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Examination of environmental DNA sampling and analysis methods in the open sea

HaES5, AEK - KPE, E-mail: akihide(at)fish.hokudai.ac.jp
JII s, JEK -« KPE, E-mail: kawakami(at)fish.hokudai.ac.jp
(Ls %2, dEK « /KPE, yamazaki.usujiri(at)gmail.com

Abstract

To estimate the optimal sampling effort for detecting fish eDNA in the open ocean, eDNA samples with
seven or eight replicates were collected in various regions using Sterivex HV (0.45 um pore) and analyzed
by metabarcoding. A total of 837 species was detected, corresponding to 80-92% of Chao2 estimator.
Species accumulation curve indicated that over 80% of species were covered by filtration of 12—15L in the
subtropical and frigid zone in the North Pacific and the Chukchi Sea, but it required 25L in the Canada Basin.
The same examination conducted using Sterivex GV (0.22 pm pore) demonstrated that the filter with a
smaller pore size was more efficient for fish species detection in the Chukchi Sea.
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Fig. 1 Detected species in each region, using Sterivex HV filter.
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Fig. 2 Relation between detected species and filtered volume in
each region.
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Exploration and characterization of enzyme rhodopsins in marine microorganisms
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Abstract

In recent years, with the development of genetic analysis technology, rhodopsin genes have been found one
after another in microbial genomes. It has become clear that ion transporting rhodopsins such as H" pump
rhodopsins (proteorhodopsins) are widely distributed among prokaryotes in the marine environment,
indicating that microorganisms use sunlight more than previously thought. Although most of these
rhodopsins work as light-driven ion transporters, several enzyme-type rhodopsins have recently been found.
The enzyme opsin gene encodes rhodopsin domain and an enzyme domain in a single polypeptide, and the
enzyme function is regulated by light. However, not only the genetic diversity and distribution of enzyme
rhodopsin in the marine environment, but even the mechanism of its function is still unknown. This study
aims to clarify the light-induced metabolic changes in marine microorganisms by comprehensively searching,
classifying, and analyzing the functions of enzyme rhodopsins in marine eukaryotes.
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Quantifying the role of rhodopsins in diatoms
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Abstract

Diatoms are globally important phytoplankton, accounting for about 40% of marine photosynthesis. The
success of their niche acquisition is underpinned by the high photosynthesis rates, yet the mechanisms behind
have been obscure. In this study, we propose that rhodopsins in diatoms facilitate their carbon fixation.
Yoshizawa’s team discovered that rhodopsins are located at the outermost layer of the thylakoid membranes.
Given this information, Inomura’s group developed a quantitative model of diatoms representing the
transport of carbon dioxide and carbon fixation. The model shows that the rate of carbon fixation is highly
dependent on the pH in the ‘middle space’, the outermost membrane space of the thylakoid membrane. The
increase in carbon fixation is highly dependent on the ratio of the maximum carbon fixation rate and diffusion
constant, yet in any case, the decreased pH in the middle space favors carbon fixation. This study suggests
that decreased pH by proton pumping by rhodopsin may increase the rate of carbon fixation in diatoms.
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Cell schematic

Cyt: Cytosol
Mid: Middle space
PL: Plastid

Fig. 1 Schematic of Cell Flux Model of C concentration (CFM-CC).
Solid arrows show net flux of C and dashed arrow indicates the influence

the right panel represents the model.
of pH.
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Fig. 2 The influence of pH in the middle space on CO, concentration and the photosynthesis rate. (A) C02

concentrations in the middle space.
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Abstract (Times New Roman 10pt)

Fish migration has always played an essential role in marine conservation and fisheries management.
However, migration patterns are changing globally alongside changing ocean conditions. This affects the
spatial scale of required governance and, consequently, our food supply. Technological advances in the bio-
tracer approach using isotopes would make it possible to monitor fish migration differently from the
conventional bio-logging method. Eye lenses of fish are incrementally grown and metabolically inert.
Therefore, stable isotope analysis of eye lenses can reconstruct the geographic and trophic histories of fish.
This study proposed compound-specific isotope analysis of amino acids in eye lenses as a new tool capable
of reconstructing the geographic and trophic histories of migratory fish.
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Abstract (Times New Roman 10pt)

Estimating the size and frequency of past earthquakes is an important issue for hazard assessment. Traces of
past surface rupturing earthquakes are usually revealed by stratigraphic offsets by faults. However, such
offsets are often hard to detect where unconsolidated massive soil is thickly deposited. Here we show new
approaches to reveal paleoearthquake history using high-resolution '*C dating results at massive soil and
seismic cracks. Our results indicated that seismic cracks formed simultaneously with a rapid increase in
sedimentation rate at the massive thick soil. These are presumed to be attributable to contemporaneous
faulting activity. Moreover, our results demonstrate the importance of TOC content in sediment in order to
estimate the actual timing of faulting from dating of crack fillings. The proposed methods improve the
identification of paleoseismic traces from trench sites and thus are important for hazard assessment.
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Abstract (Times New Roman 10pt)
We investigated the use of radiocarbon isotope, carbon-14, in the baleen plate for reconstructing the migration history
and foraging area of baleen whale in the western North Pacific Ocean. A '*C-baleen values of stranded Bryde's whale
were measured and the migration history was tracked. The A!#C values showed a bimodal pattern, indicating that this
individual migrated north-south seasonally in the Kuroshio Current.
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Abstract

The investigation was scheduled for June 2021, but it could not be investigated due to the spread of the COVD-19.
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Paleoenvironmenal studies of subtropical inner bay systems: coastal ecosystems from Past to Present
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Abstract

In order to reconstruct the development history of subtropical coastal ecosystems, we focused on inner bay systems in

the Ryukyu Archipelago as the study area. Due to covid-19 restrictions, we have changed the study area from a remote

island (Iriomote Island) to Okinawa Island, and research materials from modern sediments to sedimentary rocks. We
have conducted geological and paleontological studies to reconstruct the response of inner bay coral-reef
ecosystems to eustatic sea-level changes and tectonic movements recorded in the late middle Pleistocene
Minatogawa Formation (coral and detrital limestone) exposed in the southern part of Okinawa Island.
Sedimentological and micropaleontological results show that the lower part of Minatogawa Formation
records at least twice transgression/regression cycles and was deposited at 15 to 25 m in water depth in a

gently inclined fore-reef slope.
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Impacts of anthropogenic disturbance on mangrove benthic communities
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Abstract
Recently, the benthic faunal communities in a mangrove ecosystem have been subjected to eutrophication by agricultural

wastewater. Therefore, the present study aimed to elucidate the effects of agricultural wastewater input on the

macrofaunal community structure in a mangrove estuary. We compared the environmental parameters and macrofaunal

community structures between the reference and wastewater-affected sites, seasonally. The results revealed that the

amount of mangrove litter was significantly greater at the affected site, regardless of the season. Moreover, at the

reference site, the species composition showed seasonal fluctuation, representing the transition of opportunistic species.

Meanwhile, at the affected site, species composition remained stable, with a predominance of mangrove litter feeders.

In conclusion, our study demonstrated that although agricultural wastewater input increased the primary productivity of

mangrove trees, it also regulated the seasonal succession of benthic macrofaunal communities.
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Tank experiments for enabling coral monitoring using environmental DNA
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Abstract

DNA originating from various sources, such as mucus and damaged tissues of multicellular organisms, exists
in soil, seawater, air, etc., and is called environmental DNA (eDNA). Because of its ease of experimental
procedure and high detection capacity, eDNA technology has great potential for application in coral reef
monitoring. However, for the application of eDNA technology to actual coral reef monitoring, it is necessary
to consider various aspects such as residency time, minimum detectable amount, seasonal variability of coral-
derived eDNA, or development of novel molecular marker for species identification of corals. In this study,
we attempted to verify whether eDNA originated from corals, which could be detected at the aquarium
experimental level, could be detected in seawater taken from the field, and to develop a new genetic marker
for corals that cannot be identified to species by mitochondrial DNA, which is usually widely used for species

identification in animals.
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Fig. 1 Electrophoresis images of PCR with environmental
DNA samples targeting a nuclear single—copy gene (left)
and a mitochondrial gene (right).Modified from (4)
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Study of molecular ecology of the giant squid, Architeuthis dux
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Abstract

We herein report the mating mode of a mature/maturing female giant squid, Architeuthis dux, caught as by-catch in a
fishery set-net. Microsatellite paternity analysis was carried out on the implanted spermatangia scattered widely over
the body surface. Using genomic DNA from 42 Architeuthis individual muscle tissue specimens, four polymorphic
microsatellite markers were developed, of which three were used for genotyping. Surprisingly, it was found that all
66 of the successfully genotyped spermatangia located on five different body parts were derived from a single male,
suggesting that only single-pair copulation can lead to entire sperm loading.
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Prey selectivity of three larval pelagic fishes: validation by rearing experiments
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Abstract
A significant number of field researches have described the diet of larvae and juveniles of commercially important pelagic fish
species. However, a possible bias related to net sampling makes it uncertain whether results obtained from these studies truly
represent the situation of live fish in the sea. Here, we conducted a laboratory experiment using juvenile chub mackerel scomber
Japonicus to determine the relationship between fish size and prey number in the gut, and the selectivity on each prey item. As a
result, a significantly larger number of prey items were observed in larger juveniles, and the fish was found to show strong

selectivity to copepods. These results support the conclusions of the previous field studies.
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Development of integrated seismic imaging of water column and subseafloor
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Abstract

For on-site observation of fluid discharge from fault near the seafloor, we are developing an integrated
seismic imaging method by multi-channel seismic (MCS) survey and eco-sounder survey. The former is
often used to figure out geological structures as well as faults, while the latter is used to image gas bubbles
in water column. On July 21, 2021, we conducted an experiment for the integrated imaging in the Uchiura
Bay off Numadu, where an enigmatic wavefield suggesting fluid flow from a fault has been observed in
2018. As a result, although both datasets have been collected without troubles, no evidence of fluid flow has
been observed. If this result, no evidence, is related to timing in discharge of the fluid, it is very difficult for
us to collect useful datasets for integrated imaging in this area. Therefore, we had better change the study
area from the Uchiura Bay to the Tokyo Bay where possible gas discharges are suggested on the MCS profiles
previously collected. An example of the possible gas discharges is demonstrated in this report.
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Development of a new method for recordmg heart rates in fishes under natural conditions
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Abstract

Heart rates are a fundamental parameter in vertebrate physiology. To record the heart rates of free-swimming
fishes, new methods for recording them with externally attached data loggers need to be developed. In this
study, we conducted preliminary experiments with banded houndsharks (7riakis scyllium) in captivity. We
placed electrodes on anesthetized individuals and confirmed that signals for heart rates can be detected in
electrocardiograms. We attached electrodes and a data logger to an individual and kept it in a holding tank
over one night. Data showed clear signals for heart rates. Our experiments showed that heart rates can be
recorded by externally attached data loggers. However, because electrodes must be placed in the proximity
of the heart, careful observation of the heart and the surrounding tissue with dead specimen is necessary
before this method is applied for different-sized individuals or different species.
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Fig. 1 An example of electrocardiogram representing
heart rates of a shark in a holding tank.
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Abstract

An optimization experiment of the sea ice dynamic parameters in a coupled sea ice-ocean model to the
observational sea ice velocity data has been conducted, with the target parameters of air-ice and ice-ocean
drag coefficients, turning angle of the ice-ocean drag, pressure parameters of the rheology. We extended a
Green’s function approach to include dependencies on the background conditions of the air, ice, and ocean.
The estimated dependencies were basically consistent with previous theoretical knowledges and simulation
results with the optimized parameters well reproduced the observed buoy trajectory and time series of salinity
and temperature profiles at the buoy locations, which supported a robust estimation of the optimization.
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Fig. 1 A schematic of optimization of the sea ice model parameters and its impacts on the climate study.
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Abstract

The coelacanth, often referred to as living fossil, is an aquatic organism which stimulate peoples’ imagination
toward evolution and earth history. Currently, two extant species exist, Latimeria chalumnae from the east
coast of Africa and L. menadoensis from Indonesian archipelago. Unlike their fossil counterparts which
inhabited fresh to coastal waters, the two extant species are known from the abyss, along rocky shores from
150 to 500m depths. The scope of this study is to elucidate the adaptive mechanism of the two extant species

to the abyss.

Examinations of external and internal anatomy by dissection and CT scan observations,

taxonomic validation of the genus Latimeria, documenting and comparison of current habitat of two extant

species by ROV observations were conducted.
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Abstract (Times New Roman 10pt)

Based on the results of last year's research, this study examines how people tried to reorganize their use
of marine resources under environmental changes 4000 BC. To identify adaptive strategies for environmental
change, an analysis focusing on growth anomaly and growth patterns was conducted on archaeological
remains of subtidal bivalves, Profothaca thaca. The results indicate that collecting activities were
concentrated before and after El Nifio events, and that activities were maintained longer term in response to
environmental changes that increased the magnitude and frequency of El Nifio events.

1. XLC®IZ

BTN 3 FEEIC SN U7 BRI RN T, bR
WCHEBT AL AR ATY Y (Protothaca thaca) \Zi% S
HREEEZEOENA TV « =—= g BRI L AUKIEETFD
L RDZEEHLMT L, ESICZOHHNREEL
AWTEIRN O LA A X ATH U 00 LT-RE R,
FOTTHT 4000 FE A BEIC =)L« =—= 3 BIR O BIRL & 485 2 80
T 5 X0 RBEAENEE TV Z EAMRIH N,

FROREE SE X EAMIE TR, DX D RBRELBHO
BT, YO AL I ED X 5 ICEERFERNAL2Em L, B
BENMICHELLE S ELTETONER LT HZ ENH
&b, —RICRERERLEIX. NELICBW TS
BEEE LT O TIEHRE L LTIRALNAEAICZH 203, D
AN = A LEIRAT 27O OFEMRREFHIAR o Thr Z &
DL, BREAMIC X2 BRIBIKS., HIEE0OREL LT
HLIET B L) EMARMRE R X, BRELH &S
FALDOBHRIZOWTEHAREAZED H7-0121E, AABRED LD
WREDOENIZEIG L L ) ERATETZON, 20T rkER
EAENCRGET AN H B,

2. MEEE - A&

FCOTTHT 4000 4EEEICR & 7o Bk O BREL A B 6 B ik
MAEHLMNCT D I X THRRERDDIT, AXBEDL DI
FEGIR AT LTV hs & 5 AR SE S o0 i i 72 25
kThs, ZITIE, EICHEBENAICESZKY, BED
BREFBZHOLNICTH, THETONRIEENC Lo TEE
ENTEEFARX ) ATH Y DORENT—NZONTDOHR,
L, HEOBEFEHN VD, EOL2ITbN T\ =Dn%E
HOENCTEIZATHAHENZDINETHD,

BE O T8 Haid, BEEO A2 OFREETHIZ L - T
E£Hoh, AN, BEINZLOEWZDHIENL, £
DO 2 REEI B TON IR L L ChedT N T
x5, ZOHEFMHLUCEEHNZBIER O FREIZE D489
N, BAROEBLTEYEIRICEHmEINTEZ, LrL, £
L72it9e % BT 270121, BEORE /R Z — 2R
FHEMENDH D ENRM LD, FEOFHE(LSHBE T2
WAUL—Te EOKER TIX, £ 9 LIk FEE#EAT 5
TENTERV, ZNE TOWIETHLNI > TEH
RAERWEH e FEIC L o> T BEH DHENREL 72D,
ZITCHERTADIE, = = —= a3 BABIZ Lo TR ERE
NREDLEWVWIHE, AAX ATV OKEDOEET A

£ 3Mm ’
LM A 1 L)

Fig.1 #ESEHA ORI L

400um Ll LR ER (Major Growth Anomaly) 7533
F CTORERITH DN D EEETOEWD DK - /N A
JVERHL, HEEBREHICHRE L,

TP KE - MO AmE E —ET LI R THD, T
D2ODHREE LT VA ~JLFEI S H T LT 44 #
ROFARX ) ATV Xt RIZLL T OFIETHN % FEh L 7=,
OF P #)N~A 7 a A =a—7 (KEYENCE #: VHX-2000) Z FHu>,
100~300 & D fE =T Hrm 2 #l42 L 35,
@= )« =—=a BIG O L 72 5 400um Lo R R
(MGA) DA &% BT 5,
OHBDORET 1 & 2D HF TRFZ IS S 1172 ik R B E i (
MGA) 75 Bzl £ TOMICH MR EMOI v b &
ORI OFHZ I L, R R OE B E % i,
O EEEBEHEZ AMERICHREL, =L - =—=a 8%
2 X AWM E QIR & B O R ORI ZEAHEE T 5,
TV - =—= a BRI AR ESM O E BRI 2 YK
REORETHY | ~VL—ipRITBIT DHKIED BRI
FR DB D 72\ Z QMU IZ KRR &)1 ORI 2 KIE 2 & 23
LTV, 1 H~4 AIZZ0iRENEE 25850
B, EOKRTIRZ EMIZFET D2 LIETE VWD, =
Ve == g BRI KD BENIRLZA% 0 LIE LT,
T IHORZES A BN CROMEREA & Lz Fig. 1),

3. HBRLER

IHTOFER, B ALHE LS KT L - =—=
3 PRI L » TRERERISIER S R oRi#% A1
BEINTZLOTHDZ ERNbnrb, & IZRBEN/INEL
FFEBICBREEHOE—7 B35 2 AR EnT: (Fig 2),
ZHUTAA X AT U BRBEDHWTEERE ST T2l
TR, T/ =—=g BB LN A2 MZAEDEGER
FICRESND b Tho-Z L2 EWRT S, ZoHITEW
WEAKIICTHMEZFF > TWD Z EnmbnTBY, =L« =—



ECV-la mCV-b

Fig.2 AR DHEEREH T L OGO

MGA ZREH#EL L, R SEEE» OHE Lz AmEME S & 10+H-CREH Do fi %

R LT, MGA DEARICAAX /) ATV U OEEIEENIET LT D,

Fig.4 M+ L7z HEORIEBEEOEIE & IFF7E
CV-Ia # & lb_T, CV-Ib i CI34EE @ BFLIC H T EAMRE 5.,
=g BT CHERA2MBSE 22 < o B Eoh T, BiEK
EHERFT 44X A7 YU (Urban 1994) 2MEICAIICEREE
SNFERRLEBTEINES D,

ORI, HRICE ENDBRBRMIELLOSHTICE - T
HLEEFESN TN D, SRV E 321 Tuieu 39 iR D & %
BRI G BB OB A HID | SRR etk AR L 7o vk
BREOKEONY =— 3 % 1 AEOE D HER L 728
R B OMEEDONY = — g &2 L= (Fig. 3),
ZORER, AL OREIOREMIT 1 BENHSE L4
HEEOHTHEmWEKEEZ R TEICEFT D2, Elo
IHTRER & AR DR Z R L TWA Z Enbnd,

JIVA s SOLF BT, 9 400 FEMICh o TR SR
<Y RIROBEZETHY | TOABRE CV-Ta #] (8T 4200~
4000 4F) & Ccv-Tb #] (Fi 4000—3800 4E) 125 LT W5, %

FORICTL « =—= a BGORBLHEREE -2 2 L
Wo3o TN D, WA THEETREEHA Ozl 4% & | CV-
Ib T3 b« =—= g BlR 2 il L W RIF ORESE)

DRE STV D, BEEEBNC - T, AAX I ATH U %
FIHT oM EBEIM L T2 ERRB IS,
CV-1b DB A B> T, =V - =—= = Bl T CHIM
T HEREZEFINAR T 271, B OH LT 2%E
HBoBEG»LbHAERND Figd), AFX /) ATHY L L
HiZ, ZORMICHEBEIENENTAFaalL— LAY
(Thais Chocolata) 1%, T/« =—= g BE T CIEKLZH
LTERETHY (Cantillanez et al. 2011), W HFE
WZxE L CH AR T OMEBEEICHEL KT L5 2, BER
BETZINIITOR T RN 2 R0 > T (Shoji
2018), ZNHOT —X %, FIAT 2 228 2 7203 BUEF
ARER DTG o D BARRRIE D Fedk Mt & RiE L T A,
[AIBR D B RS RIS BB 3 1 2 AP O bR &
NTEY  BERICE > TIEKRT 27 7 — U EPHICBRRE L.
7 VW A (Carcharhinus leucas) 07 -~ X ¥ R
(Carcharhinus brachyurus) 73 £ OVRKIBIIR AT 5 AE L

HRBIORE

1 itk %
IXTOEH

-0.40 ==

B
s
o
3

0.00
0.20
0.40
0.60
0.80

+8

1.00

(80d-08L Q) E-HrEFTIHH

120
1.40

Wcvia Woven B 170v-8C15

Fig.3 HEd00 615 bR RN A
oY) =— g b L EEOWTED S
AN S N T B RN I o Hhi

EPRCHH T DRI CV-Tb HllZHE S TWD (FEENZ
M 2019), BALZ DT —# 1, =) =—=a BGopHs
ZFRTWH X 7 F A U (Engraulis ringens) DA% 1l
ETAHIICAVaYAROHEESMERT 57 &, VHkER
ROBREICE DB F AR FARIH STz,

4. FLEHESHEDEE

ARFFREZBL T, oL« =—= 3 BIEOHHL L A HIN
T BHEVIBREELENCEE D | YHFD N & OIS 2388 & 2
e olz, AR ATV Y OBEFHIT L - =—==z 5
G ORI G b TERMII TR 2L D THY . CV-Tb Hi
B BEAAOE L, &9 LIEREAENCHEIGT 5 H
TEBEMAZEHR LIERTHDLZ LRI ESND, TDIF
NOWFEZFEMAOT — 4 & 5FE 2574 61E, #LITHT 4000 4F
AitE D~V —IR O AN 2 13, FIR 2 B2 21 S8
O, FEICREABICHEIG L TE-EWVWR D,
—HTZOEHO 7 VX « ~ULFEBFTIE, T2 BRO
HIZIZHT 2S8R Bl Loob b, v~ v Rehk
Fim & LCEMORENNEE > T Ko BB bod
Wb o7 (R 2022), 5 F < EBREOZLICHEIG L TWz b L
Tb, AT LEEOLIL, FEWEDLREICA DY
BIROBSIEHORE L6 LT EXDDOTHY, BIR
FIHZ D HMERN & OBREOEL L &, fBERE LT
ESPEAEBH L T2 N T& %, AfFEE@EL
T, BREAE EHSZILOBMRIEIZOWT, L0 RV
BT DD OEWT — X ZINET D2 LR TE,

ZEXH

(1) Cantillanez, M., Miguel A., Manuel R. and Alberto O., 2011:
“Parametros reproductivos y poblacionales de Thais chocolata
(Duclos, 1832)(Gastropoda, Thaididae), en la reserva marina
La Rinconada, Antofagasta, Chile”, Latin American Journal of
Aquatic Research, 39(3), 499-511.

(2) Shoji, K., 2018: “La utilizacién de recursos malacologicos en
el periodo Arcaico: Una perspectiva del sitio arqueoldgico Cruz
Verde, Valle Chicama”, Revista ARQUEOBIO, 12 (1), 18-37.

(3) HEFEI—H3,2022: “EREIEWII 2T, LD LS ITEENT
DI—EFEO~ T RekShioal BME—KE <7
T AN BT 77 pp. 32-45, Bl &)L,

(4) HF—H, 7 b R2FZ, T LY s m— LR,
2019: “Z7 VA« ~ULT B W b A T~ — B
AU 35 1T 2 W OBERIH & 28 HIRT AU,
22,101-118.

(5) Urban, H.-J., 1994: “Upper Temperature Tolerance of Ten
Bivalve Species off Peru and Chile Related to El Nifio”, Marine
Ecology Progress Series, 107, 139-145.



NAFAX T ERGARLED TN S L AT S EREED B4 &
Migration ecology of cetaceans unveiled by biologging and trace element analyses
KEFHES, RlRGK - KiE - BERFHR G, E-mail: m-amano@nagasaki-u.ac.jp
ANAREE, BORRRFER - AAWPESETF, E-mail: physeter0809@gmail.com
HAEREA, /K« KEWEEDF, E-mail: kshirai@aori.u-tokyo.ac.jp
FBARLNY, B « KEIELEMF, E-mail: aokikagari@aori.u-tokyo.ac.jp
R ZZRT, WK - KAUEFEHF, E-mail: nsugihara@aori.u-tokyo.ac.jp
Masao Amano, Graduate School of Fisheries and Environmental Sciences, Nagasaki University
Hayao Kobayashi, Faculty of Bioindustry, Tokyo University of Agriculture
Kotaro Shirai, Atmosphere and Ocean Research Institute, The University of Tokyo
Kagari Aoki, Atmosphere and Ocean Research Institute, The University of Tokyo
Naoko Sugihara, Atmosphere and Ocean Research Institute, The University of Tokyo

Abstract
About 40 cetacean species live in the waters off Japan, but there is little information about migratory patterns
of most cetaceans because of the poor accessibility. Here we investigated migration of male sperm whales
and its changes depending on the growth stage by using three different methods; short- and medium-term
scale (bio-logging and visual observation) and long-term scale (isotope analysis). Based on visual
observations and bio-logging methods, we found young male sperm whales appeared from winter to spring
in the waters off the west of Kyushu, and some whales reached the Goto submarine canyon and spent until
summer. Steep decreases of 813C were observed in the teeth of sperm whales around 13 — 20 years old,

which coincided with the body length of the whales appearing in the waters around the Goto Islands.
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Abstract
In recent years, the Channel catfish Ictalurus punctatus has been rapidly expanding its distribution in rivers throughout Japan and has been

designated as a Specified Invasive Alien Species. We have confirmed that this species is widely spreading using eDNA. In this year, we

compared the diet of this species between 3 regions in the Tone river and Edo river using stomach contents and stable isotope ratios in their

muscle. We also analyzed the diet and migratory habits of each life stage using stable isotope ratios in the layers of eye lenses. The results

revealed that this species migrates widely and uses brackish to freshwater areas as its habitat. It was also determined that the eye lenses is a

suitable tissue for analyzing changes in feeding habits through life of the individual. The best method for processing the samples was

pyrothermal treatment, in which the samples were repeatedly frozen and thawed in running water for one week. The results of stable isotope

ratio analysis of the stratified layers of eye lenses indicated that the spawning and growing areas of this species are widely ranging from

brackish water to fresh water, and that individuals with various origins may have migrated to the current habitat as they grew up.
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ERZERNARIAE S | PR (6 PN ;15.7% 1.5, § 1°C;
225.1%0=1.3) L FHEEL (8 15N;16.9%0 £ 1.3, § 13C;-24.4%0
£0.6) TLBEEAHE LT 228 7T (6 1N 13.9%0+ 1.1,
6 BC; -24.3%0+1.2) TiX, FFIZ 6 SN BSFARIIND 2 His LY
HLABEICENo72 (Ffig.2), ZOFERIL. FARIID 2 #Eo
TED T NE NV RBEEA bSO L 2REBELTERY, ARl
RN E WS BNEW T OFESR & F B LRho 7o, FIR)I
I FINTIEENENR 2T B2 ARERE-TEBY, £+
WENDTN DT XA Z - TV B AREMEDME WV Z & 23R
X7, —J7. AR &)1 ORI ELER - 72 A
W BC xR LTz (fig. 2), WK DEENIRVAERERIZE T D
8 BC 1X-24%0 & W mVMEZ R TZENMOLNATEY, £b5
OWJINZBNTHARFEN DL & H 30-40 kmz 2 5 B8 %
1T o THE & 723 D8 2 & TemB SV KIS CRREE L T D 2 & &
TR UTZ, W DHEDREED § BC OEMBOHSE L 1>
VIR E > T ERIZOWTIE, U7 Va2 e L CEA
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Fig. 2 The carbon and nitorogen stable isotope ratio in
the muscle of channel catfish from 3 areas.
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Fig. 3 Carbon and Nitorogen stable isotope ratio in the
in each lens layer of channel catfish.
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PLEICIE B EIRIZIEN > TV D & & BT, FIRIRILA
JND XD 72 K TIIREREAC - T, Bix RBREEZFIA L, %
I MR DO ARER D/ CEERBE 2RO L 2RIE L
Tmo —HELODAFZEIL, eDNA B X O, /KEAIEDZEE RN
SHTRAFED A, 8. FIRMEE O BRI D 2k E B 52
T35 ECHERRTFETHDLZEER L, 5%, SOICH
HHUEZHL L, REORZEMEEL BT 28T, 204
A DR 72 2 LoAB A f: 00 FH SR PEINIG T, fHC K85 A /B
JEZEFEHRICH L NCTE D b0 L HIfF SN D,

S &3k

(WA & (2012) 7A Y B~F XD, LBE. WED
Bk, S fa Bl & PR AT B 38 S 36535 AKPEST ppl128-131
(2) O FKER (2020) HEPERZRZERE B+



BHREDIEXDFHIZLD Y IDB{LIKEE

i

Evaluation of coral bleaching state by using Rubisco activity of zooxanthellae
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Abstract

A method for measuring Rubisco activity in zooxanthellae isolated from reef-building corals (Galaxea fascicularis) was

investigated. The optimal method for measuring Rubisco activity in zooxanthellae was determined. Using this method,

chemiluminescence was measured linearly with a concentration in a crude extract of Rubisco from spinach (1 U/48 mg,

Sigma-Aldrich). The Rubisco activity of zooxanthellae isolated from coral was 6.0 x 10! U/cell, 11.5 x 10 U/mg

(specific activity), and 0.93 U/mg, respectively, normalized by the number of zooxanthellae, amount of protein, and

amount of chlorophyll. The amount of Rubisco activity obtained by the present method was relatively close to the value
obtained using the '*C radioassay method (Streamer et al. 1992).

1. XLC®IZ

o THENE, HERBRE LI E 72 5 [UEAENZ XV =R
EREICETE LT 5, BEAREAKEE BV L > THl &k
ZEhBAY U ITOABRLEDO—DTh D, AL EIRH
foe < & RFVIRBENTAL L TH > BT B, BAfkiTiE R
DL EZZ T TRETHD EBZXONTODIRFEL
WA = XA Lo Ty, SEREIZRVIEIZ X Y
KB DEARERIEF 2 EF I D Z LI X - TR
RRFENAER L, AR EHY X I ENBEETDHZ LT
£ U %, Wooldridge(2014)I1ZHEIC L 0 T/ v B Tl i
5CONRRETHIET, BtM=aF > TIRTT=0Y
X7 LAF R UEB(NADPHYE 7T/ v v ) Y ER(ADP)D
OHFEN AL, BRELTETBERTITEL 2 Ko 01R
FIOBET > DIGHEBFRFENER L, AEBRELTHDH ET 5
ETNVERLE LI (COHIRET V), Lo, MEKFIZIE CO,
DHEERDLEBORIBKFEA L BDHEELTND I &R,
1V E Bl T CO2 & [E E§ D H#sR /L B A =1 (Rubisco)id: 30°C
P EOmAKRICZ D L HEE L7 < 725 Z & (Lilley et al. 2010)
N, FEOFIEBMEZ CO N RICOAEIKT H Z LIxTE
R, T, BBELS Y TLEAKR T TEIEET. A
FRIEPESC— IR A EEE IR T LA & 5 45 (e.g. Ferrier-
Pagésetal. 2010, Tagliaficoetal. 2017)HH YD | V2 T DK
TERHA DT FARESL /L E A 2 OIEMWAGICAT & 03 R %
BLELTCWDLAEERS D, L > TR TIE, HO
BERIZE - TH U IICEZ DN REBO - F3 A B IF
i, EAKIE T CIEMEE K- 72V E R a2 DBEESCHARICHE
bibdZ LT, BIEDORIEIZ DR 5> TWAD TR E
W I EERGET B,
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JLE A {EMEIL, YCO2 DIV IAB T 3-RAKR T Uk Y g
B-PGA)D AR ZRET HHHMNET vEA DI HENATWND
(Lorimer et al. 1977; Parry etal. 1997), L72>L. "“C (X HPER
FCThDI2, KOEifERFEE L ToeEER— R
A & TW5 (Lilley and Walker 1974), Z OFEMERIEIE, K
ISR T D PGA O¥INEE, 3-RAK 7 VY VX T
—VPPGK)BL O Z Uk TIT b KU ERLKFERESE
(GAP-DH)L D1 v 7Y IV OSIC X DB M == F 7 2
R7F =YX 7 LAF RINADH)DHED & & LT, 340 nm D
W IZ L VEET B, LL, ZOHERECEERIC
W & FF0% < OERAWE bR T 5, £72. NADH Off

FTTHE AR i B RS 12 0.16 mM £ TTH D, e TIIWLE
MPEMREZ R & 72 < 725 (Komberg and Horecker 1953), L 7=
BoT, AMFRTIEINODOEBELZE L THHELHIE
ELT, MBS hF 7 —7 8 L TRV AL RILE
(Lilley et al. 2010)%& v 7z, 7272 L. Lilley et al.(2010)D 51k
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Fig. 1 Chemiluminescence intensity with different Rubisco activities.
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Too TH IV TN DM Lo OISR, 1R UC
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Abstract

Coral, a cnidarian, coexists with zooxanthellae and bacteria to form "coral holobiont" that behave like a
single organism. In recent years, various coral protection functions have been reported in a wide variety of
coral-associated bacteria that compose coral holobiont. By clarifying the coral protection function of specific
bacteria, it is expected that new knowledge of the homeostasis maintenance mechanism in coral reef
ecosystems will be obtained. The purpose of this study is to verify the bacterial-coral interaction relationship
in coral holobiont by experimentally reconstructing the interaction between coral and bacteria that contribute
to coral protection, including Ruegeria species. In previous studies, we examined the selection of coral-
associated bacteria and the pre-stage of conditions for colonization of coral-associated bacteria in corals. In
the future, we plan to verify the protective effect of carotenoid-producing bacteria on zooxanthellae from
light and heat stress, and to examine the conditions for colonizing Ruegeria species on coral holobiont.

1. [FLC®HIC

fllagh o o4 o 0%, BhEE LA L TOCARED %
LI ETHDN, FER - ETRNICHIE e & Ofkx il Em s
HESHETEY, R T—oDEYD L HITIEL T L7
A@RiL, 20T IRoedy b ESVERENDB, ITHE,
Froakm vty N ERT D SMEER Y  TIIEME T,
BRx ipth o TRGERRED G S o0 H D, Fox T 2017 )
BB, Fr TOMBEMER & DRk A RIRR AT SR 2
THMRBRIE CH D Vibrio coralliilyticus 25t L CTHL
WG % b D Ruegeria BME % 7 W I v 3 Galaxea
fascicularis D>HHEEL (Miura et al., 2019)., HIE®E
O ERATE 2 (S, 201949 A~V o NS FF7 7
JaU—EHBESEICK T 5 DR, o To bz
DHEIZONWT AL &, F o T2 M- EIFER TIISLER
BOI vy 7 ARANLNTEY | ARAREKOREICE ST
WRWDONEIRTH D, Ruegeria BMEZIT L HE Lo, K
TEDOHAEMEG I X D9 o TORFEREA I & 22 2 uiE,
TREARERIZB T HEE MR B O - a2 E o
EHIGTE D, & 2 CTARBFIE TIL Ruegeria BB ZIL L &
Loty TRGEIZFH 53 2/ & o T oM AEMER %2 FZ5R0
WICHBE T LIk, oIkt y Mk D HIE
— Y THAFHBMREMREET 2 Z LA B LT 5,

2. MERE - Ak

AWFFRIT R EEE DN T E TS - BEREfRIT L C& 7Y
SEEMEZ, Vo2 e OAERREEEICHN 2D TO
RAHATH D, KEFHETITHFESE OO HEE L7z Ruegeria JEHIHE
ZELELTHWS, MAT, ZhE TITHEE LYy e
MEZA 77V ORGP IRHECH B2 BEEE R oM
B ARk L, WAEBMREHSEICMT 2 2 LT b I HAEM
BAME D SRR v TR A D C T D 2 2 BT

3. BREER

SN 34 4 A~12 B2 T, Ruegeria JRHE % AW 7-4
Al OIAPREBES A MEET D & & BT, Ficled
VAETEME A S L. ORI OW TR TE 2, Zh
£ TOREREBERITOVTUTICRT,
O Vo TIHEHME DORES L OB (SFf1 344 A~
12 AT CTEHE)

P TN IEAT 2B REICIEET A 2 LT - &
BA NV AL CORGEERZRTZENHB LIz n T ) A
RAFERE (Motone et al., 2020, Muricauda JBHNE) \ZHEA
ERRHOTE L7z, THFI VL IBILOUEKRNLERE L
Muricauda JBHNE 2 ¥k (Kitamura et al., 2021) [ZDOWT4
7 MMENTEITVY (Table 1), ZRLFiuZ W huesr /A
RAEEGHELFREEZHEE Lz ORISR, Fig 1),

Table 1 Summary of the draft genome assemblies of
two isolates Muricauda spp., ORYMI and ORYM2.

Scaffold

Strain Assembly size GC content (%) #Contigs CDS N50
ORYM1 5.61 M 47.3 4,787 3,578 0.99 M
ORYM2 423 M 40.9 465 3,745 1.97M

Geranylgeranyl [ n¢  wg g mg oo
diphosphate 5 8
Phytoene Synthase (CrtB)
Phytoene | T TR0 T UTUTLT

l Phytoene Dehydrogenase (Crtl)
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l Lycopene Cyclase (CrtY)

P pn e Mm|
B-Carotene \--m' e Sl 4

l B-Carotene Hydroxylase (CrtZ)
[ H-‘ I."-'

Tl o

Zeaxanthin  [wl Lo

Fig. 1 Predicted zeaxanthin biosynthetic pathway of the
Muricauda spp.
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Fig. 2 Carotenoid extracts of three Muricauda spp.

F7-. THEIV TR IO AR OW A SRS LT
MEZ S5 L, Vibrio BB IZX LT in vitro CAFRIE
EE L OMBEIER LIz L 2 A, Ruegeria BMIEIZINA T
D FHR 2 MERE 2 BT 95 Z L ICEkE) L7z (Table 2),

Table 2 Summary of coral-associated bacteria isolated
in this study.

No. of isolates showing

Annotated Total No.
antibiotic activity
species isolated
against Vibrio sp.
Vibrio sp. 11 0
Ruegeria sp. 29 11
Herbaspirillum sp. 2 1
Shimia sp. 1 1
Others 17 0

® Ruegeria BMIE—7 ¥ I ¥ v I BHR O EBRHE
A OMIE (£Fn1 348 11 A ~12 BITHNF TEM)

In vitro W RBERIZBWTC U FFE & SND Vibrio &
M OB ILTEES &2 Ruegeria BMEZ TV I =3
HkoV > IHIEME T A 77 U &K L, NBRC ~DEFE
FHiE2(To7 R¥ER), ABEV L IITESE SE, RRE
MO ORENREZFTARD-OORIEEE LT, 7HIV oo
ZHUEWE NPT L 0 A ARICIEELT 2 FIEC OV THRE
L7= (Fig. 3),

¥

Fig. 3 Antibiotic (Abx) treatment of coral using aerated
plastic bag.

PiAEWE (Abx) C 1EMEE L7214, Ruegeria J@ i % &%

Y-V TR TN Abx ALERRG, ALFREE 3 B, AOHE%
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WS 7= & Z A, Figure 4 DX 9 RiERNE STz, Abx AL
FRAT, ALER% 1 . Ruegeria BRI DY 7L T
B IENER TE 72— T, Abx JLEE 3 BV 7L
TIIHIE AR TE RN -T2 LD, Abx FRE O =
A DRI B LT 2 FIREER B 2 b iz,

Fig. 4 Detection of bacterial 16S rRNA gene after
treatment. M: Marker, 0: Before Abx treatment, 1: 3
days after Abx treatment, 2: 1 week after Abx
Ruegeria—treated after 1 week Abx
treatment, W: water.

treatment, R:
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Abstract
In cephalopods is known to show complex intra-specific communication using instantly change their body colour, and

males of some species show highly elaborated courtship behaviour to mate, while others do not conduct any courtship

at all. To know the ecological background that creates these differences, we compared the courtship behaviour of some
cephalopod species. We discovered for the first time that Andrea cuttlefish Doratosepion andreana uses ink, which is a
typical anti-predatory trait, for courtship to make the background dark and enhance the contrast with their pale body
colour during courtship display. On the other hand, the Japanese pygmy squid /diosepius paradoxus is known not to

engage in courtship behaviour, but to force copulation. In this study, we investigated the reproductive behavior of

Idiosepius sp. inhabiting coast of Okinawa prefecture, and found that they do not engage in forced copulation. In addition,

males had lower gonadal investment than that of /. paradoxus, indicating that the revel of promiscuity is lower than 1.

paradoxus in Honshu.
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