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Chapter 1 of the thesis presents the general introduction, outlining the background
and purpose of the research. Early life stages of marine fish are highly sensitive to
environmental fluctuations, particularly changes in water temperature and prey
availability, both increasingly influenced by climate change. The Japanese flounder
(Paralichthys olivaceus), an ecologically and commercially important flatfish, may
face major challenges during the juvenile stage that affect feeding, growth, survival,
morphological development, and genetic traits. Tango Bay in the Sea of Japan, a
well-documented nursery ground for this species, offers an ideal setting to examine
how climate-driven environmental changes impact early life history traits and
population dynamics. Accordingly, this chapter establishes the context and rationale
for investigating how ecological factors may influence juvenile growth, survival,
recruitment potential, and population structure, with particular attention to cohort-
specific growth patterns, dietary shifts, and genotypic sex ratios.

In Chapter 2, the cohort-specific growth, survival, and recruitment potential of
Japanese flounder juveniles are examined. Japanese flounder juveniles were
collected weekly covering the settlement period (April to June) in 2007 and 2008.
Hatch dates were estimated using otolith microstructure analysis, enabling the
juveniles to be grouped into biweekly cohorts for subsequent analysis. Cohort-
specific growth rates of Japanese flounder juveniles increased as the season
progressed. The early cohorts experienced cooler temperatures but benefited from
high availability of mysids, while the late cohorts maintained relatively high growth
despite declining mysid abundance, suggesting alternate food sources. The mid-
season cohorts exhibited the highest mortality rates in both years, coinciding with
peak abundance and indicating density-dependent mortality. The mid-season
cohorts also showed strong growth-selective mortality during the early post-
settlement stage. High densities of Japanese flounder juveniles likely suffered from
food limitation incidental to a seasonal decline in mysid density. This may cause
mass mortality in smaller individuals due to predation including cannibalism.
Recruitment potential, evaluated through M/G (mortality/growth) ratios, was lowest
in the mid-season cohorts due to elevated mortality despite high initial densities. In
contrast, the early and late cohorts showed higher recruitment potential, supported
either by favorable prey conditions or reduced competition. In combination, the

_1_




findings underscore that cohort-specific growth, mortality, and recruitment potential
in juvenile Japanese flounder were shaped by the interactive effects of temperature,
food availability, and population density in Tango Bay.

In Chapter 3, ontogenetic and seasonal dietary shifts are examined to understand
their role in the density-dependent and growth-selective mortality patterns identified
in Chapter 2. Stomach content analysis across cohorts and size classes in 2008
was used to assess how these dietary shifts influenced growth and survival,
revealing that mysids, mainly Orientomysis japonica, were the primary prey
throughout early development. The early cohorts benefited from high mysid
availability, while the mid- and late cohorts relied on mysids despite seasonal
decline; larger juveniles increasingly consumed prey fish, with amphipods
contributing modestly in late cohorts, likely as an alternative food when mysid
availability was reduced. Feeding habits also varied by body size, with smaller
juveniles consuming smaller, uniform prey, and larger juveniles consuming a wider
prey size range, reflecting enhanced predatory ability and prey scarcity. Stomach
Content Index (SCI) values were lowest in the smallest and largest size classes,
indicating potential food limitation in both groups. The mid-season cohort had the
highest frequency of empty stomachs among newly settled juveniles, likely due to
competition at peak settlement. Juveniles with prey items grew significantly faster
than those with empty stomachs, reinforcing the link between feeding success and
growth-dependent survival. As hypothesized in Chapter 2, early cohorts preyed on
newly settled conspecifics from the mid-season cohort, contributing to high mortality
via cannibalism. Collectively, these findings indicate that ontogenetic feeding shifts,
prey availability, and interactions between cohorts, including cannibalism, played
key roles in shaping growth, survival, and recruitment potential in Japanese flounder
juveniles.

Chapter 4 investigated genotypic sex ratios in Japanese flounder juveniles from
Tango Bay across seasonal cohorts in 2007 and 2008. Genotypic sex (male: XY;
female: XX) was determined using molecular markers, revealing a consistent
female-biased ratio that increased from the early to late cohorts. These deviations
from the expected 1:1 ratio are unlikely to result from natural variation alone and
may reflect environmental factors such as thermal conditions during early
development. In Japanese flounder, genotypic females (XX) can undergo
masculinization under stressors such as elevated temperatures and high densities,
producing phenotypic males that retain the XX genotype. Another possible cause is
large-scale releases of thermally masculinized XX males from hatcheries along the
Sea of Japan coast. These males, producing only X-bearing sperm, could gradually
shift the genotypic sex composition in wild populations toward an excess of XX
offspring. No significant differences in growth rates were found between genotypic

_2_




males and females during the first month post-settlement, suggesting minimal
sexual dimorphism at this stage. Similarly, dorsal fin ray (DFR) counts did not differ
between genotypic sexes, but a seasonal decline was observed, with higher counts
in the early cohorts and lower counts in the late ones. This trend may reflect the
sequential arrival of genetically distinct populations—southern-origin cohorts settling
earlier with higher DFR counts, followed by northern-origin cohorts with lower
counts. Overall, these findings highlight the combined effects of temperature
exposure, geographic origin, and hatchery influence in shaping genotypic traits.
Understanding these interactions is essential for evaluating the reproductive
potential, stock composition, and long-term viability of Japanese flounder
populations under ongoing climate change.

In Chapter 5, regional differences in Japanese flounder population dynamics under
climate change are discussed. Previous studies show that regional environmental
differences produce varied outcomes. Cooler, stable conditions and prolonged prey
availability in northern areas can support higher juvenile growth and survival, while
earlier warming, variable prey, and stronger density-dependent mortality in southern
areas like Tango Bay increase recruitment uncertainty. The Seto Inland Sea shows
further regional vulnerability, where recent warming and prey shifts have contributed
to declining productivity and reduced survival of mass-released juveniles. Regional
variation in predator pressure may also play a role, with evidence of stronger
predation on juveniles in southern regions compared to the north. These findings
suggest that climate change may have contrasting effects across regions,
potentially enhancing recruitment in northern populations while increasing
ecological stress in southern populations like Tango Bay.

In summary, this study shows that climate-driven warming affects the early life history
of Japanese flounder by influencing growth, mortality, feeding ecology, and genotypic
sex composition. Patterns of density- and growth-dependent mortality, female-biased
sex ratios, and seasonal changes in meristic traits indicate that temperature and
genetic background are key drivers of juvenile characteristics. The results underscore
how density, prey availability, and genotypic shifts interact with climate-related
stressors to shape recruitment and population structure.

M XNEDEG Lim LHEEDOKEROEFIZ1 HE 3 87X 3 6T TIEKL., &bH
T, 3,00 0F %ML T HZ &,
XN BEDOEE &2 JRGETILAT 2551, 400~1, 10 OwordsTIERL L
FEMEOESIIHAES00~2,00 0FRETIERTHZ &,




(et 2 )

GavHEaEOREOER)

T AIKEERE L TCOREENEGN &0, FIATESLICET 58 /138
B ThY, F-ZOHEBIHICOVWTOMNELEALTH DL, —J, AFENHEPEING
MORMFEAEBBICMALZEZORE EAFFRICOWT, MAR#HZ®EL CREL D
BEGR 2 SEAIC AT g2 2 E Tl o oy AAFZEIL. H RKUMRICHLE T 5 FHE T
IZBWTHEBEE T 7 AMAORELZE/ L, TOKE - A5 - BRI L OE
B 7o PR B 2R R I 0T LT 5, BT _RESIXLL T Ol Th 5,

1. BT ADOMARYTHD4HNB6HIZHT T, BEOBRMHEZ2THFITHZY
1T72> T 7 AMRZRE L, FAOEWBENOILB Z2HET 5 & &b ICEmiE
MNHRREBREZH LN L, MAZRIHTRIICS T D &, AiRHTIEE 2215
T, FEBPHEEVWKEBICIVEREEZRT L, FHIBIZEREED EFICE
78 ) BHIES A OWALIC X 0 ARENR N L2 R LT,

2. bt I AMAITIMABESZOEEEE LT SHEICHMIIEFEL TBY ., DIBREICHE
WRBIOEEAM TH DRI ~DIRFZEmD D & 7T I OB T 5 MA#BYIZIX
TIEEIVNEOAEY TH S I a = EHAEMBICHHT A EER LT,

3. b7 AMAOBMEBHZRMERIZ, MAOHZIIZBWTHE (XX) IKD Z &% /A
L7z, &7 AMMTIREGWHEREAENEGKIBEA N A0 EREMICH LT 5 Z &
DHONTNDZ NG, 2O XD RHALEERDS R L CTEIHICMD S Z L2k b
ERREN CEGHMEAEOEI SN EFH Lo iErEZ2ERM L7z, ZOHERKE LT, X
SRR DIRIRALIZ 0 Tl < B BRRFRFOINROEE L 2 b,

LED XD IIARGmLIE., BT AHADEIERIZHOWTOREM 2D, IREoE
ITT5MFERCOREEROBFHICKRESEBERT O LD THY . KEF, IhFEHEE
. KEBRFZEORBIZHEGTHE2ABKEY, LoT, KLt (BE5)
DFNFLE L TMEH LD LD D,

k. ATTHETALITH, XN ZFIICEE L7208 ic bz 0 ikl L7 ms 5.
it (B%) OFMNERGINDIGFNR+0HDLDEEDT-,

F . KBTI, FESREEMNERE 1 ALE QTEICE YT AL O LML, A
FITBE L CIE, YEmLDELIRZTEONRTEZEZH LIZbDETDHI L2380
Do

) wmXNEDOEE, FBEOMROET KOG T, AFAMERY AP U
R L. AkET D,
2L, FEEFHEE. MESEREEOBMRICK Y MR A RMNRGHRIAART L Z
CIWXBERHDEET. UTICARARELE T LM ZRAT DL &,
HENBAFEEH : & H HUBE (AR5 H2N5 3 7 L)




