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Introduction

Fagus crenata Blume is a representative
canopy tree species of the cool temperate for-
ests of Japan. Fagus crenata populations on
the northern range front are scattered among
the eastern mountains adjacent to the Kuroma-
tsunai Lowland (approximately 42°40'N, 140°
20'E) on the northern Oshima Peninsula, Hok-
kaido (Tatewaki 1948, 1958). Some F. crenata
populations, such as Tsubamenosawa and San-
nosukesawa in the Horobetsu Mountains, near
the Sea of Japan, are relatively well known,
and several ecological/vegetation studies have
been carried out in these populations (Kobayashi
and Watanabe 2003; Namikawa et al. 2010;
Tatewaki 1958; Watanabe 1987). On the other
hand, F. crenata populations near Uchiura Bay
(on the Pacific Ocean side) have not been well
documented. Although F. crenata populations
were once recorded in the region upstream of
the Kamiraiba River in the town of Kuromatsu-
nai (Tatewaki 1948) and in the Rebun region
near the Opukesu River (currently named the
Ofukishi River) in the town of Toyoura (Furu-
hata 1932), their exact locations have not been

confirmed (Kito 2001, 2003, 2008).

Under such circumstances, we found F. cre-
nata trees on the rocky peaks in the Rebunge
Pass near State Highway 37 in the spring of
2010, and a field investigation was carried out
to record the current vegetation structure of
the F. crenata population. An objective of this
paper is, therefore, to clarify the vegetation,
the size structure, and the soil conditions of the
isolated F. crenata population at Rebunge Pass,
Toyoura, Oshima Peninsula, Hokkaido. The
habitat and vegetation characteristics of this

isolated population are also discussed.

Study site description

The F. crenata population is located around
Rebunge Pass, within the limits of Toyoura,
Hokkaido (Fig. 1). The population is located
on rocky ridges approximately 300 m north of
the northeast end of the Rebun tunnel on State
Highway 37 (42°3619” N., 140°33’30” E.) (Figs.
2 and 3). The minimum horizontal distance
between the study site and Uchiura Bay is ap-
proximately 2.5 km.

The following data are from the nearby me-
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teorological station (AMeDAS) in Ookishi (8
m ASL), located 7.9 km east-southeast of the
study site: mean annual temperature (1979
- 2000), 7.3C; annual precipitation (1979 -
2000), 1,198 mm; annual hours of sunlight
(1986 - 2000), 1,501; maximum snow depth
(1983 - 2000), 85 cm (Japan Meteorological
Agency 2010). The estimated Warmth Index
(Kira 1948, 1977) at the study site (at 200 m
ASL) was 52.5C - month with a lapse rate of
0.6°C/100 m. The geology of the site is tertiary,
Pliocene, and Frebeshi volcanics (hypersthenes-
augite-andesitic agglomerate with andesitic
tuff) (Doi et al. 2001).

Materials and methods

Vegetation description

An actual vegetation map (Ito and Haruki
1981) was used to identify the vegetation on a
1 : 50,000 scale. Within the area of the F. cre-
nata population (approximately 1.7 ha), a vas-
cular plant list and the approximate height of
vegetation layers were recorded. It would have
been useful to set up quadrats in the field for

quantitative vegetation description; however,
due to the steepness of the rocky ridges at the
site, we were not able to establish them. There-
fore, the vegetation description in this study
is more or less qualitative. The nomenclature
follows Yonekura and Kajita (2003). The field
investigation was carried out on April 26 and
July 22, 2010.
Fagus crenata distribution and measure-
ment

We searched for F. crenata trees at the study
site, using binoculars from several points with
a magnification of 8 to 10X. Fagus crenata
trees were easy to identify when they began
flushing prior to the other species in early
spring. The location and elevation of each F.
crenata tree were recorded by GPS (Garmin
GPSmap 60CSx). The girth at breast height
(GBH) for each F. crenata tree was measured
to within 1 mm after the species had been
identified. The diameter at breast height (DBH)
was calculated as GBH/3.14.
Soil sampling

Soil was sampled at 5 points at the study
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Fig. 1. Distributions of Fagus crenata in Hokkaido (after Tatewaki 1948) (left) and locations of major F. cre-
nata populations on the northern range front (right). %: The study site at Rebunge Pass; @: major F. cre-
nata populations on the range front; A: other F. crenata populations reported by Kito (2001, 2003, 2008).
Gray shaded areas indicate F. crenata distribution after Tatewaki (1948), and gray lattice areas indicate
elevations of less than 100 m. The dashed curve line shows the range frontline for continuous F. crenata

distribution by Kito (2003, 2008).
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Fig. 2. Location of the Rebunge Pass Fagus crenata population (area surrounded by black bold lines). The
area was approximately 1.7 ha, and the vascular plant list was recorded within the area. Map source is
1/25,000 “Rebungetouge” (Geographical Survey Institute 2001).

Fig. 3. Distant view of the study site. Trees indicated by two black arrows are Fagus crenata individuals.
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site to perform soil chemical analyses. Each
sampling point was set on the line transect at
10m intervals from higher to lower elevation.
Soil was sampled from each of the three soil
layers (0-5, 5-10, and 10-15 cm in depth). The
soil pH, Total C, Total N, C/N ratio, NH,~-N,
and NO;-N were analyzed in the laboratory at
the Faculty of Environmental Earth Science,
Hokkaido University.

Results
Vegetation description

The national actual vegetation map (Ito and
Haruki 1981) identified the study site as a low-
er conifer/broad-leaved mixed forest. The lower
part of the slope adjacent to the rocky ridges is
an artificial plantation of Abies sachalinensis (F.
Schmidt) Mast.

We recorded 50 vascular plant species within
30 families (Table 1). On the rocky ridge, veg-
etation was hard to recognize except for the
canopy and herb layers. The vegetation cover-
age on the rocky ridge was approximately 20%.
Fagus crenata canopy trees on the rocky ridge
were mixed with Quercus crispula Blume, Mag-
nolia obovata Thunb., and Betula platyphylla
Sukaczev var. japonica (Miq.) H. Hara. The
tree height of the canopy ranged from approxi-
mately 8 to 10 m. The herb layer (less than
0.8 m) was represented by Carex blepharicarpa
Franch., Artemisia keiskeana Miq., Lepisorus
ussuriensis (Regel et Maack) Ching var. dis-
tans (Makino) Tagawa, Vaccinium japonicum
Miq., V. oldhamii Miq., and Toxicodendron
radicans (L.) Kuntze subsp. orientale (Greene)
Gillis.

The relatively steep slope (30~35°) adja-
cent to the rocky ridges supported trees of F.
crenata, Quercus crispula, Betula platyphylla
var. japonica, and Acer pictum Thunb. (includ-
ing A. pictum Thunb. subsp. mayrii (Schwer.)
H. Ohashi) at the canopy layer (8-16 m in
height). At the sub-canopy layer (2-8 m) were
recorded Carpinus cordata Blume, Acer pictum,
Abies sachalinensis, Alnus viridis (Chaix) Lam.
et DC. subsp. maximowiczii (Callier) D. Léve,
Viburnum furcatum Blume ex Maxim., Cerasus
sargentii (Rehder) H. Ohba, and a few trees
of F. crenata; however, no species was particu-

larly dominant. At the shrub layer (0.8—2 m),
Sasa senanensis (Franch. et Sav.) Rehder was
recorded as the dominant species. Other species
at the shrub layer consisted of Cephalotaxus
harringtonia (Knight ex Forbes), K. Koch var.
nana (Nakai) Rehder, Viburnum furcatum, and
Hydrangea paniculata Siebold. At the herb lay-
er (less than 0.8 m), Skimmia japonica Thunb,
var. intermedia Komatshu f. repens (Nakai)
Ohui was the dominant species, followed by
Daphniphyllum macropodum Miq. subsp. hu-
mile (Maxim. ex Franch. et Sav.) Hurus or
Blechnum niponicum (Kunze) Makino (Table
1). The vegetation coverage on the slope was
approximately 80%.

Fagus crenata distribution

We found 44 F. crenata trees with a height
of 1.3 m or more scattered within an area of
approximately 1.7 ha. Thirty-nine of the trees
were situated on the rocky ridges and only five
on the relatively steep slopes adjacent to the
ridges (Fig. 4). The F. crenata trees were at
elevations between 196 and 275 m ASL. DBH
class distribution showed a moderate bimodal
L-shape with a peak at 0-10 cm and 20-30 cm
in DBH on the rocky ridge (Fig. 5A) and a dis-
junct bimodal shape on the slope (Fig. 5B). Old
F. crenata cupules were found on the ground
on the rocky ridge. In addition, three fallen F.
crenata trees approximately 20-30 ¢cm in DBH
were observed on the rocky ridge.

Soil conditions

The soil at the study site was generally
slightly moist to moist but, locally, slightly dry.
Soil depth for the A and B layers was less than
18 ¢m, and the major root systems spread no
more than 20 ¢cm in depth.

The soil pH was slightly acidic, between
5.4 and 5.5 (Table 2). The total C gradually
changed from 9.2% at the lower level to 14.7
% at the surface level. The total N was lower
at the lower level (0.6%) than at the surface
level (1.0%). The C/N ratio was relatively high,
between 14 and 15, and was consistent among
the three levels. NH,—N + NO,-N showed rela-

tively similar values within the same level.
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Table 1. Flora list of the study site at Rebunge Pass

Bt Family GIED Latin name
F vtV AR Aspleniaceae N FVHE Asplenium incisum Thunb.
ax=9I48Y Asplenium scolopendrium L.
¥ #Y 5% Blechnaceae VIUHYT Blechnum niponicum (Kunze) Makino
v IR F Polypodiaceae IY~v /%Y /7 Lepisorus ussuriensis (Regel et Maack) Ching var. distans (Makino)
Tagawa
4 X7 YE Cephalotaxaceae /A 4 X 4V Cef)rhalotaxus harringtonia (Knight ex Forbes) K. Koch var. nana
(Nakai) Rehder
< Pinaceae [ Abies sachalinensis (F. Schmidt) Mast.
AV S S Betulaceae I¥ <Y/ F  Alnus viridis (Chaix) Lam. et DC. subsp. maximowiczii (Callier) D.
Love
b AY Yy 7Y Alnus pendula Matsum.
Fia VA Betula ermanii Cham.
T H VN Betula platyphylla Sukaczev var. japonica (Miq.) H. Hara
UAVIDPA Carpinus cordata Blume
7+ F Fagaceae 7F Fagus crenata Blume
IZXF 7 Quercus crispula Blume
EZ L VF Magnoliaceae A F Magnolia obovata Thunb.
FVARYrF Ranunculaceae HhI2IIY Thalictrum aquilegiifolium L. var. intermedium Nakai
2% v 4F  Saxifragaceae AR/AVES Hydrangea paniculata Siebold
YT UHA Hydrangea petiolaris Siebold et Zucc.
YT VHA Hydrangea serrata (Thunb.) Ser. var. yesoensis (Koidz.) H. Ohba
AIH7 3 Schizophragma hydrangeoides Siebold et Zucc.
AL Rosaceae TXFFY Aria alnifolia (Siebold et Zucc.) Decne.
A A ¥ ~vH# 25 Cerasus sargentii (Rehder) H. Ohba
FTFrA~EF Sorbus commixta Hedl.
22 ) NEE Daphniphylla- 2N Daphniphyllum macropodum Miq. subsp. humile (Maxim. ex Franch.
ceae et Sav.) Hurus.
IHhURE Rutaceae YILYF 3 Skimmia japonica Thunb. var. intermedia Komatsu f. repens (Nakai) Ohwi
LR Anacardiaceae VALY Toxicodendron radicans (L.) Kuntze subsp. orientale (Greene) Gillis
7 TR Aceraceae N FTHILT  Acer japonicum Thunb.
ThA LY Acer pictum Thunb. subsp. mayrii (Schwer.) H. Ohashi
44X hTT Acer pictum Thunb. subsp. pictum
EF ) FF Aquifoliaceae VIV Ilex rugosa F. Schmidt
=V F R Celastraceae ava Euonymus alatus (Thunb.) Siebold f. striatus (Thunb.) Makino
PANE Vitaceae Y7y Vitis coignetiae Pulliat ex Planch.
v FF Tiliaceae v F Tilia japonica (Miq.) Simonk.
Vv F 397 F Thymelaesaceae F =72 Daphne jezoensis Maxim.
2 I LF} Violaceae 2 IV sp. Viola sp.
v I FR Araliaceae avTTI Chengiopanax sciadophylloides (Franch. et Sav.) C. B. Shang et J. Y.
Huang
JADE ) Kalopanax septemlobus (Thunb.) Koidz.
4 F¥ 29kl Pyrolaceae NZNFA4FY 2% Pyrola asarifolia Michx. subsp. incarnata (DC.) A. E. Murray
vy UF Ericaceae IY~vhkYYY  Cladothamnus bracteatus (Maxim.) T. Yamaz.
AV IV S Eubotryoides grayana (Maxim.) H. Hara
VEZZA Vaccinium japonicum Miq.
FINE Vaccinium oldhamii Miq.
7 LA F Oleaceae THEE Fraxinus lanuginosa Koidz. f. serrata (Nakai) Murata
A4 H#ZXFF Caprifoliacea *AH A F Viburnum furcatum Blume ex Maxim.
8 Asteraceae 4 XIEF Artemisia keiskeana Miq.
Y7+ /%)Yy Solidago virgaurea L. subsp. leiocarpa (Benth.) Hultén
2 B Liliaceae YV IINKI T Paris tetraphylla A. Gray
A 2 F} Poaceae oA YA Sasa senanensis (Franch. et Sav.) Rehder
F AN Sasa megalophylla Makino et Uchida
¥ ) 7Y Cyperaceae Y29 ¥ a9 A7 Carex blepharicarpa Franch.
vy 2y Carex lanceolata Boott
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Fig. 4. Internal view of the Rebunge Pass study
site. The largest tree in the photo is a Fagus cre-
nata tree with diameter at breast height (DBH)
of 40.9 cm.

(A) Rocky ridges (N = 39)

No. of trees

T T T T T T 1

0 10 20 30 40 50 60
DBH class

Discussion
Phytogeographical position of the F. cre-
nata population at Rebunge Pass

Fagus crenata populations along Uchiura Bay
are conspicuously isolated (Tatewaki 1948; Kito
2001, 2003, 2008). Although Furuhata (1932)
reported the existence of a F. crenata popula-
tion in the regions upstream of the Opukesu
River, no details regarding its location were
confirmed. The present study clarified that the
northern range front for F. crenata along the
Pacific coast is at least at Rebunge Pass. The
Rebunge Pass F. crenata population is located
approximately 10 km east of the range front-
line for the continuous F. crenata distribution
depicted by Kito (2003) (Fig. 1). This informa-
tion shows that the isolated F. crenata popula-
tions at this northern range front are in align-
ment with other isolated populations such as
the Tsubamenosawa F. crenata population, the
Sannosuke F. crenata population, the Horonai-
yama F. crenata population, and the Ogawa F.
crenata population (Fig. 1).

The study site abuts a plantation forest of
Abies sachalinensis at the lower part of the
study site. This fact gives rise to the possibil-
ity that F. crenata trees once grew on the site

currently under tree plantation. Although there

(B) Slope (N =5)

15

r T T T T T 1

0 10 20 30 40 50 60
DBH class

Fig. 5. Histogram of diameter at breast height (DBH) with a density curve for Fagus crenata at the Rebunge
Pass study site: (A) trees on the rocky ridges and (B) trees on the slopes.
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Table 2. Results of soil analysis at Rebunge Pass (mean = SD, n = 5)

Depth (cm) 5-10 10 - 15
pH (H,0) 5.4 + 0.3 5.5 + 0.2 5.5 + 0.1
Water content (%) 107.2 + 94.8 69.8 + 23.4 70.3 + 24.8
NH,-N (mg/kg) 5.0 + 6.0 3.5+ 2.3 3.0 £ 0.9
NO,-N (mg/kg) 58 + 3.1 2.6 +0.8 3.0+ 1.4
NH,+NO, (mg/kg) 10.9 + 8.4 6.1+28 6.0 + 1.7
Loss of ignition (%) 30.6 + 17.2 19.5 + 5.3 19.2 + 5.8
Total C (%) 147 £ 7.9 9.5 + 3.6 9.2 + 4.1
Total N (%) 1.0 £ 0.5 0.6 + 0.3 0.6 + 0.3
C/N ratio 15.1 + 2.0 15.1 + 2.2 14.4 + 1.1

is no doubt that the F. crenata population at
the Rebunge Pass is an isolated population,
the past population might have been somewhat
larger than the present one.

Floristic characteristics of the F. crenata
populations at Rebunge Pass

The main floristic feature of this study site
is that the plants recorded were mainly those
growing on the Sea of Japan side or the inland
part of Hokkaido between the southern Oshima
Peninsula and Cape Soya. Some of these spe-
cies are within the floristic group categorized by
Uemura and Takeda (1987): (1) Arachniodes
standishii group, Cephalotaxus harringtonia
var. nana; (2) Leptorumohra quadripinnata
group, Daphniphyllum macropodum subsp.
humile, Skimmia japonica var. intermedia f.
repens, Blechnum niponicum, and Asplenium
scolopendrium L.

On the other hand, even though the study
site is only 2.5 km inland from the Pacific
Ocean (i.e., Uchiura Bay), no typical species
growing on the Pacific coast from the south-
ern part of Oshima Peninsula to the Kushiro
region, such as Carpinus laxiflora (Siebold et
Zucc.) Blume or Ostrya japonica Sarg., were
recorded. Furthermore, no other typical temper-
ate tree species, such as Quercus serrata Mur-
ray, Castanea crenata Siebold et Zucc., or Aes-
culus turbinata Blume, were recorded in this
region (Kawahara et al. 2009). It is, therefore,
noteworthy that the flora of the study site is
characterized by species that tend to distrib-
ute on the Sea of Japan side of the peninsula.
These findings led us to the conclusion that the
species composition of the F. crenata popula-
tion at Rebunge Pass is influenced by the Sea

of Japan-type climate, which is the same as
that of the other F. crenata populations on the
northern range front.

Habitat conditions of the F. crenata popu-
lation at Rebunge Pass

This study clarified that most F. crenata
trees establish on rocky ridges at Rebunge
Pass. Moreover, the DBH class distributions of
the F. crenata trees showed a slightly bimodal
L shape on the rocky ridges (Fig. 4). This find-
ing suggests that the site conditions on the
rocky ridges with shallow soil deposits still al-
low F. crenata to grow at least up to 40 cm in
DBH (Fig. 4). At around the northern range
front, there are other F. crenata populations
established on rocky ridges (such as the up-
stream area of Akaikawa and Kamiraibayama,
in the town of Kuromatsunai). The fact that F.
crenata establishes not only on slopes or ridges
with thick soil layers but also on rocky ridges
with shallow soil may be a unique feature of
the area around the northern range because F.
crenata usually establishes on slopes with deep
and moderately moist conditions.

A similar habitat condition, in which F. cre-
nata grew on steep rocky slopes of 60° by pen-
etrating between rocks, was reported from the
Tomari River basin, western Shimamaki region,
ca. 20 km southwest from the Kuromatsunai
Lowland (Tatewaki 1958). In the literature, it
was speculated that substrate containing lime-
stone, which differs from that in the present
study, might have allowed F. crenata to grow.

Another exception was reported in Kanagawa,
Kanto region: F. crenata trees grew on rocky
slopes in Mt. Kintoki (Fujii et al. 2003). These
slopes, on which saplings of young F. crenata
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trees grow, have soil deposits less than 15 cm.
Fujii et al. (2003) argue that the area is often
shrouded by fog and this foggy environment
retains moisture in the air that enables F. cre-
nata to grow.

Similarly, in the vicinity of Rebunge Pass, fog
frequently forms from Uchiura Bay in summer
(Suttsu Weather Station 2008). Moreover, re-
gional rainfall should also enable F. crenata to
grow in the Rebunge Pass area. However, this
foggy environment is not the only explanation
for the establishment of the F. crenata popula-
tion at Rebunge Pass because there are other F.
crenata populations on the rocky ridges of the
northern range front.

As is shown in the flora list, no conifer trees
other than Abies sachalinensis were recorded,
and no trees of A. sachalinensis were compet-
ing against F. crenata trees at the study site.
This relative absence of conifer trees at the
study site may allow F. crenata trees to es-
tablish on the rocky ridge. Rocky ridges in the
temperate zone in Honshu southwards are of-
ten occupied by various conifer trees, such as
Chamaecyparis obtusa (Siebold et Zucc.) Endl.,
Pinus parviflora Siebold et Zucc. var. pen-
taphylla (Mayr) A.Henry, Sciadopitys verticil-

lata (Thunb.) Siebold et Zucc., Tsuga sieboldii
Carriére, Thuja standishii (Gordon) Carriére
and Thujopsis dolabrata (L.f.) Siebold et Zucc.
var. hondae Makino (e.g., Nozaki and Okutomi
1990; Murakami 2005). In the southern O-
shima Peninsula in Hokkaido, Pinus parviflora
var. pentaphylla, A. sachalinensis, and Thujop-
sis dolabrata var. hondae occur on the ridge
part, and F. crenata grows on the adjacent low-
er part of slope (Hukusima et al. 1984). In the
vicinity of the Kuromatsunai Lowland, Pinus
parviflora var. pentaphylla and Thujopsis dol-
abrata var. hondae do not distribute, and only
A. sachalinensis does. The actual distribution
map showed that A. sachalinensis distributes
throughout Hokkaido (e.g., Horikawa 1976)
and A. sachalinensis often grew in F. crenata
forests in Oshima Peninsula; however, their
dominance was always low (Hukusima et al.
1984) . The species distribution model for A. sa-
chalinensis estimated that the Oshima Peninsu-
la has less chance for the species to grow than
other parts of Hokkaido (Tanaka et al. 2009).
Moreover, previous forest statistics (Matsuda
1936) have shown that the cumulative volume
of A. sachalinensis in the national forest was

lower in Oshima Peninsula, including the Kuro-

AN
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Fig. 6. Cumulative volume of Abies sachalinensis (m® / ha) at each of the 76 national forest management dis-
tricts in Hokkaido (modified and depicted from Matsuda (1936)).
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matsunai area, than in the northern or eastern
parts of Hokkaido (Fig. 6), which is in good
agreement with the findings of Hukusima et al.
(1984) and Tanaka et al. (2009). In the 1930s,
almost all national forests in Hokkaido were
considered natural forests; in other words, the
proportion of artificial plantation forests was
very small. Nevertheless, relatively smaller cu-
mulative volumes of A. sachalinensis in south-
ern Hokkaido have been observed through time,
according to the forest statistics (e.g., Hokkaido
1964, 2004).

On the other hand, the present study showed
that the soil chemical conditions, such as soil
pH or inorganic nitrogen at Rebunge Pass (Table
2), did not differ much from other F. crenata
forests nationwide (Haruki et al. 2009, 2010).
Considering the discussion above, it is conclud-
ed that the establishment of F. crenata trees
on the rocky ridges at Rebunge Pass became
possible mainly because of (1) the suitable
temperature and humidity during the growing
season and (2) the relative absence of competi-
tive conifer tree species on the rocky ridges.
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