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Abstract

The effects of variations in environmental moisture
on fungal decomposition of the chemical components
in Japanese beech (Fagus crenata) twigs were exam-
ined using a pure culture test with two ascomycetes
(Phomopsis sp. and Xylaria sp.) and two basidi-
omycetes (Mycena polygramma and Phanerochaete
filamentosa). Moisture did not significantly affect the
weight loss of the twigs after a 6-month incubation,
but it significantly altered the decay preferences of
each fungus for different wood components. Phan-
erochaete filamentosa shifted from being a selective
decomposer of acid-unhydrolyzable residue (AUR)
with high moisture to being a selective decomposer of
holocellulose with low moisture. Xylaria sp. shifted
from being a simultaneous decomposer of AUR and
holocellulose with high moisture to being a selec-
tive decomposer of holocellulose with low moisture.
Thus, our findings indicate that dry conditions stimu-
late AUR accumulation in twig litter.

Introduction

The decomposition of woody litter is an important
factor controlling soil humus formation in forest eco-
systems (Swift et al. 1979). Woody litters are mainly
composed of acid-unhydrolyzable residues (AUR,
formerly referred to as lignin) and holocellulose
(Eriksson et al. 1990). AUR is the main precursor of
humus (Stevenson 1982), so the decay ratio of AUR
to holocellulose is crucial in determining the accumu-
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lation of soil organic matter and humus formation in
forests (Osono 2007).

Fungi have a central role in the process of decom-
position of woody litter (Boddy 1991); abiotic condi-
tions such as moisture are primary agents that indi-
rectly affect litter decomposition processes mediated
by microbial activity (Prescott 2010). Fine woody
litters such as twigs and branches are particularly af-
fected by environmental moisture because moisture
conditions differ depending on weather they are at-
tached, hanging in the air, or lying on the ground
(Boddy and Swift 1983). Drier conditions usually de-
lay the litter decay rate by reducing mycelial activity
(Swift et al. 1976; Erickson et al. 1985; Osono et al.
2003b), but the appropriate moisture range for my-
celial growth and decay activity varies among fungal
species (Griffin 1972). For example, fungi living in
dry places, such as attached dead twigs, usually have
a lower optimal moisture level (Boddy et al. 1985;
Chapela and Boddy 1988a) whereas soil-borne fungi
have a higher optimal moisture level (Griffin 1972).
Thus, it is hypothesized that the effect of moisture
on fungal decay of AUR and holocellulose will differ
among fungal species. However, little is known about
the effects of moisture on fungal preferences for litter
chemical components during decay processes.

In this study, we focused on the effect of moisture
on the abilities of fungi to decay beech twig litter
and its chemical components. Fungi associated with
beech twigs include Phomopsis sp. (anamorph of Di-
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aporthe) and Xylaria sp. (anamorph) as the dominant
endophyte ascomycetes on healthy Japanese beech
twigs (Sahashi et al. 1999; Osono and Mori 2003)
and they act as primary colonizers of twig litter (Grif-
fith and Boddy 1990). Mycena polygramma (Bull.
Fr.) S.F. Gray and Phanerochaete filamentosa (Berk.
et Curt.) Burdsall are basidiomycetes that are found
on beech forest floors in Japan (Osono 2002; Fuka-
sawa et al. 2009a). These four fungal species were
used in pure culture decay experiments with two dif-
ferent environmental moisture levels, i.e., low (50%)
and high (100%), which replicated the moisture con-
ditions in an attached dead twig (Griffith and Boddy
1991) and the soil at our study site (Hishi et al. 2004),
respectively. The results for the high moisture level
have already been published (Fukasawa et al. 2009b)
according to which P. filamentosa is AUR-selective,
Phomopsis sp. is holocellulose-selective, and Xylaria
sp. and M. polygramma are simultaneous decompos-
ers of AUR and holocellulose.

Materials and methods
Source of fungi and twig litters

Four isolates in four fungal species were used in
this experiment. Phomopsis sp. (Code Phom397)
and Xylaria sp. (Code Xyl470) were isolated from
surface-sterilized healthy twigs (diameter < 0.5 cm)
of Japanese beech collected from a crown of recently-
fallen beech tree in a cool temperate deciduous forest
in the Ashiu Experimental Forest of Kyoto Univer-
sity, Kyoto, Japan in October 2004. Mycena poly-
gramma (Code NBRC33011) was obtained from the
culture collection (NBRC, Tokyo, Japan). Phanero-
chaete filamentosa (Code 1070506) was isolated from
a basidiocarp collected at the Ashiu Experimental
Forest in July 2001. These two basidiomycetes were
used in in vitro decomposition tests to determine their
ability to decompose leaf litter (Osono and Takeda
2002; Osono et al. 2003a) and wood block (Fukasawa
et al. 2005). The fungi were maintained on 2% (W/v)
malt extract agar medium [MA: malt extract (Nacalai
Tesque, Kyoto, Japan) 20 g, agar 15 g, and distilled
water 1000 ml] until the tests started.

Beech twigs (diameter < 0.5 cm) used in the de-
composition tests were collected from recently fallen
beech trees in October 2004 at the Ashiu Experimen-
tal Forest. Twigs were oven-dried for 1 week at 40 °C
and cut into short lengths of 500 mg each (approxi-
mately 5 cm in length), and sterilized with ethylene

oxide gas at 60 °C for 3 h. The sterilized twigs were
used for decomposition experiments.

Twig decomposition experiment

Experimental set up followed Fukasawa et al.
(2009b). Glass jars (110 ml) were filled with 10 g
air-dried perlite (a naturally occurring, processed
volcanic glass; Koyoen, Japan) and sterilized for 1 h
at 180 °C. Sterilized distilled water (5 ml or 10 ml)
was added to each jar to achieve a 50% moisture re-
producing the conditions of attached dead twigs that
is the habitat of endophytic ascomycetes (Griffith
and Boddy 1991) or 100% moisture reproducing the
conditions of the soil of the Ashiu Experimental For-
est (Hishi et al. 2004) where saprobic basidiomycetes
inhabit, respectively. Each of these two levels of wa-
ter contents was referred to as low and high moisture
level, respectively.

One twig sterilized with ethylene oxide gas was
buried in each jar using sterilized forceps. An inocu-
lum of one of the four fungal species was cut out
from the actively growing margin of 2-week-old cul-
tures on 2% MA plate using sterilized cork borer (5
mm in diameter) and inoculated into each jar. The jars
were capped and sealed by parafilm to prevent evapo-
ration, and incubated in the dark at 20 °C for 3 or 6
months. Sterilized twigs inoculated with agar plugs
without fungi were set as control. Three replicate jars
were prepared for each treatment. After the incuba-
tion, the twigs were retrieve, dried to a constant mass
at 40 °C and weighed.

Chemical analysis

The dried twigs were ground in a laboratory mill
(0.5 mm screen). The amount of AUR in the sample
was estimated gravimetrically using hot sulfuric acid
digestion (King and Heath 1967). Total carbohydrate
was analyzed with the phenol-sulfuric acid method
(Dubois et al. 1956). Details of chemical analyses
were described in Fukasawa et al. (2009b). The mass
of holocellulose (insoluble carbohydrate) was calcu-
lated as the difference between total carbohydrates
and soluble carbohydrates. Initial mass of AUR and
holocellulose within 500 mg healthy beech twig were
171.0 and 221.3 mg, respectively (Fukasawa et al.
2009b).

The AUR/weight loss ratio (AUR/W) is a useful in-
dex of the substrate utilization pattern of each fungal
species (L/W in Osono and Takeda 2002). The AUR/
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W was calculated according to the following equa-
tions:
AUR/W = weight loss of AUR (% of original AUR
weight) / weight loss of twig (% original weight)
Weight loss of the twigs and AUR were determined
as the difference from the weight loss of control, ex-
pressed as a percentage of the original weight.

Data presentation and statistical analysis

Data are presented with the standard error of the
mean (SE). We referred to Fukasawa et al. (2009b)
for the weight loss data in high moisture level to
compare with the data in low moisture level obtained
in this study. Weight losses of twig, AUR and holo-
cellulose, and AUR/W were compared among fungal
species and between moisture levels, using two-way
ANOVA. Where indicated, Tukey-Kramer’s honestly
significant difference (HSD) test was performed. Per-
centage weight loss data were all arcsine transformed
before the analysis. All statistical analyses were per-
formed with JMP version 5.1.1 (SAS Institute 2004).

Results

Weight loss of the twigs ranged from 0.6% to 4.6%
at 3 month, and from 8.0% to 12.0% at 6 months
(Fig. 1). Neither moisture level nor fungal species
significantly affected weight loss of the twigs (2-way
ANOVA) for both incubation periods. After 6 months
incubation, the chemical components of the twigs
were analyzed.

Weight loss of AUR and AUR/W were significantly
affected by both moisture and fungal species (Table
1). The weight loss of holocellulose was affected by
fungal species but not by moisture. Significant inter-
actions between the effects of moisture and fungal
species were observed for weight losses of AUR and
holocellulose, and AUR/W.
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Fig. 1. Wight loss of beech twigs after a) 3 months
and b) 6 months incubation period. Open
bars, low moisture level (50% water content);
Closed bars, high moisture level (100% water
content). Error bars, SE. Data of high moisture
were from Fukasawa et al. (2009b)

The weight loss of AUR ranged from —0.4% to
19.7% (Fig. 2), and was highest for P. filamentosa at
high moisture level. Weight losses of AUR for Xylar-
ia sp. and P. filamentosa were significantly lower at
low moisture level compared to high moisture level.
The weight loss of holocellulose ranged from 3.3%
to 24.3%, and was highest for Phomopsis sp. at high
moisture level. Weight loss of holocellulose for P.
filamentosa was significantly higher at low moisture
level compared to high moisture level.

AUR/W ranged from —0.1 to 1.9 (Fig. 3), highest
in P. filamentosa at high moisture level and lowest in
Phomopsis sp. at low moisture level. L/W for Xylaria
sp. and P, filamentosa were significantly lower at low
moisture level compared to high moisture level.

Table 1. Results of two-way ANOVA comparing weight losses (%) of AUR and holocellulose, and AUR/W after

6 months incubation period

Moisture level Fungi Moisture x Fungi

df F P df F P af F P
AUR 1 27.08 0.0001 3 20.18 <0.0001 3 11.91 0.0003
Holocellulose 1 1.17 0.2962 3 17.70 <0.0001 14.38 0.0001
AUR/W 1 2891 <0.0001 3 36.65 <0.0001 3 15.39 <0.0001

AUR, acid unhydrolyzable residue.
AUR/W = weight loss of AUR / weight loss of twig.
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Fig. 2. Weight losses of chemical components of
beech twigs after 6 months incubation period.
a) acid-unhydrolyzable residue (AUR), b)
holocellulose. Bars as for Fig. 1. Same letters
above bars indicate no significant difference.
Data of high moisture level were from
Fukasawa et al. (2009b)

Discussion

The present study demonstrates the effects of varia-
tions in environmental moisture on twig decomposi-
tion by fungi. The weight loss of twigs did not differ
between the low and high moisture levels, but signifi-
cant effects of moisture were observed on the fungal
preference for decomposition of different chemical
components of the twigs. With the high moisture lev-
el, Phomopsis sp. selectively decayed holocellulose,
Xylaria sp. and M. polygramma simultaneously de-
cayed AUR and holocellulose, whereas P. filamentosa
selectively decayed AUR as described in Fukasawa et
al. (2009b). In contrast, with the low moisture level,
the AUR/W for the three fungal species were less
than 1, with the exception of M. polygramma, sug-
gesting their preference for holocellulose. It was sur-
prising that the preference of P. filamentosa, known
to be a highly selective decomposer of AUR, shifted
to holocellulose-selective in dry conditions. Xylaria
sp. also shifted to holocellulose selective decomposi-
tion under dry conditions. In contrast, the AUR/W for
Phomopsis sp. and M. polygramma did not vary with
moisture levels. These results suggest that the effect
of moisture conditions on the decay preferences of
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Fig. 3. AUR/W of beech twigs after 6 months
incubation period. Bars as for Fig. 1. Same
letters above bars indicate no significant
difference. Data of high moisture level were
from Fukasawa et al. (2009b)

fungi for different twig components depends on the
fungal species, although there were no similarities in
the moisture responses within each fungal ecologi-
cal strategy such as endophytes (Phomopsis sp. and
Xylaria sp.) and saprophytes (M. polygramma and P.
filamentosa)

There have been few studies on the implications
of moisture on AUR decomposition (e.g., ligninase
activities, Bastos and Magan 2009), but high water
potential may facilitate AUR decomposition when the
reaction occur as hydrolysis (Thomsen et al. 2007).
The reason why holocellulose decomposition by P.
filamentosa was more stimulated at the low moisture
level compared to the high moisture level is unclear.
Previous reports indicate a higher decomposition rate
of holocellulose under high water potential condi-
tions (Summerell and Burgess 1989; Thomsen et al.
2007). Nevertheless, these results suggest that dry
conditions could stimulate AUR accumulation in twig
litter, which may retard subsequent decay processes
(Berg and McClaugherty 2003). Further researches
are essential to determine the effects of moisture on
the litter decay abilities of a greater variety of fungi,
and its subsequent decay processes.
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Abstract

For establishing one of effective biomass-using sys-
tem on hilly and mountainous regions in Japan, we
developed the small methane fermentation system for
garbage using hot spring. This study evaluated the en-
vironmental impacts and cost in the system. We used
life cycle assessment methods using the actual data
from our system and the inventory data. Energy con-
sumption and global greenhouse gas emissions were
used as the indicators of environmental impacts. In
these results, the environmental impacts of initial ma-
terial inputs (67.9 GJ, 4.96 t CO,) were much larger
than ones of operations (2.24 GJ / year, 0.361 t CO,
/ year). The balances between the environmental im-
pacts of the initial and operations and the alternative
effects such as methane utilization, slurry utilization,
using garbage treatment and using hot spring were
minus except for the balance between only inputs and
methane utilization. It is suggested that our proposed
system has the reduction effect of environmental im-
pacts. In comparison with the centralized large-scale
methane fermentation system, the cost of our system
was cheaper than the centralized system. Assuming
the introduction of our system to Naruko area, locat-
ed on hilly and mountainous regions in northern part
of Japan, the total cost of our system was half of the
centralized system. The balances of energy consump-
tions and global greenhouse gas emissions were -347
GJ and -2.50 t CO, per year in our system and 216
GJ and 41.1 t CO, per year in the centralized system.
This proposed system should be the key technique of
the reduction of environmental impacts using bioen-
ergy in hilly and mountainous regions.

Received 5 December 2012; accepted 12 February 2013

Introduction

The various bioenergy production systems, which
are expected to contribute to Japan’s energy security
and induce a lower climate change potential, have
recently been receiving high attention (Gnansounou
et al. 2009). Especially in organic waste from live-
stock and human, the methane fermentation system
was expected because organic wastes generally have
the high water contents and are unsuited for use in
burning. On-farm methane fermentation system has
been wide-spreading for livestock waste treatment in
Japan (e.g. Hishinuma et al. 2002, 2008, Ishikawa et
al. 2006) as well as Europe (Collet et al. 2011). On
the other hand, the centralized methane fermentation
system, which typically has larger-scale than on-farm
system, could be suitable for human waste but the
system has been underused (reviewed in Nakamura
2011). If the well-developed transportation network,
the large population and the wide space enough to
built a plants exist in the system-produced area, the
centralized large-scale methane fermentation system
may have economical and environmental benefits:
but, even in this case, the problem of slurry treatment
from the system may be remained (Nakamura 2011).
It is difficult to build such a large-scale methane fer-
mentation plant in hilly and mountainous regions,
which occupy about 70 % of total land area in Japan.
In such regions, there are a lot of resort areas in Ja-
pan. In these areas, three times garbage per capita is
producedbecause many dishes are served based on
Japanese traditional hospitality in accommodations
(personal communication with Naruko Machi-zukuri,
a community facilitation company in Naruko area).
The effective treatment and usage of the garbage in
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such an area are urgently needed in Japan.

We are thinking one of potential energy source in
the resort areas is hot spring that Japanese most resort
areas have. Most hot springs have been used for only
bathing activity but have a numerous thermal energy.
Recently, some communities in the resort areas have
been using this energy (Okumura et al. 2010). In the
case using hot springs as energy, most are directly
used as a thermal energy, e.g. central heating. as well
as Iceland. We considered to use this thermal energy
for methane fermentation. The thermal energy of hot
springs is more suitable than energy from fossil fuel
because the thermal energy for methane fermentation
is too low to produce using fossil energy. There are
two suitable temperature zones for methane fermenta-
tion: 35 °C and 55 °C (reviewed in Nakamura 2011).
Choosing which 35 °C-fermented or 55 °C-fermented
system uses depends on plants. More methane is pro-
duced by higher degree fermentation (55 °C) but the
55 °C-fermented system requires a lot of energy for
heating fermentation tank. Thus, smaller plants are
inefficient using the higher degree zones (reviewed in
Nakamura 2011, Ogawa et al. 2003). Even in lower
fermentation (35 °C), the smaller plant should have
lower energy efficiency than larger one. Here, we
have been trying to build small methane fermenta-
tion system using a thermal energy of hot spring in
Naruko area, which is one of the famous resort areas
in Japan. It has already been confirmed that the meth-
ane was produced in this system (Suzuki et al. 2012).
In addition, the digested slurry from methane fermen-
tation can be used as fertilizer of crops because there
are many arable lands in Naruko area. Now this pilot
plants are being tested (Suzuki et al. 2012).

For improving our proposed system, we should
know how environmental impacts and cost including
both initial inputs and operations are in comparison
with the centralized methane fermentation system in
hilly and mountainous. However, such a system, even
similar-type methane fermentation system, has never
existed. Thus, we cannot use the data of already-
existed plants for our system and we must perform
the estimation based on our results. For estimating
both of environmental impacts, life cycle assess-
ment (LCA) method has been widely used (Center
for Environmental Information Service 1998, Jury et
al. 2010, Roy et al. 2009). Within the methodologi-
cal framework of LCA, environmental impacts will
be carried out based on inventory of emissions and

resources consumption. In addition, LCA method is
suitable to evaluate the environmental impacts of an
innovative technology (Jury et al. 2010).

In this study, the energy consumptions and global
greenhouse gas (GHG) emissions of initial inputs
and operations were estimated in the small methane
fermentation system using hot spring. Both are use-
ful as indicators of environmental impacts (Koga and
Tajima 2011). And we also evaluated the costs of this
system. The data of them were compared with that of
the centralized methane fermentation system, assum-
ing the introduction in such hilly and mountainous re-
gions. We considered the effect of reduction of envi-
ronmental impacts in hilly and mountainous regions.

Materials and Methods
2.1. Outline of our system

Fig. 1 illustrates outline of our proposed system
and boundary of LCA. Garbage is taken into paper
bag and brought to the methane fermentation plant by
walk. Thus, we don’t add environmental impacts and
cost in transport of garbage to the estimation. Meth-
ane fermentation plant was heated up by hot spring.
Methane produced by our system is used by gas lamp
through desulfuration system. The slurry from meth-
ane fermentation is reserved in the tank for 1-3 days.
After that, the slurry is transported in small truck and
used as fertilizer. Evaluated energy consumptions and
GHG emissions were drawn up in Fig. 1. We didn’t
count the energy and GHG that are used for produc-
tion process on small track and broadcasting machine
because these machineries are not only for our sys-
tem.

2. Energy consumptions and GHG emissions
firom fuel and electricity consumptions

The consumption of fuel and electricity for opera-
tions in methane fermentation system such as trans-
porting and broadcasting the slurry (see Fig. 1) were
taken into account for energy consumptions and CO,-
equivalent GHG emissions. Total energy consump-
tions and GHG emissions were calculated using the
index of energy consumptions and CO, equivalent
GHG emissions (Table 1). In transport of the slurry,
total gasoline consumption was estimated using fuel
efficiency (8 km / L), load capacity (350 kg) and
mean loading ratio (50 %) of small track and the as-
sumed one-way distance (1 km). In broadcasting,
total diesel consumption was estimated using fuel
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Table 1. Equivalents for energy inputs and CO, emissions of fuels.

Energy GHG
Fuels consumption emission
MJ /L, kWh kg CO2/L, kWh
Diesel 37.8 2.59
Gasoline 34.6 232
LNG 54.6 2.70
Electricity 3.60 0.555

Means of 2004-2006. Data cited fro
Office of Japan (2008).

efficiency (7.1 t slurry-broadcasting / L) and total
broadcasting volume (60 L / day).

3. Energy consumptions and GHG emissions
from input materials

Energy consumptions and GHG emissions from
input materials such as desulfuration system, the tank
for slurry, methane fermenter, gas lamp, monitoring
device, balloon for methane storage and paper bag
for garbage (Table 2) were estimated using energy
and emission intensity data from Center for Global
Environmental Research (2007). These intensity data

m Greenhouse Gas Inventory

derived from Japanese Input-Output tables (equiva-
lent to a million yen). The actual expenditure for each
material in our system was used for the estimations.

4. CH, emission from slurry reserve and vola-
tilization and leaching from field.

CH, emission from slurry reserve was estimated
using 0.0156 L CH, / kg-VS / day and 0.04 kg-VS
/ kg-slurry. To calculate total N,O emissions from
slurry-used field including indirect emissions from
NH3 volatilization and NO, leaching, we used 0.0155
kg N,O / kg-N applied as fertilizer (Greenhouse Gas
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Table 2. Equivalents for energy inputs and CO, emissions of materials.

Energy GHG

Materials Material names on database consumption emission

MJ/10° yen kg x CO2/103yen

Desulfuration system General machinery 47.4 3.66
Tank Plastic products 449 2.79
Methane fermenter Cast iron products 129 10.5
Gas lamp General products 27.6 1.88
Monitoring device Analyzer and measuring apparatus 21.5 1.39
Balloon Tires and rubber 44.1 2.86
Paper bag General paper products 41.8 2.42

Center for Global Environmental Research (2007).

Inventory Office of Japan 2008). The rate of N ap-
plied as fertilizer for the spinach cultivation was 90
kg N/ha. To sum up GHG emissions, global warming
potentials factors of 1, 21 and 310 were used for CO,,
CH, and N,O, respectively (Greenhouse Gas Inven-
tory Office of Japan 2008).

5. Estimation of alternative effects of the sys-
tem

Reduced energy consumptions and GHG emis-
sions were evaluated by using methane and slurry
from this system and garbage and hot springs. Meth-
ane produced in this system was evaluated as using
instead of LNG. We used the actual data (produced
methane: 0.3 m® / day) and energy consumption and
GHG emission of using LNG (Table 1). Using of
slurry as fertilizer reduces using chemical fertilizer
that has energy consumptions and GHG emissions
in the production and transport process. The slurry
contains the nutrition components: 0.2 % N, 0.01 %
PO, 0.15 %
data. The environmental impacts of reduced chemical
fertilizer were estimated (150 MJ / kg, 10.5 kg CO, /
kg using Center for Global Environmental Research

K,O (w/v) from actual measurement

2007). Garbage typically was burned in Japan. The
burning process has energy consumptions and GHG
emissions. We assumed using garbage for methane
fermentation reduces the electricity for burning. The
environmental impacts of burning garbage are 0.643
GJ / t-garbage and 99.1 kg CO, / t-garbage. Using hot
springs reduces fuel for heating methane fermenter in
boiler (fuel efficiency 4 L diesel /h).
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6. Estimation of costs in methane fermentation
systems.

We evaluated the costs for our proposed methane
fermentation plant and centralized larger-scale meth-
ane fermentation plant using the value in the report of
Institute of Applied Energy (2006). The initial mate-
rial input cost of materials of our proposed system
was 750 thousand yen. Whereas, that of centralized
methane fermentation plant is assumed as 70 million
yen. Both construction costs are assumed as 20 % of
initial costs and the depreciation periods in plants are
assumed as 15 years. The maintenance costs of both
plants are assumed as 5 thousand yen / t-garbage.
The operation, repair and insurance costs per a year
are assumed as 1, 3, 0.4 % of the initial material in-
put costs, respectively. The staff cost is assumed as
3.5 million yen and the general administration cost
is assumed as 80 % of it. In the centralized methane
fermentation plant, at least three full-time staffs are
needed but, in our system, no staff is needed because
the manager of the hot spring can check system.

7. Evaluation of the introduction to the actual
area

We evaluated our proposed system introduced in
Naruko area in comparison with the centralized larg-
er-scale methane fermentation system in same area.
Naruko area, which has many hot springs located in
Northern Japan, is one of famous resort areas. Naruko
area is separated to five subareas and each area has
many accommodations. Table 3 shows capacities of
accommodation in the five areas. The total number of
overnight guests per year is 230 thousands in Naruko
area (personal communication with Naruko Machi-
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zukuri). It is suggested that 40 % of total capacity is
used in Naruko area. It is assumed that one guest pro-
duces 300 g-garbage / day. In this evaluation, the cen-
tralized methane fermentation system is assumed as
building nearby the already-existing disposal plants.
The distances between each subarea and disposal site
are also shown in Table 3.

Results

Energy consumptions, GHG emissions and costs in
initial material inputs are shown in Table 4. The total
cost of making our proposed system was about 1.6
million yen and gas lamp for using produced methane
accounted for about half of this cost. Total energy
consumption and GHG emission were 67.9 GJ and

Table 3. Capacity, amount of garbage and distance of five subareas in Naruko area.

Capacity of Amount of Distance from
Area accommodations Garbage disposal site
pearsons / day t/ year km
Kawatabi 448 20 9
Higashinaruko 855 37 12
Naruko 3339 146 15
Nakayamadaira 681 30 20
Onikobe 489 21 30
Total 5812 254

Amount of garbage was estimated using 40 % of capacity of accommodations
and garbage produced per a person (300 g/day).

Table 4. Costs and Environmental impacts of material inputs.

Cost Energy. GHG

Fuels and Materials consumption emission
10% yen GJ t CO2
Desulfuration system 100 4.74 0.366
Tank 50 2.25 0.140
Methane fermenter 200 2.58 2.10
Gas lamp 800 2.21 1.50
Monitoring device 200 4.29 0.278
Balloon 200 8.81 0.573
Total 1,550 249 4.96

Costs were actual data. Environmental impacts were estimated
using costs and the values of Table 2.

Table 5. Environmental impacts of operations in the proposed system.

Energy GHG Energy GHG
Fuels and Materials Fuel consumption  emission  consumption  emission
GJ / year t CO2 / year GJ/t tCO2/t
Paper bag - 1.04 0.0606 0.476 0.0280
Slurry reserve - - 0.000599 - 0.000273
Transport Gasoline 1.08 0.0810 0.498 0.0370
Broadcasting Diesel 0.116 0.00715 0.053 0.00327
Volatilization and leaching - - 0.212 - 0.097
Total 224 0.361 1.03 0.165

Environmental impacts were estimated using the values of Table 1 and 2.
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4.96 t CO,, respectively. Balloon for the storage of
methane has the highest values in both energy con-
sumptions and GHG emissions.

Energy consumptions and GHG emissions in oper-
ating our system are shown in Table 5. The environ-
mental impacts of paper bag were estimated using the
values of Table 2. In slurry reserve and volatilization
and leaching from field, only GHG emissions oc-
curred. Total Energy consumption and GHG emission
per a year were 2.24 GJ and 0.36 t CO,, respectively
and total Energy consumption and GHG emission per
ton-garbage were 1.03 GJ and 0.165 t CO,, respec-
tively. Each value of operations is small because this
system does not need the energy for heating methane
fermenter using hot spring.

The summarized results from Table 4, 5 and the
four alternative effects are illustrated in Fig. 2. The
environmental impacts of initial material inputs
(67.9 GJ, 4.96 t CO,) were much larger than ones of
operations per a year (2.24 GJ / year, 0.361 t CO, /
year). The environmental impacts of four alternative
reduced effects were evaluated to a large extent: e.g.
1.41-1290 GJ / year. The effects without using boiler
for heating methane fermenter were extremely large
(1290 GJ / year, 87.2 t CO, / year and 588 GJ / t-
input, 39.8 t CO, / t-input).

Table 6 summarizes the alternative effects from

Fig. 2. Both energy consumption and GHG emission
of initial materials inputs were divided by 15 years
because the depreciation period of this system is as-
sumed as 15 years. Concerning the balances between
the environmental impacts of initial and operations
and the four alternative effects in energy consump-
tions and GHG emissions, the balances became minus
except for the balance between inputs and only meth-
ane utilization (0.1 GJ / year, 0.504 t CO, / year). It is
suggested that our system has the reduction effect of
environmental impacts.

The costs of our proposed system and centralized
larger-scale methane fermentation system are shown
in Table 7. As well as energy consumptions and GHG
emissions, the costs of initial inputs were divided by
15 years. Our system did not need full-time staff and
electricity for plants. On the other hand, the central-
ized system was assumed to need two full-time staffs
and the electricity. The differences in them were criti-
cal. The difference in total cost is extremely large.
The garbage input capacities are different in 2 t / year
of our system and 300 t / year of centralized methane
emission but, in the costs per ton-garbage, our system
was cheaper than the centralized system. The differ-
ence is about 30,000 yen.

The results from evaluation of the introduction
of the system to Naruko areca were shown in Table

3.80 GJ / year, 0.188 t CO, / year
(1.73 GJ / t-input, 0.0857 t CO> / t-input)
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Fig. 2. Energy consumptions and GHG emissions and alternative effects.
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8. Using the capacities of accommodations and the
value of 300 g-garbage / person day, it was assumed
that 254 t-garbage per year were treated by methane
fermentation systems (Table 3). The number of our
system needed 69 plants. The cost per one plant is
much lower than the centralized system (Table 7) but,
in the cost in the total area, the cost of our system
was half of the centralized system. We assumed the
centralized methane system has a cogenerating sys-
tem from methane to electricity. The apparent values
of electricity have already reduced the amount of
electricity from methane. Thus, the value of methane
utilization of the centralized system was zero. In ad-
dition, there are energy consumption and GHG emis-
sion in the slurry treatment. The balances in energy
consumptions and GHG emissions are -347 GJ, -2.50
t CO, / year of our proposed system and 216 GJ, 41.1
t CO, / year of centralized system.

Discussion

In this study, we evaluated the environmental im-
pacts and cost of our proposed methane fermentation
system using hot spring in hilly and mountainous
regions. And those data of them were compared with
that of the conventional larger-scale methane fer-
mentation system. We used LCA methods, which are
suitable to evaluate an innovative technology, using
the data from our system and the inventory data. We
evaluated the environmental impacts of initial inputs
(67.9 GJ, 4.96 t CO,) and ones of operations (2.24 GJ
/ year, 0.361 t CO, / year) in this system. Using meth-
ane and slurry from methane fermentation system
using hot spring without fuel for heating up, our pro-
posed system has a potential of significant reduction
of environmental impacts. Assuming the actual area
on hilly and mountainous regions, not only the envi-
ronmental impacts but costs were more reduced than
the centralized methane. It has been considered that

Table 6. Environmental impacts of initial, operation and alternative effects.

Energy GHG

consumption emission

GJ / year t CO2 / year

Initial 4.53 0.331

(67.9 GJ) (4.96t CO»)
Operations (including slurry-using process) 2.24 0.361
Methane utilization -3.80 -0.188
Slurry utilization (without using chemical fertilizer) -6.59 -0.460
Using Garbage (without burning using electricity) -1.41 -0.643
Using Hot springs (without using boiler) -1290 -87.2

Environmental impacts of initial were divided by 15 years. Total impacts are noted in
brackets.

Table 7. Costs of the proposed system and centralized system.

Proposed Centralized

Costs system System

103 yen 103 yen
Initial 60 5600
(750) (70000)
Maintenance 10 1500
Labor 0 7000
Electricity 0 1450
Others 30 8400
Total 100 23950

per t-input 50 80

Costs of initial were divided by 15 years. Total costs are noted
in brackets.
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Table 8. Evaluation of introduction of two methane fermentation systems to Naruko area.

Proposed

Centralized

methane fermentation system methane fermentation system

103 yen, GJ, t CO, / year

103 yen, GJ, t CO, / year

Number of required systems 69 1
Costs 12,700 20,320
Energy consumption
Initial 312 114
Collection 6.98
Running 7.25
Methane utilization -262 0
Slurry treatment -397 87.3
Balance -347 216
GHG emission
Initial 23.0 8.33
Collection 0.489
Running 1.02
Methane utilization -13.0 0
Slurry treatment -12.5 313
Balance -2.50 41.1

Environmental impacts and Costs of initial were divided by 15 years.

to establish any bioenergy system is difficult in hilly
and mountainous regions in Japan (Hong et al. 2009,
Roy et al. 2009) but our proposed system could be an
effective system in such areas.

We consider the reason why these positive effects
of reduction in environmental impacts are four things:
1) using hot spring for heating methane fermenter,
2) on-site plants (the distance of garbage transport
is zero), 3) using methane as fuel directly, 4) using
slurry as fertilizer. Concerning environmental im-
pacts and cost, most papers of methane fermentation
system have reported the key of reduction in environ-
mental impacts and cost is to build large-scale plants
(Hong et al. 2009, Roy et al. 2009). However, based
on our results, small-scale methane fermentation sys-
tem should be an effective system for both environ-
mental impacts and cost.

In our research, we evaluated the significant reduc-
tion of environmental impacts and cost in comparison
with the centralized system but we validated the ef-
fects to introduce our system in only Naruko area.
It is not directly suggested that the environmental
impacts and cost are reduced using our system in the
other resort areas. However, Naruko area is typically
Japanese traditional resort area. The similar resort ar-
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eas, which have hot spring located in hilly and moun-
tainous regions, were abundant in Japan. In such
areas, the effects on reductions may be similar to this
estimation.

The centralized methane fermentation system as-
sumed in this research is relatively small in large-
scale plants. We considered it is difficult to build the
much larger-scale plants in hilly and mountainous
regions such as Naruko area but, if the garbage was
collected from the larger area, the centralized system
should be more effective on the reduction of both en-
vironmental impacts and cost. Furthermore, we must
consider how size our proposed system is effective.
We should accumulate the more data for sensitive
analysis for this.

In conclusion, it has been considered that to intro-
duce any bioenergy system is difficult in hilly and
mountainous regions in Japan but our proposed meth-
ane fermentation system using hot spring could be an
effective system in such regions. These results should
facilitate to rethink about the establishment of small
biomass use system and our proposed system should
be one of key techniques in the reduction of environ-
mental impacts using biomass in hilly and mountain-
ous regions.
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Abstract

The 2004 Indian Ocean tsunami on 26 December
severely affected six provinces (Ranong, Phang-nga,
Phuket, Krabi, Trang and Satun) on the Andaman sea
coast of Thailand. This paper presents the impact of
the tsunami in the fishery and aquaculture sectors in-
cluding the post rehabilitation. The immediate result
of the tsunami was nearly the destruction of the local
economy. The economic disaster was such that it led
to a 0.8% reduction in the Thai national gross do-
mestic product (GDP) growth rate for the year 2005.
It was estimated that the total impact of the tsunami
in the fishery and aquaculture sectors of the affected
provinces is 6,481 million Baht, 40% of which (2,560
million) is the damage to assets and the remaining
60% (3,882 million) is the losses in production for
the rest of the year. The livelihoods of many coastal
fishery communities in Thailand were completely or
partially destroyed by the tsunami. Economy at the
community level was severely affected, which led to
even deeper poverty. Preliminary assessment (after
the tsunami attacked) reveals that the fishery resourc-
es decline by half. The price of marine animal also
dropped within 3 months after the tsunami. There
were more than 5,000 large and small boats damaged
and sunk by the tsunami. In aquaculture, there are
about 27,000 fish cage culture operators damaged
by the tsunami impact, covering a total cage area of
some 112 ha. The approved compensation rates are
20,000 and 14,000 baht for registered and nonregis-
tered cage farms, respectively.

It was found that the assistance by compensation
package in the monitory term was far from desirable.
The way in which compensation was given caused
serious problems, which led to serious conflicts with-
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in communities and among communities in tsunami-
affected areas. Three main critical issues have to be
solved, i.e. illegal fishing, democratization manage-
ment, and constraint and need in continuing reha-
bilitation. In addition, lessons learned in the fishery
rehabilitation phase for Thailand reveal several future
sustainable works, such as creating supplementary in-
come, training programs, marketing system develop-
ment, financial support, strategic approach need, self-
help focus, conflict management, and participatory
approach.

1. Introduction

Southern Thailand, also known as Peninsular Thai-
land, lies between latitudes 50 and 110 N, and longi-
tudes 980 and 1020 E. It covers an area of 7,153,917
ha and has over 2,705 km of shoreline, with the west-
ern coastline facing the Andaman sea and the eastern
coastline facing the Gulf of Thailand (see Fig. 1).
Due to rapid economic growth of tourism and fish-
ing industry, the mangrove and beach forest along
the coastal shores have been replaced by human-built
infrastructures, such as aquaculture industries and
tourist resorts (UNEP, 2006). As a consequence of
no green belt, the coastal areas of southern Thailand
have become particularly vulnerable to natural disas-
ters, such as coastal erosion, tsunamis, storm surges,
etc.

The earthquake that caused the tsunami was the
world’s fifth largest, with a magnitude of 9.3 on the
Richter scale. It occurred at 00:58:53 (GMT) on Sun-
day, 26 December, 2004, with the epicenter at a depth
of 30 km, just off the west coast of North Sumatera,
Indonesia. The sudden vertical rise of the seabed by
several meters during the quake displaced massive
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Fig. 1. Affected countries and provinces in Thailand
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Fig. 2. The 2004 Indian Ocean tsunami time line

volumes of water, resulting in a devastating tsunami.
This seismic sea wave traveled thousands of kilome-
tres across the Indian Ocean, and ravaged the Anda-
man coast of southern Thailand at 10.00 am local
time. The tsunami time line is shown in Fig. 2.

Thailand has been suffered from the 2004 Indian
Ocean Tsunami in 6 provinces along the Andaman
coastline. Immediately after the event, the Thai-Japa-
nese tsunami expert group made a detailed survey on
tsunami behavior. Due to the offshore bathymetry, the
tsunami height varied by nearly a factor of 3-4 times
with the maximum height of 19.6 m at Ban Tung Dap
in Prathong island, 15 m at the popular Khao Lak
resort area, and 5-6 m at the Patong beach in Phuket.
The tsunami heights are shown in Fig. 3a). Unfortu-
nately, since the tsunami arrived at high tide, it rode
on top of the elevated tidal level (see Fig. 3b)) , caus-
ing more severity.

In Damaged areas, the number of deaths, missing

18

and property damage is summarized by the DDPM
(2005) and TEC (2005) in Table 1 and 2. As expect-
ed, many resorts in Kho Lak area with its low-lying
coastal plane experienced serious destruction while
several buildings with sliding glass doors or windows
facing the sea suffered little structural damage. This
is because the tsunami force broke through all the
openings. In addition, most of the engineering-design
reinforcement of concrete buildings with the good
foundation could survive the wave attack. Due to the
maximum attack wave height, Phang Nga had the
largest number of fatalities or missing (more than 65
%) and also property damage (about 50 %).

2. Impact on fisheries, aquacultures and coast-
al habitats

The total estimated impact of the tsunami in the
fishery and aquaculture sectors of the affected prov-
inces is 6,481 million Baht, 40% of which (2,560 mil-
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Fig. 3. Surveyed tsunami heights and tidal record
Table 1. Damage in case areas and people affected from Indian Ocean tsunami
Devastated Area House Damage Number of affected
No. | Province
District Tambon Village Partly Totally Person | Household
1 | Phang Nga 6 19 69 1641 626 19,509 4,394
2 Krabi 22 112 1343 357 15,812 2,759
3 Phuket 3 14 58 601 393 13,065 2,616
4 Ranong 3 10 47 111 255 5,942 1,509
5 Trang 4 13 51 156 33 1,302 1,123
6 Satun 4 17 70 69 102 2,920 414
Total 25 95 407 3921 1766 58,550 12,815
Table 2. Number of death, injured, missing and property damage
Number of affected people Property Damage, US Dollar
No. | Province .
Death Injured Missing Fishery Livestock | Agricult. ES‘[S&;EESS;
1 | Phang Nga 4,225 5,597 1,655 22,830,462 | 341,515 61,466 161,402,125
2 Krabi 721 1,376 544 4,792,413 8,131 8,572 67,091,295
3 Phuket 279 1,111 608 8,622,779 7,591 4,603 98,852,073
4 Ranong 159 246 9 4,268,450 76,228 15,902 20,750
5 Trang 5 112 1 374,500 1,085 45,967 165,000
6 Satun 6 15 - 2,984,843 6,090 29,125 -
Total 5,395 8,457 2,817 43,873,447 | 440,640 165,635 327,531,243
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lion) is the damage to assets and the remaining 60%
(3,882 million) is the losses in production for the rest
of the year. Detailed impacts are given as follows.

2.1 Impact on fisheries

The most seriously affected economic sectors were
tourism and coastal fisheries. (Tanyaros and Crokall,
2011). The immediate economic impact of the tsuna-
mi was felt most acutely in the tourist industry, and to
a lesser extent in the fishery sector. Prior to the 2004
tsunami, the tourism and fishing industries provided
most of the livelihoods in the affected areas along the
Thai Andaman coast. The immediate result of the tsu-
nami was nearly the destruction of the local economy.
The economic disaster was such that it led to a 0.8%
reduction in the Thai national gross domestic product
(GDP) growth rate for the year 2005, compared to
the rate that would have existed without the tsunami
(Israngkura, 2005).

The tsunami caused major losses in the fishing
industry and coastal aquacultures in terms of fish-
ing boats and gear, culture ponds, cages and shrimp
hatcheries. Seventy-four affected sub-districts and
386 villages reported losses for fisheries and aquacul-
tures (DoF, 2005). The estimated damage, as reported
by the Fisheries Rescue Coordination Centre is sum-

marized in Table 3 (FAO-MOAC, 2005).

Fishing and aquaculture, although popular at pres-
ent, were marginal activities some 30 years ago.
Fishing developed steadily and tourism grew expo-
nentially in the years leading up to the tsunami. In
the fishery sector, artisanal fishers as a group earn the
lowest income (Silvestre et al. 2003). The livelihoods
of many coastal fishery communities in Thailand
were completely or partially destroyed by the tsu-
nami. Economy at the community level was severely
affected, which caused 19,968 already poor fishers to
fall into even deeper poverty (Paton et al., 2008). The
small-scale and artisanal fishers are very vulnerable
to coastal disasters such as the 2004 Indian Ocean
tsunami.

2.1.1 Damage or loss of fishing boats

There are 5,431 fishing boats either damaged or
totally wrecked, 93% of which were small-scale and
artisanal fishing crafts and 7% commercial fishing
ships. It was estimated that 2,923 fishery households
were affected. Damage to fisheries alone amounted to
16.6 M USD (DoF, 2005). Table 4 shows the number
of damaged fishing boats in each provinces. It was
found that Phuket suffered the greatest losses for
large boats, while small boats losses were largest in

Table 3. Damage (in units) caused by 2004 Indian Ocean tsunami

Damaged type Numbers
1 Small fishing boats 3,174
2 Large fishing boats 1,199
3 Ecotourism boats 554
4 Public habours & pies 83
5 Fish & Shellfish cage farms 47,063
6 Shrimp farms 6,063
7 Hatcheries 573
8 Shellfish concession plots 17

Table 4. Number of damaged and sunk fishing boats

Provinces Large boat Small boats Losses (USD)
Damaged Sunk Damaged Sunk
Ranong 204 13 414 27 12,331
Phang-nga 322 124 754 46 915,546
Phuket 490 157 642 41 1,884,618
Krabi 147 1 808 54 19,269
Trang 1 - 648 - -
Satul 35 6 552 49 20,520
Total 1,199 301 3,714 217 2,852,284
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Krabi. The small fishing boats are most vulnerable.

2.1.2 Damage or loss of fishing gear

In practice, it is extremely difficult to make assess-
ment on the loss of fishing gear. After the tsunami,
vessels and fishing gear were assumed to have been
lost together. Gear replacement is a lower-cost item,
but its compensation can help them to return to their
normal lives. It is assumed that they are able to repair
damaged vessels themselves. In such circumstances,
gear provision is likely to be significantly less costly
than expenses for boat repair.

2.1.3 Impact on fishery resources

From 1976 to 2003, the DoF monitored the imple-
mentation of measures to conserve marine resources
during seasons of fish spawning and nursing young
fish along the Andaman

coast. This was to identify study areas and periods
in order to implement conservation measures for
spawning and breeding of mature economic shallow-
water fishes and marine shrimps. Surveys were con-
ducted and reported an abundance of marine fishes
and shrimps in several study sites along the Andaman
coast (DoF, 2005). Preliminary assessment, in early
January 2005, of fishery resources along the Anda-
man Coast indicated declination by half in some areas
after the tsunami (Bueno, 2005). It was also found
that the price of marine animals dropped within three
months after the tsunami, and then gradually climbed
back to the normal level.

The DoF also reported that the density of marine
resources decreased during the: month following the
tsunami. However, if only economic fish species were
counted, the density around Phang-nga Bay and ad-
jacent areas decreased compared with a similar pre-
tsunami period. In the two provinces of Trang and Sa-
tun, which were less severely hit by the tsunami, the
catch increased (ONEP, 2006). The marine fish catch
off the west coast of Phang-nga and Phuket Provinces
decreased after the tsunami attack (pre-tsunami 72.69
kg/hr; post-tsunami 34.92 kg/hr). The juvenile fish
catch increased after the tsunami attack; similar re-
sults were found in a fish larvae survey (Nootmorn,
2006). One of the main reasons for these differences
is the change in the physical effect of water move-
ment. The tsunami waves caused a huge undercurrent
with massive movement of water, disturbing sedi-
ments at the sea bottom and stirring a water mass rich
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in nutrients at the pycnocline level in the deep sea,
bringing them up towards the continental shelf. In
this way, the tsunami moved great amounts of nutri-
ents from the Sundra trench and water mass from the
deep sea up to fishery areas along the Andaman coast.
The food chain was thus impacted, with links from
water movement through plankton and young marine
animals to increased juvenile fish catch. Whanpetch
et al. (2010) have shown that the patterns of temporal
change in abundance and diversity of macrofaunal as-
semblages before and after the tsunami varied greatly
from site to site, and that the degree of temporal
changes in assemblage structure was not solely relat-
ed to the magnitude of the tsunami. More importantly,
the presence or absence of seagrass vegetation altered
the patterns of temporal change in macrofaunal as-
semblages and recovery processes after a tsunami.

2.2 Impact on aquacultures

The Andaman coast of Thailand has significant
amounts of coastal aquaculture based in and around
mangrove areas, especially in the creeks and delta
mouths. Several types of aquaculture were affected
by the tsunami, e.g. fish cages, shrimp ponds, hatch-
eries and shellfish.

2.2.1 Cage culture

In the pre-tsunami period, the system of cage cul-
ture was like open access. Whoever came to set cage
first could reserve that place. They normally set up
their cages near their houses. After the Tsunami,
some fishers could start to set up cage culture with
their own money earlier than other fishers who did
not have enough money. However, according to the
consensus among people, they set up their cages at
the same place as it was before to avoid conflict with
others.

Cage culture was one of the primary occupations
for those living in the coastal communities devastated
by the December 2004 tsunami. The typically fragile
construction of cages made them particularly vulner-
able to the tsunami, which resulted in the breakup
of cages and escape of the stocks (see Fig.6). Some
5,568 cage culture farms, covering a total cage area
of some 112 ha, were reportedly affected by the tsu-
nami, with a total of 15,802 cages damaged (Table 5).
The government (DOF, 2005) estimated losses from
aquaculture cages to be 20 M USD.



Fig. 6. Damaged cage culture farms (Tanyaros and Crokall, 2011)
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Table 5. Damage to aquaculture (DOF, 2005)

Province Fish cage farms | Shrimp pond (ha) | Hatchery farms Shellfish (ha)
Ranong 677 1.61 - 341
Phangnga 3,008 16.88 180 64
Phuket 315 5.84 209 58.02
Krabi 389 18.24 - 4.86
Trang 243 - 144 0.84
Satun 966 - 40 -
Total 5,568 42.57 573 131.13

2.2.2 Shrimp farm

Though many shrimp farms exist on the Andaman
coast, little damage to shrimp farm operations has
been reported. This is due to the smaller number of
farms located near the coast, as compared with the
Gulf of Thailand coast. The DoF (2005) reported that
only 42.56 ha of shrimp ponds in four provinces were
totally damaged by the tsunami. The most damaged
farms were located in the immediate vicinity of the
shore in low-lying area.

2.2.3 Fish and shrimp hatcheries

Only one private fish hatchery was reported to have
been damaged, while the government stations were
reported not to have incurred any significant damage.
However, destruction of shrimp hatcheries consider-
ably reduced production. The six affected provinces
are the main areas in Thailand for marine shrimp fry
production. The 573 shrimp hatcheries damaged ac-
counted for a 30% loss in seed production, which
translates into 70,000 metric tons of cultured shrimp
for only one crop (Bueno, 2005). It was estimated that
it would take at least six months to get most of the
hatcheries back into operation. The industry specu-
lated that this would be an additional lost opportunity
of more than 28 M USD and would inevitably lead to

22

shrimp seed scarcity and its higher price.

2.2.4 Shellfish concessions

Shellfish consist principally of cockle beds, green
mussels, oyster and land-based abalone operations,
all of which suffered some damages.

2.3 Impact on coastal habitats

The coastal habitat and environment were impacted
in various ways. In some coastal areas,coral reefs and
seagrass beds were damaged or destroyed, greatly
degrading fisheries resources and thus fishers’ liveli-
hoods. Both coral reefs and seagrass have been able
to recover to a certain extent. From a rapid assess-
ment (3 weeks after the event), only about 13% of
the coral reefs in the Andaman sea were found to be
severely damaged (>50% of corals destroyed), while
almost 40% showed no measurable impact by the
tsunami (DMCR, 2005; Brown, 2005; Wilkinson et
al. 2006). A study on coral recruitment and recovery
after the 2004 tsunami by Sawall et al. (2009) near
the Phi Phi Islands (Krabi Province) and Phuket
found rapid recovery to be the norm, suggesting that
the duration of disturbance, degree of sorting and
hence stability of coral rubble are key determinants
of recruitment success. The tsunami-impacted coral
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reefs have now revived to a certain degree as a result
of rehabilitation activities instituted by government
agencies, private groups, communities and NGOs.

Seagrass shows a similar picture. Only some 5% of
seagrass beds and 321.6 ha of mangrove forests were
damaged or destroyed (ONEP, 2006). A comparative
analysis (Nakaoka et al., 2007) of seagrass biomass
and coverage before and after the tsunami revealed
that secagrass beds were severely affected by the
tsunami. A broad-scale coastal census after the tsu-
nami showed that the effects on seagrass beds were
spatially variable; some seagrass beds disappeared
completely, whereas others were only negligibly
impacted. The ecology of seagrass beds in all areas
hit by the tsunami was able to survive and regain
to a previous level within a year without replanting
(DMCR, 2005).

3. Post rehabilitation

After the tsunami, several Thai government agen-
cies, the private sector, NGOs and international or-
ganizations set up a wide range of projects for emer-
gency assistance and long-term rehabilitation,
in both fisheries and aquaculture sectors, with the aim
of enhancing the quality of life for all victims. It ap-
pears that local people were satisfied with the level
of resilience of natural resources, such as mangrove
forests, beach forests, seagrass beds and coral reefs.
Local perception, gathered from personal interaction,
is that the rehabilitation of coral reefs was successful
to a certain extent. People thus requested continued
efforts to restore the natural resources back to the
original state of abundance (ONEP, 2006).

3.1 Fisheries sector
A first step in the assistance plan was swiftly imple-
mented by the DoF; its primary goal was to establish

a Fisheries Rescue Centre (FRC). The centre coordi-
nated and collected of damage and loss information
from the six affected provinces. Damage was caused
down to the affected villages, and it was possible to
identify significant losses at sub-district and even
village levels. This data set can therefore be used as
an indicator to assist in identifying the most affected
areas.

The second stage of the DoF emergency plan was
to compensate the victims in cash for their losses
or damaged boats, fishing gear and aquafarms. This
compensation aims to assist victims to start up their
fishing and aquafarming activities as soon s possible
and to restore their livelihoods. The full Cabinet of
the Thai Government approved a tsunami response
budget of 5,252 M THB. Out of this budget, 1,343 M
THB was allocated to assist 27,828 fishermen. This
included the repair of 3,426 small fishing boats (un-
der 10 metres in length) and 544 larger fishing boats
(DoF, 2005). Boat owners (registered) were required
to inform the loss within 15 days in the areca. The
Provincial Fisheries Office (or District Fisheries Of-
fice) had to collect the documents and check for ac-
curacy before sending to the DOF within 120 days.
Typical documentary evidence required for compen-
sation was the vessel registration or permission to fish
document (with date). Since the majority of vessels
that were damaged or lost were in the small-scale cat-
egory, very few actually had registration documents.

3.1.1 Compensation for fishing vessels

Table 6 shows damaged categories and compensa-
tion package for fishing vessels. These aim to support
the recovery of a vessel (i.e., re-floatation, or move-
ment of the vessel, as many had been swept some
distance inland), support repairs of a damaged vessel,
and compensate for loss or damage beyond repair.

Table 6. Compensation (THB) package for fishing vessels (DoF, 2005)

Compensation per vessel
Type
<10m >10m
Retrieval 10,000 25,000
Repair 20,000 70,000
Vessel lost 66,000 200,000
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3.1.2 Compensation for fishing gear loss

Vessels and fishing gear are assumed to have been
lost together. Small-scale artisanal gear may be re-
constructed (such as fish and crab traps). Larger gear
such as nets, require purchase. Loss of fishing gear
was compensated at a relatively low rate (about 3,000
THB per case). Table 7 shows the government com-
pensation for the loss of fishing gear.

3.2 Aquaculture sector

Loss or damage of aquaculture facilities was com-
pensated by the Royal Thai Government to assist the
farmers to re-start their farming activities. Two broad
targets for compensation were aquaculture holdings
and fish cage culture operations.

3.2.1 Compensation for aquaculture holdings

Information regarding loss from aquaculture hold-
ings does not appear to have been announced, how-
ever the document made available to the mission
containing the dates of compensation also included
rates for aquaculture. Compensation was payable in
the case of:

1) Loss of fish stocks, 1,400 baht per rai (for a total
area not exceeding 5 rai).

2) Loss of shrimps and crabs, 3,800 baht per rai (for
a total area not exceeding 5 rai).

3.2.2 Compensation for fish cage culture opera-
tions

Compensation was payable in the cases of fish cul-
ture in a cage, cement tanks or other

(e.g. aquarium fish, frogs, soft-shelled turtle). The
rate was 150 baht per square metre of production
up to an area not exceeding 80 square metres. The
Thai government provided funding of over 111.6 M
THB through the DoF to restore the cage farms on
the coast of the Andaman sea after the tsunami (DoF
2005). Several types of assistance were provided
from private sectors (NGOs and philanthropic foun-
dations) for the cage farmers, including provision of
cash funds, materials for cage re-construction and fish
seed. The loss of aquaculture operation systems was
supported through emergency assistance from the
government as illustrated in Table 8.

It was found that 69.7% of the main financial sourc-
es supporting the farmers in the affected areas came
from government organizations. Non-governmental
organizations, at the Thai national and international
levels, also played an important role in assisting the
affected farmers. About 31.3% of the farmers re-
ceived assistance, and each of those obtained 30,000
baht from these organizations (Anantasuk et al.,
2008). The DoF was the main body supporting aid to
the farmers; more than half of the farmers received

Table 7. Budget for emergency assistance for the fishery sector (DoF, 2005)

Type Unit Total USD Max. USD compensation /victim
budget Retrieval Repair Replacement
Small fishing boat 3,426 boats 6,676,308 256 512 1,692
Large fishing boats 1,222 boats 7,050,000 641 1,795 5,128
Bamboo trap (legal) 421 fisherman 107,949 - - 256
Other traps 13,690 fisherman 3,510,256 - - 256
Nets 1,871 fisherman 479,734 - - 256
Total 17,824,247

Table 8. Budget for emergency assistance for the aquaculture sector (DoF, 2005)

Type No. of farmer Total USD budget i\g;)(().c{fig 25 ‘fg;rilelf:? for
Cage 27,828 14,270,769 513 (cage & seed)
Shrimp pond 42 21,538 513 (pond & post larval)
Hatchery 573 293,846 513
Shellfish farm 80 40,770 -
Total 28,523 14,626,923

24




Restoration of Coastal Ecosystems and Fisheries in Thailand after Northern Sumatra Earthquake

and Tsunami Disasters

Table 9. Source of materials support (Anantasuk et al., 2008)

Source percentages
Target

DoF NGOs
Material for cage construction 55.6 47.6
Seed 11.1 18.3
Fishing gear 31.1 13.4
Fishing boats 2.2 20.7
Total 100% 100%
Proportion from each source 57.1% 42.9%

materials for cage re-construction, seeds, fishing gear,
and boats. Table 9 gives the percentage of farmers
who obtained materials from the DoF and various
NGOs.

4. Conclusions and future recommendations

The Andaman Sea coast has seen a substantial
decline in fisheries resources. The tsunami event of
December 2004, the fuel crisis, the violation of regu-
lations and illegal fishing all have impacted fisher-
ies negatively. This situation will not only cause an
increasing problem for the fishers but it will also lead
to serious degradation of all marine resources, thus
threatening the sustainable management and health of
the Andaman sea as a whole.

It was estimated that the total impact of the tsunami
in the fishery and aquaculture sector of the affected
provinces is 6,481 million Baht, 40% of which (2,560
million) is damage to assets

and the remaining 60% (3,882 million) is the losses
in production for the rest of the year.

The livelihoods of many coastal fishery com-
munities in Thailand were completely or partially
destroyed by the tsunami. Economies at the com-
munity level were severely affected, which led to
even deeper poverty. However, there are difficulties
involved in the estimation of replacement values of
boats and fishing gear since no comprehensive reg-
istries are available. The number of boats and gear
used in the estimation of damage only represents the
number of units that the fishermen reported in order
to obtain compensation from their authorities. Since
compensation rates are low, some fishermen did not
bother to report their loss of assets, and some large
boats went also unreported because they have private
insurance arrangements. For the estimation in the
aquaculture sector, the same difficulty arises again in
that the owners only reported their damage bearing in
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mind possible compensation from the authorities, and
not all aquaculture facilities are duly registered with
full information as to size and capacity.

So far we have mentioned only the assistance by
compensation package in the monitory terms. How-
ever, on the ground, the results of money compensa-
tion were far from desirable — due to both internal
and external factors. Internal factors include greed
and family structure; external include distribution
methods. Several constraints have to be solved and
we should make suggestions as to how they may be
alleviated, for the benefit of all and in such a man-
ner as to avoid hardship on those who must give
way to better, even best, practices. The way in which
compensation was given and monitored directly or
indirectly caused serious problems, which in turn led
to serious conflicts within communities and among
communities in tsunami-affected areas. Three main
critical issues have to be solved, i.e. illegal fishing,
democratization management, and constraint and
need in continuing rehabilitation. In addition, lessons
learned in the fishery rehabilitation phase for Thai-
land reveal several future sustainable works, such as
creating supplementary income, training programs,
marketing system development, financial support,
strategic approach need, self-help focus, conflict
management, and participatory approach.
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in Tohoku District: Lessons from Northern Sumatra
Earthquake and Tsunami Disasters

March 23-24, 2013
Graduate School of Agricultural Science (Amamiya Campus), Tohoku University, Sendai, Japan

Objective

The Great East Japan Earthquake on 11 March 2011 resulted in a major tsunami that brought destruction
along the Pacific coastline of Tohoku district (Japan’s northern islands). The coastal ecosystems also suffered
more than a little damage and the fisheries were destroyed. To restore the coastal ecosystems and fisheries in
Tohoku district, Tohoku Ecosystem-Associated Marine Science Project (TEAMS) was established in 2012. Many
marine biologists and oceanographers in Japan gathered together under this program and have monitored the
ecosystem after the tsunami for restoration of fisheries. However, to construct feasible plans for the restoration,
we have to learn from the experience with a similar recent past case, i.e. Northern Sumatra Earthquake and
Tsunami Disasters. This symposium has two primary objectives: 1) To compare the damage situation between
two disasters; 2) To build relationships, share knowledge and encourage long term thinking including restoration
process about coastal ecosystems and fisheries damaged by tsunami disasters.

27



Day 1

Program

Saturday, March 23 (Venue: The 1st lecture room in Amamiya Campus)

Session

12:00

13:00-13:05

13:05-13:15

13:15-13:45

13:45-14:15

14:15-14:45

14:45-15:00

15:00-15:30

15:30-16:00

16:00-16:30

16:30-16:40

16:40-17:10

18:00-20:00

Registration

Chair: Minoru Ikeda (Tohoku University, Japan)
Masanori Saito (Tohoku University, Japan)
Opening Address

Akihiro Kijima (Tohoku University, Japan)
Outline of Symposium and Introduction of Invited Speakers

Motoyuki Hara (Tohoku University, Japan)
Introduction of Tohoku Ecosystem-Associated Marine Science Project

Masakazu Aoki (Tohoku University, Japan)
Dynamics of the Rocky Subtidal Ecosystem after the Tohoku Pacific Earthquake

Subandono Diposaptono (Ministry of Marine Affairs and Fisheries, Indonesia)
Tsunami Disaster Mitigation in Fisheries Sector, Indonesian Experience

Coffee Break

Anil Premaratne (Ministry of Defense and Urban Development, Sri Lanka)

Restoration Rehabilitation and of Coastal Resources and Ecosystems after 2004 Tsunami
Disaster in Sri Lanka

Zulfigar Yasin (University of Science, Malaysia)

The Short and Intermediate Term Impacts of the Indian Ocean

Tsunami 2004 on the Malaysian Fisheries and Some Associated

Marine Habitats in the Straits of Malacca

Seree Supratid (Rangsit University, Thailand)

Restoration of Coastal Ecosystems and Fisheries in Thailand after Northern Sumatra
Earthquake and Tsunami Disasters

Coffee Break

Panel Discussion/Open Discussion

Banquet (Kita-no-Kazoku)
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Day 2
Sunday, March 24
Excursion to afflicted areas

8:45 Gathering in Graduate School of Agricultural Science, Tohoku University (Amamiya Campus)

9:00 Starting on chartered bus to Onagawa Town (by way of Higashi-matsushima City and
Ishinomaki City)

11:00 Arrive Onagawa Field Center
11:00-15:00 Inspection afflicted areas (including lunch and attending Onagawa Renaissance Festival)
17:00 Arrive Amamiya Campus

Organizing committee

Akihiro Kijima Project Leader of Tohoku Ecosystem-Associated Marine Science, Professor, Tohoku
University, Japan

Motoyuki Hara General Manager of Tohoku Ecosystem-Associated Marine Science, Project Professor,
Tohoku University, Japan

Minoru Ikeda Associate Professor, Tohoku University, Japan
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Introduction of Tohoku Ecosystem-Associated
Marine Science (TEAMS) Project

Motoyuki Hara

Mareine Sceience Restration Support Section,
Graduate School of Agricultural Science,Tohoku University,
Sendai 981-8555, Japan

The mega earthquake, which occurred on March 11th in 2011, caused high-intensity ground shaking and a
massive tsunami, resulting in a disaster of a scale unprecedented in the history of Japan. Therefore, it is totally
unknown how seriously the marine ecosystems and environment have been affected by the pile-up of a large
amount of debris, loss of seaweed beds and tidelands, which serve as habitats for aquatic organisms, sand and
mud deposited on reefs, destruction of transitional zones between land and sea due to ground subsidence, and
spread of heavy oil and radioactive substances. To achieve recovery and reconstruction of the fishing ground and
industry of the affected area, it is essential to conduct surveys to identify the damage and launch new industries.
The TEAMS project is mainly constructed with Tohoku University as its representative, the University of To-
kyo’s Atmosphere and Ocean Research Institute and the Japan Agency for Marine-Earth Science and Technology
as deputy representatives. Under the collaboration of these research institutes, the four research projects were
planned to survey the impacts of the disaster on the marine environment and ecosystem, and Tohoku Univ. has
conducted the project “Elucidation of the process of change in the fishery environment”. I would like to intro-
duce the outline and current results of the TEAMS project.

Motoyuki Hara (e-mail: mhara@m.tohoku.ac. jp)

Project Professor. My research fields are conservation genetics and breeding science ge-
netics of Pacific saury, Japanese flounder and Pacific abalone using genetic markers. The
study of population structure and close species relations of Pacific abalone was effective
in genetic management of the wild resources carried out in reproduction. Also, as basical-

ly genetic data, linkage maps for Pacific abalone with microsatellite DNA markers were
constructed in order to perform efficient breeding. Now, I have worked as a coordinator
of Tohoku Marine Science Project.
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Dynamics of the Rocky Subtidal Ecosystem after
the Tohoku Pacific Earthquake

Masakazu Aoki, Hikaru Endo, Ayaka Horikoshi and Yukio Agatsuma

Laboratory of Marine Plant Ecology,
Graduate School of Agricultural Science, Tohoku University,
Sendai 981-8555, Japan

The rocky subtidal benthos communities at three localities have been monitored regularly since three months
after the earthquake as a contribution to evaluateing the dynamic effects of the Tohoku Pacific Earthquake on the
coastal ecosystems of Miyagi Prefecture. In Shizugawa Bay, new recruits of the sea urchin Strongylocentrotus
nudus appeared from September 2012. Tsunami had a seriously damaging effect on Eisenia bicyclis kelp beds,
particulary, at innermost of the bay. The juvenile kelps grew at closer areas from shore in comparison to those
prior to the earthquake, where they matured into adult plants. However, those settled in the deeper zones grew
slowly and weakly, and died off at the deepest site. Similar trends have also been observed in the E. bicyclis pop-
ulation on the west coast of the Oshika Peninsula. The unusually high water temperature in the summer of 2012
evoked additional negative effects at these sites. The poor growth of E. bicyclis at deeper sites may be caused by
the lack of light, with lower transparency probably due to subsidence (approx. 1 m) along the coast following
the earthquake, and the disturbance and deposition of large quantities of mud in the off-shore zone as a result of
the tsunami. In Onagawa Bay, analysis of the relationships between environmental factors and the distribution of
algae and benthic animals shows that mud deposition at more sheltered sites has had a negative effect on the dis-
tribution of algae, abalones and sea urchins. Overviewing the results, the deposition of mud after the earthquake
seems to have had profound effects on the rocky shore communities along the coast of Miyagi Prefecture.

Masakazu Aoki (e-mail: m-aoki@m.tohoku.ac.jp)

Associate Professor. The main focus of my interest has been the ecological aspects of
coastal marine benthos, in particular the interactions between marine algae and herbi-
vores. My interests have also included taxonomic and systematic studies of caprellid
and gammarid amphipods; and, concerning plants, the seasonal dynamics of Sargassum
species as habitats for epiphytic meso-grazers. I am currently engaged in studies on the

population responses of kelp species such as Eisenia bicyclis and Ecklonia cava to her-
bivorous animals.
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Tsunami Disaster Mitigation in Fisheries Sector
Indonesian Experience

Subandono Diposaptono

Ministry of Marine affairs and Fisheries, Repubic of Indonesia
J1l. Medan Merdeka Timur No.16, Jakarta, Indonesia
e-mail: subandono.diposaptono@yahoo.com

Indonesia has long been affected by Tsunami. There are records of more than 100 such events over the last 400
years. These records indicate that between 1600 and September 2012 there have been 110 tsunamis. From 1960
- 2012 there have been 23 significant tsunamis. This indicates that the frequency of tsunamis is around one in
every two years .

Some of Indonesian coastal areas of highest potential risk by tsunami include: the West coast of Sumatra, South
coast of Java, South coast of Bali, North and South coast of Nusa Tenggara, islands of Maluku, North coast of
Papua, and most of Sulawesi (Celebes) coast.

To reduce the impact of coastal disasters in Indonesia, nationally we always improve our capabilities to miti-
gate these events. The Ministry of Marine Affairs and Fisheries (MoMAF), Republic of Indonesia is also pro
active in minimizing the impact of coastal disaster on coastal communities and on aquaculture activities. The
program emphasized the implementation of Integrated Coastal Zone Management (ICZM). In ICZM we will try
to make a balance between the natural ecosystem, human utilization, and disaster mitigation aspects.

The Indonesian coastal ecosystem has suffered severe degradation which leads to increase the vurnerability of
the coastal area. In this regards, ecosystem rehabilitation is very important in order to reduce the vurnerability.
The objective of the ecosystem rehabilitation is to increase the coastal environment capacity to provide its ser-
vices for livelihood and protection from coastal hazards.
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Restoration and Rehabilitation of the Coastal resources and
Coastal Ecosystems after 2004 Tsunami Disaster in Sri Lanka

Anil Premaratne
Coast Conservation and Coastal Resources Management Department,
Ministry of Defence and Urban Development, Colombo 01, Sri Lanka
The Sri Lanka’s Coastal areas have 67 Assistant Government Agents areas and these areas contain;

* 24 percent of the land area and 32 percent of the population;

About 65 percent of the urbanized land area;
» Approximately 80 percent of the Sri Lanka’s hotel rooms;

* 80 percent of the annual fish production;

About 67 percent of the nation’s industrial facilities;

» Habitats critical to the sustained production of fisheries, the maintenance of good water quality, and scenic
values important to both residents and tourists; and

 Rich biodiversity reserves including coral reefs, sea grass beds and mangroves

Most of these resources have been destroyed by the Tsunami in 2004 and killed 35,322 people, displaced
100,000 persons and affected over two thirds of the island’s coastline and outlying 13 districts. Besides the tre-
mendous loss of life and injuries, the tsunami caused extensive damage to property and disruptions of fisheries
and other livelihood activities and business assets. Social networks also were severely disrupted. In many cases
lives became complicated due to the loss of legal documents. The socio-economic impacts were of greater con-
sequence as the tsunami compounded previously existing vulnerabilities. Assets were destroyed and water and
electricity supplies were severely affected. Remote coastal arecas were not accessible for several days. The risk
of a sizable death toll from possible deterioration of sanitary conditions, lack of clean drinking water and shelter,
and delayed access to medical aid was strong, but did not occur.

In this background, it was an enormous challenge for Sri Lanka’s authorities to address the multifaceted prob-
lem of providing immediate relief and facilitating recovery and reconstruction. The demonstration of human soli-
darity and kindness in the immediate aftermath in this endeavor in Sri Lanka was exemplary.

This paper will discuss and critically evaluate the experiences received by the Sri Lankan authorities through
the implementation of the recovery and reconstructions process of the coastal resources and ecosystems under
the following categories;

» Emergency response and relief

 Funding for recovery and reconstruction process

* Getting people back to their homes
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» Restoring livelihoods (specially fisheries)

» Health education and social protection

» Upgrading national infrastructure

* Cross cutting issues

* Guiding principles

* Micro economy

» Environmental and habitat rehabilitation and restoration
* Institutional arrangements

Experiences gained through the implementation of the activities under each of the above sub hedging will be
explained inthe paper and lesson learning from the Sri Lanka may be replicated in other countries as well.

Anil Premaratne (e-mail: premaratnaanil@yahoo.com)

Director General Coast Conservation and Coastal Resources Management. My main field
area is Coastal Resources Management. I am also engaging in Integrate coastal area plan-
ning and management. I am currently engaged in spatial coastal and marine area man-
agement as well.
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The Short and Intermediate Term Impacts of the Indian Ocean Tsunami 2004
on the Malaysian Fisheries and Some Associated Marine Habitats
in the Straits of Malacca

Zulfigar Yasin and Aileen Tan Shau Hwai

School of Biological Sciences, UniversitiSains Malaysia,
Penang 11800, Malaysia

Human communities living along the coasts were greatly affected by the tsunami of 26 December 2004. Apart
from the lost of life and property the detrimental effects of the tsunami came about from the direct losses as a
result of damage to natural coastal ecosystems. These were the source of their livelihood. We have categorized
the damage caused by the tsunami into immediate damage (damage seen after from hour to a period of weeks
following the tsunami), short term (one to two months following the tsunami) and intermediate term damage (from
two months to more than a year). Damage in the long term will be duly assessed. The degree of damage to the
coastal ecosystems is non-uniform and is a function of the severity of the wave and the status of the ecosystem
before the wave hit. Impacts can also be direct (as a result of the wave energy and/or sea water inundation on
non salt-tolerant species and/or introduction of foreign material into the coastal habitat). Indirect impacts resulted
from changes intermediated through biological channels such as changes in the food chain, living environment
and maybe even changes in the living community components. The offshore reefs and islands showed damages
unlike that of large storm damage. Erosion was recorded on the reef tops, especially the reef edge. Sediment
resuspension and physical damages had caused severe damages to fragile coral skeletons. The shallow and in-
tertidal reefs were most affected, followed by evidence of secondary effects of tsunami. As for the mudfiats and
coastal sandy beaches, changes in beach profile as well as the animal communities had been recorded. Benthic
epifauna was most affected and there was a strong evidence of community changes.

Zulfigar Yasin

(e-mail: zulfigarusm@yahoo.com)

Professor. My research interest is on the ecological aspects of marine macrobenthos, in
particular the coral reefs. My interest also includes ecological, taxonomy and conserva-
tion studies on corals, molluscs and sea cucumbers. I am also focusing on the effect of

climate change on the coral reef ecosystem, with special interest on ocean acidification
and coral bleaching. I am currently engaged in studies on coral bleaching and ocean
acidification in the coral reefs of Coral Triangle, as well as the Straits of Malacca.
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Restoration of Coastal Ecosystems and Fisheries in Thailand
after Northern Sumatra Earthquake and Tsunami Disasters

Seree Supratid and Mongkonkorn Srivichai

Climate Change and Disaster Center
Rangsit University, Pathumthani 12000, Thailand

The 2004 Indian Ocean tsunami of 26 December severely affected six provinces (Ranong, Phang-nga, Phuket,
Krabi, Trang and Satun) on the Andaman sea coast of Thailand. This paper presents the impact of the tsunami on
the fishery and aquaculture sectors including the post rehabilitation. The immediate result of the tsunami was the
near destruction of the local economy. The economic disaster was such that it led to a 0.8% reduction in the Thai
national gross domestic product (GDP) growth rate for the year 2005. It was estimated that the total impact of
the tsunami in the fishery and aquaculture sector of the affected provinces is 6,481 million Baht, 40% of which
(2,560 million) are damage to assets and the remaining 60% (3,882 million) are losses in production for the rest
of the present year. The livelihoods of many coastal fishery communities in Thailand were completely or partially
destroyed by the tsunami. Economies at the community level were severely affected, which led to even deeper
poverty. Preliminary assessment (after the tsunami attacked) reveals that the fishery resources decline by half.
The price of marine animal also dropped within 3 months after the tsunami. It was found that the assistance by
compensation package in the monitory term was far from desirable. The way in which compensation was given
caused serious problems, which in turn led to serious conflicts within communities and among communities in
tsunami-affected areas. Three main critical issues have to be solved, i.e. illegal fishing, democratization manage-
ment, and constraint and need in continuing rehabilitation. In addition, lessons learned in the fishery rehabilita-
tion phase for Thailand reveal several future sustainable works, such as creating supplementary income, training
programs, marketing system development, financial support, strategic approach need, self-help focus, conflict
management, and participatory approach.

Seree Supratid (e-mail : supratid@yahoo.co.th)

Associate Professor. The main research topic of my study covers the risk and vulnerable
assessments from natural disasters, such as floods, droughts, and tsunamis. This starts
from the policy-maker level in term of an integration between the risk management cycle
(prevention and mitigation, preparedness, response, and recovery) and climate change
adaptation down to the community level.
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List of scientific papers in 2012 published by field science group in
Graduate School of Agricultural Science, Tohoku University

The Forest — Andisols Group

Seiwa K., Eto Y, Hishita M, Masaka K (2012) Effects
of thinning intensity on species diversity and tim-
ber production in a conifer (Criptomeria japonica)
plantation in Japan. Journal of Forest Research 17,
468-478.

Seiwa, K., Yukino Etoh, Masahiro Hisita, Kazuhiko
Masaka, Aya Imaji, Naoto Uenol, Yoichi Hasegawa,
Miki Konno, Hiroshi Kanno, Megumi Kimura
(2012) Roles of thinning intensity in hardwood
recruitment and diversity in a conifer, Criptomeria
japonica plantation: A five-year demographic
study. Forest Ecology and Management. 269: 177—
187.

Kimura M, Goto S, Suyama, Matsui M, Keith
Woeste, and Seiwa K. (2012) Morph-specific
mating patterns in a low-density population of a
heterodichogamous tree, Juglans ailantifolia. Plant
Ecology 213, 1477-1487.

Saitoh,T, Sugita,H., Nishiwaki, A., Seiwa K. (2012)
Variations in biomass and the growth character-
istics of Sasa palmata across the gap-understory
continuum. J Jpn For Soc 94: 175-181 (in Japa-
nese)

Fukasawa, Y., T. Osono and H. Takeda (2012) Fungal
decomposition of woody debris of Castanopsis
sieboldii in a subtropical old-growth forest. Eco-
logical Research, 27: 211-218.

Fukasawa, Y., O. Tateno, Y. Hagiwara, D. Hirose and
T. Osono (2012) Fungal succession and decompo-
sition of beech cuple litter. Ecological Research,
27:735-743.

Fukasawa, Y. (2012) Effects of wood decomposer
fungi on tree seedling establishment on coarse
woody debris. Forest Ecology and Management,
266: 232-238.

Ishida, S., H. Ohtsuki, T. Awano, W. Makino, Y.
Suyama and J. Urabe (2012) DNA extraction and
amplification methods for ephippial carapace of
Daphnia resting eggs in lake sediments: a novel
approach for reconstructing zooplankton popula-
tion structure from the past. Limnology, 13(3):
261-267.

Lascoux, M. and Y. Suyama (2012) Inferring forest
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tree population and species histories from genetic
variation. In: Forest Molecular Ecology 2, Y.
Tsumura and Y. Suyama (Eds.), pp. 109-135, Bun-
ichi Co. Ltd., Tokyo (in Japanese).

Parducci, L., T. Jorgensen, M. Mette Tollefsrud, E.
Elverland, T. Alm, S. L. Fontana, K. D. Bennett, J.
Haile, I. Matetovici, Y. Suyama, M. E. Edwards,
K. Andersen, M. Rasmussen, S. Boessenkool, E.
Coissac, C. Brochmann, P. Taberlet, M. Houmark-
Nielsen, N. Krog Larsen, L. Orlando, M. Thomas
P. Gilbert, K. H. Kjer, I. Greve Alsos and E.
Willerslev (2012) Glacial Survival of Boreal Trees
in Northern Scandinavia. Science, 335(6072):
1083-1086.

Saito, M., A. Yamada, Y. Matsuda and M. Yamato
(2012) Absorption and accumulation of radio ce-
sium by fungi, Kagaku to Seibutsu (Chemistry and
Biology), 50(10): 998-1001 (in Japanese).

Suyama, Y. (2012) Applications of single-pollen
genotyping in pollination ecology. In: Forest
Molecular Ecology 2, Y. Tsumura and Y. Suyama
(Eds.), pp. 61-81, Bun-ichi Co. Ltd., Tokyo (in
Japanese).

Suyama, Y. (2012) Procedure for SSR-genotyping.
In: Forest Molecular Ecology 2, Y. Tsumura and
Y. Suyama (Eds.), pp. 291-323, Bun-ichi Co. Ltd.,
Tokyo (in Japanese).

Suyama, Y. (2012) Procedure for single-pollen
genotyping. In: Forest Molecular Ecology 2, Y.
Tsumura and Y. Suyama (Eds.), pp. 389-404, Bun-
ichi Co. Ltd., Tokyo (in Japanese).

Takahashi, T., H. Kanno and M. Nanzyo (2012) Fac-
tors affecting organic carbon accumulation in hu-
mus horizons of volcanic soils from Tohoku Uni-
versity World Andosol Database: A path analysis.
Pedologist, 56:58-62.

Yoshimoto, Y., H. Sasaki, T. Takahashi, H. Kanno
and M. Nanzyo (2012) Contribution of soil com-
ponents to adsorption of Pepper Mild Mottle Virus
by Japanese soils. Soil Biology and Biochemistry,
46: 96-102.

TheRuminant Production Group

Akematsu, T., T. Kobayashi, E. Osada, Y. Fukuda,



H. Endo and R. E. Pearlman (2012) Programmed
nuclear death and its relation to apoptosis and au-
tophagy during sexual reproduction in Tetrahyme-
na thermophile. Japanese Journal of Protozoology,
45(1,2): 1-15.

Asano, R., K. Hirooka and Y. Nakai (2012) Middle-
Thermophilic Sulfur-Oxidizing Bacteria Thiomo-
nas sp. RANS Strain for H2S Removal. Journal of
the Air & Waste Management Association, 61(1):
38-43.

Baba, Y., C. Tada, Y. Fukuda and Y. Nakai (2012)
Improvement of methane production from waste
paper by pretreatment with rumen fluid. Biore-
source Technology, 128C: 94-99. doi: 10.1016/
j-biortech.2012.09.077.

Chen, S., S. Tanaka, C. Oyakawa, S. -G. Roh and S.
Sato (2012) Individual differences in serum oxyto-
cin of calves and their dams’ effect on it. The 15th
Asian-Australasian Association of Animal Produc-
tion Societies (AAAP) Animal Science Congress,
pp. 614.

Eguchi, K., K. Otawa, R. Ohishi, H. Nagase, T. Ogat,
H. Nagai, N. Murata, H. Ishikawa, K. Hirata and
Y. Nakai (2012) Establishment of evaluation
method to determine effects of veterinary medici-
nal products on manure fermentation using small-
scale composting apparatus. Journal of Bioscience
and Bioengineering, 114(3): 312-317.

Koda, H., T. Nishimura, I. T. Tokuda, C. Oyakawa,
T. Nihonmatsu and N. Masataka (2012) Soprano
singing in gibbons. American Journal of Physical
Anthropology, 149(3): 347-355.

Koda, H., C. Oyakawa, S. Nurulkamilah, Rizaldi, H.
Sugiura, A. Bakar and N. Masataka (2012) Male
replacement and stability of territorial boundary in
a group of agile gibbons (Hylobates agilis agilis)
in West Sumatra, Indonesia. Primates, 53(4): 327-
332.

Mizuno, H., Y. Yoshihara, T. Inoue, K. Kimura, S.
Tanaka, S. Sato and S. Ogura (2012) The effect of
species richness of vegetation on mineral condi-
tion of grazing cattle in a Japanese alpine pasture.
Evolution and future challenges of grasslands and
grassland agriculture in the east Asia (Proceedings
of the 4™ Japan-China-Korea Grassland Congress),
pp- 242-243.

Buuveibaatar B. and Y. Yoshihara(2012) Effects of
food availability on time budget and home range
of Shiberian marmots in Mongolia. Mongolian
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Jounal of Biological Science, 10: 25-31.

Murakoshi, F., L. Xiao, R. Matsubara, R. Sato, Y.
Kato, T. Sasaki, Y. Fukuda, C. Tada and Y. Nakai
(2012) Molecular characterization of Cryptospo-
ridium spp. in grazing beef cattle in Japan. Veteri-
nary Parasitology, 187(1-2): 123-128.

Nakai, Y. (2012) Reconstruction of agriculture and
villages by rapeseeds. In: Way to reconstruction
from the Great East Japan Earthquake: Record of
the 12 months, pp. 257, Nikkan Kensetsu Tsuushin
Shinbunsha (The Kensetsutsushin Shimbun Cor-
poration), Tokyo (Book, in Japanese).

Nakai, Y. (2012) Cultivation of rapeseeds on tsunami-
salt damaged farm land. In: Post 3.11, changing
sciences: alarm by energetic university professors.
Asahi Shinbun Shuppan (Asahi Shinbun Publica-
tion) (Book, in Japanese).

Nakai, Y. (2012) Animal production environment
science for reconstruction of damage by the earth-
quake. Animal Science Research. Chikusan-no-
Kenkyu, 66(3): 317-326.

Nakai, Y. (2012) Animal production environment sci-
ence for reconstruction of earthquake damages and
measures to deal with natural calamities. Animal
Science Research, 66(4): 411-414.

Nakai, Y. (2012) Rapeseed project for restoring tsu-
nami-salt-damaged farmland. Industry-academia
Collaboration Journal, 8(1): 32-33.

Nakai, Y., Y. Baba, R. Watanabe and C. Tada (2012)
Local bio-resource recycle and methane fermenta-
tion: Rapeseed project for restoring tsunami-salt-
damaged farmland and methane production from
glycerin as BDF byproduct. Journal of Water and
Waste, 54(7): 58-64.

Nakai, Y. (2012) Future aspects of animal production
viewed from suffered area of the Great East Japan
Earthquake. Animal Production Consultant, 48(7):
9.

Nakai, Y. (2012) Rapeseed project for restoring tsu-
nami-salt-damaged farmland. Research Journal of
Food and Agriculture, 35(7): 40.

Nakai, Y. (2012) Reconstruction tsunami-salt-dam-
aged farmland by rapeseeds. Biophilia, 1(1): 7-13.

Nakai, Y. (2012) Agri-reconstruction project for re-
construction and reborn of agriculture and farmers.
TOHOKU EPO News, 14: 3.

Nguyen, ST., Y. Fukuda, C. Tada, VV. Huyn, DT.
Nguyen and Y. Nakai (2012) Prevalence and
molecular characterization of Cryptosporidium



in ostriches (Struthio camelus) on a farm in cen-
tral Vietnam. Experimental Parasitology, 133(1):
8-11, doi:pii:S0014-4894(12) 00321-9.10.1016/
j-exppara.2012.10.01

Nguyen, ST., Y. Fukuda, C. Tada, R. Sato, VV.
Huynh, DT. Nguyen and Y. Nakai (2012) Molecu-
lar characterization of Cryptosporidium in pigs in
central Vietnam. Parasitology Research, 112(1):
187-192, DOI 10.1007/s00436-012-3124-2

Nguyen, ST., Y. Fukuda, C. Tada, R. Sato, B. Duong,
DT. Nguyen and Y. Nakai (2012) Molecular char-
acterization of Cryptosporidium in native beef
calves in central Vietnam. Parasitology Research,
111(4): 1817-1820.

Nguyen, ST., DT. Nguyen, Van Nguyen T, Huynh
VV, Le DQ, Y. Fukuda and Y. Nakai (2012) Preva-
lence of Fasciola in cattle and of its intermediate
host Lymnaea snails in central Vietnam. Tropical
Animal Health and Production, 44(8): 1847-1453
(2012)

Nguyen, ST., H. Honma, T. Geurden, M. Ikarash, Y.
Fukuda, VV. Huynh, DT. Nguyen and Y. Nakai
(2012) Prevalence and risk factors associated
with Cryptosporidium oocysts shedding in pigs in
Central Vietnam. Research in Veterinary Science,
93(2): 848-852.

Nguyen, S., S. Amer, M. Ichikawa, T. Itagaki,
Y. Fukuda and Y. Nakai (2012) Molecular
identification of Fasciola spp. (Digenea:
Platyhelminthes) in cattle from Vietnam. Parasite,
19: 85-89.

Ogura, S., S. Tanaka, K. Yusa, H. Karino, M. Tannai
and R. Yusa (2012) Effect of application of cattle
manure compost on weed infestation in newly es-
tablished pasture. Bulletin of Integrated Field Sci-
ence Center, 28 (in press) (in Japanese).

Ogura, S., K. Yusa, T. Shishido, S. Tanaka, M. Tannai
and S. Sato (2012) Effects of interannual applica-
tion of cattle manure compost on forage yields
and chemical composition in a meadow of mixed
orchardgrass and tall fescue. Tohoku Journal of
Animal Science and Technology, 62(1): 6-16 (in
Japanese with English summary).

Ohara, A. (2012) Current state of animal welfare in
China (3) Efforts in the farm. CHIKUSAN-NO-
KENKYU, 66(1): 174-176 (in Japanese).

Ohara, A. (2012) Current state of Animal welfare in
China (4) Effort in the companies. CHIKUSAN-
NO-KENKYU, 66(2): 267-270 (in Japanese).
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Ohara, A. (2012) Animal welfare is not special.
Through field research in China and assessment
for animal welfare in Japanese broiler farm. KEI-
RANNIKU JOHO, 42(1): 52-55 (in Japanese).

Ohara, A. (2012) Assessment system on animal wel-
fare for broiler chicken: Nougyou-Gijyutsu-Taikei
(Animal Husbandry), 1(31) 46-25: 20-21 (Book, in
Japanese).

Ohara, A. (2012) Assessment system on animal wel-
fare for broiler chicken: Nougyou-Gijyutsu-Taikei
(Animal Husbandry), 1(31) 46-25: 50-51 (Book, in
Japanese).

Oishi, R., C. Tada, R. Asano, N. Yamamoto, Y. Suy-
ama and Y. Nakai (2012) Growth of ammonia-
oxidizing archaea and bacteria in cattle manure
compost under various temperatures and ammonia
concentrations. Microbial Ecology, 63: 787-793.

Oishi, R., K. Hirooka, K. Otawa, C. Tada and Y.
Nakai (2012) Ammonia-oxidizing archaea in lab-
scale activated sludge systems for wastewater of
low- or high-ammonium concentration. Animal
Science Journal, 83(7): 571-576.

Okada, M., Y. Yoshihara and S. Sato (2012) Effects
of type and size of gaps created by simulation of
cattle activities on the recovery and similarity of
vegetation community. Grassland Science, 58:
112-116.

Okada, M., Y. Yoshihara and S. Sato (2012) Com-
positional recovery patterns of vegetation after
simulated cattle grazing in sown pasture and semi-
natural pasture. Evolution and future challenges
of grasslands and grassland agriculture in the east
Asia (Proceedings of the 4th Japan-China-Korea
Grassland Congress), pp. 244-245.

Otawa, K., Y. Hirakata, M. Kaku and Y. Nakai (2012)
Bacteriophage control of vancomycin-resistant
enterococci in cattle compost. Journal of Applied
Microbiology, 113(3): 499-507.

Sasaki, T. and Y. Yoshihara (2012) Local-scale distur-
bance by Siberian marmots has little influence on
regional plant diversity in a Mongolian grassland.
Plant Ecology (in press).

Sato, S. (2012) Rearing system placing a high value
on the state of farm animals. Chikusan-Gijutsu,
689: 3-4 (in Japanese).

Sato, S. (2012) Current state of animal welfare in EU.
Chikusan-Gijutsu, 689: 7-10 (in Japanese).

Sato, S. (2012) Preservation plan of cattle deserted
in the no person’s land of Fukushima exploded



nuclear plants. Chikusan-no-Kenkyu, 66: 113-116
(in Japanese).

Sato, S., S. Ogura, A. Tajim, T. Morita, M. Kawai, H.
Hirooka and E. Sato (2012) Overview of the sym-
posium of the Council on Zootechnical Education.
Chikusan-no-Kenkyu, 66(11): 1069-1072.

Sato, S. (2012) Current state of animal welfare in
the world and Japan. Dairy Journal, 65: 12-14 (in
Japanese).

Sato. S (2012) Rearing farm animals in happiness
will become global standard. Gendai-Nogyo, 793:
256-261 (in Japanese).

Sato, S. (2012) Assessment protocol on farm for poul-
try production in Europe. Niwatori-no-Kenkyu,
Special Issue 12: 9-11 (in Japanese).

Sato, S. (2012) Animal welfare issue in the world.
Youkei-no-Tomo, 601: 12-14 (in Japanese).

Sato, S. (2012) Technical information: About animal
welfare. Zootechinics familiar to producers and
consumers, 2: 2-4 (in Japanese).

Sato, S. (2012) Read thought in cattle from their be-
haviour. In: The more you know cattle, the more
you like cattle. Dairy Japan Special Edition 2012,
pp.91-99 (Book, in Japanese).

Sato, S. (2012) Difference between animal welfare
and AIGO. In: Nougyou-Gijyutsu-Taikei (Animal
Husbandry), 1(31) 46-25: 4-5 (Book, in Japanese)..

Sato, S. (2012) Current state of animal welfare in do-
mestic and foreign. In: Nougyou-Gijyutsu-Taikei
(Animal Husbandry), 1(31) 46-25: 22-25 (Book, in
Japanese).

Sato, S. (2012) Assessment system on animal wel-
fare. In: Nougyou-Gijyutsu-Taikei (Animal Hus-
bandry), 1(31) 46-25: 26-31 (Book, in Japanese).

Shimoda, K., Y. Ide and S. Ogura (2012) Develop-
ment of establishment methods of silvergrass
(Miscanthus sinensis) grassland by using macro
seed pellet made from cattle manure. Evolution
and future challenges of grasslands and grassland
agriculture in the east Asia (Proceedings of the 4%
Japan-China-Korea Grassland Congress), pp. 94-
9s.

Suzuki, T., R. Tajima and C. Tada (2012) Investiga-
tion and Basic Research of Small-Scale Methane
Fermentation System Using Heat from a Hot
Spring. Journal of the Japan Institute of Energy,
91: 892-899 (in Japanese).

Tada, C. (2012) Possibility of independence of rural
area by energy production from biomass. Animal

42

Science Research, 66(3): 339-344.

Tanaka, S., S. Ogura and S. Sato (2012) Effect of
burning of logging residue on weed control in an
alpine grazing pasture. Tohoku Journal of Animal
Science and Technology, 61(3): 41-46 (in Japanese
with English summary).

Tozawa, A., T. Takahashi and S. Sato (2012) Welfare
assessment of pigs reared at pasture by monitoring
enteric environment. The 46" Congress of the In-
ternational Society for Applied Ethology, pp.159.

Tozawa, A. and S. Sato (2012) Interpreting the pro-
duction system for high quality pork. Final Reports
for Research Grants for Meat and Meat Products,
30: 83-88 (in Japanese).

Watanabe, S., S. Tanaka, T. Chiba, S.-G. Ro, K. Kato
and S. Sato (2012) The effect of growth hormone
on behavior and temperament in Japanese Black
steers. Proceedings of the 50 Symposium of the
Korean Society of Grassland and Forage Science,
pp. 252-253.

Yamamoto, N., R. Oishi, Y. Suyama, C. Tada and Y.
Nakai (2012) Ammonia-Oxidizing Bacteria Rather
than Ammonia-Oxidizing Archaea were Widely
Distributed in Animal Manure Composts from
Field-Scale Facilities. Microbes and Environments,
27(4): 519-524, DOI: 10.1264/jsme2.ME12053.

TheRice Production Group

Ito, T. (2012) Recommendation of wildlife-friendly
agriculture and wildlife conservation in paddy
fields. In: Restoration of rural nature- growing
wildlife in paddy field, Noubunkyo, Tokyo, 22-29
(Book, in Japanese).

Ito, T. and H. Kanno (2012) Cause and basic concept
on restoration of agricultural land damage with
tsunami or high tide. In: Latest agricultural tech-
nology on Soil and Fertilizer, 4: 9-19, Noubunkyo,
Tokyo (Book, in Japanese).

Kanno, H. (2012) Impact on cultivated soil in the
2011 Tohoku-oki earthquake tsunami affected area
and its rehabilitation. Journal of Environmental
Information Science, 41(2): 5-9 (In Japanese).

Kanno, H. (2012) Use of controlled-release fertilizers
(CRF) as part of a precise nutrient management for
paddy rice and corn cultivation in northeastern Ja-
pan. Proceedings of the International Workshop on
Soil Information System-oriented Nutrient Man-
agement for Major Asian Crops, pp. 180-192.



Kimura, S. D. Yan X-Y., Hatano, R., Hayakawa, A.,
Kohyama, K. Ti C-P., Deng M-H, Hojito, M.,
Itahashi S., Kuramochi, K., Cai, Z-C. and Saito,
M. (2012) Influence of Agricultural Activity on
Nitrogen Budget in Chinese and Japanese Water-
sheds, Pedosphere 22(2): 137-151..

Liu, D., C. Suekuni, K. Akita, T. Ito, M. Saito, T.
Watanabe, M. Kimura and S. Asakawa (2012) Ef-
fect of winter-flooding on methanogenic archaeal
community structure in paddy field under organic
farming. Soil Science and Plant Nutrition, 58: 553-
561.

Nanzyo, M. (2012) Farmlands damanged by huge
tsunami and countermeasures. Japanese Journal of
Multiphase Flow, 26: 143-149 (in Japanese with
English abstract).

Nanzyo, M. (2012) Impacts of tsunami (March 11,
2011) on paddy field soils in Miyagi Prefecture,
Japan. Journal of Integrated Field Science, 9: 3-10.

Nanzyo, M. (2012) Effects of the Great East Japan
Earthquake on soil, Research Journal of Food and
Agriculture, 35: 3-4 (in Japanese).

Nanzyo, M. (2012) Properties and management of
soil damaged by the 2011 huge tsunami in eastern
Japan. MARCO Symposium 2012, Strengthening
Collaboration to meet Agro-Environmental Chal-
lenges in Monsoon Asia, Program and Abstracts,
pp- 46-51.

Tajima, R., K. Kamo, K. Tsushima, A. Mashiko, T. Ito
and M. Saito (20129 The Dynamics of Paddy Rice
Roots in Organic Farming. ISRR2012, Dundee, U.
K. (25/Jun/2012-30/Jun/2012).

Takahashi, T. and H. Kanno (2012) Effects of a mas-
sive tidal wave to soil resources — revealed by soil
surveys on a regional scale in Miyagi Prefecture.
Communications in Soil Science Studies in Hok-
kaido (Hokkaido Dojouhiryou Kenkyuu Tsuushin),
58: 16-20 (in Japanese).

Yasuno, N., S. Shikano, A. Muraoka, T. Shimada, T.
Ito and E. Kikuchi (2012) Seasonal increase of
methane in sediment dreases &'°C of larval chi-
ronomids in a eutrophic shallow lake. Limnology,
13: 107-116.

Marine Bio-Production Group

Hirase, S., M. Ikeda, M. Kanno and A. Kijima (2012)
Detection of regional allozyme divergence in the
rocky intertidal goby Chaenogobius annularis.

43

Ichthyological Research, 59(3): 264-267.

Hirase, S., M. Kanno, M. Ikeda and A. Kijima (2012)
Evidence of restricted gene flow in small-spatial
scale in Chaenogobius annularis. Marine Ecology,
33(4): 481-489.

Hirase, S., M. Ikeda, M. Kanno and A. Kijima (2012)
Phylogeography of the intertidal goby Chaenogo-
bius annularis associated with paleoenvironmental
changes around the Japanese Archipelago. Marine
Ecology Progress Series, 450: 167-179.

lida, M., M. Kanno and A. Kijima (2012) Genetic
population structure of Corbicula japonica around
East Asia estimated by mtDNA COI sequence
analysis. Nippon Suisan Gakkaishi, 78(5): 934-944
(in Japanese with English summary).

Tkeda, M. (2012) Tsunami disaster situation in
Onagawa Field Center. Bulletin of Integrated Field
Science Center 27: 67-71 (in Japanese).

Kanno, M. (2012) Chapter 5 Molecular taxonomy
and breeding. pp. 85-100. In : Study of Sea Cu-
cumber- Biology, Industry and Culture: Takahashi,
A., S. Okumura (eds.), 230 pp. Seizando-shoten
Publishing Co., Ltd., Tokyo (in Japanese).

Ohtaka, A., S. R. Gelder, M. Nishino, M. Tkeda,
H. Toyama, Y.-D. Cui, X.-B. He, H.-Z. Wang,
R.-B. Chen and Z.-Y. Wang (2012) Distribu-
tions of two ectosymbionts, branchiobdellidans
(Annelida:Clitellata) and scutariellids (Platy-
helminthes: “Turbellaria”: Temnocephalida), on
atyid shrimp (Arthropoda: Crustacea) in southeast
China. Journal of Natural History, 46: 1547-1556.

Soliman, Taha., M. Kanno, A. Kijima and Y.
Yamazaki (2012) Population genetic structure
and gene flow in the Japanese sea cucumber
Apostichopus japonicus across Toyama Bay,
Japan. Fisheries Science, 78 (4): 775-783.

Yuan, Y., M. Kanno and A. Kijima (2012) Genetic
diversity of wild populations of Chlamys farreri in
Japan and their genetic relationship with cultured
stocks in China. Aquaculture, 370-371: 109-122.

Integrated Field Control Group

Abe, M., M. Oomura and Y. Nakai (2012) Nanohana
project to reconstruct agriculture in Tsunami disas-
ter area—Subject and future work. Nogyo Keizai
Kenkyu Houkoku, 43: 60-68 (in Japanese).

Inoue, S. and C. Yonezawa (2012) Observation of
tsunami damage to coastal forest using middle



spatial resolution satellite data. Proceedings of
the 52th spring conference of the remote sensing
society of Japan, pp. 177-178 (in Japanese with
English abstract).

Inoue, S. and C. Yonezawa (2012) Extraction method
for rice planting pattern in tsunami stricken area
with farm field outline data. Proceedings of the
53th autumn conference of the remote sensing
society of Japan, pp. 155-156 (in Japanese with
English abstract).

Morita, K. (2012) Enlargement of Farm Size in Ja-
pan, Japan Finance Corporation, AFC Forum,
60(6): 7-10 (in Jaoanese).

Morita, K. and T. Uchiyama (2012) Consideration of
Farm Business Organizations; Contemporary Sig-
nificance of Family Farms, Proceedings of 2012
Symposium of The Farm Management Society of
Japan, 3-13 (in Japanese).

Oomura, M., M. Abe and Y. Nakai (2012) Multi Sup-
port for Reconstruction by Using Local knowl-
edge; Agriculture Reconstruction Project con-
ducted by Graduate school of Agriculture, Tohoku
University, The Livestock Industry Magazine,
48(1): 24-27.

Watanabe, M., T. Motohka, Y. Miyagi, C. Yonezawa
and M. Shimada (2012) Analysis of Urban Areas
Affected by the 2011 Off the Pacific Coast of To-
hoku Earthquake and Tsunami with L-Band SAR
Full-Polarimetric Mode. IEEE Geoscience and
Remote Sensing Letters, 9(3): 472-476.

Watanabe, M., C. Yonezawa, J. Iisaka and M. Sato
(2012) ALOS/PALSAR full polarimetric observa-
tions of the Iwate—Miyagi Nairiku earthquake of
2008. International Journal of Remote Sensing,
33(4): 1234-1245.

Watanabe, M., C. Yonezawa, T. Motohka, T. Shirai-
shi, R. Thapa and M. Shimada (2012) Tree height
estimation by using compact balloon camera.

44

Proceedings of the 52th spring conference of the
remote sensing society of Japan, pp.227-228 (in
Japanese with English abstract).

Watanabe, M., C. Yonezawa and H. Takakura (2012)
Analysis of cause of spring flooding of northern
river with PALSAR full polarimetry mode. Pro-
ceedings of the 53th autumn conference of the
remote sensing society of Japan, pp. 243-244 (in
Japanese with English abstract).

Yabe, K., C. Yonezawa, D. Kunii, G. Saito and S.
Odagawa (2012) Assessment of coniferous forest
using airborne hyperspectral image. Proceedings
of the 52th spring conference of the remote sens-
ing society of Japan, pp. 239-240 (in Japanese with
English abstract).

Yamaguchi, S. and K. Morozumi (2012) Business
Attitude from Staff” Standpoint—An analysis of
a questinaire aimed at the staffs of Japan Agricul-
tural Cooperatives in Miyagi Prefecture—, Journal
of Farm Management Economics, 43: 69-81 (in
Japanese).

Yonezawa, C., M. Negishi, K. Azuma, M. Watanabe,
N. Ishitsuka, S. Ogawa and G. Saito (2012)
Growth monitoring and classification of rice fields
using multitemporal RADARSAT-2 full-polarimet-
ric data. International Journal of Remote Sensing,
33(18): 5696-5711.

Yonezawa, C., T. Sugihara, D. Kunii, K. Yabe and
G. Saito (2012) Observation of thinning area by
large-footprint airborne laser profiler. Proceedings
of the 53th autumn conference of the remote sens-
ing society of Japan, pp.209-210 (in Japanese with
English abstract).

Yonezawa, C., M. Watanabe and G. Saito (2012)
Polarimetric decomposition analysis of ALOS
PALSAR observation data before and after a land-
slide event. Remote Sensing, 4(8): 2314-2328;
doi:10.3390/rs4082314.



Information to Authors from Journal of
Integrated Field Science (JIFS)

The Journal publishes articles in all areas of field science in Agricultural science. The journal is an English
magazine started in 2003 fiscal year when Integrative Field Science Center, Graduate School of Agricultural
Science, Tohoku University, has started.

Our journal places the edit committee. Under the committee, an original paper including short paper,
proceedings, a review, description, and data are published. An original paper undergoes two reviser’s (referee)
examination.

Our journal publishes one volume in principle every year, and we publish at ordinary printing matter, and all of
the manuscripts on the web site as e-journal.

Manuscript creation point

Please write a contribution paper according to the form of the paper of our journal. In your paper, (1) Title, (2)
running title, (3) Affiliation and its address, (4) e-mail address of corresponding author, (5) key words (five to
seven words not appearing in the title), (6) Abstract (about 250 words), (7) Introduction, Materials and Method,
Results, Discussion (Results and Discussion), (Acknowledgement), References, Table file, Figure file, Legend of
figure are included.

All of your paper will be written in A4 size paper by Word file or a text file. Tables are made by excel file and
figures are made by tiff or jpeg file, or Power Point file. Both files (on the PC diskette or CD-R, or CD-RW file)
and two copies of printed paper (or PDF file) are sent to our editorial board by attached files of e-mail or ordinary
mail. If you do not make your paper by the software, please contact our committee.

Next Publication
The vol.11 of JIFS will be published in March 2014. If you want to appear your study in the volume, please
send your manuscript to us until November 30, 2013.

Editorial Board
Chief Editor : Akihiro Kijima (Japan),
Members : Randy A. Dahlgren (USA), Joji lisaka (Canada), Md. Jahurul Karim (Bangladesh), Qi Li (China),
Kiyohide Morita(Japan), Yutaka Nakai (Japan), Attila Ombodi (Hungary), Lilik Budi Prasetyo
(Indonesia), Steven Mark Rutter (UK), Masanori Saito(Japan), Shusuke Sato (Japan), Kenji Seiwa
(Japan), Chinatsu Yonezawa(Japan).
Secretary : Mutsuko Kobayashi, m.koba@m.tohoku.ac.jp

Address of Editorial Board
Address : Field Science Center (FSC), Graduate School of Agricultural Science, Tohoku University, 232-3,
1-1, Tsutsumidori-Amamiyamachi, Sendai, Miyagi, 981-8555, Japan

Manuscript Sending Address
Mail etc. : Akihiro Kijima, Laboratory of Integrate Aquatic Biology, FSC, Graduate School of Agricultural,
Science, Tohoku University, 1-1, Tsutsumidori-Amamiyamachi, Sendai, Miyagi, 981-8555, Japan
E-mail : a-kijima@m.tohoku.ac.jp






	Contents
	Original Paper-Yu FUKASAWA et al.
	Original Paper-Ryosuke TAJIMA et al.
	Symposium Paper-Seree SUPRATID and Mongkonkorn SRIVICHAI
	Program
	Abstract
	List of scientific papers in 2012


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


