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A study on the population-sustaining mechanism of pronghorn spiny lobster Panulirus
penicillatus
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Yoichi Miyake, Graduate School of Fisheries Science and Environmental Studies, Nagasaki University

Sachihiko Itoh, Atmosphere and Ocean Research Institute, The University of Tokyo
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Abstract
Pronghorn spiny lobster Panulirus penicillatus is the most widely distributed species among spiny lobsters. Genetic
isolation was recently found to exist between the central/western and eastern Pacific populations. The ocean between
these populations is known as the East Pacific Barrier, which is thought to be an impassable barrier for coastal marine
species. In this study, we aimed to elucidate the mechanisms that facilitate the sustainability of populations as well as
the mechanisms that separate two Pacific populations. Larval transport was simulated from areas near habitats located
on either side of the EPB, using particles with three different behaviors (passive, and two types of diurnal vertical
migration). The variance and distribution patterns of particle positions at the end of the simulations were significantly
different among the behavior groups. These results indicate that the vertical distribution of phyllosoma larvae
influences their transport ranges and is the mechanism that sustains the local populations and isolates two Pacific

populations.

1. FL®IC

ALY Panulirus penicillatus X, 7 7V A HEL
P b SRR ERER R E TOMECRF O ARERICER L,
A ETCHOF TR L EBEICOMT 2B THE L1
T, EFHIHICT vy —~AE L LT 1 EM < EE
RN S L T OSERICET B AEEKREAIIEL . B4
kI X v sz S h A EER OB, EEOHEREEIC
KELEEBEZITHLOEELLNE, TOLD, $hHEDTT
e BR /2 & A L YR O W IE 2 B/ L 72 FERe
T T u—F RN A v SR ORISR E L T
HLETEELRD,

2. MEEE - AiE

AIEPEWER|Z 1L East Pacific Barrier (EPB) & FEiXh 3
BOENERBEET D, Fr—AX - F—U 4 IIZ 0O
A IR AT & o T O impassable barrier 2 EWE LT
B3 FHTFH =Y T Porites lobata TIXAMBROE
BECTHCHBENEE TWAZEAREENTHE L vt
T ETY EPBIZRT b KEHEOH - FEEE & B OHER
FICEEHZERERINTVWEN Y, Zh b DEMZREEEL
TWAERIZHALICEATWARY, B TohESHmAE
HThhTWA 00, Z0L 3 RFEORDLHEOERE
R - BEZAEMCALHICTIZLIIRETH DD,
BEHEAEOL I ICEE L THRINW T 20020 TR
G TWERWY, Z07), KR TIE., #HEETALE2A
T, YA o COEGBIEFERERERET L, EbiT. £
D—; & U TRFEEEGRH OB REEER O 23R4 7=,

A b CRFEEEGREOBEEE SR A2, B
FIEEET /L (OFES; JAMSTEC) MF — % 3 L UK FBHFET
NERWTHARSE Y I 2 Lb—a v EfTot, AFEOEN
ITRETDR T WA T 57 1970-2007 £ &2 B ICKF 1, 000
8% EPB HLAE DM, (KEFEFH : "V AERB, boeTE
v EE Ry, KWHERE . H 7 3 2FROEDER IA—RE

WAL, 7. MERETICBT 3 AREOAERMIX 8-11
r A THAZ ERBEEINTWATH ', M FOBHHIM % 1
EMIZREL, AT O T 4 v Y —<HARREIC 1000
LIz L ° shA DR EBMESET 2 o TomaiE 7
LHZENEREINTWS "N ¥ P japonicus DF)
HIGHAE 1T K TR 80m LA, PHISIA T BIT 50-100m, FEIZ 0-50m
CHHT D 0 iy, AEREY I 2 L— s ORTF
OFRESAITIL, KE 1 n AR, HUCZERYICEE X
L5 Passive] . 26 m 3B LT 75 m &3 B A THEIT 5 TDVML) .
BRFHA R ATHA R T AR 6 & AH) IXDVML & [RARIZBEIL
FOBRITSHERERELESET0nd L U100 m 28+ 5 TDVMZ)
D=FERITz, 7B, MESMHIZLS8E~OKEZAL
MZT B2, R BEHAMKE TRCE I SR oM#E (i
BE - RREE) (2T, SRIEL TR EER O & Sy BEME 2 Levene BRIE,
BHOFEEL 7 T AH N 74 ) ARE & Bonferroni i
X AL EEE (MATLAB R2012b; MathWorks) 1= X W #Et L 7=,

3. HRLER

EPB TEID T A FEELICHEA LR T3, A2
Eha@ERARELS, YIalb—a ETEORFOMET
M TR 126.9° Thovr, ML EPB WEEO b 7E F
Y REE D b ORI I3, EPB Z#ix THhaomMdA Bk (753
TRERE) ICEETLIEEOBEIED LN bk, —
7. EPB EHO A F I AFERETITRA LICRIFIX, 7790
KREBRE LR D THREE IZomAT2HmARD BN
7= (Fig. 1),

W OB F A T b RF 0K LS ITEnE S mEER T
oW TET (p0.001), EHIZEHEMIZAEENED
btz (p<0.001) (Fig. 2). Z< OA Lz v EOHEIIBE
SREBEITI Z L6 | KFRORERIT. SAEDHEST
MAKES A OEERTRICEE S RIE LT EPB & % o dast
T A LI, KEHERE L P - TEEOBERI BB
REELTWAZ L S 2 LT\, IEGEARLNLE
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oA 530 ARE B EDIC R A LIk F DR EE 5 W Ol
RS SRE S AR B THREFICEZ > T, Zhid, Ak
(TR & O RSB B T & $E1T, 7K 50 m LAEIC
EHAE OFREBRNITET LD, ShEORESRRETO
kA KE S HELFRIILIZbODEEZONS,

4. FLEHESEORE

AR OFER) S, EPB ORBIZFETH L~ '@
FEETIE, SEOHESHAEEGEIIEEYEL 52T
X0 BSEEHEAHEFE S, 2510, ZRBKPEMEEREOE
CHIRBED A W = X AICR-2TND Z L RFBR SN, 5%
X, BAToShAREIC LA SMIEORE, RE - £EICEK

% (B EREERE M~ ORED b EEFMERF R 2 R 5,
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Fig. 1 Trajectories of particles released in the
vicinity of the Galapagos Islands in December 1984. The
results of Passive, DVMI and DVM2 simulations are shown
in the upper, middle, and lower panels, respectively
The colors of trajectories are lighter toward the end
of the simulation period.
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Fig. 2 Histograms of longitudinal (a, b, c¢) and latitudinal
(d, e, f) distribution of particles, released in the vicinity
of the Galapagos Islands, at the end of the 1970-2007
simulations. The histograms of particle distribution for
Passive, DVM1 and DVM2 simulations are shown in the left (a
d), middle (b, e) and right panels (c, f), respectively
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Development of a metagenome analysis pipeline to infer the environmental parameters that
affect compositions of microbial communities in the ocean
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Abstract

Microbes inhabit everywhere on earth, and they are responsible for global biogeochemical cycles. Most of
them are difficult to culture, and therefore the metagenome analysis revolutionized our understanding of
microbial communities by allowing the taxonomic and functional characterization of the uncultured
majority. Especially, the comparative analysis of many metagenomic data will be a powerful strategy to
infer the environmental parameters that affect taxonomic and functional compositions of microbial
communities. In this study, we developed a metagenome analysis pipeline that can handle several
thousands of metagenomic data. Applying our analysis pipeline against the metagenomic data in the public
DNA sequence database, we can obtain basic information of taxonomic and functional compositions of
each microbial community that can be used to an input data for several correlation analyses between

community compositions and environmental parameters.

1. [FL&HIC

WSSO EHERBER ICIISHMEELMEARELR
BRLTAERL, Mk toWEBRROERE2HERLTWE, £
NG OBELHERT IMEOS ILEETZ ZLAEETH
A%, EMEOHIEK ETOMIBRSAALAEIER Y, KERA
RESBEN, EFEOFER —F oY —DERIZL-T, B
BhhbBeEDNAEZER L —F L RATHAZL ) A
AR, 16S rRNA T2 FORF~—H — BT O T4
BN — 7 v AT AHESRERETREA TR L
wieh, TOERLE LTERD OENT — % RAE0RFIF
—F AR 2RI T ALU EERERTWS, #b
X, TR o0BFoEROEST—2 L, YT ABEAEL
FREBOF—FThAAFT—FEER LT —F~N—2X
(DB) #4HEERTH Y (Ff et al. 2012) (2), =@ DB ZFFAT
Btk oT, YOLIRBEPICEO LS REERET
A LT-HMEAEELTWAOnE, BYIL~<AVTHL M,
\CHE S, Z o DB 2FIH L T4 RIRETREOMEREED A
BB ) AT — R T A LIk T, YO L3RR
BEiER AL O Rl G TR I R Y 5 2
TWAOWE, HETDHZENTARRIZZS LI TE S,

2. BERE - Ak

ANFE DB S EEHMESD A &7 ) AT —F 1L, BRI OEFIRT
F—RBRBEREINEZTFA T —FTHY, &
—FREDLIRFEROLEDL D eliEE R - 2l {ETFIZH
SEL TV AL, BEEoRLT| DB 4B F O ELFIFE R RS 51T
VW, BRNCHEETAMERSD, &bz, ARz AR
T FNARERBE 1T LAY oEEEITE—0ERE
FTHEbNTWI b TR, BEoEiERcTREREL
T Z iz ko THbnTE Y., MERERSHERET
ZENS BV L TWA R BEMICER LET Tl &
DAMEREN EOREZTORKP CTBEICHFEET S, 2%
TEETHADEMETHIZLIE#ETHD, AFF ) LA
WroofER) 5 5 A RE T OFMMEFE OWEER LM ER L H
T AEDICR, EFEV—FOT7 /57— 3 it EfT-

T, BEFZLILETOBEPTOHFEEREL ) —FE LT
HEH LB, Bl HEOBERGFEEOTOEEEE

b OBEERM E LTE &, FlaTFHERSTOMBERE
PHENLS BWRONBEOE, OMERE & BT
LUMLERH B,

FFETIT, KREDAZHF ) LT OERFFT —Z 22T,
V—FRZewT /) T—va i &iTo2%., BEOBEER
EFEWER LI LD TH VBT T5 2 &
AT AR FTA T F~=T 47 AOBITFFEZHREL
e

3. ERLEE

Al — A o —OF—F REH I TV DAL OEEE
%] DB Ta % Sequence Read Archive A5 & L7=49 24, 000
BT NOEFIF—F 20T, BHER) — FoL et
L7c#, BV INOT—F AT ) LT —HF « A X T
VAZ VT h—AF—# « 165 rRNA B FEE2 AW RESL
BT DT —4 0 3 DB ELE, F05H0 A
BH ) AT =2 0TBIZOWT, I AZ LR mo s )
LABFIFEFEIZEY — F2EFIHEREREL, &7/ A05#
BEFIZENBEW)—FR7THA rENnifch, 2FVEED
MEFREOATT ) AT —F R EDREFET 2D,
BEMHT BT 7T A o EBBFE LT (Figure 1), AF 7
J AT —F Eatg b LicEBFIERMRERICKE X SR D HEE
LT, T A ARKRBTHHZ L, BLV, BREFO
HIE D& < BERIDERR S ) AR —F RS TNk
WIZ, AEF ) AF—FEHEDY — FERESROSF /AL
B TIE—RRENAE WV ER S R LAETE L2 WIEE RS0
LERETOEND, INLDAZE ) AT —FOHHEDTD,
FRATIZ VS ERFIBRMERED Y 7 v =7 & LT, BLAST
TITHEEMICRENTIER., Vr—F r2BFICAVG
ATVERBER 7Y 7 o277 0EE, EWOES)
HEAMEEBRHT S LARETHL-DBEARMEETHS, *
T, BREIZBOW T, FONMEET D GPU AV oEE
EFFERMEREY —LE2RAWSZ & T, RBEF—ZIZHLT
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KEGG Module %0, AMiF iR 7/ RERR
PP ONRAY A BREF LV TEEIN DB (3) O
LA BDLELZEILL-o T, BROBERETE /A=
S ZEFE L TH TV TIEER & LB R AT RE 72 fRAT
AT A BB L,

4. FLEHESHORE

FMETHRE LT A 77 2 THTEOAZ T
AT —FEETRITT DI LICL-> T, HeRREAKD
HIERED A XS ) AT —Z R HBfRT L, F0 X 5 RERE
ER AR BE O RFARCRG T ERRICEEEE X T
WBDDE, HETHZ LAATERIZRS LMFHED, BHE
23t DB ICFEINTVWEBEFEOA S/ AT —F2TITxt
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FETEERETWAREPTHD, BITEENRIVIKEE, #FIC
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BT =& L OFRERTTe, SERMTEITV., BEOMER
EOMRITHFEL S L ARRERZEAL TWERLNWEEZ
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Figure 1. Workflow of our metagenome analysis pipeline.
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Theoretical Quaternary sea-level reconstructions using the viscoelastic earth deformation model
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Abstract

We apply the glacio hydro isostasy model to the relative sea-level (RSL) observations obtained in Tahiti Island and
Shimokita Peninsula, northern Japan, in order to evaluate the temporal change of meltwater volume. We indicate the
timing and magnitude of two melting events in about 14000 yrBP and mid-Holocene in comparison with observations
and numerical predictions. The RSL reconstruction based on the glacio hydro isostasy is a powerful tool to investigate
the temporal change of meltwater volume during the last deglaciation.

1. XLsIc
(BRAEITKHA Lok O, Whww KIS L, 5N
FROTTIIHEREN TV RIS TS, —HF T, £hbH 2
FEERT OB HSK MR ER (Last Glacial Maximum: LGM) 21,
HiER o EiAEEE IS £ U AREE D [Eis
HEAKEIHRELY & 120130 n EFLTWEEEZ LR T
% (=& 213 Yokoyama et al., 2000), = @ LGM LAF&, b7
AV AR —mys, BB Y OKENEAET D Z LTk
BITHML, 7 o—r ViR REDO LAV ETERL
7e. L, iBkiioiEm EAEE ($FICH 14000 FRiOE
WiamEm R Se—LrF A FKEST7= /) AH DT
KEDMAET L EZ BN TS 6000 FRILIEDK
PRRAR Iz DT, MARIR DK ER=L 2 DR ZE{kizon T,
RAELEREINTWAMETHE,
AMFEBETIE. Lo 2 SORRMRIZER L., #EKIEEE
DRI & MR T EET L LV SN S ERE S O
HERRET 21T 5 Z & T, KERMMRIC DWW TDBEEEZITo 2,
BNz, BAGRKIICRE o/ & SN AR ARELR
AR b THDB ANV FTr—F—2UL R la(iP-1a) | LFE
FEhaE Rz oWT E D BT A, Z0A Ry MI, #KRED
B2 ERARV R THDLH, KD SHKMA~BITT 2R
OERKOEBBLTHS [R—V 74 b) BRALTE
B, 600 EOTHARDH D & Wvbh, HEREFOKE 2E
L 725 T3 (Deschamps et al., 2012), Z @ X 5 iR Hh
b, MAYEEIIMETSIZ L FRBIZBWT, KETFIZES Y
v OHEHER A RN L. BE 2 FEMOEKIELE TR A &
HETHHET 2 Z &2 BN L T 2 S E R IRE I H 5
(IODP) %5 310 MMMENER =iz, Vo THEHERD =T O
AT A 5B B SN TR HOK ML B oWk EERI L D, &
O — VPR KRR E B 2 HEET B - hiTiE, KEORAECHE
ROBEIMZL > TR SNIMIROER 2 HER < A
LAZERUEFRARTHD. £I2 T, ROFEREICTHRE
LTWA, FLv A dngf Fr7T A Y AH L — (Glacio hydro
isostasy : Fig. 1 [Z#&R%ETRT) OTFNAZ@EA L, K
W EOERE L o 7 O R & il 5 Z & T4 14000
EERTOD MWP-1a A X Rz S LBk, FAERKEK O F 5%
FOHMIZOWTEZ LY. (Deschamps et al, 2012),
Wiz, SEEFHFHLIEOEKEETHORAMELY . m—L
VEARKER T ) AP TIKRNBRET Lz E X
STV B 6000 SERTLLRE DK RBARIZOWT, £DF A 3
v LB OVWTERNICRH L, 4EIZ, HFHRR T
H IR OWERNEE R XS L L, SEFTHOWEKYEE MR o
HERi P OB I X - TR, FER D OFER

IR ARBIR R OKFRASREE L

¥, BRSO MHERBERPIEIZ L D EREIZRDE, Z
OBAMEE F v A dngd FRT AV AZ T —OBRHES
T aZ LT, EFEMTFHOKKERERSRML o
(Yokoyama et al., 2012). A EOxSMIE, LM LIED
KRR - T BRI oM E N8B L £ 120-130m @
EAHZE b ofRWEOEMIZLY ., bo< D LREmR
BV, P oEKESRECHEKELYEBWNEZS
CEHASHIKTH S (Fig 1),

2. [EERE - Ak
BEOHBKECHEL ¥ I TR ERIZELZB7DITIT,
SRER D B WIBRT (BRI PAREEHIIR) o7 — & 28, (S9EEE
@, 2, KEROBRIZHES TA Y RET 4w 7 72l
BEBNLLRVBRTHINGTHD Fig ). X5z, ¥
vAEE 2L B I, EIECICERLTWASAZ &0 b
HEARHEDIREEIZ A, Do, FrINERTHRBEI ALY
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A study on evaluation method using metagenomic data for ocean environments corresponding to
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Abstract

We sequenced additional metagenomic libraries of 4 seawater samples collected at S1 and K2 sites in autumn and
spring by means of 454 GS FLX™ DNA sequencer. After a series of standard data treatment such as assembling, gene
finding, we evaluated the functional potentials harbored in microbial communities of seawater samples based on a
module completion ratio of the KEGG functional modules. We also analyzed 165 rDNA sequences in the metagenomic
libraries to figure out microbial diversity and richness of seasonally different seawater samples. Our analyses are still
in progress but we found that seasonal difference in microbial populations within two phyla, Cyanobacteria and

Bacteroidetes so far.
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Abstract

The Green Belt is marked by summertime high phytoplankton density along the shelf break in the southeastern Bering
Sea that separates the shallow shelf and the deep basin. The high productivity in the Green Belt has been attributed to
nutrients input through eddy-induced horizontal mixing between nitrate-rich surface basin water and iron-rich shelf
water along the Bering Slope Current. Although the vertical mixing has also been recognized as an important process
to sustain the Green Belt, there have been few supporting observational data on turbulence in this region. In this study
we conducted 24-hour shipboard turbulence (VMP2000), temperature, salinity, pressure and oxygen (CTDO)
observations as well as turbulence and CTD observations with glider along the Green Belt. As the result, large vertical
diffusivity was observed, supporting the hypothesis by Tanaka et al. (2002).
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Abstract

With the advent of next-generation sequencing (NGS) technologies, which process hundreds of thousands
to millions of DNA templates in parallel, genomic approaches are becoming feasible even in the basic
biological researches, such as 1) molecular identification of species and 2) reconstruction of phylogenetic
relationships among those species. For simultaneous and efficient resolutions of the two issues, we
employed whole mt genome sequences (ca. 16,500 bp) that have been proven useful molecular markers for
both studies by our research group. Preliminary experiments demonstrated that 20 whole mt genomes from
various fish species were reasonably assembled from templates enriched by a long PCR technique and
subsequent parallel sequencings using a NGS system. Also the resulting concatenated novel sequences
were efficiently annotated using a newly developed web service called MitoAnnotation (available from

http://mitofish.aori.u-tokyo.ac.jp/annotation/input.html).
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Fig.1. An example of the interface of MitoFish, with
biological information on Japanese freshwater eel
(Anguilla japonica) shown.
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Genetic mechanisms for adaptation to diverse salinity environments in fishes
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Physiological researches on reproduction and environmental adaptation of euryhaline bull shark:
Improvement of genetic information of elasmobranchs using a next generation sequencer
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Abstract
The cartilaginous fish is the earliest extant group of jawed vertebrates, and represent an important group in
evolutionally, physiological, ecological, and resource aspects. The present study aimed to improve the
genetic information in elasmobranchs to facilitate physiological researches. We conducted a seawater
(SW) to freshwater (FW) transfer experiment of euryhaline bull shark, Carcharhinus leucas, and analyzed
the transcriptome of the kidney and gill samples using a next generation sequencer (Roche 454 GS junior).
We found that the expression of a solute carrier (Slc) mRNA was significantly increased by FW transfer in

both the kidney and gill.

In the kidney, the Slc mRNA was intensely localized in the late distal tubule of

the nephron in FW fish but not in SW fish, suggesting that this segment is crucial for euryhalinity of bull

shark.
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Large-scale, high-resolution geographical variation in prokaryotic abundance and production:
A new assessment of organic matter degradation process in the pelagic system.
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Abstract

Heterotrophic prokaryotes (bacteria and archaea) play important roles in major biogeochemical processes, such as nutrient
cycling and organic matter fluxes in the oceans. However the processes mediated by heterotrophic prokaryotes have yet to be
incorporated explicitly in global biogeochemical models. Incorporation of prokaryote processes to global biogeochemical
models have been partly hampered due to the paucity of large-scale, high-resolution geographical variation data regarding
prokaryotic abundance and production distributions in the oceans. In this study, we examined our own as well as the
published data regarding the variation in prokaryotic production and carbon balance (the ratio of sinking POC flux and
prokaryote carbon consumption) across oceanic regions (including Pacific, Southern and Atlantic Oceans). Our results
showed that prokaryote abundance and production distributions in the mesopelagic zone (depth layer, 100 — 1,000 m)
generally displayed consistent vertical patterns among distant locations and generally reflect the POC flux regime over large
scale. In contrast, production distributions in the bathypelagic zone (depth layer, 1,000 — 5,000 m) were complex, which
might indicate the presence of links between regional hydrographic features and organic carbon delivery in deep waters.
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Abstract

In this study, the museum, the university, the aquarium work together, through the study on the luminous organ of
Chlorophthalmus. We have the purpose of it is to support the development of marine biology, the reconstruction of the
areas devastated by the Great East Japan Earthquake. This study was conducted from four perspectives. In the
physiological analysis, we were administered ATP(adenosine triphosphate) into the luminous organ around the anus.
However, the muscle contraction was not observed. In the histological analysis, we did not detect the luminescent
bacteria and sexually mature individuals by HE(hematoxylin-eosin) staining and TN(Ziehl-Neelsen) staining. In the
morphological description, we have observed an interesting trait from a sample of larvae and juveniles. The trait was
melanophore saddle which there is prominent at the top front of the abdominal cavity. In addition, the lower abdominal
wall was transparent. In the Community awareness activities, we have published lectures and symposia, such a result.
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Flg 1 nght micrographs showmg the structure of the perianal
light organ of C. albatrossis; (A) the perianal light organ with many
wrinkled structures(arrow,scale bar=500 pm) and (B) Ziehl-Neelsen
negative bacteria between the wrinkled structures (arrowhead, scale
bar=100 um)
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Fig. 2 Transparent window-like structures observed in larval fish
of C. albatrossis; (A) lower left abdominal side shot. (B) taken
from the belly side. (C) A of the enlarged image. (D) B of the
enlarged image. Arrow indicating the position of the window
structure.
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A study on 3-d modeling of natural radioisotope Thorium and its behavior in the ocean
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Abstract

We conducted numerical simulations of *°Th distributions in open ocean using an ocean general
circulation model. Considering the “particle concentration effect”, the simulation reproduced more
identical *°Th vertical distribution. The relationship between particle concentration and partition
coefficient of "Th (Ap/Ad) between particle and seawater was different among each particle type. We also
established a novel method of recovery of iron hydroxides coprecipitated with Th isotopes using a
chelating resin for determination of Th isotopes in seawater.
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The investigation of the impact and temporal variation of radioactive strontium from the
Fukushima Daiichi nuclear power plant using the growth rings of bivalve shellfishes
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Abstract
Impact and temporal variation of radionuclides originated from the accidents of the Fukushima Daiichi nuclear
power plant were investigated using the bivalve shellfishes, Margaritifera in the Ukedo River and mussels (Mytilus
galloprovincialis) from the coast of the Fukushima prefecture. The drainage of the Ukedo River is highly
contaminated region (>30uGy/h) and can affected to the river water, sediments and inhabitant in the Ukedo River.
Imaging plate was examined for radiocaesium distribution in the mylilus samples, although the radiocaesium
concentrations were under detection limit for coastal samples. Therefore, it was supeculated that radiostrontium
concentrations were as same as radiocaesium, which requires the sensitive detection for determine the
radiostrontium in the growth ring of shell. Rapid and robust separation technique for the radiostrontium using DGA
chelating resin was developed. In the future, Margaritifera from the Ukedo River will be examined by imaging
plate and radiostrontium distribution using the ultra-sensitive analysis, such as the accelerator mass spectrometry.
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EHITH T AITIRE LRW=® 8M HC 1 IZ TSI

KTHZEMWTED, T, A—FHRHEREL ST BiikEA
T 8M HCl o 0.1M HCl J
b >« "
- Y Y
" © Ba
& Ao ala |
f A = 5m 1
- alu |
Ba P A b
20% o 4 = .b A .. Pb |
10% o' e ‘\
e Ay
o% Ls3 . il HH, bbb

[€3 % L— R8HS DGA Resin iZ X 3 Y OiEfifdh i
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o ARMIE ICisE &, Pb, Ba i SM HClIZfrET A2 &
MNTE.Y X 8M HCl Tid DGA Resin (25 < W3 L, 0.1M
HCl 23 Z L TEBICERT 2 LR TE D, ZOROE
N 1T 98% (£3%, n=10)TH -7z,
Y-90 o~—FHEERIREKFERIEBFEMEROE NSy 7
7T RH A7 a—BIAE#E (Canberra LB-4100) # A
Wid, BN FREMNE D, YT T
DEHBLOAR v 7 77 PO EITo72. EBAD 45
DOBRHEBRD VAT LAy 7 757 FiX0.4~06 cpm THY
# bmBq/sample OEBERTITEITI ZEBAETHL Z
LR E NI,
3. MREHER

[ A=V T VL— AW TH5A T4 ROk
# Cs D43HT]

4 AA=TrTTVL—rERAWZAT YR TARE
DHIRESYAR

IR T L7e & T35 4 H A R0 5l ERZ M
LEMIOWREZTHEIL, 4 A=Y 77 L— MASHR
BB L (M4E)., ZhE KCIREL LHIoA AV
I T L— M EY S ETo. FORKR, TTORE
THEM Cs I X A3FE TR N 2Tz, DI L7230k
I ARTHEAPICEET A7), BE~D Cs ORHERRER
HN T BEEA~O (s OERESED TR D THI EEL
Bhd, SrizBIL Tix Ca OLFERZEBI ORI D & A iR
MIZLDZNBRBRRKEVWLEEZEND W, Sr-90 [TBEALTYH
LRSI ZIT 5. 5%, WK TERZT-TAT Y
2HAICELTHA A=Y 77T L—hE2ERL, 9t
TR

4. FLHESHOEE
RFHREHFEIC L 5 HEEEEOREEEEZHD
728, WP ORKE AT P a T4 BLUE
AMICERT A LTV A ZHBRLIZ, A A=V T
L—FMZEBLTHHA T A OFRERTI, HiHECs Itk 58
ERIEWITAE L BRI OBE D Sr-90 IZB LT HIEFIC
RBETHLZENTFHEEND, Sr-90 1B L TRk E
FRCRBEZ Ca 2 ESHRBHIELTLATESLFL— ]
B SEEEZ M L, 13RS Y SmBq O EEEE THIE
THZERAREL otz A, kMO ZH B O Sk
B AL e bz & b ITHRBREDSIEOH 2 BHTHER
BB, FOIH, BEBESTA AL INERE RO
X B Sr-90 O 4HTiEOR% & BEROMERHE DT & 1T

Do
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Abstract

We introduce single-scattering properties of non-spherical particles into atmospheric radiation models. Data libraries of
a spheroid and an aggregate particles are converted to a suitable format and applied to the models. Moreover, the
scattering tables contained the models are updated. These developments are useful for global climate models and

satellite simulators.

1. L&z

HEk EoRE SREFAUTLLT, HEVI2L—v3
VIEWERKMERT R LD LR RITHR» HIBEE{ET
BET, r0EFICRITENATVWS, YIzlb—ar
KAWL TWA RKREKIEREST A (Global Circulation
Model; GOM) IXiBEEET ARCERET AR ELFES L TRE
EFALLTHERAVWENE, BEOMNEHOEEY La v
o —F ORI, GO POk~ 7B TET L ORE
BIZRV A TS, FTH, REKCEZMBHKIBOM
BEX»EHSOTT L, 2HRERGEFLVORENED S TW
5,

GCM |ZHEEREE 2T TRE Y . FRFITRIT HIREPK
ELKR FORFMEE, FEHFIC LN - TRER A MICEE
WMOLTWE, E2FHTEIBEICHEI VBT EZROERR
EFNELREMREEF 1 (Global Cloud Resolving Model;
GCRM) & vN5, E7=, GCRM (IFEMED GCOM & 1ZfR420 , WHE
ERERWS ZERTERWEZD, ERIEFENZEAW
TWa, XoT, GCRMIZFFRANFETT AL LFEEND, FHR
ETid, HEEFERERENE - RRAKERKIBENERT O
T n—F R BRI TBR L= [Tomita et al., 2001],
Zo3EWDEE 20 @ERFRRET NIL NCAM
(Nonhydrostatic ICosahedral Atmospheric Model) & BEITH0,
xR EEZH LTS Miura et al., 20071,

F/z, EFAOBREZE LSS A0, BElE o,
B EAA: OBYARETHAIN, FITEFERRYE
DTWEORFET—F « I 2 L—HF Th A [Masunaga et
al.,2010], ERF—# - I 2 L—& L IR D CRM %2 GCM
2 EMBHAENARBRKRER R EoomE AV THsH:
FEFME TV, GOM R ETHREIN-KEHE2HWETREL
L LTHAEHTAE e ZL02 L Ths, METHE
ENETF—FEREOCRBRBOMICERT DITIZ, Vb5
WRIERES Z ko, BT ALY XACKELESR
Ehd, GM X OHAREREERET —F - vIiaL—F%
MLTHETHEENEL LTS Z AT, HES
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RN BOMEOFFETT —F LEBTH I LEEORWN
LWERAIRETH A EEZE A LN TWA, FBETIZ. ARKER
f 2 FHE EarthCARE (2T 7 BAEMEO—&E L LT, BAD
Wi J-Simulator L WHMB DI 2 L—HF
ORRED TV 5 [Hashino et al., 2013], fET—
# I 2 b—FEREE T VRAEO M 2 Y — il i B T
A5 LTI TS,

GOM =2 GCRMIZ B W T, =R A F—NF L AZEFTH LT
KEMFETFTVITEERBEHZE-TWS, REEFEETV
HZEOMOBEOET L RRRIZHATE - FESED LR T
AN, EEFICER SR TWAORIERBEREFORELER T
HBH, INETORIKEHET VBT, XELREDHE
BB FOMER. SHEARIREWEDIC, EBRENEH
KB IZHiBsL L = CHE EN T E 2, ITEOFHEEEED
MBI, FEBRRLTF OMELOZIRIZ 2V THRAYICHF R
B2 D0h B —F, HZABBOREHFET MiTiTZ
NHEOPRENEY ANLNTELT., ZE0RESL LV IEREIZ
P A7z h, EEZEDDILERHD,

HEMEIZAFT LI BROFANRELTEZ L2 ELL IR
SN, BRELMEOKE SO THRALOKFERER S, B
OWEDOEE. AR L B L THEBAET IS WESITLY
A ) —H#EL, FREORA I —#E, KE VBT
SEREUZHED . LA U —HEELE S —HELITARITRYIC AR R
LNAR., WENERETIIRVWES, ARAIZL - T#HED
TERRELLH R PRELIRIEER VO LD, ZThERELL
HETL®, e RBREREBRRESA TV S [e g,
Mischenko et al., 1999],

AFEO BRYE, FERRF ORI OB R L HA LI-HE
AR SHAET L., BEU, SETTFTVAREENET
NERBTAHAZLTHD, ZOHRICLY, HEBBZBEL
~EQLDVEVER, BLUL SRETFRUORKOTRHEEES
D—2 L SNBEOHRF~OFEEO XY B 2N T
LB LM CES, AMETHETIHET VI, K[IE



MREICR T 2 EOTREM LB LT ETHEERRR R
T ERWREND,

2, BERE - Ak

NICAM \Z 1L I R T TV nstrnX BREA ST WA,
mstroX i, iz b REKZERQHEETZERT - B BB seaT -
WM RREN LR THREL TWAIRERBRET L
(AORI/NIES/FRCGC AGCM) o4 i BAS: & i BE R AL EH T A
ZEpEE T Xk BRI EARR T T L (CReSS) 72 Efk & e BT VT
BHENTREY, EELAMARBEZFHEL TV,

T, BRET—4 - 3ol —# CHEREESEEITS
T DHED R WHHGEE T VIILEFRARTH S, Andko
EarthCARE ZEF a7 7 A V7 L—% KREFA¥—, %
WEA A Dy —B L CEHEIIREFTE N 400
PRI LR TH Y, J-Simulator TIZFNENDE
WG LT A2 AL TWA, AN HRMEE T
O SR IR AR R R R AR eI UG T TV Rstar6h
BEBREA AT ¥ —IC, ERRO MR BHEATIER
mstraX BRI R FRd i LT\ 5. Bk
HUHEEET TV Rstar6h it, EiCHIEREBRGE OB IR
CHAWLRTEY, B =270/ LORBIFICB W THERES
HF T 5 [Sekiguchi et al., 20031,

Rstar6b OWELIBREIZ, FEOBEREOTZDH N LDE
GLEMAEHEL, T MbEhTwa, I —WELEYA X
RTA—% BEERBEEE LEBESOME L ANHECERED
H) T3 FEEA (0.1 -1000), BEEITEROER n LM &k &0
BTI98FEE (1.0 <n<27 10°<k< 109, HELA 112
BTHDH, KENFITEREFTEOT — T LEMNEL LR
b, AAEOT — TR & SMERREE, #ELROT—
Tt oTW3, HEAOBRTAIRELR—THL, T
— 7 VALK & RO o bR Y . BT R
KB T — 7 3R 56 FESH (0. 225 < 4 < 4.9um) | KL
FHA X 24 A3 < x < 3500um), ARAHEEHET — 7 LIk
£ 49 S (3.08 < x < 999.9um), BIFHA X 45 m(2 <1<
9500um) & fa>TWAH, ARAIRT v FAIZEEEh, 7R
Z REIZ—ETH D, 2B, pstroX OEFELAR L., KBS
AHBEMUDEEL SFEEAOE— FHEFEIT oW THELSES
BB L7z, FAstar6h ORELRBRZ S HICEELLZb D &2
S TWA,

B ODET VICHERBRITFIC L 2 HELER L EA
T5H, ZNEDOET T BEICT 5% 2 MM KD Ping Yang
EENSRMEER T, SAROKKTFOMET —F BEA
ZhTuw A [Yang et al., 2000; Yang et al., 2005], Zih
iz, V=K% Dubobik 1@t bRt 2 1) /- EiEHE
A& #E 7 — % [Dubovik et al., 2002]&%WAFH. ZD
5 —# X AERONET Z®RBIZER SN L O T, HEREX
T-Matrix & & W RRBAXFZELBAVENTNS, 7T AR
7 b b 25 FEFE(0. 3349 — 2.986), YA X3F A — & 41 FEIE
(0.012 — 626) iz 2\W\WT, HEBITEOEH n LRE L EnE
FU15 FEIEE0(1.33 < n < 1.6; 0.0005 < k< 0.5) 55 &
hLTwab,

F72, NAFRKETFORESATH A, EROBBITIX
W DD DIKRI T3 EEEE L7 B F (Aggregate) 78 L < @B &
No57=H, AEELE OB EZITo% 5 2T Aggregate RIFIZ
ST HMATE, 2O, MHEET L ET—F % D5
TEZ L TCERENOBECLIWEEAEES L OMBEIT.
ELIT. BHOE - =7 u NONEEEBEATE I LT,

26

L REMSHEBERET AL ETELTS, 2hbD
EFNOYELBEROEF 2 RFIZITI,

3. BRLER

F. EEEHEREOMELISIES Rstar ITEA LT, HE-S
ANAELAR, HhoUbEEEEET T b LT, BEE
DT BITHOVTIBOR T & BIZRE L, 1 X35 %
— 7 VEBERBITEEA) AT —F LR UK, BTFAE
iz, EEERE R E ORI EEeRF 2 BE L T\ A 58,
HMBEBITRLT A AT A—F NN L 25 & E TR T
ERT A LS Ica— REEE LR,

wio, BERTOMESEE SAEO LD LB L, =
I CRELEFHERFIZOWTIRAS, KBRS T E
T Lz FFhoFEREFEERT 2 &, AARFT
0.8435, EEEKI T T 0. 8599 THh DRI L S HFRF D=
M L9BREALTWS, MBI TOIEEFEFOIELY
fHix, AATERFIT 08700, HEERTIE 0.8527 THY ., A
FIERF ORI RELD 2. 1%RBERVZ LR bh otz HE
B OWELFEEZ Rstar (CHA L, KBXIEA 60 B, WA
6km 225 Skm IZWFEHEX 7.4 OEERFEETALRELT
HETAHE, EHZBUA A EMERBHER 77 v 7 2A0EZ
0.TWRRETHIZ ERbhot,

EHIZ, KEFOEFZRIFEROTF —F—2AREHF Iz
[Warren and Brandt, 2008] = & lzfEvy, BERBITROBETF &
324 HICHENER, AL 0.9<n<3.0; 10" < k<10
R L, i, e B ER R Tic 2N TT—
TEETV, ERz T e AofEEAEMEE T (e g,
d'Almeida et al., 1991; Hess et al., 1998],

4. FLHLSHORE

SEIDBZRIZH - T Rstar6b IX Rstar7 \ZBH S, BRI
OWRFIIREBEEESNTWE, £, HEF—#% - 3
= b—& @ J-Simulator IZHEA S, FEIRIBMELOF
FHE & 7207z, S%IIMOIERFHELOBIEFIE & Ek - 7F
ZE21T 5. Fio. Yang #dR 56 L 0 RE D2 KB & He
RS — S EL T —F OREEZ T =0T, Zh
~OEHFEITITETH D,

BEH

Tomita, H., Tsugawa, M., Satoh, M., & Goto, K. (2001). Shallow
water model on a modified icosahedral geodesic grid by using
spring dynamics. J. Comp. Phys., 174(2), 579-613.

Miura, H., Satoh, M., Nasuno, T., Noda, A. T Oouchi, A
Madden-Julian oscillation event realistically simulated by a
global cloud-resolving model. Science, 318(5857), 1763-1765.

Mishchenko, M. I., Hovenier, J. W., & Travis, L. D. (Eds.).
(1999). Light scattering by nonspherical particles: theory,
measurements, and applications. Academic press.

Sekiguchi, M., Nakajima, T., Suzuki, K., Kawamoto, K., Higurashi,
A., Rosenfeld, D., ... & Mukai, S. (2003). A study of the direct
and indirect effects of aerosols using global satellite data sets of
aerosol and cloud parameters./. Geophys. Res., 108(D22).

Yang, P, Liou, K. N, Wyser, K, & Mitchell, D. (2000).
Parameterization of the scattering and absorption properties of
individual ice crystals. J. Geophys. Res., 105(D4), 4699-4718.

Yang, P., Wei, H., Huang, H. L., Baum, B. A, Hu, Y. X,, Kattawar,
G W, .. & Fu, Q. (2005). Scattering and absorption property
database for nonspherical ice particles in the near-through
far-infrared spectral region. Appl. opt., 44(26), 5512-5523.

Warren, S. G., & Brandt, R. E. (2008). Optical constants of ice from
the ultraviolet to the microwave: A revised compilation. J.
Geophys. Res, 113(D14).



72 ZF O SSR v —H—BFR L EKEARTICE T S5 EIEDREE

Using next-generation sequencing approaches to development simple sequence repeat

(SSR) markers in Batillariidae species
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In this study, simple sequence repeat (SSR) markers in Batillaria cumingii were developed. New methods, namely,
next-generation sequencing, universal primers for fluorescent labeling, and multiplex PCR were used for efficient
analysis. 9 loci were amplified with the highest success in multiplex PCR, and 6 markers fitted Hardy-Weinberg
equilibrium for Togawa population. These markers detected the genetic difference which could not detect with
mitochondrial COI gene between the populations around Tokyo bay.

1. XL®IZ
WEEYOBRET S A FEFHERELHFRT2 LT, &
EOEREZICZBWTERINTWARETH D LR, &
FEEoBHAEE - BEERTIBOEMT —F L LTHLEET
HH, vI=THEIARREOTRIZBST2EETHY,

BRI 2 I 5 2T L7 Thoiu T & 72 (Kojima et al.

2004 72 &), IRV Y I=F T, 2 b2 FU 7 Col it
EFOREFNE, BRPRRZ—/CBEWV TR - 5 EE
FAENC D Z ERREINER, KV/hEnRir—n (f
ZIEBA A —N) TBIT 5 A Z EFHEOMAIZIZTE-T
Wi, ZOZEEFRALEMITEEDIZE, XIKEORW
SSR v—H— (vA 7 0¥ FT5A1 bv—A—) ZE-%EH
B Z SRS VETHE LEZ BN, FITEAMET
jE, 1) RY I =F2TCOI fail L bV FEED®\ SSR =
—h—FRETLIE, 2) HEY—H—OBFDEORI., B
L3) FhbEAWEEROBERIC oW T QLT
FITHZ EEBERIE LIz

2. MRERE - A&

ZhEANZ SSR v —H—ZMFET D, KR —F %
— &AW KREFIFRORGE, WARERETFA~—1E B
LT=nAFF L w7 APRRAZY, HEEBENTHWAH LWL
FiEZ BRI Ahiz.

W — 4 o —E AW REEAIHF RS R OFR Y ¥
=R, BRRLUBES IUFERMIN D24 1 EE
o3 2 fE{EE L. DNAfhHiX DNeasy Blood & Tissue Kit
(QIAGEN) #ZfE-~T7u ha/iLi@hizfT-7z. RFETITY
gy hH U ERFERL, 2EEONID 7878 —I2L D&Y
— PR EOBEEICHFETIONZMB L. TOoMmowk it
Y=L T T T A T A ORMAEL, GS Junior ¥
A By —ZAO7a ha VB IZIToT. Bo AT
b SSR #EHTEF OB LT Z A = —REHTIE,
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GS Run Browser 38 X7} QDD2 Beta (Meglécz et al. 2010) %
Rz, dEHRED S TR IR E TOE 10 2P CR4E Lz Bk %
TrTL— LT TI7A—RELIETT A FOPCR
BiTol. WBHEOCRVWLDERAT, LAEXT A~
—i% (Blacket et al. 2012) 2 HWTF 74 ~—%BREIL
7=. ZH B2 2T, Multiplex Manager 1.0 (Holleley and
Geerts 2009) 2 LY = AFF Ly 2 R PR DfLEHEZ R
L., Multiplex PCR Ki t (QIAGEN) ZEMLTF = ha
b LITPCR 21772, PCREEAIZ AB3130x1 THkE) L. Peak
scanner <° Gene Mapper ZER L T7 7 7 A M EFAT L7,
ERHEOBON—A—3HREL, v VF 7L w7 X PCR D
MAEhEEESE L. ZORREL LI, Hv—H—0n
—F 4 =T A A= (INE) Bl L TW R0 E R
L7, BEtoxt&ix, FERA)IOERL L. GENEPOP
(Rousset 2008) ZHERALTHERLEZ. =52, ARENE
XA OB OERICOWT BT 21TV, BIENS{ERE
BERDE.

3. MBMREER

BoNT=ARYUI=FOIATZY)—iE, 2.1 HL 5.3 7H
Y—FT, Z@I3HSSREFLHOEIM 20%ThHho7T2. £
5122 v T consensus sequences (contig B —4 1 A)
L singleton (contig TERWNWI —4F L 2D)IZHFTTT A4~
—REEIT oM, T/ —RETEOEN BB TH-
.

PCR HIBORERR TiX, 2> &/ PCR TITMBAAHE TS,
~NF T by 7 A PR 2175 LR Shzv=—A —3kRs
Lz, ZOERZLEICTATF T Ly 7 ADMAELEEE
EL, B9 w—H—NEok (1), TERIMIOE
HizowTohbov—A—DFMEEZRFTLEZLEZA,
Loc_gr296 | HVE 22 5B EIZ/ANTE Y (P<0.05), Loc23 &
Loc_14 {22\ Tk, ZRIBHER TE h ol



R L BB OR Y 7 I = EFIC W THE L7
LA, FERMOBRGRSHERE (Fst) XERBHOER
MoFdE»oTz. Eiz, BHOEFAMTO Fst ELD 18
S PEF MO Fst 10 1F 5 AMEVERIZSH - 7o, WIS
b & MFEABEEIT LT L b — 83, Bl EEA o/ MRS
& B OB BKRER TIHRERSEITRE S hizd - 70,
AN & KRR O L 5 I HEBRIZIERITEVERB TR 2
ERSEBR BT, AFFEOEFBOEMFITOMES C0L
WRFOREE BT 5 &, 0] #EF TREMNSLERBRH
ENRD o728, SSR v —H— TR SN EFAM b H -
7z,

4. FELHESBORE

FFRTIE, VI =THICEAT /DA r—A0 R & EEHF
WEREETA7H0 SSRv—H —OBREEIT-7-. v—7
—BR%E LR ORERLEZRH LD, Wik —F ¥ —
1z X 2 KREEFIEROmSG, WHAERXT 7 v—&, BIW
<wNF Ty s A PCRA2E, HEFEERENTHAFH LWL
ZHEMICE Y AR, v 20 PR CIIHBARIEE T H
TNF T w7 A PCR TIRBEIh RN~ —F—Bn < o0
Hbhln, kR —Fr o —it o TR LS4 75
V=8Bl h-T-0T, REBRBEIELE ThoTn. Fiz,
NRAENT T4 ~— BT, BEREATS T4 v—134 ¥4
TOHRBoTED, BoNEHEROFTHLEL DT T~
—FRT T ENTEL

SSR v — A —iFEHEA VSN TE T COI MB T2 & & s
T, BIGEESEL, BBESEVLEVDRL TV, A
ZIIBVWTHIDI EAXFENT. 0] BET CHENS
{EABHTE o EMAMTH, FAFEL LB LN SSR
v —A— TR ThIEE oEFMTERBRNTERZZ L
b, ZNEO SR v—A—F LV FERLRENEREES

HLNCTA2DICFRTHEEEZBND.

SiE, SSR v —H—%AWVSZ ik Y, ERM AR
B, B REBED XD 2R A LR
DEMAMFEIND, FAE SEORBEBITTAZ LI
LYy, |EEBIC X A0MIER, ABWBA, BESICLS
O - ol L B E, HEREEER - EVRERE R 7
— A THRENELEZ BT Z EBARICRE LEZLND
ZOX O RMERENFMEIND Z LIE, A ¥ BEEENRD
ERE LT EWIEWHRERIINAT, REEOBR
BA - BRUIBWIHENLSEROLOOT—Z 2 FHML .
BETHEVOIHESMRBEHRELIREVEOLEZLND
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£1. FY 7 I=308SR ~v— 1 —DPE.
5 FUIL :
|
Locus | motife n TILE HA4X He Ho Ho/He P value Unw:arsal
{ s primer
| Le2sir
Loc_gr296 TAAGA 20 5 114-134 12.26 7.00 0.57 0.00
Loc_30 i CAGTT 20 2 177-182 8.62 8.00 0.93 1.00 TailC
Loc_29 | CAATA 17 3 184-194 4.52 3.00 0.66 0.28
Loc_23 CACT 20 1 130 - - - - :
TailB
Loc_14 TCA 19 1 247 = - - =
Loc gr316 | GTTT 20 3 155-167 9.67 12.00 1.24 0.57 TailA
Loc g431 | ATT 20 2 221-227 1023 11.00 1.08 1.00 2
Loc 13 ACAA 20 3 172-193 7.36 7.00 0.95 1.00 TaiD
all
Loc_ 19 AAAC 20 5 209-225 15.49 12.00 0.77 0.21
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