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Effect of a dietary fermented vegetable product on the heat shock response
of Japanese flounder Paralichthys olivaceus

Takayuki Ashida, Masahiro Takagaki, Yoshinori Matsuura , and Eiji Okimasu
Fish. Sei., 15, 529-531 (2009)

The protection from fish diseases and the reduction of several stresses have become major
interests in fish culture. The use of natural compounds as supplements is safer for the
cultured fish and more effective means of reducing stress response in aquatic organisms.
There was a possibility that HSP70 (Heat Shock Protein 70; heat-induced HSP70
corresponded to a predicted mass of 70.6 kDa) protects the gill tissues from heat-induced
damage in the FVP (Fermented Vegetable Product; Manda®) —fed fish. In the FVP feeding
experiment , the cortisol levels in serum (a biochemical indicator after acute stress
responses) after heat shock decreased promptly with time: however, the glucose
concentrations in serum (the other biochemical indicator) were maintained. This study has
demonstrated that dietary supplementation with FVP will help the cultured fish to induce
the stress response. Although FVP contains antioxidant substances, the compounds have
not yet been isolated and identified. Further study is necessary to understand the
mechanisms of HSP70 induction and the serum cortisol reduction initiated by feeding of
FVP.

Morphology and taxonomy of the Japanese Rhodymeniales (2). Vegetative anatomy
and reproductive organs of Lomentar/a pinnata (Lomentariaceae, Rhodophyta)
Masahiro Suzuki, Tetsuo Hashimoto, Yukimasa Yamagishi, and Makoto Yoshizaki

J. Japanese Botany, 84, 263-272 (2009)
Detailed morphological studies have been carried out on Lomentaria pinnata Segawa.

This is the first report of male gametophytes and carposporophyte development for the
species. The hollow thallus, spermatangia which are produced terminally on the mother
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cells, three-celled carpogonial branch, cystocarp protrudes on the thallus, tetrahedrally
divided tetrasporangia, and tetrasporangia formed in depressed sori, which satisfy the
characteristics of the genus Lomentaria. While, the small cortical cells which form
rosette-like appearance and the transverse septum occurs only at the base of the branches,
which satisfy the characteristics of a separate genus Chondrothamnion. The breadth of
thalli, branching times and presence of stoloniferous holdfast of L. Dpinnata are variable in
their habitat. Comparisons of their type specimens confirm that L. okamurae is
conspecific with L. pinnata.

Trans-Translation is involved in the CcpA-Dependent Tagging and Degradation
of TreP in Bacillus subtilijs.

Hirofumi Ujiie, Tomoko Matsutani, Hisashi Tomatsu, Ai Fujihara, Chisato
Ushida, Yasuhiko Miwa, Yasutaro Fujita, Hyouta Himeno, and Akira Muto.

J. Biochem., 145, 59-66 (2009)

TreP (trehalose-permiase (phosphotransferase system (PTS) trehalose-specificenzyme
IIBC component)) is one of the target proteins of tmRNA-mediatedtrans-translation in
Bacillus subtilis (Fujihara et al, 2002). The TreP synthesis is subjected to
CcpA-dependent carbon catabolite repression (CCR), and the freP gene contains cre
(catabolite-responsive element) sequence, a binding site of repressorprotein CcpA, in the
coding region. Here, we demonstrated that the tmRNA-tagging of TreP occurs depending
on the gene for CcpA. In the presence of CcpA, the transcription of freP mRNA
terminates at 8-9 nucleotides upstream of the 5’-edge of the internal cre sequence, and
translational switch to the tag-sequence occurs at the 101st amino acid (asparagine)
position from N-terminus of TreP. The results show that franms-translation reaction is
involved in the tagging and degradation of the N-terminal TreP fragment produced by
truncated mRNA, which is a product of transcriptional roadblock by CcpA binding to the
cre sequence in the internal coding region.

(4) Effect of cultivationmethods onnutritional enr ichment of euryhal ine rotifer

Brachionus plicatilis _
Tomonari Kotani, Teruhisa Genka, Hiroshi Fushimi, Masahiro Hayashi, Kristof

Dierckens, and Patrick Sorgeloos
Fish. Sci., 75, 975-984 (2009)
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This study aimed at comparing fatty acid contents of rotifers cultured with different
methods after nutritional enrichment in order to evaluate the rotifer quality produced by
these methods. Rotifers were cultured using either a batch or a continuous culture. From
the batch culture, three experimental subpopulations were used, sampled from the culture
at 1, 24, and 48 h after rotifer inoculation. The continuous culture was performed with
two tanks; one was for cultivation with continuous feeding and water supply (cultivation
tank), and another was for harvesting from the cultivation tank by overflow (harvest tank).
From the continuous culture, two subpopulations were used: one from the cultivation and
one from the harvest tank. Nutritional enrichment was performed after each culture. Each
population was enriched with Nannochloropsis oculata or a commercial enrichment diet.
When the enrichment was performed with N. oculata on populations at 24 h after
inoculation originating from either of the two tanks of continuous culture or the batch
culture tank, a higher quantity of arachidonic acid (ARA) and eicosapentaenoic acid
(EPA) was obtained from the two tanks of continuous culture. The same results were
obtained when enrichment diet was used, this time including docosahexaenoic acid
(DHA).

(5) Effectof initial stockingdensity on larviculture performance of the ocel | ate
puffer, Takifugu rubripes
Tomonari Kotani, Yoshiyuki Wakiyama, Tatsuhiro Imoto, Hisahide Suzuki, and
Hiroshi Fushimi
J. World Aquacult. Soc., 40, 383-393 (2009)

Depending on the initial stocking density, ocellate puffer larvae exhibit the cannibalism
that resulted in high mortality. We aimed to clarify the relationship between stocking
density of larvae, mortality, and the effect of density on cannibalism. Ocellate puffer
larvae were reared at five different stocking densities between 5 and 25 larvae/L with
duplicate 1-m3 tank for each treatment. Larvae were stocked at 0 d after hatch (dah),
and the experimental cultures lasted for 55 d. In larvae stocked initially at more than 10
larvae/L, cannibalism was evident from 11 to 17 d.a.h., and the survival rate at 55 d.a.h.
was less than 15%. The survival rate was 25.5% at 5 larvae/L, and cannibalism was
observed from 31 to 32 d.a.h. Consequently, an initial density of 5 larvae/L was the most
efficient in terms of survival and the prevention of cannibalism. On the other hand, when
cannibalism is still observed at 5 larvae/L, it is necessary to lower the stocking density
before the onset of cannibalism.
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Examination of a practical method for zinc enrichment of euryhal ine rotifers
(Brachionus pljcatilis)

Seiji Matsumoto, Shuich Satoh, Tomonari Kotani, and Hiroshi Fushimi
Aquacu/ture, 286, 113-120 (2009)

Larval growth and survival of marine finfish in mass seed production are affected by the
nutritional value of live feeds such as rotifers and Artemia. Thus far, many studies have
been conducted to develop effective methods for the enrichment of live feeds with
essential fatty acids and vitamins, In this study, a practical method for enrichment of
rotifers with zinc was investigated. Changes in the concentrations of other minerals when
zinc was added to the rotifer-enrichment tanks were also studied. The mineral
composition of rotifers and Chlorella after zinc enrichment revealed that the direct
addition of zinc to the culture media was not effective because rotifers cannot efficiently
accumulate waterborne zinc. The ability of Chlorella to absorb waterborne zinc is much
higher than that of rotifers, and hence, zinc was pre-accumulated in Chlorella, which was
then fed to the rotifers. The maximum zinc content of the rotifers was 585.0 pg g’ (dry
matter) when the rotifers were enriched with zinc alone. This zinc concentration is
comparable to that found in natural zooplankton. In rotifers simultaneously enriched with
zinc and n—3 highly unsaturated fatty acids (HUFASs), the zinc content increased, but the
n—3 HUFA content did not. Therefore, separate enrichment with zinc and fatty acids was
adopted. The zinc content of rotifers fed zinc-enriched Chlorella was significantly higher
than that of rotifers fed unenriched Chlorella. After zinc enrichment, rotifers were
enriched with fatty acids, and the docosahexaenoic acid (DHA) and n—3 HUFA levels in
rotifers were higher than the levels obtained after simultaneous enrichment with zinc and
fatty acids. With regard to the concentration of other minerals in rotifers after zinc
enrichment, the manganese content tended to decrease when the zinc content increased.
The results of this study demonstrated that zinc enrichment of rotifers was successfully
performed by using microalgae that had accumulated zinc, and the enrichment of rotifers
with fatty acids was also achieved after the completion of zinc enrichment and before
feeding the larvae. This method could be utilized for the enrichment of zooplankton with
other minerals as well.

Effects of single and combined supplementation of Enterococcus faecalis,
mannan ol igosaccharide and polyhydroxybutyrate acid on growth performance
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and immune response of rainbow trout Oncorhynchus mykiss

Uriel Rodriguez - Estrada, Shuichi Satoh, Yutaka Haga, Hiroshi Fushimi, and
John Sweetman

Aquaculture Sci., 51, 609-617 (2009)

This study investigated the single and combined effects of pre- and probiotics supplement
on the growth performance and immune response of rainbow trout. Seven diets
supplemented with 1% Enterococcus faecalis (E) , 0.4% mannan oligosaccharides (M)
and 1% polyhydroxybutyrate (P) in single (E, M and P diets) , double (EM and EP diets)
or triple combinations (EMP diet) were fed to juvenile rainbow trout (13.2 + 0.25 g) for
12 weeks. During the feeding test, the fish were healthy and no mortality occurred.
Although weight gain and specific growth rate (SGR) were significantly higher (P<0.05)
in the fish fed single supplementation of mannan oligosaccharides, its combined
supplementation together with E. faecalis showed further improvement of growth as well
as feed gain ratio (FGR) . On the other hand, single administration of E. faecalis could not
improve any growth performance parameter. In addition, E. faecalis improved the
immunological parameters such as hematocrit value, phagocytic index and activity and
mucus production when administrated alone or combined with mannan oligosaccharides.
After fourteen days challenge test the lowest cumulative mortalities were recorded in the
fish fed E, M, EM and EMP diets. A single supplementation with E and M and
combination of them improved the growth performance and immune response of rainbow
trout.

Homogeneity among Lactococcus garvieae isolates from striped jack,
Pseudocaranx dentex (Bloch & Schneider), and its ectoparasites

lone Madinabeitia, S. Ohtsuka, Jun Okuda, Emi Iwamoto, Terutoyo Yoshida, M.
Furukawa, N. Nakaoka, and Toshihiro. Nakai

J. Fish Dis., 32, 901-905 (2009) -

Infectious diseases have become more serious in aquaculture with the rapid development
of intensive culture systems and the increase in fish and shellfish species cultured.
Transmission of pathogenic microorganisms to fish is mainly because of horizontal
mechanisms. Among co-habiting fish, direct transmission of pathogens through the water

is the most important, especially when macroscopic and microscopic injuries occur on fish
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body surfaces, becoming potential portals of entry for bacterial pathogens (Kanno, Nakai
& Muroga 1989; Amaro, Biosca, Fouz, Alcaide & Esteve 1995). Injuries on the skin and
gills of fish are frequently caused by ectoparasites, such as copepods and monogeneans,
feeding on host mucus, tissue and blood (Cusack & Cone 1986; Nylund, Bjorknes &
Wallace 1991; Nylund, Wallace & Hovland 1993). By these feeding activities,
ectoparasites become effective mechanical vectors, potentially transferring pathogens from
infected to non-infected fish (Ahne 1985; Cusack & Cone 1986; Donoghue 1986; Cusack,
Rand & Cone 1988; Nylnd et al. 1991; Xu, Shoemaker & Klesius 2007). However, there is
little firm evidence to verify the role of ectoparasites as vectors. Bacterial and viral
pathogens have been isolated from ectoparasites on infected fish (Mulcahy, Khybor &
Batts 1990; Bandilla, Valtonen, Suomalainen, Aphalo & Hakalahti 2006; Pylkko,
Soumalainen, Tiirola & Valtonen 2006; Xu et dl. 2007), but none of these studies showed
a clear similar identity between pathogens in both ectoparasites and fish.

The present study was designed to determine if ectoparasites carry the same pathogen as
that of diseased fish. We targeted Lactococcus garvieae, one of the major Gram-positive
cocci pathogenic for fish as well as animals and humans (Wang, Shie, Chen, Huang, Hsich,
Wen, Lin & Wu 2007). In Japan, L.garvieae infection has caused severe mortalities to
cultured fish belonging to the family Carangidae, such as the yellowtail, Seriola
quinqueradiata Temminck & Schlegel, greater amberjack, Serioh dumerili (Risso) ,
yellowtail amberjack, ScrioLi hhndi Valenciennes, and striped jack, Pseudocaranx dentex
Bloch & Schneider, since 1974 (Kitao1982; Kusuda, Kawai, Salati, Banner & Fryer 1991;
Eldar, Ghittino, Asanta, Bozzeta, Goria, Prearo & Bercovier 1996). We used biased
sinusoidal field gel electrophoresis (BSFGE) to differentiate L. garvieae isolates from
different origins.

The reproductive tactics and activity patterns of solitary carnivores: the
Iriomote cat

Krzysztof Schmidt, Nozomi Nakanishi, Masako |zawa, Maki Okamura, Shinichi
Watanabe, Sachiko Tanaka, and Teruo Doi

J Ethol., 21, 165-174 (2009)

Felids are generally considered to be crepuscular and nocturnal in their activity, but few
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studies have attempted to analyze the variability of their activity patterns. We studied the
daily activity of the Iriomote cat Prionailurus iriomotensis by radio-tracking on Iriomote
Island, Japan. The general activity patterns of Iriomote cats showed slightly prevailing
activity during dark periods of the day with particular peaks at dawn and dusk or during
the early hours of the night. However, these patterns were clearly dependent on the sex
and reproductive status of the cat. Peaks of cats' activity coincided with those of their
main prey. On average, the cats were active for thirteen hours per day. During the mating
season, the rhythm of activity in males followed that of breeding females, but not that of
non-breeding ones. Males exhibited 11% higher total daily activity and longer active
bouts during the mating period than in the remainder of the year. Breeding females had
additional mid-day activity peak during the nursing period, but their total time of activity
per day was 16% lower than in the period of kittens' independence. Their active bouts
were shorter and more frequent during nursing than at other times. These results suggest
that lactating females perform frequent movements to and from the den site to care for
kittens. During the non-nursing period, females increased their activity, possibly in
response to lowered prey abundance and the need of intensive foraging to recover after
lactation. Seasonal and sexual variation of activity patterns in the Iiomote cats confirmed
the existence of different reproductive strategies of males and females of these solitary

carnivores.
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(12) Factors affecting the distribution of the |eopard cat Prionailurus bengalensis
on East Asian islands
Shinichi Watanabe
Mamma/ Study, 34, 201-207 (2009)

Members of the Felidae, being found at the top of the trophic hierarchy in an ecosystem,
usually require extremely large habitat ranges. Thus, most cat species are found only on
continents or large islands. The leopard cat Prionailurus bengalensis, the most
widespread species of East Asian cat, is an exception to this rule, occurring on several
small islands as well as larger islands and the Asian continent. Using published data for
38 East Asian islands, I evaluated the effects of geographical and biological factors on the
persistence of the leopard cat population on an island by using regression analyses. The
results suggested that the probability of existence of this cat species on an island
increased with increasing species richness of potential prey, or with decreasing species
richness of potential competitors. Geographical variation in the feeding habits of the
leopard cat was also examined to clarify its ecological adaptation to different
environments. The leopard cat chiefly preys on rodents but occasionally also feeds on
other kinds of animals depending on region. On small islands with a small number of
carnivore species, the cat frequently feeds on non-mammalian prey. This suggests that
the cat potentially utilizes a variety of food items. The diet width of the leopard cat may
be being determined by availability of prey items and intensity of interspecific
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competition.
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Evaluation of thermal tolerance traits of the redfin velvetfish
Paracentropogon rubripinnis based on fin cells vitality and breathing

frequency
Kenji Sakamoto, Asami Miyazaki, Youichi Yokoe, and Nobuhiko Taniguchi

The 10th International Symposium on Genetics in Aquaculture “Roles of
Aquaculture Genetics in Addressing Global Food Crisis” XI1, Bangkok,
Thailand, Abstract Book, p. 49 (2009).

The thermal tolerance traits of the redfin velvetfish Paracentropogon rubripinis were
evaluated by caudal fin cells vitality and breathing frequency. Primary cultured cells and
free cells from a caudal fin clip were used in the separate experiments. The observed
values of cells vitality were similar. These values obtained in both the primary culture
cells and free cells were coincided with the thermal tolerance values obtained in the
individual level. These results suggest that there is a significant correlation between the in
vivo and in vitro thermal tolerances in the fish. This assay method of thermal tolerances
by caudal fin cells could be applied for evaluation of genetic analysis of variation and
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physiological mechanisms of thermal tolerance in fish.

Ventilatory frequency was measured in redfin velvetfish which were acclimatized at
8-27°C, and then exposed to higher temperature in a range of 21-35°C at 5-300 minutes
aftter starting of the temperature condition. The results showed two types of the changing
patterns in breathing frequency. The first pattern was that the number of times of
breathing was rapidly increased to 100 times/min, and then increased gradually or
remained at constant frequency. The second pattern was that the number of times of
breathing was stabilized at 80 times/min in the first step, and then gradually decreased.
The former pattern suggests the inability to acclimate to high water temperature, while the
latter suggests the ability to acclimate to high water temperature. In the selective breeding
for the high water temperature tolerance traits, the breathing frequency pattern may be
useful as the indicator for the traits.
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Effects of a bubble plume system on cyanobacterial bloom formation in a
temperate reservoir

Hirotaka Kitaguchi

Symposium on the Formation of Research Center on Control Against Negative
Impacts to Coastal Fisheries Resources in Southeast Asia, Kagoshima, Japan,
Book of Abstracts, p.8 (2009-10)

To manage cyanobacterial blooms, bubble plume aerators have been applied in many
lakes and reservoirs. In most cases, they installed to induce artificial destratification. But
it can occasionally encourage cyanobacterial bloom formation by upwelling nutrient rich
bottom water to the surface. Therefore, another application of bubble plume system has
been developed to bring incomplete or partial destratification. Incomplete destratification
has been applied with two purposes: 1) dispersing cyanobacteria from the surface layer, 2)
pushing thermocline down below the deepened mixing layer. The latter may force nutrient
rich cold water into aphotic zone.

Lake Ashida, the reservoir of Hattabara dam in the Ashida River system flowing eastern
part of Hiroshima prefecture, has equipped four bubble plume aerators to make
incomplete destratification in summer. Temperatures, Microcysitis cell density, and
nutrient profile were investigated to determine the effects of the incomplete
destratification of Lake Ashida. During aeration, an isothermal mixed layer (ca. 15m
deep) was observed and nitrogen and phosphorus concentrations were higher in the
hypolimnion than isothermal mixed layer. But, dispersing effect for cyanobacteria was
observed only in the station nearby the aerator. In addition, complete destratification
occurred a period of drought, suggesting that the depth of aeration might be considered

according to the water level.
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Relationship among oxygen consumption, growth and survival of larval fishes
Aki Miyashima, Tomonari Kotani, Hirohito Tawa, and Hiroshi Fushimi

oth Fish & Shelfish Larviculture Symposium, Gent, Beigium, Book of short
communications, p. 269-271 (2009-9).

In present time, it seems that there are less serious problems in the finfish larviculture
industries comparing the ages of incunabula. On the other hand, each production still has
the periods with some mortality and it is necessary to clarify the causes of this mortality
and to improve the larviculture technique in order to get rid of this cause. It is necessary
to increase the knowledge if physiological characteristics of finfish larvae for the
development of suitable larviculture technique for improvement of larval healthy and
quality. In order to clarify the change of physiological characteristics of larval fishes
depending on growth and development, we analyzed the oxygen consumption of larval
fishes in the rest, i.e. Japanese flounder, ocellate puffer, red sea bream and devil stinger.
After hatching out, yolk sac larvae did not increase oxygen consumption. However they
increased consumption from mouth opening to the onset of notochord flexion. After that
increase, oxygen consumption turned to decrease at the onset of or during notochord
flexion. It got stable after the decrease. Moreover, around that time when it turned to
stabilization, the mortality increased.

Analysis of skeletal deformity in fish vitamin A- induced bone deformity
mode |
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Yutaka Haga, Shao Jun Du, Shuichi Satoh, Tomonari Kotani, Hiroshi Fushimi,
and Hideyuki Inui

5th Fish & Shel Ifish Larviculture Symposium, Gent, Beigium, Book of short
communications, p.149-150 (2009-9).

Annual aquaculture production of finfish in Japan is approximately 250,000 tons. To
support increasing production of farmed fish, numbers of hatchery-raised juveniles are
produced. Once the technique for mass production is established, the next step is to
develop a technique to enhance the quality of the mass produced juveniles.
Hatchery-raised juveniles however often show high percentage of skeletal deformity.
Skeletal deformity is now a serious concern in modern aquaculture industry. It is thought
that skeletal deformity is not curable after occurrence. Furthermore, skeletal deformity
potentially occurs in all species and can be induced by various factors such as nutritional,
environmental, behavioral and genetic factors and morphology of deformed skeleton
resembles each other even if it is induced by different factors. Therefore, there are few
examples of overcoming skeletal deformities in cultured fish that often occurred in
hatchery-raised fish during history of juvenile production: the lordosis induced by
unsuccessful inflation of swimbladder, the scoliosis induced by myxoporean parasite in
the brain, and the vertebral fusion induced by oxygen deficiency during somitogenesis in
several species. Unpredictability of occurrence and unknown etiology is major obstacles
to study skeletal deformity in hatchery-raised fish. To study skeletal deformity in
hatchery-raised juveniles, one of our model study employing vitamin A inducing skeletal
deformity in fish. This approach has potential to find our mechanism underlying skeletal
deformity in hatchery-raised juveniles. We focused on jaw and vertebral deformity in
Japanese flounder Paralichthys olivaceus induced by retinoic acid, active vitamin A
compounds.

Retinoic acid (RA) is an active form of various vitamin A compounds. Vitamin A
deficiency leads to growth retardation, skeletal deformity, skin dryness and inflammation,
night blindness, and infertility. These pathologic conditions are recovered by
supplementation of RA except for visual function. It is well accepted that vitamin A action
is mediated by two classes of nuclear receptors; RA receptor and retinoid X receptor that
have subtypes such as o, B, and y. Activity of RARs/RXRs is inhibited by binding with
repressors in ligand-free status in cell. Thses two receptors act as transcription factors
upon binding ligands and forming complex with several coactivators. Several ligands are
known to bind RAR and RXR (all-trans RA and 9cis RA, docosahexaenoic acid, and
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methoprene for RXR). It is suggested that numerous genes are directly/indirectly
regulated under RARS/RXRs pathway. Although several downstream factors are proposed
to mediate RARs/RXRs pathway to induce skeletal deformity in fish, clear mechanism
has been unknown.

Japanese flounder P. olivaceus larvae were treated with various RA compounds that
shows different affinity to RARS/RXRs. We examined three RA isomers and two types of
synthetic RAR/RXR agonists (Am80 and methoprene acid) on the occurrence of Jjaw
deformity in flounder larvae. It was found that RA isomers and synthetic RA that have
higher affinity to RAR showed severer jaw deformity in flounder larvae. In addition, we
observed that increased RAR expression in the jaw. In consistence with RAR
upregulation and higher incidence of jaw deformity, it was found downregulation of patch,
vitamin D receptor, and pitx-2 in the jaw. These results suggested that Jjaw deformity was
induced via activation of RAR pathway and in part, down regulation of these genes
important for skeletal development in flounder larvae. To study mechanism of vertebral
fusion in fish induced by RA, we took advantage of use of twiggy winkle hedgehog
(rwhh)-green fluorescent protein (GFP) transgenic zebrafish which specially express GFP
in notochord and intervertebral disks. Detailed observation of GFP expression in this
transgenic line revealed that first GFP starts to express in the notochord, but later on GFP
specifically express in intervertebral disks. We observed abnormal distribution of GFP
expressing cells in the notochord by RA treatment in twhh-GFP transgenic line. Vertebral
fusion in RA treated fish is clearly revealed by lacking GFP expression in fused centrum.
It was observed that extensive calcification of notochordal sheath and eventually induce
vertebral fusion in fish larvae. This study suggests usefulness of rwhh-GFP transgenes
responsible for skeletal deformity in fish.

Development of zinc and manganese enrichment methods in live food and
nutritional importance in marine fish larvae

Nguyen Van Tien, Seiji Matsumoto, Yutaka Haga, Tomonari Kotani, Hiroshi
Fushimi, and Shuichi Satoh

5th Fish & ShelIfish Larviculture Symposium, Gent, Beigium, Book of short
communications, p. 465 (2009-9).

Manipulation of live food nutrition is essential for current hatchery protocol. Numerous

studies have demonstrated highly unsaturated fatty acids are deficient in rotifers and
Artemia nauplii but essential for marine fish larvae. However, much less attention has
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been paid to other nutritional components such as trace elements. Here we develop new
methodology to enrich Zn and Mn in rotifers and Artemia nauplii to the level in natural
zooplankton. Since minerals are important for skeletal development of fish, it is expected
from these studies that mineral supplementation to the level in natural zooplankton will
benefit normal growth and skeletal development of the experimental fish. The results
obtained demonstrated that enrichment of rotifer and Artemia with zinc and manganese
was successfully performed using microalgae. We also found that direct inclusion of Zn in
culture medium failed to enrich this mineral in rotifers. Using this enrichment method, we
examined the effect of Artemia enriched with Zn and Mn on early growth, survival,
proximate composition, and the occurrence of skeletal deformity in red sea bream
(Pagrus major). Fish fed Artemia enriched with Zn and Mn showed significantly
improved growth performance and reduced occurrence of skeletal deformity. We will
discuss possible mechanism of Zn and Mn incorporation in live foods and future
perspective of mineral nutrition studies in marine fish larvae.

Diel Feeding rhythm of finfish larvae and establishment of appropriate
feeding schedule

Tomonari Kotani and Hiroshi Fushimi

S5th Fish & Shellfish Larviculture Symposium, Gent, Beigium, Book of short
communications, pp. 207-208 (2009-9).

The feeding regime and schedule of finfish larviculture is usually determined separately
in each hatchery and there are many variations among hatcheries even if fish species are
same. There are no biological and technological basises of the determination. Or
sometimes it is determined by the convenience of manipulator. It is important for
successful larviculture that the feeding on larvae at earlier stages and the failure of intake
by irrelevant feeding sometimes results in serious problems, such as high mortality and
decline of activity. So, feeding schedule has important role to avoid such serious problems.
On the other hands, since fishes have species-specific diel feeding rhythm, the feeding
schedule should not be determined uniformly across some species. It is necessary to
establish the feeding schedule corresponding to the diel feeding rhythm of larval fishes in
order to improve the larval health and quality. _

The feeding rhythm of fishes is said to relate to the circadian thythm. Therefore, in the
early stage in which the eyes of larvae do not develop so sufficiently that they can
recognize the illumination, definite feeding rhythm cannot be observed in each fish
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species. After their photosensitive organisms start to develop, most fish species have some
peaks of feeding in daytime, especially in dusk and dawn, such as flat fishes, groupers,
sparids, devil stinger and ayu. These fishes do not take food in night time. Larvae have
higher peak of feeding in dawn than in dusk. This trend does not change between rotifer
and Artemia nauplii feeding periods. Although larval ocellate puffer also has the peaks of
feed intake in daytime, they kept feeding in night time. While they did not get in midnight,
they started getting in dusk.

Moreover, the timing of first feeding is also important. It has been already clarified that
delayed first feeding also results in serious problems. In many cases, the first feeding is
performed just after mouth opening in order to prevent delayed one. However, just after
mouth opening, larvae do not have well-developed function of jaws to ingest the feed.
Then live feeds, rotifers or Artemia nauplii, remain in rearing water without ingested.
They metabolize the enriched nutrition by themselves and it results in the deterioration of
nutritional quality of residual live feed. Therefore too early first feeding also should be
avoided.

When the feeding schedule is determined, it should be taken into account when larvae of
cultivated fish species have the peaks of food intake within a day. If the feeding is late for
the peaks, live feeds remain in rearing water without ingested and it results in the
nutritional deterioration of residual live feed. Therefore the feeding schedule should be set
before larvae have the peak of feed intake or, at least, around the peak.
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Phage therapy of bacterial infections in aquaculture

Toshihiro Nakai and Emi Iwamoto

18th Evergreen International Phage Biology Meeting, Olympia, Washington
(2009-8)

Bacterial diseases are still imprecated in serious problems in aquaculture worldwide.
Since the conventional control methods proved inefficiency in some cases, bacteriophage
therapy has evolved. In the current study, we have investigated bacteriophage therapy
from various angles. We targeted some bacterial infections drastically affecting Japanese
aquaculture. These are caused by Lactococcus garvieae (host fish: yellowtail),
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Streptococcus  iniae (Japanese flounder), Pseudomonas plecogolossicida  (ayu),
Flavobacterium psychrophilum (ayu), and Edwardsiella tarda (Japanese flounder and red
sea bream). Phages specific to each pathogen were isolated from fish culture
environments and identified as members of the families Mpyoviridae, Podoviridae or
Siphoviridae. The isolated phages revealed that the corresponding bacterial species,
except E. tarda, possessed a single or limited phage types. Phage therapy of
experimentally- or naturally-infected fish was effective to reduce mortality in the most
cases, where phages were administered parenterally, orally or by immersion. Only one
exception was that against . farda infection. The inconsistent result may be due to
intracellular parasitic nature of the organism. Another problem was encountered in
Streptococcus iniae infection of flounder that phage-insensitive, virulent S. iniae strains
frequently appeared after phage treatment. Phages were stable for 12 months or longer
periods under conditions of 4°C or -80°C, indicating their applicability to be used
commercially as therapeutic phages. We discuss here the potential for phage therapy in
aquaculture.

Phage therapy by oral administration and phage transport across the fish
intestine

Yasuhiko Kawato, Emi Iwamoto, and Toshihiro Nakai

18th Evergreen International Phage Biology Meeting, Olympia, Washington
(2009-8)

Phage therapy against important bacterial diseases of cultured fish including
Pesudomonas plecoglossicida and Streptococcus iniae infections has been studied. Oral
administration of phages (Myoviridae, Podoviridae) was effective to reduce the mortality
of ayu Plecoglossus altivelis caused by P. plecoglossicida infection, where the phages
impregnated to feed quickly appeared in the kidneys after their administration. In contrast,
oral administration of phages (Siphoviridae) had no therapeutic effects against
Streptococcus inige infection in Japanese flounder Paralichthys olivaceus, and the
administered phages were not detected in the kidneys. Similar results were also obtained
by anal intubation of phages into fish. Infective phages were recovered from blood and
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internal organs of fish within 10 min after administration. These results suggest that
therapeutic efficacy of oral administration of phages is associated with transportation of
phages across intestine. This paper shows our preliminary experiments on transportation
of phages through fish intestine or cultured epithelial cells.

~ (27) - Phage therapy against Streptococcus iniae infection : virulence of

phage-resistant bacteria in olive flounder

Emi Iwamoto, Minoru Ishida, Satoru Matsuoka, Toyoteru Yoshida, and Toshihiro

Nakai _

18th Evergreen International Phage Biology Meeting, Olympia, Washington
(2009-8)
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Identification of the regulatory regions and transcriptional factors involved
in the specific expression of the cholinergic genes in Ciona intestinalis.

Katsumi Takamura
5th International Tunicate Meeting, Okinawa (2009-6)

We previously isolated choline acetyltransferase (Ci-ChAT) and vesicular acetylcholine
transporter (Ci-vAChTP) genes in Ciona intestinalis, and analyzed their expression
patterns during embryogenesis. These genes expressed temporally and specially by the
identical pattern. In situ hybridization showed the expression of both genes started from
middle tailbud stage and was finally detected in the visceral ganglion and post sensory
vesicle in larvea. Additionally, These genes localized tandemly in the same genomic
region and sheared the first exon (5°-UTR). From these results, we have suggested that
these two genes were controlled by the same regulating manner. So, we cloned their
upstream DNA regions, prepared several constructs with LacZ or GFP and introduced
into fertilized eggs by erectroporation. These results sowed the possibility that several
regulatory elements, which were required for the expression in the visceral ganglion,
existed in the -1845 to -927bp region from transcriptional start point. Next, we divided
this region into several DNA fragments and labeled them with DIG. We also prepared
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fusion proteins for four homeobox-type transcriptional factors (Ci-Lhx3, Ci-Dmbx,
Ci-Mnx and Ci-NK6). They showed as the similar expression pattern as that of Ci-ChAT
and Ci-vAChTP at middle tailbud stage. Using these proteins, we did gel shift assay. The
results showed that Ci-Lhx3 and Ci-NK6 bound some fragments, but Ci-Dmbx and
Ci-Mnx did not.

ARAY VA RYOYHERERROLEERE

Classification and identification of larval neurons in Ciona intestinalis
EHRE, FEEE, Wik

FR2 FEEXFDYMERFE O EAS (BF). BRESEK (2009-9)
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Bidg—, BERA. AMKE. EWEZ. Phil Trathan

T2l FEEFKEPREFAE (BHR). HRESE. p. 170 (2009-3)
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Animal-borne cameras show interactions among sea-ice, krill and foraging
penguins

Shinichi Watanabe, Akinori Takahashi, Yasuhiko Naito, Noboyuki Miyazaki, and
Phil Trathan

Xth SCAR Biology International Symposium, Sapporo, Abstracts, p. 156 (2009-7)

Many Antarctic seabirds prey on krill. Distribution of krill varies in relation to changing
ocean environment such as sea-ice conditions. In particular, the vertical distribution of
krill probably changes in areas where sea-ice condition changes dynamically due to wind
or current flow conditions. In such situation, predators may adjust their feeding behaviour
in relation to changing krill distribution. In this study, we investigated how krill
distribution affects the foraging behaviour of Pygoscelis penguins. Animal-borne camera
loggers were used to examine the relationships among sea-ice conditions, the depth
distribution of krill, numbers of other birds encountered, and the diving depth of Adélie
and chinstrap penguins. From December 2007 to January 2008, we attached the loggers
on the backs of 3 Adélie and 9 chinstrap penguins, which recorded an image every 4
seconds and diving depth every second during foraging trips. During the study period,
sea-ice conditions around the island greatly changed probably due to changing sea current
and wind direction. As the rate of encounter with pack-ice at the sea surface increased, the
depth distribution of krill and the diving depth of penguins tended to be shallower. In
addition, the rate of encounter with other birds was relatively low when penguins dived
shallower. It was also observed that birds aggregated and fed on krill when penguins
dived relatively deep. These results suggest that sea-ice conditions at the foraging habitat
of penguins affect the depth distribution of krill, which in turn affect the foraging

behaviour of penguins.
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