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Studies on the Effect of Changes in Rural Landscape Structure
on Secondary Forest Plants in Japanese Rural Areas

Shori YAMAMOTO

Summary
1. Introduction

This study aimed to identify the effect of changes in rural landscape structure on plant habitats, especially
focusing on herbs in the secondary forest. In this study, three key terms were defined. “Satoyama” is the forest
and grassland in the rural area that had been historically used by rural people as a place of supply for charcoal,
fire wood, manure or other materials, but it recently has been abandoned since “energy revolution” in 1950s.
“Satoyama-rin” only means forests in Satoyama. “Satochi” is the rural area composed of the Satoyama, farmland
and settlement of rural people.

Landscape in Satochi has been composed of many elements, such as farmland, grassland and forest, which
had been historically used by rural people. Thus rural landscape had been formed as a mosaic of many elements
with very high heterogeneity. The heterogeneity of rural landscape produced high diversity in plant
communities. These facts show the deep relationship among biodiversity, landscape structure, and historical
human activities in rural areas.

Human activities have always influenced landscape structure. For example, farm cultivation and grassland
burning annually changes rural landscape. Cutting coppices to supply charcoal and fire wood, and shifting
cultivation changed landscape in cycles of years and decades. Rural landscape also has been changed for
centuries according to changes in land use, such as from coppices to cedar plantation, from forests to paddy
fields, that depended on social demands, social systems and technologies. These landscape changes affect
biodiversity in the spatial scale as well as the temporal scale; annual changes occur on small sites, decadal
changes occur in regions, changes over centuries affect plants on the national scale.

For the purpose of this study, two different spatial-temporal scales were used to analyze the landscape
changes. In “National Scale Analysis”, patterns of landscape change in Japan were classified by using the land
use database on the last hundred years. In “Regional Scale Analysis”, the relationship among current forest
form, changes of forest distribution in the last 50 years, and the current distribution of herbs on forest floor,
were analyzed in forest site surveys. Also, the regional scale analysis used three study areas selected from the

result of national scale analysis.

2. National Scale Analysis - Patterns of landscape change in Japan

It is necessary to use long-temporal and large-spatial data on landscape structure for the analysis of
landscape change in the national scale. In this study, the database developed by Himiyama (1995) was used to
classify patterns of landscape change in national scale of Japan. This database is a 2km grid data-set of land use
in 1910, 1950, 1990, based on topological maps in each period.

Effective spatial units are required to summarize the large database. In this study, 597 GUN (meaning the

county in Japanese) in 1950 were used as the most effective spatial units to analyze the relationship between
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human activities and landscape structures. The grid database is summarized into a GUN database which has the
percentage of 9 types of land use: paddy fields, upland vegetable fields, fruits and mulberry plantations, broad-
leaved forests, coniferous forests, bushes, built-up areas, water bodies, and others at the years 1910, 1950 and
1985. The value of land use change is newly calculated from the land use difference in two period, before and
after World War II (1910-1950 and 1950-1990). The new data-set of land use change is added to the GUN
database.

Landscape changes in the national scale were analyzed by Principal Component Analysis and Cluster
Analysis of the GUN database. In the result, 597 GUN are classified into 6 patterns of landscape changes in each
period, before and after World War II.

(1) Before World War 11

There are three major patterns of landscape change in the period before WWII, patterns A, C and D. Total
area of these three major patterns cover 77% of the total area in Japan. Pattern A is characterized by natural or
semi-natural broad-leaved forest that remained until the beginning of the 20th century. The pattern A GUN
located in north-east Japan had been behind in development because of cold temperature and other natural or
social conditions. By contrast, pattern C is characterized by coniferous forests, especially pine secondary forests
used for fuel production since hundreds of years ago. The pattern C GUN are located in central Japan, Tokai
Region and Seto-uchi Region. Pattern D is characterized by coniferous forests increasing in grassland dominated

landscape.

(2) After World War 11

There are also three major patterns after WWII, pattern a, b and d. Total area of these three major patterns
cover 94% of the total area in Japan. Pattern a is characterized by change from broad-leaved forests to
coniferous forests. The pattern a GUN are located in mountainous areas in eastern Japan included 64.4% of the
pattern A GUN before WWII. The GUN of pattern b is often a mountainous area in western Japan. They under
went few landscape changes because the coniferous forest dominated landscape changed only from pine to
cedar. Pattern d is characterized by a mixture of paddy fields, upland fields and coniferous forests. Pattern d
GUN is located in plain areas where urban land use is now increasing.

These patterns showed the regional features of landscape change mainly characterized by the change in

forest usage according to the topological and historical features of each region in Japan.

3. Regional Scale Analysis - Effects of landscape changes on rural forest plants

Regional scale analysis aimed to clarify the relationship among current forest form, changes of forest
distribution in the last 50 years, and current distribution of herbs on forest floor. Three study areas were
selected from the pattern a, b, d GUN that were classified in National Scale Analysis. “Nishiwaga” in Iwate
Prefecture was selected from pattern a GUN. “Hiki” in Saitama was selected from pattern b, and “Southern
Ibaraki” was from pattern d.

Some survey items are common in three study areas. One of common items is forest form of each site, and
another 1is accessibility from settlements to each forest site. Many parts of Safoyama-rin, the secondary forests
in rural area, have been abandoned for tens years. But some Satoyama-rin sites are still managed. Forest form is

expected to show both current frequency of forest management and the condition of wild plant habitat.
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Accessibility to forest sites is expected to show difficulty of management.

Some herb species were selected in each study area as the most effective indexes of relationship among
landscape change, forest management and plant diversity, because regional features, such as topography or
history, were predicted to affect the relationship among landscape change, forest management and plant
diversity. In Nishiwaga, spring ephemeral herbs were selected. Life-forms of herb species on forest floor were

used in Hiki, and species composition of pine forests was the index in Southern Ibaraki.

Case Study 1: Nishiwaga Region — mountainous area with large natural forests

Nishiwaga region is located in the mountainous and cool temperate area in northern Japan. Large parts of
the area are covered by natural deciduous forests dominated by Fagus crenata, and there are small Satoyama. In
this area, two spring ephemeral herbs, Anemone pseudo-altaica and Erythronium japonicum, were selected as
indicator species, and their distribution patterns were studied in relation to forest floor conditions, land-use
history, and the accessibility into the interior for each forest site.

The survey results shows that forest floor conditions strongly affect the growth of the index species.
Especially, sites with a low shrub layer, less than 1m, have 5.5% coverage of index species on average. The low
shrub layer is made by forest floor management such as underscrubbing. But in “Rin-Pan”, that is the unit of
forests sites, the occurrence ratio of low shrub sites has no relation, r=-0.027, with average coverage of index
species. This shows that the distribution of low shrub sites is not suitable for the growth of spring ephemeral
herbs. The reason of this result was clarified by history and accessibility of the site. Easily accessible areas
adjacent to well managed access such as paved road accounted for 70.4% of low shrub sites. And 39.4% of the
sites were grasslands in 1947. Coverage of index species in the sites with history as grassland was only 1.4% on
average because the use of grassland was too intense for their growth. And 62.4% of historical grasslands were
located in easily accessible areas.

These results suggest that current forest management do not contribute toward the growth of spring
ephemeral species, because of location of the well managed sites in easily accessible areas in where land had

used as grasslands historically.

Case Study 2: Hiki Region — mountainous area without natural forests

Hiki region is located in a hilly area in western of Kanto Plain. There is little natural forest because of a
long history as Satoyama. In this region, Raunkiaer’s life-form was used as the index of forest plant diversity,
especially focusing on grassland species because of the history of land use in hills as grassland. And species
number was studied in relation to forest floor conditions, land-use history, and the accessibility into the interior
for each forest site as in Nishiwaga region.

At first, forest floor conditions were classified into 4 types: type A dominated by bamboo grass Pleioblastus
chino, B dominated by evergreen tree species in the shrub layer, C dominated by deciduous trees, and D which
had a low shrub layer.

The vegetation survey showed that coniferous forests with type C floor were richer in species than other
types, especially G with 6.7 species on average such as Cymbidium goeringii, and H with 7.6 species such as
Aster scaber. On the other hand, pine forests with type A, B floor were very poor, and coniferous forests with
type D floor were also poor in grassland species, such as Potentilla freyniana, Ixeris polycephala. And there were

few pine forest with type D.
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Another survey using air photographs in 1947 showed that current coniferous forests with type C floor had
been maintained as forest vegetation in 1947, however pine forests had been used as grassland. One other
survey about accessibility for each forest site showed that 50.7% of coniferous forests in 1947 were found in
easily accessible areas adjacent to good access such as paved roads. And their floor was managed in 1999 by the
same way as 1947. By contrast, pine forests and grasslands in 1947 were abandoned because of their location in
the remote areas.

These results showed that secondary forest plants were strongly affected by not only current forest
structures but also historical land use. Especially, past grassland management made current forest species poor,
because it had lacked forest plant species. Also, grassland area has been reduced by vegetation succession from

grassland to forest.

Case Study 3: Southern Ibaraki Region — plain area with urbanization

Southern Ibaraki is a very flat area in the middle of Kanto Plain. There are two main surfaces topologically,
alluvial lowlands used mainly as paddy fields, and diluvial uplands used as upland fields or forests. Most forests
on uplands are dominated by pine, Pinus densiflora, and have been changed dramatically in the recent 20 years
because of both disease and urbanization. Rural settlements are located around the boundaries between
lowlands and uplands. Main roads in this area pass not through rural settlements but through the center of
upland along boundaries of rural communities.

In Southern Ibaraki region, structure and species composition of pine forests were selected as the
indicators of the relation between forest management and biodiversity. Pine forests in the study area were
classified into 8 structural types by physiognomy, and into 6 vegetation units by phytosociological methodology.
One of the eight structural types had a low shrub layer made by underscrubbing, and it corresponded to one of
the six vegetation units which was differentiated by many herbaceous species such as Miscanthus sinensis,
Patrinia scabiosaefolia, Sanguisorba officinalis. This result shows that underscrubbing is effective management
for conserving grassland species on pine forest floor. Farmers who did underscrubbing came from outside this
study area to take pine litters as materials for hotbeds for tobacco or melon production.

Distribution patterns of forest sites were measured by using grid data from vegetation maps, and distance
from rural settlements to each forest site was ranked into 10 classes. First class is the closest to settlement,
10th is the remotest. In the results, many of underscrubbed pine forests are located beyond the 7th class far
from settlements. Especially in communities where urbanized to a middle degree, 50% of forests sites in the 9th
class were underscrubbed pine forests. Newly developed residents located in the same 9th class were easily
accessible because they were very close to main roads.

These results suggest that underscrubbed pine forests, which are good habitats for grassland species, are

located far from rural settlements, along major roads, but near urbanized residents.

4. Discussion : conservation of secondary forest plants in rural areas
Above results suggest the following general principles in the relation between rural landscape change,
management of Satoyama-rin, and secondary forest plants.
1) Location, accessibility and land-use history are three key factors which enable a forest site to be well
managed and to be good habitat for forest herbs.

2) Especially, accessibility is the most important factor for the conservation of forest herb species, because it
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determines the location of current managed sites.
3) Current forest management is not necessarily effective to conserve forest herbs because current
management does not correspond to historical management of Safoyama in site distribution.
The above results also show the following features of each pattern of landscape change.
1) In pattern a, Nishiwaga, habitats of spring ephemeral herbs were limited by historical intensive use of
grasslands caused by the shortage of Satoyama.
2) In pattern b, Hiki, grassland species were lost by vegetation succession from grassland to forest in tops of hill
which were historically used as grasslands.
3) In pattern d, Southern Ibaraki, many of underscrubbed pine forests were close to urbanized residents because
of high accessibility.
It was suggested form the above discussion that:
1) Maintenance of access roads to forest sites remote from rural settlements is necessary to keep forest
management and to conserve plants in Satoyama.
2) Development of new management systems is necessary to select effective sites and to obtain new manpower

for management.



