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Host-parasite relationships in Japanese eels Anguilla japonica,
with implications for the host’s ecology
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Chapter 1. Introduction

0 O The Japanese eel Anguilla japonica Temminck & Schlegel, 1846 is a commercially important fish
in Japan. Its catch has been decreasing over the last four decades, and this stock depletion is currently a
big concern. Given a situation that artificial breeding of this species is not yet established on a
commercial scale, comprehensive understandings of wild populations are required to establish an
effective resource management.

0 O Basic knowledge on the growth-phase individuals, called* yellow eels” , is still insufficient within
the several life-stages of Japanese eels, although their conservation has a significant meaning of ensuring
candidates for the future spawning stock. Further investigations are needed, but samplings of wild eels
usually come with difficulty of quantification due to not only seasonally variable and sometimes low
values of mean catch per unit effort but also nocturnal activity. In the present thesis, therefore, | focused
on a beneficial aspect of parasites being used as biological indicators. The aim of this thesis is to provide
new insights into the ecology of the yellow eels, based on the several host-parasite relationships, from a
lower to higher hierarchy, with practical-parasitological viewpoints.

Chapter 2. Parasite population in a brackish-water environment

0 O During the course of investigations on wild yellow eels in a small cove of southern Ehime
Prefecture, the eels are found infected with a food-borne parasite, Heliconema longissimum (Nematoda).
As the first onset of the present study, | took up the relationship between this nematode and the eels
inhabiting brackish-water areas in and around the cove.

0 0 1) I examined factors associated with the nematode infection. The analysis employed (i.e.
Generalized additive model) revealed that the nematode intensity increased with the host’s body size.
Thus it is suggested that the eels consume, as they grow, a greater quantity of crustaceans that
presumably serve as the intermediate hosts of the nematode.

0 0 2) | also described recruitment patterns of H. longissimum to the eels, and, based on the
demographic data, seasonal feeding activity of the cove eels for prey organisms (i.e. intermediate hosts
of the nematode) was evaluated. As a result of a length-frequency analysis on the nematode population,
it was revealed that newly recruited nematodes continuously occurred in the eels throughout the year,
and some cohorts recruited into the eels during the cold-water season. These findings suggest that
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Chapter 3. Parasite guild in a continuous river-estuary-marine system

0 O The yellow eels can be found in various environments from coastal marine waters to upper-reaches
of a river. This ubiquitous habitation suggests that they exhibit various host-parasite associations
depending on water bodies where they live. In this chapter, | thus focused on a monogenean gill-parasite
group consisting of three species (Pseudodactylogyrus anguillae, P. bini and P. kamegaii) as a model
case, and described their occurrences with a distinction of the host flexible habitation.

0 O A concomitant use of otolith microchemical analysis revealed that species composition and
infection levels of these Pseudodactylogyrus spp. clearly differed between the habitat-use patterns of the
eels examined. In particular, it is worthy to note that the eels in saline habitats primarily harbor P.
kamegaii, suggesting that this parasite appears to rely only on those saline eels as its hosts. There is thus
a possibility that P. kamegaii can be utilized for a resource estimation of those eels if differential
equations constructed for its population dynamics linked with the host biomass were solved.

Chapter 4. Parasite communities from brackish-water localities

0 O Parasite assemblage found in a host individual or population can be changed depending on an
environmental situation. | described variations in species diversity and structure of food-borne parasites
in Japanese eels caught from brackish-water localities, in order to evaluate a broad spectrum of the
watershed ecosystem where the hosts are aided.

O O In spite of the fragmentary samplings, probable patterns of endoparasite (i.e. food-borne parasite)
assemblages were detected. One is that composition of the parasite community clearly differed between
localities, and the other is that more than half of the individual eels examined were infected with more
than one species. These findings appear to be due to highly ubiquitous and opportunistic habitat-use of
eels themselves, and suggest that the eels have sedentary daily-lifestyle with a distinct niche in each
locality, possibly exhibiting polyphagy in the major cases.

Chapter 5. General discussion

O O The present study supplied a modest achievement, but its specific viewpoint from parasitology was
surely successful to provide new insights into the ecology of the yellow eels. This suggests that the more
biological features of parasites untouched are investigated, the more various outcomes for the yellow-eel
ecology can be obtained. In addition, because of informative characters of parasites, sufficient results
would be obtained from an investigation even if it were on a single-handed scale. Although
parasitological approaches are accompanied by fatal works, host-parasite relationships in wild yellow
eels merit much further research as one of the alternative or supplemental methods in the cases where
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Evaluation of function of vegetated habitats as fsh nursery:
production and growth-survival mechanisms of juvenile black rockfsh
Sebastes cheni in a macroalgal bed
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0 O The economic value of ecosystem services of vegetated habitats such as seagrass and macroalgal
beds have been estimated to be one of the highest among those of the world’s ecosystems. Most of the
economic value of ecosystem services of vegetated habitats is composed of supporting services (e.g.
nutrient cycling). Provisioning services (e.g. production of fisheries resources) has not been included in
the estimated value although vegetated habitats have been recognized as important nursery for a variety
of fish species. Estimation of fish production (nursery function) of vegetated habitats based on
quantitative samplings is an urgent issue for the future conservation and management of the vegetated
habitats.

aad
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macroalgal coverage in the later season although cohort-specific growth rate was significantly higher in
the later cohorts due to higher temperature. Strong selection for fast-growing juveniles occurred in a
cohort with high mortality that underwent low habitat complexity.

0 O In the present Ph D thesis, based on the field survey and laboratory experiments, | evaluated annual
production and its economic value of juvenile S. cheni which dominates the fish community of
macroalgal bed in temperate coastal waters of the North Pacific. The variability in habitat complexity
affected survival and production mechanisms of juvenile S. cheni. The earlier cohorts with low mortality
rate were suggested to have highly contributed to S. cheni production in this habitat. The total economic
value of the ecosystem services of vegetated habitats is suggested to be higher by at least 40-58% than
that estimated in the previous study when the fish production estimated in the present study is included.

Key words: vegetated habitats, Sebastes cheni, production, growth, survival
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Purpose and Objectives of study

0 O The aim of this study is' to assess the livelihood development strategies and resource management
in fishing communities towards resilience in Indonesian coastal areas.” Livelihood strategy here focuses
on diversification of livelihood through developing seaweed farming in fishing community and other
livelihoods outside fisheries.

O O This study has five specific objectives: 1) to explore the impact of depleted marine capture fisheries
on livelihood activities of fishing communities, 2) to evaluate the livelihood strategies to adapt the
decline of fisheries resource, 3) to assess the constraints and opportunities of seaweed farming
development in sustaining fisheries resource and fisheries livelihoods, 4) to evaluate the impact of
marketing system of fisheries resources on livelihood activity in coastal areas, and 5) to provide
recommendations for enhancing resilience in fishing communities.

1. Socio-economic impact of overpressure of Indonesian capture fisheries: Case study of purse
seine fshery in Bali Strait
0 O The fishermen in Jembrana have experienced first-hand the various impacts of overfishing of Bali
Strait in their daily, monthly or annual activities during the* fish crisis” such as on 2010 to 2011. This
condition has given multi-player effect to not only fishermen but also processing companies and fish
traders. Both boat owners and crew members did not have any option to perform alternative activities
outside of the fisheries to meet their daily requirements because the' crisis” is longer than as the period
of off-fishing. To adapt this situation, some crew fishermen often worked as construction workers in
Denpasar or other cities in Java, and some worked as agricultural laborers in other villages in Jembrana.
The boat owners and captains/fishing masters sold their assets to survive their life and maintain of other
assets during the fish crisis” .

2. Developing livelihood strategies on fshing communities in South Sulawesi coastal areas

0 O Small-scale natural resource management (SNRM) project is one of the successful coastal projects
to improve household economy of fishermen by encouraging the prospective fisheries activities, such as
seaweed culture and fish peddling. Most of fishermen (77% of total respondent) planted the seaweed
with long line floating method after participate in SNRM. At present, seaweed farming plays an
important role in the socio economic condition of fishing communities as the main income source,
besides fishing activity. Fishermen’s income (87%) increased between IDR. 0.5 Million - 1 Million,
because seaweed farming gave them additional income that led their income increased. To adapt with
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two monsoon seasons, fishermen change farm (plots) location to Jeneponto during May to November,
and they moved to Takalar side during December to April.

3. An assessment of opportunities and constraints of seaweed farming in sustaining livelihoods and
fsheries resources

0 O Seaweed farming (Eucheuma cottonii) has become the main livelihood for fishers in the studied
area, with providing the major source of income. Capture fisheries have been replaced by the seaweed
farming. There were several constraints to prevent from development of seaweed farming, such as
disease, shifts in the monsoon season, marketing constraints, low quality of seaweed seeds, and farm
ownership. Yet another obstacles were predatory behavior and imperfections in post-harvest methods.
Positive factors are related to domestic and export market demand of dried seaweed, and supported
national policy could be a great opportunity for developing seaweed farming, beside high profit resulted
from seaweed farming compared with other fishing activities. The important advantage of seaweed
farming was a sharp increase in household income.

4. Impact assessment of marketing system of dried seaweed on sustainable livelihood activities in
fshing community

00 O The marketing system of seaweed (Eucheuma cottonii) has provided benefits, such as speedily
supplying investment and daily operational funds without interest, to seaweed farmers through the
efforts of middlemen. Fishermen sold the dried-raw seaweed to middlemen at village. The middlemen
sold dried seaweed to wholesaler at district after the stock was enough for shipping. The wholesaler
could sell to exporters and/or processing company at province. Dried-raw seaweed is exported to some
Asian countries, European countries and United Stated of America (USA). Meanwhile, the dried-raw
seaweed sold to processing company that produced Alkali Treated Cottonii (ATC) and Semi Refined
Carrageenan (CRC) as intermediate products for domestic usage.

5. Conclusions and recommendations

O O In Bali Strait, uncontrolled exploitation with ever-increasing catch effort and management
malpractices has caused a reduction of fisheries resource. All parts of the supply chain including
fishermen, traders, processing plant and factory have been adversely affected and have ceased their
economic activities. Meanwhile, seaweed culture could be double strategy for fishermen to sustain their
livelihood.

0 O The major constraints are related to: 1) farming activity, 2) marketing system, 3) financial

management, and 4) environmental changes. Finally, recommendations are includes:

0 O 1. Encouraging self-monitoring of coastal and marine resources uses by all stakeholders.

0 O 2. Livelihood diversification on fisheries and non- fisheries products, and improving alternative
fishing technology are better choices against the capture fishery resource depletion.

0 O 3. Sustaining seaweed farming by expanding the potential farm area in an optimal and
environmentally friendly way to meet the market demand for seaweed, improving farmers’
knowledge.

0 O 4. To improve existing market channels by giving participation opportunities to coastal communities
and develop the cold chain system for fish product.

Key words: livelihood strategy, sustainable use, marketing system, seaweed, resilience
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(LCFA-Ca), rumen-protected Met (RPM), LCFA-Ca plus RPM and without supplements in a 4 x 4 Latin
square design. The LCFA-Ca decreased DMI, but both supplements of LCFA-Ca and RPM did not affect
MEI and milk production. Plasma concentrations of NEFA, triglyceride (TG) and T-CHO were increased
with LCFA-Ca alone, but the increases in plasma TG and T-CHO concentrations were moderated by
LCFA-Ca plus RPM. The LCFA-Ca increased plasma ghrelin concentration and the ghrelin
concentration with LCFA-Ca plus RPM was the highest among the treatments. Similarly, plasma GH
concentration tended to be increased by LCFA-Ca and showed the highest level in LCFA-Ca plus RPM.
On the other hand, plasma IGF-1 concentration was decreased by LCFA-Ca and RPM. Plasma glucagon
and insulin concentrations were decreased with LCFA-Ca, whereas the LCFA-Ca plus RPM mitigated
the decrease of glucagon by LCFA-Ca. These results showed that the supplementation of RPM together
with LCFA-Ca increases plasma ghrelin and GH concentrations, but plasma IGF-1 concentration was
not associated with plasma GH and ghrelin concentrations.

0 O The present study demonstrated that MCFA and LCFA increased plasma ghrelin concentration.
When Met was fed with LCFA, plasma ghrelin concentration was further increased. The incremental
degree of plasma ghrelin concentration was greater in cows fed MCFA compared with cows fed LCFA
and LCFA plus Met. Nonetheless, the endogenous increase in plasma ghrelin concentration did not
increase plasma GH concentration in cows fed MCFA, but increased in cows fed LCFA and LCFA plus
Met. The present study showed that continuous hyper plasma ghrelin concentration did not increase GH
secretion always, suggesting that keeping of plasma ghrelin concentration above threshold level is not
effective for the stimulation of GH secretion.

O O In conclusion, the kind of available nutrients affect plasma concentration and action of ghrelin in
lactating cows. Milk production is not enhanced by the supplements as MCFA and LCFA because of
their adverse effect on feed intake. However, the changes in plasma ghrelin concentration induced by
these feed supplements could mediate major metabolic hormones to control nutrients use in the whole
body of lactating cows.

Key words: ghrelin, lactating cow, metabolic hormones, amino acids, fatty acids



goooo
Biosphere Sci.
52[] 163—164 (2013)

Taxonomy and ecology of metazoan parasites of alien freshwater
fshes in Japan

Worawit MANEEPITAKSANTI

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

gooOoooboooooooooobooooog

gooooooooooooooo
Ooooooooooooonnnnrz39-8528 0000

00 O The phenomenon of biological invasion has been documented in recent years from many countries
around the world. When a species is introduced into a new territory, its parasites may also follow, thus
forming a sort of biotic unit. Bluegill (Lepomis marcochirus) and tilapias (Oreochromis niloticus
niloticus, O. mossambicus and Tilapia zillii) are alien freshwater fishes that were introduced into Japan
in 1960 and the 1950°s-1960’s, respectively. Little information is available on the parasites of these
fishes in Japan. In order to understand the status of the host-parasite relationships of the parasites
infecting bluegill of North American origin and three species of tilapias of African origin, the present
study was conducted to clarify the fauna, geographical distribution and seasonal dynamics of the
parasites found on and in these fishes.

0 O Three species of gill monogeneans (Onchocleidus ferox, O. dispar and Actinocleidus
fergusoni) are described from the gills of bluegill from Budo Reservoir, Hiroshima Prefecture.
The findings of O. dispar and A. fergusoni represent their first record from Japan. Furthermore,
three species of gill monogeneans (Cichlidogyrus tilapiae, C. halli and C. sclerosus) and one
species of digenean (Transversotrema patialense) are described from the gills and beneath the
scales of tilapias caught in Okinawa Prefecture: all these four parasites are recorded as new
country records for Japan.

0 O The examination of 1,329 bluegill collected from 49 localities from Hokkaido to Okinawa
prefectures in Japan yielded five meatazoan ectoparasites: three monogeneans (O. ferox, O. dispar and A.
fergusoni) and two copepods (Neoergasilus japonicus and Lernaea cyprinacea). The monogeneans are
characterized by the differences in infection level between the species: O. dispar demonstrated the
highest prevalence, followed by O. ferox and A. fergusoni. This study has added 21, 40 and 14 new
locality records for O. ferox, O. dispar and A. fergusoni, respectively. Both O. dispar and O. ferox were
found on three main islands of Japan (Honshu, Kyushu and Shikoku), while A. fergusoni occurred only
in Honshu. This study has also provided, as the parasites of bluegill, 40 and 28 new prefectural records
for N. japonicus and L. cyprinacea, respectively.

0 O Through research on the seasonal dynamics of three monogeneans infecting bluegill in Budo
Reservoir within the campus of Hiroshima University, O. ferox was found to be a dominant species with
its consistently high prevalence, followed by O. dispar and A. fergusoni. In this reservoir, both O. ferox
and A. fergusoni showed clear seasonal patterns in their infection level, but no such patterns were found
in O. dispar. The seasonal occurrence and maturation of N. japonicus parasitic on redbelly tilapia in the
subtropical Okinawa Prefecture is documented for the first time in this study. The seasonal change in
mean abundance and egg-sac production of the parasite in this region differs from that reported in the
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temperate Hiroshima Prefecture and is not synchronized with the seasonal change in surface water
temperature measured at sampling site.

Key words: alien parasites, monogeneans, parasitic copepods, taxonomy, ecology, bluegill, tilapias
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0 O Edible crustaceans belonging to mysids (Crustacea: Mysida) were studied on their molecular
analysis and fisheries in Indonesia during 2008 to 2012. The fisheries of Acetes (Crustacea: Decapoda)
were also involved in this study as remarks because these organisms were found together with mysids.

0O O Samples were obtained by field samplings and buying fresh and dried materials and shrimp paste at
local markets across Indonesia for fisheries purposes. In addition to fisheries matter, interview surveys
were conducted and fishery data obtained from public offices and processing industries. A variety of
sampling gears were employed to collect these crustaceans based on the purpose of this study, such as:
plankton-net, push-net, lift-net, scoop-net and boat-seine, and also depended on the type of sampling
sites.

O O The molecular analysis was conducted on Mesopodopsis orientalis, as a main fishing target. A total
of 458 base pairs (bp) of partial fragment sequences of COI region were determined for 136 specimens
collected from 10 sites. All sequences were unambiguously aligned, revealing 37 haplotypes. Haplotype
diversity (h) and nucleotide diversity () were 0.8036+ 0.0273 and 0.0089+ 0.0049, respectively.
Phylogenetic analyses of the mitochondrial COl showed that M. orientalis involves several stem
lineages, which are genetically divergent at a high level and were subsequently divided into two clades
in phylogenetic trees. Haplotypes of M. orientalis population from Indonesia differed from those of
Malaysia and Thailand, and formed different clades in the phylogenetic trees. A maximum parsimony
tree showed that Indonesian clades are closer to Thailand's than to Malaysian's, which may refer to what
has happened during the Pleistocene glacial period. The haplotype network also indicated the presence
of two genetic clades, Clades 1 and 2 separated from each other by two nucleotide substitutions.
Concerning genetic diversity within each local population, the number of haplotypes was polymorphic.
Concerning genetic differentiation among populations, average sequences differences (d,) of 22 of a
total 45 pairs were significant after sequential Bonferroni corrections. Haplotype compositions differed
among populations, although these populations were divided into two genetic groups. The AMOVA
testing significance of Groups 1 and 2 demonstrated that genetic differentiations were significant.
Consequently a series of DNA analysis for haplotype sequences of COI gene showed the presence of a
geographical barrier that separates the two distinct genetic groups across between Java-Madura and Bali-
Kalimantan Island systems in Indonesian waters.
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0 O There was no exact information regarding the peak seasons of mysids, but they were available in
brackish and salt ponds throughout a year. Acetes was caught throughout all seasons, but the peak fishing
season varied depending on the locations of the fishing grounds and the alternation of monsoons. Fishing
time for mysids and Acetes was either day or night, but the best time for fishing was during darkness,
either at dusk or dawn. The catches and values of a mixture of mysids and Acetes (“rebon”) fluctuated
year-by-year and there was much greater annual catch at the sea than in brackish ponds. The catch of
“ rebon” in Madura was highest of all locations surveyed, which was about 4 tons/day with the value of
Indonesian Rupiah (IDR) 15,300,000 (about 1,700 US$) / ton in the peak fishing season from February
to March. The economically important species of mysids were Mesopodopsis orientalis and M. tenuipes.
In Acetes the following species were fishing targets: A. indicus, A. serrulatus, A.erythraeus, A. sibogae
sibogae, A. japonicus, and A. vulgaris. They were all used for making fermented shrimp pastes called
“ terasi” . There were three types of shrimp pastes in terms of its composition; 1) a mixture of mysids
and Acetes, 2) Acetes only, and 3) mysids only. The price at market for* rebon” and‘ terasi” varied
depending on the quality of the product and the locality. Dried and fresh rebon” were sold for IDR
5,000 to 15,000/kg (US$ 0.6 - 1.7/ kg), wherea$ terasi” for IDR 3,000 - 40,000/kg (US$ 0.3 - 4.4/ kg).

0 O The sustainability of mysid and Acetes fisheries depends on exact fisheries statistics and
consideration of the genetics of target species.

Key words: Mesopodopsis, Acetes, COl, Indonesia, fisheries
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0 O In Japan, intensive animal production has been expanding in recent decades, and a huge amount of
animal feed including forages is being imported from all over the world. Domestic production of feed
for domestically raised animals is an obvious way to improve the country’s low food self-sufficiency rate
and to prevent an excess of animal waste. Overall objectives of this study were to evaluate domestic
forage and grain based diets for steers in digestive physiological perspective of nitrogen (N) and amino
acid (AA) based on digestion, absorption and metabolism.

O O The first experiment was to evaluate the effects of concentrate levels supplemented to a high grass
silage based diet on the digestion extent of nutrients in the rumen and intestine of steers, and to compare
N balance with or without duodenal Met infusion. Ratios of supplemental concentrate were 0.35 (IsCl)
and 0.85% (IsCh) of body weight on dry matter (DM) basis, respectively. Organic matter intake was
greater for IsCh diet by 24% than for IsCl diet. The digestible non-fiber carbohydrate (NFC) in the total
tracts also tended to be greater for IsCh diet. Duodenal flows of microbial N and non-ammonia N, and
digestible N in the intestine were greater for 1sCh than IsCl diet. Retention of N was improved by 85%
for 1sCh diet compared with for IsCI diet, but duodenal Met infusion significantly did not affect the N
retention of steers consumed both levels of supplemental concentrate. These results suggest that
additional Met delivery to the lower gut of steers fed high Italian ryegrass silage diets could not increase
N retention, but a small increase of concentrate supplement is useful feeding management to improve N
utilization through an increase in available energy supply for rumen microbial yield and host animal.

0 O In the second experiment, the objective was to evaluate the combination effects of 38% of whole
crop corn (Cs) or rice (Rs) silage with 35% of steam-flaked corn (Cg) or rice (Rg) grain in dietary DM
basis on ruminal carbohydrate digestion, duodenal N flow and plasma essential amino acid (EAA)
concentration. The ruminal digestibility of starch and NFC for Rs and Rg diets compared with Cs and
Cg diets was greater, but that of neutral detergent fiber excluded ash (NDFom) was less. Because the
ruminal disappearance of NFC plus NDFom was similar across treatments, microbial N flow was not
affected by the dietary treatments. There was an interaction of Met flow by silage and grain sources:
greatest for CsRg and least for RsRg diet, and blood plasma concentration of Met after feeding was
lower for Rg than Cg diets. Postprandial reduction degree of plasma EAA varied with the diets and
individual EAA. The Cs diets compared with the Rs diets tended to be greater in N retention because of
greater digestible OM intake. These results suggest that silage source combined with corn or rice grain
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the combinations of silage and grain sources.

0O O The third experiment was carried out to investigate the effects of Met supplementation (10 g/d) on
AA metabolism by visceral tissues in steers fed the diets consisting of 38% corn silage with 35% of corn
or rice grain in DM. Net output or uptake of AA were measured across portal-drained viscera (PDV),
liver and total splanchnic (TSP: PDV plus liver) tissues. Blood and plasma flows across PDV and TSP
and net fluxes of AA by PDV, liver and TSP were unaffected by the grain sources, indicating that
replacement corn grain with rice grain did not affect postruminal absorption of available AA. The
postruminal infusion of Met for both grain diets resulted in a significant increase in Met absorption
across PDV and arterial plasma concentration of Met, although the amount of total AA release from TSP
did not increase compared with the both grain diets without Met infusion. Greater supply of Met to the
duodenum may not affect AA metabolism by the splanchnic tissues of growing ruminants consuming
corn silage-based diets including corn or rice grain.

00 O Overall, these studies indicate that it is important to evaluate dietary nutrient value and supplements
for ruminants in digestive physiological perspective of N and AA based on digestion, absorption and
metabolism. A small increase of concentrate supplement is useful feeding management to improve N
utilization in growing steers fed high grass silage diets. The whole rice crop silage compared with corn
crop silage may reduce N utilization in steers through less digestible OM intake, and the kind of limiting
amino acid may differ among the combinations of silage and grain sources. Replacing corn grain with
rice grain does not affect postruminal absorption of available AA. Provision of greater duodenal flow of
Met couldn’t seem to affect AA release from the splanchnic tissues to the peripheral tissues for growing
ruminants consuming corn silage-based diets. Different limiting amino acids for different dietary
combinations should be taken into consideration and clarified when rice silage or rice grain are used as a
substitution of corn silage or corn grain.

Key words: nitrogen utilization, home-grown feeds, Italian ryegrass, corn, rice, steers
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00 O There is growing epidemiological evidence for vitamin B6 acting as a protective factor against
cancers, inflammatory bowel disease and cardiovascular disease. Recent evidence suggest that
inadequate intake of vitamin B6 is prevalent in the US and Japan. It has been suggested that the anti-
tumor effect of dietary vitamin B6 is, at least, partially ascribed to lowering colon cell proliferation,
oxidative stress, inflammation, angiogenesis, epithelium cell damage and DNA damage. However, the
molecular mechanisms involved in the anti-tumor and anti-inflammation effect of vitamin B6 are not yet
clearly understood. The objective of this study was to investigate the anti-disease function of vitamin B6
in cell culture and animal studies.

0 O The preliminary study using DNA microarray analysis was conducted to examine the expression of
genes in colon carcinoma HT29 cells exposed to pyridoxal (PL: 500uM) for 24 h. Expression of several
genes relating to diseases, including cystatin A (CSTA), cyclin-dependent kinase inhibitor 1A (p21),
insulin-like growth factor binding protein 1 (IGFBP1), growth arrest and DNA-damage-inducible beta
(GADDA45B), vitamin D receptor (VDR), DNA-damage-inducible transcript 3 (DDIT3) were
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together with their inhibitory effects on cell proliferation, suggests the anti-tumor effect of vitamin B6
via elevating IGFBPs.

0 O p21 and p53 have been suggested to be tumor suppressors in vitro and in vivo in several studies.
The gene expression of p21 is tightly controlled by p53. In the second study, the effect of PL on the gene
expression of p21 in several cell lines was investigated. The results showed that PL elevated the gene
expression of p21 in Caco?2 cells, HEK293T cells and HepG2 cells. Adding PL significantly elevated the
mRNA expression of p21 in both HT29 cells and HepG2 cells at 24 h, whereas other vitamers, including
PLP, PN and PM, caused no such effect. In order to understand the mechanism of higher mRNA
expression of p21 by PL, the p53 activation was examined (the upstream factor for p21 mRNA
transcription) in both HT29 cells and HepG2 cells. The results indicated that PL caused higher protein
level of p-p53 (active form of p53) of whole cell lysate and nucleus in these two cell lines. Moreover, the
in vivo results suggest an important role of vitamin B6 in elevating protein of p-p53 and mRNA of p21
in colon of mice. Taken together, my study implies the anti-tumor effect of vitamin B6 via elevating
p-p53 and p21.

0 O In conclusion, the first study showed that PL caused upregulation of mMRNA expression of CSTA,
p21, IGFBP1, GADD45B and DDIT3, and downregulation of mMRNA expression of NOX1 in HT29 cells
and HepG2 cells. High dose of PL can induce expression of these IGFBPs in HepG2 cells via a
mechanism involving ERK pathway. The second study provided evidence that PL elevated the mRNA of
p21 and p-p53 protein in both HT29 cells and HepG2 cells. The significant elevation in the mRNA of
p21 was found in the mice fed with the normal vitamin B6 diet compared with that of vitamin B6
deficient diet. Taken together, these findings suggest the novel mechanisms of the anti-disease function
of vitamin B6 through the modulation of IGFBPs and p21.

Keywords: vitamin B6, pyridoxal, IGFBPs, p53, p21, cancer cells, mice
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0 O Citrus fruits are familiar all over the world and rank first in international fruit trade in terms of
value, although production shows geographical concentration in certain areas. Some important citrus
farms have calcareous soils that are not suitable for citrus trees because Fe deficiency condition. The
most prevalent cause of Fe deficiency is the presence of high levels of carbonate in soils, leading to a
high pH and low availability of Fe and the condition known as lime induced chlorosis. In calcareous
soils, citrus productivity depends on the availability of a suitable rootstock that is tolerant to low Fe. The
search for new citrus rootstocks with better performance than those currently used (including Fe tolerant
ones) is the major aim of the citrus industry in many countries. One of the alternative ways to search for
potential citrus rootstocks is using related citrus species for selecting tolerant plant material such as
Orange Jasmine (OJ) (Murraya sp.). This plant is Fe-efficient plant because it favors limestone soils and
easily naturalized in many locations with a wide range of conditions. However, there is little information
on OJ except for Ferric Chelate Reductase (FCR) activity. The present study was, therefore, conducted
to 1) clarify Fe-deficient tolerance responses of OJ within a shorter experimental period in uniform
medium conditions with easiness to control (water culture), 2) examine the influences of Fe treatments in
the water culture on the Mn absorption of OJ under four different Mn concentrations, and 3) confirm
what kind's functions do OJ exists when grown under high pH soil condition.

0 O Within a short experiment period of three or four weeks, selecting Fe-tolerant citrus rootstocks
became possible, comparable to an annual plant experiment. An increase in root FCR activity and proton
extrusion was confirmed under Fe deficiency as similar to Fe-deficient tolerance dicotyledonous plants.
Remarkable results using OJ under Fe deficiency included increase of root biomass (almost 2 times), in
contrast to Flying Dragon (FD) which tended to decrease. There are a few reports wherein Fe-efficient
plants increase their root biomass under iron deficiency. In OJ, increasing root biomass depended on the
increased formation of lateral roots and root hairs that was well correlated with increasing root FCR
activity and proton extrusion. The second remarkable result showed that Mn concentration in Fe-
deficient roots of OJ did not increase. Normally Fe and the other metal elements such as Mn have
antagonistic effects on root absorption. Mn absorption increases under Fe-deficient condition which may
induce Mn toxicity. In this case, OJ regulated Mn concentration and maintained Fe and Mn balance in
the Fe-deficient root.

0 O Influences of Fe concentration in the water culture on the Mn absorption were studied under four
different Mn concentrations in OJ. The concentration of Mn in the Fe-deficient roots could be maintained
at similar level in Fe-sufficient roots until 5uM Mn treatment (10 times higher compared to the standard).
When Mn in solution was 50uM, Mn concentration finally increased in the Fe-deficient root of OJ but
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did not increase so high in the leave and still produced new roots and leaves. It was also found that OJ
preferred lower Fe medium and still grew well under poor Fe medium. In this study, OJ was observed to
be adapted to wide concentration ranges of Mn and still survived under high Mn concentration (50uM)
and low Fe concentration in the medium.

0 O The specific Fe-deficient tolerance responses of OJ were proven by increasing root biomass and
regulating Mn accumulation. In calcareous soil, OJ was tested what kinds of functions do when soil pH
was adjusted to 7.3 by amending with 10% CaCO, by weight and cultivated for 8 weeks. In the early
stage of growth, OJ leaves showed of Fe-deficient symptom as well as the other micro nutrients such as
Mn, Zn and Cu, simultaneously. However, OJ still produced new leaves even in chlorotic condition and
changed to green day by day (regreening). On the contrary, Trifoliate Orange (TO) hardly produced new
leaves, and if new leaves came out, they could not change to green and sometimes dropped. Eight weeks
in calcareous soil provided almost no decrease of shoot biomass compared to neutral pH soil.
Remarkable root biomass increase was also observed in OJ under calcareous soil. These responses meant
that OJ developed strategy to increase Fe absorption by lateral roots formation. Under calcareous soil,
the DTPA soluble micro elements were higher and the pH was slightly lower in soil with OJ compared to
that with TO. These results suggested that lateral root development could influence the soil environment.
0OJ can grow not only under low Fe but also other micro elements.

0 O In conclusion, under Fe-deficient condition OJ increase root biomass, maintain Mn absorption and
accelerate root FCR activity and proton extrusion. OJ does need high Fe in the medium. OJ increase root
biomass in all Mn concentration and also maintain Mn absorption until 10 time’s standard Mn
concentration under Fe-deficient condition. OJ also increase root biomass under calcareous soil, can
grow not only under low Fe but also other micro elements and can decrease soil pH.

Key words: iron deficiency, calcareous soil, Orange Jasmine, micro elements absorption, root biomass
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0 O Evergreen broad-leaved forest is the main natural vegetation type in the warm temperate zone of
Japan. The potential land area of this forest type covers the western half of the Japanese Archipelago.
Evergreen broad-leaved forest has a much higher carbon cycling rate than forests in cool climates.
However, few data are available on the potential impact of climate change on evergreen broad-leaved
forests.

O O The objective of this study is to elucidate the effect of climate warming on the soil respiration and
microbial community (heterotrophic and rhizospheric) in the evergreen broad-leaved forest of the warm
temperate zone of Japan.

O O In Chapter 2, | described an open-top chamber experiment that was conducted for 3 years to
examine the effects of elevated CO, and temperature on soil respiration in experimental stands of
Quercus glauca, an evergreen tree species common in the warm-temperate zone of Japan. Seedlings of
Q. glauca were planted in open-top chambers and treated with ambient and elevated (ambientx 1.4,
ambient x 1.8) CO, concentrations and ambient and elevated (+3°C) air temperatures.

0 O Elevated CO, significantly increased the total soil respiration rate (P < 0.001) and the soil
respiration rate at 15°C (Ry) (P < 0.05) but had no significant effect on the temperature-response
coefficient Q. Although temperature significantly affected the total soil respiration rate (P < 0.05),
neither the Rys nor the Qy, of total soil respiration was affected significantly by the air temperature
increase. However, the Q,, of heterotrophic respiration was (P < 0.01) significantly affected by elevated
temperature. The annual soil respiration rate, estimated from Rs, Qy, and soil temperature data, tended
to increase with elevated CO, concentration. These results suggest that the soil respiration rate in
Japanese broad-leaved forests dominated by Q. glauca is sensitive to elevated CO, and is likely to
increase under future climatic conditions.

0 O The experiments described in Chapter 2 revealed that elevated temperature caused a significant
change in the temperature sensitivity (Q,,) of heterotrophic respiration, which might have been caused
by a change in the structure of the microbial community.

0 O In Chapter 3, to elucidate the effect of climate warming on the soil heterotrophic microbial
community in evergreen broad-leaved forests, a soil warming experiment was conducted in a natural
secondary forest in Higashi-Hiroshima. Ten trench plots (Imx 1m) with barriers to prevent root
regrowth were established in the forest. The plots were divided into warming and control treatments.
Infrared heaters were used to increase the soil temperature of the warming plots by about 3°C for 3 years.
Phospholipid fatty acid (PLFA) analysis was used to examine the composition of the soil heterotrophic
microbial community. There were no significant differences in the total content of PLFAs (TotPLFAS)
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and fungal PLFAs (FungPLFAs) between the warming and control plots. However, warming caused an
increase in bacterial PLFAs (BactPLFAS), resulting in a lower ratio of FungPLFAs to BactPLFAs (F/B
ratio) in the warming plots. These results indicate that the soil heterotrophic microbial community in this
evergreen broad-leaved forest is sensitive to climate warming.

O O The rhizosphere is generally defined as the narrow zone of soil directly adjacent to, and affected by,
plant roots. Rhizodeposition is an important source of carbon for microbes in the rhizosphere. In order to
elucidate the effects of climate warming on the rhizospheric soil microbial community of Q. glauca, |
conducted an incubation warming experiment described in Chapter 4. Three incubators were used to
create different temperature conditions (15, 18, and 21°C), and 40 Q. glauca seedlings growing in mesh
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0 O Myanmar has been one of the world’s top ten countries for capture fisheries. Meanwhile, concerns
have been raised as to whether such growing fishing pressure is within the sustainable level of the
productivity in this area. At the same time, due to the drastic economic progress, coastal development in
Myanmar is proceeding at a rapid pace. These coastal developments might lead to coastal eutrophication
and subsequent harmful algal bloom (HAB), such as red-tides and shellfish poisonings. For estimating
ocean productivities and HAS risks, phytoplankton surveys are essential but none of them are conducted
in the Myanmar waters. In this circumstance, to primarily understand phytoplankton community
structure in the Myanmar coast, field surveys have been carried out in the foremost marine fishery area,
Tanintharyi coastal region. Since the southwest monsoon (rainy season; June to October) is the main
source of climatic variation in Myanmar, the surveys were conducted before and after the rainy season.
Field surveys were conducted thrice (May 2010, December 2010 and March 2012) at around Kadan
Island, off the Myeik City, and phytoplankton (both planktonic populations and cysts on the sediment)
and oceanographic data (e.g. temperature, salinity and inorganic nutrients) were collected at the stations

0 O From the planktonic samples, totals of 64 diatom species and 100 dinoflagellates species were
listed. Diverse diatom species were mainly found in the December survey and the dinoflagellate species
were rather in the May and March surveys. The massive occurrences of diatoms species in the December
survey can be explained by; flooding of nutrient-rich terrestrial water into the coastal areas in prolonged
rainy weather during the southwest monsoon, and drift of these terrestrial waters to the entire coastal
area due to shift to the northeast wind. The diverse dinoflagellate occurrences in the May and March
surveys were probably due to the oligotrophic environment in the late dry season. The results are
surmised as; diverse occurrence of diatoms after the rainy season due to the extensive terrestrial water
inflow to the ocean, and followed by luxuriant occurrence of dinoflagellates in the late dry season. The
later was also explained by the unique oceanographic structure: The oceanic and neritic dinoflagellate
species were found together in the May and March surveys, probably because oceanic waters from the
Indian Ocean can mix with the coastal waters. Extension and mixture of both rich terrestrial water and
oceanic water would largely contribute high ocean productivity in the Myanmar coast. Total of 44
dinoflagellate cyst types comprising 12 autotrophic and 32 heterotrophic types were found from the
bottom sediments. High diversities of heterotrophic cysts were also characteristic of the Myanmar coast.
0 O In this study, a total of 21 species of harmful dinoflagellates was identified. Among them, 10 species
were reexamined with detail morphology and DNA (28s rRNA gene) analyses. Red-tide forming species
such as Prorocentrum micans, P. shikokuense, P. sigmoides, Alexandrium affine and Gonyaulax
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polygramma were confirmed. Shellfish poisoning causative species, paralytic shellfish poisoning (PSP)
causatives such as Alexandrium tamiyavanichii and Gymnodinium catenatum, yessotoxins (YTXs)
producing species of Gonyaulax spinifera and Lingulodinium polyedrum, diarrhetic shellfish poisoning
(DSP) causatives species such as Dinophysis caudata, D. rotundata, and potentially okadaic acid (OA)
producing species of Prorocentrum rhathymum were confirmed. These harmful species were mainly
occurred in May and March, and these late dry seasons should be regarded as to potentially cause HAB
events.

0 O Actually, a notable red-tide was found on the March 2012 survey. This red-tide was noteworthy by
comprising three different harmful dinoflagellate species of P. rhathymum, P. shikokuense and A. affne.
To gain physiological basis of these species to form red-tide, the culture strains isolated from this red-
tide water were subjected to growth experiments at four different temperature regimes (15, 20, 25, and
30°C). The results of A. affne exhibited low tolerant to the given low temperature (15°C), irrespective to
its records in northern temperate region, hence this strain adapted to the tropical environment in
Myanmar. P. rhathymum and P. shikokuense exhibited broad tolerance to the all given temperature ranges
and rather high division rates, probably sufficiently to form dense blooms. Interestingly, P. shikokuense
had its optimum temperature at 15°C, insisting the population might be derived from temperate zone.

0O O In this study, dinoflagellate cyst population was also estimated in the Selangor district, west coast of
Malay Peninsula, at where blood cockle cultures are being employed. The research was carried out under
a multi-cooperative study of Japan and Malaysia, and would be also informative for Myanmar to know
HAB expansion from or to the Myanmar coast, and as a future model of HAB risk management in
shellfish culture fields. In the results, a total of 43 cysts types were found, and cysts of the PSP causative
species (G. catenatum and A. tamiyavanichii) were detected among the populations. It indicates there is
impeding PSP risks in the area and urgent need of the risk managements for safer marine food
consumption.

O O In this study, detail lists of diatom and dinoflagellate species were firstly established in the Myanmar
water. They are based on the latest taxonomic criteria with a large number of micrographs and expected
to contribute future planktological research in the area. Moreover, the result showed there was a rich
flora of harmful dinoflagellate species, especially in the late dry season, and the occurrence should be
carefully monitored for sustainable development in the Myanmar fisheries.

Keywords: dinoflagellate, red-tide, Myanmar, shellfish poisoning, primary producer
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