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1000+

0

M3 IHAVADOERYIA () LEHEBRBITDORER (B) (RR4&YERH)

(2) BREBEDEABYIODEN - &N

2D L TE L AKEOEDENEMERE - DI UA, THTAREN, BEOSHRENE K4 8
EYEFIRTRERY 2 ATV ARNEBETH o /2—H, FIVIEZAROIFHYAIFARY Yy ) A NEBHETH
5ZNbhorz, THTZAIZEAL TR, ERRHEEERTHS—H, FIVIEZA L IIZKHEER2AE
T2LEZON, BRETONTVS, LML, RIAEDER, 71T A NZHEZBIRNICENS Z kX
B, BRBYINSIKILA LR SN M- /-—FT, BEPHBELREEEERTLII NN/,
Y AFIIEFAECHEEESIIMNA., TAHICE>TOHBETHIZLEbhok, /-, Y1 X%&fb
3. BREOL DAL, FRRSE, FTE U (i 3IE?E)itﬁ 75@(77DIELE)
EEXEREHL LTSI Wb o7z, IN6DEL 2D HABERICH S, BREEBTIIKIEFIZE
TIFENEEIIFEELTEY, FHBOZOAFEIZE > THALP TV (ﬁ/\’@@”l«‘) EHNEBEIZHDZ
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LM, BRREBOENYXE2EXZTVWRIEHD—DOTHDI EHETX -,

SRRIZAT, 665EE DEMMFERIZDOVTIE, T THEICERRGEICBE TX 5 L NIV THER
FoTHBY, INNS—REITDIBIZHLT A FETH D, FEPY VRV VATIXOBETTY A, FIb
MEZAZFIZOWTHRLZIZH, AEOBMICET2BFEEZTo /- (KEZES18, 21, 28) .,
BE. BERMAEHIIC L D2BEBITERALZZ ENH B, REBELHETIXALLLTE, [{2EBN
TWENERETSI IR TH S, BRHED L S IZEREEOE NS TIIEELIOXEBEEDE DE LWV
7=, KEEOBE ALY TERNEY BRI T2 LI2&Y (EFL, BOEMIE SIS BBELRSD
WTHEIENRHRE D) . EiINL B2 EIHTILICERERB V.,

T/, BENZ 7Y N —FEFEZECTCEREDNFEL2ER, EONLRREDHKEIIEDTEX -, TD
HHLED—DON—HER/N - - BRE, WEEOCADEEFH THS, MEETRITERIZBY TV
VE—EZDEIE - iR iTo~ (BREEZS12. 14, 127, 129, 130%%),

(3) HERBRETINOEEL TRERIROTENLEYHEA Y MU —2 0

BHRHEBOT7 4 — )V RTRELTXA-AMEOHMRICE X, AIHEBERIOEBAESZ XL U TEMEOHEM
Ea2SE TR E2XIL., SEDERYEME, £RRT. NMAYAZEDHRIZEOX, ABRAETV v
V7 N VEWEIZ KD EHBERRET IV EEEL -, TOMERE. EVEGEEEEDEENLERE S
LEYHEAY N —JRNMESNE, BEEBEENEN > A (TR42L L) 2TEEFEREEL L. &
R ZEAITEY SRS 2 RIFT 2O E R keystonefE L LT, 7HTA, AIVEHFR, ThHY
AEIHA, PEIAHERE LA, —F, BRICERBRIIN U TKRELRFELEZZ25DDEYENKE
WStructuringfEld, TVYHE, VIR ETH o=, INSIEFEMOFEREEDELY M@, WIhbEeH
DEEYE UTEEREEHTH S,

(4) TAIZXZHREDEERHETEFIEDRHR

BHBEEARKD—REUT, TANEBRLZNEFHIIITRTHIGHRK L AR LU TREE2RESG Y., B
BREEMNMTDONTWS, ZD0FELE, FIV A 2EFHIZERR L TRIBIZEBD I EZIZEINDHS
3. IHREIREZ TORY, 22T, BERMALESFEFANT, T4 NERNZEDOI bERAZKEDHE
2EEBNMTEI - RMEDAERMEDFIEEMHELL -, THODKRIZE DX, MEWELBEAFTML TS
AEEMEER U,

ITAOBEMEICEAUTIE RALREFREHEALBBLORENNETH D, HEEPROELES I
LT, &V EREHLRIZNREEE U NRETH S0, YHEFEIZR» > BIOMEEERL -, TH6
DRERIZEDX, SRBIIFREREL., AL ETELEY L AAEOBREL2ET S,

(5) by 7&XUY -3V bA—INILBERRANDEE
BEUAERBRETNVEE LIIRIELZL 25, HRERE2FRET L L. BYfLE L CHENICEE
HROMERITOENE LRI TE 2, /2. HRAHEEDOHRIIERRTAO—REEEIZETEE
ENRRAEZEMS, ANy XY VRIBRERTIENTE A,

YA LA FKRETHBOMEE T — X OBBEERET, MONEICEBELFBNOLEL 2575 EHBR
HEOHEFENS <. ERTIZABDREMNEY AT OV TANRRBRIFER T — 2 IXFL ALEELR
W, FEENEEDTE, BETO MY T~KRMAZTOLEBREOHE - HROEREEREL - LTX

BHAT— RBRE2EBELU AL -7, AFEIL, ERBEEEOFREDE 2O TRIZMIZIRRLU -
EDELHE N2 B,
RKIZ, 74—V RTOY R - TAELEOAERERIZEAL TXAKERESEDT — X 2 EIZHRIT L~

LA ZLDOBERFEREICL > T, ESVEEICHRDOHIRER L 2> TWA AR E RHET I N TX
T=o E72, EHDEAbIZkeystoneFENEEF 2B U T, ARALSKRIIFE LS X DAREMENRBINZ, Uk
D&z, FRHEDFERIL, KEM EIZESD, AEOEBBIZEEZE-560., ISILFTFREERDE
b -0 TaHEEMENH LI EREL -,

(6) FIRERROHFH /- REBFILEDRE

AMEDFER, THAHEIZMA, keystonelETH S Y A - TAEZFL2BEYIIEET LI L TEYZHMEE
FEIR L, EMAEMS FFICHERTESAERERING, BBRINTVEE DY A - T1 EINIRGEE
ETHIREOEETHD, TI T, KFEETIE. BHEEDOHBR—LETIIRL., RE2HDVITEYICERTY
5 Z L TKEZROEFLEMSHREGRELEMY TS, by XYY - 2V bO—INZ X B ERRRAKEEZIE
AUZH UOTEEEERANDILBR A 1IRET 5,

MEEED DT T, FITOMEIINTIRBEH - LRZNHMEDEEME2ZEH L. 3DDE SN SEM
DIFEET > 7=, BE—BIITHON TV IEEZIANDERPLNA, TRHOLEEDEDORMNE L UOKE
W, ERRCEREYICTFHTOEE L RIZTHEERIIOWT, ERBREEDE SN SR 2N /2,
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QOQFIMOBI : BEFED—BERL L TITHONTVS NS 77 ATEEBAORL., 57 7EEADE
BRI L /-, BEBERDNT 7713, RARBEROERICEERTEER B TERENELEGERT N &M
5, EFRBEORIAFLRZERIZH LU TR UABEREL RIFTHHREENH LI e 2RUE (BREES]L) &

@BEDF : —HMEFEEHWE L TTFbhETA -
DEFMEEMNT A DERBIZEZ -HELHSMILE
(REBES5) , FPIVNEZAEARBEHEDZDDHEE
ERRERTH DR L ERBEICOVTIE, BRRFAE
TARIERIZARERE DB ST U 2AY (Yamaguchi et al.
2005) . FOBEE=_RZV UV IBLUOY Y TIIVDONESE
e LT\, SEEE, IV N E T A DEGRBEEIZKIRIC
WA ULED, BEBORE L EREEScAs»OEE .
BEUTVS & PRUBIET-> 72, BEMICRSEE .. == L ey
IR 232120 EIL L 25, FHEY ., REDE/N i B
RINE, ZOHEBE U TIE AR L 2N | EE
EDET, LR -REDENERBIZ L 2HRERRE -
DEALREMMEZ 6NED, THEDKREEIZDWTIES
BOFEL LT,

ARIFFEDFERIT, BELREELZITTEMENELL
LRI DER L REDEHZLEHSNILAEY A - T
A EETIIHDTDEHIE o7, ERROEHEIEESHEL I CTTTTTIL It T 3aeT3
BHRIZIE. TIN5 DkeystonefETHZH A - TAFHDE M4 FILNEIADOBREDEIL. (L) EBOT—4&
RRZENHEOBE DR WA 4~ AHEMEZ T TR, (F)HEETIL(BR5LYEEH)
HEEDEGRELINETAHEAREET LI L HINE
ThHd, TNOIZEDXEERBTICETIHEL2ED., SEBOBEYLEEEEFRL2HFHE LD ENRDEE
L5,

SBIIKEERLBEEDL S 10 1 OBRBREIT TR, ERBRL NN TOHFE - MET2/TH T LR
TRTHY, BEEDCEFREBIIODDIAEESAD, TNEDHEBREZFDERETIZELEELEETH
b, F/-. KREORREZILIEAZ, &Y - ERRRDBELEMIEEREL -5 2T, —RIZEAEIZED-
TW3 VA - TAHH=ENE] LTE2EFEXAH2RDZLEHFINSG, SB&IE. 7HZA®F)bET
1EZ2BERMIZED LD BKEDIBECEE T IMNIDVTEXHBEXFELZ2ED TV I ENBRETH S,

AR EE
Age (years)

Yamaguchi, A., Kawahara, 1., Ito, S., (2005). Occurrence, growth and food of longheaded eagle ray, Aetobatus
flagellum, in Ariake Sound, Kyushu, Japan. Environmental Biology of Fishes 74, 229-238.
https://doi.org/10.1007/s10641-005-0217-0

R BEZLOFENN : BRFMENRKREBSVAETHEIITHY A 2HNEIZ, BEZENZDERDE
EENRICRIFTRHELZ ML /=, TORBE, LHEMOENEENT FHY AMABDXELFHNERTH 5
(ERESMEVEIZEIAZEDNS) AREMZRTIENTE 2, /-, AEREHORFE TR 2EHET S
7=HIZiE, WOES LDVWERES L UORESDREMMBOTEETHD (KREES4) .

S, BRSO ANABHBERECEEL UTORERZED S I2H 7> Tk, WOIROARNRD B RERE %
U, BFEEEICRIBELEEUITRVEISTRICEE TS L L 612, ERAKELELDT, RO
ek 2 R D EU) HADKD 5D (https://www.nagasaki-u.ac.jp/ja/science/science415.html) o

TE
<
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B
o)
i
=3
o4
RFHVACETIHARMRLD Fﬂq
8A ({FifffaHE) OEBIESHEWEC(EIAN KL _‘
-

5 T FHYFDMAEELIES EDBEER
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BT 7 —IORRIC, BEOEREBEELRKIINL, I<E, ARBERRIIRSNAZZERY L
J. BRTNEFEANDERIZOWTEERIMA

YT T =X 2DFEREIZDOVT

Y757 —< 2 TlE. NEIRONRY MABEDOH, JE VA ZD/NIWVA A F XY N ZA(um AT —IW)IZ %b
Tld, BHRENEETIREEEL U TR A A ARy N 2ZEAMEEINEZ—F (KRREST) .
@@ﬁﬁ%@z%&ﬁt&éi$ﬁ4}/§ ICEAL TR, HREY OKIZ &tf%ioﬁﬁfﬁtmmﬁ(m

B 18D IR EERZIILIAREENRING, A1 AR N ASKOEMEERIL 1 £REH#96.3
gCIMRRE. 5 H4.79C/m?H, X V) REIDEMICEEIND AREEICOWTHIE I W,

RTONRY MR, AHRY MRIZBEUTIR, BEETIE. XEERSE L DOHENS, BER0ER TR Y
N ABEEIITERE FEREE BAMERNIZH D . BHEBEIIKEBLIENIHELZIILI L E2RT—H, ¥70
NV NADHEE - HEREL U TOBYMEICE I 2L EEFME L /2R, 770 LEPILELRLYE
KFEBEIZISBEROSNTOVAEENEVEE 2 HD, Y75 —TIOEREIFITIHRL L=, /-,
BEIVEM TN HIBZRN R INTE 2N, ARV ENEEB LS, 200D~ 710 - AHXY b
ATEMNFERI N, AT L > TERERZ - ZHBFEC LS BIEL PO L T, 151N H /IR I N
2. F/-. 70XV M ADOBE#EEIZ. AMARYMNALRERULKBEEFEOKE (KE - ES) 128<&
B2 ZJLUREENRINZ, 70Xy N ADEMEEZIL | FEFEHN7.739C/M*TH o7z, ¥ 710X
VN AHBE R ARG 0B L R, HAERBIXEER—ATHB0% TH 722 N6,
7.739CIm*MD 5 5, 2.31gCIm*H%, KEIDEY) (FFEE) ITFBEIEEYINS LR I,

/o, ADTYERL LD EERED D LINMERR T DREFLERDE (PANINITIREDT
%3@ XAV 7 RAQZ2 &Ly, XAV ITYE, VIAYSIVE) DI hav R 700I4EBOES] % fi#Z8H
U T—AR—AIZBHFH LI LT, DNAXAZN—O—F 4 VA LB ABEOEABYEN BT 2D
EREOR LICETX 5,

AL FRY P 2L

A I A4l A B A M
#94.7g C/m2/year ($375%) HAT A [*ﬁﬁ'li% Hbgﬂ%l\a] axz:Lcnzpo T
.. # 0.03 gC/m?/year (§60%) TR D30%
YIANRY FAN? BRPAEOT CTin?
wachmaaoy | [2F BR- =R
77 AR+ ZAFBiomass
49.65 gWW/m2
0 1 2 3 4 5 6
h ! ! X ) i
[I: ‘ RROHIEIC HAmR
P #Biomass Peracarida J90IEH
673 C/m2 st Fime IEE
3PL olychaete BE8
5, ‘ 4GP i)
[ wzem [ nersm [0 r—rvin [ v [T smnsn [ <o 58V —HE
p—— ) SRR P/OLIURS o0 Y
M7 — | — 7.73 C/m2/yea
:Fig 2. *‘ 6'3 (2'0 9'6) gC/m /year gg’: giﬁm (RO5 2009; 3% 2018)

M6 AAMAANY FADEMEEE () EXVANVIADEREEE (B)

YT 5= 3DREREIZDONT

Y77 =< 3T NEUEEHORMMET & E L 2, BILEABYOALEMIEIC L RER-RNS, ¥
O7FOFRIEAA T VEE, AR RO ZAVROI AT L2 FELEL UTAAL TV Z L 2R
UZzo &7z, BILEABYODDINAR AN—0—F ¢ V JfEItING, 2 Y uDFRIEA 7 Ve, MR
AT VEHUNDORBEDOFEENE 2 FELELE UTAALTWS Z L 2HE L . RBILERBSY DOXFEE
WEE R OB FREMERIC L SREFERERN S, 2 YO BHADRE, RRICHEOCREEEE(IE, BEY TS
YO VEERBHEUTHALTWS I 2HOMIL A,

MAZT, FIRERROKBRREBR T 2OOWHEET IV EEBEL, B - KEAFOBEHRGIE L2 ERL
oo BONKIES - KEAHIIOVWTIE, Y77 —VURHTEI L TH T T —<ETOEEEZR - /-,
Fro, BEUZYEETVEFALT, 375 1LV BONAEZARBIAEDZ S DBRDOERDOEREL /3
LEEDDKRIZER U, BHIBIZE) 2 SENKIRDOEEDEARN LA & AMIZ U 2, . &W@ﬁ
(YnrF) OFROEZEEREEL - FEIHREEERL. EE~UEOHANEZ-VIZE>TEI LI
AT D IKBESHENVBROKE G FENDFEDBEI RS RFE L RIZTTI L 2HONI LA,
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M9 BiESKEOILIREIEDEFERER DA
(£ : 20094, AR : 20194F)

1. 5. WEKRXVE b
1. 5. 1. MEXROAMNER LREBERFEADER

<5 NIFFRBRDOEMEE >
AMETIE, FRABERRENZIZ, A - XV MR - BREEE 2 EOERRSAROEE & EIEICH

BAE L R TEBD TEHFHITH 5. MEROBEEBRMETIEIA T TH -7, EROME - WEBREZ,
BESRECEDOTRIENA OSEZRREEMIEISIBBL I LIZLY, ERHREN O —REEE

FCERBODII GBI TV EERRTEIENTYE, BEERERFRE AKX SEREXI R, B
PR - TAEEDEREEBRBEEDEEZPASNILUA LT, HIGTOEMFAETERMEICE DX, T8
BEOOHEY TS V7 N ETOMBH BRIy MU —27 2 RTEINLZT T I EEB SN R TEMR
BEEEFARZTV, AFECRHEABAEETHEI Y ADHEN—RHBETHD TV I M UPT RNV XAET
HETL, N TR VR ENOD THEETI A REITRIRETH S,

AT, BERBICEVWTESESHLAENER TS I L 2RIZMRNE 38R L L IZBH S MU,
2 DEDERZNHR L L EIZ, BERERIZ/DRNT, SHEMEZ2ITETX 2RHAZEZ FHIZERNDHE
BORBTERY LSV, £/, RV MAZOVWTESRLY A ZES 2 BEWICIBET I L THAEXR
VDARNEBRTIENTX 2, SBITHE, HEIVIFTEHRL NN TEENODEELREMERL L THODEET
FMAEINES,

e, WRIZBITE YA - TAHEOSHEHRFIRER 2, REIIDHAED 71—V FEDSEHICEDE
BHOMNIUAEZ L EHAIMBHMIERRETH S, FiZ. TNETEEINL» - LED L VWO RERFZ&X
MREOTEHIRERN L UTRELALZ LI BRERZIIHAZLEREEALE, REIDEVEVEL
MR Iz T 5 Z L CRKHIZINE L TE &Y - WEHBH T — 216, REDY X - TAHEHDODHEPHED
FIRERZHSMNIL., FEAEOBEAEDOENIIINETEEINGN > ES LW RERTFOZE S
RBTE =D MAINBHERRE UTH RN EEZS I ENTE -, BEMICR TS, BEETIRY
A - TAHHOBRET — X 2 BUET S EHAN R BERN LB THID TOHMRL 25,

AREIZE Y, BRBNEFICEERERY A - TAEHOERMTH S Z L eMZENITIRL - L THDE
D BB 5 RE] NDOBERE# % X/HT 2 BTN RAMRERE L 2, SBROERNZEHFEAIINT S
%  OHAINP D ZEN B ERRENRZONTH Y ERADRE, BR. £Y. EBRFOSRLMEL T
TOF - LBENAGTX S, £/, IBEE=ZV VBT LH/-LEH L UTERAHTETH D, ML
D& ST, KIFRIZEMEEMOHER L EMSIRMEREDOMIL 2 RAIZK D 2O DFHEORIZNER L 72
V. SRIZEEEDSHVIFRE LT, ERANDREZERNRE2E-5TEDLERFT D,
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<IBREBUREABLIZERB U 72 Fe R >
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DEEEZEALUTEREDY A - TAEPERRICELTER)
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EUTHREIN-,
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1. 6. MERRERRIOBE
1. 6. 1. HEEREROHE

BRFER DR 3
i 3 0
ECETANIS S 'S 9
B 2
& 3
ERE ORI - HifitdE] DEME 36
OEEFE - RAX —FR 100
YADIFADAR - WEE 23
RRIZLOZE 2
Z DDA RFEFR 2

1. 6. 2. ZELQWESRRAR

BRER EELMRBRRRR
i ( THERRFERD—E] OEFN XRXUIZFED 5104 F THHR)
Ogino, Y. and Yamaguchi, A. (2022). Reduced lifetime fitness (growth, body condition, and
1 survivability) of hatchery-reared tiger pufferfish Takifugu rubripes compared to wild counterparts. J.

Fish Biol.101, 1270-1284. https://doi.org/10.1111/jfb.15199

Ogino, Y. and Yamaguchi, A. (2025). Growth and year-class dynamics of the Japanese silver pomfret
4 Pampus punctatissimus: Correlation between salinity and recruitment. Estuarine, Coastal and Shelf
Science, 323, 109440. https://doi.org/10.1016/j.ecss.2025.109440

[ZHEFMA] Wang, Y. J., Ogino, Y., Furumitsu, K. and Yamaguchi, A. Changes in growth of the
5 Naru eagle ray Aetobatus narutobiei in Ariake Bay, based on over two decades of monitoring under
fishing pressure. Fisheries Research.

(ZEFA] Furumitsu, K. and Yamaguchi, A. Redescription of Hemitrygon akajei with description
6 of the cryptic stingray species Hemitrygon ariakensis sp. nov. from the Northwest Pacific.
Ichthyological Research.

I§AKTTH - REARA - IUEEH - BIEFZT - 5IHIENR (2025). BREBEBREOA 1 ARk
7 AREDZEMAER L BAE S SRIFER. Laguna (JRIKIAEFZE) 32, 51-58.
https://www.jstage.jst.go.jp/article/laguna/32/0/32_51/ article/-char/ja

E ZOWMOBRRESIE MERRFEERDO—E] LHETT,

1. 6. 3. XELRWMHERREXIEE
AMERECORRERIEE & LT ERE DB - Sffitdh) 2360 T > 21Ehn, [YAXT 1 TEA
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DT - HiE | 1$23H - /=,

ER & DR - FiEEICOVTIE, BN - FREDPEREANDEENL L, IRV MNTIFEELZTD
ZITa<, ERICEHBOAREZEDERICHNGEESE2EY . BATEHZITOIRELTHFHALD LXEHE
&9 5 E +0% T,

RAAT 4 7 TOHREIZDOWTIR, T ZHREDEBEDMELZEY EIFZ2EL RV THD=a—ADE
A%< (12f) . BIZRRMEELEE, BIE (AXA Y ME) IZBL TR TAMAZ2BRNTHWDSIOM, 7
B OPFBIZEFZLZD0, BBRIRIN? LV ABMICE 2. KIFEDREDN S ZFDEEBDMBREIZD
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[Abstract]
This study focused on apex predators (primarily sharks and rays), a largely overlooked group. We
aimed to elucdate the food-web network structures based on comprehensive and empirical data
covering all trophic levels and to propose new management measures that utilize ecosystem
functions through top-down control based on apex predator management and conservation.
Based on thorough field surveys, this study comprehensively clarified the species composition,
distribution, biomass, feeding habits, and ecological properties of the Ariake Bay ecosystem,
including all trophic levels from apex predators to small fish and benthic organisms. Based on
these results, an ecosystem model was constructed using Ecopath with Ecosim based on functional
groups, and a food-web network diagram was obtained. We identified apex predators including
keystone and structuring species. Based on observational data collected during the sampling of
top predators, we constructed species-specific TS diagrams and integrated them with a physical
environment model (water temperature and salinity) to predict changes in top predators from the
past to the future in response to environmental changes. The results showed that increased water
temperature did not cause significant changes in the top predators or functional groups of the
ecosystem. However, changes in salinity had a significant impact on the entire ecosystem through
fluctuations in keystone species.
Ecosystem model simulations demonstrated that reducing fishing pressure on apex predators and
enhancing their abundance can activate top-down control, indirectly promoting the stability of
shellfish populations via food-web interactions. Furthermore, this study suggests that appropriate
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apex predator and keystone species management could help maintain biodiversity and
simultaneously ensure biological productivity. Using stable isotopic ratio analysis as an indicator,
we developed a method to estimate the feeding damage caused by eagle rays on bivalves, to
determine whether there is a scientific basis for eagle ray population control. Based on the findings
of this study, we propose a shift to new management strategies that utilize ecosystem functions
through top-down control, emphasizing the need to conserve or appropriately manage predators
to protect ecosystems, including fishery resources.

This study was supported by the Environment Research and Technology Development Fund of the
ERCA (JPMEERF20221003) funded by the Ministry of the Environment.



