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In this Global COE program, on the basis of a large number of achievements made by 
Yokohama National University including the 21st Century COE program and in 
collaboration with National Institute for Environmental Studies (NIES), we tried to 
contribute to the proper control of ecological risks in the developing nations in Asia where 
ecosystems are being destroyed, and ecosystem services are being significantly 
degraded, as a result of population growth and economic development. Based on these 
research activities, we aimed to develop the ability to propose the scenario based on an 
objective analysis and comprehension with a broad perspective and produce young 
researchers who can lead global environmental activities in the future. We also promoted 
an international network of researchers, municipalities, companies and citizens in order 
to connect “basic studies,” “application case studies,” and the “proposals of a new social 
system” based on a new policy idea. We contributed to build international consensus in 
the Meeting for Convention on Biological Diversity in 2010, Aichi, of encouraging 
autonomous management by local and indigenous stakeholders, e.g., we analyzed 
Japanese fisheries co-management in Shiretoko World Heritage, a sustainable biomass 
production system that reduces environment load in Asian plantations, regional 
biodiversity strategies in Asia, and Japan Satoyama-Satoumi Ecosystem Assessment.  
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Environmental assessment based on synoptic molecular taxonomy of soil 

bactierial DNA.

Natural factors on local climate changes.

Socio-psychological approach to environmental risk management. 

Kiminori Itoh 

 

DNA
16S rDNA 16S rRNA

 

 

We focus on local-based approaches in order to establish environmental management from Asian 
point of view. Here, our targets are methods necessary for local environment assessment: 1) 
characterization of soil bacteria, 2) factors governing local climate variations, and 3) 
socio-psychological difference between east and west in approaching environment.  
 1) Environmental bacteria, e.g., soil bacteria, are important because of their possible use as an 
environmental index, and also because of their functions. Their characterization, however, is not 
developed well yet. Thus, our aim was to develop a method to evaluate the diversity of the soil 
bacteria using high-resolution two-dimensional electrophoresis of DNA. This technique enables us 
to evaluate the diversity both for the abundance and activity of the soil bacteria. 2) Factors 
governing local climate are complex, but it is important to distinguish anthropogenic factors and 
natural factors for establishing appropriate policies including scenario formation. We focused our 
attention, in particular, on the possible effect of solar magnetic activity on weather/climate 
systems. We found that the surface/upper temperatures are affected by geomagnetic disturbances 
and/or solar wind parameters. Moreover, it is shown that the Arctic Oscillation is affected by solar 
magnetic field variations, and that the Quasi Biennial Oscillation should be considered to explain 
this effect. Thus, it was clarified that there existed a natural variation not considered in present 
climate models.  3) On the basis of recent knowledge in socio-psychology, we studied how the 
psychological differences between east and west can affect environmental management. The 
western mentality is good at “generalization” and “idealization,” and hence, has inevitable limits 
and problems. The eastern mentality, on the other hand, is good at “individualization” and 
“reality,” which properties are effective for solving regional environmental issues. Moreover, 
European “Precautionary principle” and American “Adaptive management” can be unified by 
introducing Oriental factors. 
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Development of Local Biodiversity Strategies and Mainstreaming 
Biodiversity 

Hiroki Oikawa 
 

GCOE

LBS Local 

Biodiversity Strategy

BAS: Biodiversity Asian Strategy LBS

LBS

LBS

LBS

LBS

LBS  

 

During the 5 years of G-COE Program, many local governments in Asian 
countries developed biodiversity strategies – so-called LBS (Local 
Biodiversity Strategy).  For the purpose of securing overall information 
upon LBSs, I launched the BAS (Biodiversity Asian Strategy) project – a 
website on LBSs, fully supported by GCOE.  The BAS has so far collected 
around 100 LBSs developed in Asian countries, and been a basis for 
comparative studies focusing upon LBS’s structure, implementation 
process, and so forth.  This platform on the web will contribute not only to 
mainstreaming biodiversity in our society but also to propelling further 
research on biodiversity conservation and its sustainable use at the local 
level. 
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Development of Adaptive Wildlife Management and Fisheries 
Co-management 

Hiroyuki Matsuda

GCOE 2008 5 2010

10

COE

 

 

During the 5 years of G-COE Program, I showed a criticism to the theory of 
marine ecosystem collapse at the 5th World Fisheries Congress in 2008, 
Yokohama, and effectiveness of co-management of Japanese fisheries and 
autonomous marine protected areas at the 10th Meeting of the Conference 
of Parties to Convention on Biological Diversity (CBD/COP10) in 2010, 
NagoyaWe developed “the Local Science Network for Environment and 
Sustainability” in 2009 initiated by ProfTetsu Sato, Nagano University 
(collaborator of our G-COE) and tight connection with ProfJuan Carlos 
Castilla (Chile) and Michael Crosby (USA)Throughout my research activities 
for the G-COE, I sought (1) balance between sustainable use and 
biodiversity conservation and (2) consensus among local stakeholders and 
the government I applied adaptive risk management models to deer 
managements in Hokkaido, Shiretoko and Yakushima, to collision risk of 
the Awara Windfarm on White-fronted geese in Fukui, and to the 
Eradication Project of cormorant in Shiga 
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Akiba H, Miller CA, Matsuda H (in press) Public attitudes and factors influencing preference for eradication project 

of raccoons in Kanagawa, JapanHuman Dimension of Wildlife :  
Iwasaki Y, Kagaya T, Miyamato K, Matsuda H (in press) Responses of riverine macroinvertebrates to zinc in natural 

streams: implications for the water quality standardWater, Air, & Soil Pollution 
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Study on the Expansion of Food and Health Risks in Southeast Asia 

Ryohei KADA

 
Based on an international research project, mainly organized by Research 
Institute for Humanity and Nature, Yokohama National University and the 
University of the Philippines, an empirical research was conducted on food 
and health risks in the Philippines. The major outputs of this joint research 
can be summarized as follows: (1) heavy metals contained in lake fish such 
as lead, chromium, cadmium, and mercury have been found in 
concentrations exceeding the prescribed safe levels in the lake water 
column; (2) while heavy metals are a concern, it only represents one 
component of total water pollutants. The bulk of the pollutants are found 
to mainly belong to human waste. In this light, the realm of infectious 
diseases, particularly that which causes water-borne illnesses is of great 
importance; and (3) the continuing degradation of the terrestrial and 
aquatic resources has led to reduction of their current resource base. The 
combined effects of both environment and human types of risks have led to 
the reduction of household income, food insecurity and health 
deterioration of the inhabitants in the area.
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Kada, R., Ranola R.F.J., Tan J.Z.G. (2011) Impacts of ecological risks on food and 
health security in Laguna Lake Watersheds. 11th ISSAAS Philippine National and 
International Forum. Environmental Conservation, Food Security and Health Risk 
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A method of ecosystem risk assessment based on the trait-based 
approach using functional traits of composite species in 

communities 
 
Yoshinari Tanaka 

 

 
 
We have developed a method to evaluate and predict the impact of environmental 
factors such as the climatic change, the eutrophication and the chemical pollution 
to functions of ecosystems on the basis of responses in functional traits of 
composite species in communities to the environmental drivers. The 
mathematical modeling approach has revealed how the mean trait values in a 
communitychanges in response to changes in environmental factors, and how 
these responses are associated with interspecific interaction and the species 
richness. The derived theoretical approach was applied to the long-term 
monitoring data of the freshwater zooplankton community and physical and 
chemical water quality measures in Lake Kasumigaura (1985-2005). The results 
indicated that the zooplankton community had been responding sensitively to 
changes in water temperature across years. However, due to lack of any linear 
association between the trait responsible to the temperature change (the rangeof 
suitable temperature of zooplankton) and the trait (the conversion coefficient) 
that was important for the ecosystem process (trophic transfer across trophic 
levels), systematic responses of the ecosystem process to temperature were not 
clearly demonstrated. The trait that was important for feeding niche of 
zooplankton (the medium size of food) exhibited strong co-variability with the 
conversion coefficient of zooplankton, implying that changes in the 
phytoplankton community played an important role in affecting the zooplankton 
community and reducing the ecosystem function of the lake. The research project 
as a whole has indicated that the trait-based approach is effective in identifying 
ecosystem risk factors based on information of biodiversity and environmental 
factors in long-term bio-monitoring data. 
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Ecological Evaluation of soil degradation risk in agriculture 

Nobuhiro Kaneko

 

 

10  

 
Soil degradation in agriculture land substantially affects global 
environmental change. However, the size of its risk is not understood, thus 
no comprehensive measures are discussed globally. To reduce impact of 
agriculture on soil degradation, it is necessary to reduce soil disturbance 
by agricultural practices, and encourage soil biodiversity. We studied soil 
and soil biodiversity in 1) no-till without weeding croplands in Japan, 2) 
factorial experiment (tillage, fertilization), and 3) forest soils. We also 
established a large-scale factorial experiment (tillage, mulching) in a 
sugarcane plantation in south Sumatra. No-tillage without weeding method 
rapidly accumulated soil carbon and soil biodiversity was also increased. 
Soil organisms supported various soil ecosystem services. We concluded 
that minimum or no-tillage can conserve soil biodiversity and serve as 
practical method for preventing soil degradation. 
We proposed a screaming method to understand the effect of Fukushima 
NPP radioactive pollution to ecosystem, and conducted rapid survey to 
collect large Oligochates and Isopoda in Japanese Red Cedar forests. 
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Geographical range expansion and risk management of alien species 
 

Fumito Koike 
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Naturalized non-indigenous organisms replicate themselves, and cause severe 
damage to ecosystems. Predicting geographical range expansion of invaded 
non-indigenous organisms is essential information to control them, and such 
prediction should be done by limited information under urgent social demands. This 
research dealt with the prediction of non-indigenous organisms range expansion, 
and management strategy.  
Marine invertebrates usually introduced unintentionally, but the vector is usually 
clear: marine trade or fish farming.  In this research we predicted the range 
expansion of non-indigenous green crab Carcinus aestuarii in Japanese waters, and 
examined efficiency of hypothetical marine quarantine. The parameters in the 
model was determined to explain past range expansion from 1980 to present, and 
annual 30000000 tons of shipping caused immigration of green crab in 50% 
probability.  About 2000 km× year can be preserved as green-crab-free, if we reduce 
the crab on the ship at 1/10 level. The best quarantine strategy was to reduce the 
crab at 1/100 level, if we considered green-crab-free area per cost, and complete 
removal might not good strategy because of very large amount of quarantine cost. 
For the case that the vector is not clear, we can predict range expansion based on 
past range alien species. We predicted the case of foot-mouse-disease pandemic in 
2010.  
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Education and initiation of invasive alien species problem 

Koichi GOKA

COP10 3

 

 

We investigated ecological impacts caused by the invasive alien species; 
the European bumblebee Bombus terrestris, exotic stag beetles, and 
amphibian chytrid fungus Batrachochytrium dendrobatidis. Furthermore, 
we tried to approach the biological invasion problem caused by these 
species not only from biological aspects but also from the economical and 
social viewpoints. Based on the obtained data, we indicated that the 
biological problem caused by invasive species is disturbance of history of 
evolution and that collapse of co-evolution between ecosystem and species 
results in various ecological impacts. Simultaneously, we suggested that 
globalization and consequent activation of transfer of human and materials 
lies on the background of invasive alien species problem. We must consider 
the change of our lifestyle as a fundamental resolution of the problem. We 
not only published these results in the scientific journals or conferences 
but also sent out the implications from the results to public through 
mas-media. Finally we presented our activities in the three side events 
held in COP10. 
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Ecosystem management based on natural disturbances 

Akira S Mori

 

 

Variability in the composition, structure, and dynamics of ecosystems has 
been widely recognized recently. Thus, it is thought that ecosystems have 
barely reached steady-state and equilibrium status. This “non-equilibrium 
status” of ecosystems is regulated by natural disturbances. n today’s 
ecosystem management in terrestrial regions, natural disturbances in 
ecosystems and landscapes are acknowledged to respect the dynamic 
aspects of ecological processes, maintain ecological integrity, and 
conserve biological diversity at various levels. However, the variability and 
complexity of ecosystems remain unknown. Natural disturbances, 
particularly larger ones, are unpredictable and their impacts on 
ecosystems are highly uncertain. For ecosystem management and 
restoration, clarification of ecosystem responses to environmental 
variability is the key, and thus, we should further investigate the 
complexity, unpredictability, and non-equilibrium nature of ecological 
processes. Therefore, data on the dynamic nature of ecosystems and 
ecological processes from individual to landscape level, regulated by 
various natural disturbances, is needed to assess the non-equilibrium 
paradigm of terrestrial ecosystems.
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toward a sustainable development of society with the balance of 
conservation and utilization of natural resources, using UNESCO’s 

Man and the Biosphere (MAB) Programme 

Akiko Sakai

MAB MAB

GCOE 2010 MAB

32 10

MAB

 

 

The Japanese Coordinating Committee for MAB (JCC-MAB) has been 
supporting UNESCO’s Man and the Biosphere Programme, that ultimate 
goal is implementation of human wellbeing worldwide through sustainable 
development of society in each region based on appropriate management 
for the balance of conservation and utilization of natural resources. To 
establish the MAB system, as a feasible institution, in Japan, JCC-MAB has 
conducted many activities. During the past two years, for example, we 
support nomination of new Biosphere Reserve (BR), held an international 
symposium at CBD-COP10 Nagoya, and conducted several negotiations for 
implementation of existent BRs and at regions where people are interested 
in introduction of MAB/BR. Because it is necessary to construct managing 
system for BR by each region or nation based on its own biodiversity, 
culture and sociological background, observation of this process will 
provide an opportunity to clear Japanese and/or Asian characteristics in 
the nature of bottom-up ecosystem management. 
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 1

Studies of Nonlinear Dynamics and Restoration Method of Eutrophic 
Lakes 

 
Takashi Amemiya 

 

2 (i) (ii)
 

 

 
 

This study aimed to explore a restoration method of eutrophic lake-ecosystems by using 

microscopic nonlinear interactions between organisms that can reduce blooms of 

cyanobacteria.  

First, we investigated the mechanisms of the reduction of cyanobacteria by the floating 

plant-bacteria system by microcosm experiments. The results indicated two microscopic 

interactions between organisms; (i) supply of flavonoid from floating plants to bacteria, 

and (ii) reduction of populations of cyanobacteria by the activated bacteria with a 

mechanism of quorum sensing. Second, we developed a novel mathematical model of a 

lake-ecosystem that included the effect of algicidal bacteria inhabiting rhizosphere of 

floating plants, and analyzed the stability of the system. The system exhibited a 

bistability as a function of nutrient loading. The effect of algicidal bacteria was found to 

shift the bistable curve to the higher nutrient loading, indicating that lake-ecosystems 

can be restored to an oligotrophic state by introducing the floating plant-bacteria system.  

This study has established a basis of lake-restoration method that can solve macroscopic 

environmental problems by using microscopic nonlinear hierarchical interactions 

between organisms. The present lake-restoration method, which affects small impacts on 

environment and costs low prices, can widely be applied to eutrophic lakes in Asia.  
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1 

 

Secular variation of stream water chemistry in the Tanzawa 
Mountain watershed 

Makoto Arima 

This study conducted long-term (2007-2011) monitoring of stream 
water chemistry in the Tanzawa Mountain watershed. The present 
study in combination with the earlier study (2001-2006) identifies 
both seasonal and 3~4 years secular variations in the Tanzawa 
stream water chemistry. The data suggest that influxes of urban 
atmospheric pollutants, weathering and leaching processes of 
minerals, and influxes of SO4--rich spring-water associated with 
faulting in the studied area, largely control the stream water 
chemistry. The secular variation in SO42- in the stream water 
chemistry is apparently synchronized with the seismicity in the 
study area. This suggests that the higher seismic activity enhanced 
influxes of spring-water along deep-seated faults. 
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Matter cycling analysis and development of environmental 
assessment for eco-risk evaluation in the neritic ecosystem 

Tomohiko Kikuchi

Analyses on the last 15 years of monitoring data set of oceanographic 
environments with nutrients balance in the neritic area of western part of 
Sagami Bay were carried out. Inflow of colored dissolved organic matter 
(CDOM) and artificial fluorescent organic matter (AFOM) to the neritic area 
have also been analyzed. Humic substances were monitored as large 
cportion of CDOM which were discharged into neritic area. Toward 
environmental assessment of neritic ecosystem with human impact, 
search for specific organic substances of AFOM was also conducted. For the 
forecast of mass break out and resource management of jelly fish in the 
nertic water, hydrography and fully understanding of complete life cycle of 
jelly fish in the field were shown to be most important factors in the semi 
closed sea.  
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Development of Comparative Risk Assessment Method of Chemical 
Alternatives for the Better Management of Persistent Organic 

Pollutants (POPs) 

Shigeki Masunaga

GCOE

 

 

 

 

During the 5 years of G-COE Program, I engaged in the development of both 

fundamental environmental analysis tools and practical comparative risk practical 

assessment methods of environmental pollutants. 

As fundamental study, a source apportionment method based on geographical 

information system was developed and applied to river pollution by perfluorinated 

alkyl substances. Also, bioavailability and toxicity of heavy metals were studied in 

relation to other water qualities for the better ecological risk assessment.  

On the other hand, cost of regulation has become an important factor to be 

considered in the management of persistent organic compounds, facing the global 

environmental constraints, such as climate change and depletion of resources. To 

cope with this problem, an estimation method of environmental loads based on 

material flow analysis has been constructed. Based on this, we can easily estimate 

environmental emission and exposure risk of chemicals and will be able to 

compare the risk and benefit among alternative chemicals. We plan to develop this 

method so that it can be combined with life cycle assessment. 
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Ecotoxicity Evaluation of Environmental Chemicals and 
Establishment of GCOE Research Cooperation Center in China 

Takashi Kameya

GC/MS

GCOE

 

 

Aquatic ecotoxicity level of river water was investigated simultaneously 
and continuously in a large urban area. In addition, a number of ecotoxicity 
substances contained in rivers were investigated by using GC/MS 
automated identification and quantification system with a database 
(AIQS-DB), and were analyzed the attribution of ecotoxicity of river water 
sample. Such large-scale field studies concerning ecotoxicity level 
ecotoxicity substance in river water were hardly seen yet, and a novel 
original research data could be accumulated in this program. The role of 
water treatment plant and agricultural field, each of them was typical and 
important for water cycle in urbanized are, could also be analyzed. GCOE  
Research Chinese Cooperate Center could be established among Yokohama 
National University, Tsinghua University, Chinese Academy of Sciences 
and Yangtze Delta Region Institute of Tsinghua University. A joint research 
was done using shared technique of ecotoxicity assessment of river water, 
and young researcher training and research outcome release could be done. 
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Material and Energy Flow Analyses for Appropriate 
Environmental Management of Plantation 

 
Koichi FUJIE

 

( )

 

 

To clarify the impact of biomass and bio-energy production in tropical plantations 

on the neighboring area and on the global environment, material and energy flow, 

as well as the discharge of solid wastes and wastewater, have been investigated in 

various plantations of sugarcane, oil palm and cassava followed by milling process 

of those has been investigated in Sumatra, Indonesia. The results are: 1) effect of 

cultivation management on harvest and on the emission of GHG by farm machine 

operation, fertilizer production, etc. has been analyzed based on the observation 

in various plantations, 2) energy for milling process is self supported by using 

biomass residues in palm oil and sugarcane mills, while in tapioca mill all energy is 

externally supplied using fossil fuel, 3) biogas production from lagoon receiving 

mill effluent was observed for the evaluation of GHG emission and carbon balance 

analysis in the process, and to confirm the possibility to use collected biogas as 

energy for the mill. Based on the above results, GHG emission through BDF 

production has been estimated. It was additionally clarified that appropriate 

allocation of biomass residues of milling process to both land application and 

energy production is a key factor for sustainable biomass production and for 

reduction of environment loading. 
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Sustainable Use of Biomass Resources in Local Areas 

Hiroki Hondo
 

 
The objective of the present study is to develop a practical method based 
on the life cycle approach for assessing environmental and socio-economic 
impacts induced by utilization of biomass resources in local areas. As the 
first step, this study analyzes the impacts of bio-ethanol project in 
Miyakojima city from the viewpoints of fossil fuel consumption, GHG 
emission and employment creation. In order to assess the impacts of the 
project, this study compares the two following systems: (1) the Base 
System where gasoline is consumed as fuels of all gasoline vehicles driven 
in the city and (2) the E3 System where E3 fuel using bio-ethanol produced 
in the city is consumed. The results show that the project has the potential 
to bring the decrease in fossil fuel consumption and GHG emission as well 
as the increase in the quantity of employment. The analysis also reveals 
that the reduction of energy consumption at the ethanol production 
process is one of the important factors to improve the project. 
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Construction of a Geospatial-temporal Information 
Platform for the Risk Management Incorporating 

Global Environmental Concerns and Disaster 
 
Satoru Sadohara 

 
GCOE

MA

IT

 
  
Global environmental problems and disaster including ecological risks, the 
theme of our GCOE program, are regarded as existing risks of physical 
environment which surrounds people living in different areas. An approach 
to management of risk that integrates above both environmental problems 
and disaster was devised systematically, and the practice of management 
in actual field was specified partly. Firstly, the correlation between global 
environmental problems and disaster was comprehended. Then, to 
investigate the approach for the risk management, a new framework which 
utilized the conceptual framework of the Millennium Ecosystem 
Assessment (MA) of the United Nations was proposed. Using the framework, 
three approaches, mainly, "practical use of ecosystem services", 
"construction of a district energy system" and "construction of a 
Geospatial-temporal Information Platform" which supports the former two 
approaches with Information Technology, were considered. Furthermore, 
as a concrete measure for construction of the Geospatial-temporal 
Information Platform, a prototype was built for Kanagawa River Basin with 
the main focus on Hadano City. Finally, usefulness of the constructed 
platform was verified and future plan was summarized. 
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Carbonization and catalytic conversion of 
gasified gas from biomass waste 

Katsuya Kawamoto Lu Baowang

CO CH4

RWGS CO

CO2 CH4 CO2 CO  

 
Experimental studies were conducted in the context of effective use of biomass 
and wastes. Carbonization technology and gas conversion using novel catalyst 
have been investigated. In carbonization, heating experiment was conducted 
using three different materials that were woody biomass, RDF and RPF under 
various temperature and atmospheric conditions. The results showed that the 
woody sample gave good carbonization product at the temperature range of 
500~700 ºC. The gases such as hydrogen can be recovered at higher 
temperatures. Plastic materials gave adverse effect on the recoveries of 
carbonization product and gases. In the gas conversion, highly loaded and 
well-dispersed NiO/SBA-15 catalyst was prepared. The NiO/SBA-15 exhibited 
high efficiency and selectivity for methanation of H2, CO and CO2 gas mixture. 
The reactive activity was not affected by the location of the NiO particles on the 
surface of catalyst. The effective NiO/SBA-15 was found to be synthesized by a 
direct synthesis method of the catalyst and it exhibited excellent efficiency, 
selectivity and high thermal stability for reducing CO2 to CO by the RWGS 
reaction. 
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Development and Evaluation of Plant Activators with 
Low Environmental Impact 

 
Kazuyuki Hiratsuka

Plant protection from diseases is essential for stable agricultural 
production,however, in most cases, pathogens are exterminated with the 
use of pesticides which are harmful against various biota, and cause 
environmental impacts. On the other hand, plant activators which act as 
defense-inducer that provoke immune system in plants have been used as 
disease-management agents with low environmental impact. However, 
selection and evaluation of candidate compounds have been problematic 
because the process requires tedious and time-consuming steps including 
investigation of defense responses of plants. In this study, with using 
non-destructive gene expression monitoring technology, we established 
monitoring and evaluation systems for defense responses of plants. With 
these systems we could identify candidate compounds for novel 
defense-inducers that can be applicable for plant disease management with 
low environmental impact.  
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Development of plant activator being environmental friendly: 
Synthesis of nitrogen-containing polycyclic compounds utilizing 

isoindole reactivity 
 

Kiyoshi Honda

Diels-Alder

Diels-Alder N-

Diels-Alder

Diels-Alder

Meisenheimer  

It is well-known that isoindoles react with various dienophiles such as alkenes 
and alkynes, and some Diels-Alder adducts show useful bioactivity. In this 
study, using a concise and convenient method, we synthesized novel 
isoindoles having various hetero substituents at nitrogen, and examined 
Diels-Alder reaction between isoindoles and various dienophiles. Reactivity 
and stereoselectivity was investigated on Diels-Alder reaction of N-benzyl, 
piperonyl, furfulyl and pycolyl-isoindole with some dienophiles.  Herewith, 
bulkiness of substituent at nitrogen and steric hindrance with dienophile is 
important factor affecting reactivity of cyclization and stereoselectivity.  And 
functional group transformation in Diels-Alder adducts forms some new 
products which is reduced, etherified and esterified compounds.  In addition, 
study of induction to planar configuration by skeletal transformation is 
described.  Furthermore, the treatment of Diels-Alder adducts with activation 
of nitrogen gave polysubstituted naphthalene derivatives, polysubstituted 
hydroxynaphthalene derivatives, or Meisenheimer rearrangement compounds. 
Novel nitrogen-containing polycyclic compounds which synthesized were 
checked for biological activity. 
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1) Shade tolerance analysis of mangrove trees based on the population 
dynamics 

2) Avoiding plant resources risk byhomegardens. 
 

Katsuhiro ONO 
 

 
 
1)This study investigates the regeneration process of major tree species in Heritierafomes 
forest in the Ayeyarwady Delta, Myanmar, in order to develop appropriate measures for 
mangrove forest management. The conservation and reforestation activities have been 
undertaken in the degraded mangrove forest lands in the study area. However, basic 
information, such as species composition and forest structure and dynamics required for a 
balanced rehabilitation practice on degraded mangrove forests is limited. Furthermore, while 
light plays an important role in the growth and survival of mangroves from an ecological 
viewpoint, the knowledge about light and shade requirements of species in H. fomes forest is 
still inadequate. This study focuses on shade-tolerance of trees in their early stages, and 
presents analysis of the population dynamics of four major mangrove trees in the forest stand 
of two different sub-associations conducted over a three-year period. 
2)This study investigates the traditional knowledge of villagers to adapt to the ecological risk 
of mangrove degradation in Myanmar. We interviewed twelve homegarden owners about 
change of their management activities of all plant resources in their homegardens. It was 
revealed that the home gardens compensate for the decline of mangrove plant resources, the 
villagers change the way of management to enhance the compensating function, and 
enhancing degree differ among uses of resources. It is considered that the local knowledge to 
adapt to the risk of mangrove plant resources is based on the nature, the resources and the 
society of the region. 
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Predicting range expansion of large mammals in Japan 

Masayuki SAITO

 

Distribution of large mammals has been increased in Japan, and they have the 
potential to cause to environmental and agricultural damage. However, if their future 
distribution can be predicted, effective damage control measures can be put in place 
before the animals arrive.In this study,I predicted the future range expansion of large 
mammals, Sika deer, Japanese serow, Japanese monkey, wild boar, Asiatic black bear 
and brown bear, in Japan. Using two distribution maps (1978 and 2003) of each 
species,I simultaneously estimated habitat suitability and dispersal probability of the 
source population via range expansion modeling by Fukasawa et al. (2009).Future 
distribution was predicted by stochastic simulations for 100 years after 
2003.According to the simulations,all large mammals will be distributedin many parts 
of Japan. Conflicts between human and large mammals also will be increased. My 
results will be contributed to considering the strategies for reducing future conflicts. 
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Identification of hotspots of genetic diversity: Spatial overlays of 
phylogeographic information for endangered wetland plants in central Honshu 

Island, Japan 

Ikuyo Saeki

 

The concept of “hotspots” is often a key issue in conservation of biological diversity. 
Its application, however, rarely targets genetic-level diversity although such diversity 
is directly linked to evolution, migration history, and future extinction of species. 
During the two years of my participation to the COE program, I determined hotspots 
of genetic diversity by overlaying multiple phylogeographic data of the six endangered 
plants, which grow in discrete wetland ecosystems of central Honshu Island, Japan. 
Leaf samples were collected at 58 wetland sites, and one to six non-coding regions of 
chloroplast DNA were sequenced. For each species, 3 to 15 haplotypes were identified. 
Based on the haplotype data, I calculated probability of occurrence of rare haplotypes 
per site, created interpolation maps by GIS, and overlaid them to make an integrated 
hotspot map. Two hotspots were identified: Atsumi Peninsula and Tono District. The 
former is located near southern coastal margin, and thus rare haplotypes have likely 
remained by geographic isolation. The Tono District is a highly-elevated inland area 
where relatively large wetlands still remained. This method, as indicated by our 
results, can be applied in planning preserves which focus on conservation of genetic 
diversity. 
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Concealed environmental threat in coastal region needs priority for ecological risk 

management: the case of Panglao Island 
 

 
Daniel Edison Husana, Tomohiko Kikuchi  

 

Panglao is a small island in the central part of the Philippines. It is well-known for its 
world-class beaches and beautiful coral reefs aside from high biodiversity. These attract 
millions of tourist each year thus providing employment and business opportunities that 
resulted to the increase of revenue for the local economy. However, the escalating activity 
is so alarming such that the negative effect to the local environment is very much 
prevalent although not easily perceived. In order to make an effective management plan 
for coastal regions, environmental impact needs to be identified. Analysis and 
measurement of physico-chemical parameters of the groundwater revealed high levels of 
human-induced contaminants. This subterranean pollution was attributable to the 
leakage of septic tanks, artificial application of disinfectants and the infiltration of 
saltwater from the ocean. The  latter  is most probable due to over-extraction of 
groundwater because of the  increasing demand for potable water. The community within 
the area was not aware of the situation because human impacts to the environment appear 
to be virtually absent. These findings clearly suggest the vulnerability of the groundwater 
resources from human activities that causes so much stress to the environment. Higher 
standard for the coastal development plan and strong implementation of environmental 
policy is deemed necessary.  
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Artificial Reef: a practical and sustainable solution to replenish a resource-depleted 

coastal region, the Atimonan small fishermen’s association example 

Daniel Edison Husana, Tomohiko Kikuchi   

 

The deterioration of nature is becoming a more apparent problem. With reefs slowly 

disappearing due to siltation and destructive human practices there is a steady 

decrease in marine biodiversity. Thus, coastal communities particularly the 

fishermen are negatively affected. This study will explore the possibility of artificial 

reefs (AR) as a way of alleviating the problem. The authors investigated the AR of 

Atimonan which was made through the effort of the local small-scale fishermen. The 

structure seemed to have brought back former diversity of life under the sea and this 

has subsequently improved the condition of the local folks. Upon comparing this AR 

to others, there is an implication that the shape and type of structure and equipment 

determine the life it supports and attracts but an in-depth study is needed to prove 

this. Artificial reefs appear to be a promising alternative and a solution to degraded 

marine resources in coastal regions. Further study is highly encouraged to improve 

the condition in these areas.  
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Understanding invasion history: the recent range expansion and population 
genetics of the Argentine ant in Japan 

Maki N. Inoue

Alien ants are considered to be among the more damaging of invasive insects. Five ant species are ranked 

among the 100 world’s worst invaders by the IUCN. Within the introduced regions, they displace or disrupt 

the local arthropod fauna, cause agricultural damage by protecting plant pests, and even affect human 

health. The Argentine ant, Linepithema humile, has successfully spread from its native range in South 

America across much of the globe. This species is highly polygynous and possesses a social structure, 

called unicoloniality, whereby individuals mix freely among separated nests. In Japan the Argentine ant, 

first noted in 1993, is now found in several regions of Japan. Sequencing of the mitochondrial DNA from 

the Japanese and overseas populations resulted that one haplotype is shared among different populations 

widely distributed across the continent: USA, Europe, Australia, and Japan, whereas small supercolonies 

are pettily distributed in the restricted areas. Within the Kobe area, Hyogo Prefecture, behavioral assay 

showed the probability of male-mediated gene flow between the adjacent supercolonies. However, genetic 

analysis suggested that supercolonies are closed reproductive units, and gene flow among supercolonies is 

very limited. Furthermore, the aggression level between workers seasonally changed and the massive 

suprecolony synchronously changed with the other supercolonies.  On the other hand, the workers from 

small locally distributed supercolony showed their escape behavior and whereas the workers from massive 

supercolony attacked the workers from other supercolonies in groups. Our findings suggested that a 

massive supercolony displace other supercolonies and form the huge colonies across the globe. 
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Extinction probability of the big bagworm, Eumeta variegata, by the exotic 
parasitoid, Nealsomyia rufella 

Yumiko Ishii
 

During a year and a half of G-COE Program, I studied the prevalence of the exotic 
parasitoid fly, Nealsomyia rufella, which attacks the native giant bagworm, Eumeta 
variegata in Japan. Although invasion of N. rufella in the late 90s has been reported to 
rapidly decrease the populations of E. variegata, little is known about the subsequent 
abundance of E. variegata and parasitism by N. rufella. Sampling survey of E. 
variegata revealed the maintenance of E. variegata populations in spite of high 
percentage of N. rufella parasitism at almost all sampling sites throughout Japan. In 
addition, the phylogenetic study using DNA markers found two genotypes of N. rufella 
which are identical to those found at the continental China. While this result is 
consistent with the hypothesis that the invaded N. rufella populations originated from 
China, further analysis is needed to infer the route of N. rufella invasion. 
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Earthworm Fauna of Lampung, Indonesia: Rehabilitation of Soil Biodiversity in 
Sugarcane Field for Sustainable Agriculture 

Yukio Minamiya

In tropical agricultural lands, there are conspicuous loss of soil animal diversity and 
decrease of soil organic matters as soil degradation.  Therefore, for rehabilitation of 
tropical soil, increase of soil animal diversity is needed.  Earthworms, keystone 
species in the soil, were collected from various habitats including sugarcane field of 
Lampung, Sumatra. Six earthworm species were collected from 57 quadrats 
representing eight habitats, and four species were collected by non-quantitative 
picking up analyses. It is the first time to record Metaphire peguana and 
Polypheretima taprobanae from Sumatra. Pontoscolex corethrurus originated from 
Latin America was the dominant species all over the habitats, therefore indigenous 
earthworm fauna is largely destructed.  Compared to other habitats, earthworm 
densities and biomass were poor at sugarcane fields, therefore these results indicated 
that earthworm inoculation for this sugarcane fields with non-tillage agriculture is 
needed. Further studies to examine life history and biodiversity of native species are 
necessary to select appropriate species suitable for introduction. 
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Evaluation of Nitrogen Leaching in Forest Watersheds 

Kazuya Nishina

Conservation-tillage management is a carbon-sequestration option in agricultural 
management. However, information on and quantitative evaluation of long-term 
conservation effects on soil organic carbon (SOC) in tropics, especially in South-East Asia 
are limited. We conducted a 22-year experiment using different tillage-management 
schemes (conventional, reduced, and no tillage) with different nitrogen-fertilization rates 
(0, 100, 200 kg-N ha-1) in southern Sumatra, Indonesia. The results revealed that 
conservation tillage maintained greater SOC in 0 - 20 cm at all N fertilization rates. In the 
reduced-tillage plot with 100 kg-N ha-1, a 5 Mg-C ha-1 increase in SOC was observed over 
21 years. Concurrently, we found the fraction of large aggregate size (> 2 mm) in 
conservation till increased. To evaluate SOC dynamics, we used a simple modified Roth-C 
model that incorporated a relative stock-change factor from the IPCC into the Roth-C 
model. The original Roth-C model likely underestimated SOC accumulation in 
conservation-tillage soils. However, adding the tillage factor into all active compartments 
of the Roth-C could improve prediction for conservation-tillage soils. 
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Resilience of Urban Communities in a Changing Climate and Environment- 

Focus on Water related Issues in Central Vietnam 

Bam H.N. Razafindrabe, Makoto Arima  

Locating in South East Asia, Vietnam is highly prone to impacts of climate change 
and frequent disasters because of its geographical position and long coastal line with 
dense population. The security and sustainability of urban Environment and 
livelihoods are threatened and it is of prime importance to address urban resilience 
for city government and community as well as climate change adaptation in a more 
holistic manner. For that, this study aims at understanding how resilient the city and 
its community are in the face of climate variability and environmental change as far 
as water-related issues are concerned, in order to enhance resilience and adaptive 
capacity of urban government and community to these changes. 
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Abstract There are few legal marine protected areas in
Japan rather than fishing-ban areas. Fishers did not seek
legal fishing-ban areas but they did establish fishing-ban
areas by autonomous bases. We briefly introduce the
institutional history and features of Japanese coastal
fishery management, including the past decade’s major
legislative developments. Japan still has a decentralized
co-management system involving fishers and the govern-
ment, and ca. 98%of Japanese fishers are artisanal. There
are several successful cases of coastal fisheries manage-
ment in Japan.However, offshore industrial fisheries have
problems in Japan. We compare coastal fisheries co-
management between Japan and Chile. We finally discuss
the possibility of improvement for Japanese fisheries.

Keywords Marine-protected area Æ Co-management Æ
Artisanal fisheries Æ Territorial user rights for fisheries Æ
Coastal fisheries Æ Chilean fisheries

Introduction

Japan once played an important role in the international
institution for marine protected areas (MPAs). A marine

park system was established in Japan after the 1st
Conference for World Natural Parks in 1962, in Seattle.
The first International Conference for Marine Parks was
held in 1975, Tokyo, Japan. Despite this, there are few
known MPAs in Japan because it has not been welcome
to use the term MPAs among persons who relate to
Japanese fisheries. This is probably because fishers did
not seek legal fishing-ban areas but they establish fish-
ing-ban areas on autonomous bases (Yagi et al. 2010).
We briefly introduce the institutional history and fea-
tures of Japanese coastal fishery management, including
the past decade’s major legislative developments.
Japan has one of the world’s oldest and most

successful marine fisheries co-management regimes (Lim
et al. 1995; Pomeroy and Berks 1997). According to the
Japanese first legal provision to fisheries, which was the
Taiho Code of 701, local fisheries resources were for
common use and managed by local resource users
themselves. This basic idea has been passed down and is
still used today.
For example, based on the Fisheries Law of 1949

and the Fisheries Cooperative Associations Law of
1948, qualified individuals living in the coastal com-
munity were entitled as coastal fishers by rights and
licenses. Fisheries cooperative associations (FCAs), the
organization of local fishers, are the management body
of local fisheries and resources. Based on both the
traditional and scientific knowledge on the local envi-
ronment, each FCA establishes detailed rules on the
fisheries operations on the local fishing grounds, such
as fishing gear, fishing area and season, minimum-size
limit, etc., and enforce them on autonomous bases.
Government supports such activities by provisioning
legal and scientific information and subsidies (Makino
and Matsuda 2005). Therefore, the Japanese fisheries
management regimes, especially in coastal areas, can be
understood as a kind of Territorial Use Rights in
Fisheries (TURFs) (Christy 1992). In addition, Japa-
nese fishers set autonomous fishing-ban areas for
licensed fisheries, snow crab fishery, and sandeel fishery
as mentioned below.
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In 1997, the Japanese government introduced the
total allowable catch (TAC) system. The central gov-
ernment sets TACs, while the allocation of quotas and
the determination of access rules are the responsibility of
fishers’ organizations. Therefore the co-management
framework is still working even in the output control
measures like TACs. At present, eight species are subject
to TACs in Japan. To sum up, unlike fisheries in modern
countries, there are few centralized top-down manage-
ments in Japanese fisheries.
In addition, ca. 98% of Japanese fishers are artisanal

(Table 1). The artisanal fisheries have not been defined
by Japanese law. In this paper, we define the artisanal
fisheries by the size of fishing vessels in the footnote of
Table 1. However, the catch of far sea fisheries and
offshore fisheries, mainly by industrial fisheries have
been a large part of the total catch in Japan (Fig. 1).
Because of the establishment of the exclusive economic
zone (EEZ) system and collapse of Japanese sardine

(Sardinops melanostictus) stock in the 1990s, the catch of
far sea and offshore fisheries has decreased, while the
catch of coastal fisheries has not changed significantly
throughout the past half century.

Definition of ‘‘environment-friendly fisheries’’

Fisheries management has played an initiative role of
sustainability science because the maximum sustainable
yield (MSY) has long been a key concept of fisheries
management. However, the MSY theory has focused on
the sustainability of fisheries yield that is a part of eco-
system service (Costanza et al. 1997). Ecosystem services
include supporting services, provisioning services
including fisheries yield, regulating services and cultural
services (Millennium Ecosystem Assessment 2005). The
existence of living marine organisms may maintain these
services from marine ecosystems.
In addition, there is some criticism against the theory

of MSY (Matsuda and Abrams 2008; Matsuda et al.
2008). The MSY fishing policy is not reflected in species
interactions and other kinds of ecosystem services other
than fisheries yield. Matsuda and Abrams (2006) ana-
lyzed the MSY from entire food webs with independent
fishing effort on each species. Matsuda et al. (2008)
incorporated ecosystem service into optimal fisheries
policy, and they called the optimal policy that maximizes
the total ecosystem services the ‘‘maximum sustainable
ecosystem service’’ (MSES). An ecosystem service other
than fisheries yield likely depends on the standing bio-
mass, while the fisheries yield depends on the catch
amount. The standing biomass likely decreases as the
fishing effort increases, while the fisheries yield is a uni-
modal function of the fishing effort. If we consider a case
of using a single bioresource, and if we ignore any
contribution of fishers’ activity other than fisheries yield
as discussed later, it is intuitively understandable that
the fishing effort to maximize the total ecosystem ser-
vices (denoted by EMSES) is always smaller than the ef-
fort to maximize the maximum sustainable yield (EMSY)
as shown in Fig. 2. On the other hand, a total fishing
ban does not always maximize the total ecosystem ser-
vice because the fisheries yield is a part of ecosystem
services.
Fishing effort for actual fisheries is often considered

to be larger than EMSY, and it is unsustainable. Clas-
sical fisheries science usually refer to MSY or its
derivatives. Recently, marine ecologists have recom-
mended ‘‘no-take zones’’ for ecosystem-based manage-
ment (Pikitch et al. 2005). These recommendations
largely ignore artisanal (small-scale) fisheries, which
involve more than 50 million fishers around the world.
Therefore Castilla and Defeo (2005) wrote the require-
ment of paradigm shift to the participation of fishers in
the planning and surveillance of management measures,
which promises a short-term solution to the current
artisanal fishery crises, promoting compliance with
regulations.

Table 1 Status of fishers in each nation (Fisheries Research Agency
Japan 2009)

Nation No. of
fishers

No. of
fishing vessels

Artisanal
fishers (%)a

Japan 278,200 219,466 98
Korea 180,649 50,398 90
Norway 22,916 8,664 89
Denmark 4,792 4,285 86
United Kingdom 19,044 9,562 82
France 26,113 6,586 78
Spain 75,434 15,243 76
Canada 84,775 18,280 74
New Zealand 2,227 1,375 74
Iceland 6,300 826 63
USA ca. 290,000 27,200 53
Australia 13,500 ca. 5,000 Unknown

aThe ratio of artisanal fisheries is defined as the percentage of the
number of fishing vessels whose size is smaller than ISCFC (the
International Statistic Classification of fishery Vessels) unit 25

Fig. 1 Marine trophic index (MTI) and the total production of
Japanese marine fisheries from fiscal year 1960 to 2005, divided into
five categories: coastal fisheries, offshore fisheries, far sea fisheries,
marine aquaculture, and inland aquaculture from bottom to top.
Broken and dotted lines represent the catch of sardine and walleye
pollock, respectively
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Fishers have ever paid efforts to conserve their fishing
ground. At least in Japan, fishers pay effort for fores-
tation and believe positive effects of the backyard forests
on the fisheries productivity in their fishing ground. This
is called a fish-breeding forest (Uotsuki-rin in Japanese).
In addition, they enclose some shore area by stones and
catch fish inside of the area when there is a low tide. The
area of such architecture is usually between 10 and 1 ha
and it is called Nagaki’i or Ishihibi in Japanese local
dialects. Similar artificial structures are seen in many
parts of the world. Traditional fishers made some arti-
ficial structures in the fishing ground and circumstance
including terrestrial area to sustain their fisheries re-
sources. These are called ‘‘Satoumi’’ in Japanese, as an
analogy to ‘‘Satoyama’’ in terrestrial landscape (Yanagi
2007).
Particularly in developed countries, not only the in-

crease of human impact but also reduction of human
activity may decrease or threaten biodiversity and eco-
system services. In the work of the Japan Biodiversity
Outlook Science Committee (2010), there are several
ecosystem services that are damaged due to a reduction
of human activities in artificial forests, abandoned
paddy fields, and deer overabundance. Also in coastal
ecosystems, some sustainable fisheries may prevent bio-
diversity loss (Gelcich et al. 2008). According to a
questionnaire survey of more than 500 Japanese biolo-
gists, the major cause of biodiversity loss within the past
half century has been land-use change in terrestrial and
coastal ecosystems (Japan Biodiversity Outlook Science
Committee 2010). Reclamation is a major factor of
coastal ecosystems, while offshore ecosystems are prob-
ably the result of industrial fisheries, as discussed below.
Since Japanese fisheries are not always regulated by

law but more often are regulated autonomously, it is
important that local scientists convince the necessity of
management of fishers. If fishers face critical problems
such as stock collapse, they still expect the long-term
benefit from their fisheries and they have some trustful

scientists, then they adopt the scientists’ advice for
fisheries management. There are several cases of success
stories of coastal fisheries management in Japan: sakura
shrimp fishery in Suruga Bay, sandeel fishery in Ise and
Mikawa Bays (Tomiyama et al. 2005), sandfish fishery in
Akita Prefecture, and snow crab fishery in Kyoto Pre-
fecture (Makino 2008). The last one became the first
Marine Steward Council authorized fishery from Asia.

Trends and current status of Japanese fisheries

There are many warnings in global marine ecosystems
(Pauly et al. 2002; Myers and Worm 2003; Worm et al.
2006). Pauly and Watson (2005) calculated the mean
trophic level of fisheries catch (called the marine trophic
index, MTI) and showed that the MTI of the global
fisheries has decreased from ca. 3.5 in 1950 to ca. 3.3 in
1990. This implies overfishing, because the harvested fish
are increasingly coming from the less valuable lower
trophic levels as populations of higher trophic level
species are depleted. The Convention on Biological
Diversity chooses the mean trophic level of marine
fisheries catch as an indicator of marine ecosystem
integrity and ecosystem goods and services in Global
Biodiversity Outlook. Pauly et al. (2002) called decline
of the MTI ‘‘fishing down’’.
The MTI of the global marine landings did not show

a monotonic decline but fluctuated from decade to
decade. The global MTI was low in the 1970s and 1980s,
when catches of Peruvian anchovy and Japanese sar-
dines were large, respectively. The theory of ‘‘fishing
down’’ is useful when the major target species is high
price and higher trophic level fish. This is not true in
some countries (Delgado et al. 2003). In Japan, the MTI
was ca. 3.6 in 1960, ca. 3.1 in 1990, and ca. 3.6 in 2000.
Therefore, Japanese fishery is characterized by higher
MTI than the global average and its MTI did not show
the long-term decline (Fig. 1).
Myers and Worm (2003) argued that the biomass of

top predators including tuna has been reduced by 90%
relative to levels prior to the onset of industrial fishing.
Despite these warnings, there are some criticisms on
these arguments. The magnitude of tuna stock decline
estimated by Myers and Worm (2003) is overestimated
(Hampton et al. 2005). Although the southern bluefin
tuna (Thunnus maccoyii, SBT) is ranked critically
endangered by the IUCN, the extinction risk of SBT is
definitely smaller than the blue whale, which is ranked as
endangered. It is very unlikely that SBT will go extinct
within the next half century (Matsuda et al. 1997), while
it is again difficult to satisfy the past target of recovering
SSB to the 1980 level by 2020 by Convention for the
Conservation of Southern Bluefin Tuna (Mori et al.
2001).
Some pelagic fish species, including the sardine, have

naturally fluctuated in stock abundance to a great de-
gree, even without fisheries, for several thousand years
(Baumgartner et al. 1992). The collapse of the Japanese

Fig. 2 Schematic relationship between overfishing, maximum
sustainable yield, maximum sustainable ecosystem services, and
no take zone. Dotted line, broken curve, and bold curve represent the
utility of standing biomass (S), fisheries yield (Y), and the total
ecosystem services (V), respectively. Three circles mean the efforts
for MSY, MSES, and total fishing ban (modified from Matsuda
2010)
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estimated by Myers and Worm (2003) is overestimated
(Hampton et al. 2005). Although the southern bluefin
tuna (Thunnus maccoyii, SBT) is ranked critically
endangered by the IUCN, the extinction risk of SBT is
definitely smaller than the blue whale, which is ranked as
endangered. It is very unlikely that SBT will go extinct
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Some pelagic fish species, including the sardine, have

naturally fluctuated in stock abundance to a great de-
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(Baumgartner et al. 1992). The collapse of the Japanese

Fig. 2 Schematic relationship between overfishing, maximum
sustainable yield, maximum sustainable ecosystem services, and
no take zone. Dotted line, broken curve, and bold curve represent the
utility of standing biomass (S), fisheries yield (Y), and the total
ecosystem services (V), respectively. Three circles mean the efforts
for MSY, MSES, and total fishing ban (modified from Matsuda
2010)
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sardine in the 1990s was almost certainly caused by
natural variation in the environment (Watanabe et al.
1995). When the stock is at a low level, the impact of
fisheries on pelagic fishes prevents the stock from
recovering (Kawai et al. 2002). To some extent, Japanese
offshore fisheries still use ‘‘derby competition’’, although
the total number of offshore vessels are restricted by the
licenses from the Minister of Agriculture, Forestry and
Fisheries and the determination of access rules are the
responsibility of fishers’ organizations. Fishers can catch
any size of fish until the total catch reaches the limit. On
the contrary, Norwegian fisheries are managed by the
individual vessel quota (IVQ) system. The catch quota
of each vessel is determined before the fishing season
starts, therefore fishers often ignore smaller fish and look
for older fish with a higher price per unit weight.
There is some discrepancy between coastal and off-

shore fisheries. The management of offshore fisheries has
many problems, including chub mackerel fisheries. The
TAC is often much larger than the allowable biological
catch (ABC) decided by fisheries scientists. The gov-
ernment did not prevent overfishing of these resources.
The actual catch is often smaller than its TAC because
standing biomass in each fishing ground is heteroge-
neous and some fisheries are unable to catch their catch
quotas. This is the reason why TAC is larger than ABC.
However, the actual catch of Japanese sardine was often
much larger than ABC, as is shown in Fig. 3.
There is a mismatch between demand and supply of

fishery resources from the food-security viewpoint. In
the case of Japanese fisheries, the TAC and the actual
catch exceeded the ABC in some fish including sardines
(Fig. 3). In contrast, the actual catch is much smaller
than the ABC in some species, including Pacific saury
(Cololabis saira, Oyamada et al. 2009) and anchovy. It
should be noted that the total ABCs of these species is
larger than 2 million metric tons (Fisheries Research
Agency, Japan, unpublished). However, the economic

demand of these species is low in Japan, while the eco-
nomic demand of overfished species including tuna and
chub mackerel is still large, partly because of overcapi-
talization of fishing vessels. Japanese people rarely use
jellyfish despite the fact that it frequently occurs in
Japanese costal regions and the Chinese eat it. Al-
though, according to Maguire et al. (2006), there have
been no new bio-resources since 1975, there are still
unused bio-resources in the global oceans. According to
Worm et al. (2009), about one-third of fisheries re-
sources are underexploited, and their stock is above the
MSY level.

Some examples of successful coastal fisheries
management in Japan

Unlike far-sea fisheries and offshore fisheries, the catch
amount of costal capture fisheries has not significantly
changed since the 1960s (Fig. 1). The catchability may
have increased, but stock abundance has decreased for
many resources. Therefore there are serious problems in
coastal fisheries. The key problem in Japan is how to
build a consensus among fishers.

Snow crab fisheries in Kyoto Prefecture

Snow crabs are harvested using bottom trawlers. The
Kyoto Prefecture Fishery Coordinating Regulation sets
the official season for bottom-trawler fishing. Harvests
of Kyoto’s snow crab have followed a typical boom and
the largest harvest volume of 369 metric tons was re-
corded in 1964. Landings declined dramatically after-
wards, to 58 metric tons in 1980. Overfishing was said to
be the cause of the decline. Various resource-recovery
measures by the Kyoto Bottom Trawlers’ Union were
introduced beginning in 1983. Specifically, a combina-
tion of permanent and seasonal MPAs were introduced
as marine reserves on voluntary bases and have been
expanded since 1983. Permanent MPAs are meant to
provide sanctuaries for snow crabs from fishing and
were established around the snow crab’s critical habi-
tats. Seasonal MPAs are aimed mainly at avoiding by-
catches of low-value crabs.
Fishers agreed with autonomous establishment of

permanent MPAs because stock biomass has decreased
by overfishing and a single MPA was introduced in
1983. Kyoto Prefecture government supported these
activities with funding and scientific research and advice.
In permanent MPAs, bottom trawling is not possible
because artificial blocks were laid on the sea bottom.
The number of permanent MPAs increased after fishers
examined the effect of MPAs on stock recovery. As a
result, the landing increased from 58 metric tons in 1980
to 195 metric tons in 1999 and the total yield increased
from US$ 0.9 million in 1980 to US$ 3.6 million in 2001
(Makino 2008).

Fig. 3 The allowable biological catch (ABC), total allowable catch
(TAC) and actual catch of Japanese sardine during 1997–2009
(Fisheries Research Agency, Japan). ABC in 1999 and 2007 were
revised during the fishing season and were originally 370,000 and
35,000 tons, respectively
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Coastal fisheries in Shiretoko world heritage site

In Shiretoko, the fisheries sector is the most important
industry. To maintain responsible fisheries, local fishers
have implemented a wide range of autonomous mea-
sures under a co-management framework. Since the
nomination of the peninsula and its surrounding marine
areas for UNESCO World Natural Heritage, various
measures have been implemented to conserve its out-
standing ecosystems. The approach was not to eliminate
local fishers from the area, but to place their activities at
the core of the management scheme to sustain ecosystem
structure and function. Fishers exploit most all taxa in
marine ecosystems in Shiretoko. Fishers compiled the
catch and yield statistics of these taxa of fisheries re-
sources because most of these resources are sold in a
local fish market. Like stomach content monitoring of
the top predator, the catch statistics are informative in
evaluating ecosystem status (Makino et al. 2008).
Chum salmon (Oncorhynchus keta) and walleye pol-

lock (Theragra chalcogramma) are two major fishery
resources in Shiretoko (Matsuda et al. 2009). The largest
yield resource changed in 1993 from walleye pollock to
chum salmon. Since walleye pollock stock decreased in
1991 in the Sea of Japan, the Sea of Okhotsk, and the
northwestern Pacific, probably due to decadal change of
global environment, Shiretoko fisheries now depend on
salmon fisheries, which are probably supported by the
release of hatching stock.
Experience from the co-management of fisheries in

Shiretoko World Heritage site could inform ecosystem-
based management in other countries where a large
number of artisanal fishers take a wide range of species
under a fisheries co-management regime if they compile
the catch statistics. Adaptive management based on
daily operations can be found in autonomous MPAs
construction in the Shiretoko World Heritage site. In
1995, local fishermen divided a fishery ground into 34
areas based on local knowledge and experiences and
then introduced temporal MPAs into seven of the 34
areas to conserve fishery resources.
In 2005, an additional six areas were designated as

protected areas (Makino et al. 2009). These protected
areas have been introduced on voluntary bases, and re-
examined every year based on the results of the previous
year’s performance and scientific advice from the local
research station. Therefore, it can be said that this
decision-making process obeys adaptive management.
An important next step would be scientific verification of
its validities (Matsuda et al. 2009).

Sandeel fisheries in Ise and Mikawa Bays

One of the major fisheries resources in Ise and Mikawa
Bays is Pacific sandeel (Ammodytes personatus). Sandeel
juveniles are a traditional seafood (boiled in salt water in
sweetened soy sauce) in Japan and are mainly caught by
pelagic trawl fleets. The stock of sandeel in Ise and

Mikawa Bays once collapsed during late 1978 to 1982
because of over-exploitation and environmental deteri-
oration. After this collapse, fishers and local scientists
began to conduct regulatory measures in 1980 on a basis
of the collaboration between Aichi and Mie Prefectures
in Ise and Mikawa Bays. In 1990, the fishers decided on
three measures: (1) the establishment of a fishing-ban
area (MPA) during the fishing season, (2) a choice of the
opening and (3) closing day of sandeel fishery. Estab-
lishment of autonomous MPA during fishing season is
important for protecting spawners (Tomiyama et al.
2005). The area of the MPA changes with the escape-
ment stock within the fishing season, according to con-
sultation by local scientists earned by these prefectures
(Fig. 4). To operate these adaptive management mea-
sures, fisheries’ cooperative associations of sandeel fish-
ers in Mie and Aichi Prefectures play an important role.
Throughout these successful examples, fishers agreed

with the establishment of MPAs if (1) a fishery stock has
once collapsed, (2) fishers expect their long-term benefit
from fisheries, (3) a local scientist supports fishers, (4) an
autonomous regulation can be revised if necessary, and
(5) a number of meetings are had for consensus building.
If autonomous regulation has once been agreed upon,
the management plan is relatively well implemented with
lower cost (Makino and Matsuda 2010). Makino and
Matsuda (2005) also compared socioeconomic benefits
between community-based and top-down management.

Chilean coastal fisheries

In Chile, artisanal fisheries supply a significant fraction
of highly valued finfish and the totality of small-scale
benthic invertebrate and algae resource exports. For
instance, in 2000, 110,050 metric tons of shellfish were
landed, totalling an export revenue of approximately US
$50 million (SERNAP 2004). This activity is also
important from a social perspective, as there has been an
explosive increase in the artisanal fisheries work force
over recent years, from approximately 17,000 registered
fishers in 1975 to over 48,000 in 2000 (San Martin 2001).
Out of these, 22,578 fishers are registered as divers or
coastal (intertidal and shallow subtidal) food-gatherers
who mainly exploit benthic shellfish as part of their
livelihood. Thus benthic resources play an important
role in coastal areas in Chilean fisheries.
Historically, Chilean fisheries were characterized by

open-access policies with specific regulations regarding
size limits and seasonal operations. Up until 1974, when
Chile adopted neo-liberal economic policies, most of the
fishery landings were used for internal consumption
(World Bank 2006).
After 1974 and until 1990, open-access fishery was

accompanied by the implementation of an aggressive
exchange-rate policy in 1974/1975, which substantially
improved fishing export earnings, and produced the
necessary incentives for Chile to become the region’s
leading fish and shellfish exporter (Thorpe et al. 1999).
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This led to overexploitation in many artisanal fisheries.
During this period, numerous management measures
were inappropriate, the fishing season was regulated
without monitoring schemes of stock evaluation, and the
Governmental Fisheries Service could not prevent
clandestine catches and smuggling.
Due to the overexploitation of many fisheries (e.g.,

clams, mollusks), in 1991, a new Fishery and Aquacul-
ture Law (FAL) was created. The FAL redefined arti-
sanal fishers and incorporated new regulations that
affect their user rights through three management steps:
(1) exclusive fishing rights within a zone that extends to 5
nautical miles (9 km) from the shoreline are assigned
exclusively to artisanal fishers (Artisanal fisheries
Exclusive Zone, ca. 27,000 km2); (2) artisanal fishers are
restricted to working (diving) within the coastal zone
adjacent to their region of residence (regionalization);
(3) the FAL assigns territorial user rights for fisheries
(TURFS) to organized groups (unions/syndicates/asso-
ciations/cooperatives) of fishers under what have been
termed Management and Exploitation Areas for Benthic
Resources (hereafter referred to as MEABR; Castilla
1994; Gelcich et al. 2005).
The FAL defined an artisanal fishery as a fishery

extractive activity carried out by fisherfolk that person-
ally direct and who normally work in coastal areas. For
this purpose, and interpreting the Fishery and Aqua-
culture Law in 1991, ‘‘coastal’’ means the oceanic realm
within the first 5 miles from the littoral line. An artisanal
fisher must be registered with the National Fisheries
Service and fishing vessels must not exceed 18 m in
length and a maximum of 50 gross register tons (Castilla

and Gelcich 2007, World Bank 2006). As mentioned
above, the MEABRs policy was implemented in Chile as
a reaction to the widespread overexploitation of benthic
species that occurred during the 1980s. The first actual
MEABR was formally established in 1997 (Gelcich et al.
2005). As of 2005, 301 MEABR have management plans
in place, and 547 have approved decrees issued (Gelcich
et al. 2008). To date, 1,032 km2 are assigned as MEA-
BRs in Chile, however, policy uptake has been highly
dependant on the commitment of the government to
promote, popularize, and co-finance the implementation
of these management areas (Gelcich et al. 2008). In order
to have a MEABR, fishery unions must contract bio-
logical consultants to undertake a baseline study and
yearly follow-up direct assessments of managed benthic
stock inside the management area; hence, determining
yearly TAC. Unions must also pay an annual fee to the
government for the right to maintain the management
area.
The biological-fishery success of the MEABR policy

has been publicized through scientific and government
documents, which showed a significant increase in
abundance and individual size of targeted resources
within MEABR in comparison to open-access sites
(Manrı́quez and Castilla 2001; Sernap 2004). Recently,
Gelcich et al. (2008) also showed how MEABRs that
show efficient enforcement programmes sustained
greater marine biodiversity than open-access areas. In
addition the Fisheries Undersecretary sees MEABR
implementation as a positive change in which fisher
communities have self-organized, creating partnership
with the government, universities and consultants

Fig. 4 Fishing-ban area (MPA)
for sandeel fishery in 2005, Ise
and Mikawa Bays, Japan. The
area of MPA can change
weekly. Grey zones in the right
bottom panel represent fishing
ground for sandeel in Japan
(Tomiyama 2009)
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(Schumann 2007). In this way, artisanal fishing coves are
being consolidated responding to government incentives.

Discussion

There are several similarities between Japanese and
Chilean fishery-management schemes (Castilla unpub-
lished) including artisanal territorial user rights for
fisheries (TURFs). However, there are also several dif-
ferences, and one of the biggest ones appears to be
TURFs’ legitimacy. In Japan, MPAs are often defined
and determined by fishers themselves; while in Chile,
MPAs are defined rather in a top-down process by the
government, with limited participation of fishers. In
general, Japanese and Chilean fishers do not like top-
down regulations but rather seek autonomous manage-
ment conducted within fisher organizations since the
Modernization Era in the 19th century. Chilean fishery
authorities have added numerous TURFs (at present
more than 700 for extraction of benthic resources along
the country) after realizing their effect on sustainable
fisheries. In the case of sandeel fisheries in Ise and
Mikawa Bays, the area of autonomous MPA is flexible.
Japanese law guarantees TURFs in coastal zones.

There is a conflict between aquaculture and capture
fisheries for space. There is also a conflict between
coastal fisheries and other kinds of ocean utilization
such as recreation, sea-phase development, wind farms,
and reclamation. There are few studies that investigate
the economic value of ecosystem services in coasts and
coastal fisheries (Yanagi 2007).
Another difference between Chile and Japan exists in

industrial fisheries. Individual fishery quotas and a ves-
sel-monitoring system were introduced for industrial
offshore fisheries in Chile since ca. 2000 (Castilla 2010);
these systems have rarely been installed in Japanese
offshore fisheries. The total landing from Chilean coastal
fisheries (mainly small-pelagic species) has substantially
increased since 1991 when legislation introduced five
coastal miles dedicated exclusively for the artisanal fleet
as well as ITQ regulations (Castilla 2010).
If Japan imitates Chilean fisheries, Japan needs a clear

legal definition of artisanal fishery, such as the size limit
of the boat with clearer fishing rights and duties in an
international context. Japan also needs to improve top-
down regulation for industrious or offshore fisheries.
In a local community, wealth is often redistributed

through social inter-dependence and traditional credit
systems (Makino and Matsuda 2010). That may bind
fishers to their communities and occupation, as a sense
of sub-cultural identity. These social norm conditions
are also important in facilitating the effective co-man-
agement of local natural resources (Ostrom 1990;
Armitage et al. 2009). Fishers may perceive ecosystem
status of their fishing grounds and serve a role in mon-
itoring and sustaining ecosystem services. If we count
the value of fishers’ activity for other than getting fish-
eries yield, fishing effort might give some social benefit.

The ecological footprint of the Japanese is compar-
ative to the average European, which is about half of the
average American (WWF 2008). Composition of fish
consumption of the Japanese is much larger than that of
the European and American. This is because the fish
consumption of the Japanese is high and the mean tro-
phic level of consumed fish is higher than the global
average (Fig. 1). Recently, the Japanese frequently eat
bluefin tuna (Thunnus orientalis, T. thynnus and T.
maccoyii), despite the fact that the Atlantic bluefin tuna
(T. thynnus) stock is rapidly decreasing (ICCAT 2008).
The tuna ranching has been to blame since the late
1990s. There are two big problems in bluefin tuna fish-
eries, under-report of catch amount, and uncontrol of
tuna ranching, despite the fact that tuna farmers must
report the exact amount of tuna that are put into the
ranches. Japanese consumption has been driving the
expansion of these ranches and the decline of the bluefin
tuna population. The price of bluefin tuna is not very
high. Many Japanese people still eat bluefin tuna fre-
quently. Japanese consumers may control the global
tuna market because about 80% of Atlantic bluefin tuna
is imported by Japan and detailed information of fish-
eries is necessary when tuna is imported into Japan
based on Japanese law.
The average longevity of Japanese women is 84 years

in 2008, which is the longest in the world. Japanese eat
more fish than Americans on average, and fish contains
higher amounts of omega-3 polyunsaturated fatty acids,
which are effective in reducing the mortality rate (Zhang
et al. 2009). Tuna and other higher trophic level fish are
usually contaminated with mercury, and their contami-
nation level is often higher than the health standard. The
Japanese ecological footprint will decrease if consump-
tion of lower trophic level fish such as anchovy and
Pacific saury increases and consumption of higher tro-
phic level fish such as tuna and salmon decreases in
Japan. Therefore, eating lower trophic level fish is both
environmentally friendly and healthy. If Japanese eat
lower trophic level fish, it is effective to decrease MTI of
Japanese and global fisheries. We call this ‘‘eating
down’’, instead of Pauly’s ‘‘fishing down’’.
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a b s t r a c t

Modification of forest vegetation caused by an overabundance of mammalian herbivores has been
reported in temperate and subarctic regions all over the world. However, the indirect effects of these
herbivores on the structure and functions of soil decomposer systems are not fully understood, espe-
cially in temperate forests. We investigated the early effects of sika deer invasion on soil decomposer
systems in a Japanese temperate forest using two large-scale experimental enclosures with low and high
densities of deer (LD: 25ha, 4deer km−2; HD: 6.25ha, 16deer km−2) including control plots without deer
(WD). Three years after deer introduction theunderstory cover of dwarf bamboo (Sasanipponica) declined
due to deer browsing in both enclosures. At the same time, measurements were made of the soil micro-
bial community, soil nematode community, soil nitrogen (N) mineralization rate, and carbon (C) and N
content in dwarf bamboo leaves. In LD, soil microbial biomass was lower fromWD, probably due to the
decrease of fresh aboveground litter from dwarf bamboo. Surprisingly, there were no cascading effects
on total abundance of soil nematodes and soil total Nmineralization potential which were unaffected by
deer in the LD treatment, while soil NH4+-N content was lower and soil nematode community structure
was different (abundance of 4 families was higher and that of 3 families was lower, but the functional
structure was not different) from WD. Specifically, the responses to deer introduction varied between
microbes and nematodes, and the change of balance in themicrobial food websmay have altered Nmin-
eralization processes. In contrast, in the HD treatment, all the variables measured were not significantly
different from those of WD treatment. Intensive browsing by deer may have cancelled out the effects of
the decrease in aboveground litter input on the soil decomposer systems through other pathways, such
as a transitory increase in belowground litter input caused by induced changes in allocation patterns of
bamboo. No changes in total Nmineralization potential, leaf N, and composition of understory vegetation
in both enclosures indicated that deer introduction did not facilitate nor retard N cycling regardless of
deer density. This study showed that sika deer browsing can affect soil decomposer systems at an early
stage of invasion even at low density, which contrasts with previous studies on the subject. Linking our
findings of early-stage effects of deer on soil decomposer systems to longer-term dynamics of understory
vegetation and tree regeneration will be needed to evaluate the adequacy of deer management practices
with respect to the sustainability of soil nutrient supplies.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Modification of forest vegetation caused by overabundance of
mammalian herbivores has been reported in temperate and sub-
arctic regions all over the world (Weisberg and Bugmann, 2003).
In temperate forests across Japan, Sika deer (Cervus nippon Tem-

∗ Corresponding author. Present address: Tomakomai Experimental Forest, Field
Science Center for Northern Biosphere, Hokkaido University, Takaoka, Tomakomai
053-0035, Japan. Tel.: +81 144 33 2171; fax: +81 144 33 2173.
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minck) populations have been expanding for the past two decades,
andalterationsof forest vegetation resulting fromtheheavybrows-
ing pressure of the deer have become a serious problem (Takatsuki,
2009). Understanding the impacts ofmammalian herbivores on the
structure and functions of forest ecosystems is required as a basis
for the development of appropriate management systems of these
mammal populations.

Belowground systems play vital roles in terrestrial ecosystems,
such as organic matter decomposition and nutrient mineraliza-
tion, which enable sustainable primary production in aboveground
systems. Activities of large mammalian herbivores can alter the
structure and functions of soil decomposer systems resulting from

0378-1127/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.foreco.2010.10.024
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the change of the quantity and quality of organic matter supply
to the soil (Pastor et al., 1993; Bardgett and Wardle, 2003). In
turn, the alteration of soil decomposer systems by mammalian
herbivores may affect the regrowth of grazed plants and the
structure of the vegetation through changes in nutrient supply
(Bardgett and Wardle, 2003). Many studies have shown that the
structure of the soil microbial food webs, mainly consisting of
microorganisms (bacteria and fungi), microbivores (protozoa and
nematode) and predators (nematode), is directly related to nutri-
ent mineralization (Clarholm, 1985; Ingham et al., 1985; Mikola
and Setälä, 1998). The community structure of soil nematodes is
often used as an indicator of the status of soil decomposer sys-
tems because nematodes include various trophic levels in detritus
food webs and are sensitive to changes in the soil environ-
ment (Bongers, 1990; Bongers and Bongers, 1998; Ferris et al.,
2001). However, there are only a few studies which investi-
gated the effects of mammalian herbivores on the structure of
soil microbial food webs and soil nematode community in forest
ecosystems.

Mammalian herbivores affect quantity and quality (decompos-
ability) of organic matter incorporated into soil thorough various
pathways, and the direction of net effects on soil decomposers
and nutrient cycling in a certain ecosystem depends on the rel-
ative importance of those pathways in the system (Ritchie et al.,
1998; Singer and Schoenecker, 2003; Bardgett and Wardle, 2003;
Sankaran and Augustine, 2004). Both positive and negative feed-
back effects of mammalian herbivores on nutrient cycling are
known in grassland and shrubland ecosystems.Whenkeynutrient-
rich plants can sufficiently grow under browsing, herbivory
facilitates soil nutrient mineralization due to feces and urine depo-
sition, plant uptake rate of nutrients, and subsequent herbivory
on nutrient-rich regrowth. In contrast, when key nutrient-rich
plants cannot sufficiently grow under browsing, herbivory leads
to a dominance of less palatable plant species which often pro-
duce less decomposable litter and retards nutrient cycling in the
ecosystem. In forest ecosystems, browsing mammals retard the
decomposing processes and nutrient cycling due to the increased
dominance of unpalatable tree species when forest vegetation has
been under high browsing pressure since the early stage of succes-
sion (Pastor et al., 1993). Similarly, when mammalian herbivores
invade or expand their population in mature forests, palatabil-
ity and decomposability of forest floor plants deteriorate due to
the browsing induced shifts in species composition (Wardle et al.,
2002) and their biomass often decreases (Nomiya et al., 2002).
However, directions of the effects of those mammals on decom-
poser organisms are inconsistent (Wardle et al., 2001), and may be
affected by the density of the mammals or the stage of their inva-
sion or population expansion. For example, Wardle et al. (2001,
2002) found that while the dominance of plant species which pro-
duce less decomposable litter tended to increase on forest floor
by introduced deer and goats, the effects of those browsers on soil
microorganisms andnematodeswere idiosyncratic (positive, nega-
tive, or not detected) among 30 temperate forests in New Zealand.
Stark et al. (2008) found no effects of reindeer browsing on soil
microorganism and nematode communities in Finnish subarctic
forestswith high stocks of soil organicmatter. The amount of litter-
fall of understoryplants is oftenmuch less than that of trees and soil
organic matter which are not directly affected by browsing mam-
mals inmatured forests. Furthermore, aboveground herbivores can
enhance the decomposability of organic matter incorporated into
soil by transforming plant tissue into dung, increasing C allocation
in plants to root exudates (Holland et al., 1996), and increasing N
concentration in plants (Kielland et al., 1997) causing the negative
effects of the decrease in understory litter quantity on soil decom-
poser systems to be cancelled out by the enhanced organic matter
decomposability.

In an early stage of invasion or expansion of browsingmammals
in a mature forest, understory plants often decline (Nomiya et al.,
2002),whichmay affect the soil decomposer systems, and feedback
to maintenance or subsequent succession of understory vegeta-
tion. In Japan, deciduous broad-leaved forests often have dense
undergrowth of dwarf bamboo which is important forage for sika
deer (Takatsuki, 1983; Yokoyama et al., 1996). Dense undergrowth
like dwarf bamboo is likely to suppress tree regeneration (Itô and
Hino, 2007), prevent soil erosion on slopes (Furusawa et al., 2003),
and affect soil processes and nutrient cycling (Nilsson andWardle,
2005). Therefore, to understand the mechanism of maintenance of
understory vegetation under browsing including feedback effects
through decomposer systems is important for forest ecosystem
management by sustaining natural tree regeneration and nutrient
cycling and preventing soil erosion.

Many studies have used exclosures in established populations
to investigate the effects of wild mammalian herbivores on soil
decomposer systems (Pastor et al., 1993; Kielland et al., 1997;
Wardle et al., 2001; Furusawa et al., 2005; Stark et al., 2008).
However, unbrowsed plots (inside of exclosures) in such studies
might be in the process of change after the release from brows-
ing pressure. Moreover, changes of soil functioning in an early
stage of invasion or expansion of browsing mammals would be
overlooked even if exclosureswere established as soon as the vege-
tation changes causedby thesemammalsweredetected. Therefore,
large-scale experimental introductions of mammalian herbivores
to uninhabited areas are necessary to determine the early-stage
effects, to establish pure control sites never affected by thesemam-
mals, and to estimate the ecosystem-level effects of the mammals
which would not be adequately estimated by the simulation of
browsing. Unfortunately such large-scale experiments are often
inadequately replicated due to the vast areas and substantial costs
involved (Oksanen, 2001). Although there are some studies about
deer effects on forest vegetation with replicated large-scale enclo-
sures (Horsley et al., 2003; Tremblay et al., 2006), browser effects
on decomposer systems were uninvestigated.

To investigate the effects of deer on forest ecosystem, the
Forestry and Forest Products Research Institute (FFPRI) conducted a
large-scale experiment introducing sika deer in a temperate decid-
uous broad-leaved forest in Japan (Horino and Nomiya, 2008). We
determined the early-stage effects of the deer population onNmin-
eralization and community structures of soil microorganism and
nematode three years after the installation of this experiment to
test following alternative hypotheses: (a) abundance of microor-
ganisms and nematodes and N mineralization in soil decrease
with deer introduction without significant changes in community
structure, resulting from decrease of litter input; (b) abundance
of microorganisms and nematodes and N mineralization in soil
are unaffected or increase with deer introduction with significant
changes in community structure indicating enrichment of organic
resource quality, resulting from enhanced organic matter quality
cancelling or overcoming effects of decrease in quantity.

2. Methods

2.1. Study site

This study was carried out in a deer introduction experimen-
tal site of FFPRI in the northern part of Ibaraki Prefecture, Japan
(36◦47�N, 140◦32�E; 650–800m altitude; Fig. 1a). Sika deer were
extirpated from this area probably by hunting, and the forest has
not been affected by large mammalian herbivores except low den-
sity of Japanese wild boars (Sus scrofa leucomystax (Temminck et
Schlegel)) for more than 100 years. Deer recolonization from the
north has not occurred because surviving populations of sika deer
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a b s t r a c t

Modification of forest vegetation caused by an overabundance of mammalian herbivores has been
reported in temperate and subarctic regions all over the world. However, the indirect effects of these
herbivores on the structure and functions of soil decomposer systems are not fully understood, espe-
cially in temperate forests. We investigated the early effects of sika deer invasion on soil decomposer
systems in a Japanese temperate forest using two large-scale experimental enclosures with low and high
densities of deer (LD: 25ha, 4deer km−2; HD: 6.25ha, 16deer km−2) including control plots without deer
(WD). Three years after deer introduction theunderstory cover of dwarf bamboo (Sasanipponica) declined
due to deer browsing in both enclosures. At the same time, measurements were made of the soil micro-
bial community, soil nematode community, soil nitrogen (N) mineralization rate, and carbon (C) and N
content in dwarf bamboo leaves. In LD, soil microbial biomass was lower fromWD, probably due to the
decrease of fresh aboveground litter from dwarf bamboo. Surprisingly, there were no cascading effects
on total abundance of soil nematodes and soil total Nmineralization potential which were unaffected by
deer in the LD treatment, while soil NH4+-N content was lower and soil nematode community structure
was different (abundance of 4 families was higher and that of 3 families was lower, but the functional
structure was not different) from WD. Specifically, the responses to deer introduction varied between
microbes and nematodes, and the change of balance in themicrobial food websmay have altered Nmin-
eralization processes. In contrast, in the HD treatment, all the variables measured were not significantly
different from those of WD treatment. Intensive browsing by deer may have cancelled out the effects of
the decrease in aboveground litter input on the soil decomposer systems through other pathways, such
as a transitory increase in belowground litter input caused by induced changes in allocation patterns of
bamboo. No changes in total Nmineralization potential, leaf N, and composition of understory vegetation
in both enclosures indicated that deer introduction did not facilitate nor retard N cycling regardless of
deer density. This study showed that sika deer browsing can affect soil decomposer systems at an early
stage of invasion even at low density, which contrasts with previous studies on the subject. Linking our
findings of early-stage effects of deer on soil decomposer systems to longer-term dynamics of understory
vegetation and tree regeneration will be needed to evaluate the adequacy of deer management practices
with respect to the sustainability of soil nutrient supplies.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Modification of forest vegetation caused by overabundance of
mammalian herbivores has been reported in temperate and sub-
arctic regions all over the world (Weisberg and Bugmann, 2003).
In temperate forests across Japan, Sika deer (Cervus nippon Tem-
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minck) populations have been expanding for the past two decades,
andalterationsof forest vegetation resulting fromtheheavybrows-
ing pressure of the deer have become a serious problem (Takatsuki,
2009). Understanding the impacts ofmammalian herbivores on the
structure and functions of forest ecosystems is required as a basis
for the development of appropriate management systems of these
mammal populations.

Belowground systems play vital roles in terrestrial ecosystems,
such as organic matter decomposition and nutrient mineraliza-
tion, which enable sustainable primary production in aboveground
systems. Activities of large mammalian herbivores can alter the
structure and functions of soil decomposer systems resulting from
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the change of the quantity and quality of organic matter supply
to the soil (Pastor et al., 1993; Bardgett and Wardle, 2003). In
turn, the alteration of soil decomposer systems by mammalian
herbivores may affect the regrowth of grazed plants and the
structure of the vegetation through changes in nutrient supply
(Bardgett and Wardle, 2003). Many studies have shown that the
structure of the soil microbial food webs, mainly consisting of
microorganisms (bacteria and fungi), microbivores (protozoa and
nematode) and predators (nematode), is directly related to nutri-
ent mineralization (Clarholm, 1985; Ingham et al., 1985; Mikola
and Setälä, 1998). The community structure of soil nematodes is
often used as an indicator of the status of soil decomposer sys-
tems because nematodes include various trophic levels in detritus
food webs and are sensitive to changes in the soil environ-
ment (Bongers, 1990; Bongers and Bongers, 1998; Ferris et al.,
2001). However, there are only a few studies which investi-
gated the effects of mammalian herbivores on the structure of
soil microbial food webs and soil nematode community in forest
ecosystems.

Mammalian herbivores affect quantity and quality (decompos-
ability) of organic matter incorporated into soil thorough various
pathways, and the direction of net effects on soil decomposers
and nutrient cycling in a certain ecosystem depends on the rel-
ative importance of those pathways in the system (Ritchie et al.,
1998; Singer and Schoenecker, 2003; Bardgett and Wardle, 2003;
Sankaran and Augustine, 2004). Both positive and negative feed-
back effects of mammalian herbivores on nutrient cycling are
known in grassland and shrubland ecosystems.Whenkeynutrient-
rich plants can sufficiently grow under browsing, herbivory
facilitates soil nutrient mineralization due to feces and urine depo-
sition, plant uptake rate of nutrients, and subsequent herbivory
on nutrient-rich regrowth. In contrast, when key nutrient-rich
plants cannot sufficiently grow under browsing, herbivory leads
to a dominance of less palatable plant species which often pro-
duce less decomposable litter and retards nutrient cycling in the
ecosystem. In forest ecosystems, browsing mammals retard the
decomposing processes and nutrient cycling due to the increased
dominance of unpalatable tree species when forest vegetation has
been under high browsing pressure since the early stage of succes-
sion (Pastor et al., 1993). Similarly, when mammalian herbivores
invade or expand their population in mature forests, palatabil-
ity and decomposability of forest floor plants deteriorate due to
the browsing induced shifts in species composition (Wardle et al.,
2002) and their biomass often decreases (Nomiya et al., 2002).
However, directions of the effects of those mammals on decom-
poser organisms are inconsistent (Wardle et al., 2001), and may be
affected by the density of the mammals or the stage of their inva-
sion or population expansion. For example, Wardle et al. (2001,
2002) found that while the dominance of plant species which pro-
duce less decomposable litter tended to increase on forest floor
by introduced deer and goats, the effects of those browsers on soil
microorganisms andnematodeswere idiosyncratic (positive, nega-
tive, or not detected) among 30 temperate forests in New Zealand.
Stark et al. (2008) found no effects of reindeer browsing on soil
microorganism and nematode communities in Finnish subarctic
forestswith high stocks of soil organicmatter. The amount of litter-
fall of understoryplants is oftenmuch less than that of trees and soil
organic matter which are not directly affected by browsing mam-
mals inmatured forests. Furthermore, aboveground herbivores can
enhance the decomposability of organic matter incorporated into
soil by transforming plant tissue into dung, increasing C allocation
in plants to root exudates (Holland et al., 1996), and increasing N
concentration in plants (Kielland et al., 1997) causing the negative
effects of the decrease in understory litter quantity on soil decom-
poser systems to be cancelled out by the enhanced organic matter
decomposability.

In an early stage of invasion or expansion of browsingmammals
in a mature forest, understory plants often decline (Nomiya et al.,
2002),whichmay affect the soil decomposer systems, and feedback
to maintenance or subsequent succession of understory vegeta-
tion. In Japan, deciduous broad-leaved forests often have dense
undergrowth of dwarf bamboo which is important forage for sika
deer (Takatsuki, 1983; Yokoyama et al., 1996). Dense undergrowth
like dwarf bamboo is likely to suppress tree regeneration (Itô and
Hino, 2007), prevent soil erosion on slopes (Furusawa et al., 2003),
and affect soil processes and nutrient cycling (Nilsson andWardle,
2005). Therefore, to understand the mechanism of maintenance of
understory vegetation under browsing including feedback effects
through decomposer systems is important for forest ecosystem
management by sustaining natural tree regeneration and nutrient
cycling and preventing soil erosion.

Many studies have used exclosures in established populations
to investigate the effects of wild mammalian herbivores on soil
decomposer systems (Pastor et al., 1993; Kielland et al., 1997;
Wardle et al., 2001; Furusawa et al., 2005; Stark et al., 2008).
However, unbrowsed plots (inside of exclosures) in such studies
might be in the process of change after the release from brows-
ing pressure. Moreover, changes of soil functioning in an early
stage of invasion or expansion of browsing mammals would be
overlooked even if exclosureswere established as soon as the vege-
tation changes causedby thesemammalsweredetected. Therefore,
large-scale experimental introductions of mammalian herbivores
to uninhabited areas are necessary to determine the early-stage
effects, to establish pure control sites never affected by thesemam-
mals, and to estimate the ecosystem-level effects of the mammals
which would not be adequately estimated by the simulation of
browsing. Unfortunately such large-scale experiments are often
inadequately replicated due to the vast areas and substantial costs
involved (Oksanen, 2001). Although there are some studies about
deer effects on forest vegetation with replicated large-scale enclo-
sures (Horsley et al., 2003; Tremblay et al., 2006), browser effects
on decomposer systems were uninvestigated.

To investigate the effects of deer on forest ecosystem, the
Forestry and Forest Products Research Institute (FFPRI) conducted a
large-scale experiment introducing sika deer in a temperate decid-
uous broad-leaved forest in Japan (Horino and Nomiya, 2008). We
determined the early-stage effects of the deer population onNmin-
eralization and community structures of soil microorganism and
nematode three years after the installation of this experiment to
test following alternative hypotheses: (a) abundance of microor-
ganisms and nematodes and N mineralization in soil decrease
with deer introduction without significant changes in community
structure, resulting from decrease of litter input; (b) abundance
of microorganisms and nematodes and N mineralization in soil
are unaffected or increase with deer introduction with significant
changes in community structure indicating enrichment of organic
resource quality, resulting from enhanced organic matter quality
cancelling or overcoming effects of decrease in quantity.

2. Methods

2.1. Study site

This study was carried out in a deer introduction experimen-
tal site of FFPRI in the northern part of Ibaraki Prefecture, Japan
(36◦47�N, 140◦32�E; 650–800m altitude; Fig. 1a). Sika deer were
extirpated from this area probably by hunting, and the forest has
not been affected by large mammalian herbivores except low den-
sity of Japanese wild boars (Sus scrofa leucomystax (Temminck et
Schlegel)) for more than 100 years. Deer recolonization from the
north has not occurred because surviving populations of sika deer
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Fig. 1. The location (a) and plot plan (b) of the experimental deer enclosures constructed by FFPRI. (a) Dots represent the areas where inhabitation of sika deer was confirmed
in 1978 (light gray), 2003 (dark gray), and both years (gray) in the eastern part of Honshu island (modified from Biodiversity Center of Japan, 2004).

are far north from the study site and land development should limit
their dispersal. Deer recolonization from the west and south has
also been prevented probably by land development. To investigate
the effects of deer inhabitation on forest ecosystems, two large-
scale enclosures (6.25ha and 25ha) were established in this forest
and one female deer was introduced in each of them in 2002 by
FFPRI to set the density of deer 16 and 4deer km−2, respectively
(Horino and Nomiya, 2008; Fig. 1b). The density of 4deer km−2 is
considered not to have large impact on vegetation, while that of
16deer km−2 is considered to retard vegetation substantially (Kaji
et al., 2004). The sizes of these enclosures are smaller than the
annual home range size of a non-migrating female sika deer in cool
temperate forests in Japan ranging from 69 to 353ha (Igota et al.,
2004). Therewere no replication enclosures for the two deer densi-
ties because to establish andmaintainmany large-scale enclosures
with realistic habitat size and density of deer was not feasible.

The monthly average temperature ranged from −2.3 ◦C to
22.5 ◦C, and the annual precipitationwas about 2000mmat this site
(Horino and Nomiya, 2008). The soil was a typical Andosol, which
is a highly porous soil developed from volcanic ash. Most of under-
story plants available for deer were in a broad-leaved deciduous
forest occupying approximately 25% of the area in each enclosure,
while 74% of each enclosure was a plantation of Japanese cedar
(Cryptomeria japonica (L. fil.)D.Don)and Japanesecypress (Chamae-
cyparis obtusa (Sieb. et Zucc.) Endl.) with a scarce undergrowth. The
tree layer of this broad-leaved forest included Carpinus tschonoskii
Maxim., Castanea crenata Sieb. et Zucc., Clethra barvinervis Sieb. et
Zucc., Swida controversa (Hemsl.) Soj., and Pinus densiflora Sieb. et
Zucc., and the understory layer was dominated by dwarf bamboos,
including Sasa nipponica Makino et Shibata, Sasamorpha borealis
(Hack.) Nakai, and Sasaella ramosa Makino (Nomiya et al., unpub-
lished results). S. nipponica is the major food of sika deer in many
habitats (Takatsuki, 1983; Yokoyama et al., 1996) and represented
more than 50% of understory plant biomass in this broad-leaved
deciduous forest.

2.2. Sampling

Before deer introduction, three 10×10-m exclosures were
erected for each enclosure in the deciduous forest with a dense
understory cover of S. nipponica. In July 2002 we established six
2×2-m plots in the deciduous forest of each enclosure. We sam-
pled these six browsed plots and the three 10×10-m exclosures

(unbrowsed) in each enclosure. To determine the browsing inten-
sity, we counted the number of live and browsed leaves of S.
nipponica in November 2002, March, May, July, October 2003, April
and October 2004, in the six browsed plots in each enclosure. Soil
and leaf samples were taken in October 2005, three years after
deer introduction. For each plot, eight soil cores (internal diam-
eter 2.2 cm, 0–10 cm mineral soil) were collected and thoroughly
mixed. A 40-g (fresh mass) aliquot of each sample was used for
nematode extraction, and the remainderwas sieved (<4mmmesh)
to measure soil properties and microbial profiles. Leaves of S. nip-
ponica randomly chosen on 6 culms were collected for each plot
except two plots in LD where we failed to collect leaf samples.

2.3. Phospholipid fatty acids

To assess the biomass and structure of the soil microbial com-
munity, the phospholipid fatty acid (PLFA) composition of the soil
was analyzed. Lipid extraction was carried out using the modified
method of Frostegård et al. (1991). Lipids in 1g of freeze-dried
soil were extracted, and the phospholipid content was fraction-
ated on silicic acid columns. Fatty acid methyl-esters separated
from phospholipids were identified and quantified using the Sher-
lock Microbial Identification System (MIDI, Newark, DE, USA). The
abundance of total fatty acids was used as an indicator of the soil
microbial biomass. The fatty acids 15:0, a15:0, i15:0, i16:0, 17:0,
a17:0, i17:0, cy17:0, 18:1�7, and cy19:0 were used to estimate
bacterial biomass, and 18:2�6was used to estimate fungal biomass
(Frostegård and Bååth, 1996). The ratio of fungal to bacterial PLFAs
was used as an indicator of the ratio of fungal to bacterial biomass
(Frostegård and Bååth, 1996). The fatty acids 10Me16:0, 10Me17:0,
and 10Me18:0 were used to estimate actinobacterial biomass.

2.4. Nematodes

Soil nematodeswere extracted intowater from40g (freshmass)
of soil for each plot using the modified tray method of Whitehead
and Hemming (1965) as described in Niwa et al. (2008). The abun-
danceofnematodes in1/20 involumeofeachnematodesuspension
was counted. For each sample, 100 individualswere randomly cho-
sen, identified to family level, and classified into trophic groups and
colonizer-persister (c-p) groups, according to Yeates et al. (1993)
and Bongers and Bongers (1998), respectively. Nematodes with a
lower c-p score generally have a shorter generation time, higher
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reproduction rate, and higher tolerance to pollution and distur-
bance (Bongers and Bongers, 1998).

To assess differences in decomposition systems across the plots,
several indices of nematode community structure (Appendix B)
were calculated, including the ratio of fungivores to bacterivores
(F/B). The maturity index (MI), which indicates soil eutrophication
and disturbance, was calculated as the weighed average of c-p val-
ues for each free-living family (Bongers, 1990). The plant parasite
index (PPI) (Bongers, 1990)was also calculated, which corresponds
to MI for plant parasite nematodes. Three more detailed commu-
nity indices defined by Ferris et al. (2001) were also calculated:
the enrichment index (EI), indicating improvement of resource
availability; the structure index (SI), indicating physical and chem-
ical disturbance; and the channel index (CI), indicating relative
importance of fungal and bacterial pathways in the decomposition
system.

2.5. Leaf and other soil properties

The C and N contents of oven dried soils and leaves of S. nippon-
ica were determined using a Sumigraph NC analyzer (Sumigraph
NC-95A; Sumika Chemical Analysis Service, Osaka, Japan). Because
dwarf bamboo leaves contain large amount of ash (15–30% of total
mass),we express its C andN contents as proportions of the organic
matter (ash free dry mass). To measure water-soluble organic C in
the soil, a 3-g (equivalent drymass) subsamplewas shaken in 36ml
ofdeionizedwater for1h. ThedissolvedCcontentof the suspension
was determined using an organic carbon analyzer (TOC 5000-A;
Shimadzu, Kyoto, Japan) after filtration with a filter paper (No. 5C;
Advantec, Tokyo, Japan) and a PVDF membrane filter (0.45�m,
Millex-HV;Millipore, Billerica,MA, USA). Tomeasure inorganic soil
N, a3-g (equivalentdrymass) subsamplewas shaken in36mlof1M
KCl solution for 1h. After filtration with No. 5C filter paper, ammo-
nium and nitrate N contents of the suspension were determined
colorimetrically using a continuous flow analyzer (Integral Futura;
Alliance Instruments, Frépillon, France). To measure potential N
mineralization (potential nitrification plus potential ammonifica-
tion), the water content of a 3-g (equivalent dry mass) subsample
was adjusted to 60% of its water-holding capacity, and the soil was
incubated at 25 ◦C for 28 days. After incubation, inorganic N was
extracted and determined as above. The net potential N mineral-
ization ratewas estimated by dividing the net increase in inorganic
N during the incubation period by the number of incubation days.

2.6. Statistical analyses

Due to the very small size of our data set, the presence of
heterogeneity of within-group variances (heteroscedasticity) and
nonnormal distributions, distribution-free statisticswere adopted.
Multivariate analyses were performed for the PLFA profiles and
the nematodes families because we need to test hypotheses on the
whole assemblages at once. For the other variables, multivariable
analyses were conducted in order to test global hypotheses, i.e. to
test whether there was one difference between all groups of plots
regarding all the variables at once.Mean and coefficient of variation
of the mean in percent (standard error of the mean/mean×100)
were used to describe the variables in order to compare the vari-
ability between groups and variables.

Distribution-freeMANOVAswere performed by running redun-
dancy analyses (RDA) associated with Monte Carlo permutation
testing (Anderson, 2001) to test whether there was a difference
between protected plots (WD), plots with low density of deer (LD)
and plots with high density of deer (HD) regarding PLFA profiles,
nematode families, nematodes trophic groups and indices, and
other soil and leaf properties. We used two dummy variables to
code for these three groups (Legendre and Anderson, 1999). Nema-

tode densities for each family and single PLFA concentrations were
transformed in order to preserve the chord distance between sites
before performing a distance-based RDA (Legendre and Anderson,
1999). In this way, relative densities of nematode families and
relative concentrations for PLFA molecules were analyzed. Each
leaf property contained two missing values that were replaced by
random sorted values within the same group of sites (hot deck
imputation, Little and Rubin, 2002).

For univariate pair-wise post hoc comparisons of means, t tests
were computed using RDA associated with Monte Carlo permuta-
tions. For community analysis of nematodes and microbes (PLFA),
we regard these variables that have a correlation coefficient with
the canonical axes greater than the mean as making meaningful
contributions to the canonical axes (Heuer and Smalla, 1997).

However, permutation testing is impaired by heteroscedasticity
as an important assumption behind a permutation test is that the
observations are exchangeable under the null hypothesis (Hayes,
1996). In this case, a significant relationship might mean that the
within-group variances are different but that themeans do not dif-
fer significantly. We used the canonical coordinates of the samples
in the space of the dependent variables to calculate within-group
variances and to check whether the groups overlapped (Legendre
and Anderson, 1999; Mariani et al., 2006). In this paper, all sig-
nificant tests were due to differences between means and not
differences between intra-group variances.

Spatial autocorrelation and broad-scale spatial structure in both
the response and environmental variables affect all the tests of sig-
nificance for correlation or regression coefficients (Legendre et al.,
2002). In the presence of spatial structure, the observations are
not independent and the number of degree of freedom cannot be
deduced from the number of observations. Due to the sampling
designand thepresenceof the twoenclosures sideby side, the inde-
pendent variables are strongly structured in space. Consequently,
the response variables affected by the experiment are also struc-
tured in space. In such case, it is recommended tomodel the spatial
structure and remove it (Legendre et al., 2002; Dormann et al.,
2007) or to use a test modified for autocorrelated data (Legendre
et al., 2002; Dutilleul et al., 1993). Unfortunately, it was not possi-
ble to follow any of these recommendations due to the small size of
the data set and the strong spatial structure. Nonetheless, inferen-
tial statistics are helpful to decide whether the apparent pattern in
samples reflect real pattern in the statistical populations andappro-
priate replication will have to be obtained in the future through
meta-analysis (Oksanen, 2001).

Spearman’s R correlation coefficients represent the proportion
of common variation between the ranks of the two variables being
compared. For the 35 variables shown in Table 1 (allmeasured vari-
ables except for concentrations of single PLFA and abundances of
single nematode families), 595 simultaneous correlation testswere
performed. We applied Hochberg’s method to correct for multiple
testing (Hochberg, 1988; Legendre and Legendre, 1998).

3. Results

3.1. Correlations among soil properties

When all 18 data points (three treatments with six pseudo-
replications) were considered, total and bacterial (� =0.9835,
corrected p=0.0055), total and actinobacterial (� =0.8122, cor-
rected p=0.0291), and bacterial and actinobacterial PLFA contents
(� =0.8246, corrected p=0.0118) were significantly and positively
correlated. The total abundance of nematodes was significantly
and positively correlated with abundances of c-p 2 (� =0.8225,
corrected p=0.0142) and c-p 3 (� =0.8452, corrected p<0.0001)
nematodes. Total N content of soil was significantly and positively
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Table 1
Means and coefficients of variation in percent (in parentheses) of (a) leaf and soil total contents and mineralization rates, (b) PLFA relative concentrations, (c) nematode
trophic groups and indices, in plots with low density of deer (LD), plots with high density of deer (HD) and protected plots (WD). Six plots per treatment.

Measures LD HD WD

(a)
Leaf Ca (g g−1 organic matter) 0.50 (1) 0.52 (7) 0.51 (3)
Leaf Na (g g−1 organic matter) 0.03 (2) 0.03 (8) 0.03 (4)
Leaf C/Na 14.8 (1) 15.2 (6) 15.2 (5)
Soil water (g g−1 dry soil) 1.6 (5) 1.6 (7) 1.5 (15)
Soil C (g g−1 dry soil) 0.18 (6) 0.20 (9) 0.18 (18)
Soil N (g g−1 dry soil) 0.01 (6) 0.01 (10) 0.01 (15)
Soil C/N 14.5 (2)# 15.9 (3) 15.0 (4)
Soil WSOCb (�gg−1 dry soil) 125 (7) 166 (34) 155 (19)
Soil NH4+-N (�gg−1 dry soil) 2.9 (11)* 3.5 (11) 4.4 (18)
Soil NO3−-N (�gg−1 dry soil) 26.9 (4) 24.8 (19) 23.6 (19)
Soil net NH4+-N production (�gg−1 dry soil day−1) 0.05 (68)*,# -0.04 (51) -0.10 (32)
Soil net NO3−-N production (�gg−1 dry soil day−1) 5.9 (18) 5.4 (31) 5.1 (24)
Total PLFAs (nmol g−1 dry soil) 514 (6)*,# 623 (15) 631 (8)
Total nematodes (indiv. g−1 dry soil) 282 (14) 394 (39) 330 (24)

(b)
Bacterial (mol%) 51.5 (1) 50.9 (0) 51.2 (1)
Fungal (mol%) 1.4 (9) 1.8 (12) 1.7 (9)
Bacterial/fungal 0.03 (9) 0.04 (12) 0.03 (10)
Actinobacterial (mol%) 1.5 (15) 1.6 (16) 1.5 (15)

(c)
Bacterivores (% indiv. g−1 dry soil) 55.8 (3) 48.3 (6) 55.3 (5)
Fungivores (% indiv. g−1 dry soil) 13.2 (20)# 25.3 (15) 19.8 (6)
Algivores (% indiv. g−1 dry soil) 2.0 (22)# 4.5 (15) 2.0 (29)
Rhizovores (% indiv. g−1 dry soil) 18.0 (10) 14.4 (16) 14.4 (13)
Predators (% indiv. g−1 dry soil) 1.3 (16)# 2.3 (42) 1.3 (32)
Omnivores (% indiv. g−1 dry soil) 6.0 (25) 3.2 (26) 5.0 (15)
Fungivores/bacterivores 0.24 (21)# 0.55 (21) 0.36 (9)
c-p 1 (indiv. g−1 dry soil) 2.3 (38) 6.5 (51) 6.8 (22)
c-p 2 (indiv. g−1 dry soil) 109 (18) 177 (22) 136 (10)
c-p 3 (indiv. g−1 dry soil) 101 (15) 146 (17) 133 (13)
c-p 4 (indiv. g−1 dry soil) 56.0 (13) 53.8 (18) 44.7 (16)
c-p 5 (indiv. g−1 dry soil) 2.4 (59) 3.5 (67) 2.9 (42)
Maturity index 2.9 (2) 2.7 (2) 2.7 (2)
Plant parasite index 2.4 (4) 2.4 (6) 2.4 (3)
Enrichment index 38.9 (10) 43.5 (5) 45.0 (6)
Structure index 84.7 (3) 76.5 (3) 79.1 (3)
Channel index 73.9 (15) 80.5 (11) 70.7 (7)

a Four plots for LD.
b Water soluble organic C.
* Significant differences fromWD as indicated by post hoc tests carried on when the global test was significant.
# Significant differences from HD as indicated by post hoc tests carried on when the global test was significant.

correlated with total C content (� =0.9463, corrected p=0.0016)
andwater content of soil (� =0.8473, correctedp<0.0001). Ratios of
fungal-to-bacterial PLFAcontent and fungivorous-to-bacterivorous
nematode abundance were significantly and positively correlated
with relative concentrations of fungal PLFA and relative abundance
of fungivorous nematodes, respectively (� =0.8679, corrected
p<0.0001, and � =0.9767, corrected p<0.0001, respectively).
Maturity indexofnematodeswas significantly andpositively corre-
lated with the structure index of nematodes (� =0.9427, corrected
p<0.0001).

3.2. Browsing intensity of deer

Deer browsing on S. nipponica was concentrated in winter. In
HD, 46% (14%) and 51% (5%) on average (coefficient of variation) of
leaves of S. nipponicawere browsed by deer in the first and second
winter, respectively, and 4.5% (14%) of leaves were browsed in the
second summer. In LD, 0.3% (100%) and 1.0% (67%) of leaves of S.
nipponicawerebrowsed in thefirst and secondwinter, respectively,
and 1.3% (34%) of leaves were browsed in the second summer. In
contrast, each autumn, no browsing was observed in the plots.

Three years after deer introduction, the aboveground biomass
of S. nipponica was significantly reduced by deer with rates of
24.5% (42%) and 53.5% (37%) on average (coefficient of variation)

in the low and high density enclosures, respectively (Nomiya et al.,
unpublished data; variance explained 41%, F=6.967, p=0.0280,
three replicates per group), while the decrease rates in the two
enclosures were not significantly different from each other (vari-
ance explained 29%, F=1.667, p=0.3170).

3.3. Leaf and soil total contents and potential mineralization rates

Reflecting the small differences between means and the small
variability intra-group, leaf C, N and C and N ratio were not signifi-
cantly different between plots (Table 1a, variance explained 14.3%,
F=1.247, p=0.2750).

Multivariate means of soil total contents and potential miner-
alization rates were significantly different between plots (variance
explained 25.9%, F=2.622, p=0.002). Post hoc tests revealed that
LD were different from WD (variance explained 23.3%, F=3.031,
p=0.0050) and from HD (variance explained 22.0%, F=2.813,
p=0.0140) while WD and HD were not different from each other
(variance explained 15.6%, F=1.852, p=0.0520).

The difference between LD and HD was due to a ratio of soil C
to soil N and a total PLFA concentration significantly higher in HD
and a significantly higher net potential production rate of NH4+-
N in LD (Table 1a, post hoc tests not shown). The browsing effect
in LD was due to significantly higher soil NH4+-N content, total
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Fig. 2. Soil total contents andmineralization rates significantly different between the protected plots (WD) and plots with low density of deer (LD) (post hoc t tests conducted
by 999 permutations): contents of NH4+-N (a), net production rates of NH4+-N (b), and total amount of phospholipid fatty acids (PLFA) (c). HD: plot with high density of deer.
Mean± standard error.

PLFA concentration in WD and a significantly higher net potential
production rate of NH4+-N in LD (Fig. 2, post hoc tests not shown).
Actually, therewasanetfixationofNH4+-N inWDandHD(Table1a,
post hoc tests not shown). Soil contents inwater, C, N,water soluble
organic C, NO3−-N pools, total nematodes, and the net potential
production rate of NO3−-N were not significantly different among
plots (Table 1a, post hoc tests not shown).

3.4. Structure of the microbial communities

The relative concentration of bacterial, fungal and actinobacte-
rial PLFAs and the ratio bacterial to fungal PLFAs were very similar
inWD, LD andHD (Table 1b)with overallmeans (coefficient of vari-
ation) of 51.2% (1%), 1.6% (6%), 1.5% (8%) and 0.03 (6%), respectively.
Therewere nodifferences amongplots for these variables (variance
explained 13.4%, F=1.164, p=0.3300).

A subset of 22 PLFAs representing 97% of the total concentration
were included in a distance based RDA. These PLFA profiles were
not significantly different among plots (variance explained 19.0%,
F=1.759, p=0.1430).

3.5. Structure of the nematode communities

A total of 31 families of nematode were found (Appendix A).
Overallmean (coefficient of variation) of nematode abundancewas
335g−1 dry soil (8%), and abundances of bacterivores and fungi-
vores accounted for 53.2% (3%) and 19.4% (10%), respectively.While
c-p 1 nematodes, which is the most opportunistic group in soil
free-living nematodes, accounted for only 1.56% (22%), C-p 2 and
3 nematodes with lower reproductive rates and lower tolerance to
disturbance than c-p 1 nematodes accounted for 41.1% (5%) and
37.7% (5%) of total abundance, respectively. As a result, the nema-
tode community had low enrichment index (42.5 (4%)) and high
structure index (80.1 (2%)), which are characteristic of forest and
undisturbed grassland ecosystems (Ferris et al., 2001).

A subset of 19 families of nematodes corresponding to 95% of
the total density and 61% of total number of families were included
in a distance based RDA (data not shown). These community pro-
files were significantly different between plots (variance explained
22.2%, F=2.143, p=0.0050). Post hoc tests revealed that LD were
different fromWD (variance explained 17.3%, F=2.098, p=0.0100)
and fromHD (variance explained 20.8%, F=2.621, p=0.0150) while
WD andHDwere not different from each other (variance explained
13.5%, F=1.562, p=0.1460). Browsing effect at LD was due to 7
families, 4 of which had a greater relative density in LD of deer,
Alaimidae, Bastianiidae, Steinernematidae and Paratylenchidae,
while Bunonematidae, Teratocephalidae and Aphelenchoididae
had a greater relative density in WD (Fig. 3). In turn, the difference
between LD and HD was due to 10 families, half having a greater
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Fig. 3. Nematode families contributing to the difference between nematode com-
munities in the protected plots (WD) and plots with low density of deer (LD). HD:
plotwith high density of deer.Mean of relative abundance of each family± standard
error.

relative density in LD, Alaimidae, Qudsianematidae, Bastianiidae,
Steinernematidae and Paratylenchidae, and the other half having
a greater relative density in HD, Achromadoridae, Monhysteridae,
Rhabdolaimidae, Bunonematidae and Aphelenchoididae.

Nematode trophic groups and the ratio of fungivores to bacteri-
voreswere significantly different among the three groups (variance
explained 36.5%, F=4.215, p=0.0210). Specifically, LD were differ-
ent from HD (variance explained 38%, F=6.065, p=0.0200) with
fungivores, algivore and predators nematodes as well as the ratio
of fungivores to bacterivores greater in HD (Table 1c). Other nema-
tode trophic indices were not significantly different among plots
(variance explained 14%, F=1.221, p=0.2920).

4. Discussion

4.1. Aboveground litter input from dwarf bamboo

This early stage of deer invasion is characterized at the study
site by the beginning of an understory vegetation decline, with a
large decrease of size andbiomass of abovegroundpart of S. nippon-
ica and a large increase of density of its culms in the high density
enclosure (Matsuo et al., 2004). These are typical responses of S.
nipponica to intensive browsing by deer (Yokoyama and Shibata,
1998; Terai and Shibata, 2002). Because the longevity of above-
ground parts of S. nipponica is approximately 13months on average
(Agata and Kamata, 1979), the significant decrease of aboveground
biomass of S. nipponica suggests that the annual aboveground lit-
ter of S. nipponica significantly decreased in both enclosures due

─196─ ─197─



S. Niwa et al. / Forest Ecology and Management 261 (2011) 391–399 395

Table 1
Means and coefficients of variation in percent (in parentheses) of (a) leaf and soil total contents and mineralization rates, (b) PLFA relative concentrations, (c) nematode
trophic groups and indices, in plots with low density of deer (LD), plots with high density of deer (HD) and protected plots (WD). Six plots per treatment.

Measures LD HD WD

(a)
Leaf Ca (g g−1 organic matter) 0.50 (1) 0.52 (7) 0.51 (3)
Leaf Na (g g−1 organic matter) 0.03 (2) 0.03 (8) 0.03 (4)
Leaf C/Na 14.8 (1) 15.2 (6) 15.2 (5)
Soil water (g g−1 dry soil) 1.6 (5) 1.6 (7) 1.5 (15)
Soil C (g g−1 dry soil) 0.18 (6) 0.20 (9) 0.18 (18)
Soil N (g g−1 dry soil) 0.01 (6) 0.01 (10) 0.01 (15)
Soil C/N 14.5 (2)# 15.9 (3) 15.0 (4)
Soil WSOCb (�gg−1 dry soil) 125 (7) 166 (34) 155 (19)
Soil NH4+-N (�gg−1 dry soil) 2.9 (11)* 3.5 (11) 4.4 (18)
Soil NO3−-N (�gg−1 dry soil) 26.9 (4) 24.8 (19) 23.6 (19)
Soil net NH4+-N production (�gg−1 dry soil day−1) 0.05 (68)*,# -0.04 (51) -0.10 (32)
Soil net NO3−-N production (�gg−1 dry soil day−1) 5.9 (18) 5.4 (31) 5.1 (24)
Total PLFAs (nmol g−1 dry soil) 514 (6)*,# 623 (15) 631 (8)
Total nematodes (indiv. g−1 dry soil) 282 (14) 394 (39) 330 (24)

(b)
Bacterial (mol%) 51.5 (1) 50.9 (0) 51.2 (1)
Fungal (mol%) 1.4 (9) 1.8 (12) 1.7 (9)
Bacterial/fungal 0.03 (9) 0.04 (12) 0.03 (10)
Actinobacterial (mol%) 1.5 (15) 1.6 (16) 1.5 (15)

(c)
Bacterivores (% indiv. g−1 dry soil) 55.8 (3) 48.3 (6) 55.3 (5)
Fungivores (% indiv. g−1 dry soil) 13.2 (20)# 25.3 (15) 19.8 (6)
Algivores (% indiv. g−1 dry soil) 2.0 (22)# 4.5 (15) 2.0 (29)
Rhizovores (% indiv. g−1 dry soil) 18.0 (10) 14.4 (16) 14.4 (13)
Predators (% indiv. g−1 dry soil) 1.3 (16)# 2.3 (42) 1.3 (32)
Omnivores (% indiv. g−1 dry soil) 6.0 (25) 3.2 (26) 5.0 (15)
Fungivores/bacterivores 0.24 (21)# 0.55 (21) 0.36 (9)
c-p 1 (indiv. g−1 dry soil) 2.3 (38) 6.5 (51) 6.8 (22)
c-p 2 (indiv. g−1 dry soil) 109 (18) 177 (22) 136 (10)
c-p 3 (indiv. g−1 dry soil) 101 (15) 146 (17) 133 (13)
c-p 4 (indiv. g−1 dry soil) 56.0 (13) 53.8 (18) 44.7 (16)
c-p 5 (indiv. g−1 dry soil) 2.4 (59) 3.5 (67) 2.9 (42)
Maturity index 2.9 (2) 2.7 (2) 2.7 (2)
Plant parasite index 2.4 (4) 2.4 (6) 2.4 (3)
Enrichment index 38.9 (10) 43.5 (5) 45.0 (6)
Structure index 84.7 (3) 76.5 (3) 79.1 (3)
Channel index 73.9 (15) 80.5 (11) 70.7 (7)

a Four plots for LD.
b Water soluble organic C.
* Significant differences fromWD as indicated by post hoc tests carried on when the global test was significant.
# Significant differences from HD as indicated by post hoc tests carried on when the global test was significant.

correlated with total C content (� =0.9463, corrected p=0.0016)
andwater content of soil (� =0.8473, correctedp<0.0001). Ratios of
fungal-to-bacterial PLFAcontent and fungivorous-to-bacterivorous
nematode abundance were significantly and positively correlated
with relative concentrations of fungal PLFA and relative abundance
of fungivorous nematodes, respectively (� =0.8679, corrected
p<0.0001, and � =0.9767, corrected p<0.0001, respectively).
Maturity indexofnematodeswas significantly andpositively corre-
lated with the structure index of nematodes (� =0.9427, corrected
p<0.0001).

3.2. Browsing intensity of deer

Deer browsing on S. nipponica was concentrated in winter. In
HD, 46% (14%) and 51% (5%) on average (coefficient of variation) of
leaves of S. nipponicawere browsed by deer in the first and second
winter, respectively, and 4.5% (14%) of leaves were browsed in the
second summer. In LD, 0.3% (100%) and 1.0% (67%) of leaves of S.
nipponicawerebrowsed in thefirst and secondwinter, respectively,
and 1.3% (34%) of leaves were browsed in the second summer. In
contrast, each autumn, no browsing was observed in the plots.

Three years after deer introduction, the aboveground biomass
of S. nipponica was significantly reduced by deer with rates of
24.5% (42%) and 53.5% (37%) on average (coefficient of variation)

in the low and high density enclosures, respectively (Nomiya et al.,
unpublished data; variance explained 41%, F=6.967, p=0.0280,
three replicates per group), while the decrease rates in the two
enclosures were not significantly different from each other (vari-
ance explained 29%, F=1.667, p=0.3170).

3.3. Leaf and soil total contents and potential mineralization rates

Reflecting the small differences between means and the small
variability intra-group, leaf C, N and C and N ratio were not signifi-
cantly different between plots (Table 1a, variance explained 14.3%,
F=1.247, p=0.2750).

Multivariate means of soil total contents and potential miner-
alization rates were significantly different between plots (variance
explained 25.9%, F=2.622, p=0.002). Post hoc tests revealed that
LD were different from WD (variance explained 23.3%, F=3.031,
p=0.0050) and from HD (variance explained 22.0%, F=2.813,
p=0.0140) while WD and HD were not different from each other
(variance explained 15.6%, F=1.852, p=0.0520).

The difference between LD and HD was due to a ratio of soil C
to soil N and a total PLFA concentration significantly higher in HD
and a significantly higher net potential production rate of NH4+-
N in LD (Table 1a, post hoc tests not shown). The browsing effect
in LD was due to significantly higher soil NH4+-N content, total
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Fig. 2. Soil total contents andmineralization rates significantly different between the protected plots (WD) and plots with low density of deer (LD) (post hoc t tests conducted
by 999 permutations): contents of NH4+-N (a), net production rates of NH4+-N (b), and total amount of phospholipid fatty acids (PLFA) (c). HD: plot with high density of deer.
Mean± standard error.

PLFA concentration in WD and a significantly higher net potential
production rate of NH4+-N in LD (Fig. 2, post hoc tests not shown).
Actually, therewasanetfixationofNH4+-N inWDandHD(Table1a,
post hoc tests not shown). Soil contents inwater, C, N,water soluble
organic C, NO3−-N pools, total nematodes, and the net potential
production rate of NO3−-N were not significantly different among
plots (Table 1a, post hoc tests not shown).

3.4. Structure of the microbial communities

The relative concentration of bacterial, fungal and actinobacte-
rial PLFAs and the ratio bacterial to fungal PLFAs were very similar
inWD, LD andHD (Table 1b)with overallmeans (coefficient of vari-
ation) of 51.2% (1%), 1.6% (6%), 1.5% (8%) and 0.03 (6%), respectively.
Therewere nodifferences amongplots for these variables (variance
explained 13.4%, F=1.164, p=0.3300).

A subset of 22 PLFAs representing 97% of the total concentration
were included in a distance based RDA. These PLFA profiles were
not significantly different among plots (variance explained 19.0%,
F=1.759, p=0.1430).

3.5. Structure of the nematode communities

A total of 31 families of nematode were found (Appendix A).
Overallmean (coefficient of variation) of nematode abundancewas
335g−1 dry soil (8%), and abundances of bacterivores and fungi-
vores accounted for 53.2% (3%) and 19.4% (10%), respectively.While
c-p 1 nematodes, which is the most opportunistic group in soil
free-living nematodes, accounted for only 1.56% (22%), C-p 2 and
3 nematodes with lower reproductive rates and lower tolerance to
disturbance than c-p 1 nematodes accounted for 41.1% (5%) and
37.7% (5%) of total abundance, respectively. As a result, the nema-
tode community had low enrichment index (42.5 (4%)) and high
structure index (80.1 (2%)), which are characteristic of forest and
undisturbed grassland ecosystems (Ferris et al., 2001).

A subset of 19 families of nematodes corresponding to 95% of
the total density and 61% of total number of families were included
in a distance based RDA (data not shown). These community pro-
files were significantly different between plots (variance explained
22.2%, F=2.143, p=0.0050). Post hoc tests revealed that LD were
different fromWD (variance explained 17.3%, F=2.098, p=0.0100)
and fromHD (variance explained 20.8%, F=2.621, p=0.0150) while
WD andHDwere not different from each other (variance explained
13.5%, F=1.562, p=0.1460). Browsing effect at LD was due to 7
families, 4 of which had a greater relative density in LD of deer,
Alaimidae, Bastianiidae, Steinernematidae and Paratylenchidae,
while Bunonematidae, Teratocephalidae and Aphelenchoididae
had a greater relative density in WD (Fig. 3). In turn, the difference
between LD and HD was due to 10 families, half having a greater
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Fig. 3. Nematode families contributing to the difference between nematode com-
munities in the protected plots (WD) and plots with low density of deer (LD). HD:
plotwith high density of deer.Mean of relative abundance of each family± standard
error.

relative density in LD, Alaimidae, Qudsianematidae, Bastianiidae,
Steinernematidae and Paratylenchidae, and the other half having
a greater relative density in HD, Achromadoridae, Monhysteridae,
Rhabdolaimidae, Bunonematidae and Aphelenchoididae.

Nematode trophic groups and the ratio of fungivores to bacteri-
voreswere significantly different among the three groups (variance
explained 36.5%, F=4.215, p=0.0210). Specifically, LD were differ-
ent from HD (variance explained 38%, F=6.065, p=0.0200) with
fungivores, algivore and predators nematodes as well as the ratio
of fungivores to bacterivores greater in HD (Table 1c). Other nema-
tode trophic indices were not significantly different among plots
(variance explained 14%, F=1.221, p=0.2920).

4. Discussion

4.1. Aboveground litter input from dwarf bamboo

This early stage of deer invasion is characterized at the study
site by the beginning of an understory vegetation decline, with a
large decrease of size andbiomass of abovegroundpart of S. nippon-
ica and a large increase of density of its culms in the high density
enclosure (Matsuo et al., 2004). These are typical responses of S.
nipponica to intensive browsing by deer (Yokoyama and Shibata,
1998; Terai and Shibata, 2002). Because the longevity of above-
ground parts of S. nipponica is approximately 13months on average
(Agata and Kamata, 1979), the significant decrease of aboveground
biomass of S. nipponica suggests that the annual aboveground lit-
ter of S. nipponica significantly decreased in both enclosures due
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to deer introduction. Leaves of browsed plants often show higher
N content and lower C to N ratio than those of unbrowsed plants
(Kielland et al., 1997), which may be partly explained by improved
supply rate of plant available N in soil by browsing (Hamilton and
Frank, 2001). Our findings that C and N content and C to N ratio of
dwarf bamboo leaves were not different among treatments were
consistent with the results of soil Nmineralization potential which
was not affected by deer introduction. Consequently, our results
suggest that sika deer cause significant decrease in the quantity of
aboveground litter input fromunderstorydwarf bambooat lowand
high density of deer in the early stage of its invasion, while deer do
not affect the quality or decomposability of its leaf litter in terms
of N content and C to N ratio.

4.2. Effects of sika deer on the abundance and community
structure of microorganisms and nematodes in soil

In LD, the decrease of fresh aboveground litter from dwarf bam-
boo probably caused the decline of microbial biomass without
significant changes in community structure. However, no cascad-
ing effects were found on the total abundance of nematodes. These
results suggest that the abundance of microbivorous nematodes
was not regulated by microbial biomass, which were consistent
with the previous findings from other ecosystems (Santos et al.,
1981; Wardle and Yeates, 1993). These studies suggested that
microbivorous nematodes were regulated by predation of preda-
tory nematodes in agro-ecosystems (Wardle and Yeates, 1993)
and mites in a desert ecosystem (Santos et al., 1981). Our results
do not suggest the top-down regulation of microbivorous nema-
todes by predatory nematodes, because no correlation was found
amongmicrobial biomass, andmicrobivorous andpredatorynema-
tode abundance unlikeWardle and Yeates (1993). Therefore, other
predators, such as mites, would have regulated the abundance of
microbivorous nematodes in this site.

In HD, the above ground litter from dwarf bamboo decreased as
much as in LD. Yet the abundance and assemblage of organisms in
the microbial food webs were not affected in HD. Although we did
notmeasure the amount of belowground litter, these contradictory
results suggest an increase of belowground litter input from dwarf
bamboo in HD. For instance, Terai and Shibata (2002) found that
the belowground biomass of S. nipponica did not decrease under
moderate browsing of sika deer while it largely decreased under
intensive browsing. As a result, high browsing pressuremay gener-
ate additional root litter fromdwarf bamboo at an early stage,while
moderate browsing pressuremay not affect it. Therefore, in a forest
with understory cover dominated by S. nipponica, the effects of a
high density of deer on the decomposer systemmaybe delayed due
to a transient increase of belowground litter input of the bamboo.

In general, mammalian herbivores enhance the decomposabil-
ity of organic matter incorporated into soil decomposer systems
by increasing C allocation to root exudates and transforming plant
tissue into dung, both of which are more decomposable than leaf
litter (Hobbs, 1996; Bardgett and Wardle, 2003). However, at the
study site we observed no shifts in nematode community struc-
tures indicative of enhancement of litter quality, such as increases
in abundance of opportunists and enrichment index and decrease
in maturity index (Bongers and Bongers, 1998; Ferris et al., 2001).
Consequently, it is unlikely that the improvement of organic mat-
ter quality offset the effects of the decrease of aboveground litter
quantity. In contrast, Niwa et al. (2008) found short-term responses
of soil microbial food webs to simulated deer browsing in summer
suggesting an increase of C allocation to root exudates in S. nippon-
ica. In our field experiment, deer browsing on bamboowas actually
not found in autumn when the sampling occurred and logically no
effect of deer densitywas observed onC allocation to root exudates.
Moreover, sika deer deposits dung in a very pachy manner and on

average the effects of dung on decomposer systemsmay have been
very limited.

Similar to our results in HD, three years of deer exclusion did
not affect microbial biomass in mineral soil in a temperate for-
est inhabited by high density of sika deer (17.5–30.9deer km−2)
whereas aboveground biomass of S. nipponica increased by 5.5
times (Furusawa et al., 2005). In subarctic birch forests, 20-year
exclusion of intensive reindeer grazing did not affect biomass
nor PLFA profiles of microorganisms, neither trophic group com-
position and abundance of nematodes in soil whereas ground
vegetation and birch litter quality markedly changed (Stark et al.,
2008). These studies suggest that it takes longer term than their
experimental periods for the aboveground changes caused by deer
exclusion to affect soil microbes and nematodes which seemed to
be constrained by organic matter content in soil (Furusawa et al.,
2005; Stark et al., 2008). In contrast, our results in LD showed that
soil microbial biomass can rapidly respond to the decline of forest
floor vegetation in three years without significant correlation with
soil C content, suggesting that dependence of microbes on fresh
organic matter input from understory plants was greater in this
forest than the forests in the previous studies.

4.3. Effects of sika deer on the N mineralization functions in soil

In LD, the decrease of microbial biomass did not affect poten-
tial netNmineralization rate. This lack of cascading effects suggests
that neither the activity of themicrobial biomassnor the total activ-
ity of microbivores which release the N immobilized by microbes
were altered by the introduction of deer at low density.

In turn, the decrease of soil NH4+-N content and the stabil-
ity of soil total inorganic N content in LD suggest a stimulation
of NH4+ consumption in situ. This mechanism is consistent with
the decrease of microbial biomass in these plots when we take
into account that bacterivory by protozoa often stimulate nitrify-
ingbacteria, presumably throughpredationon their faster-growing
competitors (Bonkowski, 2004). In fact, in LD, bacterial biomass
decreased but bacterivorous nematodes did not which might have
increased the predation pressure on bacteria. Consequently, nitri-
fying bacteria may have been stimulated in LD.

In contrast, the potential of NH4+ consumption was reduced by
the introduction of deer at low density with an increase of poten-
tial net ammonification associated to a stability in potential net N
mineralization and potential net nitrification. In these plots, the
activity of NH4+ consuming microbes may have been lower due to
the lower amount of NH4+ in the soil.

No changes inNmineralizationpotential, leafNcontentof dwarf
bamboo, and species composition of understory vegetation in both
enclosures indicated that deer introduction did not facilitate nor
retard N cycling in the forest ecosystem in three years regardless
of deer density. The facilitation effects of feces (Pastor et al., 1993)
and root exudates (Hamilton and Frank, 2001) on Nmineralization
in soil may have been spatially and temporally limited in the forest
ecosystem where smaller part of NPP was consumed by mam-
malian herbivores than grasslands. On the other hand, stability of
N mineralization may contribute to the longer term persistence of
bamboo. However, if dwarf bamboo continues declining and com-
position of understory vegetation changes, deer would retard N
cycling in the long term.

Some studies with large-scale enclosures of white-tailed
deer in North America suggested a management objective of
7.5–15deer km−2 tomaintain forest regeneration (Tilghman, 1989;
Tremblay et al., 2006). Similarly, Hino et al. (2003) proposed that
sika deer density should be controlled below 5–10deer km−2 to
maintain forest regeneration in a mixed forest with dwarf bam-
boo undergrowth. In the future, linking our findings of early-stage
effects of deer on soil Ndynamics to longer-termdynamics of dwarf
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bamboo, compositional change in understory vegetation, and tree
regeneration and verifying the adequacy of themanagement objec-
tives above in perspective of sustainability of soil nutrient supply
will be needed.
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Appendix A. Mean density (coefficient of variation of the
mean in percent) and percent of the total density of
nematodes for each feeding group and each family over all
plots

Families indiv. g−1 dry soil

Mean % of total density

Bacterivores
Alaimidae 33.2 (12) 9.9
Monhysteridae 7.6 (21) 2.3
Prismatolaimidae 34.9 (9) 10.4
Bastianiidae 4.2 (28) 1.2
Leptolaimidae 1.4 (45) 0.4
Plectidae 21.4 (18) 6.4
Rhabdolaimidae 23.0 (16) 6.9
Bunonematidae 2.4 (34) 0.7
Cephalobidae 13.5 (16) 4.0
Rhabditidae 2.0 (31) 0.6
Teratocephalidae 30.2 (13) 9.0
Diplogasteridae 0.73 (61) 0.2

Fungivores
Diphtherophoridae 1.9 (37) 0.6
Leptonchidae 0.99 (84) 0.3
Aphelenchoididae 41.3 (19) 12.3
Tylenchidae/Anguinidaea 24.4 (18) 7.3

Rhizovores
Tylenchidae/Anguinidaea 24.4 (18) 7.3
Belondiridae 0.20 (100) 0.1
Longidoridae 0.30 (77) 0.1
Trichodoridae 0.20 (100) 0.1
Criconematidae 6.6 (38) 2.0
Hoplolaimidae 12.2 (27) 3.7
Paratylenchidae 6.8 (46) 2.0
Pratylenchidae 2.5 (45) 0.7

Algivores
Achromadoridae 10.4 (25) 3.1

Predators
Tripylidae 0.69 (61) 0.2
Mononchidae 3.3 (21) 1.0
Anatonchidae 1.3 (55) 0.4

Omnivores
Aporcelaimidae 1.6 (34) 0.5
Qudsianematidae 12.3 (16) 3.7
Thornenematidae 1.2 (44) 0.3

Insect parasites
Steinernematidae 4.8 (29) 1.4
Unidentified 3.5 (22) 1.0
Total 335 (8) 100
a Half of the Tylenchidae/Anguinidae was designated rhizovores and half-

fungivores, as the feeding habits of this group included both root and fungal feeding.

Appendix B. Theoretical ranges and interpretation of
indices of nematode community structure

Index Theoretical
range

Interpretation

F/B 0–∞ Relative importance of fungal
pathway versus bacterial
pathway in decomposing
system.

Maturity index (MI)a 1–5 Indicating more stable and less
eutrophicated soil
environment for free-living
nematodes.

Plant parasite index (PPI)a 1–5 Indicating more stable and less
eutrophicated soil
environment for
plant-parasitic nematodes.

Enrichment index (EI)b 0–100 Indicating improvement of
resource availability.

Structure index (SI)b 0–100 Indicating development of
community structure, or
stability of soil environment
with low physical and
chemical disturbance.

Channel index (CI)b 0–100 Indicating relative importance
of fungal pathway versus
bacterial pathway in
decomposing system.

a Bongers (1990).
b Ferris et al. (2001).

References

Agata, W., Kamata, E., 1979. Ecological characteristics and dry matter production of
some native grasses in Japan I. Annual growth pattern of Sasa nipponica com-
munity. J. Jpn. Soc. Grassl. Sci. 25, 103–109 (in Japanese with English abstract).

Anderson, M.J., 2001. A new method for non-parametric multivariate analysis of
variance. Austral Ecol. 26, 32–46.

Bardgett, R.D., Wardle, D.A., 2003. Herbivore-mediated linkages between above-
ground and belowground communities. Ecology 84, 2258–2268.

Biodiversity Center of Japan, 2004. The National Survey of the Natural Environment
Report of theDistributional of JapaneseAnimals (Mammals). Biodiversity Center
of Japan, Fujiyoshida, 213 pp.

Bongers, T., 1990. Amaturity index, an ecological measure of environmental distur-
bance based on nematodes species composition. Oecologia 83, 14–19.

Bongers, T., Bongers, M., 1998. Functional diversity of nematodes. Appl. Soil Ecol. 10,
239–251.

Bonkowski,M., 2004. Protozoa and plant growth: themicrobial loop in soil revisited.
New Phytol. 162, 617–631.

Clarholm, M., 1985. Interactions of bacteria, protozoa and plants leading to miner-
alization of soil nitrogen. Soil Biol. Biochem. 17, 181–187.

Dormann, C.F., McPherson, J.M., Araujo, M.B., Bivand, R., Bolliger, J., Carl, G., Davies,
R.G., Hirzel, A., Jetz, W., Kissling, W.D., Kuhn, I., Ohlemuller, R., Peres-Neto, P.R.,
Reineking, B., Schroder, B., Schurr, F.M.,Wilson, R., 2007.Methods to account for
spatial autocorrelation in the analysis of species distributional data: a review.
Ecography 30, 609–628.

Dutilleul, P., Clifford, P., Richardson, S., Hemon, D., 1993. Modifying the t test
for assessing the correlation between two spatial processes. Biometrics 49,
305–314.

Ferris, H., Bongers, T., de Goede, R.G.M., 2001. A framework for soil food web diag-
nostics: extension of the nematode faunal analysis concept. Appl. Soil Ecol. 18,
13–29.

Frostegård, Å., Bååth, E., 1996. The use of phospholipid fatty acid analysis to estimate
bacterial and fungal biomass in soil. Biol. Fertil. Soil 22, 59–65.

Frostegård, Å., Tunlid, A., Bååth, E., 1991. Microbiological biomass measured as total
lipid phosphate in soils of different organic content. J. Microbiol. Methods 14,
151–163.

Furusawa, H., Miyanishi, H., Kaneko, S., Hino, T., 2003.Movement of soil and litter on
the floor of a temperate mixed forest with an impoverished understory grazed
by deer (Cervus nippon centralis Temminck). J. Jpn. For. Soc. 85, 318–325.

Furusawa, H., Hino, T., Kaneko, S., Araki, M., 2005. Effects of dwarf bamboo (Sasa
nipponica) and deer (Cervus nippon centralis) on the chemical properties of soil
and microbial biomass in a forest at Ohdaigahara, central Japan. Bull. For. For.
Prod. Res. Inst. 4, 157–163.

Hamilton, E.W., Frank, D.A., 2001. Can plants stimulate soil microbes and their own
nutrient supply? Evidence fromagrazing tolerant grass. Ecology 82, 2397–2402.

Hayes, A.F., 1996. The permutation test is not distribution-free: testing H0: � =0.
Psychol. Methods 1, 184–198.

Heuer, H., Smalla, K., 1997. Evaluation of community-level catabolic profiles using
BIOLOG GNmicroplates to study microbial community changes in potato phyl-
losphere. J. Microbiol. Methods 30, 49–61.

─198─ ─199─



S. Niwa et al. / Forest Ecology and Management 261 (2011) 391–399 397

to deer introduction. Leaves of browsed plants often show higher
N content and lower C to N ratio than those of unbrowsed plants
(Kielland et al., 1997), which may be partly explained by improved
supply rate of plant available N in soil by browsing (Hamilton and
Frank, 2001). Our findings that C and N content and C to N ratio of
dwarf bamboo leaves were not different among treatments were
consistent with the results of soil Nmineralization potential which
was not affected by deer introduction. Consequently, our results
suggest that sika deer cause significant decrease in the quantity of
aboveground litter input fromunderstorydwarf bambooat lowand
high density of deer in the early stage of its invasion, while deer do
not affect the quality or decomposability of its leaf litter in terms
of N content and C to N ratio.

4.2. Effects of sika deer on the abundance and community
structure of microorganisms and nematodes in soil

In LD, the decrease of fresh aboveground litter from dwarf bam-
boo probably caused the decline of microbial biomass without
significant changes in community structure. However, no cascad-
ing effects were found on the total abundance of nematodes. These
results suggest that the abundance of microbivorous nematodes
was not regulated by microbial biomass, which were consistent
with the previous findings from other ecosystems (Santos et al.,
1981; Wardle and Yeates, 1993). These studies suggested that
microbivorous nematodes were regulated by predation of preda-
tory nematodes in agro-ecosystems (Wardle and Yeates, 1993)
and mites in a desert ecosystem (Santos et al., 1981). Our results
do not suggest the top-down regulation of microbivorous nema-
todes by predatory nematodes, because no correlation was found
amongmicrobial biomass, andmicrobivorous andpredatorynema-
tode abundance unlikeWardle and Yeates (1993). Therefore, other
predators, such as mites, would have regulated the abundance of
microbivorous nematodes in this site.

In HD, the above ground litter from dwarf bamboo decreased as
much as in LD. Yet the abundance and assemblage of organisms in
the microbial food webs were not affected in HD. Although we did
notmeasure the amount of belowground litter, these contradictory
results suggest an increase of belowground litter input from dwarf
bamboo in HD. For instance, Terai and Shibata (2002) found that
the belowground biomass of S. nipponica did not decrease under
moderate browsing of sika deer while it largely decreased under
intensive browsing. As a result, high browsing pressuremay gener-
ate additional root litter fromdwarf bamboo at an early stage,while
moderate browsing pressuremay not affect it. Therefore, in a forest
with understory cover dominated by S. nipponica, the effects of a
high density of deer on the decomposer systemmaybe delayed due
to a transient increase of belowground litter input of the bamboo.

In general, mammalian herbivores enhance the decomposabil-
ity of organic matter incorporated into soil decomposer systems
by increasing C allocation to root exudates and transforming plant
tissue into dung, both of which are more decomposable than leaf
litter (Hobbs, 1996; Bardgett and Wardle, 2003). However, at the
study site we observed no shifts in nematode community struc-
tures indicative of enhancement of litter quality, such as increases
in abundance of opportunists and enrichment index and decrease
in maturity index (Bongers and Bongers, 1998; Ferris et al., 2001).
Consequently, it is unlikely that the improvement of organic mat-
ter quality offset the effects of the decrease of aboveground litter
quantity. In contrast, Niwa et al. (2008) found short-term responses
of soil microbial food webs to simulated deer browsing in summer
suggesting an increase of C allocation to root exudates in S. nippon-
ica. In our field experiment, deer browsing on bamboowas actually
not found in autumn when the sampling occurred and logically no
effect of deer densitywas observed onC allocation to root exudates.
Moreover, sika deer deposits dung in a very pachy manner and on

average the effects of dung on decomposer systemsmay have been
very limited.

Similar to our results in HD, three years of deer exclusion did
not affect microbial biomass in mineral soil in a temperate for-
est inhabited by high density of sika deer (17.5–30.9deer km−2)
whereas aboveground biomass of S. nipponica increased by 5.5
times (Furusawa et al., 2005). In subarctic birch forests, 20-year
exclusion of intensive reindeer grazing did not affect biomass
nor PLFA profiles of microorganisms, neither trophic group com-
position and abundance of nematodes in soil whereas ground
vegetation and birch litter quality markedly changed (Stark et al.,
2008). These studies suggest that it takes longer term than their
experimental periods for the aboveground changes caused by deer
exclusion to affect soil microbes and nematodes which seemed to
be constrained by organic matter content in soil (Furusawa et al.,
2005; Stark et al., 2008). In contrast, our results in LD showed that
soil microbial biomass can rapidly respond to the decline of forest
floor vegetation in three years without significant correlation with
soil C content, suggesting that dependence of microbes on fresh
organic matter input from understory plants was greater in this
forest than the forests in the previous studies.

4.3. Effects of sika deer on the N mineralization functions in soil

In LD, the decrease of microbial biomass did not affect poten-
tial netNmineralization rate. This lack of cascading effects suggests
that neither the activity of themicrobial biomassnor the total activ-
ity of microbivores which release the N immobilized by microbes
were altered by the introduction of deer at low density.

In turn, the decrease of soil NH4+-N content and the stabil-
ity of soil total inorganic N content in LD suggest a stimulation
of NH4+ consumption in situ. This mechanism is consistent with
the decrease of microbial biomass in these plots when we take
into account that bacterivory by protozoa often stimulate nitrify-
ingbacteria, presumably throughpredationon their faster-growing
competitors (Bonkowski, 2004). In fact, in LD, bacterial biomass
decreased but bacterivorous nematodes did not which might have
increased the predation pressure on bacteria. Consequently, nitri-
fying bacteria may have been stimulated in LD.

In contrast, the potential of NH4+ consumption was reduced by
the introduction of deer at low density with an increase of poten-
tial net ammonification associated to a stability in potential net N
mineralization and potential net nitrification. In these plots, the
activity of NH4+ consuming microbes may have been lower due to
the lower amount of NH4+ in the soil.

No changes inNmineralizationpotential, leafNcontentof dwarf
bamboo, and species composition of understory vegetation in both
enclosures indicated that deer introduction did not facilitate nor
retard N cycling in the forest ecosystem in three years regardless
of deer density. The facilitation effects of feces (Pastor et al., 1993)
and root exudates (Hamilton and Frank, 2001) on Nmineralization
in soil may have been spatially and temporally limited in the forest
ecosystem where smaller part of NPP was consumed by mam-
malian herbivores than grasslands. On the other hand, stability of
N mineralization may contribute to the longer term persistence of
bamboo. However, if dwarf bamboo continues declining and com-
position of understory vegetation changes, deer would retard N
cycling in the long term.

Some studies with large-scale enclosures of white-tailed
deer in North America suggested a management objective of
7.5–15deer km−2 tomaintain forest regeneration (Tilghman, 1989;
Tremblay et al., 2006). Similarly, Hino et al. (2003) proposed that
sika deer density should be controlled below 5–10deer km−2 to
maintain forest regeneration in a mixed forest with dwarf bam-
boo undergrowth. In the future, linking our findings of early-stage
effects of deer on soil Ndynamics to longer-termdynamics of dwarf
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bamboo, compositional change in understory vegetation, and tree
regeneration and verifying the adequacy of themanagement objec-
tives above in perspective of sustainability of soil nutrient supply
will be needed.
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Appendix A. Mean density (coefficient of variation of the
mean in percent) and percent of the total density of
nematodes for each feeding group and each family over all
plots

Families indiv. g−1 dry soil

Mean % of total density

Bacterivores
Alaimidae 33.2 (12) 9.9
Monhysteridae 7.6 (21) 2.3
Prismatolaimidae 34.9 (9) 10.4
Bastianiidae 4.2 (28) 1.2
Leptolaimidae 1.4 (45) 0.4
Plectidae 21.4 (18) 6.4
Rhabdolaimidae 23.0 (16) 6.9
Bunonematidae 2.4 (34) 0.7
Cephalobidae 13.5 (16) 4.0
Rhabditidae 2.0 (31) 0.6
Teratocephalidae 30.2 (13) 9.0
Diplogasteridae 0.73 (61) 0.2

Fungivores
Diphtherophoridae 1.9 (37) 0.6
Leptonchidae 0.99 (84) 0.3
Aphelenchoididae 41.3 (19) 12.3
Tylenchidae/Anguinidaea 24.4 (18) 7.3

Rhizovores
Tylenchidae/Anguinidaea 24.4 (18) 7.3
Belondiridae 0.20 (100) 0.1
Longidoridae 0.30 (77) 0.1
Trichodoridae 0.20 (100) 0.1
Criconematidae 6.6 (38) 2.0
Hoplolaimidae 12.2 (27) 3.7
Paratylenchidae 6.8 (46) 2.0
Pratylenchidae 2.5 (45) 0.7

Algivores
Achromadoridae 10.4 (25) 3.1

Predators
Tripylidae 0.69 (61) 0.2
Mononchidae 3.3 (21) 1.0
Anatonchidae 1.3 (55) 0.4

Omnivores
Aporcelaimidae 1.6 (34) 0.5
Qudsianematidae 12.3 (16) 3.7
Thornenematidae 1.2 (44) 0.3

Insect parasites
Steinernematidae 4.8 (29) 1.4
Unidentified 3.5 (22) 1.0
Total 335 (8) 100
a Half of the Tylenchidae/Anguinidae was designated rhizovores and half-

fungivores, as the feeding habits of this group included both root and fungal feeding.

Appendix B. Theoretical ranges and interpretation of
indices of nematode community structure

Index Theoretical
range

Interpretation

F/B 0–∞ Relative importance of fungal
pathway versus bacterial
pathway in decomposing
system.

Maturity index (MI)a 1–5 Indicating more stable and less
eutrophicated soil
environment for free-living
nematodes.

Plant parasite index (PPI)a 1–5 Indicating more stable and less
eutrophicated soil
environment for
plant-parasitic nematodes.

Enrichment index (EI)b 0–100 Indicating improvement of
resource availability.

Structure index (SI)b 0–100 Indicating development of
community structure, or
stability of soil environment
with low physical and
chemical disturbance.

Channel index (CI)b 0–100 Indicating relative importance
of fungal pathway versus
bacterial pathway in
decomposing system.

a Bongers (1990).
b Ferris et al. (2001).
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は　じ　め　に

　生態系は、人間活動に由来する負荷（汚染物質、生息
地攪乱、搾取、伐採、気候変化、撹乱体制の改変など）
によって徐々にあるいは急激に改変されつつある（Folke 

et al. 2004）。これらの結果、生態系だけでなく、人間社
会そのものに対する負の影響も報じられている。そこで
私たちは、「生態リスク（ecological risk）」を評価し、管
理する必要に迫られている。
　生態リスクとは、狭義には、生態系の健全性（ecosystem 

integrity）や生物多様性（biodiversity）が人間活動によっ
て損なわれるリスクと定義できる（Beer 2006；松田 

2008）。（ところで、）リスクとは、人間あるいは人間社会
にとって望ましくないと考えられる事象の起こる可能性
と、望ましくない結果の大きさの双方から評価される傾
向がある（谷口 2008；林ほか 2010）。そのため、生態系
におけるリスクの管理・評価においては、人間活動が生
態系や生物多様性を変化、変質、改変、あるいは劣化さ
せることで、人間や人間社会にどのような影響が生じる
のか、つまり、生態系サービス（ecosystem service）に対
する影響をも考慮する必要がある。供給サービス、調整
サービス、文化的サービスといった人間社会に対して、
直接的に恩恵を与える生態系サービスと、それらを支え

る基盤サービスのいずれにしても、人間活動の結果とし
て予測不可能で、時に非可逆的な変化が生じるリスクが
増加している（Millennium Ecosystem Assessment 2007）。
そこで、生態リスクとは、生態系に対する人為負荷が生
態系の健全性を脅かすことにより、生態系サービスを低
下あるいは劣化させ、その結果として、社会や人間その
ものに対する影響が生じるリスクであると、広義に定義
できると考える。
　しかしながら、生態リスクという言葉の扱われ方は、
非常に多岐にわたる。その理由としては、「生態リスクの
言葉の意味するところが、広く且つ非常に曖昧であるこ
と」が、まず挙げられる。それに加えて、「生態リスクの
定義が不明確なまま、化学や生物学などの基礎理学から、
保全生物学、応用工学、政策科学、社会学、経済学、広
い意味での環境科学全般などにわたって非常に幅広い分
野で学際的に扱う必要が生じ、それぞれの分野で定義の
解釈が異なること」、「焦点が当てられる生態系サービス
や生物多様性の段階的スケール、扱う生物や環境条件あ
るいは生態系そのもの時間的スケールが様々であるこ
と」、さらには、「それらの情報をもとに計画や政策をた
てる立場の人々が期待する情報と研究者が提供する（あ
るいは提供できる）情報にギャップがあること」なども、
生態リスクの理解と評価を困難にしていると考えられる。
　いま生態学をはじめとする科学には、持続可能な生態
系の維持管理手法の提示、それを可能にするための社会
システムへの提言など、学問としての迅速な応用性がさ
らに求められている（Lubchenco 1998）。リスクの評価・
管理、意思決定、あるいは経済活動や政策立案といった
様々な場面において、科学者はどのような貢献を成し得
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るのだろうか。そこで、本特集では、まず、生態リスク
の概念的起源を明確化する（林ほか 2010）。その上で、
現在あるいは今後において、景観から遺伝子レベルまで
の様々な階層で観察される、あるいは予測される生態系
のリスクについて様々な視点から言及する（森 2010；津
田 2010）。さらに、リスク回避に基づく都市計画（田中 

2010）や社会の応答（香坂 2010）といった実際的な分野
に触れることで、上記のような生態系のリスク評価研究
が実践的に果たし得る役割や可能性について考える。
　林ほか（2010）が述べているように、リスク評価に関
する研究成果は、その成果が実際の意思決定や、政策、
社会に実際に活用されてこそ、意味がある。このような
段階では、生態学者だけでなく、政策決定者、生態系の
管理者や所有者、地域住民など、様々な利害関係者が関
与することが考えられる。そのため、科学者側以外の利
害関係者にリスクを評価し提示する前に、科学者側にお
ける生態リスクに関する認識の相違点と共通認識の程度
を示すことは有意義であると考える。そのため、本特集
では、あえて共通の対象や分野を設けずに、化学物質の
リスク評価（林ほか 2010）、生態系管理とエコシステム
アプローチ（森 2010）、保全遺伝学（津田 2010）、都市域
の緑地計画と管理（田中 2010）、企業活動における環境
管理（香坂 2010）といった、一見全く異なる対象・分野
における事例を用いる。それぞれの研究対象でのリスク
の定義と応用例、評価・意志決定段階における判断基準、
また、実践上の問題点を提示することで、生態系におけ
るリスク管理といった概念の適用性と発展性を示すこと
を目的とした。
　本特集のタイトルは、「我々は生態リスクとどう向き合
うのか？」である。「我々は」とは、生態学に携わる研究
者側を指している。「我々は」と表記したのは、科学者側
における相違点や問題点を敢えて露呈するためでもある。
本特集の目的は、生態リスクという概念を普及させるこ
とではなく、むしろこの用語の持つ多元的な意味合いの
有用性を示すと同時に、危険性を示すことにもある。生
態リスクの管理は、科学者だけで成し得るものではない。
様々な立場や利害関係にある人々の間の協働の結果とし
て成し得るものである。しかしながら、生態学をはじめ
とする科学は、生態リスクの評価や管理において、核と
なる役割を果たすものであることも事実である。本特集
では、生態リスクの概念的起源と発展、生態系における
様々な対象・事象の保全・管理における適応性について、
様々な分野の科学者側からの見解を提示する。異なる事
象、対象、分野において生態系のリスクマネジメントの

必要性に直面している今、我々、科学者たちは、どのよ
うに生態リスクに向き合うことができるのか。
　科学者は、人間活動の結果として、生態系サービスの
劣化や生物多様性の損失が今後どのように起こるのかに
ついて、多角的な視点から詳細に明らかにする必要があ
る。同時に、これらの評価に必ず付きまとう不確実性に
ついて、最小化する努力をしつつも明示することも、科
学者が担う重要な役割である。以上に関して、本特集では、
様々な分野、視点から例示する。人間社会の様々な利害
関係者と多様な生態系との間で、どのようなリスクを認
知し、生態系の管理を行うのかについての示唆を提示す
ることで、生態系の保全・管理に資するさらなる研究の
発展を望む。
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CORRESPONDENCE

Extinctions: 
consider all species 
We question Fangliang He 
and Stephen Hubbell’s claim 
that species–area relationships 
overestimate global extinction 

(Nature 473, 368–371; 2011). 
We contend that they do not test 
their claims against real data on 
global extinction or threat. We 
also believe that they address 
only a small part of the problem. 

Imagine destruction that wipes 
out 95% of habitat overnight 
— metaphorically speaking. 
How many species will have 
disappeared the following 
morning? He and Hubbell tell 
us it would be just those living 
only in the destroyed area, and 
not in the other 5%. In our view, 
the more important question 
is how many species in total, 
including those in the remnant 
habitat ‘islands’ (the 5%), will 
eventually become extinct (see M. 
L. Rosenzweig Species Diversity in 
Space and Time Cambridge Univ. 
Press, 1995.)

Many studies accurately verify 
extinction predictions based on 
the relationship between island 
area and numbers of species, 
which He and Hubbell dismiss. 
Scores of separate tests find 
striking agreement between the 
number of predicted extinctions 
from habitat loss and the number 
of consequent extinctions (or 
of species facing extinction). 
This is seen globally and within 
individual regions, including 
eastern North America, South 
America, Africa and southeast 
Asia (see, for example, S. L. Pimm 
and R. A. Askins Proc. Natl Acad. 

Extinctions: 
conserve not collate
Fangliang He and Stephen 
Hubbell correct an overestimation 
of 160% for species extinction 
rates resulting from habitat 
destruction (Nature 473, 368–371; 
2011). However, near-term 
extinction rates predicted by 
the Millennium Ecosystem 
Assessment still remain at 
400–4,000 times the background 
rate of species extinction. 

Although it may help to refine 
future predictions, we caution 
against their recommendation 
for collating more detailed 
geographical data as an urgent 
priority for conservation science. 

Knowing where species occur 
and their risk of extinction is 
fundamental for deciding where 
to focus efforts to protect them. 
But the diminishing returns 
on the value of biological 
surveys (H. S. Grantham et al. 
Conserv. Lett.1, 190–198; 2008) 
means that more data may not 
translate into significantly better 
decisions. Heterogeneity in the 
costs and likelihood of success 
of conservation actions can 
influence investment priorities 
far more.

Areas designated a priority 
for species protection, 
identified using the ‘species–
area relationship’, are not 
affected by model uncertainty, 
taxonomic group or the non-
random distribution of species 
(M. C. Evans et al. Divers. Distrib. 
17, 437–450; 2011). 
Megan Evans, Hugh 
Possingham, Kerrie Wilson 
The University of Queensland, 
Australia. m.evans1@uq.edu.au

Population decline 
is a long way off
Fred Pearce uses strong words 
to criticize the United Nations’ 
latest projected global population 
figures (Nature 473, 125; 2011). 
But the UN’s projections of a 
continuing rise in the population 
(see go.nature.com/wj3br5) are in 
line with its previous projections 
and with those of other major 
sources, including the US Census 
Bureau (see go.nature.com/
owcela) and the International 
Institute for Applied Systems 
Analysis (go.nature.com/cbg34l).

The new UN ‘medium variant’ 
projection expects 10.1 billion 
people by 2100, 3 billion more 
than now. This is a sobering 
prospect for those concerned 
with human and environmental 
poverty.

In his book The Coming 
Population Crash (Beacon Press, 
2010), Pearce predicts a drastic 
population decline owing to 
falling fertility. But the birth 
rate worldwide still exceeds the 
replacement rate, so the young 
greatly outnumber the old. The 
number of young women coming 

Making society 
more resilient
Japan’s government would do well 
to consider how society can adapt 
to cope with the uncertainty 
and change caused by sudden 
disastrous natural events — called 
resilience thinking — rather than 
simply trying to overcome and 
eliminate such changes.

Catastrophic disturbances such 
as tsunamis, wildfires, flooding 
and volcanic eruptions can exact 
a huge human cost. But they may 
also have a positive impact on 
ecosystems, particularly those 

Sci. USA 92, 9343–9347; 1995). 
Comprehensive analyses 

can now combine remotely 
sensed ecosystem changes with 
information on species extinction 
risk, distribution, habitats, threats 
and conservation actions from 
the International Union for 
Conservation of Nature Red List. 
In our opinion, it is these studies 
— which ask the right questions 
and verify the answers — that 
have crucial implications for 
the world’s efforts to conserve 
biodiversity.
T. M. Brooks* NatureServe, 
Virginia, USA.  
tbrooks@natureserve.org
* On behalf of 7 co-signatories  
(see go.nature.com/tsnlzs).

eroded by human activity. The 
2004 Indian Ocean tsunami, 
for example, restored the beach 
nesting habitats for several 
threatened sea-turtle species (D. B. 
Lindenmayer and C. R. Tambiah 
Conserv. Biol. 19, 991; 2005). 

The ability of ecosystems to 
absorb natural disturbances 
and society’s ability to resist 
and recover from them are 
connected. History shows that 
socio-ecological systems that 
are resilient to hazards are less 
devastated by recurring natural 
events such as hurricanes 
(W. N. Adger et al. Science 309, 
1036–1039; 2005). Ignoring the 
connection could lead to more 
unforeseen economic disasters.
Akira S. Mori Yokohama 
National University, Japan. 
akkym@kb3.so-net.ne.jp
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CORRESPONDENCE
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An Exposure Assessment of Methyl Mercury via Fish
Consumption for the Japanese Population

Ying Zhang,1,2∗ Satoshi Nakai,1 and Shigeki Masunaga1

The objective of this article was to propose an exposure assessment model to describe the re-
lationship between fish consumption and body methyl mercury (MeHg) levels in the Japanese
population. Individual MeHg intake was estimated by the summation of species-specific fish
consumption multiplied by species-specific fish MeHg levels. The distribution of fish con-
sumed by individuals and the MeHg level in each fish species were assigned based on pub-
lished data from Japanese government institutions. The probability of MeHg intake for a
population was accomplished through a Monte Carlo simulation by the random sampling of
fish consumption and species-specific MeHg levels. Internal body MeHg levels in blood and
hair were estimated using a one-compartment model. Overall, the mean value of MeHg in-
take for the Japanese population was estimated to be 6.76 µg/day or 0.14 µg/kg body weight
per day (bw/day), while the mean value for the hair mercury level was 2.02 µg/g. Compared
with the survey data that tabulated hair mercury levels in a cross-section of the Japanese pop-
ulation, the simulation results matched the hair mercury survey data very well for women, but
somewhat underestimated for men and all of the population. This exposure assessment model
is a useful attempt at further risk assessment with respect to a risk-benefit analysis.

KEY WORDS: Exposure assessment; fish consumption; hair mercury level; Japanese population;
methyl mercury (MeHg)

1. INTRODUCTION

The first methyl mercury (MeHg) derived
episode, called Minamata disease, was recorded in
Japan during the 1950s, and was related to the
consumption of highly MeHg-polluted fish. There-
after, more information on MeHg-related incidents
has been reported from Nigata in Japan and also
from Iraq.(1,2) Exposure to high MeHg doses dur-
ing pregnancy can cause fetal death, serious birth de-

1 79-7 Tokiwadai, Hodogaya-ku, Yokohama, Japan.
2 No. 2 Linggong Rd., Dalian University of Technology, 116024,
China.
∗ Address correspondence to Ying Zhang, No. 2 Linggong Rd.,

Dalian University of Technology, 116024, China; zygeodge@
hotmail.com.

fects, mental retardation, long-term disabilities, and
blindness.(1,3)

However, even low-dose prenatal MeHg expo-
sure via fish consumption has been linked to develop-
mental delays or other neurological effects. Epidemi-
ological studies of chronic low-dose MeHg exposure
in the Faros Islands, Seychelles, and New Zealand
indicate that fish consumption is the main source of
MeHg exposure to human beings, with the result of
cognitive developmental delays in children.(4–6) Fe-
tuses have been identified as the population most
sensitive to MeHg exposure through maternal fish
consumption.(7) To avoid the risks related to MeHg
exposure, the U.S. Food and Drug Administration
advises that pregnant women, women who might be-
come pregnant, young children, and nursing moth-
ers modify their fish consumption pattern.(8) This
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Fig. 1. Schematic of the exposure assessment.

advisory has been taken up in other countries, includ-
ing Japan.(9–11)

As mentioned above, fish consumption is the
main source of MeHg exposure in humans, for ex-
ample, fish consumption accounts for approximately
80–90% of the total human mercury exposure in
Japan.(12) Japanese people habitually consume more
fish than people of any other country, which may
result in a higher MeHg exposure. There are few
studies of MeHg exposure in Japan based on the
investigation of individual fish consumption.(13–17)

However, it is difficult to predict changes in MeHg
exposure when fish consumption changes. To eluci-
date the effectiveness of the advisory on fish con-
sumption, a population-based exposure model is
needed to estimate MeHg exposure when fish con-
sumption patterns change.

In this article, a statistical MeHg exposure assess-
ment model is proposed to describe the relationship
between MeHg exposure level and fish consumption
in the Japanese population (see Fig. 1). In order to as-
sess the validity of this exposure model, survey data
that tabulated hair mercury levels in a cross-section
of Japanese were used and compared with the esti-
mated results. This exposure assessment model may
be useful for further risk assessment.

2. DATA AND METHODOLOGY

2.1. Fish Consumption

2.1.1. Daily Fish Consumption

The daily fish consumption data for Japanese
individuals were adopted from the Health and
Nutrition Information Infrastructure Database
(HNIID)(18) based on the National Nutrition Survey

Table I. Examples of Daily Fish Consumption for the
Japanese Population

Fish Group
in NNS Children Women Men All

Overall fish
consumption

52.6 (16) 88.0 (76.1) 106.6 (92.7) 96.9 (84.9)

Tuna 1.6 (8.9) 5.7 (20.4) 8.8 (26.4) 7.2 (19.8)
Seabream and

flat fish
4.5 (15.2) 7.7 (23.6) 9.5 (27.8) 8.6 (25.7)

Horse mackerel
and anchovy

8.3 (14.3) 9.6 (26.0) 11.6 (31.1) 10.5 (28.6)

Salmon and
trout

2.4 (11.2) 4.3 (18.7) 4.4 (20.9) 4.4 (19.8)

Body weight 16.0 (5.0) 48.3 (13.2) 56.5 (17.7) 52.1 (15.0)

Note: Expressed as mean value (standard deviation) in units of
g/day.

(NNS).(19) The NNS is the representative diet and
nutrient survey in Japan, and it is performed with a
questionnaire in the month of November of every
year. More than 15,000 respondents are involved in
the NNS in Japan, in which the 24-hour diet intake
accounts of individual respondents are recorded.
Detailed information on the NNS survey can be
found at the homepage of the National Institute of
Health and Nutrition.(20) In the HNIID database,
the fish consumed were not given as the fish species
directly consumed in the one-day record by each
respondent, but rather the data given were the
mean value and standard deviation (SD) of 13 fish
groups for various population groups (i.e., children
(1–6 years), women, men, and total population).
The mean and SD were reported based on the
cumulative statistics for only those individuals
who reported consumption of seafood on the sur-
vey day, according to the questionnaires of the
one-day diet record (some examples are given in
Table I).

To represent variability of fish consumption
among the population, it was necessary to identify
the distribution pattern of fish consumption; how-
ever, it was difficult to describe this pattern due to
the lack of sufficient related data available. That is,
the detailed data regarding fish consumption, except
for the mean and SD from the HNIID database, were
not open to the public. However, the data reported
in 2001 and 2002(21) gave some indication of the dis-
tribution of fish consumption for the Japanese popu-
lation (Fig. 2 plotted based on the raw data). It can
be seen that the mean value was different from the
median value, and the 90th percentile values were
more than two times greater than the median value,
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Fig. 2. Distribution of fish consumption in the Japanese
population.

which indicated that a log-normal distribution would
fit better than a normal distribution. In addition,
the distributions of many dietary components are
considered to be skewed to the right;(22) therefore,
the distribution of fish consumption was considered
to be a log-normal distribution with the reported
mean and SD for the Japanese population in this
study.

In order to capture the variability of MeHg
exposure from each fish species, the concentration
of MeHg in the various fish species had to be

Table II. Examples of MeHg Level in
Fish Species and Their Market Share

Market Share Fish Consumption for
Fish Group Species of MeHg Level Within Group Overall Japanese
in NNS Fish (Mean, µg/g) (%) (Mean, g/day)

Tuna – 100 7.20
Yellowfin tuna 0.177 34 2.43
Bluefin tuna 0.542 3 0.24
Albacore 0.164 19 1.38
Southern bluefin 0.386 2 0.14
Bigeye tuna 0.549 35 2.52
Other tuna 0.310 7 0.49

Seabream and – 100 8.60
flatfish

Seabream 0.133 46 3.98
Yellow seabream 0.329 4 0.33
Black seabream 0.210 2 0.20
Flounder 0.050 40 3.44
Flatfish 0.083 8 0.66

considered. However, the MeHg concentrations dif-
fered considerably within the 13 fish groups reported
in the HNIID database. Thus, the market-weight
shares within each fish group were used to divide 13
fish groups into 58 fish species. The market-weight
shares within each group were estimated for each
species based on the weight of domestic catches
reported by the Ministry of Agriculture, Forestry,
and Fisheries of Japan (MAFF)(23) (see examples
listed in Table II). Thus, the daily consumption of
each fish species was estimated from the reported
fish consumption by an individual and the species-
specific fish market-weight share, using the following
equation:

Mi = Mj × Fkj , (1)

where Mi is an individual’s intake of fish from the
ith species, Mj is the daily intake of fish from the
jth group, and Fkj is the market share of the kth
fish species in the jth fish group ( j = 13, i = �k∗j =
58).

From Equation (1), the mean value of species-
specific fish consumed could be deduced. Since the
fish consumption distributions for both species and
groups were assigned to be log-normal, if the fish
species kth belongs to the fish group jth, then the ge-
ometric standard deviation (GSD) of the fish species
(kth) consumed was deduced to have the same GSD
of fish consumed in the group ( jth). Thus, the distri-
bution of each fish species consumed was described
with the deduced mean value from Equation (1) and
the GSD of fish consumed according to the group to
which it belonged.
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2.1.2. Extrapolating to Long-Term
Fish Consumption

One-day surveys often do not provide accurate
estimates of long-term food consumption. In particu-
lar, they tend to misrepresent infrequent consumers
because the surveys will either not account for a con-
sumer who did not eat during the survey period or
they will project a higher average intake for an infre-
quent consumer who did.(24) This is to say that the
misrepresentations usually occur when there are in-
frequent fish consumers. However, Japanese gener-
ally consume seafood frequently, that is, there are
few nonfish consumers or those who rarely consume
fish. According to this characteristic of fish consump-
tion by the Japanese population, we assumed that the
frequency of fish consumption for the long term was
similar to the one-day survey results. This assump-
tion may be specific for the Japanese and may not be
suitable for fish consumers in other countries.

2.2. MeHg Exposure from Fish Intake

2.2.1. MeHg Concentration in Fish

The MeHg levels in fish species were adopted
from the surveillance data published by the
MAFF,(25,26) which were considered as the rep-
resentative data in Japan. The MeHg level was
analyzed with the standard analysis method reg-
ulated by the Ministry of the Environment of
Japan,(27) the results of which were expressed as the
mean value, the minimum and maximum values, and
the number of samples.

To describe the variability of MeHg concentra-
tions in fish, the distributions of the MeHg levels
were constructed species-specifically. Distributions
for the species with rich surveillance data, such as
tuna, shark, whale, and swordfish, were generated
empirically. The distribution fitting was conducted
with Crystal Ball 2000 R�(28) using the Kolmogorov-
Smirnov test, the results of which are shown in
Fig. 3. Distributions of the MeHg levels for other
fish species whose distributions could not be de-
termined empirically due to scarce data were mod-
eled to reflect the published mean values and a
range analogous to the minimum and maximum. The
shape of the distribution was assumed to be a log-
normal distribution rather than normal distribution
to maintain a positive MeHg concentration. Table III
gives some examples of the modeled distribution
parameters.
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Note: Cumulative distributions of the MeHg in tuna were fitted
with a normal or log-normal distribution.

Fig. 3. Distribution fitting of MeHg concentrations for one kind of
tuna.

Table III. Fitted Distributions for MeHg Level in Tuna, Shark,
and Swordfish

Normal (µg/g) Log-Normal (µg/g)

Fish Species Mean SD Fish Species Mean SD

Yellowfin 0.06 0.03 Bluefin tuna 0.44 1.53
tuna

Shark 0.35 0.06 South tuna 0.23 1.38
Swordfish 0.65 0.21 Whale 0.54 4.87

2.2.2. Estimating MeHg Intake

The MeHg intake was calculated from the fish
consumption and MeHg levels using the following
equation:

D =
�

i

(Ci × Mi ÷ Fi ), (2)

where D is the daily MeHg intake, i is the fish species,
Ci is the MeHg level in the ith fish species, Fi is the
conversion factor for the ith fish species, and Mi is
the consumption of the ith fish species.

Since the MeHg levels in the fish were analyzed
based on wet weight, while the fish consumption by
an individual was based on the prepared fish weight,
a conversion factor was applied to reflect the water
loss during food preparation. The conversion factor
was assumed to be 1.0 for the raw or canned fish and
0.8 for the other recipes (e.g., steamed or fried).(29)

MeHg intake per body weight was calculated
by dividing the MeHg intake by body weight. The
distribution of body weight was assumed to be
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log-normal, with the reported mean and SD obtained
from the HNIID database (see Table I).

The distribution of MeHg intake for the popu-
lation was estimated using Crystal Ball 2000 R� with a
Monte Carlo simulation, which was based on random
sampling of fish species from fish consumption by an
individual and the MeHg concentration in each fish
species. Specifically, one amount of fish consump-
tion randomly sampled from the fish consumption
by an individual multiplied with one MeHg concen-
tration randomly sampled from the MeHg level of
this fish species will give one value of the MeHg in-
take from this fish species, followed by the sum of
the MeHg intake from the total of 58 fish species
to provide one-time output for the MeHg intake.
The sampling process was repeated 100,000 times,
which was considered to sufficiently represent the
variability of the MeHg intake, for each sex and age
group.

2.3. Converting MeHg Intake to Body MeHg Level

2.3.1. Blood MeHg Level

The one-compartment model is usually used to
predict the relationship between the MeHg blood
concentration and the MeHg intake dose under
steady-state conditions.(7,30,31) In a published study
by Carrington and Bolger (2002), all underlying
pharmacokinetic variations and corrections in the
one-compartment model were subsumed into a sin-
gle parameter (i.e., a blood/diet ratio). In their
study, Sherlock’s (1984) study was deemed to be the
most suitable for estimating equilibrium values for a
chronic blood/diet relationship. As a result, a median
blood/diet ratio of 0.80 was reported for a 70-kg per-
son, which means that a daily intake of 1 µg MeHg
would produce a blood MeHg concentration of
0.8 µg/L. The values of blood/diet ratio for other age
and sex groups were generated using body-weight
scaling. With regard to body-weight scaling, Sher-
lock (1984) suggested that mercury in blood could
be scaled by body weight to the power of one-third.
Accordingly, the MeHg ratios of blood/diet for other
age and sex groups were generated from the me-
dian value of 0.80 for a 70-kg body weight using one-
third power scaling of body weight. Therefore, to
convert dietary MeHg intake to blood level, a tri-
angular distribution was assumed for the blood/diet
ratio in this analysis, with the minimum and maxi-
mum of 0.66 and 1.04 as estimated in Carrington and
Bolger (2002).

2.3.2. Hair Mercury Level

The hair mercury level is the biomarker often
used rather than the blood MeHg level, for ex-
ample, hair mercury levels are often reported for
Japanese.(17,33,34) Therefore, we estimated the hair
mercury levels from the blood MeHg levels.

Before the estimation of the hair mercury level,
the blood mercury level was estimated from the out-
put of the blood MeHg level using the ratio of MeHg
to mercury in blood. Sakamoto et al.(33) reported that
MeHg accounted for 92.5 ± 8.1% (mean ± SD) of
the total mercury level in blood for Japanese women,
which were the only related probabilistic data found.
As a result, this conversion factor, assigned to a nor-
mal distribution, was used to convert a blood MeHg
concentration to a blood mercury level.

The hair mercury level was then estimated by
multiplying the blood mercury level with the mercury
ratio of hair/blood. The mercury ratio of hair/blood
has been considered to be 0.25 by some organiza-
tions;(30,36) however, it has also been reported within
the range from 0.14 to 0.46.(30,36–38) There were no
specific data on the mercury ratio of hair/blood for
the Japanese. Therefore, we used the range reported
by other studies with the consideration that this
range may also reflect the variation in the Japanese
population. The distribution of the mercury ratio of
hair/blood was assumed to be triangular with the
mean value of 0.25 and ranging from 0.14 to 0.46 in
this assessment.

The distribution of the hair mercury level for the
population was subsequently simulated using Crys-
tal Ball 2000 R� with the Monte Carlo simulation
using the output of MeHg intake, which was re-
peated 100,000 times for each sex and age group
considered.

3. RESULTS

3.1. Daily MeHg Intake

Utilizing the proposed model, the overall daily
MeHg intake in Japan was estimated and catego-
rized into three subgroups: children (aged 1–6 years),
women, and men. The primary percentiles of the
MeHg intake for each group, as well as the daily
MeHg intake per kilogram body weight, are given in
Fig. 4. For total population, the mean daily MeHg
intake from fish was estimated to be 6.76 µg/day or
0.14 µg/kg body weight per day (bw/day). As to chil-
dren, the mean daily MeHg intake was estimated to
be 2.57 µg/day or 0.18 µg/kg bw/day.
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the bottom one is the daily MeHg intake expressed in units of µg/kg bw/day.

Fig. 4. Estimated daily dietary MeHg
intake.

3.2. Blood MeHg Levels

The estimations of blood MeHg levels are shown
in Fig. 5 for the total Japanese population, as well
as for the three subgroups (children, women, and
men). For total population, the median blood MeHg
level was estimated to be 5.12 µg/L, with 13.41
and 17.51 µg/L as the 95th and 97.5th percentiles,
respectively.

3.3. Hair Mercury Levels

The estimated results for the hair mercury lev-
els are provided in Fig. 6. The mean values for to-
tal Japanese population, children, women, and men
were 2.02, 1.13, 1.83, and 2.48 µg/g, respectively.

Yasutake et al.(34) conducted a survey on the
hair mercury contents among the general popula-
tion from different districts in Japan to estimate

─210─ ─211─



Exposure Assessment of Methyl Mercury via Fish Consumption 1287

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 5 10 15 20

C
u

m
u

la
ti

ve
 F

re
q

u
en

cy

Blood MeHg Level (ppb)

Children Women Men Total
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Fig. 6. Estimated hair mercury levels for
the Japanese population.

MeHg exposure levels, which was considered to
reflect the current MeHg levels for the Japanese
population in this analysis. They reported the ge-
ometric mean value of the hair mercury content
for women, men, and the total population (Table I
in Yasutake et al., in Reference 34), as well as
the cumulative frequency of the individual hair
mercury contents (Table III in Yasutake et al., in
Reference 34).

To confirm the validity of the proposed model,
we compared our results with the results of
Yasutake et al. The cumulative frequencies of the in-
dividual hair mercury content of two data sets were
compared in Fig. 7. The cumulative frequencies were
expressed as those of hair MeHg within 1.0, 2.2,
and 5 µg/g. The hair mercury levels of 1.0 µg/g,
2.2 µg/g, and 5 µg/g correspond to the guidelines of
the Environmental Protection Agency (EPA), Joint
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FAO/WHO Expert Committee on Food Additives
(JECFA; 2003), and Japan, respectively.(10,30,35) The
simulation for women matched the survey data better
than that for men and the overall population. How-
ever, the estimations by the proposed model were
somewhat underestimated for all groups (women,
men, and overall). The results showed that about
80% of the women population had hair mercury con-
centrations over 1 µg/g (corresponding to the U.S.
EPA (USEPA) guideline), and only about 3% of
women had levels exceeding 5 µg/g (corresponding
to the Japanese guideline).

3.4. Sensitivity Analysis

A sensitivity analysis was conducted in the sim-
ulation to identify which input parameters signifi-
cantly contributed to the variation in the output of
the model. The results from this analysis are given in
Table IV. Regarding the MeHg intake, the sensitivity
analysis showed that the consumed amount of bigeye
tuna, seabream, yellowfin tuna, and squid were the
largest contributors to the variability of the MeHg
intake for both sexes and for each age group, rather
than the MeHg level in each fish species. For exam-
ple, there were nine input parameters for the female
group that contributed to the variability in the MeHg
intake of more than 10%, among which only one pa-
rameter was related to the MeHg concentration in
fish. The ratio of hair/blood gave the largest contri-
bution to the variability of the female hair mercury
levels, while the half-life time of MeHg, the amount

Table IV. Estimated Contributions of Model Inputs
to Variability

Women: MeHg Intake Women: Hair Mercury Level

Input Input
Parameters Contributions Parameters Contributions

Bigeye tuna
(W)

26% Ratio of
hair/blood

22%

Seabream
(W)

19% B (half-time
life)

16%

Yellowfin
tuna (W)

12% Bigeye tuna
(W)

13%

Squid (W) 10% V (blood
volume)

7.5%

Bigeye tuna
(C)

9% Seabream
(W)

6.9%

Note: W in parenthesis means the weight of fish species, and C in
parenthesis means the concentration of fish species. Only five of
the largest contributors are shown here.

of bigeye tuna consumed, the blood volume, and the
amount of seabream consumed gave much smaller
contributions (in decreasing order). This indicated
that the parameters used in the one-compartment
model to convert the MeHg intake to the internal
MeHg level influenced the variability of the output
significantly.

4. DISCUSSION AND CONCLUSION

The primary motivation of this study was to pro-
vide an analytical tool for describing the relation-
ship between body MeHg levels and MeHg intake
through fish consumption for the Japanese popula-
tion. This exposure analysis establishes a baseline
analysis for the current conditions of hair mercury
levels. Compared with the biomarker survey data ob-
tained from a cross-section of the Japanese popula-
tion,(35) the simulation results matched the hair mer-
cury survey data very well for women, but somewhat
underestimated for men and all of the population
(Fig. 7).

The principal difficulty with this analysis was
the estimation of chronic exposure from a one-day
survey. Since the pharmacokinetic models presume
“steady state” or average exposure over time (the
half-life for the elimination of mercury from blood
is roughly 45 days), the intake estimates based on a
one-day survey represent a much shorter period of
time. Similarly, the hair levels were used as measures
of exposure precisely because they reflect the MeHg
intake over a period of months. While the one-day
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surveys can be used to characterize serving size distri-
butions and fish species consumed, they should be ap-
plied cautiously when used to characterize the long-
term frequency of seafood consumption, such as in
this study. In order to extrapolate the long-term fish
consumption, specific information on the frequency
of seafood intake was required. However, there is no
available information on the frequency of seafood in-
take by the Japanese consumers. Though the GSD
of seafood consumption frequency was reported to
be 0.9 from a 30-day U.S. survey,(29,39) this was not
used in our study to estimate the long-term seafood
intake due to the large differences in fish consump-
tion patterns between Americans and Japanese. The
frequency of fish consumption for the long term was
assumed to be similar to the one-day survey for the
Japanese population; as a result, the results of the
model simulation fitted to the data well. However,
this does not mean that the fact that long-term con-
sumption distribution that is actually broader was
compensated by the fact that the long-term contam-
ination distribution is narrower. The one-day intake
data usually result in a distribution that is flatter and
wider than the true distribution of usual intakes of
individuals in the population. It should be noted that
more research is needed in order to better describe
the long-term fish consumption. If the frequency of
fish consumption over time was available, the predic-
tion of long-term intakes would be improved.

The one-day survey (i.e., the NNS in Japan) is
the only large-scale food consumption survey avail-
able in Japan. The values given in the HNIID
database that were used were based on the cumula-
tive statistics for those who reported their consump-
tion of seafood on the survey day. More than 15,000
respondents were involved in the NNS in Japan,(19,20)

and over 95% of the consumers reported their con-
sumption of seafood. The NNS survey could be con-
sidered as a sufficiently large survey, which when
pooled together would be complementary in reduc-
ing the possible randomness in the survey. This may
partly explain the relative success of utilizing the one-
day survey data to generate a chronic exposure as-
sessment; nonetheless, the underestimation of hair
levels at the low end of the distribution can be at-
tributed to the use of the one-day survey (Fig. 7).

The MeHg ratios of blood/diet were assumed
to be the power of one-third with body weight in
this analysis. However, the internal dose (i.e., the
blood mercury levels) is directly proportional to the
body weight in the one-compartment pharmacoki-
netic model. As a result, the value generated in this

analysis for most adults is approximately 10–20%
lower than that generated by straight body-weight
scaling. This may be, in part, an explanation for why
the estimations of hair mercury levels in this analysis
for adults are somewhat underestimated compared
with the survey data (Fig. 7). As for children, the
hair mercury level was estimated to be 1.13 µg/g in
this analysis. It was reported that hair mercury level
was about 1.3–1.6 µg/g(34) as mean, or 1.65 µg/g(40)

as median, for Japanese children. It seems that the
estimation for children is also somewhat underes-
timated. And, there are increasing disputes on the
toxicokinetic and toxicodynamic differences between
children and adults,(41–43) which suggest that the pa-
rameters used in the one-compartment pharmacoki-
netic model for children should be different from
those used for the adults. Therefore, more consider-
ation should be taken into account in the estimation
of MeHg exposure for children.

The exposure model was proposed as an exer-
cise in descriptive statistics based on the cumulative
statistic data reported as mean and SD from HNIID.
Most of the distributions were assigned to represent
actual variations in the population of Japanese con-
sumers. The two-dimensional model, for example,
that found in Carrington and Bolger,(29) might be a
better approach to represent the actual distribution
statistically and probabilistically. Nevertheless, the
two-dimensional model could be constructed only if
more detailed information on fish consumption by
individuals was available. In addition, according to
the results of the sensitivity analysis, the hair/blood
mercury ratio contributed the most to the variabil-
ity of the hair mercury levels. Correspondingly, the
outputs of the model would be improved if the mer-
cury ratio of hair to blood specific for Japanese was
available.

This study was intended to relate the body MeHg
levels with fish consumption. The model proposed
could be used to examine the changes in human body
mercury levels under putative interventions designed
for avoiding MeHg-related risk. Combined with the
dose-response relationship, this assessment could be
expanded to further risk assessment with respect to a
risk-benefit analysis.
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ABSTRACT 
The water quality of environmental waters from the viewpoint of aquatic ecotoxicity was 
investigated using a three-species ecotoxicity test (algae, daphnia and fish). Water samples were 
collected, concentrated with a solid-phase extraction technique and exposed to each test species. 
The growth inhibition, immobilization (swimming inhibition) and mortality ratios in acute 
toxicity tests for algae, daphnia and fish, respectively, were used as water quality indexes. For 
the river waters, 38% of the monitoring sites showed good water quality from the viewpoint of 
long-term ecotoxicity for all the three test species because no toxicity effects were observed at 
the concentration factors of 10, 50 and 50 for algae, daphnia and fish, respectively. For the 
agricultural drains, the ecotoxicity level responded sensitively especially when agricultural 
chemicals were applied. The GC/MS analysis also confirmed that the detection index (DI) in the 
agricultural drains was often raised significantly by the agricultural chemicals, but the period 
with high ecotoxicity did not continue for long.  
 
Keywords: water quality, ecotoxicity, river water, agricultural drain, agricultural chemicals 

 
 
INTRODUCTION 
In recent years, several new schemes of hazardous chemicals management, such as the 
Globally Harmonized System of Classification and Labelling of Chemicals (GHS) 
(United Nations, 2003) and the Registration, Evaluation, Authorisation and Restriction 
of Chemicals (REACH) (European Chemicals Agency (ECHA), 2007), have progressed 
internationally, and ecotoxic substances have been focused on as a group of hazardous 
chemicals. In Japan, 562 kinds of substances, including 388 kinds of ecotoxic 
substances, are required to conform to the Pollutant Release and Transfer Register 
(PRTR) and/or the Material Safety Data Sheet (MSDS) systems to manage their 
potential environmental risk. However, there has been little monitoring of the ecotoxic 
substance groups in the water environment, which may result in the delay of finding 
facts about environmental pollution and development of appropriate safety 
management. 
 
Environmental pollutants are usually managed according to various physicochemical 
measures. However, analyses for a large number of these substances may be arduous 
and may be insufficient for assessing the biological safety in addition to their synergistic 
or antagonistic interactive effects (Fernandez et al., 2005; Juvonen et al., 2000). 
Ecotoxicity tests for environmental water are useful for detecting contaminants at a time, 
while the positive or negative interaction may be included in the test results (Hernando 
et al., 2005). For example, the ecotoxicity of water samples has been evaluated using 
three of the most common aquatic tests, acute fish lethal test, acute daphnia 
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immobilization test and chronic algae growth inhibition test (Ferard and Ferrari, 2005). 
Although it is difficult to identify which substances contribute to the ecotoxicity, the 
ecotoxicity can be used as an overall index to assess the water environment and/or water 
treatment through parameters like biochemical oxygen demand (BOD). 
 
The aim of this study is to apply the three-species ecotoxicity test to quantify the 
ecotoxicity level of river water from an urban area in Japan and agricultural drains when 
agricultural chemicals are applied. In addition, analysis of agricultural chemicals by 
GC/MS was simultaneously carried out and their ecotoxicity potential was discussed. 
 
 
MATERIALS AND METHODS 
Collection of Water Samples 
Water samples from rivers were collected mainly at the official water quality monitoring 
sites set up by the local government of Kanagawa Prefecture from 2006 to 2008. The 
location of the sampling sites is shown in Fig. 1. Agricultural wastewaters were 
collected from May 2008 to June 2008 in paddy area channels when agricultural 
chemicals were applied. Water samples in wastewater treatment plants were also 
collected. The sampling volume of water was determined by previous studies (data not 
shown) to be usually 4 L, but in the case where the dissolved organic carbon (DOC) of 
water was more than 30 mg/L, only 1L was necessary. 
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Fig. 1 - Location of sampling sites (Kanagawa Prefecture, Japan) 

 
Preparation of Samples for Analysis 
All water samples were filtrated using a 1 m glass fiber filter, and then concentrated by 
solid-phase extraction (SPE) method up to 100 times or 1,000 times (Ishii et al., 2000). 
First, pre-conditioning of the Sep-Pak® Plus PS-2 (Nihon Waters K.K., Japan) cartridge 
was necessary and it was performed using acetone at a flow rate of 10 mL/min × 1 min, 
and dechlorinated tap water at 20 mL/min × 5 min. Here, the hydrophobic substances 
were mainly concentrated by a hydrophobic adsorption resin. Four liters of water 
sample was supplied to the cartridge at a flow rate of 20 mL/min × 20 min. After that, 
the cartridge was turned in the reverse direction and 10 mL of acetone (Wako Pure 
Chemical Industries., Ltd., Japan) was supplied at a flow rate of 2 ml/min × 5 min. The 
effluent acetone solution was then collected as a concentrated test solution and purged 
by nitrogen gas at a flow rate of 0.6 L/min. The test solution was preserved by freezing 
it prior to analysis. The illustration of the SPE procedure used in this study is shown in 
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Fig. 2. The concentration factors were determined as up to 10 times for algae, 50 times 
for daphnia and 50 times for fish in each acute toxicity test from the viewpoint of 
long-term ecotoxicity. These values of the concentration factors were established by 
statistically comparing the values of the data set for acute and chronic ecotoxicity at 
80% or higher confidence level (Wei et al., 2006). If no adverse ecotoxicity effects were 
observed for all the three tests at each concentration factor, the water sample could be 
considered harmless for the aquatic ecosystem in the site (Wei et al., 2008). 
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Fig. 2 - Illustration of the solid-phase extraction procedure 

 
Three-species Ecotoxicity Test 
Ecotoxicity tests were performed referring to the test guidelines proposed by the 
Organisation for Economic Co-operation and Development (OECD-TG) (OECD, 2006; 
2004; 1992). The ecotoxicity tests used in this study are summarized in Table 1.  
 

Table 1 - Ecotoxicity tests used 
 Algae test Daphnia test Fish test 
Test species Pseudokirchneriella 

subcapitata (Selenastrum 
capricornutum) 

Daphnia magna (within 
24 hours after birth) 

Oryzias latipes (48-72 
hours after birth) 

Exposure time 72 hours 48 hours 48 hours 
Feeding of food during 
test 

not applicable None None 

Number of test species 1.0×104 cells/mL 10 bodies 10 bodies 
Volume of test solution 20 mL 20 mL 20 mL 
Temperature 23±2 °C 21±1 °C 25±1 °C 
Lighting 5,000 lux 16h/day 16h/day 
Endpoint Growth inhibition 

(logarithmic growth rate 
decline) 

Immobilization 
(swimming inhibition) 

Mortality 

Control / reference Cell count must be 16 times 
or more as large as control. 

Not over 20% 
immobilization 

Not over 10% mortality 

 
Three species were selected considering the ecological chain in the aquatic ecosystem. 
Pseudokirchneriella subcapitata was used for the algae growth inhibition test 
corresponding to OECD-TG 201. Daphnia magna was used for the acute 
immobilization test corresponding to OECD-TG 202. Oryzias latipes is adopted in the 
OECD-TG 203 for the fish acute toxicity test, therefore a larval fish of Oryzias latipes 
was used in this study (Liu et al., 2007). The larval fish assay has an advantage in 
considerably reducing the volume of the ecotoxicity test solution that is made from a 
concentrated water sample. The growth inhibition ratio for algae, immobilization 
(swimming inhibition) ratio for daphnia and mortality ratio for fish in acute toxicity 
tests were used as water quality indexes.  
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GC/MS Analysis of Agricultural Chemicals 
GC/MS analysis was applied to 68 kinds of agricultural chemicals. These compounds 
had been shown each goal value (GV) for water quality control in the Water Supply 
Law of Japan, and had been prepared a mixture standard solution for simultaneous 
analysis commercially (Wako Pure Chemical Industries., Ltd., Japan). The water sample 
was concentrated by the SPE technique using the Sep-Pak® Plus PS-2 cartridge similar 
to the preparation of samples for ecotoxicity test, and finally acetone solution was 
analyzed by GC/MS. 
 
 
RESULTS AND DISCUSSION 
Ecotoxicity Level of River Water 
Histograms of each ecotoxicity effect ratio (growth inhibition ratio for algae, 
immobilization ratio for daphnia, and mortality ratio for fish) of river water samples are 
shown in Fig. 3 (a), (b), and (c) respectively. In total, 149 data were obtained from 73 
river sites. The ecotoxicity effect ratio for a frequency of 10% or less was observed to 
be 86% for algae growth inhibition and 62% for fish mortality, while for a frequency of 
20% or less, it was observed to be 33% for daphnia immobilization. On the other hand, 
for a frequency of 100%, the effect ratio was observed as 0% for algae and 11% for fish, 
while it was 45% for daphnia. For 43 water samples on 28 sites (38% in all 73 sites), no 
adverse ecotoxicity effects were observed in any of the three tests. These water samples 
could be considered harmless for the aquatic ecosystem, although seasonal and/or 
statistical variation of ecotoxicity was not sufficiently considered in this study. For 42 
water samples in 26 sites, one of the tests, especially the daphnia test, showed 100% of 
ecotoxicity effect but the other two tests showed no more than 50% of the effect level. 
In other words, when the daphnia test showed strong ecotoxicity, the other tests also 
showed strong ecotoxicity for the urban river water samples in this study. 
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Fig. 3 - Histogram of ecotoxicity effect ratio 

 
Ecotoxicity Level of Agricultural Drains 
The samples from agricultural drains were collected from paddy channels and were 
subjected to three kinds of ecotoxicity tests and analysis with GC/MS. Ecotoxicity 
levels of agricultural wastewater when agricultural chemicals were applied are shown in 
Fig. 4. The ecotoxicity responded sensitively for several weeks, and showed 
considerably high levels for each test species compared with the river waters. However, 
the period did not continue very long. 
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Fig. 4 - Change in ecotoxicity level of agricultural drains when agricultural chemicals 

were applied 
 
GC/MS Analysis and Contribution of Specific Chemicals to Ecotoxicity 
The recovery rates for 68 kinds of agricultural chemicals were more than 60% (except 
for ethofenprox which has lower ecotoxicity and lower production) in the SPE 
procedure and more than 87% in the nitrogen purge procedure. In this study, 30 kinds of 
agricultural chemicals, especially herbicides such as bromobutide (max. conc. 25 µg/L), 
pretilachlor (max. conc. 4.2 µg/L), esprocarb (max. conc. 0.96 µg/L) and others were 
detected and quantified by two measurements at two sites. In the Water Supply Law of 
Japan, 102 kinds of agricultural chemicals have been controlled by the total of their 
detection index DI that were corresponding to "hazard ratio" considering their chronic 
toxicity for humans using Equation (1).  
 

i
ii

i
i GVDVDIDI /       (1) 

 DI: detection index of water sample 
 DIi: detection index of compound i 
 DVi: detected concentration value of compound i [mg/L] 
 GVi: goal value of water quality control of compound i [mg/L]. 
 
In this study, this concept was applied to evaluate the water quality based on ecotoxicity 
potential. GVi was referred to the reference concentration (RfC) (Ohkubo et al., 2004; 
ORCERC, 2009), and DI was used as a screening index of the ecotoxicity potential that 
would be caused by single or multiple ecotoxicity substances comprehensively in 
environmental water. When the DI value increases, the environmental load to the water 
downstream also increases, especially at agricultural drains near agricultural fields when 
agricultural chemicals were applied. It is then considered that for the DI value to exceed 
1 in the long term means that it is an undesirable status for the inhabitation of aquatic 
organisms. 
 
The results of the measurement and the calculation of DVi, DIi and DI are shown in 
Table 2. Three chemicals, terbucarb (MBPMC), bromobutide and tolclofos-methyl, 
were detected but not shown in Table 1, because their RfC values could not be obtained. 
Here, terbucarb has already been withdrawn from the registration of the Agricultural 
Chemicals Regulation Law, and only a maximum concentration of 0.1 µg/L was 
detected. Tolclofos-methyl was also detected at only a maximum concentration of 0.11 
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µg/L, but the levels of the acute EC50 for each test species were several mg/L or more 
(Sumitomo Chemical Co. Ltd., Japan, 2009). Therefore, the level of DIi for 
tolclofos-methyl could be considered negligible. Bromobutide was detected at a 
maximum concentration of 25 µg/L but the levels of the acute EC50 for each test species 
were more than 4.85 mg/L (Ministry of Environment, Japan, 2007). Therefore, the level 
of DIi for bromobutide could also be considered negligible.  
 
There were 30 kinds of agricultural compounds detected, and 25 of them had DIi values 
that exceeded 1 in some measurements in this study. Here, some pesticides such as 
trichlorfon (DEP), fenitrothion (MEP), chlorpyrifos, endosulfan and others, were 
considered to have raised the total DI level because their toxicities were high. A 
herbicide (atrazine) also raised the total DI value because its concentration was high 
although its ecotoxicity was relatively low. It is difficult to assess the environmental risk 
by using the DI values because the safety factor in RfC has not been established enough 
yet. However, these results where the DI value was hundreds or thousands provide 
evidence that the water quality level based on ecotoxicity is often sensitive when 
agricultural chemicals are applied, even if the effect is temporary (i.e. several weeks). 
Therefore, it is necessary to develop a risk analysis method of temporary exposure and 
to note the management of the agricultural drains when agricultural chemicals are 
applied. 
 

Table 2 - Detection indexes for various compounds in agricultural drains 
DIi ** 

Site A Site B Compound CAS-RN* GV 
mg/L 5/9 5/28 6/8 6/18 5/9 5/28 6/8 6/18 

Trichlorfon (DEP) 52-68-6 2.2E-6      8145   
Dichlobenil (DBN) 1194-65-6 1.9E-3   3.0 2.7 3.1   2.6 
Molinate 2212-67-1 2.7E-4   37 47    173 
Fenobucarb (BPMC) 3766-81-2 7.5E-4     10.9  11 22 
Trifluralin 1582-09-8 8.4E-5     133    
Benfluralin 1861-40-1 1.3E-4     96.3    
Pencycuron 66063-05-6 2.7E-3 3.4  3.3 3.3     
Atrazine 1912-24-9 1.9E-3       8829  
Alachlor 15972-60-8 7.7E-4     14    
Dithiopyr 97886-45-8 4.7E-3     2.1    
Simetryn 1014-70-6 1.1E-3   13 13   13 16 
Fenitrothion (MEP) 122-14-5 9.5E-6     1732    
Esprocarb 85785-20-2 3.8E-4   252 38     
Chlorpyrifos 2921-88-2 1.2E-5     986    
Thiobencarb 28249-77-6 2.7E-3   3.8 3.5 3.9   4.3 
Phthalide 27355-22-2 7.8E-2     0.10    
Pendimethalin 40487-42-1 2.1E-4     60    
Dimethametryn 22936-75-0 1.5E-3     7.8  23 42 
Procymidone 32809-16-8 7.2E-3     0.98    
Flutolanil 66332-96-5 8.9E-3   1.3      
Pretilachlor 51218-49-6 1.7E-4   91   100 2457 1671 
Isoprothiolane 50512-35-1 7.4E-3      1.5   
Buprofezin 69327-76-0 2.7E-3     4.2 3.6   
Pyributicarb 88678-67-5 2.8E-3     4.1    
Pyriproxyfen 95737-68-1 1.1E-4     118    
Etofenprox 80844-07-1 5.0E-3     3.7    
Endosulfan 115-29-7 1.1E-5     868    
total   3.4 0 404 107 4047 8249 11,332 1930 

* Chemical Abstracts Service Registry Number. 
** Blank cells mean not detected. 
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CONCLUSIONS 
In this study, the water quality of environmental waters based on aquatic ecotoxicity 
was investigated using a three-species ecotoxicity test (algae, daphnia and fish). Water 
samples were collected from an urban area in Japan, were concentrated with a 
solid-phase extraction technique and were exposed to each test species at each 
concentration factor. The growth inhibition ratio for algae, immobilization ratio for 
daphnia and mortality ratio for fish in each acute toxicity test were used as water quality 
indexes. Of the monitoring sites evaluated in this study, 38% showed good water quality 
based on long-term ecotoxicity for all the three test species.  This is because the 
ecotoxicity effects were not observed at the concentration factors of 10 for algae, 50 for 
daphnia and 50 for fish in the acute toxicity tests. There were large differences in the 
ecotoxicity test results among each test species, and a high ecotoxicity tendency to 
daphnia was observed compared to those of algae and fish in the surveyed urban area. 
On the other hand, the ecotoxicity level in agricultural wastewater responded sensitively 
especially when agricultural chemicals were applied. It was also confirmed by the 
GC/MS analysis that the detection index (DI) by the agricultural chemicals was often 
raised significantly. However, the period with a high ecotoxicity did not continue for 
long. 
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