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Abstract To clarify the hatching season and size of the Ryukyu-ayu. Plecoglos-
sus altivelis ryukyuensis, newly-hatched larvae were collected in the Yakugachi
and Kawuchi Rivers, Amami-oshima Island, between November—March in 1995,
2001 and 2002. Hatching began from mid-November when the water temperature
had decreased to about 18°C. This was compared with hatching onset dates
recorded for Ayu P a. altivelis at various locations around Japan, a significant neg-
ative correlation between latitude and onset of hatching being found. This was be-
lieved due to the lowering of water temperatures being delayed in the more south-
ern latitudes, hatching starting when water temperature had decreased to around
20°C. The notochord length of newly-hatched Ryukyu-ayu larvae increased and
water temperature decreased with each month. Larger larval size provide greater
resistance to low water temperatures.

* Corresponding author: Faculty of Fisheries, Kagoshima University, Kagoshima,
Kagoshima 890-0056, Japan (e-mail: shino@fish.kagoshima-u.ac.jp)
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19.1) TH Y, WAHNITIE, FFN16.3°C (14.2-
20.6, n=23). 16.3°C (14.7-19.0) TH 1), EillfE &
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(Welch’s r-test: %f5111, df=45.6, t=—0.7, P=0.49:

AP, df=40.8, 1=0.1, P=0.95). TDHO T kil &
N, RimDOHEE S NIWNNKIRICELEDS 2
b,

& e

SRMCRFHER  FESN I L R L IRk DB Aa
[ UAr 2R S LT 7z (Fig. 1), 7272 L, 1995
E%@&%HT@@@JD%%%iﬁ‘&%LT

@W%%wOﬂoﬁﬁ%Wﬂh&Tm®4Hi
fmnumm%%mLtw@a.ﬁJMké
@%Eﬁ%uzwf,ﬁmmﬁunﬂimﬁn
20°CULFIZIETL, RATWAL2 4REETOD
BN, I1SeCRIfRCHER L, 20%IIEe»IZE
FgL7.



BEASICHITDY2DF207 10O 151

%02

129°30" E 0 J2km

|

75 Yakeuchi Bay

1995, 2001,

.

Kawauchi River

Sumiyo River

2001, 2002

Fig. 1. Locations of sampling stations and spawning grounds of Ryukyu-ayu in the Yakugachi and
Kawauchi Rivers, Amami-oshima Island, in 1995, 2001 and 2002. Double circles and arrows show
spawning grounds and sampling stations, respectively, for newly-hatched larvae. Numbers indicate

survey years.
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Fig. 2. Changes in estimated water temperatures at
sampling stations in the Yakugachi and Kawauchi
Rivers from October-1995, 2001 and 2002 to April-
1996, 2002 and 2003. Black and gray lines indicate
the Yakugachi and Kawauchi Rivers, respectively.

KA DV CHRAEAR %58 U CORZIRNIF
YL BEBEEDS, Lo —271320-21 5
B EEZ LN (Table 1). KT E— 7O
REH R DR 2 b % Fig. 3127 L7z, &I
BUABCZ 1 PamiceaEy, R_RALEE»S
AEMIPTTEL, 3HEAETHET S EE
ZoNi — ), ARINIBT A8, 11 A
MHhSR2ALEEIHTTIHEEDY, RARE2SI
AHAIcMTTEL, SAPIICERTIAEE
b,

AL ESER DB RIMER AFEERIIMZ T,
A7 2 OMALEELIC R T A U AR R %
Table 212 F L7z, BT o720 G 11
N2 50#8HK), F0EOHERR (v, B
DKEBFNZENEHE () EOBEIZIE, LTOE
WSS bz, 72771, KiBLEE L DR
I E S BRI ET (BEE S - =20,
R*=0.002, P=0.85), $E{LBHIGEEEDKIEIZETO
He HISEPITC#20°C TdH - 72 (Table 2).

¥, =—6490x+512.2 (n=22, R*=0.87, P<0.001)

¥,=0.006x+0.276 (n=22, R*=0.85, P<0.001)
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BT 51995, 2001 FFR OB OKE LHFLH
DOEZE, HEMBEIBEL LA, 272b 0D
(Spearman D NEAZ A B @ 19954 K, n=5S, r.=
—0.10, P=0.46; 2001 4 X, n=221, r =0.05, P=
0.42), 20024EKTl, B LFAOKEIIEIN
DEATIHE > TREMLT BRI B - 72 (=270,
7=0.69, P<0.001). NI TIX, WFNDFEXRIZ
B THRUFADERIIEIPADMETINES T
KEULT BIEMIZH > 72 (1995 2Kk, n=231, r.=
0.35; 2001 ¥E 2K, n=151, r,=0.20; 2002 £k, n=
113, 7,=0.65; VWi H P<0.01).
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Fig. 3. Changes in larval densities (individuals/m?)
of the 1995, 2001 and 2002 year groups of Ryukyu-
ayu at sampling stations in the Yakugachi (top) and
Kawauchi (bottom) Rivers. Dates in parentheses indi-
cate periods over which newly-hatched larvae oc-
curred.

EESRER BB 1995 K TlX, IRERILGEF
KR D Z CDFAPRES N, BbiZd Tilas
FoTW7, 19962 D65 AICIRE I /21X
BNl o FEAOEFE DS HEE LB H X,
19954 11 H24 HH 51996 FE3 40 & S (B
BF - DUE, 2003), 1995FRHWELDAEFE D ITK
HATISCHIZICIRT L2211 AP HEICH o 72k
Wb, DEORFREEE L TR LFAOH
BRI 2 BT 5 &, BALIEAKIRAT18°C B 212K
TLZILARE»SHEED, KiRATISCCLD T
6% 12 B @55 15°CHifz ORAAKIRIZET S |
BHAIIHITTRIEE Y, ZRUBEED L
5T, KM 1T CRIZETLATS3A LA
RT3 5. —ilc, AEOMLHBIZKIRICKE
Hah, BEREAHVWTHEESINS, £LHEET
L TUEKIR 12-25°C O P CTIZFER IR A7200—
280°COMAZRT 5. ZL T, Kikx LHMLH
¥y 3L T Bélehradek DX AR C#HAET 5 2 &
HRFEIZD (1971a) IZL > THLNIZEN TV S,

Log y=2.8623—1.4068 Logx

oML H i, KiR12°CTIE22H,
15°C Tl 16 H, 18°CTIX12H, 21°CTIZ10H
EHEEINSE, ) avFay T TIEEE KR
19°CHE ZIXITHAEEL (M, 1994), F¥K
m20°CIZ% AL I0HEZETHZ LAb EEH -
FEFN, 1969), FEFEHOPLHAIE KELRVE
ZzZohb, 2T, Bélehradek DR % HW T
VayFas T IOENNEHET D LRD LD
2% A, 1A LEEIZEE - -EINE, 11 A TaH
S1H B2 CEBENZ, 1 APa252H
RAZNT THE SRR, 2B TE»S3 A @2

Table 1. Time variations in mean density (individuals/m®) of downstream-migrating, newly-hatched
Ryukyu-ayu larvae in the Yakugachi and Kawauchi Rivers in 1995, 2001 and 2002.

Time of day
River name Year-group

18 19 20 21 22 23 24

Yakugachi R. 1995 0.0 0.4 0.7 1.4 0.8 0.4 0.2
2001 — 0.5 1.0 2.1 1.3 0.5 —

2002 — — 1.9 2.7 2.0 — —

Kawauchi R. 1995 0.6 1.1 2.1 1.7 1.0 0.7 0.6
2001 — 0.4 1.0 0.7 0.4 0.2 —

2002 — — 0.2 0.3 0.2 — —




Table 2. Latitudinal variations in date, daylight length (hr) and water temperature (°C) at time of first appearance of downstream-migrating,
newly-hatched larvae of Ayu (Plecoglossus altivelis altivelis) and Ryukyu-ayu (P, a. ryukyuensis) on
the Japanese main Islands and Ryukyu archipelago, respectively.

Prefecture Location of river mouth Date of first Daylight ~ Water tempera-
Specific name of river River name Survey year  appearance length* at first ture (°C) at Source
mouth Latitude Longitude of larvae appearance first appearance
P a. altivelis Akita Yoneshiro 40.22° 140.00° 1997 Sep. 18 12:25 19 Takada (1999)
Yamagata Nezugaseki 38.56° 139.55° 1994 Oct. 4 11:43 16 Araki (1996)
Yamagata Nezugaseki 38.56° 139.55° 1995 Oct. 5 11:40 15 Suzuki and Konno (1997)
Niigata Shinano 37.95° 139.06° 1983 Sep. 22 12:13 21 Hyodo et al. (1984)
Toyama Shou 36.79° 137.08° 1993 Sep. 21 12:14 18 Tago (1999b)
Toyama Shou 36.79° 137.08° 1994 Sep. 26 12:02 ’ 24 Tago (1999b)
Toyama Shou 36.79° 137.08° 1995 Sep. 26 12:03 20 Tago (1999b)
[baragi Naka 36.34° 140.60° 1993 Sep. 20 12:16 18 Sawada et al. (1994)
Ibaragi Naka 36.34° 140.60° 1994 Sep. 27 12:00 20 Sawada et al. (1996)
Tottori Tenjin 35.50° 133.86° 1998 Oct. 16 11:19 19 Fukui (1999)
Shimane Gohnokawa 35.03° 132.23° 1995 Oct. 9 11:34 ? Kiyokawa et al. (1997)
Aichi Nagara 35.03° 136.72° 1995 Oct. 11 11:30 19 Hara et al. (1997)
Tokushima  Yoshino 34.08° 134.60° 1996 Oct. 6 11:40 20 Kitakado et al. (1998)
Fukuoka Chikugo 33.14° 130.35° 1997 Oct. 8 11:37 18 Hamazaki and Fukunaga
(1999)
Kouchi Shimanto 32.93° 132.99° 1996 Oct. 25 11:05 19 Takahashi et al. (1999)
Kumamoto  Kuma 32.50° 130.54° 1993 Oct. 11 11:30 24 Kumamoto Fish. Exp. Cent.
(1995)
P a. ryukyuensis Kagoshima  Yakugachi 28.25° 129.40° 1984 Nov. 27 10:33 ? Nishida and Uchimura
(1987)
Kagoshima  Yakugachi 28.25° 129.40° 2001 Nov. 20 10:39 19 Present paper
Kagoshima  Yakugachi 28.25° 129.40° 2002 Nov. 19 10:41 20 Present paper
Kagoshima  Kawauchi 28.27° 129.27° 2001 Nov. 21 10:39 19 Present paper
Kagoshima  Kawauchi 28.27° 129.27° 2002 Dec. 4 10:28 19 Present paper
Okinawa Benoki 26.46° 128.23° 1969 Dec. 28** 10:31 1 7%* Shokita et al. (1975)

* Time from sunrise to sunset; ** Estimated
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Fig. 4. Variations in notochord length of newly-hatched Ryukyu-ayu larvae 1995, 2001 and 2002
year groups collected at sampling stations in the Yakugachi (left) and Kawauchi (right) Rivers. Num-
bers under each year group indicate mean notochord length and measurement range.

JTHTTAEEEZONL, TREWH - W
(1987 B EE L -BEKED ) 27 F 27720
FEIEA L BRi 9 5 &, AROFZEREDIZ D HEIND
BTy BBV O, EIIOKE ) LE
I R—T 5. Vo Fay 7TIOEINIEK
WmAT20°CLLTIZINTF 32 &05F D, $918°C LD
1&?Lfﬁ?€ﬁ%t?ﬂbhﬂ‘ﬁd&k§ifm%
MR, KRBT AU E & 42 BRI % (2
D, KBV LR LIEOLERTTHEEZLNS.
Vo Fay 72O boME I REERET 2
EHEBLTELGT AL 00, WL 7 28
N OFENIMEFHIE, TERD D DOEHIZ EEN
HINELS 2D L) EM (A - 8K, 1962) (4,
VagFagT7allb@EHani. Lo,
Do F¥ay 7 A0S AWML FAE0#EL
BICHE-7-HED LCEKBROZEILICE > THH S
HEEZLND, DTIHEE ERLRGHEOHE

BB L OKROBEZRERS L. 9, #EL
HERHOBIIIIEOBEMERIET. L. 20

WERL, EREREIZECEINYABREY, BN
VL B L FORBOHEEMIZE WS & THET

&5. HEMW%@%@ﬁ%%@%iDKE%%
BT EET L, BELHDY 2 —%
ODEI-EH*F“?C%UM TRED ., L HRERR O
WA B ERBRPRLL Z20ETTH A,
JawFay7aTid, HEEHAPRALT X
FELRES FEINLEA (2T, WHINTIEETD
EDOWT L EITENVBESN TS (B - U
5} Pk, R TR E I

=, 2003).
ME542abo0 (1A - KH, 1961; BHA - #iK,

1962), FEUROEHEN BRI RS v &L
ENB. —J, HELRKEBOEIZIIEE 2 ERE

BAALAT, HEIZL S TR 20°C 12485
WAL F o 72 (Table 2). L7:A> T, FEUIHA
B $ AAEEEMEANE, RIRAT20°C LT 127 A1
W EEE B A2 EIZRINT S L%
ZoND. WEYIE & W) WG T T 100 77 4
I b AR 1= IS X (e 35 AR IE Ry
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7 7 2 (Nishida, 1985; Bi37>, 1988) &L\ 2 &%,
FEIRFRIG R DIKIRAEEHE R L [ U <#20°C TH 5
E0 ) AHRITBEREE

FIEIZA (1971a) 1%, JKi22-23°C UL LTl
HREOHLENIE L (KT L, BtEoFHDE
¥, BRERPLATLIEEZHLMIL TS
L7 > T, EIIRIAREOKIRAETEIEL ) 2
#zﬁ?l@ﬁf##&wmﬁ o FayT

BV TOIIDIEFICRAET 5701213 20°C L
T@*mﬁﬂ%ftbk?ﬁéﬂé.it,ﬁﬁ
TIPS OBIRSIRIE (2-20%) = Ti2B
T B MRS, EKIR (13-30°C) 1T &R T T
5 ENHILENT VS (FiEIEH, 1971b). BHL
FEOFBOEBIGHARKE D SR TH L L
*EETLHE, KiRA20°C % LB B EAFNI LB,
KRS EF LI 5 EEIIRT T AL V) HR
b, FRODERRIZL>THITES2b LK
W,

PLFBEDOY A X ) 2% 2y 7 2R {LiFHA
(&, FEINEADELT M o TREULT A H o
7o, ZOMEED S, P AL R R LE A
WZHRB L, KEIDORENZDBOBEIZEFIZ
B EeENFRENDL, LrL, &HBIO) 2w
F o7 L FEAOREE IS EE EEAREE
NS (R - IUE, 2003). EIIHAEEICE(L
LBEERIEIEBENTHET S720, KEOKE
o 72 ALK (T & E R TR E DT E A 5
722 enbhs,. UEas, BEtEOKEIZL -
f.ﬂiﬁ@ﬁﬁ%mﬁ%%&#%ﬁ%#%‘t
3TEY, WILEERT 2 EKIRDZEIC
(%ﬁ-@g,zmn,dtﬁmmﬁi#*mtt
DOh b LNk,

FAFET O EEINAZI L L - R TR R
WREL LHABRESHMEN TS (Komada, 1977,
IREE A, 1996; #FI)ZA, 1997: dbfiTH,
1998: HF, 1999a). T &, KiERHHD
B A X Vo BIRICL > TEHIPEN S, KR
2B LTI, Komada (1977) 1%, WL TIlZikER
5 KimAT20°C & ) & THI L THHHLITFAD
RTINS DI E2ERIZL>THL2IZL,
BHIMELE AL 20°0C LLETIE T A 2 L RIRTE L
TWwh, 7, EIIREIEEHEOEKY 1 X
KEo@EmERL (HA - 8K, 1962; FII1,
1994; FH 132>, 1998), KREVE KT LAY
WS RPEERTLIEDD (lguchi and Yama-
guchi, 1994), FHAMACIEAD/ NI 72 2 L 2 75
HTX5.

Jay¥xay7aTld, BB EEEKER
18°C B 2 #XBRT A D123 L, HBIBMLE Aok
RBISCCHIEERER L7239 THBE. LrLad s,
BEELEER DT ) SKEITH - 72, KIRHBEL
FHOERRICKECEETHOTHNT, 1995,
2001 FERIIEBNITRE L 2B LF Ao KRR,
I OMEAT I TKREL L T i il e &
BTN, EBIEE ) TR o7, HEEE
&gk, BEITFEINAOETIIHES TRIEL T
Vo kR, I A AHKRELT 202 KL T
PALFROFED KELL Tho/- b v ) R
WHETHhAH. Fro, EHFETEIR—MEAETHoT
OLEBEI L% AE, ML) 2@BIZERL
72D AYKE L (FFO, 1994), ZRIEIIT 5
RN EERCEZZ EPRESNR TS
(Iguchi, 1996). D2 &b, BLFAEDOKRENE
LICHELTWED0b Lk,

Doy F a7 AT EORERD, LX)
BN TRIENIZENT 222 BETHILIET
Ehnol:b0D, FLFAOKRRIZEINDIZHN
B ERELT BEMNIZH 572, FH I (2001)
&, EWRETIIRBINE SRR &
EFRLTWA, VavFxay7ilB0nTHEK
% AR 5 AL ERIZ S RBEITH - 7231%
X, KBS EESD S L) BRIZB W TEIE
MeEZLNS.
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¥

AIFgeaBL) LB I2H72 0 EIRERFKE

FHONHEEEL, HAREELIZEIZ(NE
BTG o7, CCINEROBEEETS.
BRI S 2 v () BV B IR SR
it & DAKIREIZLIG, HE VR B UK EE R ERS18 T8 1N
*ﬁ‘%ﬂﬂ FKEK (487 B X UOEXKEO

55w L 5N B KFEIKE T O Miguel F
Vazquez Archdale G IZE CHIFLH L EIT5. F#
HoxXHEARK, Tt #UKL S CIZEHH O
ERHAEIKIC dﬁﬂcmﬁﬂﬁﬁﬂﬁﬂ%ﬂoaw
7eiRe s, FENR & EY iREED/NEF Y F K,
DW= v ru— 78 Ht0HE m%ﬁ%@tb&t
7z, FEHAEA, TEPE B X TR EEED
J7 2 W IZBI AT T L AR WIEB) 2 W7o,
FRIF LTI IR HOEEET 5.

Bl B X K

FAREESE. 1996, (B 7 L5 REF
T, IpE I*Jﬂiﬁﬂxﬁuxhﬁﬁfﬁ%%iﬁ

ﬁtﬁ%ﬁﬁ%
F (Fio



WEHE

156 EFH K-
) . 34-41.
fRIAE. 1999, 7 LWIERER. BEUEKERBRSE

W CERCI0EE) & 170-180.

RS - Rk Bl 1999, RN BV B T LHEAT
BOEE. WEBKERERN LY ¥ —FERSE
(FRLOERL) © 391-393.

B REEE - FHE OE - 0TS - LIz,
1997. RRINIBIT 57 FEORE TR, EE
BKFERBSGIT RS, (42): 23-26.

FCglIfT - B Bk - NMLRAE - FRER - 2FIER
1984, EREMF T LIS BE—1—F7 2ORT
KRNV T—, FHBE MK E RS RAEN R
&, (11):41-50.

HOE—H. 1994, 72 —M@IalE» & FEE~. HiE
R - FZERBE - siERE (8), pp. 128-140. JIl &
% EEEY B iRKB—EFR L EL—. RiERFEH
W&, ®u

Iguchi, K. 1996. Size-specific spawning pattern in ayu,
Plecoglossus altivelis. Ichthyol. Res., 43: 193-198.

HOE—#. 2001, BE»SEFHLNXUVAOHEE . 7
1. ik R - HOE—B (), pp. 43-64. K&
BMoOt 4 X EFEROLER - EoboEYF.
iR, W

HOFE—8 - FECw - IHOTE - BREHA. 1998.F
BANCB 2 7 2 OEINEA ). HRoKEM T
BFFEEE, (11): 75-84.

Iguch, K. and M. Yamaguchi. 1994. Adaptive significance of
inter-and intrapopulational egg size variation in Ayu
Plecoglossus altivelis (Osmeridae). Copeia, 1994: 184—
190.

Ikeda, M., M. Nunokawa and N. Taniguchi. 2003. Lack of
mitochondrial gene flow between populations of the en-
dangered amphidoromous fish Plecoglossus altivelis
ryukyuensis inhabiting Amami-oshima Island. Fish. Sci.,
69: 1162-1168.

R - BHED - GHFER. 197la. TIEHOA
THAEICET AME—LXXL. 71O ALZHEIIO S
Lo 3 2KIRDEE. 710 ATEBEHIZ, (1):
57-98.

FiE 2 - BEHLEW - SHFE. 19710, TIHEEOA
THEEICET AR —LXXIV. ALSMUFROMEA
EFRISHTAEMEEB L UOKBENDEE., T2OAT
EIERFZE, (1): 143-163.

EE K- WEHEZE. 2003. BEKBOEBINICBT
HBUayFayTan# LA HEKEFRE,
69: 624-631.

R K- IEHE. 2004, BEKBOMINIIBITS
JayFay 7l EEEORIBIRE. BHAKEFSR
35, 70:179-186

efa E-HERBEE - EHEN - EH R, 1998, i
INEEDEMFRARE. EBRKERBGEERE
& (PR HERE) | 17-23.

HIEZ - FTW - RFGE - . 1997, 7
A E G IR E IR IREHE 7 L F U5 TR T
ERE. BREKERBSEERSE (CER7EE) .
146-151.

Komada, N. 1977. The number of segments and body length

of Plecoglossus altivelis fry in the Nagara River, Japan.
Copeia, 1977: 573-574.

HEAREARENEL > & —. 1995, 7 LEIFHEHER A
REFE. HERBKENE Y ¥ —FEREE (FH6
) 1 225-230.

FHH . 1979. 7O, HoAKM, (5):28-35.

Nishida, M. 1985. Substantial genetic differentiation in Ayu
Plecoglossus altivelis of the Japan and Ryukyu Islands.
Bull. Jap. Soc. Sci. Fish., 51: 1269-1274.

PHE IE - NHEZ. 1987. BEREOT ZOEIIAE
RE. RERRFHFEELE, (43): 71-82.

LB R, 1994, ) 27 F 27 7 L Plecoglossus altivelis
rvukyuensis DRI EF L. BILBERFB LRI, K
BE. 41 pp.

Sawashi, Y. and M. Nishida. 1994. Genetic differentiation in
populations of the Ryukyu-ayu Plecoglossus altivelis
ryvukyuensis on Amami-oshima Island. Japan. J. Ichthyol.,
41:253-260.

IRESFR - FBAE - REHE. 1994, BINT2E
IR —R TR E—. WREBAKE KBS R
%, (38): 75-78.

REFM - BBAS - KEHBE. 199. BIIT 18
BRAE—7 AFEETENE—. HARBEKERRY,
WFE#d, (39):73-74.

MEEZE. 1997. JavyFay7a., BEHEMN - #Ma
i (7)), pp. 36-47. OERDOHAIPKEDIIKEL

RERAF KADANBARERKE. FEE, HE
M OME-FOEZ - I e 1988, BHARUEE

DRKT LEFMBEADEIZHDIL. HERKEFEEE,
54: 559-568.

BAF— - sHEM. 1961. 72O RITTHE
HoORE. JoKXKKEMEREHRE, 11:69-81
BEF— - HAREER. 1962, 7TIOEINEREIZET S

g, KR KENFFEATITZEERE, 12: 83-107.

FEEMHKT - FEFEEIT. 1969, (PRET ZOEEE
EIZET 55— HEFROEFIZOWT. Hiikk
MR R ERE © 70-74.

HEMHKT - ABER - FEFEEC. 1975, WEET
IDEIVEE—T LREOLENR—. WREMES
25, (13): 12-17.

FiR . 1985, 7T1ONHMICHEAT S —EE LR E
BROFEEER—. RKE, (11):96-99

$HRZ - 4% . 1997, iFE T MM EFREN L
REMFWE., WEBEAKHKERRSEEEREE
(ERC7HERE) ¢ 18-25.

HFRZE. 1999a. ENICBITE T L{FEOM TR,
KEEYETE, 47:201-207

HFRZE. 1999, FENICBIT2T7LETFAEOHE.
HAKEFSRE, 65:718-727

BHFEE. 1999, AIKEEFERRAE (T2o#E, B
FRRE PR OFEoRTIRRAL) . FREE
KERBE L > ¥ —FEREE (FRIOERE) | 359-
368.

Takahashi, I., K. Azuma, H. Hiraga and S. Fujita. 1999. Dif-
ferent mortality in larval stage of Ayu Plecoglossus al-
tivelis by birth dates in the Shimanto estuary and adjacent
coastal waters. Fish. Sci., 65: 206-210.



