve,Sorbus commixta,Padus
 

grayana, Tilia japonica, Euonymus macropterus,

Hydrangea paniculata, and Viburnum furcatum
 

are abundant in the shrub layer.Dryopteris expan-

sa, Thelypteris quelpaertensis, Carex multifolia,

Maianthemum dilatatum, and M. japonicum
 

appear frequently in the herb layer. An under-

growth of S. senanensis exists in the stands.

3)Tree census data (Table 1, Figs. 3-6, Supple-

ment)

All living trunks in the plot with a trunk girth
 

at breast height 130cm (GBH) 15cm have been
 

tagged with an aluminum plate (Fig.3a)holding
 

an ID number(A0001-A1164 in 2012;shown in the
 

attached supplement)and identified,and the coor-

dinates (N［x］-W［y］axis;Fig. 3b)for the posi-

tion of trunk roots have been recorded since 2005.

Measurements of GBH (Fig. 4), confirmation of
 

the survival of all tagged trunks,and an investiga-

tion of newly recruited trunks have been conduct-

ed every autumn (September-November) since
 

2006. Additionally in 2012, the forest layer to
 

which each tagged trunk belonged was classified
 

as having either a vertically unshaded trunk
 

crown (unshaded area 30%,i.e.,shaded area＜

70%)or a shaded trunk crown (unshaded area＜

30%,i.e.,shaded area 70% ;Fig.5).The layers

 

were distinguished by their vertical physiognomy
 

as I) the trunk reached the canopy; II) trunk
 

height 5m under the canopy or trunk height ＜

10m in the fully opened canopy gap;or III)shrub

(trunk height ＜5m).

The 2012 measurements of species composition,

basal area,density,and characteristics of diame-

ter at breast height 130cm (DBH ;GBH/π)of all
 

living trunks ( 5cm DBH) in the 1-ha plot are
 

shown in Table 1. Trunks ＜5cm DBH were
 

omitted in Table 1. In total, 20 woody species
 

were recorded in the plot.A frequency distribu-

tion for the DBH of the beech population is shown
 

in Fig.6.Based on the shape of the distribution,

the beech population appears to constantly regen-

erate.
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Fig. 3. (a)An aluminum plate holding the trunk ID
 

number (Racetrack Aluminum Tags, Forestry Sup
 

plies Inc.)with a stainless steel nail(#12×50mm)and

(b) a red plastic pile (Etapron K-50, Juzen Corp.),

driven into the ground at intervals of 10m,showing the
 

coordinates (N［x］-W［y］axis written with the oil-

based marker;Magic Ink,Teranishi Chemical Indus
 

try Co.,Ltd.)for the position in a 1-ha permanent plot
 

for the Monitoring Sites 1000 Project in Kayanodaira.

-

-
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Fig.4.Procedure for measuring the girth at breast height 1.3m(GBH)using a steel tape measure(Engineer

-pocket 10m:EPK-10,TJM Design Corp.).

Fig.5.Definitions of the forest layer to which the trunk belonged(I:trunk reached canopy;II:trunk height

5m under the canopy or trunk height＜10m in the fully opened canopy gap;III:trunk height＜5m)and
 

whether the trunk crown was vertically shaded (S:shaded area 70% of the crown,i.e.,unshaded area＜

30%)or unshaded (U:unshaded area 30%, i.e., shaded area ＜70%)in a 1-ha permanent plot for the
 

Monitoring Sites 1000 Project in Kayanodaira.
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4)Layer structure of the stand (Figs. 7, 8)

The plot was divided into 400 subplots of 5m×

5m.Each subplot was divided into five layers by
 

vertical physiognomy (Figs. 7, 8): I) canopy

(height 10m);II) subcanopy (height ＜10m,

5m);III)shrub (height ＜5m);IV)undergrowth;

or S) Sasa cover. The “undergrowth”category
 

included woody and herbaceous plants and lianas
 

lower than Sasa cover or 1.3m in height without
 

Sasa cover.For each layer,percent coverage was
 

determined by a visual inspection.The field sur-

vey was conducted in October 2012,before leaves
 

began to fall.
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39 Forest structure in a beech stand in Kayanodaira
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1130-Aj

0878-Em
0877-Em
0876-Em

0785-Fc
0786-Fc

0792-Fc
0793-Fc

0787-Fc
0788-Fc
0789-Fc
0790-Fc

0794-Fc
0795-Fc
0796-Fc
0797-Fc
0798-Fc

1087-An

0678-Hp
0677-Hp

0679-Hp

0696-An

0976-An
1126-An

0773-Hp

0774-An
0775-An
0776-An
0777-An
0778-An
0780-An
0781-An

0782-An
0783-An
0784-An

0772-Pa

0769-Pa 0897-Hp
0896-Hp
0895-Hp
1144-Hp

0910-Fc
0909-Fc

1029-Fc

1085-An
0902-An
0901-An

0907-Fc0903-Aj

0906-Fc

0920-Fc

0915-Fc

0919-Fc

0921-Fc0923-Fc
0924-Fc

0922-Fc

0925-Fc

0917-Fc
0916-Fc

0926-Fc

0997-Em

1143-Pg

0929-Fc
0928-Fc

0927-Fc

0905-Fc
0904-Fc

0912-Hp
0911-Hp

0914-Hp
0913-Hp

1030-Hp

0771-Pa

0694-An
0695-An0693-An1117-Hp

1118-Hp

0692-An

0691-Hp
0690-Hp
0689-Hp
0688-Hp
1115-Hp

1122-Hp0700-An
0699-An
0698-An
0697-An
1142-An

1047-An

1024-An

0702-Hp

0712-Aj
0711-Aj
0710-Aj

0709-Fc

0717-Hp

0723-Hp

0720-Pg
1124-Pg 0721-Vf 0722-Fc

0725-Hp

0724-Hp

0727-Hp 0728-Hp

1084-Hp
1090-Hp

0730-An

0731-An
0732-An

1125-An

0754-Fc

0752-Pa
0744-Vf
0745-Vf
0746-Vf
0747-Vf
0748-Vf
0749-Vf
0757-Vf

0758-Tj
0759-Tj
0760-Tj
0761-Tj

0762-Tj
0764-Tj

0765-An

0768-Hp

1131-An

0766-An
0767-An

0734-An
0736-An
0737-An
0739-An
0740-An
0741-An
0742-An

0743-Hp
0973-Hp
1027-Hp

0756-Vf
0755-Fc

1026-Hp

0994-Pg
0716-Pg
0715-Pg
0713-Pg
1123-Pg

0719-Fc

0708-Aj
0707-Aj
0706-Aj
0705-Aj

1025-Hp
1120-Hp

0703-Fc

1121-Hp
1119-Hp

0683-An

1046-Soc
0680-Soc

1088-Soc

1116-Soc

0681-Pa

0682-Pa

1045-Coc
0686-Coc

1044-Coc
0993-Coc
0992-Coc
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0672-Coc
0669-Coc
0668-Coc
0667-Coc
0666-Coc
0665-Coc
0664-Coc
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0648-Fc

0649-Fc
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0653-Hp
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0632-Soc

1020-Fc
0631-Fc

0635-Soc
0634-Soc
0633-Soc
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0616-Vf
0617-Vf
1042-Vf

0608-Hp
0609-Hp
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0611-Chs

0373-Vf
0372-Vf
0371-Vf
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0369-Vf
0368-Vf
0367-Vf
0366-Vf
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0587-Hp

0564-Ar

0584-Coc
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0399-Chs

0393-Hp

0394-Fc0398-Fc

0935-An
0415-An
0414-An
0413-An
0412-An
0411-An
0409-An
0408-An
0407-An
0406-An
0405-An

0423-Soc
0422-Soc

0420-An
0419-An
0418-An

0417-Aj
0400-Aj
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0404-An

0396-An
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0442-Vf

1109-Cos
0560-Cos
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0989-Cos
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0554-Fc
0971-Fc
0972-Fc
0555-Fc
0556-Fc

0557-Cos
0558-Cos
0559-Cos
1040-Cos
1137-Cos
1147-Cos
1041-Cos

0441-Fc
0440-Fc
0439-Fc
0438-Fc

0429-Fc
0428-Fc

0434-Aj
0433-Aj
0432-Aj

0437-Fc
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0445-Fc
0444-Fc
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0449-Aj
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0447-Pg

0469-Soc

0474-Be

0493-Aj
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0495-Aj
0497-Aj
0498-Aj
0499-Aj
1105-Aj
1164-An

0500-An
0501-An
0502-An
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0504-An
0505-An
0506-An
0507-An
0508-An
0509-An
0510-An
0511-An
0512-An
0513-An
0514-An
0515-An
0516-An

0482-An
0481-An
0480-An

0490-Cos
0491-Cos
0492-Cos
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1101-Cos
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0484-Vf
0485-Vf

0486-Ar
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0483-Fc

0488-Em
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1104-Em
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0473-Soc
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0466-Fc
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0464-Fc
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0452-Tj
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0457-Fc
0456-Fc
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0450-Soc 0470-Soc

0518-Fc
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0521-Fc
0522-Fc
0524-Fc

0525-Fc
0527-Fc

0528-Hp

0936-Aj
0937-Aj

0553-Vf
1107-Vf
1108-Vf
1136-Fc
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0551-Fc

0544-Fc

0543-Vf

0538-Vf
0539-Vf
0540-Vf
0541-Vf
0542-Vf0531-Fc

0537-Vf
1106-Vf

0529-Vf
0530-Vf

0532-Vf
0533-Vf

0534-Vf
0535-Vf
0536-Vf

0545-Aj
0546-Aj
0547-Aj
0548-Aj
0549-Aj

0427-An
0426-An

1149-An

0436-Fc

1014-Cos
0389-Cos
0387-Cos
0386-Cos

0416-An0403-An
0402-An

0381-Pa

1011-Ss
0384-Ss
0383-Ss
0382-Ss

0377-Fc0376-Fc

0364-Hp
0363-Hp

0342-An
0343-Fc
0344-Fc

1010-Hp

0338-Fc 0339-Fc

0340-Fc
0341-Fc

0190-Fc

0337-An
1008-An
1070-An

0194-Hp

0191-Fc

0193-Aj
0192-Aj

0195-Chs

1064-Coc

0197-Aj
0321-Aj

0318-Aj
0319-Aj
0320-Vf 0316-Aj

0317-Aj

1075-Hp

1074-Hp
0967-Chs

0421-Fc

0424-Tt

0335-Fc
0336-Aj

0323-Coc
0327-Coc
0328-Coc
0329-Coc
0331-Coc
0332-Coc
0966-Coc
1071-Coc
1072-Coc
1097-Coc
1151-Coc

0314-Aj

0309-Fc

0310-An
0311-An
0312-An

0196-Aj

0199-Aj

0957-An
0201-An

0305-Vf

0286-Tj 0285-Chs

0307-Fc
0308-Fc

0279-Vf
0280-Vf
0281-Vf
0282-Vf
0283-Vf
0284-Vf
0986-Vf
1077-Vf
1078-Vf
1079-Vf
1080-Vf

0287-An
0288-An
0290-Vf
0291-An
0293-An
0294-An
0296-An
0297-An
0299-An
0300-An
0301-An
0302-An
0303-An
0304-An
0968-An
0987-An
0988-An
1076-An

0205-An
0204-An
0203-An

0202-Fc

1063-Cos

0207-Hp

0221-Fc

0213-Hp
1061-Coc

0958-Hp

1062-Coc

0211-Hp
0210-Hp
0209-Hp
0208-Hp

1059-An0226-An
0225-An
0224-An
0223-An

0232-An

0237-Pa

1058-Tt

0984-Fc
0247-Fc
0246-Fc
0245-Fc
0243-Fc
0242-Fc
0241-Fc
0240-Fc
0239-Fc

0234-Em
0233-Em

0250-Aet
0251-Aet

0268-Aet

0252-Aet
0267-Aet

0258-Aet
0259-Aet
0261-Aet
0938-Aet
0939-Aet
0940-Aet
0941-Aet
0942-Aet

0257-Aet
0260-Aet

0262-Em
0263-Em
0264-Em
0269-Em
0985-Em

0253-Aet
0254-Aet
0255-Aet
0256-Hp

0970-An
1152-An

0249-Tt

0231-An
1060-An
1006-Aj
0230-Aj
0229-Aj
0228-Aj
0227-Aj

1083-An
1082-An
0961-An
0219-An
0218-An
0217-An
0215-An
0214-An

0272-An
0273-An
0274-An
1081-An
0275-An
0276-An

1039-An

0270-An
0271-An

1065-Ss
0189-Ss
0188-Ss
1135-Ss

1005-Hp

0187-Fc

0186-Vf
0185-Vf
0184-Vf

0962-Vf
0183-Fc

0964-Hp

1004-Vf

0164-Ss

1034-Hp 0959-Hp

0161-Fc
0162-Fc

0154-An
0155-An
0156-An
0157-An
0158-An

0073-Fc

0075-Fc

0074-Fc

0076-Fc

0153-Chs
1057-An

0152-Chs

0933-Aj

0084-Fc
0083-Fc
0082-Fc
0081-Fc

0085-Fc

0090-Hp

0096-An

0100-An

0107-An
0106-An

0981-An
0980-An

0094-Vf

0982-Ss

0105-An
0104-An
0103-An
0102-An

0111-Hp

0112-Em

0130-Fc

0135-Ss
0136-Ss
0137-Ss
0138-Ss

0140-Fc
0141-Fc
0142-Fc

0143-Fc

0134-An 0133-An

0131-Fc

0124-Coc
0125-Coc
0126-Coc
0127-Coc
0128-Coc
0129-Coc
1002-Coc
0222-Coc

0113-Fc

1000-Coc
0114-Coc

0116-Be

0121-Ar

0122-Fc
0123-Fc

0120-Fc

0119-Fc
0118-Fc
0117-Fc

0115-Coc

1050-Coc
0955-Coc

1051-Coc

0110-Act
0109-Act

0108-Hp

1153-Em

0092-An

1052-An

0089-Hp

0148-An

1096-Hp

0149-Fc

0151-Be

0147-Hp 0146-Chs

0145-Fc

0144-Fc

1154-An0088-Aet

0091-Fc

0086-Fc
0087-Fc

0947-Cos

0932-Aj
0079-Aj

0077-Fc
0078-Chs

0080-An

0934-Pg

0072-Hp

0071-Fc
0070-Fc
0069-Fc1156-Em

1054-Hp
1053-Hp

0979-Hp
0047-Hp

0048-An
0050-An
0051-An
0052-An
0949-An
0950-An
0951-An

0056-Fc

0057-Ss

0036-Coc
0037-Coc
0038-Coc
0039-Coc
0040-Coc
0041-Coc

1032-Vf

0031-Vf
0032-Vf
0033-Vf
0034-Vf
1093-Vf

0944-Aj 0019-Aj 0954-Aj

1031-Hp

0020-Fc

0021-Fc

0024-Act

0016-Fc
1155?-An

0002-Fc
0003-Fc

0006-An
0930-An
0931-An

0005-Pa

Abbreviations
Fc
Be
Aet
An
Chs
Aj
Hp
Vf
Soc
Pa
Coc
Ap
Pg
Ar
Em
Cos
Tj
Ss
Act
Tt

Scientific name
Fagus crenata
Betula ermanii
Aesculus turbinata
Acer nipponicum
Chengiopanax sciadophylloides
Acer japonicum
Hydrangea paniculata
Viburnum furcatum
Sorbus commixta
Phellodendron amurense
Cornus controversa
Acer pictum subsp.mayrii
Padus grayana
Acer rufinerve
Euonymus macropterus
Tilia japonica
Corylus sieboldiana
Symplocos sawafutagi
Acer tschonoskii
Toxicodendron trichocarpum

Japanese name
BUNA
DAKE-KAMBA
TOCHI-NOKI
TETSU-KAEDE
KOSHIABURA
HAUTCHIWA-KAEDE
NORI-UTSUGI
OHKAMENOKI
NANAKAMADO
KIHADA
MIZUKI
AKA-ITAYA
UWAMIZU-ZAKURA
URIHADA-KAEDE
HIROHANO-TSURIBANA
SHINANOKI
TSUNO-HASHIBAMI
SAWAHUTAGI
MINE-KAEDE
YAMA-URUSHI

List of woody species

N

Map of the 1-ha permanent plot for the Monitoring Sites 
1000 Project in Kayanodaira in 2012, showing the position 
of the root ( “•” labeled trunk ID) for all living individuals 
with a trunk diameter at breast height 130 cm (DBH) ≥5 
cm. Size of circles (○) indicates the relative DBH size. 
Supplement for IDA,H. (2013).
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