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Reconstruction of Permian-Triassic ocean redox conditions based on laminae preservation
and pyrite framboids from the pelagic Panthalassic Ocean
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Widespread oceanic anoxia has been implicated as an important factor in the Permian -Triassic mass
extinction and the delayed recovery of Early Triassic marine ecosystems. This study investigates
the composite columnar section of the deep-sea Permian-Triassic boundary section preserved in the
accretionary complex in Northeast Japan. This columnar section consists of the Upper Permian bedded
chert and siliceous claystone, and overlying the end-Permian to earliest Triassic black claystone.
The mass extinction horizon places in the base of the black claystone, and top of the reconstructed
black claystone corresponds to 226.7 kilo year after the extinction event based on sedimentation
rate estimated by Takahashi et al. (2014). The careful observation of polished cross sections
identified thinly laminated structures in the end-Permian to earliest Triassic claystone interval.
Our observation on the polished specimen revealed small and well sorted framboids (average
diameters are 4 pm and their standard deviations are 1.1 pm) suggesting that sulfidic water column
prevailed during the end Permian mass extinction and subsequent time interval corresponding to the
overlying 30 cm. Well preserved laminae occur within the same stratigraphic interval, suggesting
stagnant benthos activity due to anoxic bottom water condition under sulfidic water column. On the
other hand, well preserved laminae appear again in the overlying earliest Triassic horizon, but
size of pyrite framboids are not so small (average diameters are more than 7pum), suggesting anoxic
but non-sulfidic water column condition. These facts indicate water column sulfidic episodes
sustained for less than 50 kilo years in the pelagic Panthalassa.
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Redox conditions of late Early Triassic oceanic region around the South Kitakami
Microcontinent
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After the end-Permian mass extinction (EPME), biotic recovery required more than 5 million years
during the Early Triassic. Evidence of recovery such as the emergence of complex ecosystems and
high biodiversity appeared in the late Early Triassic to Middle Triassic (Chen and Benton, 2012).
The fossil evidence of a complex food chain was reported from shallow-marine strata of late
Olenekian (Spathian), late Early Triassic age, in the South Kitakami Microcontinent that was
located in the low-latitude Tethys-Panthalassa border (Ehiro, 2001). These strata belong to the
Osawa Formation in the South Kitakami Belt, now distributed in Northeast Japan, and are
characterized by well-preserved parallel laminae and the occurrence of the oldest ichthyosaurs
(Shikama et al., 1978; Yamanaka and Yoshida, 2007). However, the depositional environment of these
strata has been poorly understood. The present study aims to reveal detailed redox conditions in
the Spathian shallow marine region around the South Kitakami Microcontinent based on observation of
the sedimentary structure (laminae preservation), mode of occurrence of pyrite, and geochemical
proxies (redox-sensitive elements). Referring to the type columnar sections described by Kamata and
Takizawa (1992), four lithologic sections corresponding to the lower, middle, and upper parts of
the Osawa Formation were identified. From these sections, 49 rock samples were collected for thin
sections, polished specimens, and geochemical analyses (ICP-AES and ICP-MS). Observation of
polished rock specimens indicates that laminae were well-preserved in mudstone from the middle part
of the Osawa Formation whereas laminae were not visible in the lowermost and uppermost parts. These
trends indicate that the middle part of the Osawa Formation was deposited under conditions of lower
benthos activity than the lowermost and uppermost parts. Mode of occurrence of pyrite in the
studied sections is divided into euhedral pyrite and aggregations of framboidal pyrite, of which
the latter are formed around organic matter. These types of pyrite were observed in almost all the
horizons. These modes of occurrence indicate that pyrite formed within the sediment, suggesting a
reductive condition during their diagenesis (Wignall et al., 2010; Bond and Wignall, 2010;
Gallego-Torres et al., 2013; Wang et al., 2013). Measured concentrations of redox-sensitive
elements from bulk samples provide further information on the redox condition. V and U show values
close to average upper continental crust (AUCC) value (Taylor and McLennan, 1985) throughout the
study sections. Mo values are lower than AUCC in most horizons, but slightly high in the middle
part of the Osawa Formation, which is consistent with laminae preservation. Among the modern
examples of various redox conditions (Algeo et al., 2009; Tribovillard et al., 2012), the
combination of U and Mo concentrations in the Osawa Formation is in agreement with those from the
dysoxic condition (not sufficiently oxic but not reaching a strong reductive condition).
Accordingly, the depositional environment of the Spathian shallow marine region around the South
Kitakami Microcontinent is regarded as possibly reductive, as suggested by low benthic activity,
and remaining at the level of a dysoxic condition. It is implied that, after the EPME, recovery of
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complex marine ecosystems during Early Triassic proceeded under such mildly reducing oceanic
environment.
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Paleoenvironmental reconstruction by organic matter analyses of Triassic-Jurassic highly
mature sediments from North America and Inuyama, Japan.
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Environmental change and morphological variability in mid-Cretaceous planktic foraminifer,
Muricohedbergella delrioensis
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Bé et al., 1981. Jour. Marine Biol. Asso. UK, v. 61, p. 257-277.

Darling et al., 2006. Paleoceanography, v. 21.

Desmares et al., 2016. Palaeogeogr., Palaeoclimatol., Palaeoecol., v. 445, p. 8-17.

Leckie et al., 2002. Paleoceanography, v. 17, 10.1029/2001PA000623.

Moriya et al., 2007. Geology, v. 35, p. 615-618.

F—DO—R AEfE. FEEEFR. EREE(L
Keywords: Cretaceous, Planktic foraminifer, Morphological evolution

©2016. Japan Geoscience Union. A1l Right Reserved. - BPTO7-04 -



BPT07-04 HAMERSER S EA2016EAS

©2016. Japan Geoscience Union. A1l Right Reserved. - BPTO7-04 -



BPTQ7-05 AR ERN S EE2016E AR

FEIREICEEEMETLZ0AE(CH (T3 BEERC L DTHEE DR
Evaluation of ‘paleo’ red-tide during the mid-Cretaceous Oceanic Anoxic Event (OAE) 2.

*ZEE =S A SRA /&', SIE 2LF. 7 5AR’

*Takuto Ando', Ken Sawada', Reishi Takashima®, Hiroshi Nishi’

1.46EEXE - BE B, 2.1 KE - RS EYIEE
1.Department of Natural History Sciences, Faculty of Science, Hokkaido University, 2.Tohoku
University Museum, Tohoku University

BREBEMWLEE (CHOIEBFEN TS VDO R VICK DR (red-tide) (FKEEBFANEXEIEEZEZXBZHIC
EESINTE 2, AFEORFEBRICICHVRAREE T BIBINLINTUVD EREKIC, BECTETELR
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DA Z VI TEREBUICH >NEORBEERICLDIFHDEENRS T DETEMRSED, ZOBRELT
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Draught in the low latitudes and cooling by global soot aerosols led to the mass
extinction at the Cretaceous-Paleogene boundary
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The extinction of the dinosaurs at the Cretaceous/Paleogene boundary led to the macroevolution of
mammals and appearance of humans. The current hypothesis for the extinction of the dinosaurs is
that an asteroid impact at Chicxulub, present-day Mexico, formed condensed aerosols in the
stratosphere, which caused the cessation of photosynthesis and global near-freezing conditions.
Here, we propose a new hypothesis that latitude-dependent climate changes caused by the soot
aerosols in the stratosphere could consistently explain both the extinction of the dinosaurs and
the survival of the crocodilians. Our geochemical data show that stratospheric soot aerosols were
ejected from the oil-rich area by the asteroid impact and spread globally, coinciding with the
devastation of land plants. Our model calculation and biological interpretation indicate that the
soot aerosols caused sufficiently colder climates at the mid-high latitudes for several years,
inducing the extinction of the dinosaurs and crocodilians in those areas. However, the climate
still remained warm enough for their survival and the weak sunlight was still sufficient for plant
photosynthesis at low latitudes, but the substantial decreases in precipitation occurred at low
latitudes over several years resulting in draught, which may have affected their eventual
extinction or survival.

More than 90% species of planktonic foraminifera, which inhibited the global seas, became extinct
coinciding with the asteroid impact at the Cretaceous/Paleogene boundary. Our model calculation
indicates that the soot aerosols caused 7-11°C, 4-8°C, and 3-6°C cooling at most in the 2 m, 50 m,
and 100 m water depths in the low-middle latitude ocean. The rapid global cooling may have caused
the marine extinctions.

Keywords: mass extinction, dinosaurs, planktonic foraminifera, Cretaceous-Paleogene boundary, soot,
climate
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Many planktic foraminiferal species in the Eocene epoch are thought to have symbiotic algae in
their cytoplasm. Detection of photosymbiosis is achieved from ontogenetic isotopic signature; the &
C of symbiont-bearing species yields more "C-enriched values than the asymbiotic species,
reflecting selective incorporation of ™C by the symbiont photosynthesis. Because foraminiferal
tests grow intermittently by adding a new chamber on the preformed test, each chamber holds
information of the symbiont photosynthesis at the time of the chamber calcification. Recently, we
have proposed chamber-by-chamber isotope analyses to investigate ontogenetic development of the
photosymbiotic relationship. Here, we show the preliminary results of ontogenetic trends of
isotopic values of Eocene species, and discuss the profiles from our observational results of
cultured modern species.

Three Eocene species recovered by IODP Exp. 342 (U1407) were analyzed to examine ontogenetic
isotopic profiles; Morozovella, Acarinina (symbiotic), and Subbotina (asymbiotic). Each individual
test was dissected into chambers by using a micro-blade, then analyzed by the customized
continuous-flow mass spectrometry system that can measure micro-volume carbonate as small as a
single chamber.

The 6"C values of Morozovella and Acarinina tended to show the ontogenetic positive shifts until
the penultimate chamber. Then the final chamber showed more "C-depleted 6"°C value drastically by
0.5-1.0 %. In contrast to these species, Subbotina showed comparatively "C-depleted 6"°C values
whole through its ontogeny. We can say that the progressive C-enrichment of the chambers 6"°C with
growth, excluding the last chamber, seen in Morozovella and Acarinina probably reflected the
increase of the effect of symbiont photosynthesis. The contrasting relatively constant 6"°C values
through ontogeny seen in Subbotina is in good agreement with the known asymbiotic nature of this
species. The notable thing is that the last chamber of the two symbiotic species showed comparable
6"C value to that of Subbotina. It indicates that the two symbiotic species had already lost their
symbionts, or their photosynthesis was not active at the time of the last chamber calcification.
Our recent culture experiments of modern species (Globigerinoides sacculifer and Globigerinella
siphonifera) to investigate symbiont photosynthesis through ontogeny showed that the chlorophyll
content of the foraminifers, thus the symbiont content, drastically decreased to almost zero at the
time or just before the gametogenesis. It sometimes occurred during the last chamber calcification.
These modern observations indicate that the more “C-depleted 6"C value in the final chamber in
Eocene symbiotic species could reflect the digestion or lysis of symbionts. If so, it can be said
that each individual had to acquire the symbionts from the environment at some time during the
ontogeny as the modern obligate symbiotic species do.
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Radiolarian faunal turnover across the early/middle Miocene boundary in the eastern
equatorial Pacific Ocean
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The lower to middle Miocene sequence was drilled at IODP Site U1335 (5°18.735'N, 126°17.002'W,
water depth 4328 m) in the eastern equatorial Pacific Ocean. In the modern ocean, Site U1335 is
located under the North Equatorial Current, and the biogenic silica fluxes to the sea-floor
sediments are comparatively high in this area. The sediments recovered from Site U1335 are
predominantly nannofossil ooze with siliceous microfossils such as diatoms and radiolarians.

230 morphotypes of radiolarians were identified at this site. Because the low latitude species
commonly occurred at this site, the tropical Cenozic zonation of radiolarians proposed by
Sanfilippo and Nigrini (1998) was adopted. The studied sequence was divided into four zones,
consisting of the RN2 (the Stichocorys delmontensis Interval Zone), RN3 (the Stichocorys wolffii
Interval Zone), RN4 (the Calocycletta costata Interval Zone), and RN5 (the Dorcadospyris alata
Interval Zone) at Site 1335. In the standard zonal scheme, the early/middle Miocene boundary
corresponds to the top of C5Cn.7Tn with an age estimate of 16.268 Ma (Palike et al., 2010; Gradstein
et al., 2012). Hence, this boundary was placed at 189.6 mcd at Site 1335.

Radiolarian fauna was divided into three assemblages based on variations in the composition of
dominant species: an early Miocene assemblage (20.0 to 16.8 Ma), a transitional assemblage (16.8 to
13.4 Ma) and a middle Miocene assemblage (13.4 to 12.0 Ma). The early Miocene assemblage is
characterized by two dominant species of S. delmontensis, S. wolffii, and Tholospyris anthophora.
The transitional assemblage consists of three dominant species of S. delmontensis, Calocycletta
robusta group, and T. anthophora. The four dominant species of the middle Miocene assemblage
present in this assemblage are Stylodictya sp. A, Lophocyrtis aspera, Disolenia spp. and
Collosphaera spp. The most significant faunal turnover of radiolarians is marked at the boundary
between the transitional/middle Miocene assemblages.
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Geologic age of the whale fossil-bearing calcareous float concretion from the Hae River,
Hokkaido, Japan, based on radiolarian and diatom analyses
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Radiolarian and diatom fossils have been used to constrain the age of calcareous concretion
collected from the Hae River, Hidaka Town, southern central Hokkaido, Japan. The calcareous
concretion contains whale fossils and was discovered as a float during the riparian works in 2005.
Recovered radiolarian and diatom assemblages indicate the Lipmanella redondoensis Zone (9.0 to 7.4
Ma) and the Rouxia californica Zone (7.7 to 6.5 Ma), respectively. Thus the concretion can be dated
as 7.7 to 7.4 Ma. This age is concordant with the age range of the Nina Formation which is
distributed near the locality of the concretion and was previously dated as ca. 10.1 to 3.5 Ma
based on the diatom stratigraphy in the surrounding area. We will examine some samples collected
from the Nina Formation exposed along the Hae River to confirm the origin of the concretion.

Keywords: whale fossil, Radiolaria, Diatom
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The extinct pinniped Allodesmus (Mammalia: Carnivora) from the Miocene of Hokkaido,
northern Japan, and its implications for phylogeny and postcranial morphology

*EF% B BN B (k2% P Est

*Wataru Tonomori1, Hiroshi Sawamuraz, Tamaki Sato3, Naoki Kohno'*
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Allodesmus|Z¥KENBRETH IEHE (7SS - 7IUH - LA IOFOMHB)TH D, BETHIEITICE
BUCUE2RTRVETANRUCETS. F/e, Allodesmus|IHEARFHH(CHIRL, ZOHMITILATER
FEAX, PAXUN, XFID)CRESINTUVSD. ETREICINSE, EICEEFREICKIDIRABBITICEDL
T, Allodesmusi@(3IDE< &£ 5EEEH, “Basal”, “Broad head”, “Long head”"d 3 DDYITHIL—TF(CH
MBZERREBINTUVSD. ULHWLENRS, CNFETAllodesmusBRDRIFERITE—HINHEEL>TSH

D, RFODT—9ty LbZERAVCHEDEHFAREBEINTUVSD. Fiz, AllodesmusBDERBIBICDUVTIEE
DDIFTEANRZLL, CNETEEBBOBEEHAY TAILZTHSDA. kernensisD—HIDFH E 7LD TUL
3.

AT TIE, 19914 (CALBEHBSEDRIRAT (C DR T SHMPFHHA4 I v RRBNSREI N, BEFTLA
EYIEICINB S N TLVBSAMPLZAVT, ECHEEFREERHVCRIBHEE CAERICE DV EHRFEEZ RS
ZiTolc. AMP2S(FEEE ) T 1 —I)LHRICBEINTULZM, BEEDRHEN SAllodesmus sp. THDERETN
Iz. Z0%, REBICODZOEBIHOBER, AMP25(E8HEE L\ SZ DEIRERESUEATH DI EMRESHE
oz, CNSEAVNT, AMPLSORIBLEDMUED TZERASHICT Bcsh, RIFEEITY T ~PAUP4. 0 & REEREHT
Y J Mesqueite 3.03Z VT, 9TDOFET —5 15O DEEFE IRV, ¥IHED 15 FE TS Potamotherium

, YIEADEE$E Cdr D Enaliarctos& Pteronarctosa NEFE LT, AMP25& AllodesmusuMBERIMD 5 E(CIRED 3
BU7ZHSIURL, 7UHR, ErOoFRHENX CTRBBRET O IZ.

BMOBR, 7 XAVR I QRGEREREDERKERLUZ. Tz, AllodesmusBARICEH W\ THITHFE TRIZ
ENfz"Long head”subgroupExziFINiz. UM ULEMS, “Broad head”subgroupldBRELHBE REFE MR
SNT, TRHINLVWEWSEREEDZ. AMP25(CDUTIZE, Lond head subgroupMEBREFEE FT

S, FIcAllodesmus packardifkTU'A. naorai&(CHRREE DIz, —7F, AMP2SIFHI LEIREEEMNRIS ICUE
LTHD, ftidhAllodesmus|C(EHSNEVEERREBZRLTUE. MEDZENS, AMPIEFCNE TICHISN
TULWEVLETH3HEMEREL. e, 10EOEEBRNBMEINTULBA. kernensisE (ABIEDEZM
S ETO e C 3, BEROFEEICEZLEENRSSNZ. HIC, BEICDODVTEENTOR-—3 P
BEBEEINRZNIRENLY, ZLNDRTEULLEL DTV, LEMRST, BHEICHVTRERODRREBNT
([F/BOND C EDDIEVBEEEC D D E R DEBEROEREICE, BIEEEE L TR IT TR RfBERE Rk
LIBHRA+FCEENTULD CERREBI N,

F—DJ— R fEHI4E. Allodesmus. RiKE. (KSR
Keywords: pinnipeds, Allodesmus, phylogeny, postcranium
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HEA7 = JBROEE(CEEL T~

Evaluation of early diagenetic influence on nitrogen isotopes within fossil amino acids:
Towards estimation of ancient food webs

*JOHE AZER. Iz vFyX ONnR—RL % (WH) &F. bR EAL Ea) &

*Daijiro Hagehashi', Robert Jenkins’?, Akiko S. Goto?, Yoshito Chikaraishi’, Takashi Hasegawa’
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TE, EYMOERIT = BOREBRBMALLZERAUZHUVWREEREBHEEENRTE L TREASRNEE EI(C
BN TE/=(Chikaraishi et al. 2009; Limnol Oceanogr Meth). fERMNEBZERMUALLTIE, £RER(CH
(F2—REEBNZERZRMUALZEINTEITINERG d>Ele, FiIFETEIREBBRBERDIZVEYIDT =
JBOHHNSREBEEEHETED. D, —REEBEBNRFTHATHILAICEVWTERBREEHETE
BHREMAFV. AR TCERBEBTRCESIND 7V BOADINRELD, EER(CNaito et al. (2010;
Am J Phys Anthropol) (3B RHEDZEHARICERB L. {67/ BEBVTERETORRCIE, ZDHK
(EMBR, P BORE, 7= )BOST=t, BRARLELE) ICLBBEICDOVTHAETRRETINNE LS
3. TCTAMETE, BICEMOEFHHNSBTFEOBICHETIRT =/ BOVIEGER/ERICEE L

T, BROERGES LK UVHEGRK IC L BER 7 = ) BORERZRMURLADEECDVWTHELE.
ARETEIRBEREN2.0EFEINDIBERBODBES LAY T ITORESZERENRIC L. BESR
B, BIIEIEAFREROTERTHEFEDTRZ, {tAIRIIHMRIRBHLL 7 L8P (¥I800FR]) EL
BHESEBER (1W4000FF1) EDTRIZFMALRZ. —HOBREYYIE, BICKIBRERIENT =) BOR
FIRREE ST B /26H(C200°C & 400C TR L = (48R0, 1RE) . &Y Y FIVIEROIBAIC & (DT

T, SEMERER, XRDZMT, "REART7 = JBEOEUD, HFERMEELDTICK > TREFIKEBZTHHEL, ZDEE
BERRLU TP = BOBRRMEALESFLE.

BHTINRIEI=ZE (NEB, 1B, WE) [CDHMNTHD, ZNZIESEITES, BEXEE, NRAETES
Thole. HE, ABRE 7SI ~OBEMENSHED, HNBE7STF1~ENILT 1 ~OBEMETHSC
ERRENz. —BOU T IICEIMEMBENRSN, 7= BHERMNPOPEL TU . 200°CHNERRHIH
FERSHHIEEE R D TLER—BND 7 = JEEIEER L TUL\ 2. 400CMBATRHCH UV TIE, EXRBEBEEBERT
ST v LEARE - BERLTHD, 7 JBEREB(CHELLE>TUL . AT IEVTFNENE, A
BORENREN >N, FEBREBERUV T Z JEBEBNMREINTSD, BANREVWT Y FILEET= )
BOSTZZ{EATULIE.

NEMNSERESINENILY 1 SENBEYRARTHSA8EERE L, FEFFSLUHBICEET S I TONE
EYIRROEEIHGEA L TV AR E SR TE LV EONBIE T = JVBOIINRHOSERAITRETH
3. T, PEREEYNRTEEICEINTCLVINHEMBREZ(TITHD, MEYRRDOT7 = JBHNEA
LTULSHREMR S S .
BEOBRFSIUZBRICEEDVT, RIEADER 7= BERRAVALERET SRR E R LZ. 94D
5, BESRITEHEMBRDHIFELELEDEVRE, Sz, 200C(CmMALzRER, LAl TEH
BEMRENTLVSHERAEBXRRDPBESZZEZNENSOR L. BH, BEISRNOMENERMNTR
HENTZHRCDVWTIEH SN UDHEFEL, MEVMDEEZREITDLSCEBNHE. CNSOIBRIODTDE
R, IRTOFARHCHS VW TRBEENIIFEBEBONETHD2EE oz, CNICKD, MHGRIERE#H ST
{EEFERHCHVTE, BBHERSLUDHICKIDIHARDRFE KOBEVLRIEETTDS C & (C K > TREERME
EHEITDCENAIEETH D EMTREI NG, Fie, 20 CREEDERAEH > CTERBEREDHEMNAETH D C
ERMAERHNSRINGE. £KDTDICAMEIMERT = BEBREAMALL(C KD REBEEEEENMEGER
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F—O—F  RERE. (tA. 7B KEBRBNIALL. #IRARK

Keywords: Trophic level, fossil, amino acids, stable nitrogen isotope ratios, early diagenesis
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Effects of carbonate chemistry and metabolism induced by ocean acidification on stable
isotope fractionation in molluscan shell carbonate

“FEE R0 MR B 2 SR )IINE Bt LBk RS K T
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Stable oxygen and carbon isotope compositions of biogenic carbonate have been widely used for many
paleoclimate, paleoecological, and biomineralization studies. Oxygen isotope compositions of
carbonate, a commonly used proxy of seawater temperature and oxygen isotope compositions of
seawater, are also affected by seawater carbonate chemistry, but the knowledge of its dependency on
stable isotope fractionation of both synthetic and biogenic aragonite is still limited. It has also
been reported that carbon isotope compositions of molluscan shells are affected by carbon isotope
compositions of seawater carbonate chemistry and metabolic carbon. Several studies reported effects
of ocean acidification on metabolism of molluscs, and thus the metabolic changes could potentially
influence the stable isotope compositions of metabolic carbon. Here, we have focused on stable
oxygen and carbon isotopic responses of moluscan shells to (0,-driven seawater acidification for
understanding of the contribution of environmental and metabolic effects. Two species of clams (
Scapharca broughtonii, Pseudocardium sachalinense) and two species of abalones (Haliotis discus
discus, Haliotis gigantea) were cultured in seawater chemically manipulated to vary pC0, condition
using C0, control system of the Demonstration Laboratory, Marine Ecology Research Institute (MERI),
in Kashiwazaki City, Niigata Prefecture, Japan.

Stable oxygen isotope compositions of S. broughtonii had significant negative correlations with pH
(-0.48% /pH, at 17°C; -0.61% / pH, at 25 °C). These of P. sachalinense, H. discus discus, and H.
gigantea showed non-significant relationships with pH and small variations (within 1 per mil). The
oxygen isotope fractionation in four species of our study are smaller than that of synthetic
calcite (-1.42% / pH, Zeebe et al., 1999).

The significant negative correlations between stable carbon isotope compositions and pH appeared in
S. broughtonii, H. discus discus, and H. gigantea which had non-significant pH effects on
calcification, and the slopes of these relationships of shell carbonate were lower than these of
dissolved inorganic carbon (DIC) of seawater. We estimated the equilibrium values of carbon isotope
compositions at each pC0, treatment, and the difference between the carbon isotope compositions of
shell carbonate and equilibrium values showed gradual increases of carbon isotope values with
decreasing pH in S. broughtonii, H. discus discus, and H. gigantea. Thus, the pC0,-induced change
in metabolism might appear in carbon isotopes of shells of these species as the metabolic effect.
On the other hand, in P. sachalinense which showed a decrease in calcification in our culture
experiment of ocean acidification, the difference between the carbon isotope compositions of shell
carbonate and equilibrium values did not indicate a significant pH dependency. This result might be
attributable to differences in metabolic responses to acidified seawater.
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The findings of our study will contribute to the correction of isotopic paleotemperature of
biogenic carbonate and the understanding of acidification effects on metabolism of marine
calcifiers.

F—O—F UEFERE L. RERME. BEEY. NrA=ZXSVUE—-TYary, JFOFI— pH
Keywords: ocean acidification, stable isotopes, mollusca, biomineralization, proxy, pH

©2016. Japan Geoscience Union. A1l Right Reserved. - BPTO7-12 -



BPTO7-P01 AR ERN S EE2016E AR

FRRICHAMI IMEEZBEREICH(TZI /) RY FRUMIMERIZDWNT
Conodonts and other microfossils from the Omi Limestone of the Akiyoahi Belt, Niigata
Prefecture
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EFREBEMK ETRELVEYODEBRETCH M. BADOEERICET IEFREOERRANDIERIIR
S5NTULD, EESF. BEFRECHTITIHERRBBAOERREZHSMNCIT DO, I RVYKPEAR. EH
ERPLZDMOBIEAICDODVTORETZTOTUL D, SOEESIMEFNEBARE FRE) hofEsn
EMIERICDVT. FRNEMEREZETD. MERERIVLARICERSINEMAIE TS D ikt (&
B) NoARMDOILE FHRER) (CMFTTREL TLIS(Kanmera et al., 1990), MERIEBLETHERBLIZE
EZXONBEXRLRREAREZDTEHICHSKXBREBENLERTRHHD(ToNS. IS DAREEIE—HET
[CERIRTT. BRLBREEIRSNT. HE/EARERFEIXRML TUVD, CNIFRIKREDEBZNKENSE=EL
BENEKFRICMABELTOENSTH D, BLETEFTIL—LOBHNCK > TREICEEL TLE, BERMK
ITIRIEMIEBMNBEHHIFIDZOHICEAICHRELTULL, LIZR> T, BLBERRASRIEAGRISH S HEE
NRIVLBOEDS L Z—EBFRDEFEOEVERBEOEBERLRL CLDEEXOSND, GEPEERFEN
HRHCEDCE. CNSOAERERET Y ITRIT LY. B, BEE. 7VET 17 LEEDEBYEEYIC
KDERSINTUD, EYHEEH X (SHEPLABED L SIEMENICZRTREBERS D Z2<DEMMRZICE
BLTLBCERHSNTULS (B, 1994),

FRESBH(CNHhI EBAREIMNEFORILIHEICHD. FB/IAVICIES XZ2 kne KT8 kn& iR
<HAmLTVS (BRIEND, 2010), SBAREICHITEIEEMZENEHEETEHASTHON. BFLEE (Igo,
1960; Watanabe, 1973: Kobayashi, 1988; Ueno and Nakazawa, 1993). J. K>/ (Igo and Koike, 1964;
Watanabe, 1975). Y > (Rowett and Minato, 1968; Yshidaet al., 1987; Yoshida and Okimura, 1992;
Niko and Hasegawa, 2000; Niikawa, 2001). BiRfE(2IR,1918; HIR(ZH\, 1983; Tazawa et al., 2004). 3
T s (Sakagami, 1962, 1963). =135 Y77 (IO, 1993)EETH D, AAFRDEMISE. BUIBETESNE
MUERICDVWTIREZEITSCET. O/ RYREBRICDVTOBRSETOE I, BEHERDOXAFLE
CEHFBRWMNEIECDOVTHSMNCLTULWK CETH B, ARETRIE. AEEXAY RIS RRA)IITH
CBERIEZIEKARAS B LBOBEBEILLEEEMLNSEENI N,

SOOI KID T/ Ry~ BBREDNKR. BER, NEEAE. 7LD JZOWM. FVIDOEBR. A&
R, BROBH P RERELLANSS NIz, O R ~dDeclinognathodusi®. IdiognathoidesiE.
Idiognathodusi&. Streptognathodusi&. Neognathodusi&. Mesogondolellal@’s & Bashkirian-Moscovian (AR
) OFRDEDORESNE. BRERICEDVWZAREDEETE. STAVYRIL—=Y®TL1Y
A=V gaB LTV ENERINGZ, STLVY R M—VIEFER(ICHIRI/EAITENSIED ., DENE
MEEEATUVD. L1 Y M—=VTIERINS—S1 ~OEEFR(IC. YR —1 RRBET S & TRHE
MI5ND. CDOXSEMEENKENCEBFRNICEERNT D ENRERINDEH. CNSOREKREIF
AREEBBICEESNTEBLEEEXSND, LEND T, BUNVEYEFSUEHEFEOERESRICH L\ TZERL
LT eeEX5NM 3,

FoO—R LT, BAER. MEE. BEERE. 3RV

Keywords: microfossil, Paleozoic Era, Akiyoshi Belt, Omi Limestone, conodont
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Marine strata and fossils of the Kuwajima Formation, Itoshiro Subgroup of the Tetori
Group, in the Setono area, Hakusan City, Ishikawa Prefecture, central Japan
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FHEHOAOEBEICHS TBRBORENEFIBEEHTLS. AIRBELMERFOGHEEEEER
EEFICBRBARAFKETSCEN, HEBBEN TN ZTIMEAICEDVWTHRESINTUVS (E(EF

n, 2009) . Ffe, DT AZITIMEEEB SRIRE(L, 130+0.8 MadDU-Pb&FE({%Z I (Kusuhashi,

2008) . WRBOREEBHDBHREL, FHEHEHICHLTIZEZLL, BRCHBRE, BEFEAONICHREERHE
SBED—DOTHSD. TC T, BRETNZBEERRIC, WEMRETE CE(CHEADMEER YD, 2B%E
NSHEBBRIEE S BREIHEAZRIE. WERLAIE, EEER T TOHRRIN, ROBROEETI 1S
E-BEROHIHEERT. BREIHEald, BHOELV—#HBEOSH TECEBRINS. Ch5(F, B
RGP EDBEDOHIEGE UTEFREH CTUIH TOERELD, SEOMBEYEBFDERCHIRER
WADEIOOEEMERIZBY S. COfth, 71+%80streidae gen. et sp. indet.Z&EfESMyrene (Mesocorbicula
) tetoriensisOEBEBEHIICHER L. e, AMENSERLV LT MEBRESUWERAGRERINT
&, BRENFIBECEEEIT SHUEMNRSS.

Keywords: Tetori Group, Kuwajima Formation, radiolaria, belemnite
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Geology and geological age of Upper Cretaceous segence in the Hobetsu Inasato area,
Hokkaido, Japan
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Flz(CRABELURERS JUMEEMZENT -5 (CEDVT, UEERERIMISCHm T dEERIBREENDIME
MEER L. COMBORERE/ V7 VEICHEENTO DR, BREREEICSVTREBE L TES
SNTCLHIENS F1—O0Z7 VEUEE BRI $FBEEABIEENEL L. ZDS, EEIEFEH
(2002) OMERIND—EPENREIIT IUENH O/,
ARRICSVWTHEEEARCATRIIBZRE Ule. EANCKTHRRICHS TEIBFRDICRKO>TULBH,
RIS LERAIICDVWTIEIBARICLBIFRBERERMUTEBLLES L. ZOREEIWEB(CEIDHETSN
TER, BEE, XIRVFIITEBSLUORNEDIBICKRAIEINE. ZNSEMBETELTED, FiIIEHR
DWEZERS, MER EICEIKICE>fz. FEEEM S(dPraeglobotruncana delrioensis, Rotalipora
cushmani, Thalmaninella globotruncanoides™ldEMEHL, T/ VT UEERYT. XIRVFTI1EHNS(E
Dicarinella canaliculata, Marginotruncana marginata WEHL, F1—OZ7 VEELRI. RHIEBNSI(E
Contusotruncana fornicata, Globotruncana arca, Hedbergella holmdelensisWMEHL, JZ7 7 VEHS
BRIV UK, IRENDVIRZT7UEESRT.

ARAEICHVWCTER LUIIFEMEEAROBOZHKEEIEN o, ZLDEEREIHBIZIKREERTHD, B
LU ABATHRESN TS S FTRERERRN > 2. HICRMBNSEH T 3EEDRZBO TREFT
&Y, BEEEOEME U TEBIANTHS. HIRIEC. fornicataldBIED Z DD F —)LORRRE D FLHEA
BRICEODTHOBIRERENEE(IMBN 2. FIZEBMS(3Dicarinella hanzawai (Takayanagi) +°
Dicarinella. japonica (Takayanagi) KEHAMDEBEEL U THSNIBEESHMER LI, FEREMRHVED ZHk
THolelc®, BRBODKEBUNTRINE. BEORERENIEEICRLCE (BEOBEXTERRTE
1) (&, TEEMENBEHMAECEL CULBCEZEKRTS.

F-U—FipEE. BRREE. LHMEER. MEE. HEMEEILR

Keywords: Hokkaido, Hobetsu Inasato, Upper Cretaceous, Inasato Formation, planktonic foraminifera
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Variability of Ciconia boyciana's footprints on the homogenious sediment.
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An ichnological experiment using Ciconia boyciana was carried out to reveal morphological
variability of tracks left on a potter sediment by 2 individual birds. We obtained a total of 56
tracks, for each of which the area, length, width, depth, and volume were measured. The average
value of the track area was almost equal to its median value. Ciconia boyciana generally left
morphologically uniform tracks, suggesting that it controls digit-substrate interaction to keep
body balance. A unique anatomical feature is that Ciconia boyciana does not leave metatarsal
impression, unlike other wading birds. This feature will be useful to identify Ciconia boyciana
from other trackmakers being similar in body weights and habitats. Track width has a wide range of
variability up to 4@ %, which can be caused by the linkage of muscles between leg and foot being
characteristic to birds. The co-efficient analysis of track geometry reveals that the width and
depth of a track have a trade-off relationship to keep a same volume. Application of the
theoretical morphology analysis to the track data reveals that the outer digits take a lot of the
body weight in Ciconia boyciana while walking.

F—O—REEE ODJ KU, D BIMEA. EROEREIZE

Keywords: foot morphology, Ciconia boyciana, classification, track fossils, limb anatomy
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Species identification of Spumellaria (Radiolaria) on the basis of the small subunit and
internal transcribed spacer region of ribosomal DNA
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Radiolaria are one of the best candidates for time- and environmental-indicators in the modern and
past, because their tests have been preserved and the diversity of these morphological species has
reflected the water ecosystem in the long Earth history. Although the significance of radiolarian
ecology and evolution is well-known issue in paleontology and paleoceanography, the biological
studies of radiolarians have been poorly studied so far, especially for the genetics. For the
better understanding of the ecology and evolution, the diversity and distribution on the basis of
biological species is essential data. However, there is no criterion to identify the biological
species of radiolarians by molecular approach. The motivation for this study is setting the
delimitation to identify the biological species of radiolarians by molecular data, for the future
ecological study.

Identification of the biological species by molecular technique is different among the organisms
in consideration of the various types of the reproduction systems: sex and hybridization. Some
species identification by genetics are based on molecular distance of the small subunit ribosomal
DNA (SSU rDNA) or the secondary structure of the internal transcribed spacer region of ribosomal
DNA (ITS1 and 2). In the present study, 232 individuals of five morphological species of
spumellarian radiolarians were collected from various environments. I amplified the three gene
regions (SSU, ITS1, and ITS2 rDNA) from all collected individuals and examined whether molecular
distance of rDNA or secondary structure of ITS2 sequences is useful to identify species in
radiolarians. Comprehensive SSU and ITS rDNAs survey clearly show that molecular distance of ITS
rDNA is good to identify the species, though it is difficult to set the common delimitation to
identify the biological species, among all the spumellarian radiolarians. On the other hand, the
secondary structure of ITS2 rDNA have the common threshold for the species identification: below 4
hemi-CBCs (HCBCs: base changes occurring on one side of a double-stranded portion) in a single
biological species. The results show that the secondary structure of ITS 2 rDNA could be the
criterion for radiolarian species identification.
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Robustness of coverage estimators for assessing the completeness of paleontological
sampling
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The study on global diversity change requires an adequate method to correct diversity estimates
that are readily affected by unevenness of sampling density. The diversity estimates depend on true
diversity as well as sampling effort. Therefore, rarefaction to a uniform sample size causes
overcorrection of diversity measures which results in an underestimate of diversity particularly
when true diversity is high. Alroy (2010) introduced the shareholder quorum subsampling (SQS)
method which allows to remove only the effect of sampling intensity without overcorrection. The SQS
method needs to estimate the proportion of the total number of individuals belonging to an already
observed species in the sample, or sample coverage. The sample coverage can be accurately estimated
using Good-Turing frequency estimation when the number of occurrences for each species follows a
binomial distribution and the sample size is large enough. In natural community, however,
individuals are not evenly distributed among species and often a few species predominate in a
community. In addition, a small sample size is common in paleontological studies, especially if we
focus on regional or local diversity of a particular taxonomic group. Chao and Jost (2012) proposed
coverage-based rarefaction and extrapolation methods using an improved version of the Good’s
estimator of coverage. The sample coverage can also be estimated using a rarefaction curve
calculated from the sample of interest: the final slope of the rarefaction curve represents the
probability of encountering an individual hitherto unseen in the sample which is equal to one minus
the sample coverage. However, precision and accuracy of the coverage estimators have not yet been
fully verified for samples with various sizes from populations with a variety of statistical
distribution.

Here I assessed the robustness of the above estimators of sample coverage through a simulation
study. 10,000 bootstrap samples with various sizes were taken from the populations that follow
logarithmic normal distributions with various sets of parameters. The three kinds of coverage
estimators as well as a true coverage were computed for each bootstrap sample. The random error of
estimation of the sample coverage was assessed by calculating the standard deviation of true
coverage at a fixed value of each coverage estimate. The result of the simulation shows that the
precision of any of the estimators examined tends to decrease with decreasing the sample coverage.
The random error of estimation is considerably great in the case with a low coverage even if the
sample size is pretty large. It also increases fairly as the median of the population increases.
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