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Abstract

'Satoyama' denotes a mosaic of different landscape-types that has sustained agrarian societies
for millennia in Japan. These landscapes have undergone degradation during the past few
decades. While satoyama is a consistently referred term in landscape management in Japan,
little attention is given to how such landscapes undergo change in large spatial units such as
river basins. This study, based on documents and interviews, reviews how watershed level
changes affect the functioning of such socioecological systems in the Kuma River Basin in
Kyushu. Watershed properties of the Kuma River Basin changed during pre-modern and
modern times and each phase left a lasting legacy on the landscape. The article analyzes how
ecological connectivity became fragmented by identifying changes in ecosystem services,
and concludes that while socio-ecological landscapes have a long history of human use; the
human component cannot outgrow the fundamental biophysical processes that maintain
ecosystem services and system resilience; these systems can undergo swift and irreversible
degradation when ecological connectivity is fragmented. The main lesson for sustainable
development is that consideration of historical changes in land use is vital for understanding
the connectivity of different components in satoyama landscapes; this insight is important not
only for rivers but also for the wider landscapes they connect and the associated integrity.
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1. Introduction: Socio-Ecological Landscapes and Satoyama
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Over the recent years, coupled socio-ecological systems have come to be seen as of vital
importance for nature conservation and sustainable development (Berkes, 2004). Otero et al.
(2013) point out that “...the science of ecology and the various fields of applied ecology have
experienced a conceptual shift toward the understanding of ecosystems in which humans are
an integral part” (25). The study of socio-ecological landscapes is especially important
because they have sustained local societies for millennia; while at the same time they are
becoming increasingly degraded due to human interference (Takeuchi et al. 2003, Fukamachi
et al. 2001, Cetinkaya, 2009). In Japan, the term ‘satoyama’ is used to denote a type of
socioecological landscape that is noted for ‘mosaic’ of different types of forests, shrubs or
grasslands, rice paddies and other agricultural landscapes (such as vegetable gardens and fruit
orchards), low elevation hills, rivers, wetlands and ponds (Fukamachi et al. 2001; Yokohari et
al 2001). Although this kind of landscape is not particular to Japan, it can be found all over
Asia where sedentary communities have shaped landscapes over millennia (Indrawan et al.
2014); its most obvious association is with the socioecological landscapes in the Japanese
archipelago (Duraiappah et al. 2012). Sedentary rice farming communities are an essential
part of this system; satoyama in Japan has nourished such communities for over 3000 years
and formed a rich ecological knowledge base in the process (Katoh et al. 2009; Kobori and
Primack, 2003). Satoyama is also a buffer landscape comprising of forests, woodlands and
grasslands and it typically lies between wilder mountain forests and agrarian villages.
Satoyama therefore is an ‘inclusive’ term; one that has landscape diversity as its core notion.
It also has a considerable spatial variation, which is mainly due to different biogeographical
characteristics of the archipelago that in turn affect vegetation (Inui, 2002; Chakraborty and
Chakraborty, 2013). Though term satoyama literally means ‘village mountain’, Inui (2002)
notes that a typical satoyama landscape does not usually have high mountains. The word
‘yama’ (mountain) is actually used to denote forests. Because 70% of the land area of Japan
is mountainous and forested, these two landscapes were seen as intertwined in premodern
Japan. All these characteristics also make it difficult to provide a succinct definition of
‘satoyama’; it is in essence a patchwork of semi-wild forested, agrarian and even coastal
landscapes. This ‘patchwork’ or ‘mosaic’ characteristic provides a range of ecosystem
services. The Japan Satoyama Satoumi Assessment (Duraiappah et al. 2012) mentions that
satoyama has been ‘managed to produce bundles of ecosystem services for human well being’
(Duraiappah et al. 2012: 4, see also Yokohari & Bolthouse, 2011). During Japan’s postwar
economic development, these socio-ecological landscapes gradually became dissociated from
communities, resulting in their eventual decline (Kohsaka et al. 2013). This has led to calls
for rejuvenating and conserving them. Conserving socio-ecological production landscapes
such as the satoyama is imperative because in general, landscape diversity continues to
decline at the global level leading to degradation of habitat connectivity and biodiversity loss
(Lindborg & Eriksson, 2004; Honnay et al. 2005). Furthermore, in Japan these landscapes
offer the last refuge for many endangered plant and animal species (MoE, 2001 in Watanabe
etal. 2012).
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However, the majority of the satoyama conservation discourses focus on particular resources
from the landscape and ignore the larger reality of landscape degradation over wider scales.
Many prominent satoyama scholars have spoken for ‘restoration’ of this socio-ecological
landscape through ‘better management’ and implied that a general lack of resource use from
this landscape have contributed to its decline (Sano et al. 2006; Katoh et al. 2009). As
socio-ecological landscapes are spread over multiple spatial and temporal scales, change and
degradation occur on those different scales. A notable approach is to see the pathways of
change in larger units such as ‘watersheds’. In their seminal paper, Ward and Stanford (1995)
explore the concept of ‘ecological connectivity’, noting how terrestrial and aquatic
ecosystems are interrelated, how natural disturbance regimes create landscape mosaics that
are integral to the ecological connectivity of river systems and how flow regulation schemes
can impact such dynamic systems. Wohl (2005) has noted that for river restoration it is
necessary to understand the ‘compromised’ river functions, which degrade its natural
disturbance regimes. Bahar et al. (2008) notes the importance of forest ecosystems for rivers
that flow through human dominated systems of cities and villages; and Nagayama et al.
(2009) argue for natural landscape process as a restoration pathway for bringing back natural
riverscapes. Haslam (2008) notes the importance of river landscapes or ‘riverscapes’ for the
restoration and conservation of riverine ecosystems, a notion still largely under used in river
basin conservation efforts. Such landscape based approaches to river conservation is
especially vital for Japanese rivers which have a high rate of endemic species (Yoshimura et
al. 2005), and where the quality of water has improved even as overall basin ecology has
degraded (ibid).

In the Japanese context especially, river basins have been a major casualty of the postwar
economic development, and instructive lessons for conservation of socio-ecological
landscapes can be derived from the changes at the watershed level. While rivers such as the
Shimanto and Nagara—known for their beautiful vistas and sport-fishing resources—have
been analyzed to some extent (Kubota, 2008, Ono, 2010), river basin level change and its
connection to the socio-ecological satoyama has not been analyzed adequately. This article,
by focusing on a particular river basin, brings out the contours of change that affect
socio-ecological landscapes. This has obvious implications for sustainable development for
highly industrialized societies through appropriate utilization of remaining natural spaces.

2. Methodology

This paper is based on 3 months of field and desk research carried out in the Kuma River
Basin, in Kyushu, Japan. The first author visited the villages of Itsuki, Mizukami, and Kuma,
the town of Asagiri, and the cities of Yatsushiro and Hitoyoshi in the Kumamoto Prefecture.
A qualitative framework was used for the study with in-depth interviews, and direct
observations. Data from secondary sources were used to map the cultural histories of the river
basin associated with land use. The qualitative design allowed researchers to compare data
over a long time scale, and across multiple levels (Creswell, 2002). The interviewees
constituted local fishermen, farmers, local businessmen, owner of local restaurants and local
environmental activists. The interviewees were chosen through a key informant in the field
who has long-term experience about the changes in Kuma river basin. The chosen age of the
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interviewees was over 50 so that they could reflect their (experience-based) opinions about
past landscapes.

The paper uses the ecosystem service (ES) framework to understand connections between
landscape (riverscape) level processes. The ES framework has been adopted from the
Millennium Ecosystem Assessment (MEA, 2005), with four broad categories: provisioning,
regulating, cultural and supporting services. The ES framework is recognized as a key means
to study the state of the ecological systems (Fisher et al. 2009, Gomez-Baggethum et al.
2010). Consequently, a ‘before and after (large scale basin engineering)’ scenario is discussed,
sketched out of data gathered from literature and interviews.

3. The Study Area
3.1 The Kuma River Basin

The Kuma River (length 116 km, basin area 1882 km?) forms a major watershed in central
Kyushu Island in Southwest Japan. It originates from Mt. Choushigasa (1489 m.asl) and
flows mainly through the Kumamoto (figure 1). At Hitoyoshi City it is joined by the Kawabe
River (length 62 km, basin area 533 km?), which originates from Mt. Kunimi (1739m). The
Kuma has about 80 tributaries with a combined length of 434 km. (Ibid). The basin has a
circular shape, which indicates a good water and sediment transport function. The river flows
through a steep gradient in its upper course (from source to the Ichifusa dam), abruptly
changing to a moderate gradient at Hitoyoshi basin, (from below the Ichifusa to its
confluence with tributary Bahyo), and through a narrow valley downstream (from below its
confluence with tributary Bahyo to the foothills of Hacchozan). Then it branches off into
numerous channels before merging into the Yatsushiro Bay. The rainfall pattern in the
watershed has a strong monsoonal influence. Rainfall amount varies between 70 mm to more
than 470 mm; most of the rainfall occurs during June and July and gives rise to short but
violent flooding at times. Relatively flat to gently sloping areas such as the Hitoyoshi Basin
are prone to flooding incidents more due to sudden decrease of the channel slope.
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Figure 1. Location of the Kuma River basin (Source: Google Map, Ushijima 1984)

The hydrologic characteristic of the basin is dominated by a very steep gradient (a common
characteristic of nearly all Japanese rivers) with a ‘V’ shaped valley. The riverbed is rich in
boulders and cobbles, although there has been a significant change in the bed form due to
human influence in the recent years. Compared with the heavily engineered rivers of Japan
that resemble concretized channels, the Kuma retains a comparatively high degree of natural
landscapes. The river still has a prominent pool and riffle sequence, but local fishermen and
environmental activists indicated that conditions have deteriorated over the years.

Forests in the Kuma river basin have been affected by heavy human influence. The climax
vegetation can be divided into two broad categories: cold temperate type represented by
Japanese Beech (Fagus crenata), and warm temperate type represented by varieties of
evergreen oak. Beech forests hold a lot of water in the tree trunk and root system: while this
is vital to the water retention property of the watershed, this made the Beech unsuited for
fuelwood. During the postwar development period large tracts of Beech forests were felled all
over Japan and this watershed was no exception. The socio-ecological connections in the
landscapes are characterized by interlinkage between forests, agricultural fields, rivers and
the estuarine system. The river itself is a good example of ecosystem connectivity as
indicated by the springtime migration of Ayu or sweetfish (Plecoglossus altivelis) upriver
from Yatsushiro Bay for spawning. A unique estuarine ecosystem has formed due to the
coupled action of the river and the shallow, relatively closed Yatsushiro Bay. The system
attracts at least 43 different types of fish to the river (Note 1) (MLIT, 2013) together with a
number of mollusks and crustaceans that are endangered, threatened or vulnerable (MLIT,
2006). Seabirds such as ducks, gulls, plovers, and curlews also inhabit the area: the mudflat
of Kuma River is recognized as one of the important bird areas of Japan (Wild Bird Society
of Japan, n. d.).
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3.2 The Socio-political Background

The Kuma River is a vital source of food, drinking water, economy, and recreation for its
basin society. However, once renowned for its fish diversity and abundant water resources,
the river and its associated bay ecosystem suffered degradation of the natural environment in
the last 50 years mainly due to constructions of dams, barrages, and concretization of
waterways. Consequently ecosystem productivity has declined and its effects are felt in the
basin society. The traditional human-environment interactions have changed, reflecting the
changes in the satoyama landscape in the basin. Of late, the watershed has attracted attention
for the stoppage of a large dam project through citizen protests and a successful case of dam
decommissioning. The Kawabe River became known for a vigorous anti-dam movement led
by local citizens that became one of the most prominent examples of successful stoppage of a
large dam construction in Japan. Currently, the Arase Dam in a tributary basin is planned for
removal, marking the first dam removal activity in Japan (Tanabe, 2014). The dam is
expected to be removed completely in the year 2017.

4. Transitions in the Land Management Regimes: A Historical Narrative
4.1 Pre-Edo to Meiji Periods

Shiiba and Utsumi (2010) in their study of the Shiiba village in Miyazaki note how during the
Edo period (1603-1868) the Hitoyoshi fief started controlled felling of forests in the
mountain slopes, and how the age-old swidden system was affected negatively. But during
the subsequent Meiji period, the fief laws became nonexistent and swidden systems started
again (Ibid). During this time, slash and burn agriculture was a major means for resource
utilization in the basin (Yamamoto, 1957). Slash and burn cultivation was important for
sustenance of the forested villages before coppicing culture became prevalent. This practice
was used to produce crops such as barley (Hordeum vulgare), Japanese millet (Echinochloa
esculenta), azuki beans (Vigna angularis), sweet potato (Ipomoea batatas), chestnut
(Castanea), corn (Zea mays), dry rice, and taro (Colocasia esculenta). This type of
agriculture remained small scale and declined steadily during the modern periods. The
surrounding mountains were characterized by evergreen broadleaf forests (Note 2) mainly
characterized by varieties of oak with Beech (Fagus crenata) in the higher elevations from
700 -1,600 meters (Miyawaki, 1984).

44 www.macrothink.org/iss



ISSN 2329-521X

\ Macrothi“k Issues in Social Science
A InStitUte " 2016, Vol. 5, No. 1

Figure 2. Carrying of charcoal from forest. (Source: Mugishima, 1949 a)

In the lower elevation areas, wet rice cultivation was the most dominant driver of landscape
transition until the large-scale urbanization of the late 20" century. Maintenance of
landscapes through wet rice cultivation required more dependence on the river. Interventions
were made in the flow regime first by making flow diversions, and then by making dams.
Below we give a short description of these flow interventions. The early changes to the
river’s hydrology were followed up by engineering projects of the powerful feudal lord Kato
Kyomasa (1562-1611) who ruled in Azuchi Momoyama (Note 3) and Edo (Note 4) periods.
Kyomasa’s policies were instrumental in changing the lower courses of the four major rivers
of Kumamoto: Kikuchi, Shira, Midori, and Kuma through making levees, dikes, and barrages
(Tanaka et al. 2005). The original channel in the river mouth had an anastomosing form, and
was divided into three main channels. The channel form was changed for land reclamation
and channelization, mainly for rice cultivation and flood control. Kyomasa erected a barrier
to the flow of the river in 1330 in the same area where the present day Yohai barrage is
located (Ibid), and stones were used to strengthen the riverbanks. However, unlike the dams
and the Yohai barrage that were constructed during the 20™ century, these changes did not
cause a complete break in the long profile of the river.

From the second half of the 17" century economic and social drivers led to further change in
the basin landscape. In his book Kumagawa Monogatari (A Tale of Kuma River), Mitsunori
Maeyama (1997) notes that around 1662, a local businessman Mahashi Masamori started
transport business by using the river as a ‘highway’. Boulders large and small were taken out
of the river to make way for the boats. This was significant river engineering at that time,
which affected a large part of the Kuma River all the way from Yatsushiro to Hitoyoshi. This
shows that the river had already undergone significant changes in the before the modern
times, which had significant repercussions on the hydrological characteristics and ecosystem
properties of the watershed. Unfortunately very little data is available on such changes. Once
opened, the ‘river highway’ increased commercial interest in the Kuma River: the key players
who took advantage of this change were the local feudal lord or daimyo and his retainers
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(Note 5). These officials needed to go to Edo (Tokyo) every other year to pay tribute to the
Shogun; this system was known as sankinkoutai.

Table 1. Historical land use types and their characteristics of the Kuma river basin.
Information below the black line in the table is also explained in the ecosystem service
benefits described in Figure 7

Periods in Land use Landscape Related
history types characteristics societies
1600 (?) Periodically Large tracts of Rural society
to 1940 managed mixed forests - with domestic
woodlands, secondary oak energy
mixed and chinquapin portfolio, and
woodlands, forests. diverse
and limited Wood-fuel agricultural
swidden gathering, practices
agriculture charcoal making change in
1940-1980 oriented anastomosing
landscapes. form of the
Concretization Kuma River
of bed and
Forestry banks, dams, Beautification
plantations barrages, and and
and wet rice canals. Drastic concretization
oriented change in of riversides,
landscapes riverine plantation
with some ecosystems forestry based
managed especially for society
woodlands. migratory
Post 1980s 1940-1980 species, removal
to present of woody
biomass, change
in the pool and
riffle sequence
First successful
anti-dam Civilian
Conservation movement in engagement in
oriented Japan, single river basin
landscapes, species oriented management,
unmanaged conservation conservation
plantation approach. efforts with
forests. undammed

river course

Source: Literature review and interview data

46

www.macrothink.org/iss



A ISSN 2329-521X
Institute™ 2016, Vol. 5, No. 1

A prominent change was the alteration of the alluvial fans in the middle part of the river’s
course. By the start of the 18™ century, two drainage canals, Hyakutaro and Kouno, were
completed to bring water to lands not suited to agriculture (MLIT, 2006). This marked the
start of large-scale land development for agriculture in the alluvial fan that eventually
resulted in large-scale flow diversion of the Kuma River (figure 4 b). However the challenge
to harness the river basin did not end there because the soil around the Hitoyoshi basin is
highly porous and does not have a good water retention capacity due to the presence of
volcanic ejecta from Kirishima Mountains. Such landscape properties are not conducive for
wet rice cultivation and they provided a major impetus for later large-scale concretization in
the 20" century.

A\ Macroth i “k Issues in Social Science

4.2 20™ Century

The above-mentioned agricultural practices continued till the beginning of the twentieth
century. Gradually, improvements of agricultural technology with intensive wet rice
cultivation caused abandonment of slash and burn fields. Abandoned lands were planted with
coppice woodlands with periodic management interventions (cutting and pruning). Takeuchi
et al. (2003), JSSA (2010) and Brown and Yokohari (2003) explain in detail how Japanese
forests were managed through controlled periodic disturbances such as wood-fuel and
charcoal gathering; this necessitated systematic cutting and pruning in every 10-15 years
(Takeuchi, 2003). In Kyushu, these managed forests included varieties of evergreen oak
(Fagaceae) and chinquapin (Castanopsis) woodlands. Mountain forests during these times
(17" Century to early 20™ Century, see Table 1) were characterized by intervening stands of
Japanese cedar (Chamaecyparis obtusa), Japanese cypress (Cryptomeria japonica), evergreen
oaks, and chinquapins, together with agricultural plots in-between producing varieties of
millets, buckwheats and beans. Charcoal, used for cooking and heating, was taken through
narrow timber roads with wooden tracks (known as ‘kinma-michi’ or ‘kinba-michi’)
(Kumamoto Nichinichi Shimbun, n. d.). These roads, 5 to 6 feet in width (figure 2), were
used for taking woods from the forest to the river; and they were used for opening up forest
tracts in the upper parts of the watershed.

From the 1940s Japanese cedar plantations (Cryptomeria japonica) increased rapidly in the
river basin. During this time the old method of slash and burn agriculture existed only in
patches and the practice gradually declined after the Second World War (Shiiba and Utsumi
2010). During the post war economic growth period this cultivation technique gave way to
large-scale plantation forestry (ringyo). A major reason for the decline of forests in the Kuma
River Basin was extraction of roundwoods for Yatsushiro’s paper industry (Save the River
Kawabegawa, 2007) (Note 6). Instead of coppice woodlands the conifer plantations started to
increase from this time (figure 3). The Kuma River’s swift flow was used to transport logs
from these planted forests on rafts locally called ikada (Mugishima, 1949 b). Interviews with
the locals suggested that during the peak time about 30 to 40 such rafts were seen in the river
in a single day.
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Figure 3. Amount of deforestation due to plantations of conifers in the Kuma River Basin.
Source: Save the River Kawabegawa, 2007. (English captions by the authors)
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Figure 5. a. Channel bed, b. Height of the surrounding lands before dam c. increase in the
height of the land called ‘kasa-age’ after dam construction (Photograph by the authors)

In the post war period, large dams and barrages—Ichifusa, Setoishi, Arase, Yohai, and
Kumagawa—came to dominate basin landscape features. The Ichifusa Dam has the most
pronounced effect on the fan areas of Hitoyoshi basin (figure 4 a). The dams of the Kuma
River Basin were built primarily to flood-proof the watershed in order to facilitate large
infrastructure development and to meet energy needs. The Kuma River comprehensive
development plan was formulated in 1951 to harness hydropower by erecting 7 dams and 10
power plants (Japan for Sustainability, 2014). However the dams could not stop flooding
completely, in some cases they arguably worsened the flood situation (Kumagawa Ryuiki
Jumin Kikitori Chosa Hokoku Henshu linkai, 2008, Takahashi 2009). In 1965 the Ichifusa
Dam released a large volume of water as the dam was threatened with a major inflow from
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upstream, and this release flooded areas downstream, causing an ‘artificial flood’ (Takahashi,
2009). In the late 20™ century, citizen protests managed to halt a large dam construction in
the Kawabe River, and similar sentiments resulted in the scrapping plan for the aging Arase
Dam (figure 6). These incidents became known as major success stories of citizen-led river
basin management in Japan (Committee for Dam Removal 2010). While the stoppage of the
Kawabe river dam is generally seen as a success story for environmental concerns it is to be
noted that stoppage of a dam does not always reduce harmful effects on the landscapes. Even
before a dam is erected its planning phase leaves a considerable influence on the riverine
environment. In the Kawabe River case, villages were resettled above the planned dam height,
known as kasa-age (figure 5). The associated materials (complex of rocks and soil) needed
for the construction were brought from the nearby mountains—Ieaving them denuded. Such
effects still remain in the landscape.

Figure 6. Arase dam before its removal (photograph by the authors)

5. The Ecological (and Socio-Ecological) Implications of Anthropogenic Change at the
Watershed Level

In this section we describe the results of the interviews with locals about different ecosystem
services from the landscape and focus on importance of basin landscape and provide our own
opinions based on our observations and experiences with river basins in Japan.
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5.1 Change and Erosion of Ecosystem Services (ES) in the Watershed Landscapes

Social-ecological components—slash and burn agriculture, coppicing, management of rice
paddies, upland forests, grasslands, and wetlands—maintained the ecological and social
well-being of the Kuma River Basin through maintaining a diverse landscape. Past land use
practices based on direct dependence on natural resources could be related to higher
self-sufficiency; denoting a coupled human-environmental systems that had an important role
to play in the maintenance of ecosystem service bundles (figure 7). Diverse agricultural land
uses can address both issues of biodiversity and human health as biodiversity depends on how
humans produce food (Wilby et al. 2009), and also supports diverse sources of food for a
healthy diet (Hillel & Rosenzweig, 2008). The interviews conducted in the river basin, with
literature analysis show how ES have become simplified and ‘eroded’ in the aftermath of
large-scale human alteration of the basin ecology. Landscape patches with boradleaf forests,
unregulated river flows, together with slash and burn fields, coppice woodlands, and wetland
rice provided a number of different provisioning services until later half of 20™ century. The
effects of wilder forested areas and unregulated (natural) river regimes are key components of
a diverse and resilient landscape mosaic. Agro-ecological landscapes, especially those that
connect wild areas (forests, unregulated rivers) to small scale sedentary settlements can
benefit from resource flows (ES) across the whole landscape but when major structural
barriers such as dams obstruct flow pathways such ES flow maintenance becomes
increasingly untenable. This is because most of the nutrient flows in agricultural landscapes
comes from the landscapes outside the agricultural areas and includes biomass, organisms
and their genes and abiotic earth elements (Swift et al. 2004). As for example, without
nutrients from the forest biomass, slash and burn agriculture is not possible; this shows the
relationship between the two landscape patches through regulating and supporting ecosystem
services. But land uses such as wet rice cultivation can cut off principle connection pathways.
Furthermore, about the energy utilization from the landscape (a principle feature of
satoyama) Brown and Yokohari (2003) note (Note 7) that wood-fuel gathering does harm
primary forests, but where periodic use (coppicing) takes place, pressure from gathering
wood-fuels from forests and forest margins are reduced, because coppicing takes place in an
8 to 20 year cycle where it is possible for the same parcel of land to be used for years. Hence,
they argue, coppicing cultures are indirectly connected to regulating and supporting services.
Since coppicing allows sunshine to penetrate the forest floor, in-spite of being a human
managed system, it allows for the natural cycle of regeneration and decay and a number of
animals depend on this cycle such as insects, birds, squirrels, martens, rabbits, wild boars and
deer when compared to industrial (mono-cultural) plantations of Japanese cedar and cypress.
Such woodlands also provided cultural benefits through recreation opportunities such as
playing and picnics with family and friends, and watching birds and insects.
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Figure 7. Principal landscape components and their changes in the Kuma River Basin before
and after the post-war basin developments (results from interviews and literature review)

Provisioning of ecosystem services is generally under pressure from global change (Seidl et
al. 2015). The change in a specific (local) socio-ecological landscape is more than just a
change of its particular functions; it reflects a more pervasive, spatially heterogeneous change
over the larger units of the landscape (in this case; the Kuma River watershed). Without
considering this qualitative landscape history, heterogeneous changes that affect a large
region such as a watershed over longer units of time are difficult to understand. Ward (1997)
points out that rivers must be seen in their landscape context. As this case study indicates, this
is highly relevant for sustainable management of socio-ecological production landscapes such
as the satoyama of Japan. While the general notion of these landscapes is that of a
‘human-centric’ (managed) system, if we take a larger spatial and temporal unit such as a
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watershed to see how ES from socio-ecological landscapes are connected to the biophysical
(natural) processes of the river and forest systems, we are able to appreciate this important
angle. Understanding of such connections should help recover lost ecosystem functions and
socioecological resilience of satoyama landscapes in the future.

5.2 Ecological Repercussions with loss of ecosystem benefits along the riverscape

In terms of their effect on the satoyama landscapes that connect mountains, rivers, forests and
seas, changes can be categorized into two main levels. First, from pre-Edo to Meiji periods
the cross profile of the river was affected by land use. Next, in the 20™ century and post
WWII period dams broke down the flow of resources crucial for ecosystem health and the
long profile of the river was affected. The Kuma River case offers an example of these two
different levels of interventions in the river regime and their connection to the changes in
surrounding (wider) landscapes. Basin physiography allowed limited agriculture options in
the upstream part until canal systems like Hyakutaro and Kouno were completed. Also in the
early modern Edo Period (1603-1868) forests in the watershed were felled over large areas.
The disappearance of such forest varieties is an important marker in the change of the
socioecological landscapes.

From the agricultural land-use point of view, two distinctive landscapes types could be
identified: the slash and burn agriculture (low water intensive) and wet rice agriculture (high
water intensive). Slash and burn agriculture diminished by the post war period, and the
landscape was converted into dense conifer plantations (reduced species diversity), which
resulted in a loss of ecological productivity of the land. Wet rice cultivation required
extensive engineering of the waterways. Thus, the history of man-made change on water
landscapes has its continuity from flow diversion to dams. Increased commercial use of the
river led to alteration of channel properties from the 17" century. Nevertheless, large dams
and barrages of the 20" century in the watershed form the biggest rupture with the past. This
is because dams cut off vital ecosystem mechanisms across the larger spatial scales of the
landscape. This did not only change the resource use but also changed the way in which
people perceived the river. An example can be given of flooding events, which were not
necessarily seen as a ‘hazard’ by pre-modern societies (Note 8), periodic overflowing of the
river was a vital function that maintained ecosystem functions in a river basin. Before large
dams were built, floods were an annual event. The silt rich waters were allowed to flow
through the village homes as the residents moved upstairs with their belongings. With
recession of the floodwaters, (which normally took 5-6 hours owing to the steep gradient of
the river) the first floors were cleaned (by using the remaining flow of floodwaters), and
normal life resumed. House cleaning locally known as ‘osojii’ was conducted during
moderate to strong flood events. In these times flood was referred to as ‘kozui’ meaning
‘large water flow’, and not as ‘suigai’ or water hazard —a term that increasingly came into use
in the 20" century. Large dams not only stop this vital function, they can lead to a worsening
of the flooding scenario, effectively making floods ‘hazards’. The strong opposition to the
Kawabegawa dam and the support for removal of the Arase dam in the watershed were
related to this realization in some part. In addition, after dams were built, constant removal of
woody debris and leaf litters from the riverbed to the upstream of the dams became necessary
as they are thought to impair the function of the dams (figure 8). Sediment transport and
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discharge mechanisms have changed significantly, and ironically, the nutrient that once
replenished the river system is now seen as ‘debris’ or ‘waste’. Researches indicate that
woody debris or organic matters serve vital ecological functions of natural rivers as they help
sustain biological diversity and are important for fish ecology during their decomposition and
course downstream (Inoue & Nakano, 1998; Wohl, 2005, Dolloff & Warren 2003, Nicol et al.
2004; Beechie et al. 2005). The silt and organic matter supply of the river allowed the rich
intertidal zone of the Yatsushiro bay to form. Moderate (1.0 m) to high (3.0 m) spring tide
characterizes this zone (Masanori, 2004). In the recent years, effects of changes have
increasingly appeared in the tidal flat (figure 9). The mudflat is about 200 km? covering about
40% of the total area of tidal mudflats in Japan (Park et al. 2012).

2177707

Figure 8. Removal of woody debris from the river above Setoishi dam. (Photograph by the
authors)

Figure 9. Kuma River flowing out to Ariake Sea; creating a vast mudflat. (Photograph by the
authors)

54 www.macrothink.org/iss



Institute ™ 2016, \Vol. 5, No. 1

Local fishermen suggested that the sheltered and clear waters of the Yatsushiro Bay allowed
a profusion of eelgrass (Zostera marina), along with Hijiki (Sargassum fusiform) and green
laver (Enteromorpha and Ulva) which the local people harvested. Maeyama (1997) notes rich
forests in the uplands of the Kuma watershed used to provide leaf litters and debris. Organic
matter came from the mountain forests and managed coppice woodlands together with
sediments. This connectivity ensured a nutrient rich environment in the Yatsushiro Bay;
creating mudflats that support seagrass and algae ecosystem. This cycle has now broken
down almost completely, with the dams and concretization of bed and banks. The
aggradation function of the river is hampered, as organic and inorganic debris cannot flow to
the ecosystem of the intertidal zone. Immediate effects are reflected in the damaged estuarine
habitat. Decreased stream competency and capacity (Note 9) below the dams today result in
only the finest grained materials, and materials from below the dam catchments reaching the
bay. Decreasing silt and increasing mud have adversely affected photosynthesis process in
the estuarine area, eventually resulting in decreased seagrass beds and degradation of the
ecosystems that depend on it. The lotic (flowing water) ecosystem of the downstream reaches
has been changed to a significant extent as a result. Tidal mudflats support specially adapted
organisms to the anoxic conditions. Seagrasses and diatoms break the nutrients in the
mudflats to make them available for other higher order organisms thereby sustaining
ecosystems over wider areas. Mudflat ecosystems house fish, mollusks, octopuses, squids,
and crustaceans, and also attract waders and other migratory birds thereby connecting and
distributing nutrient flows, making them some of the highly valued ecosystems in the world
(Costanza, 1997). The loss of seagrass and mudflat ecosystems means loss of resilience of
coastal ecosystems and degradation of ES.

H Issues in Social Science
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Due to the retardation of a large amount of water inside the dam reservoir, the downstream
flow volume decreased, this exposes riffle areas permanently above the surface of the river
water with perennial grass cover (figure 10). According to the fishermen who target sweetfish
and freshwater eels, the pool and riffle sequence that is vital for ecosystem functions and for
maintaining the natural channel diversity has changed after the dams and artificial levees
were built; many important pool-riffle sequence have since disappeared totally. In natural or
relatively undisturbed rivers, riffles house insects and mosses, on which the fish feed. Riffles
are also used by the fish for laying eggs amongst the complex of rocks and aquatic vegetation.
Pools provide deeper water and gentle flow, ideal for the fish to rest and hide from predators.
The alteration of pool and riffle sequence in the river thus damages the natural streambed and
its biodiversity.
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Figure 10. Deposition of sediment loads with perennial grass cover in riffle sequences below
Arase dam (Photograph by the authors)

Fishing provides an important source of sustenance for local societies and the ‘pulse’
mechanisms of the basin, including flooding and coastal-freshwater interchange are important
mechanisms for sustaining the fish population. This can be exemplified through the case of
sweetfish or ayu — a fish often mentioned by the locals during the interviews. While the
Kuma River is known for its rich sweetfish stock and attracts a large number of fishing
enthusiasts during the sweetfish fishing season, the fish is no longer a ‘natural’ inhabitant
across the watershed. Sweetfish typically move upriver to spawn, but the Yohai barrage
currently restricts any significant upriver migration beyond it (figure 11). The sweetfish are
therefore caught below the barrage and released upstream in truckloads to mimic the fish
cycle from upriver (Kuma River Fisheries Cooperative, n. d.). This practice is supported
because the sweetfish is related to the local economy; it fetches a large sum of money
annually through business and sport fishing. The Amphidromous Rhinogobius (goby) was
another well-mentioned species that were found in abundance in the river before the dams
were built. Freshwater eels, which breed and spawn in the rocky riverside also suffered due to
concretization of riverbanks and flow diversions. Weather loach (Misgurnus
anguillicaudatus), and Chinese Soft-shell turtle (Pelodiscus sinensis) were mentioned
frequently during the interviews as the species that were used as food by the local fishermen,
but these species have decreased significantly. The Japanese rice fish (Oryzias latipes)
another species mentioned to have decreased in the area is also listed as vulnerable species on
the Japan Red Databook of threatened species, and Pelodiscus sinensis is a vulnerable species
mentioned in IUCN Red List (MoE N.D; Asian Turtle Trade Working Group, 2016). Their
decrease marks the deterioration of the zone of aggradation; as these species variously
spawned and thrived in the lowland rivulets, rice paddies, ponds and swamp environments.
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Figure 11. Yohai barrage, where sweetfish are captured and discharged artificially upriver
(Photograph by the authors)

Although it appears that the local community is now sensitive to the human engineering of
the river’s natural mechanisms, most of the protests are directed against obvious structures
such as dams. Even without dam construction, human intervention on the ecosystems has
been extensive: high weirs, embankments and built surfaces have altered runoff properties of
the river extensively, resulting in the swift decline of species such as the goby, loach and
ricefish. While some economically important fish like the sweetfish has fared better, other
species, which do not have similar economic value, have not enjoyed comparable success.

6. Conclusion:

In this article, we discussed how socio-ecological production landscapes like the satoyama
are integrally linked with ecological connectivity. This connectivity does not merely mean
the interrelationships between a few components managed by the human societies within a
small ‘patch’ of landscape, it implies broader connectivity involving mountains, forests,
rivers and coastal areas as an organic spread over multiple spatial scales. Human disturbance
regimes can supplement a part of this landscape diversity if they are conducted in a situation
whereby the ecological integrity of the larger scales (in this case the watershed level
processes mark the main parameters) is maintained. Once key components are fragmented
due to human intervention the net resulting loss is reduced ecological resilience and a
reduction of the diversity of the landscape. From this case study we could get insight of how
this fragmentation occurred in the Kuma River Basin: riverine functions were changed due to
wet-rice cultivation and the ecological connectivity broke down when dams were built;
leading to a further and more profound cascade of changes. These changes were also
amplified by the loss of the original forest cover. The main lesson for sustainable
development is, even as ‘satoyama’ type socio-ecological landscapes are partly managed by
human actions, once the overarching mechanism starts to break down, the system cannot be
managed solely from a human-centric approach; i.e. the human component in such
socio-ecological landscapes cannot outgrow their ecosystem service pathways that are rooted
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in the natural system; and therefore any meaningful approach to sustainable management
must involve restoration of these pathways. These pathways in turn could be identified
through ‘critical transition events’ in the past that provide ‘beacons’ or indicators for system
connectivity and large spatial dynamics. Critical transition events in this case include:
degradation of beech forests and evergreen broadleaved forests, disappearance of slash and
burn agriculture, reduction of coppicing as a forest management practice, and the dissociation
of the basin society from floods. Through the erosion of these land-and-people connections,
an erosion of ecosystem services in the socio-ecological landscape has taken place. This can
only be understood when change is evaluated in terms of riverine functions as well as the
characteristics of the surrounding landscapes. Changes in landscape connectivity can
jeopardize the natural stocks and flows that are needed to sustain ecosystems as a whole. As
this case shows the state and changes in the river basins can be a good indicator for the
sustainability and change of socioecological landscapes. As satoyama is a type of
agro-ecological landscape, and one that is integrally related with ecosystem services from
rivers, understanding the landscapes in a river-basin context is a key for managing such
socioecological landscapes in a sustainable manner. As Japan seeks to develop landscape
management based on satoyama and satoumi (the marine version of satoyama) ecosystems,
river systems need re-appraisals as vital landscape units that can be studied for linkages
between different ecosystem components.
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Notes

Note 1. Some of the notable endangered fish varieties found in the Kuma basin are:
Lethenteron reissneri (suna yatsume), Acheilognathus cyanostigma (ichimonji tanago),
Hippichthys penicillus  (ganteninshiyouji), Apocryptodon punctatus (tabirakuchi),
Boleophthalmus pectinirostris (mutsugoro), Leucopsarion petersii (shirouo), Luciogobius
pallidus (idomimizuhaze), Gymnogobius scrobiculatus (kubohaze)

Note 2. These forests were characterized by stands of Nagi (Nageia nagi), Ichiigashi
(Quercus gilva), Tabu (Machilus thunbergi), Tsuga or Japanese Hemlock (Tsuga sieboldii),
Edohigan (Cerasus spachiana Lavalee), Kagonoki (Litsea lancifolia), Momi (Abies firma),
Mukunoki (Aphananthe aspera), Nigaki (Picrasma quassioides). Originally, evergreen
broadleaved forests formed main forest

Note 3. Azhuchi Momoyama period spanned from 1573-1603 AD
Note 4. Edo Period Spanned from 1603-1868 AD
Note 5. Daimyo means administrative official of the feudal government

Note 6. During this time coppice woodlands also began to decline all over Japan in general as
woodfuel and charcoal utilization decreased due to increasing use of propane gas from the
1960s (Tabata, 2001).

Note 7. Their observation is derived from the works of Abbot and Lowore (1999), Kennedy
(1998), Senelwa and Sims (1999).

Note 8. In this paper by ‘pre-modern time’ we refer to a time period from about 1600 AD to
1868 AD (the time of Meiji Restoration).

Note 9. Stream competency refers to the maximum size of particle load that a stream can
carry. Stream capacity is the total quantity of load that a stream can move.

Note 10. Kumamoto University of Commerce has been renamed as Kumamoto Gakuen
University in 1994.
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