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Chapter 1. General Introduction

Hawkfishes (Cirrhitidae) are mainly comprised of bottom-dwelling carnivorous species occurring in
rocky and coral habitats. Although hawkfishes have ever been generally implied as protogynous ones, sex
change events have been never observed in nature in any hawkfishes. Moreover, the adaptive significance
of the sexual patterns can not be discussed hitherto because detailed information on the mating system is
lacking. To provide detailed data of the ecological and behavioral characteristics of two hawkfish species,
Cirrhitichthys falco and Paracirrhites forsteri, 1 conducted long-term field observations and male removal

experiments on reefs of Kuchierabu-jima Island, southern Japan.

Chapter 2. Mating system of the dwarf hawkfish Cirrhitichthys falco

The aim of this chapter is to reveal mating system of Cirrhitichthys falco from data of spatial and
mating relationship. Harem and facultative monogamy have ever been documented. However, detailed
information on spatial and mating relationships is lacking.

Each individual maintained a home range that usually did not overlap intra-sexually, and showed
agonistic attacks against conspecifics of the same sex around the home range boundary. Each male home
range encompassed 2-3 female home ranges and males completely monopolized mating opportunities
with the females in the male home ranges. Thus, the mating system of C. falco was proved as a territorial

harem, where a male’ s territory is subdivided by female territories.

Chapter 3. Sexual patterns of the dwarf hawkfish Cirrhitichthys falco

The aim of this chapter is to examine social conditions of the sex change in Cirrhitichthys falco
and to clarify the life history strategy. It has often been reported that sex change occurs only once in a
lifetime, either from female to male (protogyny) or from male to female (protandry). Recently, however,
bi-directional sex change has newly been reported in some fish groups. Cirrhitids is one of the first
groups showing the potential ability of bi-directional sex change under aquarium conditions. However,
occurrence patterns in nature and social conditions of the bi-directional sex change remain unclear.

During 3 years survey, | confirmed sex changes in female-to-male direction and in male-to-female
direction in 3 and 2 groups, respectively. Males were the largest in all harem, and were derived from

females through the sex change, i.c., protogyny as has ever been suggested. The males showed reverse-
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directive sex change in cases when all females disappeared from the harems. No other causes of bachelor
situation were found in males. Because C. falco was strongly sedentary around sheltering corals and
rarely moved among harems, the reverse-directive sex change would increase possibility to obtain mating
partners. In contrast, other bachelor retook mating opportunities by female recruitment to the male
territory or deprivation of a female from a neighboring harem without showing the sex change. Thus,
the reverse-directive sex change functions as an alternative tactic retrieving the reproductive status in

downfallen haremic males.

Chapter 4. Mating system of the freckled hawkfish Paracirrhites forsteri

The aim of this chapter is to reveal mating system in Paracirrhites forsteri from data of spatial and
mating relationships. Harem and facultative monogamy have ever been documented. However, detailed
information on spatial and mating relationships is lacking.

Large males maintained home ranges that did not overlap each other and showed agonistic behavior
against other large males. Besides large males, small males that were similar to female body sizes existed
in the study area. They overlapped home ranges with neighboring males’ home ranges. 1 confirmed that
a small male individual spawned with a female. Females usually located outside of large male territories
in the daytime and appeared within the large male territories in late afternoon. Large males completely
monopolized their mating opportunities with almost all the females. The stable mating relationship and
monopolization of mating opportunities by males seemed to fit with the definition of haremic polygyny.
However, the female distribution patterns as moving to the outside of male territories and the appearance
of reproductively-active small males do not fit with characteristics of haremic fishes, but with those of the

male-territory-visiting polygamous fishes.

Chapter 5. Diel and lunar spawning periodicity of the freckled hawkfish Paracirrhites forsteri

The aim of this chapter is to reveal the diel and lunar spawning timing of Paracirrhites forsteri and to
discuss the adaptive significance of spawning timing with respect to the larval and adult interests.

Paracirrhites forsteri spawned after sunset, prior to the full and new moon with semi-lunar spawning
peak periodicity. No egg-predation was observed in spawning after sunset, and high tide often occurred at
dusk in the lunar phases. Thus, the diel timing and lunar synchronicity may increase larval survival. The
mating activity tended to start earlier in the early mating season (May - June) than in the mid-to-late mating
season (July - October). Many new mating pairs tended to form during the early mating season. Failure
examples of spawning ascents were observed in newly formed mating pairs. Even in a pair continuously
maintained from the last mating season, a failure of spawning ascent occurred in the early mating season.
These results suggest that the hawkfish would probably pay considerable cost for establishment of mating
relationship at the start of the mating season. Then, earlier start of mating activity may potentially reduce
the risk of the loss of mating opportunities because both males and females can have more time to court

and spawn.

Chapter 6. Sexual patterns of the freckled hawkfish Paracirrhites forsteri

The aim of this chapter is to examine how the sexual patterns of Paracirrhites forsteri is functionally
represented in the unique polygynous mating system. Protogyny is known to be the most common sexual
pattern in reef fishes with polygynous mating systems, especially haremic ones. On the other hand, not

only diandric fishes but also gonochoristic fishes are known to maintain male-territory-visiting polygamy.
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Thus, any sexual patterns have potentially been applicable for the mating system of the hawkfish.
Generally in protogynous fishes, the largest female often undergoes a sex change after the
disappearance of a dominant male. During 5 years survey in the study population, however, females
never changed sex in any of seven cases of the territorial male disappearance. The females spawned
with intruding males in most cases. To test the sex change ability, I removed all males appearing in the
experimental group twice. In one case, females moved to neighboring male territories and spawned with
them. In another case held at an isolated group, two females conducted spawning ascents like male-female
pairs, which implies occurrence of the behavioral sex change in a female as often been confirmed in
various protogynous fishes in the process of the sex change. One female of the pair remained to maintain
a gonad almost full of the ovarian structures but with spermatocytes in small area. This result suggests that
gonadal sex change may potentially occur in the hawkfish. In addition, of 23 females sampled randomly in
adjacent waters for the histological examination of gonad structures, a relative large female was confirmed
to contain spermatocytes within the ovarian structure. This is also partly supported the hermaphroditic
habits in the hawkfish. In the field, some sexually inactive small individuals were confirmed to directly
mature as males without experiencing functional females. This supports that the primary male pathway
exists in the life history strategy of the hawkfish. Therefore it is concluded that the hawkfish has diandric
sexual patterns, but with rare occurrence of sex change pathway. That is, sexual pattern of the hawkfish

would result in resembling that of gonochoristic fishes.

Chapter 7. General discussion

The main aim of this chapter is to examine what ecological conditions favor sexual patterns of the two
hawkfishes through the comparative approach with fully reflection of results in Chapter 2-6. The number
of female in mating group in P, forsteri (2.2) was almost similar to that of C. falco (2.2). This indicates that
benefit of sex change (expected gain of reproductive success) is not far different between the two species.
On the other hand, spatial distribution patterns of female home ranges were largely different between two
hawkfishes. Paracirrhites forsteri females moved away from the male territories in the daytime, while C.
falco females always remained within the male territories. This may promote a difference, as P. forsteri
females cannot easily assess social condition (accurate future mating opportunities) unlike C. falco.
Moreover, P. forsteri males severely competed for taking over mating groups in comparison with C. falco.
Intruding males always appeared in P. forsteri, while never appeared in C. falco. Therefore, P. forsteri
females may not always increase their reproductive success by sex change due to difficulties in assessment
of the social situation and severe competitive condition among males for taking over mating groups.
Furthermore, P. forsteri females had potential abilities to move between mating groups in comparison
with C. falco. The abilities would compensate risks of mate loss after the male disappearance, as the
alternative to the sex change. Therefore, I conclude that the difference of sexual patterns is likely because

of differences in cost of sex change and risk-of-movement.

Key words: Behavioral ecology, Polygyny, Reef fish, Sex change, Territoriality
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Dairy farming in South Asian countries is tropical in type. The characteristics of tropical dairy
farming include small-scale farmers, local cows and buffalos, low productivity of milk, multifunction,
mostly female farmers, and mixed farming system etc. The characteristics of dairy farming in European
countries are very different from South Asian countries. European dairy farms are large scale, and
societies are bigger than South Asian dairy and societies have milk plants. Dairy cooperatives have been
modernizing dairies and rendering invaluable services for the economic betterment and well-being of
the rural poor in South Asian countries. The modernization of tropical dairy farming is split into the two
different categories of (1) Rural dairy farming and (2) Urban dairy farming. Rural dairy farming is that
found in India which uses cooperatives, and urban dairy farming is that found in Pakistan which does
not have cooperatives. South Asian dairy cooperatives society based is very small village society and
these societies do not have any milk plants. Societies have only collection center and women society. In
European countries dairy cooperative societies were started as creameries and so societies have creameries.
European dairy farming is large scale and conducted on a full time basis and societies also have milk
plants. European dairy cooperative societies are more independent from government than those in South
Asia. Dairy farming in Bangladesh, data revealed that a large number of dairy farmers are illiterate (57.78%
in Sirajgonj and 61.43% in Bagerhat) and land distribution is very unequal among the dairy farmers. This
study also explores the milk marketing channels under cooperative and non-cooperative dairy farmers
in Bangladesh. The patterns of milk marketing show that large farmers are selling the highest share of
milk to cooperatives. On the other hand landless farmers are selling the highest share of milk to the milk
vendors, because of daily cash income, followed by the cooperative channel. In non-cooperative areas,
all milk marketing channels use the traditional system. In this area dairy farmers are facing a variety of
problems, like a lack of artificial insemination, high price of concentrate, insufficiency of loans and lack
of marketing of milk etc. The modernization process of Operation Flood programme was one kind of dairy
development programme that organized rural dairy farming in rural areas by cooperatives. Modernization
process of Operation Flood cooperative organized various Anand type rural dairy cooperatives in almost
all states of India. The modernization process was conducted in three phases, Operation Flood I, 1970-79
Operation Flood II, 1979-85 and Operation Flood III, 1985-1995. The characteristics of dairy cooperatives
and women farmers  involvement in Nadia district, India. Anand type dairy cooperatives have three tier
structures: the first is village level dairy cooperative societies, the second is district level milk unions,
and the third level is the state level federation. The Patidar caste (higher caste in the Hindu religion)
dominated dairy cooperatives in India. The socio-economic characteristics of the women members data
revealed that 48% of women member have less than one hectare of land and 1.2 dairy cows each. Data
revealed 58% of women members work more than three hours per-day for their dairy farming. Women’

s involvement in dairy farming through cooperative management helps to improve women's economic
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empowerment. Women's training on dairy farming management activities and active participation in
various dairy farming management activities leads to women taking a greater role in household decision-
making, having greater access to financial and economic resources, having greater freedom of mobility,
and having greater bargaining power within the household. Dairy farming results in a cash income to those
living in rural areas. Regular income earned from the sale of milk also improves the perception of savings
and investment, and also improves poor farmers level of empowerment. Women' s involvement in dairy
farming through cooperatives helps to increase women farmers’ income as well as improve their economic

and social empowerment.

Key words: tropical dairy farming, modernization of dairy farming, dairy cooperatives,

milk marketing channels in Bangladesh, women dairy society India.
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To enhance the performance of irrigation schemes and to ensure resource sustainability, the Algerian
government has adopted significant reforms. Structural reform has involved the decentralization of water
resource management and the establishment of an autonomous irrigation agency. Regulatory reform
has focused on water pricing with the goal of cost recovery. The government also launched the National
Agricultural Development Program (PNDA), which aimed to improve food security and facilitate the
development and modernization of farms through substantial investments and the rational use of natural
resources. The water policy, coupled with PNDA programs, was meant to provide an incentive framework
for improving the efficiency and profitability of irrigation; to facilitate the self-management of irrigation
schemes; and to enhance Algerian agricultural practices in the context of regional trade integration and
WTO accession. Hence, the general objective of the thesis is to assess the effects of water and agriculture
policy on the performance of irrigation management and irrigated agriculture in Algeria.

Three interrelated aspects were examined to study the performance of irrigated agriculture; (1)
the viability of the irrigation scheme using environmental, system operation and financial performance
indicators, (2) the performance of the land and water resource systems in the farms using farm typologies,
and (3) the economic value of the water resource using the residual valuation method. The multi-approach
analysis used in the thesis seeks to provide a strategy that contributes to unlocking constraints to the
sustainable development of irrigated agriculture in Algeria, and for the development of new irrigated
agriculture policy.

The results show that the implemented water policy did not create a sustainable environment for the
irrigation scheme. The lack of coordination at the institutional and local levels has led to poor monitoring
of scarce water-supply services. Furthermore, weak involvement of stakeholders as well as the indifference
of local administrations impacted irrigation management issues. The water price did not reflect the total
cost of the irrigation supply. The maintenance budget in both irrigation schemes is below international and
regional norms. This contributed to the deterioration of irrigation infrastructure and to reduced delivery
efficiency. Many factors were found to affect irrigation sustainability such as fee collection constraints,
inadequate provision of water services, sub-optimal utilization of bare land, land reform, disputes among
members of the collective farms, inadequacy of the irrigation system components with regard to farm
configuration, water theft, and acts of vandalism on the hydro-mechanic equipments. These constraints led

to low equilibrium cycles for both schemes.
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At the farm level, the results of farm typology showed that agricultural policy objectives were below
expectations. Indeed, the main failure of the policy was farm diversity. Functional and structural variables
were the main contributors to this heterogeneity. Biophysical and socio-economic constraints prevented the
implementation of various development programs. As a result, the adoption of water-saving technologies
was insignificant in both schemes. This situation led to unsustainable exploitation of the resources, and
thus unsustainable irrigation schemes.

Using the residual valuation method, the most significant factor affecting the return to water for
different crops and farmers  groups was crop market prices. In contrast, return to water was found to be
less sensitive to water price for all crops. This fact explains that maximizing a profit depends primarily on
the other production inputs. On average, water productivity is low in the scheme; and the socio-economic
environmental constraints led to low economic profitability. However, irrigation is profitable for all
farmers’ groups, including those who benefit from subsidies as well as those who do not. Furthermore, the
simulation results of increasing water price to cover O&M costs resulted in an insignificant decrease of
farmers  average incomes for all groups of farmers. However, if water price is levied to marginal cost, the
farmers with low returns will be adversely affected and may not be able to irrigate.

Recommendations for further research and policy development arising from the thesis suggest that the
water policy in Algeria should move toward a water conservation approach that involves both supply- and
demand-side management. The use of policy instruments such as pricing and incentives for improvements
in water use efficiency by investing in technology is essential for the sustainability of water resources.
The water conservation approach is an essential component of integrated water resource management. The
objective is to sustain the existing infrastructure and resources through a systematized program of repair,
maintenance, and rehabilitation for improving performance and reducing water leakage. The strategy
applied should also involve decentralization and increased involvement of all stakeholders, particularly
the water users  association and watershed committee. Awareness campaigns and mentoring are necessary
in order to guide the farmers in the direction of high productivity and efficient use of inputs. In addition,
the successful implementation of agricultural policies and agricultural development programs requires a
participatory approach that involves both farmers and their working groups. Successful approaches should
be farmer-oriented and should be actively promoted by governments. Such methods must take into account
the constraints faced by farms, together with new trends and challenges facing Algerian agriculture today.
The modernization and development of irrigated agriculture in Algeria may not be completely successful

until all the different entities have compatible objectives.

Key words: Water and agricultural policy, irrigation management performance, multivariate analysis,

residual valuation method, sustainability.
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This thesis is composed of three main studies as follows: 1. Genetic characterization and assessment
of biodiversity for chicken genetic resources in Japan by means of microsatellite analysis. 2. Application of
microsatellite analysis in the conservation of rare Japanese native chicken breeds. 3. Investigation of utility
of individual assignment testing for chicken populations and breed identification of chicken products in the

markets.

1. Genetic characterization and assessment of biodiversity for chicken genetic resources in Japan by
means of microsatellite analysis

In this chapter, the author performed genetic characterization on various categories of chicken genetic
resources in Japan (native stocks, industrial egg and meat production stocks, and experimental stocks)
using microsatellite markers. As regards genetic diversity, the highest estimates were obtained from
industrial production stocks. The mean number of alleles per locus (MNA) and observed heterozygosity
(Ho) were 3.4 and 0.513 (average of 12 stocks), respectively. The moderate genetic diversity was observed
in Japanese native stocks (MNA = 3.1 and Ho = 0.391, average of 16 breeds). The lowest genetic diversity
was observed in experimental stocks including highly inbred lines (MNA = 1.2 and Ho = 0.063, average
of eight stocks). As for genetic structure, high genetic divergence were estimated in nine Japanese long-
tailed breeds (overall Fst = 0.383) and seven Japanese miniature breeds (overall Fst = 0.429). This strong
genetic difference among these ornamental breeds is probably attributable to the selective breeding based
on the given standard of each breed, together with the absence of gene flow among breeds. Genetic
uniqueness was detected in Japanese native stocks, as compared to commercial chickens and Red Jungle
Fowl (presumed wild ancestor of chickens). Hence, Japanese native chickens, which are not involved in
commerce, are distinctive gene pools. In the analysis of commercial stocks, high genetic similarity was
observed among white egg layer lines (White Leghorn) despite their different breeding histories. This
result suggested that genetic foundations of modern white egg layers in poultry industry may be narrow.
It was confirmed through this chapter that the microsatellite marker is a valuable tool to assess intra-
population genetic diversity and inter-population genetic differentiation. Genetic profile determined in this

chapter would contribute to future utilization and management of these chicken resources.
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2. Application of microsatellite analysis in the conservation of rare Japanese native chicken breeds

The goal of this chapter is to establish conservation and management strategy of rare Japanese native
breeds using individual-based population genetics approaches in combination with microsatellite analysis.
The author performed conservation genetics approach on two rare Japanese native breeds (Kurekodori and
Onagadori). At present, these chicken breeds are maintained by a small number of fancy breeders with a
small population size. However, plans of future management and conservation against these rare breeds
have not been designed.

In the case of Kurekodori, the model-based Bayesian clustering was able to classify individual
chickens tested into five genetically distinct groups (management units). Moreover, large genetic
differences from other individuals were found in three individuals in particular. In terms of avoiding loss of
genetic diversity, the author proposed that these individuals should be used for future breeding. The result
suggested that highly polymorphic microsatellite markers are suitable for detecting genetic differentiations
among closely related individuals. Thus, microsatellite analysis is effective for selecting of progenitors for
directed mating avoiding loss of genetic diversity in endangered breeds.

In analysis of Onagadori, the author found significant genetic differences among three plumage color
varieties (F'st = 0.028-0.093; P < 0.01). Additionally, large difference in composition of the genomes was
detected between original and derivative varieties by using the model-based Bayesian clustering. These
results suggested two derivative varieties were derived from crossbreeding between original type and other
breeds. Hence, the three plumage color varieties should be considered as independent genetic units in a
conservation strategy. High degree of polymorphism of microsatellite markers will be effective tool for

identifying management and conservation units of rare breeds.

3. Investigation of utility of individual assignment testing for chicken populations and breed
identification of chicken products in the markets

To investigate utility of individual assignment test, the author carried out the assignment tests
applying the Bayesian and distance-based methods, using 20 microsatellite genotypes in four chicken
lines. The Bayesian method showed slightly higher performance of assignment than the distance-based
method. In the assignment using the Bayesian method, the > 90% accuracy of assignment was attained by
using only two of the most heterozygous markers, whereas in the case of the least heterozygous markers,
six were needed to reach the same level of accuracy. In assignment of the most closely related line pair
(Fst = 0.1736), at least 12 markers selected by random ordering and at least 15 individuals per line were
needed to stably obtain high accuracy of assignment (> 97%), whereas using only six random markers
achieved 97-100% of accuracy between the two most distinct lines (#st= 0.3651) without reference to the
sample size per line. Assignment test was able to correctly allocate individual chickens at the line level
to their origins by use of relatively small number of markers. Thus, this approach would be useful and a
cost effective tool for stock management of chicken resources and breed identification of brand chicken
products in the market.

In practical application for breed identification of chicken products, the author used GENECLASS-
based and STRUCTURE-based assignment approaches to assign five chicken products in the markets to
most likely reference population. The results indicated that STRUCTURE-based assignment (the model-
based Bayesian method) may lead to wrong assignment of unknown samples when a true origin of the
sample is not included in the set of reference populations. In contrast, GENECLASS-based methods could

avoid erroneous assignment by calculating probability of assignment. In case of assignment of unknown
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sample such as livestock products in the market, the excluding from given reference populations with
statistical confidence is important rather than simply assigning to its most likely reference population.
Thus, GENECLASS-based methods can be considered as superior approach in assignment of chicken
products. Under use of adequate reference populations, this assignment approach based on microsatellite
allele frequencies, which is not dependent on breed-specific alleles, will be useful for detecting frauds of

brand chicken products.

Key words: breed conservation, chicken genetic resource, genetic diversity, genetic structure, individual

assignment test, microsatellite marker
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Stock enhancement programs are conducted worldwide as a means to preserve the fishery stocks. In
this regard, millions of fingerlings are released yearly in Japan. However, the success of these practices has
been reported for only a few species, postulating the lack of an appropriate assessment method as the main
reason to explain the failure. The development of new marking and tagging methods, such as polymorphic
microsatellite markers, allows identifying released fish and evaluating the effectiveness of the stock
enhancement program.

In Hiroshima Bay, more than twenty million black sea bream (dcanthopagrus schlegelii) juveniles
have been released since the early 1980s. The stock enhancement program started after a drastic decline in
landings in the 1960s and 1970s. Catches for the species in the bay have recovered and in 2004 the amount
of fish caught accounted for about 10% of the total in Japan, representing the main fishing ground in the
country. The recovery on the fishery yield was suggested to be associated to the enhancement program;
however, the contribution of the releases has not been confirmed.

This study focuses on the implication on genetic diversity and stock fitness of intensive stocking of
black sea bream in Hiroshima Bay. Some important questions are addressed in this regard: Do hatchery
reared juveniles reach maturity, and if so, what is their proportion in the recruitment and the stock of
spawners? What is the effective population size of the broodstock used for stocking purposes? How
important is the genetic drift and the rate of inbreeding of hatchery reared black sea bream? Is there any
genetic sub-population structure in Hiroshima Bay related to the stock enhancement program? Have the
intensive stocking practices driven to density-dependent changes in the growth rate?

The pedigree reconstruction using six polymorphic microsatellite loci previously developed in our
laboratory has proven to be a very useful tool for the identification of released juveniles. The presence of
an important proportion of hatchery reared fish was confirmed showing similar growth to the natural stock.
Moreover, some of the specimens released reached maturity.

The small broodstock maintained to produce the juveniles for stocking led to a low effective
population size and high rates of inbreeding in the offspring. The genetic drift, in addition to the high
survival detected in the previously released fish, resulted in high genetic homogeneity among black
sea bream collected at five locations within Hiroshima Bay. Nevertheless, a more exhaustive analysis
considering the age class composition of the samples revealed a certain level of subpopulation structure

that may be associated to the enhancement program. These findings strengthen the need for considering
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the preservation of the genetic diversity of the natural population in the fishery management plan of the
species.

The intensive stocking of black sea bream conducted over two decades was observed to affect the
local fishery population in Hiroshima Bay. In 2000, after the most intensive releasing period (1985-1996),
landings of black sea bream duplicated those at the beginning of the program (1983). In the same way, the
catch per unit effort (CPUE) increased several-fold. However, a significant reduction in size-at-age and a
fluctuation in the sex ratio were observed among years.

In conclusion, the stock enhancement program of black sea bream in Hiroshima Bay exemplifies
a recovery on landings throughout releasing practices in a marine finfish species. The improvement of
the releasing techniques and the development of an efficient marking method using species-specific
microsatellite DNA markers permitted the identification of previously released specimens. However, the
results also highlight the necessity to develop a proper management plan. In this sense, the use of a small
broodstock for a large-scale enhancement program resulted in a substantial genetic drift. In addition, the
large number of juveniles released within a limited area over a long period led to a density-dependent
reduction in size-at-age and change in sex ratio. The findings of this thesis confirm the usefulness of
stock enhancement programs as a tool to recover the depleted fishery stocks whenever proper design,

implementation, management and monitoring phases are considered.
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Hiroshima Bay



J. Grad. Sch. Biosp. Sci.,
Hiroshima Univ. (2009), 48 : 115—116

Linkage mapping and QTL studies based on new microsatellite markers of ayu
(Plecoglossus altivelis)

Tran Thi Thuy Ha

Graduate School of Biosphere Science, Hiroshima University,
Higashi-Hiroshima 739-8528, Japan

TIZBULFH~A 70754 h~v—h—F 7 #mEHIX B X O QTLIFATICR§ 2 1f7E

A S Al (VA
I G RFR A B W R A TERE,  739-8528 HUL B ifT

The ayu, Plecoglossus altivelis, are native to East Asia and wildly cultured in Japan as an important
freshwater species for aquaculture and breeding selection at hatchery level. Recently, bacterial coldwater
disease (BCWD) had caused mass mortalities and serious management problems for ayu fish farmers.
Although a number of studies have been done to solve the problem, there is no commercially licensed
vaccine or effective method against BCWD for large amount of fish. Finding markers/ genes involved in
disease-resistance becomes necessary that can assist to locate position of genes directly affect the traits of

interest. It will directly help improving artificial seed and strongly support stock enhancement program.

Chapter 1. New microsatellite markers and its applications.

Among different kinds of molecular markers, microsatellites are known as important tool for genetics
field. Development of microsatellite markers become necessary for most species being examined for the
first time. This chapter presented the development of microsatellite markers based on library enriched
techniques. The result showed that a total of 47 microsatellite markers were developed. The segregation
of these markers in 27 individuals of F1 generation was investigated. In addition, the characteristics of
these new markers with the accession number to the Genbank were presented. Interestingly, the annealing
temperature of many microsatellite loci was similar that could be useful for development of multiplex
PCR system. As the results, 15 new microsatellite markers with four sets of multiplex PCR systems were
established. These multiplex PCR sets are very powerful and sensitive tool for investigations of this
species.

Among four sets of multiplex PCR systems, two sets of 8 loci were applied for DNA samples of three
populations to understand the genetic viability and genetic structure between ayu collected in 2002 from
Ioki River, Niyodo River and Shimanto River (Japan). Taking pairwise FST values as an index of genetic
differentiation between populations based on allele number and allele frequencies, there were significant
differences between populations collected from Ioki River and Shimanto River and between Niyodo River
and Shimanto River. However, there was no significant difference between populations in Ioki River and
Niyodo River. It can be explained by the geographical distance between these rivers and/ or the effective

of stocking program.

Chapter 2. Linkage mapping using a backcross generation produced from a homozygous clone line.
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In this chapter, a genetic linkage map was constructed based on amplified fragment length
polymorphism (AFLP) and microsatellite markers. The backcross generation produced from the success
of the clonal ayu through gynogenetic generated was used as precious materials. A total of 93 polymorphic
fragments were detected from 64 AFLP primer combinations. Twenty-nine microsatellite markers were
selected from the previous studies for linkage mapping. In addition to that, 32 new microsatellite markers
were isolated and registered to GenBank. Among 139 AFLP and microsatellite polymorphic markers,
120 markers segregated at a 1:1 ratio (P < 0.05) were used for genetic map construction. More than 60 %
of these loci mapped to 26 linkage groups spanning 374.85 ¢cM with an average inter-marker distance of
5.0 cM. The average size of the linkage groups was 14.42 ¢cM and the observed genome length for ayu
was estimated as a length of 2321.9 ¢cM. This study is the first linkage mapping of an annual fish such
ayu using backcross generation. Our results provide a framework for the next step of understanding the

differences in recombination rates between sexes as well as mapping the loci of ayu.

Chapter 3. Quantitative trait loci associated with bacterial coldwater disease.

Bacterial coldwater disease has caused losses to the hatchery and wild ayu for many years. Detecting
quantitative trait loci (QTL) for bacterial coldwater disease (BCWD) resistance in ayu is important in the
sense of supporting the breeding program as well as improving the effective of stocking projects. This
study identified molecular markers putatively associated with QTLs affecting BCWD resistance in F2
families. Challenge test have been done for ayu that the fish were exposed to the BCWD. After two weeks
of infection, fish were classified as susceptible group and or resistant group. The dead fish were checked
for bacterial infection using two methods: staining by methylene blue and indirect fluorescent antibody
technique with anti-Flavobacterium psychrophilum G3724 rabbit serum.

AFLP and microsatellite markers were applied for mapping of QTL. The MapmanagerQXT
analysis program was used to analysis the data. Some chromosomal regions with a strong influence on
BCWD resistance have been identified. In addition, three unlinked microsatellite loci have been proven
as informative markers. These candidate markers should be taken into account for the trait of BCWD
tolerance. Although no dominant effect was detected but additive effect was showed in the present study.
This means that the effectiveness of BCWD tolerance could be achieved by selective breeding through
individual selection. However, in order to use these markers, it is necessary to verify the results obtained

from this study.

General conclusions and discussion.

The findings of this study help to understand several aspects in the field of genetics of ayu. The
development of several new microsatellite together with the previously isolated microsatellite markers
could contribute the usefulness towards further study into molecular genetics and marker assisted selection
for this species. Results of linkage mapping provide a framework for further investigations on making
rich map as well as locating the position of markers/genes for different interested traits. In QTL study, the
markers/ genes associated with bacterial coldwater disease have been detected. These markers should be
taken into account for the next studies as candidate markers. However, in order to take the effectiveness of

detected markers it would be necessary to check these markers in other families.

Key words: QTL, bacterial coldwater disease resistance, ayu, Plecoglossus altivelis.
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The inability of man to synthesize vitamin C in addition to the great importance of this compound in
detoxifying reactive oxygen species in plant has lead to invaluable research into the compound. Most of
the researches in the area of plant vitamin C have been done with the model plant Arabidopsis thaliana. In
the present study, I have used a plant commonly called acerola or Barbados cherry (Malpighia glabra) to
study the biosynthesis of vitamin C in the plant and also manipulating the genes from this plant into other

plants to engineer increased vitamin C level.

1. Cloning and expression of GDP-D-mannose pyrophosphorylase gene and ascorbic acid content of
acerola (Malpighia glabra L.) fruits at ripening stages

Acerola (Malpighia glabra L.) is one of the richest natural sources of L-ascorbic acid (AsA; vitamin C).
GDP-D-mannose pyrophosphorylase (GMP; EC 2.7.7.13) was found to play a major role in the proposed
AsA biosynthetic pathway in plants, considering that Arabidopsis vtcI-1 mutant with point mutation in this
gene has a highly reduced AsA content. GMP ¢cDNA was isolated from acerola fruits, designated MgGMP,
using rapid amplification of cDNA ends (RACE), and its expression was monitored during fruit ripening.
The full-length cDNA was found to have an ORF of 1,083 bp encoding a polypeptide of 361 amino acids.
In silico analysis of the predicted amino acid sequence showed a pl of 6.45 and molecular mass of 39.7
kD. MgGMP showed over 80% amino acid sequence identity with other plant GMP homologues. The
phylogenetic tree shows the close relation of MgGMP to the GMP of other plants as against those from
parasite, yeasts and mammals. Southern analysis indicated that M. glabra contains not less than two
copies of GMP genes. Northern blot analysis showed the transcript abundance of MgGMP in all the organs
of acerola examined, with the fruit having the highest expression. The relative transcript abundance of
MgGMP mRNA levels in the fruits changes as the ripening process progresses, with the unripe green fruits
having the highest relative mRNA level, and the lowest was found in the fruits at advanced ripening stage.
A strong correlation was also observed between the relative MgGMP mRNA levels and the AsA contents

of acerola during fruit ripening.

2. Analysis of GDP-D-mannose pyrophosphorylase gene promoter from acerola (Malpighia glabra)
and increase in ascorbate content of transgenic tobacco expressing acerola gene

GDP-D-mannose pyrophosphorylase (GMP) is an important enzyme in the Smirnoff-Wheeler' s
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pathway for the biosynthesis of ascorbic acid in plants. I reported in Chapter 2 that the expression of
acerola (Malpighia glabra) GMP gene designated MgGMP, correlates with the ascorbic acid content of
the plant. The acerola plant has very high levels of ascorbic acid relative to better studied model plants
such as Arabidopsis. Here 1 found that the GMP mRNA levels in acerola are higher than those from
Arabidopsis and tomato. Also, the transient expression of the uidA reporter gene in the protoplasts of
Nicotiana tabacum cultures showed MgGMP gene promoter with higher activity than those of cauliflower
mosaic virus 35S and Arabidopsis GMP promoters. The ascorbic acid content of transgenic tobacco plants

expressing MgGMP gene including its promoter were about 2-fold higher than those of the wild type.

3. Gene expression of ascorbic acid biosynthesis related enzymes of the Smirnoff-Wheeler pathway
in acerola (Malpighia glabra)

The Smirnoff-Wheeler (SW) pathway has been proven to be the only significant source of L-ascorbic
acid (AsA; vitamin C) in the seedlings of the model plant Arabidopsis thaliana. 1t is yet uncertain whether
the same pathway holds for all other plants and their various organs as AsA may also be synthesized
through alternative pathways. In this study, I have cloned some of the genes involved in the SW pathway
from acerola (Malpighia glabra), a plant containing enormous amount of AsA, and examined the
expression patterns of these genes in the plant. The AsA contents of acerola leaves were about 8-fold more
than that of Arabidopsis with 5-700-fold higher mRNA abundance in AsA-biosynthesizing genes. The
unripe fruits have the highest AsA content but the accumulation was substantially repressed as the fruit
transitions to maturation. The mRNAs encoding these genes showed correlation in their expression with
the AsA contents of the fruits. Although very little AsA was recorded in the seeds the mRNAs encoding
all the genes, with the exception of the mitochondrially located L-galactono-1,4-lactone dehydrogenase,
were clearly detected in the seeds of the unripe fruits. In young leaves of acerola, the expression of most
genes were repressed by the dark and induced by light. However, the expression of GDP-D-mannose
pyrophosphorylase similar to that encoded by A4. thaliana VTCI was induced in the dark. The expressions
of all the genes surged after 24-h following wounding stress on the young leaves. These findings will
advance the investigation into the molecular factors regulating the biosynthesis of abundant AsA in

acerola.

4. Engineering increased vitamin C concentration in transgenic tobacco plants with acerola
(Malpighia glabra) GDP-L-galactose phosphorylase gene

GDP-L-galactose phosphorylase (GGP), similar to the genes encoded by Arabidopsis thaliana vtc 2
and kiwifruit EST319998, catalyzes the second committed step in the Smirnoff-Wheeler (SW) pathway
for the biosynthesis of vitamin C (L-ascorbic acid; AsA) in plants. The ascorbic acid contents of the
leaves of acerola (Malpighia glabra), a plant containing enormous amount of ascorbic acid, correlate with
the mRNA abundance of acerola GGP (MgGGP). Only one copy of the gene was found in the genome
of acerola. In attempt to engineer increased AsA content in plants, MgGGP gene was overexpressed in
tobacco. Transgenic tobacco overexpressing MgGGP have 2- to 3- fold increases in AsA contents when
compared to the wild type plant. These increases were in correlation with the MgGGP gene mRNA

transcript levels of the transgenic plants.

5. Increase in ascorbate content of transgenic tobacco plants overexpressing acerola (Malpighia

glabra) phosphomannomutase gene
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Phosphomannomutase (PMM; EC 5.4.2.8) catalyzes the interconversion of mannose 6-phosphate to
mannose 1-phosphate in the Smirnoff-Wheeler pathway for the biosynthesis of L-ascorbic acid (AsA).
We have cloned the PMM cDNA from acerola (Malpighia glabra), a plant containing enormous amount
of AsA. The AsA contents correlate with the PMM gene expression of the ripening fruits and leaves.
The PMM activities in the leaves of acerola, tomato and Arabidopsis correlate with their respective AsA
contents. Transgenic tobacco plants overexpressing acerola PMM gene showed about 2-fold increase in
AsA contents compared to the wild type, with corresponding correlation with the PMM transcript levels

and activities.

Key words: Acerola, ascorbic acid, biosynthesis pathway, Malpighia glabra, overexpression, vitamin C
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Vaccines are the most commonly administered veterinary medicines in poultry production. In fact,
vaccines and vaccination have had a major impact on the development of the poultry industry, allowing
economic and effective control of diseases that had previously limited its development. They are not,
however, panaceas for all problems of infectious disease, but should be looked on as useful tools as part
of an overall program of poultry health maintenance. The success of vaccination-program depends on
the ability of the birds to mount a vigorous immune response after vaccination. It is well documented
that maternal antibodies provide a protection to all neonates against several environmental pathogens.
However, it may inhibit or suppress their immune response to active immunization (vaccination or natural
infection). The avian immune system provides an invaluable model for studies on basic immunology. The
immunological mechanisms responsible for the suppression of active immune responses by passively
acquired antibodies remain unclear. Therefore, the impact of maternal antibodies on the developing
immune system of newly hatched chicks remains an important area of investigation. In this study, we
focused on the immune suppressive effect of maternal antibodies on the immune response of the newly
hatched chicks. The purpose of this study was; (a) investigating and confirming the effect of maternal
antibodies on the humoral immune response of the newly hatched chicks, (b) measuring the exact level
of these antibodies which can induce immune suppression in newly hatched chicks and the extent of
such suppression, (c) detecting the antigen specificity of maternal antibodies, (d) investigating the effect
of maternal antibodies on the proportions of T-cell subpopulations in the peripheral blood of the newly
hatched chicks, and (e) studying the effect of antigen/maternal antibody ratio at the time of immunization
on the chick immune response. Hatpin-carrier protein antigen (dinitrophenyl-keyhole limpet hemocyanin),
affinity chromatography, enzyme-linked immunosorbent assay and flow cytometric analysis were used for
achieving this study. Results of our study showed that high levels of maternal antibodies (5 mg or more)
interfere or suppress the immune response of active immunization not only at early period but also at the
period in which maternal antibodies present at very low levels, the immune suppressive effect of maternal
antibodies on the immune response of the newly hatched chicks was antigen specific and depends mainly
on the ratio of antigen/maternal antibody at the time of immunization, and high levels of specific maternal
antibody can negatively affect both B and T cell responses and induce non-specific suppression against

different antigens if they either injected with or after its related antigen.

Key words: chicken, maternal antibody, hapten carrier, non-specific auppression, specific suppression
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There is great concern that gelatinous zooplankton such as cnidarians and ctenophores have become
more prevalent in many regions around the world. In Japanese coastal waters, like many other coastal
waters, Aurelia aurita s.1. is the most common and abundant scyphozoan species. Since the 1960s when
the first noticeable outbreak of 4. aurita medusae took place in Tokyo Bay, the blooms of this species
have become more intensive in eutrophicated enclosed or semi-enclosed bays and inlets. Many studies
suggested that the feeding is an essential factor to regulate the somatic growth and asexual and sexual
reproduction of 4. aurita. Therefore, this thesis focused on feeding ecology of 4. aurita of different life
stages.

Benthic polyps are a source of medusae, since polyps are able to increase own population size by
budding, and produce ephyrae by strobilation. In the laboratory experiment with Artemia nauplii as food
for A. aurita parent polyps, new polyps were asexually produced mainly by means of direct budding off
the parent polyp s stalk, while resting podocysts were produced by polyps kept at low food supply (<3.3
ug C polyp™ d') and high temperature (>26° C). The production of new polyps by budding significantly
increased with the increase of food supply and temperature, and the somatic growth of parent polyps
significantly increased with more food and cooler temperatures. These results suggest that the food supply
and temperature regulate the asexual reproduction rate and somatic growth of A. aurita polyps.

A. aurita polyps had a wide food spectrum from microzooplankton (i.e. ciliates, body length: 20 pm)
to macrozooplankton (i.e. mysids, body length: 15 mm), and their average daily ingestion rate (i.e. 8.54 =
10.5 pg C polyp™! d') may be enough to produce new polyps.

Since 4. aurita ephyrae ingested copepodites of Eurytemora pacifica at low rate (<0.2 copepodites
h!'), main prey of the ephyrae in the field might be slow swimming organisms such as ciliates, copepod
nauplii and benthos larvae.

The seasonal variations in trophic interaction between 4. aurita medusae and mesozooplankton
were investigated in Honjo District, a brackish water lake, from June 2005 to August 2006. 4. aurita
medusae occurred only in warm seasons (i.e. June-November), and in terms of biomass this species was
the most dominant component of the zooplankton community (medusae average biomass: 58.8 mg C m?,
mesozooplankton average biomass: 60.5 mg C m?). All major taxa of mesozooplankton (e.g. Oithona
davisae, bivalve and gastropod larvae) were equally vulnerable to this gelatinous predator, and the
predation pressure by the medusa population was highest in autumn (29% of mesozooplankton biomass

and 49% of mesozooplankton production rate per day). However, no significant top-down control by 4.
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aurita was observed since the zooplankton biomass did not decrease concurrently with the increase of
medusae population. Mesozooplankton production potential might surpass the predation loss. This further
suggested that A. aurita medusae might not be food-limited but their seasonal population fluctuation might
be affected primarily by physical parameters such as temperature and deoxygenation in this eutrophic lake.

The distribution of 4. aurita medusae was heterogeneous, forming aggregations and swarms, in
the Honjo District, which made it difficult to estimate their accurate abundance and predation impact
on mesozooplankton. Thus, an attempt was made to determine the spatial distribution and abundance
of A. aurita medusae with DIDSON (dual-identification sonar) in the Honjo District in August 2008.
Horizontally, the 4. aurita medusae aggregated (e.g. >8.0 medusae m) near the lake center. Vertically, the
medusae occurred throughout the water column, but tended to avoid low salinity surface and deoxygenated
bottom layers. The overall average abundance of medusa population determined by the DIDSON was
3.3 times higher than that determined by net sampling. Therefore, the DIDSON is a powerful tool to
determine the numerical abundance and spatial distribution of 4. aurita medusae.

From results of my thesis works, I conclude that the global warming and cultural eutrophication are
responsible for the enhancement of asexual reproduction of A. aurita polyps, which might have caused
more intensified jellyfish blooms in recent decades. Potentially, the ecological roles of 4. aurita medusae
as predator might also be important in coastal ecosystem, although in the eutrophic Honjo District the top-

down control by the medusae was not explicit.
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Polycyclic aromatic hydrocarbons (PAHs) have been widely studied with respect to their carcinogenic
and mutagenic effects on animals and human cells. Sources of PAHs are both natural (= 10%) and
anthropogenic (= 90%), plants needles and leaves are important sinks for atmospheric PAHs, thus
the routes by which PAHs moves, become stored or get processed in or through them, dictates their
environmental fate as well as play a major role in their annual cycling. Photosynthesis is very sensitive
to the environment, immediately sensing minimal environmental changes. In this study, made up of field
works and laboratory experiments, that was carried out between April 2006 and July 2008. We have
defined the effects of these groups of organic compound on plants using the data acquired through the
monitoring of the ecophysiological status of the plants, with a four ring member of the PAHs; fluoranthene,
chosen as a model compound for the chamber exposures.

In general, we used three types of ecophysiological measurements, namely; gas exchange, chlorophyll
a fluorescence, and physiologically measured variables. Chapter one, an introductory chapter, provided a
review of previous studies on PAHs, sources and routes of exposures. Sources of PAHs in the environment
among many others are industry, crematoria, coal or pitch tar surfaces, incinerators, kerosene stoves,
smokes and cigarette fumes, combustion flames and forest fires. Various routes of exposure to man and
plants were mentioned, examples of such locations were also provided. The use of plants as biomarkers of
exposure and effects were briefly discussed before finally itemizing the objectives of the thesis.

In Chapter two, 10 4 M phenanthrene and 10 4 M fluoranthene effects on the needle eco-physiological
traits of 2 year-old Japanese red pine (Pinus densiflora Sieb et Zucc.) seedlings were investigated in 105
days. Here, we showed fluoranthene negative effects on the net photosynthesis rate measured at near
saturated irradiance (Amax), stomatal conductance (gs), initial chlorophyll fluorescence (Fo), needle chemical
contents and ribulose 1,5-bisphophate carboxylase (Rubisco) of current-year needles. Mannitol containing
treatments seems to have lesser negative effects compared with their mannitol non-containing treatments.
Phenanthrene effects were comparable with the results obtained for fluoranthene, but with lesser damage
severity.

Chapter three reports our investigation and comparison of the effectiveness of scavenging reactive
oxygen intermediates/species (ROI) in fluoranthene pre-fumigated Japanese red pine seedlings.
The experiments which were divided into three batches were conducted for 5, 10 and 14 days. The

ecophysicological status of the one year-old pine needles was assessed with emphasis on dosage of
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fluoranthene and period of fumigation. The toxicity of fluoranthene in this particular study has great
implications for non-source and source point pollution sources. Peroxidase, superoxide dismutase and
mannitol were effective scavengers of ROI. Though the mannitol addition was as effective as other
scavengers considered, it seems to be more economical and has more relative stability compared with
others.

In Chapter four, with the provision of scientific background and information on the negative impact
of ozone on forest tress in Japan, we investigated the interactive effects of simultaneous ozone and
fluoranthene fumigation on the eco-physiological status of the evergreen conifer, Japanese red pine in a
90 day fumigation period. Seedlings were exposed individually or in combination to 10 x M fluoranthene
and Os. Os of two different dosages in the 60 and 90-day periods were used. Results showed that ozone
alone had no negative effect on the 2-year old seedlings, while 10 u M fluoranthene did. The interaction
between the duos indicated that Os assisted the phyto-toxicity of fluoranthene, even at low concentration
of Os. The implication of the studies may even apply to other forest trees apart from pine forest. Chapter
five was written on cherry tomato; an agriculturally economic plant, used in a 30 d fumigation study.
The tomato plants were fumigated with six different fumigants until the fruiting stage of the plant. The
eco-physiological parameters determined showed that fluoranthene stressed the tomato plant and also
allowed early senescence to set in. Leaf foliar symptoms indicated severe foliar damages. The economic
and aesthetic value of this valuable crop may be under a serious unnoticed risk from PAHs. Despite the
interesting results (qualitatively) obtained from these experiments in this work, Chapter six enumerated
and addressed in a final conclusion of the thesis some unanswered questions regarding the proper
understanding of the capacity of the PAHs to ill affect plants. A quest for the quantitative amount/dosage
of PAHs that will be hazardous to plant health once inside the plants is yet to be quenched. Also, the exact
stepwise reactions or mechanisms of the photolysis of PAHs or its photo-degraded products inside the
plants are promising research topics. These challenges are for future works in this field of study.

Throughout the thesis, results have shown that mannitol (an OH radical scavenger) was effective in
mitigating the negative eco-physiological impacts of the PAHs. This may provide an impetus for future

work in the technology of using mannitol in plant protection system against oxidative stress in plants.
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Chapter 1 reviews previous studies on hydroxyl radical (-OH) determination in water extracts from
atmospheric aerosols. *OH is a strong oxidant that oxidizes various compounds in the atmosphere in
both gas and liquid phases. Sources and sinks of - OH in atmospheric aerosol water extracts have not been
clearly identified. Previous studies showed that a main source of - OH is nitrate. However, nitrate accounts
for less than half of the -OH sources in aerosol water extracts. One study experimentally determined
scavenging rate constants for -OH, and inorganic ions were estimated to be minor sinks. Based on these
reports, the objectives of this doctoral thesis were to determine formation rates and scavenging rate

constants of *OH and to identify sources and sinks of - OH in aerosol water extracts.

Chapter 2 presents results for atmospheric aerosol samples collected at Higashi-Hiroshima during
August 2003 - May 2007 using a low-volume air sampler. These samples were extracted with MilliQ
water and photoformation rates, scavenging rate constants, and steady-state concentrations of -OH
were measured using a benzene-trap and HPLC with fluorescence detection. - OH photoformation rates
normalized against air-volume ranged from 0.02-1.91 nmol! m3 (mean = 0.33 nmol h' m?). The photo-
Fenton reaction was a main source of -OH photoformation and accounted for 49 % (mean) of total - OH
photoformation. Unidentified - OH sources accounted for 33 % (mean) of total - OH photoformation. The
absorbance and 3D-excitation-emission matrix of the water-extract suggest these unidentified compounds
in the atmospheric aerosol could be organic compounds, such as humic-like substances (HULIS).
Scavenging rate constants and steady-state concentrations of -OH were (0.89-4.5) X 105 s and (2.6-13)
X 107'¢ M, respectively. Inorganic ions, such as the chloride ion were minor scavengers (mean = 1 %) and
organic compounds may be major sinks. These results indicated that photoformed - OH could play a major

role in liquid-phase oxidation of organic compounds in atmospheric aerosols.

Chapter 3 presents results for aerosol samples collected at Higashi-Hiroshima using a high volume
air sampler with a cyclone separator to cut off particles larger than 10 x m in diameter. Water extracts
of these aerosols were exposed to artificial sunlight for 10 hours using a solar simulator. *OH formation
rates, oxalate concentrations, UV and visible absorbance, and fluorescence intensities were found to
decrease during light exposure of the water extracts. Oxalate concentrations showed a positive correlation

with -OH formation rates from the photo-Fenton reaction. This suggested that oxalate, as well as iron,
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would limit the photo-Fenton reaction. UV and visible absorbance and fluorescence intensities of the
aerosol water extracts correlated with - OH formation rates from unknown sources. Water-soluble organic
compounds such as HULIS, which exhibit specific absorption and fluorescence patterns, may form -OH

photochemically.

Chapter 4 presents - OH photoformation rates for HULIS separated from atmospheric aerosol (<10 u
m) water extracts. The water extracts were separated into effluent and eluate using a solid phase extraction
column. Although the concentration of dissolved organic carbon was the same in both the eluate and
effluent, over 70 % of fluorescence intensity (excitation 310 nm and emission of 400 nm) corresponding
to HULIS was found in the eluate. Most of the inorganic ions and metals were found in the effluent.
These results indicated that HULIS were contained in the eluate. - OH formation from HULIS accounted
for 34-62 % of total -OH photoformation. This suggested that HULIS was a main source of *OH in the

atmospheric aerosol water extracts.

Chapter 5 summarizes the research conducted for this doctoral thesis. This research revealed that
the photo-Fenton reaction and HULIS were main sources of *OH in water extracts from atmospheric
aerosols. Most of the -OH may react with organic matter and reaction mechanisms for this are a subject
for future investigation. Increasing concentrations of nitrate, nitrite, oxalate and dissolved iron in the
atmosphere could increase the -OH steady-state concentration in aerosol water extracts. In contrast,
organic compounds could have a complex effect on -OH steady-state concentrations because they affect
both the formation and scavenging of -OH. Based on these results, -OH generating substances such as
nitrate, nitrite, oxalate and iron could adversely affect the atmospheric environment due to the increased

generation of highly oxidative - OH in the liquid phase.

Key Words: hydroxyl radical, acrosol water extract, sources and sinks, photo-Fenton reaction, humic-like
substances (HULIS)
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CEDPHLIZENTEY, ZOEHPHIRES LTV,

AKIFZETIE, PR TOEEED S FHEIHEVDNAT A 75 ) — 2Lz, ThE#HE LT,
RACE#:1Z & ) BPL-54027kDa?t 7 .= v FeDNA% 7 U — = 7 L7z, AcDNAIL834bpDENFRFEIR A A L,
WRIED Y 7 FNRTF R E2565IEDL 7 F o 7=y b % 2— F LTz, BPL-54ldE~ v /) — AR
WA L, 27kDatr 7= v hOSSHERICL D HRESA Y —TH LI EDHHL TV LS, #HiET I ik
FCH 217 B ONTURESHAHINAC Y & 148 O CysiREATRD iz, F/z, Kb 7= v b OCKHHHI-57H
Wid FTP KA A v EBWEHIILEMEZ H L CT\wize FIP K A A4 3w FFiliE, 77 M=K, BL O
TIVAYATINVGEEDEIL 7 F VI SN TV L5 il RO b DI S /z01d 2 ik
T bo F72, PIBML-177H FIiE % v 5 gt S fFIEAT Tl S LTV 72BPL-17DcDNA% 7 1 —
=V 7 L7z RcDNAIZ624bpDFIERFEIZ A L, 405D Y 7PV RTF FLle8kFEoL 7 F v 5 %y
B % 32— FLTWwW/z, BLASTIMEEDORER, BPL-17IZHH Y 7 BEHH L7, Db, NAEldfEEo L
7 F v (BPL-54&BPL-17) % &L 2 L 27007,

S5, FANKAERAREMARDODNAT A 77 ) — %ML L, BML-5438 & U'BML-170D4cDNA% 7 1 — =
YU LTe ZDFE, BML-54 X BPL-54D %4 7 1= v FilB L UBML-17 £ BPL-17O M TlE, ZhZh2n
FOT7 IV BEORRERDLZ L %BDT,
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WIZ, BPL-5438 £ U'BPL-17D4cDNA%, FIZN 7T A I FpET28a(+)B & UpET32a(+H)IZ#l A kA, =
aE W CRIBRBL2I(DE3) & TR Bzl L, FHMEOMIRZ & 20 BEBIR R Lz, KMG Y v 37
HIEEHAGE LTSN, 22T, SHEHAKEESER T LL, BEsy vV HEFL - T 0%
TG, BAOFEHTT) 74 —VT 1 ¥ 71 Lize ZORMRE, 5B3l3 2 A M J 2 FpET28a:BPL-17
MO NTZ@E S VST BOREEERE LTHDL 2 EATE (NE14.0mg/LE; 28 ) o 11 % Factor Xa
WUERF B AHAHPLCICAE L C, iR O 2 BPL-17 ((BPL-17) % #5472 (3.5mg/L ¥5#8{%) » tBPL-17135 &
NAKH 7 X/ BRACH, ARIMEREEGEIE, B L OMESHAS SR RIS L <, BARHBROBML-17 & AR O E =
R U720 72 BBPL-54IZ DWW, TG AR % 157225, RIE B L MRIGETH - 72,

2 E5EO.agardhiil 7 F > DEEBEFI/A—Z2 7 ERKBERRRDIEE

FOE, WEALEI D B (X)) UV A8, SV VB, AT VIE) | POKERE, B L OLEME O TSEY
IR AT HH LWL F o 77 3 =R ENT, 20773V =BT A2LDIE677 I/ BH5
BHFEETO) E— MGz AL, B~/ — AR ICRE A REERT, 209 b, 4) E—
MREZED S 7 B HLEE X ) O A Eucheuma serral 7 F >~ (ESA-2) ICOWTIE R AL Y AT v ¥y rid&%
BT HL=— 7 BIWMEEDH S I STV, BEHBEAEROEILIZIEES T, 2 ORH 2 %
RS THBEIRHTH L, —H, K77 3 —OHTHE—2) U— MEED S % 2 0. agardhiiti ¥ L 7 F ~
(OAA) 1 3HESE X OBEAEOKE RIS L TV A 2T, BIETOra—= 2 7L RRWES TH D &
TSNz, 72, OAAIFMEH YU —7 L LCHATH A Z L, HHIVIERZAT ALy, ZOIRHIC
LMITFEN D 72T b, 2 2 TARIIETIL, OAAD KEFEIADIEE R 1T - 72,

%9, 0. agardhii (NIES-204%%) ik 6, BEIIHEVWT 2 ADNAZ I L7z Sha@ile LT
PCRIEIZ L), OAAB(ETDIFIEELH % PJLiE L7z OAARIE T 134020pDFNIRF S 2 4 L, HHET I /BRI
FNECK 2RI A bR &, HARHROOAADELY & —F L7z, WIZ, 2 OAMAORIGH B A X HET 5
72912, OAAMBIETF #pET28a(H)ICEA L7ze FL— M T AEHVEERIZLY, BIGY v /37 ExEmiIL
BT (48.0mg/L H528i%) o T 4L % Factor XaMLERf%, A -AHPLCICHE L, ¥ 2 OAA (tOAA) % EflifE
KB L 72 (14.8 mg/LESEHE) o rOAAIZD T, NoRUE 7 3/ FRECLHI, ARIMEREEEIEE, BXOE~ Y/ —
ARUHESHAS SRR LT, BRHRDOAA L EEIZ—H L 72,

Dik, AWFRICK Y, BHSEEOBEEL 7 5 0 O—RBEFRASHO N TR, 2BHOL 7 F 212
DWW TIHEEAIR R R OMHEA e L 20, THSHHEL 7 T > ORBEHI O 720 Ol A7 70 —
FORBENTEI2EF R Do

X—J—R:IEEL YTy, yu—=rF, KIBHEEIA
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KIEA XA NT 7 ) HRSEREEL 7 F > D LY 7% — it & oI HICE T A0k

Bl HE
I BRFARZBEAE Y PR FERE, 739-8528 HUIA BT

L7 F VAIHESHRRRR S T & LGl RelifE-~ b v 7 AM OB OR CEELEZE 2H-> T,
AT, WESEAER~ — — %($®W®5 7o MrTELTHET S 2L E R BIEN, LY
F O T O — 7L LTOWMIIENS 2 Twb, SOBMD S, BE ST E R IEL 7
FLEMEM S L CERETH D, Wi, FLEEHypneal® X2 Brythamnion)& 7> 5907 3/ Wk 2> 5 7 A K4 T8 K
VRTF FEOFHL 7 F Y EPRHEN TS, ZOHT, B FA/3F /1) Hypnea japonica?®3FE A ) L
27 F~ (hypninAl, A28 X O°A3) XM EINCLED2ODNY ANV 7 4 FiEE % & TR 2dt o Bk
RYRTFFC, ) UNERGENEE, MUMREERIE, PUMREERE 7 &SR AMIEE 2 R T 45, 2 O
BURAEKEL T — I IAHTH L. RIFZETIE, BEACROFHRES TF=L 7 F yHoREE LT
FANT ) VL7 F WD B, ZORSEHEGREERAREL Ty — 2\ 22T 5 & & B ITKIGR
FHARMET L L2 HINE L, DT OMEE 2,

1. AXA NS /YL 7 F > (hypninA) DRGEHESHEIEE

HypninAl, A28 X CAIOHEH A1 100FH O FOUEREA ) THEEZ S SRI2, KL 7 F v EERT T 4
VS 7U/&w774_r4—7uvL7774—& ;Dﬁﬁtto%mﬁ%3ﬁfvv7%yt
3L core (al1-6) FueZ 3 AN-Z ) bDsfFEEL, (al-2), (al3) BXO (al-4) Fuch
ﬁﬁuﬂﬁ%a@m®ﬁﬁiuﬂﬁﬁiA<ﬁnL§#0tou@l?C,WmmAhmeWIQFmﬁﬁ
N-Z7"U 71 V2B CTEBINICKHKET 52 2 RB L7ze 512, kA iZcore (a1-6) FuchkZED &7
WEREIE S X B IAREED B A 21T 5 2 L ko7,

WIZ, HypninADWE S ¥ 737 B & OAHEAEH % AR Bk BLIE SR B L ORI 79 A€ » 2L (SPR) ik
TN L 720 ARIMEREEERLIERER T, 3/ Vv L o T ORSEHIEEME L 720y » /87 8, core
(a1-6) Fuek &8 b O TOAMIESN7zo SPRIGHTTIE, L 2 F & L ChypninAl (B X FA3), BEflcore
(a1-6) Fuci &Moo v A aF x 7 ¥ ¥ rAleuira aurantial 7 F >~ (AAL) B L OB H Aspergillus oryzael 7
F > (AOL) %, ¥E& v X7 EHE L Ce b A4/ 2707 G (k& MgG, core (al-6) Fuc&H) & 7%
HEHELF Y (PSM, (al-2) Fucdf) vz, TOM%E 3L s F b MeGIZEMMEZRL,
hypninA1 D FHHIE R (Ka=5.93 x 10" M) 1ZAALB & AOLD [l D #3205 124124 L 720 — 7, R4t
PSMIZxf L T, hypninA 14 <R5A L7205 7245, AALB & TPAOLIZH® < AH A L7z (Ka=5.69 x 10835 & 1'5.4
x 10°M1) s 7B, hypninA3Td [FEEDOREF % 15720

SO EHIZ, core (al-6) FueBAN-7) /1 v OAEFRYICEFT 201 I TRIES TR W
ZEND, RL o F U EHHEME IO -7 LT CENTH L Z DI L7z Core (a1-6) FucldfT
FEOMES~— 7 — & LTI TR, UBRRAEEMRES (ADCC) HME% b OHURER O % KT %
BEFRIL L LTSN T WD, Lo T, ALY F VIEEiGMREEORE - BEEHO -0 0RIEE L
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THHEHERDNS,

% ZC, hypninA[EE L7 T 4 % H\Teore (a 1-6) FuchEREDAMIZIED v MgGD2s 4 755l & w7z,
ZOFER, FuclkBOFMIZESEZ e MgGE B L, core (al1-6) Fuck & F 2 WIUAOTHATHETH 5
NP oY

2. HypninADXEFIEL £ 72 —DRE

INFETI, WBHEL 7T YOEEARL TS —IZBT 2ERIEES N Tw R, 22T, KL 7T UH%0m
BT D M) 7Y By S FRINEKBL & 75 —DREZ Rz, Thbb, KL7FromuiEsy »
N EREEMEER R LC, Yt F v BikhypninA & [ RIIEK & EHEAE A S 7BV 7Y — 5 F 2 TEAL
L, ANV NTED Y AT AL )53 L7ze [AH 5% SDS-PAGES & TN H FhthypninAllliE & FH\v: % 7
TIAY Y TaT AT L TEONY YT EENY FE, QI-MSEH WL RTF R AT 4 VI —
TV T4 v TIALT, LTy —oRERRA. FORKE, LTy —E LT, Iy bEEEDH
=ML T =5 4 TC (5-HTe) DY V87 MHHEE S N7z S-HTcld 20 b=V LOMEE AL T,
BEFBHRLEIEO I bO—VIZES5 T2 25, KL 2 F Uahillis L 0P 5+ 2 ek
LRI SNz,

3. HypninAD KR FIER DIFLE

HypninA O L5 2 AESHAS AR R ML O 55 TR OB T 272012, TORBRIEHROME L HAA T,
F 9, hypninA2D 7 X VY 2 HEICKIBRO T Fr2—t—T % HWT, hypninA2% I — N3 5 & HKE
ZFERE L 72, TN EPET28all i Af:, BL2UBRICTE BRI L, A 2 hypninA2 % FEBIFFE L 72, HlHR 2
e ALE LCEILL, W bt:, ) 74—V 1 ¥ ZI2H L, His-Trap HP 9 A % W RS (L&
490 pg / 500 mIFFFRE) L 7zo AHLIR 2 RO MRIMERESRIGMEL, HEECTHIE ST, WY Y HOHRT
PSS, BES 287 BIC X B EEHIE 70 7 7 4 VIZRREL L —F L 72,

Db, ARWZEClt, fLEDFANT 2 ) HROLHAEL 7 T ~ Hcore (a1-6) Fuck HEHN-7" 7 v B X
OHES 27X 7 B % D TEpERICi8i 5 2 &, k& MgGoT%core (al1-6) FuehFHEIZ XL D RHITE S
CEEHOMNII LT KL F VI, EEWB L OVUREEO S CHELRHIEL L ObHTTRREEZ N
bo F72, KL I FVOEMAKEL T Y — L LTCS-HTacx [WEL, KL 27T OFHAEWEEO %
Wiz, E61I, KL 7Ty OEHAEZAORBRE LT L2 LA TE T,

F—TU— R BEELV T2, HESHAERERM, Core (al1-6) Fue, W70 —7, HEABEL LT —



