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Microbialites in chemosynthetic ecosystems
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Decomposition of the plant in the ocean of the Late Cretaceous

-Focused on the Upper Cretaceous Yezo Group distributed in Nakagawa Town, Hokkaido, Japan-
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Influence of cold seep methane on the forming of echinoderm skeletons
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Mass occurrence of the enigmatic gastropod Elmira in the Late Cretaceous Sada Limestone
seep deposit in southwestern Shikoku, Japa
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Elmira is a medium- to large-sized gastropod genus, which has so far been recorded only from a
presumably Eocene methane-seep deposit in Cuba, and its systematic affinity and paleoecology are
unknown. We report a mass occurrence of Elmira sp. from a Late Cretaceous seep deposit in Shikoku,
Japan, called Sada Limestone, with its mode of fossil occurrence, carbonate petrology, and stable
carbon isotope analyses. Sada Limestone is characterized by the dominant occurrence of a
large-sized thyasirid bivalve "Thyasira" hataii and serpulid worm tubes. The mass occurrence of
Elmira sp. occurs as a lens-shaped carbonate body, 6.5 m in length and less than 2 m in thickness,
intercalated in the thyasirids-rich limestone. The Elmira-rich lens body has a flat top and a
concave base, and consists of multiple shell accumulation layers, which were formed by winnowing
and filling of a depression in slope mud. The rare occurrence of Elmira sp. elsewhere in the Sada
Limestone suggests that it lived in local aggregations in the vicinity of the depression. The
matrix of the Elmira mass occurrence is rich in dolomite and ankerite and is less depleted in "*C
(6"C values of calcite: -5.3 to -2.4%; of dolomite: -8.3%) than the calcitic matrix of the
surrounding limestones. This suggests that the Elmira mass occurrence was cemented below the
sulfate reduction zone and thus with little influence of anaerobic methane oxidation. It is,
therefore, difficult to consider that Elmira sp. harbor chemosymbiotic bacteria. As some trochiform
gastropods do in seep sites, Elmira sp. was maybe a bacteria grazer gregarious on bacteria mats
and/or hard bottoms.
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Meiofaunal community compositions around hydrothermal vents in three seamounts in NW
Pacific -Vent copepods want to stay with vent polychaetes?
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In contrast to specific large benthic invertebrates in chemosynthetic ecosystems around deep-sea
hydrothermal vents, meiofaunal communities in such habitats have only recently been investigated.
This is especially true in the Northwest Pacific Ocean, even though there are many seamounts with
active hydrothermal vents in their calderas. We studied the variations in meiofaunal composition
around hydrothermal vents on chimney structures (vent chimneys) and in the adjacent non-vent fields
in the calderas of three neighboring seamounts (Bayonnaise Knoll, Myojin Knoll, and Myojin-sho
Caldera), in Izu-Ogasawara Arc, NW Pacific. A typical meiofaunal composition (nematodes as the most
abundant taxon; harpacticoid copepods as the second) was observed in the sediments on sea-floor in
the non-vent (control) fields, and even in the sediment at the base of chimneys. On the surfaces of
vent chimneys, on the other hand, copepods and their nauplii were the most abundant. There were
significant differences in copepod compositions on vent chimneys between the three seamounts, and
even between different substrates on the same chimneys. Stygiopontius (Dirivultidae,
Siphonostomatoida), a typical vent copepod group, was abundant and often predominant on the dense
mats of tubes of Paralvinella polychaetes living in the closest proximity to vent fluids among vent
metazoan macrofauna. These copepods, however, showed the lower density on the beds of Neoverruca
barnacles although their beds were adjacent to Paralvinella mats at cm scales. No significant
genetic difference was observed among local populations of Stygiopontius, suggesting they are the
same species. Furthermore, stable carbon and nitrogen stable isotopic ratios and radiocarbon
abundances in meiofaunal soft tissues revealed the dirivultids utilized mainly
chemolithoautotrophic microbes at vents. These results show that Stygiopontius copepods prefer
Paralvinella mats as their habitats or have similar environmental preferences (such as higher water
temperature or existence of chemolithoautotrophic microbes) to Paralvinella.
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Nutrition sources of meiofauna revealed by stable carbon and nitrogen isotope ratios and
natural radiocarbon abundances explain meiofaunal distribution patterns at hydrothermal
vent fields
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Deep-sea hydrothermal vents host unique marine ecosystems which mainly rely on organic matters
produced by chemolithoautotrophic microbes. Although there are abundant meiofauna at the
hydrothermal vent field, studies on their distributional patterns and nutritional sources are still
limited due to their small body sizes. In this study, we investigated dietary sources of meiofauna
at hydrothermal vent fields in the western Pacific using stable carbon and nitrogen isotope ratios
(d"C, d"N) and natural radiocarbon abundances (D'C). Based on these data, we evaluated how much do
the hydrothermal vent meiofauna gain their nutrition from the chemolithoautotrophic microbes and
how does it related to their distributional patterns around hydrothermal vent fields. Bacterial
mats of the hydrothermal vent chimney typically exhibited heavy d"C values (up to -10%) and
depleted D'C values (~600%). The d"°C and D'C values of Dirivultidae, an endemic copepod family
inhabiting hydrothermal vent chimney, exhibited similar values to the bacterial mat but distinct
from those of sediments at surrounding area or water column plankton, suggesting that they
exclusively rely on bacterial mat at the vent chimney. Other copepods at the vent chimneys may also
rely on bacterial mat to some extent. To the contrary, d"°C values of nematodes at vent chimneys
were -26.6 and 23.2%, which were similar ranges to those at non-vent sites, suggesting vent
nematodes did not gain their nutrition from the chemolithoautotrophic microbes. Those nutritional
facts obtained from isotopic compositions explain well about distributional patterns of these
meiofauna; while dirivultid copepods exclusively distribute at vent chimneys and other copepods are
more abundant at vent chimneys than in non-vent sediments, nematodes showed similar abundances
between vent chimney and non-vent sediments.
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Species diversity of vesicomyid bivalves from the middle Miocene seep carbonates in the
Bessho Formation, Nagano Prefecture, Japan
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2O9YATHEHEREBLC ONEKBICHS TIEELIHPE U TEL - BRER(IFTER. A—EKERN
TOREYODYHTBEOEHEDOREL, WEKRBECLERE, KEANDBFEDEVNCLDZEEXSNT
LB (Barry et al., 1997; Watanabe et al., 2013) , {bEODUHTEOEHEOHEFE ZNDERICD
WCTESFOBERIN LY. REFR(CHMT SHPEFFRRAESEIUERADEMNE ICHER L TR
oD, ZRREY 1 ADGEKBRRBIEEZEE59 5. FRBMS(ECNE TAdulomya uchimuraensisds &
U Calyptogena” akanudaensisMEISMN TV, AFEKRTI(I"(". akanudaensisDEDREEZHBREIL, &
5(CPliocardia sp., Adulomya sp. M2BEDOD ) ArBbAZEFHLICHRETS. CNoSEHEDODUH
THROELBEFRBEENT T XL >TELSD. IDS5, BER20 nd EOXRELRBIESENS

(&, ZEDA. uchimuraensisDIEFHC, "C". akanudaensisk& Pliocardia sp. MENICELETS. BE1 mFE
DEDINSIEEERTIE" (", akanudaensisHMEIMICEE(CER L, A. uchimuraensisEf>S. a1+ XD
INRBBIE VDU —2avESUIVILRENSIE, Adulomya sp. DNETERICZHELTSD. CNSDREIED
1 ZDEWVNFEKNDT S v O X PHRHGHBEOZVEREBL THD, BIFEBRTOIOD ) HrEnES Kt
(FEXISETOBEACEEDEVZERL TLDAEEENRS S .
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Reconstruction of seepage history in the Eocene Poronai Formation, Hokkaido, Japan
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The Eocene Poronai Formation, central Hokkaido, is known to mark the oldest fossil records of
vesicomyid bivalves in Japan. This study made an outcrop mapping of lithology, mode of fossils
occurrence, and stable isotopic analyses to make clear the seep-habitats in initial stages of
vesicomyid diversification through the Cenozoic age.

A series of irregular-shaped seep-carbonate rocks, about 1-2 m in diameter, vertically piled up in
the outcrop section of massive siltstone. The carbonate rocks and the surroundings yield abundant
shells of chemosynthetic bivalves, Hubertschenkia ezoensis and Conchocele bisecta. Their modes of
fossil occurrences are divided into two types, 1) shell-concentrated lens and 2) sporadic patches
and scattering, which alternate each other in the vertical section. The shell-concentrated lenses
are mainly recognized in siltstone, whereas the scattering type is encompassed in the carbonate
bodies.

It is noteworthy that all the shell-concentrated lenses were associated with calcitic concretions
partly containing fluidized texture just below them. The fluidized part consists of mixture of 1)
white-colored detrital micrite depleted in 6"°C (-38.05 to -22.91%), 2) gray-colored micrite not
depleted in 6"C (4.87 to 9.01%) and 3) black-colored sparitic cements with widely ranging values
of 6"C (-42.09 to 1.88%). Detail lithological mapping show that such fluidized texture tends to be
formed avoiding shell-rich part. These suggest that the alternating pattern of two modes of fossil
occurrences was controlled by intermittent fluidizing events as follows. Sporadic biofacies was
formed under the diffusive phase resulting in gradual rise of pore-water pressure. Over the
critical point of pore-water pressure, fluidization was triggered in unconsolidated parts not rich
in buried shell remains, which acted as a nucleus of precursor concretions. Such local fluidization
caused a focused flow fostering shell-concentrated mode.
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Succession of whale-fall ecosystems at shallow waters: mainly based on one year monitoring
of deployed whale carcasses in aquarium tank and natural environments in Tsukumo Bay,
Ishikawa, Japan
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BEISTARIREOEROERC(E MREHE | CFENSIEMBENERTNS (Smith, 1989;

Nature) . fRBEE(L, BBROBHROETLE(CEELE > TEBERENBRE IS EMRSNTLIS(Snith and
Baco, 2003). LH\L, BEOERELIMENEBOBRESHIEERIEBOIEMITBASHICE > TULK
V). CNME—MHEEKREE AUV SEFRAETIE, RNSREETUNRERTESF, I, E30HEY
YV REASFICEHRIBDCENRETHDICEICELD. CNSNBBERRIANL, RAERTIEIRABIE(IC
ROEGEVWKBEDLSD, (1) EREENERREHIITS, (2) BIULERTHEYVYY ~CEB
ULIREEREBEHESHCT S, CEEBME UIIEREESE.

Tz, HEHECLCINCEIIHEICAICEVTEREINTSD, BICERINCEHEMELEHSLAER
/Y, PEROERBEOEBEICERINEHEN Y Y SCDVWTRUTRUERINTULS (Danise et al.,
201278E) . UM, BECHITEIBICESNZHEDEDFMRIEIABELRNAZ L, GEVENICICHTSE
BT—IMDIEL. 22T, (3) LREOERIREMALT, LA DIGEZBIELRICEICEINS3EY
SEERMVD, ECTERININESMNCTSD, CEZEE=NOENELE.

EBMEROFE | EEHFENTNEBICHUCERAZIEBRBMERAD " KRB IEMRUKE" &FIH
L, ZOKERICSVTHEEREL CRRIIBREERLUIZ. EH, NTHNLEBEOXAREBICEHEEREL
THESITLFERRETL), KEEBRAXAETEL CLIHHESRLZ. KE LU HRIEKERNEER TIENIE
B, RRRECIIHNENTBTHD. Tle, KEERTEIRNES YT U IODEHICHBET DRI
"FvITHUTFIN"EABLTHRELE.

KERRICHITEDF v IV TV, RARBERUOKERNEE LS (IRHGERNICEURL, SRECHEBOERE
Ei{Tofe. Te—EBOMEYIC DU TIIDAPIREZ i L BEBMEE CEBRR L.

BmR - ER

(fRE DRFRFIZ] FRREHEEOEIIC, FHMEKREBONIAIORE, IBEDFLAREETZ. ChFIER
BRI OMBETE(CKDDECTHRILKZAINREEL, ZNICLIDEBICFNARELCREEZSNS.
RRENDERC, HERITIEHOS r TOMEYM VY R EERLIZ. COFTEEVY v SRR (CFERL
ZEUHEROERZEMNSED, REVY SIHFBEENSBRINTUZ. SMEREZE YA OFERFEDX D
WCEODMETHDICENRBESHER . CHOTEDSHEDHHRERZEY IMERLHECTHDCEN
HEIND.

BRIV HRLEE (Zoothamnium niveum) , TS XIS F=ZRIEERELE (Xenoskenea sp.) IEEMRS
niz. Z. niveumIMEBICHEEANBREE T SEYMTHSD (Kawato et al., 2010) . CDOEMNSZ. niveum
DHIBRHNSIEEEREERNRILLIZEZZSNSD. X. sp. IBXRAICERIBIMEYNYY REERBL, &
S5(CEBEETEEETO>CLZ. ILXAREICHNE LIRS (CEEEED DI VRERESN . HEHE
BEHBELTHHAINTULZEZZSND. SSICFVITITIEBRRI D EEHEBICTRAEET BNICIIE
REOZEFNRESNE. CNSOEMIHERDERMEBRLTLSEBONS.
CNSDBERNSTEEC L BIHEBRDEBERERTTS. ITFEOADOHRAIDERAN, BRMNSHESE
TolC K DFMEKFERFEE URBEREZF LTS, ZOERILEL, ROIMEZERERRARIITS. Mx THKR
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BRERE(CYVYMERT . UV CTIRERAEICERLIZVY AP, [RERNOERYERRT SEYNLIRT
3. BKICTSTNTLVBEBFREIEARNMNERINS. RRNICEEHERE U TRATNS.
[BICESNTHEYDEEIR] KERN 5107 BRREICEN L ZENXREICE VY1 o0OY 1 OHNEFEMN
Holk. INSOBRARBBKICTSINTUVZERE LEDH(CERHSN, HEBEYTIBZL TOEIRE D TES
[CERSNENDE. CNITEKICT 5SSNB HBIECHSRIBICOHFERT SHEM(C L > TERI N
EEZSND. HFA (2014, BRAZFERN) (FERBOE LMICERB(CHERSINTHNBZRICELE DL
TBLENEKICEBREUTVWZEHELRZDR, AEBRECDEEBRERFTTS.

EX)
KERICHVWTERBREDTERICERINL, COXKERBENAL THEN Y Y SCEBUREBERRDERE
ERSMNCTBCENTER. FRBILAICESNTHEVRENMEBRYNDEREEDERELSCEERS
micure.

Keywords: Whale-fall community, ecosystem, reduced environment
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Population connectivity of benthic copepods in deep-sea chemosynthetic communities

SBER X B0 nuig EB B8 B HE. 1E /. IBX TE. LK B
*Hiromi WATANABE', Reina Senokuchi?, Yuki Uejima?, Hidetaka Nomaki', Tomo Kitahashi', Motohiro

Shimanaga?, Hiroyuki Yamamoto'

1 EFMARAKE. 2. 8BRKE

1.Japan Agency for Marine-Earth Science and Technology, 2.Kumamoto University

Meiobenthos are small (<1mm) benthic animals living on seafloor. Although their considerable
diversity in marine environment, only less attention is paid for meiobenthos than macro- and
mega-benthos. Copepod is the most abundant crustacean in meiobenthos in deep-sea hydrothermal vent
environment, and a copepod family Dirivultidae is one of the most successful vent taxa. However,
only little is known about ecology and evolution of dirivultids. In the present study, we examined
efficiencies of several DNA extraction methods available for copepods, and estimate population
connectivity of dirivultid copepods of the genus Stygiopontius in the western Pacific hydrothermal
vent fields. DNA extraction efficiency was increased when the morphology of copepod was destructed.
However, even the DNA extraction with the lowest concentration (~5ng/pL) was sufficient to obtain
sequence data by Sanger sequencer. Genetic diversities of Stygiopontius copepods were different
among oceanographic regions, higher in back-arc basins in the southern Pacific than in volcanic
arc. In both regions, local populations were not significantly separated genetically based on
partial mtCOI sequence. The present result contributes to our knowledge of ecology of meiobenthos,
and establishment of environmental assessment tool using meiobenthos in deep-sea hydrothermal vent
fields.

F—0—F  BKELA. REFZENME. X 7FRAYER
Keywords: hydrothermal vent, environmental assessment, meiobenthos
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REEVY Y 7 FEIEILADWEKEICH T REMEEDRKRER. BR. A

ZERNSHAR (C & B REIRD

Evaluation of nutrient sources of the biological community in the Shinkai Seep Field,
Southern Mariana Forearc using C, N and S stable isotopes

*KPE M. b B OB BEL MR RZE
*Yuji Onishi', Toshiro Yamanaka', Hiromi WATANABE’, Yasuhiko OHARA®’

1. RWLKRE. 2CBFMERREEE. 3.8 LIRETBFIEHRS
1.0kayama University, 2.JAMSTEC, 3.Hydrographic and Oceanographic Dept. of Japan

2010 (CREERY Y 7 FRIARDZKRFI5600 mOEBBEERINEICODY H1EFE T IIEEEREMEHENRKER
N, ZDO—®F(EShinkai Seep Field (SSF)&RfHFSMNIE, SSFIF. CNETIIERZEREMEEN SN T
WBBKEBEAPCAS VBRI EFE<KBLEDI T IR ZvIOEEREIF >THED. YV RILAASAEDIBI
FIERIGICH D TRETIXAI VICKL > THEVIREETTHNMTON. ZCTRETBIFHEKRZFNBL THiE
BCHEN—REEZTOTUDIEEZISNTUSD, LHL. ERICCOEMEEESZ I TUDIIXILF—R
PREBRICEAT BHMEMEZMAE(SITONT VLD D e T Ty AARTIESSFICH (FRIEMBEENREBRZ
CN,SEERMAMERZRVWTRE TS EZBERNE Uik,

SRHIIAMSTECD B ABKEM TLAH6500 1 DBMEAE(C K > TYK13-08fE TR Nz O -
(Calyptogena mariana) OAIC>OD )N+ IOZ—FELTERINZHRREE BRI F. JOZ—ETF
OIEBEYIE DR ICAVE, £YERHEEHEBOC N, SRf{EcE/MRZ. BEYSRHICNEMEZ. B EE
Bk (T00) . 22X (TN) . BIERMERIEY (AVS) BESLUENSOEMSMERDBIEET oIz,
HWREYIHFTOC. AVSEESEEDEME EE(CIBML. ZNSOREMMAEIEEHED T IEENRESN T, cnidd
OZ—ETOEBRYFICHUT. MEETHEOREICK > TEL MbKEE AU Z—REERTHONTU
DEETRLTUVD, BB FORMKERISEN TS VO R VICESNBEOSHERNTH D EN S, BFXR
BTHEBRICL O TEESINCEERYTHDIEEZS5ND,

2O9Y B BB UE. MAICHRESINTUBEE FEFSE L. ISHICHER(CEEELESET
WBTODY A+ (CHENIENSETH . 6 SBFHREITDAVSHIE D SEE (FFHEL VERT
Mo, CHOENSTYOTIHTDEBEZERZ XD IRIVF—EMEBRYHTOMESETHEOEEICHXEX T S
FUEKETHBICEERLTUVD, Flo. ZEEPIIIE., A VFXVF v O (IBBRF HEBERY E DR
BNERMAERZEIFS. HEH. {tZERMAAICHEITSIEEIMERBLTLIEEZSND, T LVIE
ZNSEFHESHMCELDIRMMEERZRF > THED. YODU A1 ERBRY DI REEEOEE I DOMERLCH
EPXSY VECHE ICREBRZHLKEZLU CLBHEEREZ SN D,

F—O—R : ERAHERR
Keywords: isotopic composition
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