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ABSTRACT
The purpose of this study was to consider the present status and challenges of aquatic animals inhabiting low-lying
plains and mountainous regions in Japanese rural areas and to propose future conservation measures. My conclusions
are as follows. On low-lying plains where modernizing agriculture such as farmland consolidation is developed, the
development project is pointed out the problems from the viewpoint of the conservation of aquatic animals. My
preference is for the irrigation water system to be pipelined and the drainage water system to be open channel. As for
the drainage network, year-round water flow and the use of natural materials for canal beds are very important.
Mountainous regions have suffered from depopulation, and maintaining terrace paddy fields has been difficult. To use
agriculture to fulfill multiple functions, I propose zoning into agricultural land management areas, grass and forest
management areas, and native forest areas. Appropriate adaptive management is required both on low-lying plains and
mountainous regions. Additionally, it is significant to conserve aquatic animals in the watershed. The components of the
watershed include farm ponds, dam reservoirs, lakes, flood control basins, paddy fields, rice terraces, rivers, irrigation
canals, and drainage canals. It is also important to ensure water flow in the artificial systems around the paddy fields
throughout the year. Using springs and groundwater during non-irrigation seasons is effective and efficient both on
low-lying plains and in mountainous regions.
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1. Introduction
Agriculture can have significant impacts, both negative and positive, on the environment. Negative impacts include
pollution and degradation of the soil, water, and air. Agriculture can also benefit the ecosystem, such as by trapping
greenhouse gases within crops and soils or mitigating flood risks through the adoption of certain farming practices
(OECD Homepage). Japan is one of the OECD countries that have succeeded in modernizing agriculture in monsoon
areas.
Paddy fields in Japanese rural areas are mainly located on low-lying plains, while terrace paddy fields are situated
in mountainous regions. The functions of paddy fields are not only food production but also the conservation
of biodiversity, culture, and landscape. In general, paddy fields located on low-lying plains account for most of the
area’s rice production, in contrast to those situated in mountainous regions, which are largely areas in which the
conservation of biodiversity, culture, and landscape is prioritized. That is to say, the agricultural practices pursued in
Japanese rural areas have multiple functions.
Small farms are "multi-functional" and tend to be more productive, more efficient, and contribute more to
economic development than large farms (Rosset 1999). Family farming preserves traditional food products while
contributing to a balanced diet and safeguarding the world’s agro-biodiversity and the sustainable use of natural
resources (FAO Homepage).
The problems on low-lying plains and in mountainous regions are as follows. Conventional paddy farmland
consolidation on low-lying plains, which aims to increase farming efficiency by improving the drainage conditions of
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paddy fields and independently creating irrigation and drainage canals, is thought to have negative impacts
on biodiversity in Japanese rural areas. On the other hand, mountainous regions suffer from depopulation, and
maintaining terrace paddy fields has been difficult.
This study aims to consider the present status and challenges of aquatic animals inhabiting low-lying plains and
mountainous regions in Japanese rural areas and to propose future conservation measures.

1.1 Zoning of Japanese rural areas

Japanese rural areas are divided into low-lying plains and mountainous regions. Low-lying plains are separated
into urbanized areas and plain rural areas, and the mountainous regions are zoned into agricultural land management
areas, grass and forest management areas, and native forest areas (Figure 1).
The modernization of agricultural lands is actively promoted on low-lying plains because farmland consolidation is
easy to carry out there, whereas in mountainous regions there are many slopes, so the farmland consolidation has been
delayed in combination with depopulation and the aging of the farmer population.
Urbanized areas

Low-lying plains

Plain rural areas

Agricultural land management areas
Grass and forest management areas
Native forest areas

Mountainous regions
Figure 1; Zoning of Japanese rural areas.

2. Present status and challenges of aquatic animals inhabiting Japanese
rural areas
2.1 Low-lying plains

As flat terrain is abundant on low-lying plains, modernized agricultural methods such as farmland consolidation
are practiced there. Such modernized agriculture results in large increases in rice productivity. However, conventional
agricultural infrastructure improvement and rural development projects are pointed out the problems from the viewpoint
of conservation of aquatic animals.
For example, aquatic animals do not move by separating irrigation and drainage canals, and their habitat is
destroyed when the water flow in the canals dries up during non-irrigation seasons (Hata 1997). The status of Rana
species has been adversely affected by the conversion of rice fields to the new irrigation system. Modification of the
deep, U-shaped concrete ditches and the water management regime during the spawning season is needed to safeguard
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these species (Fujioka and Lane 1997). Traditionally rice Oryza sativa fields in Japan are irrigated by diverting river
water through shallow earth ditches using sluices and weirs. However, this ‘old-style’ method is being replaced
rapidly by a ‘new-style’ system in which water is pumped into paddy fields via taps and drained into deep
concrete-sided canals. Concern has been expressed that the changes may cause paddy fields to decline in value as
foraging habitats for egrets and herons, Ardeidae, because their aquatic prey are unable to move easily into new-style
fields (Lane and Fujioka 1998). The abundance and diversity of fish differ significantly depending on whether the
irrigation ditches used to supply and discharge water are the same or not. The rice fields were classified into three types:
Type 1 fields, which are terraced and supplied with water from an upper pond; type 2 fields, which are supplied with
water from drainage ditches; and type 3 fields, which are supplied and drained by separate irrigation ditches. The
abundance and diversity of fish did not differ significantly between types 1 and 2, but they were extremely poor in type
3. The recent rearrangement of rice fields from types 1 and 2 to type 3 evidently reduced fish abundance and diversity
(Katano et al. 2001). From the above, it is understood that conventional agricultural infrastructure improvement and
rural development projects destroy the habitats of aquatic animals.
On the other hand, even if the paddy fields are consolidated, many aquatic animals make their habitat on low-lying
plains as follows. The drainage systems in the consolidated paddy fields are clearly composed of different levels of
drains with peculiar physical conditions, e.g., water depth and flow velocity, each of which attracts certain aquatic
animals. Thus, various living spaces are created by paddy farmland consolidation (Matsui and Satoh 2004a). The 10
species of fishes caught in the irrigation and drainage canals of the consolidated paddy fields can be classified into two
groups: fishes living mainly in drainage canals, such as Misgurnus anguillicaudatus and Silurus asotus, and those
living both in irrigation and drainage canals, such as Gnathopogon elongatus elongatus (Matsui and Satoh 2004b).
Indeed, remarkable agricultural infrastructure improvements and rural development projects which are done to increase
rice productivity adversely affect the aquatic animals that inhabit paddy fields. However, high rice productivity
and biological conservation can be compatible if special care is taken to protect aquatic animals.

2.2 Mountainous regions

As slope areas abound in mountainous regions, the modernization of agriculture there has been slow to develop.
No agricultural modernization has been done to contribute to the conservation of biodiversity, culture, and landscape.
Therefore, many aquatic insects utilize paddy fields and farm ponds as their habitats and breeding grounds in
mountainous regions (Hibi et al. 1998; Saijou 2001).
On the other hand, maintaining paddy fields and farm ponds has been difficult because of depopulation. The area
of abandoned farmland has increased, therefore the multiple functions of agriculture are no longer fulfilled. As the area
of abandoned farmland has increased, the runoff has become higher and sharper (Yoshida et al. 2012; Yoshimura et al.
2001). Agricultural land consolidation is important to induce structural changes in the soil and to reduce erosion events
on mountainous paddy fields (Mihara 1996). Both land abandonment and agricultural intensification appear to
asymmetrically decrease the habitats of rarer herb species in semi-natural grasslands (Uematsu et al. 2010). The above
findings suggest that moderate management by farm land consolidation in mountainous regions contributes to the
conservation of biodiversity and helps prevent disasters.

3. Conservation measures for aquatic animals inhabiting Japanese rural
areas
3.1 Low-lying plains

The River Act of Japan was amended in 1997 to improve and conserve the river environment. In addition, the Land
Improvement Act of Japan was passed in 2001 and requires agricultural and rural development projects to be
harmonized with the environment. It is widely recognized that transforming concrete irrigation and drainage canals into
earthen canals and minimizing the differences in elevation between paddy plots and drainage canals aid in the
preservation of aquatic animals. However, most paddy fields that have been consolidated using conventional standards
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will inevitably remain intact, and thus will continue to have a substantial influence on the regional environment.
Therefore, at least minimum environmental measures should be effectively implemented in consolidated paddy fields.
In consolidated paddy fields, irrigation and drainage canals are divided; furthermore, irrigation canals are divided
into main canals, lateral canals, and farm ditches, and the drainage canals are also divided into main drains, lateral
drains, and farm drains. It is likely that aquatic animals choose their habitats in these canals depending on the aptitude
of each species. The volume of water that is contributed to the environment and paddy field ecosystem is extremely
limited. Therefore, in order to run flowing water in non-irrigation seasons, and to connect the drainage canals to the
irrigation canals in a way that is both effective and efficient, the technical problems of where to run the flowing water
must be solved.
Generally speaking, it is difficult to adopt the viewpoint of conservation of aquatic animals in the irrigation canal
in comparison with the drainage canal because a concrete canal is used on three sides to supply water effectively and
efficiently, and there is no water flow in the irrigation canal in non-irrigation seasons. Hata (1997) points out that it is
desirable to maintain a consistent habitat in both the irrigation and drainage networks, although in general it is realistic
to target the drainage network.
Therefore, I propose that the irrigation water system to be pipelined and the drainage water system to be open
channel. As for the drainage water system, I suggest that year-round water flow and the use of natural materials for
canal beds are very important (Matsui and Satoh 2004a).

3.2 Mountainous regions

Agricultural land resource maintenance by extensive management has been proposed (Arita et al. 2000; Arita
2005). Abandoned rice fields in mountainous regions ultimately transit to forest (Iwata and Narioka 2002). Egaitsu and
Syougengi (1995) classified mountainous regions into four categories depending on their agricultural production
conditions and their access to the city. I classify the areas in mountainous regions into three types: agricultural land
management areas, grass and forest management areas, and native forest areas (Table 1). The positions of the three
areas are as shown in Figure 1. In fact, it is important that the mountainous regions are lively by giving up on the
utilization of abandoned farmland in native forest areas. Since abandoned farmland has more biodiversity than
cultivated farmland, appropriate and adaptive management is required. This also applies to low-lying plains. As Japan
will have a declining population in the future, it is important to clearly separate managed farmland from farmland that is
not managed.

Table 1. Zoning plan in mountainous regions

4. Conservation measures for aquatic animals from the viewpoint of the
watershed
I therefore conclude that it is necessary to institute minimal environmental measures on low-lying plains and to
perform careful zoning in mountainous regions in Japanese rural areas (Table 2). Appropriate and adaptive management
is required both on low-lying plains and in mountainous regions.
Additionally, when considering the conservation of aquatic animals both on low-lying plains and in mountainous
regions, it is important to take the watershed into consideration. The components of the watershed include farm ponds,
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dam reservoirs, lakes, flood control basins, paddy fields, rice terraces, rivers, irrigation canals, and drainage canals
(Figure 2). It is important to ensure water flow in the artificial systems around the paddy fields throughout the year. To
do so, using springs and groundwater in non-irrigation seasons is effective and efficient both on low-lying plains and in
mountainous regions. However, since the available amount of spring water is decreasing due to the excessive use of
groundwater in winter (Matsui 2011), it is important not to use too much groundwater or spring water.

Table 2. Present status and conservation measures both on low-lying plains and in mountainous regions

Figure 2; Component of the watershed in Japanese rural areas.
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