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The Yellowfin Goby, Acanthogobius flavimanus, is a typical

peripheral freshwater fish that has been thought to inhabit fresh-
water habitats from spring to autumn, followed by downstream
migration to the sea or an estuary for overwintering. On No-
vember 19, 2016, a large individual of this species (148.8 mm in
standard length) was collected from a spring freshwater environ-
ment near the sea in Kyoto, Japan. Based on the body size and
the sampling season, this individual was assumed to have been
collected at the age of one year, after undergoing one overwin-
tering period. Then, this study investigated the migratory history
of the individual to determine the possibility of overwintering
in the freshwater area. Analysis of the otolith strontium and cal-
cium concentrations estimated that this fish entered freshwater
from the sea or brackish water only once, and that the entry oc-
curred when the fish was a juvenile or young adult (<30 mm in
length). These results suggest that the individual of the Yellowfin
Goby overwintered near the sampling site, which is the first
evidence of overwintering by the peripheral freshwater fish in a
freshwater environment in a temperate area.

KIS R B BRI & 9 3 g ok fan
BOKIBAHEANT B 2 A 270, AL LIZAA
ICBNT, B SMOLEIIKIEDEWRHAICEES NS C
EMZU (UE -, 19925 7RI, 2005 ; R[4, 2005 ; A%,
2021). TO&KISIC, FERRMEBIKEDMEKIRIC B
SRR 2 Bi5 25 | 3 HERNE LT, K
IRERIRIC B 2125 EAHTRE MUK R % 2 &
MEIF 5N (Zydlewski and Wilkie, 2013; Nakamura et al.,
2016).

HAYEZ GO T VTN 36T 5 <N Acan-
thogobius flavimanus (Temminck and Schlegel, 1845) I&, /1|
FUKIER B 2 A2 B oL & LDD, HFIRMISHK
WAHEAN T B FEBMEROKETH S (BHLCIED, 20135 /4
RFiZ A, 2014). AFEOEHEIIEHLIC K > T 1-5 HOME
ZE B, FADUKIEDIKGEA — BV ORPIEEIC HIX
ZH0, TOHRTEEZITS (EHk, 1940 ; & - K,
1955 ; ik, 2005). WRACBREGHEINGAAHET 1 7 HIZED
TR AINZ R S Uz DOBICHEFANZEEL, HH SHIRKIC
T THNNFKERRHKEANEA L, KET S EMD
Mo TW5a (Ek, 1940 ; FulFE A, 2014). —J75, KK
T TH B LI, MO IEBIKA & FIERICHI KD 5
LML, HKOFZEN RO IR O IRANEE)
THEEZLNTVS (FHIR, 1940 ; i, 2005). LrL,
AFEOBAATC BEd % BRI AER S, RLT
DOKIBDBAGT e LTRBREL A BV ohens T e
o TR, ZORME KIROE RO ixiKER
BiClE, BRI S AR Rz R T X e S B
2.

2016 4F 11 AIC, HUESHFSHETIC D % HAHOFEK & o
EN Bk (Fig. 1A, B) 1280 T, <NEDORAE
Tk (AR 148.8 mm; Fig. 2A) DMRES N7z, AEAD

FERE (59 150 mm 5 SEEFIE A, 1993) EHlT ST &
N5, MKz —ERBL, Wb 1 aERE R
LR THREE S Nz L HEI S Nz, S OB ESENE, 4
7z 8 U CKIRMZE T 2K NIE T 5 2 L b,
AEARGTUKREROIN R T T S fthEk L 3R a0, B
KB EKIBIC &L EF > TOWEAHEEDN H % L& 2 T-.
ZTOARIZE, RO NCREERD K EICEES oy
RESFIFOEREZ, BaMEismatic k> THEET 5T
R BTL. RO, BREUKDSINEEGTHEOE
AICHDAENTCROBEEICHEDE, ERDREICES
RIS R OZ b2 T 5 FETH D, Tk e
BOKE & DM TITObNIBE OF IR, S 5ICZE0B
BIREORY A XZHEET BT LN TES CKFT, 2010 5 K8
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Fig. 1. Location (A) and photograph (B) of the sampling point in
the Shizutani River in Maizuru, Kyoto Prefecture.

B E A, 2014). UKD, ERIFZE T, SHEEAD 1
RIS % F CITREER U 7oA BRI ok Ok Ba ks &
EE > TW O ERGE LTz,

mHEAE

B TIVRE AWMETHWIINEDOY T )VI,
ST C T, SR OWEOh 557 4 km OREEEIC
fiiEd 2 H (35°25'45.5"N 135°19'47.3"E; Fig. 1A) 1T
W, 2016 4F 11 H 19 H 22:00-23:30 I FHETHRE T N
To. AHEE, HEAHOWEKEMEIND, BiEL TN
2 MK R DIRK 2 R &3 5 ki (RURBKT,
2023) OHICH 5. BEXLHOFKOIKEE, FRZETCT
14-16°C DHIPHICH 2 T EMHISNTED (B, 1999),
ZOWKEIZ 1 HH K 11,500 t & JEPHOMEK & Hiig L
THEH 2V (BREIA, 2020). $REHTIE, T OHEKD
KIS 150 m F & FFRICHIE L (Fig. 1A), FHEKE
50 cm D IF/KIEKT, JEPHIE AAERICHEN, EKEOKF
ZWRMEDH TS (Fig. 1B).

P SIC BT ZH01F, REHERREN 2 OFRD
JEPTET (Master-S/Mill o, #RXEHE7 2 3) TEHAIL 7.
B ENAAR, REMSROKEEBICZTL—Y 3y

Fig. 2. Photograph of the whole body (A) and pre-ground otolith
(B) of the targeted individual of Acanthogobius flavimanus.
The head was detached from the body because the fish was
photographed after removing the otolith.

ZHELEN S, EREEHF v R ANOIFEE £ TH
3R T HBIEIC THA LTz, M EASS1%,2- 7 =
JEFIVIR =)V (RDCHESE TERR 4D IS T L7z
%, hE, BERZFIL, BAOREE T-30°CIicT
RRERTE L Tz,

ElEREDHTE M Lh S FRERSE TICRRMEARD R
B U TR R HEE T 5728, KEL & EICHADKD
Sidicmbh o CEEENA >y F oL (S &hv
L (Ca) DL (Sr/Caft) ZR$Tz. WETED
WIS 2 HEARERIT B 728, RELIZY Y TV bH
st L (Fig. 2B), TRF VKR (ZR7 0 v 7 X,
A BV7 AR E4E) ICHDAATE. TOR;, BfHY YT
W, [HCIRFVREIEZE D TR LIz, IKET
A 55 30° H K SIS THhT BNz, HiVnT, fiFC
A A TEE A7 #600-4000 DHFET VI (Sw ¥ T
T4V LY —1b, M) THEL, EHE 1 mm DX 1Y
TV RAT OPRX—=Zk, AMVT AAESHD) iIc&-
THEMEL0L, HOakz@RHS S, ®&lc, WS
UTcKiiiz 8 KT L, el i,
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Fig. 3. Scanning electron microscope image showing the left and right analysis lines (A) and graphs indicating changes in otolith
strontium/calcium (Sr/Ca) ratios in Acanthogobius flavimanus (B). The dashed line in the graph indicates the cutoff value of the
otolith Sr/Ca ratios when individuals were in marine/estuarine (>2.5) or freshwater environments (<2.5) (Matsuzaki et al., 2014).

TER U 7= HAEARICDOWT, REICHE/IZ VT L (P
Pd) ZK&E7ZN L, GRS PEY: « s H 5 HE G RRs
MEETBETFIa—TI< A 707+ 5149 — (EPMA:
JXA-8230, HABE At ZHWT, HADSr & Ca
OWEZFHI L. OO 5EE LT, BEAaOWEmH
2B\ TED S A RN > T X TRl & 7%
BEIC2ARDODT A 2ED, K5 ﬁ%ﬁat(ﬂg
3A). FHllOFE E LT, MHER 15kV, ©— L& 1.

x 10°%A, t—AiMmeﬁﬁmmMLﬁ%h%@&
210, CaZo6fbl L. SrHBKU Cad X FiimE D
JEZH AT D T D DOREUEERNC 1E SrTiO, 38 X U CaSiO; %
FAW, Calcxtd % SrigfELtk7x 1,000 5 L C Sr/Ca Ll & Uiz,

RIKEARDOEY A XDWE  SREARDIET SIC
HID, PIKHTOME R L T Z2GEET 2729,
BIIEANHEA LT ROk Y 1 X%, HHOREE Si/Ca tbd
HER S — 2 I BHEE Uiz, Rl (2014) &, IR
IR S R IKIR THE X Nz 144 A D < NE 72 T BRI
LG, BAahoh ol TolEchr2HAR k) &
HE (y) 1DV, y=1847¢"" 5 BRI AR 7.
AW, FRIRHE A (2014) L [RIERIC Sr/Ca FEEAVEERIIC 2.5

DR TH 25 G2 00KETENE AL, BAZD S Sr/Ca
EEM25 U FICETIK T 2 METOEIZRD, TOfHE
AR OBERIICRAT S T &, BKIEADHEARFDE
ExfftE Lk, =8, WEEHh (2014) &L[FEKRIC, Sr/Ca
LED K RREsS OB AL S OF#HE, FIERICHHIL 72
HAREDNTA VEDOBIGICHE DWW THIES k.

#w =R

MR AR DR E, HEEIZZNZ N 148.8 mm,
513 g ChHoTz. AERDOMERNZ, =i (1940) ICHDE,
RS X G OER-EN S A X L E iz, £/, B
NEME LT, "ERICET % L& 2 b NI/ NEfRED
2 ik, TEHE FURHHOSHR (YD) NEenEhl
itk ORBDH BNz, FREH DKL 16.1°C, I3 0
Thol.

HE@C%’U% Sr/Ca [tid, EBXUCHDBLIZHD >

WE LT EPMA 3HT T A ¥ EOZNZE NN 5 0.480,
wwmmiﬁ®ﬁk%mf4&wg4nw($ﬁi%§
ffzz) THO, 25%Z T3 RE &M (Fig 3B). —
H, TNEDORE D LFAHITIE Sr/Ca FEAVEHIC 2.5 L
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TMETL, e REG GO A > TENE
N 1.0£0.5, 0.9+0.4 TH o7z, —F Sr/Ca [LhHY 2.5 & Rlal>
1B, KT A BT BRI OZB) SISEHED 1 5
(&M 5 0.505 mm DOFHRE) ZFRE, RTCORTHT 252
5 EidiahoTe. a2k, BOKEARNCHIT 2KED
/NG 28 B 728, T A I DV T, Sr/Ca
EAEE 2.5 %7 Elal o 7z, &5 0.505 mm O i E TORR
7 HEE IS W Tz

WHERTOE AR, D, REROEEZMEHED (2014)
DHAREAREDOMBRIC X > THE LIz T3, 146.8
mm & WS B 5, HEEEOME (148.8 mm) LA L 7z,
HAH 5 Sr/Ca tEMK N % K TOMREL Fido=ic
BDE, BOKEBANEANLUBROKRER, #h5lkE, G0
IS AV TEFNZFN 30.4 mm, 32.0 mm EHEE S Nz,

ZE =B

SNBIENBRFKEZ R REFTOoRL e U (iR
1940 ; BH{ZIE A, 2013), AFOBIKEKOFHICEI T %
TiE, TNE THEBD S KRGO FEIciR 5 n
Tz GEBEED, 1997 ; [« =, 2010 ; RRIEGIE A,
2014). AWFED X S 1T, WK EBT 2 PIKEEIC B
TINEORANMREI N WS HEIFEL, ThEKK
PBBRTRNGIER E WA B, BB 2T BRI, W
5871 km 2 L 2 m, K% 1 m DURO = H#EROR
b, 528 0.5 km LRI S MY OB H
5Nix<7%% CRF, HABE). Colehd, REX
N7fAIED7EL &8 2 km ITH Tz o TR ZW LT
%, WKEREEFHLTOZEEZZONS. £, W51HE
ROENEMD SO HERE N b, O
BB A DB L UTHREL Tz L &R
BE Nz,

AL THWWIAAIE, 2015 FE D 2016 EITHITTD
XERBRL TV EZBNS. INBITE, HETHKA
BICPEIN U CHELE T 2 EN R OB OMIC, BEDE <
FREIC 2 DL B2 BT BREDMFEET D SN T3 (2
THE A, 1993 5 K&/, 2000 ; 3b, 2005). =rikiE44Hy
JIFRIEEKIC B0 A TIE, ARHEOREH LFUT 11 H
BT 2 Y ADKRERRATK 100 mm &, ARFFFED
AL D EDNED/NINT ENRESNTVS (g
A, 2000). F£z, JLEEHHEEEICE N TE RIS YA
D11 AIZBIBHREFRRKTER 100 mm TH % DITH
U, 1&ADOKEIZ T 150 mm & ABFZE TRV -E
KDY A X (AR 1488 mm) LIFIF—HT 5 (BHiTh,
1993). AHFZEOFAE I & K O FEEE OO IR
B AW TIE, Mgl 1 gazRLTwiaEh->kd
DO, REOHE NS, 11 AR S TOYRADOKE
ST 90-100 mm, K TEH 120 mm TH - 7z L H#EE

EINd (FH,2002). LIEZRET 2 &, AHFEOMER,
FATHIZE CRERR S N7z 11 AR O Y KAa X D b Holc kK
L, LA LHAROY A RZRL TS b, —&
MR LI 1 SATHS LEZZDONARTHS.

HAOMBILEINOMEIE, AUFEOMED —E20
R 7 ZTUKED D YIKIEANHEA L, ZOBBIKBICHE X
DFTFTeE VWS T F U ZLFL TS, ST T,
K CRIE X N2~ N EDEGRHIERD Sr/Ca Fld 2.5
IFTH2DICHL, FHKE (65 2-29) TREI N
EATIESHIZTH ST EHPMEINT VS (RE D,
2014). AWFZEOMAKIC BN T, HAOD St/Ca tbh#h 5
fmdiciro T LIRS B BXZ 45 ZHB LTz L
(&, IMERRICRE 20 mm F2EE OHERUH X T EIE T T
B BVKIERNBICR £ % LWV RO — R 9104
WS & — (GEE - JKF, 1955; Kanou et al., 2005) 72
MLTWeeEZLNS. —F, BAgOHics Tk
St/Ca Lk WY 1 HIfE CTRELTHD, —ERFEE VUK
D S PIKIEANDEA 2R L, EBREH T THKEICHE X
DT T2 ATREMED .

AR R IKIEANHE A U T2 B DA EDK) 30 mm TH -
Tzl ) BfafEciZ i E D HEEDEFIE X MV &
WA 5. TOMMEUTET, FERSOKREDOBIIME .,
FREFIE A (2014) 1 K 2K E & HAOEROBHRAN 5 OHEE
ENVELIL, TOXDBAEARICIENTEHES Uo7
EDBEFENS. EHIC, WEICEINDLELDINT A
Y CRBOHEEMENEH SN2 L1d, B SIS
MICE > TSt DEFZ—VICKRERFEOMNEC TV
WZEERLTWS. 30 mm & WS REDEIZ, FRFZ
M (2014) 1T H6UF 2 AFED FGUE T\ MR Ok
£ (197440 mm) EHELIL, BOMMED D 2-3 7+ TS
URGE U TOWR WKL TORY 1 X% 4% ($ARIE
A, 1989 5 ik, 2002). Fiz, BIAEBEERLUZ 1 EHAO
HREIIRETE 70mm TH 5728 (i, 1940, 2HiEH,
1993 5 Frilii& A, 2000), AFFFEOMEAD, HIKE AR
G Z IR L TR WDYRATH - 7T LIFIRIFHEHT
BB, £, ZTORITHIKIED STUKEE 7213 7R
PHIFRD DN o2 T e 5, AEADE K LD
BKBICBOTHE L TWREEZZONZYTHS.

AR B TRE E NI NI K B 3K T o
AT, KRB O/KIRFFEN 5 L TV B I HEE D B 5 .
A I A T B MR D SR MO K SR R fUC B W
T, BMEMOKEEME TR, RiRK 0 RERREICE
R ENE L EES T EAHISN TS (Lankford
and Targett, 2001; Nakamura et al., 2016). <\l FHTK
It &2 ERETHE ) OBARMEZ /R L I ZEid m Vs, —
AN IEATEN ISR Z BN S &0 9 F92 (IR,
1940 5 3t, 2005) &, [ARROEHNFENET S T &R
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LTV, —fBlc, HAICBWT, K OLZFEDK
&, tOF N DERAIC B 2 Z N LD EFy (REIED,
2015). AFRAH TR FERMZE ClKEOE=2) > J 7%
175> THELT, FROKIBZTNCEES 5 EHEN KL
IRVDY, GREHE OB O IKE B E YIS A DK
D% OKIRIFEMZE L T 14-16°C TH B T EHHIS
ncTws (5%, 1999). %7z, HEHHOWBKICETS1E
KEE 1 HBZOH 11,500t & %< (BREEH, 2020), &
5, PHEHIADVKIRIC S GEEL Wiz e b, ZC
TOXFEOKE FIZEPNTH B HEENEVEEZ S
N5, WKICKRKT 2425 OKIRZ(LORRRH X,
AIFEDOMERDEE UTZES, BOoKHTA U2 4B 7A A b
L AZRBHE BT BN H 5.
AWFFEOMEN E LT, T EHBOARDOESEREED
ZAIE A Bl B 32 0 M T HI T 2 R0 ATREMEDS
Ho, AMEAGDTUKIEE AT UK & R DKk
W EDMZEITERL TOARERZZRIIEBETE T
TV, Fie, WRELEOR L ROARDID, <NEIC
B 2 KEROMHA O EE G ANHTH 5. ARAVEE
ANCTE KIS T LTV B T &5, 1Bk O /KIRREE
NZDHKETOBLICHE G LTWA T LZHiEST 51
&, K OREMRENGRE &, AFO(RREIIC NS 2 A%E
DOEBNESEZIH S MM T 5 080D 5.

&!-

&

B R PE Y - MisGEHEHEE M IC I, B a0t
FOMCHBNT, B4 707 I A4 —DHHZ@E L
TR, BT R AR Y AZEE O A b
WAV A Fpba Afdt:, ARFERT, BHEBERICE,
BIR~A 707 F I A=l oz BV TH
iZE S Wiz iz, ENIHERIFEIE K PEWFSE -
BEBRKERANTIIZE T O PR BRI ICE, ASeo)
S5 5 CICHE S O FERZIC T/ 1wz iwiz., &t
Tat RACBWTIE, Ichthy Y HEER B OARK g+
BIUEHD 1 HOEZEND, FERICHT 5605
T IEWz, RBARZEE, HARZEMIRBLASRI AT
(22K20597) DBpZEZ T Tirbhiz.
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