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Comparative Study on Circulus Formation of Scales from Two
Geographical Races and One Subspecies of Ayu
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Abstract: The circulus formation was observed in scales of two geographical races of ayu Plecoglossus altivelis
altivelis; amphidromous: and landlocked forms, and the ryukyu subspecies Plecoglossus altivelis ryukyuensis. The
depth and length of the scales and the first circulus, and the distance between the first and second circuli (DFSC)
were measured in twelve spots of each individual. Although the circulus formation was different between spots
within an individual, it was similar at the same spot among different individuals in each group. The circulus forma-
tion of the amphidromous and the ryukyu ayu was similar while distinct difference was observed between these
two groups and the landlocked ayu particularly those on the middle part of the caudal peduncle region. Ratio of
depth and length in diameter of the first circulus (DDFC / LDFC) and the DFSC in the amphidromous and the
ryukyu ayu were over 1.3 and 24 x#m respectively, and those values in the landlocked ayu were less than 1.3
and 24 1 m respectively.
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BEMEREER Y 2L, F—8&84TFTHF L-BEICEMmERER 7 2 |8 WlkE 2 R
TIESMONTEY (B, 1984), BEELLZVI L2s, FOMAITAREHDOFAI~D
BRHOEE E L THHINTE, 20X BTN TV LIINIIB VT, RiifA s
RO TEAE#RI SN, BENERFE 7 LORRBOHESCHERORKT LOE
FBREEET: ENMEEE 2 b, BLENEEERTH LTI A A5 BEIC L7 2 ORAES
DEFERATIE N T T L OoPHE SN TVS ((RFES, 1982 BF - &40, 1988 ; &40 - &
1%, 1989 ; Pastene et al., 1991 ; Secki et al, 1994), LA L, T @D X 9 {2 Cid 72 2 i
FREDEE L NV TOHINIATERETH ), FNFNOREL EICETAERE2EL 2L
T&hv, T, TUFA LAGHIIBTEEBOMABORELZVLEL T LI L REN 1
DThhH, MHMBHRBELEAICE D HEHEES, 1990) 322 L WEETH L45, Z OHB)
FHHEIZDWVTHHRGTCHENTE RV, REOBEEKTCRMEOLELESTSH D, FEMBH»H
HEv) STRENRL, Lcdt>T, 7TXOEFAEREWIIZEICB VLTI, L) EEZFEE
FOWMLHFEOREIT LT N TS

BAHIE, NEREABOBROHED 5\ VT AN THE & KRR & ofAuiiEs LTRSS

131



132 ESfEiR

TETBY, Lates calcarifer (Barlow and Gregg, 1991), # A + A4 I 7% 4 (Lund and Hansen,
1991), <A/ A/ (Schwartzberg and Fryer, 1993) 7 & T OB HRE XN TV L, T
O 2 WBEASAE, WAOER7 2B L UBEMEREE T ICon T BRICEENS Y, R
SN TR SN ZEFICB VT, FUBOAEIZL D BB EEAEEEZ ST Z LA
WEETHE ZEIPHEINTNE (KB, 1956), LA L, TulEoFELTHET LEE, B
HTEEFDHLEIFTVEZY, FOEBHINETIERILEI LTS LIIEVITwv, $7:, BEH
FEREEE 7 L OHEFI SR, FIR T T & OlEE e E, WMEEER T L L WS 2T
ZWZ EFASNT WS (Nishida, 1986), T HOEV D MMM HET L HEE LT
FRREMTH Y, FEEROMBFHGEL LIS TLIERANEEIT 2 v,
AT, 7R3 RZEEL-OVTHNT AEE LR AEE LT, $EIC L 285838 L
FOENMEERFTHIEEFEMNE Lz, 2B, JITR7T02BEHRES LT B
DWC, 3RREEWIIELZLZGETHL L VIEILL, RNEMADER % “ER°, EE
WREREER L “BEHR, EEEEYNEN Y D avFay T L LUTRELL,

M EHE

st b LTV iR, BENRT L, BEHMB L UOSMELEBRRETCHBOBKS

TWd 3 HEIRB SN L DT, ThOEELZLIERSE TER SN TAE, 6 ALURES
MRFREZEFOPKAFBHRIIE LERLENFDI0 Y KETHE Lz, BLHBBHTE
BENZOMPOREEFIC OV CEMBENRECHE—-CTE2r oz, WMBBENREIXE
BRI ARTICBEMZF N FRI3VEMEICOWT MPT* 7 O 4 ABEFETHS, F0&EETF
HEOLEMEE D L1 (Seki et al, 1994), FHESDOFE (1982) WL hiREGEZHB L, WE
ABEFFNFIEABLUORENRIOGHIET 2258 L7z, VarFay 7o TIikE
ERED 2 DOFRKAINCBTEHE S N2%& 3HMESH 6 k% H 72 (Table 1),

Table 1. Sampling sites and dates of fish used in this study

. . Sampling Number of Fork length * !
Sampling site
date samples (cm)

Amphidromous form 1994.10.14 6 12.26£1.03
(Tosa Bay) **
Landlocked form 1994.10.14 6 12.82+3.41
(Lake Biwa) **
Yanma River 1993.7.27 3 11.31£0.75
(Amami Island)
Kawauchi River 1993.7.27 3 10.75+0.61

(Amami Island)

*1 Mean * standard deviation
*2 Cultured stocks which were caught from Tosa Bay in juvenile stage.
*3 Cultured stocks which were caught from Lake Biwa in juvenile stage.

BOWRENL, LFOFEIL & 72, fafk %+t L, Wiz B0 iz, Rt 08
ER~ M SEIEER), AR (FEE~IREERTEED), BRE (G~ BEEAHR), RS0 ZhenEi
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AR E DR, MERREHACAREI2ERT X D 30D o8 R RICL 72 (Fig.1). T oDz~ v
AT A TICE DE AL, 40—400f5CTHREEL, FHE, SREIZAT o 70, &Mk, FEFTCSB
TAERKRMBEE, FROMOMOBLVESN/IEOEEMEL Y KD 7, EHAEIIE~ A 7 1 2
=y — 2 HVTEE L, SIS L URMEE IRERE S80I BEERED

Fig. 1. Entire body of ayu, showing the 12 spots where scales were sampled

EEBIUEE $£1 - R 2RERBERO 6 RETH -7, BEOFHIMLE I Fig. 2108 L7z,
PR, 551 BEREMEIC OV TR, MMoOESICETE, HEE M@ME LI VEBIUE L
AL O 7 3 (DDFC/LDFC)
rEE L, 4, 1 -5
2 P P REAE (DFSC) 122\
T, #O0OBHMIIBITEEL -
2 BEREE TR D E VIR
DE T EEA TR L 72 B
BOR, RO EREBRED
HESMOBIC LN TRE N
HHWIIFHETH Y, B
MBSO B O AR IS
BN OWCIEFAES S
HETL, MRBLUBENR
DHIEI I o Ty 7 Fig. 2. Measured scale characters in each spot.

EL. 2 REN O A-B; depth in diameter of the scale, C-D; length in dia-
SBTEAEBFE ML, B meter of the scale, E-F; depth in diameter of first circu-
L7 BT A A S B lus(DDFC), H-T; length in diameter of the first circu-
FOEHABOES S, &E lus(LDFC), G-H; distance between the first and second
BRI B0 B B 5 cireuliDFSC)

B 7,
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A D ERAGEAL R B I W R 7 2B L BB R 7 ZOEAREL 0@ O MPI* 1005t
SBIETHEEE I F R F10.90040.039, 0.383+0.063TdH o7z, BL#Ht (Seki et al, 1994) D
HEGBEOREBEIZL > T, TN OERBEFFNENMSLBRT 2 LEENR T LERE
I L TWA Z PR S L.

BREBEIIEAEIC L 250 &R ED 27225, BEEKNTIIEREGHEA Z & 1212 —EnfE
AL, ERBEHHECAR L, RBIHEHTE A EMTEA L Lz, F—EFEN D& H A H
DBERBEV I TFHETIORU EDEN A SN2 (Table 2). EHHRIIBERABILIUBEENZ

Table 2. Percentage of normal scale and circuli numbers in amphidromous, landlocked, and ryukyu ayu .

Sampling Percentage of normal scale (%) *1 Circuli numbers *!
spot  Amphidromous Landlocked Ryukyu Amphidromous Landlocked Ryukyu
1 78.8+ 8.8 86.4+ 9.7 76.4%+16.5 17.5%6.0 16.4£3.5 14.24+1.2
2 67.41+23.9 87.2+12.8 64.4%16.3 20.0+3.8 20.2%5.8 16.3+2.0
3 66.1+25.4 88.0+10.9 77.4%+13.8 19.7+4.6 16.7£4.5 15.6+1.7
4 81.0+16.4 73.0t11.6 69.5+ 6.8 20.2%6.7 20.1£5.2 18.5+2.1
5 75.3+12.0 80.2+ 9.5 65.1+24.0 23.6+6.2 27.5+7.3 21.5+1.9
6 84.51+13.0 82.6Lf 5.7 73.7£11.2 22.9%£6.4 26.4+8.7 19.9+2.2
7 71.3+18.9 74.0+ 8.7 77.4%13.5 23.1£6.5 27.2%£5.5 24.4x2.1
8 76.61+16.6 72.6£14.5 55.0%18.7 26.6x5.2 32.3%x8.1 26.1£1.9
9 87.5+13.8 87.3+10.7 62.5+ 9.4 25.7X7.4 23.349.9 23.4%+2.3
10 69.6% 9.1 71.0£10.9 67.8£12.3 28.8+4.6 33.5+£7.2 28.0+1.7
11 63.624.7 73.9410.3 67.0+£21.3 30.0£3.7 34.5+7.5 28.3£1.6
12 86.1+£13.6 79.5+16.2 56.8+17.6 31.5%+4.3 36.51+9.2 28.8+1.7
*! Mean =+ standard deviation (n = 6) .
Table 3. Depth and length in diameter of scale of amphidromous, landlocked, and ryukyu ayu
Sampling Length in diameter of scale (#m) ™ ! Depth in diameter of scale (pm) ™!
spot  Amphidromous Landlocked Ryukyu Amphidromous Landlocked Ryukyu
1 534.9%£115.1 439.8% 53.2 433.9% 74.9 975.1%129.9 815.44199.3 1076.0%118.9
2 743.3+145.1 710.1£194.1 594.6+ 97.2 1221.5%:574.0 1343.5+£358.2 1478.4+170.0
3 608.91:128.3 477.4+ 88.1 535.2+135.5 746.9L£365.1 847.0£217.6 1161.3+£214.4
4 640.3+114.9 518.2+108.7 556.1+ 78.7 1209.2+184.6 992.41+228.3 1239.5+141.5
5 857.4+172.4 799.91+204.6 784.6+152.9 1599.31:240.2 1367.8380.6 1634.3+262.6
6 788.14+134.1 727.1£221.7 675.0+£112.2 1085.7+190.8 1051.94209.0 1272.9%172.8
7 738.8+ 96.3 668.7+113.8 775.6+131.5 1296.1£275.9 1143.71264.9 1344.7x185.0
8 920.74117.1 874.2£186.1 931.44+146.2 1372.6+205.7 1251.2+264.8 1384.71121.0
9 852.4+157.2 837.5%291.3 746.3%110.1 1368.8+248.2 1284.8+£510.6 1245.3%129.9
10 830.1% 87.8 759.1+147.5 872.0+ 69.1 1178.8%130.4 1030.31+243.3 1270.2£112.1
11 921.0+112.4 833.34134.7 887.3+ 95.3 1199.2%170.0 1074.01261.9 1217.9=x110.0
12 901.74+105.9 801.74194.5 856.4+151.7 1324.6+£225.0 1152.04+286.7 1272.9+& 97.6

*1 Mean + standard deviation (% =6).
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7BV TIER b bR, JEH TS (Spots 3, 6, 9, 12) THWHEZRIHINSE b
o7, FARED (Spots 10~12) TIHIZPDOEMALIZ L R VEEZ R L 72 (Table 2) o BF 3R
HEPREP T2, £1BEHARIIBTAEMEEL, R, BEHRBLIT) 2y Fay 7
ZIZBWT/HE Do 7 (Tables 3, 4). DR FRITEHIFF D 5 RMWERISIA D > ThHE L

AHY, WRT LEEBEHRT LOMTHE 2EVIERED bk o7,

Table 4. Depth and length in diameter of 1st circulus of amphidromous, landlocked, and ryukyu ayu
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Sampling Length in diameter of 1st circulus (#m) !

Depth in diameter of 1st circulus (pm) *1

spot  Amphidromous Landlocked Ryukyu Amphidromous Landlocked Ryukyu
1 127.4+22 .4 119.9£4.8 103.2%+ 4.9 182.2460.4 154.14+13.7 163.0+27.1
2 138.1+11.3 144.5+£8.4 110.2% 4.6 309.0%35.2 274.7136.7 246.2+14.0
3 126.5x£17.8 120.6£3.7 100.3L£ 6.2 170.8%£48.0 163.6k+18.5 157.7+29.2
4 143.5£17.1 126.0+8.6 121.6+ 6.2 200.6+40.3 166.1%x 9.3 161.3%+12.3
5 145.0+£16.5 132.5£9.1 115.9% 5.0 314.6%62.6 232.9422.0. 232.24+19.9
6 141.6+19.5 122.4+7.9 117.8% 6.4 194.5%£49.5 154.1%+18.6 159.3+11.0
7 155.3x24.5 130.0£9.4 13i.1%£ 7.9 206.0%£37.6 158.6+12.1 170.1%+12.2
8 156.2+13.1 135.8x7.5 126.1%x 6.9 270.1£30.1 203.8%+16.2 199.6%15.6
9 140.8%£18.3 120.1%£7.6 117.4+ 4.2 174.7£35.3 143.8%+12.7 148.2%+13.1
10 137.7+12.1 114.1+£8.8 136.6x 8.0 165.0%£21.5 133.3X+13.5 162.1%+12.2
11 144.1+ 6.9 127.3+£5.9 129.0+ 8.6 209.5+20.6 153.5%+10.6 170.0%£12.0
12 133.5+£16.0 108.3+6.6 125.9x15.9 165.6x25.0 126.3%+ 8.9 149.4+22.3

*1 Mean % standard deviation {(n =6).

Table 5. Ratio of depth in diameter of 1st circulus (DDFC) per length in dia-
meter of 1st circulus (LDFC) of amphidromous, landlocked, and

ryukyu ayu
Sampling DDFC/LDFC * !

spot Amphidromous Landlocked Ryukyu
1 1.41+0.29 1.29+0.10 1.584+0.19
2 2.256+0.13 1.9140.27 2.15+0.27
3 1.34+0.19 1.36+0.11 1.57x0.20
4 1.39+0.13 1.324+0.04 1.35+0.10
5 2.17+0.32 1.78+0.21 2.01+0.16
6 1.374+0.21 1.26+0.09 1.36+0.05
7 1.33%£0.10 1.234+0.06 1.31+0.13
8 1.74+0.13 1.51+0.14 1.59+0.10
9 1.24+0.13 1.20+0.05 1.274+0.08
10 1.21+0.07 1.17+0.03 1.204+0.07
11 1.46+0.13 1.214+0.03 1.32+0.09
12 1.24+0.09 1.17+0.04 1.19+0.10

*1 Mean =+ standard deviation (n=6).
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—F, B1BEESORFERTIE, FNOLRBCAHBICR L Z260% 5 > 72 (Table 5), i,
Spot 11D TIE, BEMR7 LICHAERT7 L TE 1 BESOBTENE L, EBEIIBNT
BEMR &SRS 6 FARBS6DMASLEDE0.6% TFDEIIAZETH o7 (HHEE, P <0.05),

Table 6. Distance between the 1st and 2nd circuli (DFSC) in amphidromous,
landlocked, and Ryukyu ayu

Sampling DFSC (pm)*?
spot Amphidromous Landlocked Ryukyu
1 17.444.1 15.6+1.4 19.74+2.9
2 24.143.4 18.943.5 25.6+2.3
3 18.9+2.4 16.54+1.0 20.6+4.3
4 23.6+2.7 19.94+1.5 24.1+2.6
5 28.7+2.4 19.4+3.0 28.8+1.9
6 27.244.0 20.0+2.6 29.24+1.0
7 28.5+1.9 18.9+1.9 30.1+2.7
8 29.242.7 20.9+1.8 33.3+2.4
9 28.4+3.8 21.6+2.7 28.4+2.4
10 25.4+2.1 20.6+6.3 30.7+3.7
11 29.0+2.6 19.0+1.3 33.0+2.1
12 26.5+2.8 18.0+1.6 29.4+4.4
*1 Mean =+ standard deviation (= 6).
(um)
Vi Y ¥ =i -~ 40 b
1 - F2EERBEREICBY
T (Table 6), R, EE | A
FOTHILE GHER TE < DR A A °
B2 BV TP AR 20 $ A *
DEBD L, FFIZ, Spot 7B & o *
O spot 11O BV CiEE P ° °
FLERA 6 MAMOMAs QO
bEOTRTTHL - 52 Bk | 0
. - 20 o 9
WHEESHOETIAETH o7 (4 0 6
#5E, P <0.05), Spot 11D%m )
BB B 1 EEROR 1
SP#% (DDFC/LDFC) L1451 - 4 0 R
2 BEAEMEESE (DFSC) D BIFR 1.1 1.2 13 14 15 16 1.7
% Fig.31Z/R L7, R¥EL 3B DDFC / LDFC

LU 1 - 8 2 BRI IR A 24 .

um A EEL U CHEAB L O Fig. 3. Diagr;:im of lth(eD;iSsgnced(p;l m) betwfe;en t;le fdlrslt agrtlfl

AT o . second circuli and the ratio of depth and len;

BHASHGITRETS > 7 in diameter of the first circuli (DDFC/LDFC) in each
Yok a7 N2 M group, @; amphidromous form, O; landlocked form, &

THEZDRO LN BB % ; ryukyu subspecies
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| RS ORTRIIERT L EEEMART LORBM R EE R L7 (Table 5)0 —F, H1 - &6
2 B AR B B A 1S & OFRBE LT BT b MR T LI e ALiE Rk X % 5% L 72 (Table 6)
B 1 H 2 BEREEEEEICOVT, JavEa v TLEBRTLE DM CIRAEENTD SN
BEIBELNbOD, JarFday 72 tBBHRTLEOBTIESpot 7, 8, 11, 1200 4 T
ZBWT, 36OMAEDLEDETIIBVWTHELENRD L,
W%, BIUBEEHAZRT 20 Spot 111281 58:% Fig. 41Z/Rx L7,

Fig. 4. Circulus formation of the scales taken from spot 11 of different forms of ayu studied. A; amphidro-

mous form, B; landlocked form

% £

ORI IZ & D EAEASKRE CRLE B 2 21X, Oncorynchus BIZBWTHE SN TS (I
BE, 1968 KEE, 1991), Tz ki, SEHIC L 2N AT HA, R THBOEL, S
BORWMAEIT) CEPEETHLILEERE L TWE, SHERIGRIIC L W BELEEE L
T, BPRRENLIBHPEBRLTVWADDEELZSNE, fl2iE, TLIIBWTHIZILE
30mm F7f2 TRAFEE & D R S 1ihD, BBHEi~EFEL T 2 &Y RATIRE 71
THEEN TS (R, 1976), MEGHRSERIE CL % , BRI ICHRLEICHD? - T
% < 2 BRI Z OELOBOEEBI Iz L (B L TWwE, v 54 TIRBOBRERER & K
BEOEBIRAEBEB L UATERICI > THRESINTEBY (AIBS, 1995; %H - A
1996), HEAKRIZBWTHEERESMINT 5 2 LR ENTwE, 20 L) 28FEE, R
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PO OE Y, SFICEEBEOBEND, KEOBE2ZITTWSLE I EZRELTWES,

—J, WMEARENICEZ 2EGA, BR7TILEEBWR 7 I TIESBRICBWTHELER
Boohhwv, Lo T, d LMRADEEEKICEVYEH B ETE4L0, ZOBERBKEOKR
INIBEOBERRMEICEE TSR LI EPTFHEENDL, WBRT LIIBWTIE, SIPIBR S UG
0 %2 R30mm § ARSI BV Tl b KRRV Y 3 505, £oRHick
WTHIBREEKEIOCLLTFICTNAZ Lidhwy, —F, BEWR 7 L THEISERINS 2 A
5 3 A (B, 1970) IZH T, BEMOKERIZ6 ~9ITIETFT 2, 20, BOEEMH
DOKENE, BRICEBEHRICBWTIESZIEY, 20 X9 LKIEDEWVDS, W5
FEOBIHEAME O R HEEOE VIR L CO L TREMSEE S NE, Yoy Fay T
IZBWT b L E0mm fiE Tl ENL L PMESNTB Y * !, EMREIREICILKER
DEHVEERKBED ) 2T F 27 7 LOREEBMEBESERT 2R EWHEEZRT I &
bIDIEERIRETL, LL, B RAERF V¥ a Tld, KROBEWIZERBERE L
e (R, 1984), F48HE (Gray and Senta, 1931 ; Bilton and Robins, 1971a, 1971b), & %
VIZERE O (B 5, 19742, 1974b)) R EVEEZHZ A L VIMEDH L, BAERBEEIC
FETHREFEROEEIAMIII - CREL2TRELD Y, EHLP I THEELZKED
HEBIIOWTY, 4%BING 3RHETHRELZFATERLITV, T0%BE 2T LEFD 5,
F/, F1BEEHORBFERIIONTS, KEBLUIMNET, #RBLUBEBNRADR ICHE
BEEPR VIS b S TSGR, AT ASSE L AR RS R R T
I T% - THY (Nishida, 1986), ZOZ LI3E 1 BEBRIIBITLRFEEL/IELTLER
LRhBLEZOND, LPL, —HTHBEORPERICEIMATHELZENFTRDOOLNL NI L
b, 1 EERORFEOACTRTEVPRD ONLFERICOWVTEMEITE 2w, 5%
BB ZEOBEIC L 2B OB OB S 5 WIZETHERAN ] OWEEDOMKE 72 LI X AR
BEEZ LN,

INFTTOHENSE, T0LDHBHOENIBILEOEFBEROECERBL TWAT
BEMlRBVEEZ LND, LA oT, EHAETHRINETIIOVWTIIERTE 2\,
WEhICE L, 0L OBV RROBEMRAENICBI2HETHDILZERTDH Y,
FEARBZOME BV THRAMEISVIOLEZ LS,

Eil 23
AFFEICB VT, RAOESZRB JUBRENAREY 2RIV wi-smRZRRERRAE
WM T 5, T/, BEREY 27X 27 7T LOFEIZDOVWTE, BHAERERBFERERK
Ol HE VW=7 wi, ZZihbeTEHFOELET S,

X 73

&

st - AR H, 1996, <& A HANOREB KR L B OREMER &£ O HOKES, 62, 213-216.
OB, 1970, Whilics i) 5 BEHM 7 LOERMEIZH T /%

*LOFIESR - WEE D U2 Y %2y 7 20OIRNREAE LMD EE I RS Rk
5 4R H AKEZESEREHEESE, pl0s (1993).
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