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Masaki Kawabe, Daigo Yanagimoto, Shoji Kitagawa, Yoshifumi Kuroda: Variations of the Deep Western Boundary Current in Wake Island Passage. Deep-Sea

Research I, 52, 1121-1137, 2005.
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U RAIRSRD -7 BKEE AT S (Fig.1) o FA75IE.1999F2RICV I~V B
KEEAID18°20'N, 168°30'EE169°30'EICS A DFLEET & T - R BRE2RFEL . Z
F2R(CEUXL T EBDBIFRICKRIIL 7=, BIE SN - RAIABRDTREZDEEYIL,
5000mLLRTAEZL4000mETHBL . “4500mLIRDRBRERAIERASFHRES
1), 4500mELRD KB STRI DR ET R T D" EV DK AL SDIEREE DT
7o BILDFEDO L HEVWERAIDB A TIEBRMETHISTIE, A& FHHT3.5cm
s TH-7= (Fig.2) o

RERRORE
f?1—7E*Eﬁ’éﬁi@?’é%%ﬁ%ﬁ@ﬁ%ti\:ll:r'ﬁJ%EIEtL/’C-S.3~14.88v(1Sv
=10° m?® s') DEETEILL. 4D REEDREIEATEEIL TV /2 (Fig.3) . BAMVEZEIC 72
FIHRZFICHANTVD, FHREF3.6Sv. COEDIFEEE)ICLBREIG1.ISVT
Holeo —EBRT TV BLIEA DN LIKBHEBT DT ORERRRAI AN
MEIIASVIZE THBERERL o, BAISRREEC LA T 7~8SVORBIER D
ABEARFFBREILELTWBEEZLSNS,

Observations of volume transport of deep currents

Deep ocean circulation supplies cold, saline, and oxygen-rich water into a deep layer, and
contributes to formation of climate. Volume transport must be known to examine the roles of deep
circulation. For its estimate, we have to find a suitable place for measurement and conduct long-
time observations with moored current meters. Due to this difficulty, few estimates have been

made.

Velocity measurement in Wake Island Passage

The deep circulation enters the North Pacific forming two branches, and the eastern branch
current passes Wake Island Passage (WIP). Then we deployed two moorings at 168°30'E and
169°30'E on 18°20'N in WIP in February 1999 and recovered them one year later. The velocity
and its variation are large at depths greater than 5000 m and decrease markedly at 4000 m.
The current at 169°30'E is particularly strong at near-bottom and reaches 3.5 ¢cm s-1 on average.

Volume transport of deep circulation

We clarified that volume transport of deep circulation through WIP changes in -5.3~14.8 Sv
(1Sv = 106 m3 s-1, positive is northward) with periods of four months. The averaged transport is
3.6 Sv with an error of 1.3 Sv due to the variations. By adding the flow west of WIP, volume
transport of the eastern branch current was concluded to be 4 Sv. The deep circulation of 7~8
Sv in total may proceed northward in the Northwest Pacific Basin.
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Deep circulation currents flowing northward in
the Pacific. Mooring stations are shown by two
crosses in WIP where the eastern branch
current (black arrows) passes. Thin curves
show isobaths of 4000 m
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Mean current velocity vectors of the deep
circulation current in WIP
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Volume transport of the deep circulation
current in WIP. Thick, thin, and thick broken
lines show total, western half, and eastern half
transports, respectively
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Yasuaki Tanaka, Toshihiro Miyajima, Isao Koike, Takeshi Hayashibara, Hiroshi Ogawa: Translocation and conservation of organic nitrogen within the coral-zooxanthella
symbiotic system of Acropora pulchra, as demonstrated by dual isotope-labeling technique. Journal of Experimental Marine Biology and Ecology, 336, 110-119, 2006

YL ORI ERPBKIALEV S ZEMRICHBD TERICITHON TV SBIETH
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LCESICTEMEEL A, BEP EHNICY IR ERVHEL Yo TJ88REE S
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WBZEERIELTWS, COSDIC Y OBEICHEWTIEEBID DOEHETS
ZET BARELBKISEICLTE-HDEHRIND,

Carbon (C) and nitrogen (N) metabolism of the hermatypic coral Acropora pulchra and its
symbiotic algae (zooxanthellae) was investigated using '3C and 5N isotope tracers. A. pulchra
was incubated in seawater containing 13C-labeled bicarbonate and 15N-labeled nitrate (NO3~)
for 24 h (pulse period), and subsequently '3C and SN isotopic ratios of the host coral and the
zooxanthellae were followed in 13C- and '5N-free seawater for 2 weeks (chase period). Under
our experimental condition of NO3~ (12 uM), C and N were absorbed by the coral-algal
symbiotic system with the C:N ratio of 23 during the pulse period. Taking account of
concentration dependence of NO3~ uptake rates determined by a separate experiment, C:N
uptake ratios under supposed in situ NO3~ conditions (<1.0 xM) would be >3.0 times higher, if
the photosynthetic rate did not change. During the chase period, atom % excess (APE) 5N of
the zooxanthellae constantly declined, while that of the host slightly increased. Consequently,
APE 15N of the both fractions appeared to approach a common steady state value, suggesting
that 5N was recycled within the coral-algal symbiotic system. C:N ratios of organic matter
newly synthesized with NO3~ exponentially declined and converged into ca. 5. This suggests
that organic compounds of high C:N ratios such as lipids and carbohydrates were selectively
consumed more rapidly than those of low C:N ratios such as proteins and nucleic acids.
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Changes in C:N ratios of newly synthesized
organic matter in the coral and zooxanthella
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Coral colonies used for the experiment
(Ishigaki, Shiraho Reef)
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T. Tsuji, G. Kimura, S. Okamoto, F. Kono, H. Mochmaga, T. Saek|, and H. Tokuyama: Modern and ancient seismogenic out-of-sequence thrusts in the Nankai
accretionary prism: Comparison of laboratory-derived physical properties and seismic reflection data, Geophys. Res. Letts, 33, L18309, doi:10.1029/2006GL027025,
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LTWaEeEaoN%, — /. TRARBEMI/BEE T, ERLVOFREEN EERER
HHEHNSNZEN DH o7z, SHICIERE LRTEOMEENSFT RSN IRHEVE

Amplitude Variation with Offset (AVO) &, R EMEIRE T — 2051550558
B4 D IEETE DAVOE D L& S iEBNAY 4 2 I T E O T AL S ERKEIRET
HBZEDTREEINT,

At convergent plate margins, characteristics of out-of-sequence thrusts (OOSTs) are important
for understanding the nature of earthquake mechanisms and deformation of the accretionary
prism. To understand the OOST characteristics, Integrated Ocean Drilling Program (IODP)
plans to drill through the seismogenic OOST in the Nankai Trough via the D/V “Chikyu” . In
this phase, however, the seismogenic OOST is too deep to penetrate with riserless drilling, so
its properties have only been estimated from seismic data. Seismic reflection data from the
Nankai Trough off Kumano (Fig.1) image a strong-amplitude OOST reflection (Fig.2). This
OOST might have ruptured during the 1944 Tonankai earthquake and associated tsunami.
However, full OOST characterization solely using seismic reflection data is not possible. To
investigate characteristics of a seismogenic OOST, therefore, we determined acoustic
properties of discrete samples from the fossil OOST outcrop in Nobeoka (Fig.3), and compared
the acoustic properties with those of an active Kumano OOST.

We observed anisotropy of velocity in the hanging wall of Nobeoka OOST attributed to
foliation of pelitic-phyllite (Fig.3). In contrast, the footwall is composed of brittlely deformed,
chaotic shales and fine sandstones, and velocities in the footwall are lower than those in the
hanging wall. Furthermore, the velocities just above the fault core are high (gray zone in Fig.3),
because cracks are filled by quartz and number of the open crack should be small. Amplitude
variation with offset (AVO) modeling indicates that fractures filled with overpressured fluid likely
account for angle-dependent reflection amplitudes of the active OOST in the Nankai Trough.

LU
g :"'E.-':'

" e —
i
..-...y.-",'!..-' -

. -‘_u §oo Al Tacteis
R =

g Era

gl

t e

!

T Philppirs Ssa Flris
HWarimr: ShanaTin Gk

arharr 3 hmarr kel

LI L] r‘“.\hql

Fig.1 L& LT8R PR EERE
F—aDAE

Locations of the Nobeoka OOST and the
seismic line off Kumano

e T

i
",
‘_-:m?\ T T—HW _._.-' X \\

! oo s
P w7y -
_'r #T _. - "-1--.. 1
n e
& G Lirw L
Fig.2 FREEF/PRETHTER £ CHEERShBHE

53 Ik [
Out-of-sequence thrust on seismic reflection
profile off Kumano

ol il - W H 1y Fy

Fig.3 EREEIERIAD (a) BE. (b) MR
(c) #HIES5MPa TFTOPERE. (d) #HIE
55MPa T TOSKEE , ftEl M EIT7 H5D
EE, RETA77MVET . SB. FEB.EHE
DA ZNTNIREEICET T2 ARDERE.
FATEHRDRE ABRBEP FEL WG
WHTIVDREERL TS

Depth profiles of (a) densities, (b) porosities, (c)
P-wave velocities at 55 MPa, and (d) S-wave
velocities at 55 MPa. Vertical axis represents
depth relative to the location of fault core. Black
solid dots, open dots, and gray dots represent
acoustic properties normal to the foliation,
parallel to the foliation, and weak foliation,
respectively
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Kojima, S., E. Tsuchida, H. Numanami, K. Fujikura and T. Okutani: Synonymy of Calyptogena solidissima with Calyptogena kawamurai (Bivalvia: Vesicomyidae) and its
population structure revealed by nucleotide sequences of mitochondrial DNA. Zoological Science 23, 835-842, 2006

SOV H1EIE RBOILFERENMBELRRTIAE MBI L -TTHS,
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BICHMELI=EP D FREBEN LIRS TS,

THEHAE RALKFBEBORER LRI »SHISAMOINA—IILETIREINT
WD ZDIEREL A BISFIXIRIEE R TH-/-. REBEZHE (M85 FAF
L sk TRMmICEVIRESNZEEXRDINI R 7DNADIERE S ERELE  Figl BIBAETLECRESNETIESA
25 EENS T TRESNT A YO A EEOBRSIE—FU I, S5ICEDH,  goihns kevemral from Senowumi Bank
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BN T DEKBHEIIE. 7TEAC (w12 O00h41) O=12a7Uh1
FIHLLAIVHADIY R HTEIH . WThOBOAMNAD RALKFIBEREICH
EBLTWE, ST TEHM G BT B a2 A TRIMAICH I REBE R DRIEK
FEHETHROP-TS, ThE3FEIC OV TR S EFRIDEERIS L LS.
BB /-E A BN T DEFISANADERH»S B ZEHEDFERTHY.
EFCRE SN BRI EATOIENHIBAL, ST TEHIDEEBR

SEF BN T EBEIMTICANAER L SREL L E RSN, KFFETL
—hOEBAHMEST SESELKRICRTMOLRE Y RERICE-TREICH  [92 IBATRDIAoHOS

BHIhTZAEEDY AKX FEFICS T2 O0UA1BOSVVESHEEEEARLEE Dispersal processes of Calyptogena bivalves in
%7_{_5“’5 the northwestern Pacific

Calyptogene bivalves are one of the primary members of deep-sea chemoautosynthesis-based
communities. In Japanese waters, thirteen described and five undescribed species of this genus
have been reported. Distribution of each species is restricted to areas within a relatively narrow
depth range. Segregation along water depth is supposed to have created and maintained high
species diversity of this group. Our molecular phylogenetic analyses showed that some species in
the northwestern Pacific have dispersed to the southern Pacific as well as the Indian Ocean and
speciated there.

Before the discovery of deep-sea cold seep areas, C. kawamurai have been rarely collected in a
commercial trawl while its habitats had been undetermined. We determined a nucleotide
sequence of mitochondrial DNA for each one specimen from off Choshi and Suruga Bay,
respectively, to show that they are identical to those of some specimens of C. solidissima which
were collected in a cold water seep in the Nankai Trough. Shell morphology is a close resemble
between the two. So, we think that C. solidissima is a junior synonym of C. kawamurai.

From hydrothermal vent fields in the Okinawa Trough, three Calyptogena species, namely, C.
kawamurai, C. okunanii and C. nankaiensis have been discovered. All of them also inhabit seep
areas off Honshu. Additional population of C. kawamurai was discovered in a seep area on the
Kuroshima Knoll, off the Yayama Islands. We compared the genetic population structure among
them, which showed that populations of the Okinawa Trough have been derived from those off
Honshu and populations of the two areas were isolated and genetically deviated. A population of
C. kawamurai of the Kuroshima Knoll was also shown to have derived from the off Honshu area
independently. High species diversity of Japanese Calyptogene bivalves might be attributed to
long-term stability of reducing environments at various depths in the seduction zone in the
northwestern Pacific.
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Katsumi Tsukamoto: Spawning of eels near a seamount. Nature 439, 929, 2006
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Research on the spawning area of the Japanese eel by the Ocean
Research Institute

The Ocean Research Institute of the University of Tokyo began a research effort for
determining the spawning area of the Japanese eel (Anguilla japonica) using the R/V Hakuho
Maru in 1973. In 1991, a large collection of about 1,000 Japanese eel leptocephali (8-34mm
TL) led to the conclusion that the estimated spawning area was somewhere in the region
around 15°N, 140°E in the North Equatorial Current (NEC) of the western North Pacific
(Fig.1). To determine a precise location where actual spawning of the Japanese eel occurs,
we proposed two hypotheses based on all previous collection data of leptocephali (Seamount
Hypothesis) and hatching date analyses of their otolith daily rings (New moon Hypothesis).

Determination of the Japanese eel spawning site

During a Hakuho Maru research cruise in 2005, we collected a total of about 400
preleptocephali (3-6mm TL) of the Japanese eel (Fig.2) near the Suruga Seamount of the
West Mariana Ridge around the new moon of June 2005 (Fig.3). Their ages estimated from
otolith daily rings suggested that spawning had occurred about 4 days before new moon.
These findings strongly supported our Seamount and New moon Hypotheses. Knowledge
obtained from these studies may provide important hints and basic information for
conservation, stock management and the artificial production of glass eels to supplement the

shortage of wild seedlings for aquaculture of eels.
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Distribution of Japanese eel leptocephali.
Collection locations of a total of 2,418
specimens caught during 1956 to 2002 are
shown. Larvae are passively transported
westward by the North Equatorial Current and
then metamorphose in the Kuroshio before
recruiting to their growth habitats in East Asia
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Japanese eel preleptocephali collected during
the research cruise in 2005. a:5mm TL (2days
old), b:4.2mm TL (4days old)
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Collection locations of the Japanese eel
preleptocephali and the location of the Suruga
Seamount.
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I. 1. Yasuda, S. Osafune and H. Tatebe: Possible explanation linking 18.6-year period nodal tidal cycle with bi-decadal variations of ocean and climate in the North Pacific. Geaphysical Research Letters, 33, L0860, doi:10.1029/2005GL025237, 2006.
II. S. Osafune, and |. Yasuda: Bidecadal variability in the intermediate waters of the northwestern subarctic Pacific and the Okhotsk Sea in relation to 18.6-year perioid nodal tidal cycle. Journal of Geophysical Research, 111, C05007, doi:10.1029/2005JC003277, 2006.
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VVWTRRIEZEICE TR EES AP ERL. ChETH TH o M20F E A
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North Pacific marine ecosystem including tuna and small pelagic fish as sardine and anchovy
are known to be related with inter-decadal ocean-climate variability. However, this time-scale
variability and mechanism remains unclear and thus unpredictable. Present studies discovered
the relationship between the 18.6-year period nodal tidal cycle caused by lunar orbital variation
and the bi-decadal variability of water-masses in the northwestern subarctic Pacific (Fig. 1) and
of the North Pacific climate indices as winter NPI (North Pacific Index), PDO (Pacific Decadal
Oscillation Index) and MOI (east-Asian Monsoon Index). The mechanism linking between the
18.6-year cycle of diurnal tidal mixing around the Kuril Islands and Northwestern subarctic
intermediate water bi-decadal variability is shown. Furthermore, hypothesis linking the tidal
mixing cycle around the Kuril Islands and large-scale ocean circulation and climate is
proposed: isopycnal depth variations around the Kuril Islands propagates along the north
Pacific western boundary and influences on the western boundary currents as the Kuroshio
and Kuroshio Extension and the equatorial ENSO variability, eventually on climate through
atmospheric tele-connection. These studies are noted to link the predictable astronomical cycle
to small-scale ocean mixing and then large-scale ocean water-masses and circulation and
climate, and to open the predictability of multi-decadal scale ocean-climate-ecosystem
variability.
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Time-series of Oyashio intermediate water
properties: (upper) apparent oxygen utilization
(AOU) at 26.866, (middle) potential
temperature at 27.006, (lower) thickness
between 26.7 and 27.266
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Normalized time-series of (a) 18.6-year period
nodal tidal cycle, (b) AOU in the Oyashio and
12-25-year bandpass components of (c) winter
North Pacific index, (d) winter Pacific Decadal
Oséillation index and (e) winter East-Asian
Monsoon index
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Difference in SST (colour in C) and SLP
(contour in hPa) between the strong and weak
diurnal tidal periods in the 18.6-year period
nodal tidal cycle
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K. Sato, Y. Watanuki, A. Takahashi, P. J. O. Miller, H. Tanaka, R. Kawabe, P. J. Ponganis, Y. Handrich, T. Akamatsu, Y. Watanabe, Y. Mitani, D. P. Costa, C.-

A. Bost, K. Aoki, M. Amano, P. Trathan, A. Shapiro and Y. Naito. Proc. Roy. Soc., B 274, 471-477, 2007
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LTRSS, LN > T BIEDIBEIREED-1,/3TICHFITEEETHD | EFRILE,

[LEBFRIC X EE DK PN DK RE R K E (CHEOEEDEIZ B HIRIE T CHITE
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SR CE MR E BT EFE o - F N RED 2 LEMEMRRISEDHSN TS, Zh
SNEMIE. WThHBEIOAEKICE T RNEZAICHIBEAHEL T . BUK@EIC
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2TOEHH KM BEXPIE1-2m/sDRE TKE . ZDIMO—VSEE LA ED-0.295
(CHEBIgBEVDFERICHE 7=, S0FELI LRI G SN =FRIOAEH ELD /-2 EIlE D,
SE.AEMERNO—THEEIOMBRERM T I 7ICHZET . EVWERRB T
DEFREER (f = 3.56 m°2, R? = 0.99, P<0.0001) #1832 &M H R0 —EBDENH)
DAOA—TSBEN ZDEIE,POKRELHNE (Fig.d) o BIAE A S HADIO—748E
130.22Hz T ZDMERBIY A X DIy T IV H S5 DE0.63HzE KE FEIS, F—%
EREBHOF Y H A DRRGKSCEED EBL 122000 BRI HILIESIE
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It is obvious, at least qualitatively, that small animals move their locomotory apparatus faster
than large animals: small insects move their wings invisibly fast, while large birds flap their
wings slowly. However, quantitative observations have been difficult to obtain from free-
ranging swimming animals. We surveyed the swimming behaviour of animals ranging from
0.5kg seabirds to 30,000kg sperm whales using animal- borne accelerometers. Dominant
stroke cycle frequencies of swimming specialist seabirds and marine mammals were
proportional to mass®-29 (R2=0.99, n=17 groups), while propulsive swimming speeds of 1-2 m
s~ were independent of body size. This scaling relationship, obtained from breath-hold divers
expected to swim optimally to conserve oxygen, does not agree with recent theoretical
predictions for optimal swimming. Seabirds that use their wings for both swimming and flying
stroked at a lower frequency than other swimming specialists of the same size, suggesting a
morphological trade-off with wing size and stroke frequency representing a compromise. In
contrast, foot-propelled diving birds such as shags had similar stroke frequencies as other
swimming specialists. These results suggest that muscle characteristics may constrain
swimming during cruising travel, with convergence among diving specialists in the proportions
and contraction rates of propulsive muscles.

Fig.1 BMOFEEIbO—7SHELEHED
Bk

Relationship between body mass and
dominant stroke cycle frequency of each
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Evolution of Genes Involved in Adaptation to Environment
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K. Inoue, T. Sakamoto, S. Yuge, H. Iwatani, S. Yamagami, M. Tsutsumi, H. Hori, M.C. Cerra, B. Tota, N. Suzuki, N. Okamoto and Y. Takei: Structural and

functional evolution of three cardiac natriuretic peptides. Mol. Biol. Evol., 22: 2428-2434, 2005.
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BEFOEEEBRTETILODETIVELT. BAGAE B LV TOEREISER
LTV, 5/ LT —EN=ZAPBEINTHY AN FEETFEALEDEBRFIMHTE
FTEINTWBAEH (FARBITKKE) & 77 EHICE R DD T EE OEFRE.
BIZIEERRET T DBKBRAKIBICIEL DT DT+ T 45875 (Fig.2) 1 RALH
(Fig.3) LD LB MR ETIZETHEZTHEBEC EREDBARISIEN 720,

Marine organisms have developed various functions to adapt to a variety of environments in the
sea. We are trying to understand, through studies on the structural and functional evolution of
genes involved in environmental adaptation, how marine organisms have acquired their habitat
and ecological status,.

The natriuretic peptide (NP) family is a peptide hormone family that plays important roles in body
fluid regulation in vertebrates. Among seven major members of the NP family, atrial NP (ANP), B-
type NP and ventricular NP (VNP) are hormones expressed mainly in the heart. By genetic linkage
analyses, we revealed that the three cardiac NPs were generated by tandem duplications,
perhaps before the divergence of tetrapods (lobe-finned fish) and fish (ray-finned fish). We also
found, by a systematic survey of NP genes in various ray-finned fishes, that primitive ray-finned
fishes such as the sturgeon, eel and trout retain all three cardiac NP genes but the VNP gene is
absent in so-called advanced fishes such as ayu, tilapia and pufferfish. By applying these results
to the phylogenetic tree based on the mitogenome, it became evident that the loss of the VNP
gene occurred after the divergence of salmonids (Fig.1). We also found that the Japanese
medaka has lost the ANP gene and only the BNP gene remains. We will examine functional
differences of the three NP genes and significance of the loss of some NP genes.

To examine the function of genes involved in environmental adaptation, Japanese medaka and
related species are potential models. We expect that comparative studies of Japanese medaka, in
which genome databases are available and experimental techniques including transgenesis has
been established, and related species, e.g., Javanese medaka and Indian medaka inhabit
seawater and brackish water area in Asian coasts, will bring us invaluable information to
understand the relationship between the evolution of genes and the ecological status of species.
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Distribution of ANP, BNP and VNP genes in
ray-finned fishes. a and b indicate timing of the
loss of the VNP and ANP genes, respectively

Fig.2 JwTX4H Oryzias javanicus. 7BIKN
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Javanese medaka Oryzias javanicus. This
species is widely distributed in seawater along
the coasts of South-East Asia and expected to
be a model for environmental monitoring

Fig.3 A>RX5% Oryzias dancenao BIKND
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Indian medaka Oryzias dancena, which is widely
distributed in brackish water in South-East
Asia. Fish in the picture were collected in
Malaysia during a project in JSPS Multilateral
Core University Program “Coastal Marine Science”
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Kiyoshi Tanaka: Effects of the Earth's rotation and bottom slope on density current descending a sloping bottom, Journal of Geophysical Research, 111,

C11018, doi:10.1029/2006JC003677, 2006
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ADIEENETFHINREFF D, Jhid BEROEIMCED L > TRDZEERr—IL (A
HERER) PRV T5-0THS,

BEREMOFERIC.HRTIHREHD

BEEMNOEMNL HREEEOEMERFIC (FBREAROJRIEICLST) R
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Descent of dense water induced by baroclinic instability

Many observations have shown to date that in some areas of the world ocean (e.g., Denmark
Strait and Weddell Sea), dense water descends a continental slope into deep depths.
Baroclinic instability can realize effective downslope transport of dense water, breaking down
the geostrophic constraint on the continental slope (Fig.1).

The Earth’ s rotation has two contrary effects on the instability

Growth rate of the baroclinic instability increases with increasing Coriolis parameter (Fig.2), as
isopycnal surfaces steepen to increase available potential energy. After the eddy formation,
however, offshore eddy transport of dense water decreases with increasing Coriolis parameter,
as eddy size becomes smaller.

Bottom slope also has two contrary effects

The growth rate of the instability increases with increasing bottom slope by the same reason as
above (Fig.2). On the other hand, the offshore eddy transport decreases with increasing
bottom slope (Fig.3), since the bottom slope has stabilizing effects (the topographic beta effect
and the effect due to spatial increase in water depth offshore).
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Distributions of isopycnal surface (4.0 x 10®
kgm®). Density (negative buoyancy) flux is
imposed at the coastal boundary on the
continental slope. The units of the axes are km
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Thermal adaptation of pacific bluefin tuna, Thunnus orientalis, to temperate

waters
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Takashi Kitagawa, Shingo Kimura, Hideaki Nakata, Harumi Yamada, Fisheries Science 72: 149-156, 2006
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Immature Pacific bluefin tuna, Thunnus orientalis (Fig.1), tagged with archival tags, were
released near Tsushima Island in the East China Sea during the winters of 1995 through 1998.
Time-series data for ambient and peritoneal cavity temperatures, recorded every 128 or 256
seconds for 23 fish recovered, were analyzed. The objective of this study was to clarify the
process of development of thermoconservation ability with growth in relation to adaptive
mechanisms to cooler temperate waters. According to our results, mean ambient temperatures
ranged from 14.9 to 20.7°C, which is almost within the optimum temperature range according to
previous reports. Mean peritoneal temperatures were higher than ambient temperatures (19.7
to 27.3°C) but never reached 35C, which would induce overheating. Although the mean thermal
differences between peritoneal and ambient temperatures increased with body size, the rate of
increase decreased with body size. A heat budget model suggests that as the insulation of the
body develops (Fig.2), the estimated mean values of internal heat production decrease with
body size (Fig.3). This is probably due to the allometric scale effect and explains why the
thermal difference does not increase quickly with body size. It is likely that Pacific bluefin tuna
inhabit cooler temperate waters in mid-latitude regions to avoid overheating (Fig.4).
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Fig.1 rO</0
Pacific bluefin tuna, Thunnus orientalis
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Fig.2 7OYJONHITHEROBEICHIE(L
Relationship between bluefin tuna body size and
estimated whole-body heat-transfer coefficient
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Relationship between bluefin tuna body size,
ambient water, and estimated body temperature.
The solid vertical line indicates the favorite
temperature range of Pacific bluefin tuna (12~22
C). Temperatures exceeding 35C are lethal for
tunas.
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