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The morphological studies on differences in otolith between amphidromous
and hatchery-reared Ayu Plecoglossus altivelis.

Takashi [ZUKA*

Abstract

The morphological feature and growth increment deposition of otolith of the amphidromous and hatchery-
reared ayu, Plecoglossus altivelis were studied. Three types of sagitta, type A, type B and type AB, were
easily distinguished under observation with a light microscope and SEM. The type A was brownish in color
with smooth distal surface and had exceedingly well-defined increments. The type B was transparent with
rough distal surface and had unsteady increments that were unable to count. The type AB showed the sec-
ondary growth of type B on the periphery of type A sagitta which were regarded as type B sagitta in the
adult individuals. Type A was observed in all the specimens of the amphidromous ayu and some of
hatchery-reared ayu. Type B and AB were observed only in hatchery-reared ayu. [t was suggested that dis-
criminations of sagitta type is useful to identify the hatchery-reared ayu in the migrational survey on the
rivers by cognition of appearance rate of type B and AB in liberation stocks.

The remarkable defects of the lapillus and slightly deficiency of the sagitta and asteriscus were observed on
the hatchery-reared ayu. The influence of these defects is unknown, but it seems to be needed that detailed
observations of otolith formation conduct with environmental factors during enbryogenesis at the anatomi-

cal level.
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Table 1 Samples used in present study.
x® 1 ANFFEET TR L /o8
i it T date of sample body length range growth
sampling site origin collection size in mm (average) stage
amphidromous ayu I
-Koshigoe, Sagami Bay - Mar. 8, 1999 60 30-71 (44.3) juvenile
*River Sagami - Mar. 23, 1999 31 60-82 (67.5)  juvenile
hatchery-reared ayu (314)
-Kanagawa Pref."' LL&AM (F,,) Aug. 2, 1999 38 134-225 (161.6)  adult
«Gunma Pref." LL&AM (F ) Sep., 1999 46 156-186 (167.3)  adult
Dec. 17, 1999 _ . .
Kanagawa Pref. LL&AM (Fy3) ~ Mar. 26, 2000 120 32-98 (63.5)  juvenile
110 26-58 (41.9) juvenile

do. ) AM (F,)

*1 Kanagawa prefectural fisheries resarch institute, inland water experimental station.

*¥2 Gunma fisheries experiment station.

*3 Subtotal of samples within each form.

*4 AM : amphidromous fish, LL : land-locked fish, (F,) : generation number after introduction.
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Fig.1 Relationships belween right and left sagitta
from 230 juveniles of ayu reared under labo-
ratory condition. The data do not deviate sig-
nificantly (rom the displayed line ol one-to-
one correspondence (p>>0.05).
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Fig.2 Relationship between body lengths and size of
right sagitta in hatchery-reared fishes (open
circles, solid line) and amphidromous fishes
(closed circles, broken line).
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Fig.3 A type of sagittal otolith observed in amphidromous juvenile. (a)&(b) Distal view of sagitta which
has smooth surface and rounded edges (scale bar = 200« m); (c)&(d) incremental and discontinuous
zone are exceedingly visible (scale bar = 202 m). (a) and (c) were photographed in liquid paraffin
with a light microscope. (b) and (d) viewed with a SEM.
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Fig.4 B type of sagittal otolith observed in hatchery-reared adult fish. (a)&(b) Distal view of sagitta which
has undulate rough surface and jugged edges (scale bar = 500~ m); (c) small cores which have indi-
vidual rings (scale bar = 10« m), and magnification of the core (arrow) in square frame; (d) a
crossed section of the central region with convergent (arrow heads) and winding increments (scale bar
= 10# m). Photographs viewed with a SEM except for (a) with a light microscope.
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Fig.b Photomicrographs of sagitta detected in artificially propagated juveniles by SEM (a,b and ¢) and light
microscope (d,e and f). Scale bars are 200 m. (a) type A; (b) type B with weak jugged edges; (c)
type AB showing the different appearance of surface; (d)-(f) type AB showing the secondary growth
of type B structure in the periphery of type A. All photographs are distal view.
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Table 2 Appearance ratio of sagitla types detected in amphidromous and hatchery-reared ayu.

® 2 M7 L2 AT 7 2 TRB SN ARTLD ¥ 4 7Rkl

growth

appearance ratio of sagitta (%)

Sample ( left / right)
stage
type'A type AB type B
amphidromous ayu
' *Sagami Bay juvenile 100 / 100 00 / 00 00 / 00
*River Sagami juvenile 100 / 100 00 /7 00 00 / 00
hatchery-reared ayu
*Kanagawa Pref. (F,,) adult 00 / 00 00 / 00 100 / 100
*Gunma Pref.  (F,,) adult 00 / 00 410 / 410 59.0 / 59.0
<Kanagawa Pref. (F,;) juvenile 433 / 483 82 / 6.7 475 / 450
do. (F)) Jjuvenile 73 / 63 01 / 01 926 / 936

Table 3 Appearance ratio of right and left otolith observed in hatchery-reared ayu.
£ 3 BERALT T(F)E ATENT (Fal il B B EAOB R OHBBHR

fish days sagitta lapillus asteriscus normal
after hatching left right left right left right individual®'
J“"e:_":’ 1(0F ) 60 - 160 1000 100.0 445 400 1000 1000 140
j“"e””fz(oF 2 70 - 180 99.2  100.0 69.1 755 99.1 1000 545
n:
*1 appearance ratio of the fish possess three paires of otoliths in internal ears.
n = number of samples examined.
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Fig.6 l'requency distribution of ayu with type A (solid bars) and type B (oblique bars) in hatchery-reared
ayu F1 (left) and F23 (right). The fish possess type-B or type A in either side of internal ears was

regarded as type B.
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growth stage  amphidromous ayu hatchery—-reared ayu
larvae type A type ?
l type A type B . .
. . . \ liberation
juvenile type A : | \
f size
l i type AB |
| R R e &
¢ (route 1) i (route 2) N, | (route 3)
v v
adult type A type A type B

Fig.7 Morphological changes of sagitta estimated in amphidromous and hatchery-reared ayu.

=7
% £
B2 1 TRFANREAN

AR TR SR AT, BHEIA S AT, W
PHAMICH ENSHAY 1 7, FWIZERORKIBUL,
SRIDANWBERBY 4 7, FOWMEDHMAH T 5ABY
L7034 sz, ZhETOEI s, ¥t
OB S H ARG STV 257 (Campana
and Neilson,1985%), A S5 (1989)™i37 213 L IHE 4
WA AOAMIZAS R Tuwinws LTwnad, 2Fh,
A A4 TERKRKBETHELALTZIZRoN, EROT
ABERHBEEICIDVOENTVWARTFHTHSL DI
HL. BY AL TEABY 4 IR LIER AT LRF
fAEwvwz b, Laroche et al. (1982)"&. flfFdFEL L7
Parophrys vetulus®HEf TR IKKIE DU ILX T,
REAORNZLDTARINECTH D, & Bk T 5
LR LTS, 7/, Rosa and Re (1985)®id
Tilapia mariael>B T, Kk & KA —EDOMFELEET
T, MBS G LRI LS E LTS,
DL, YD IEBR I otk oo
By AhTTRBCEE SN ZEme ., R
(Mugiya,1987® : Geffen,1983* : Campana, 1982%),
/iR (Neilson and Geen, 1985* : Campana, 1982% :
Campana and Neilson, 1985*)., f§ (Rosa and Re,
19852 : Neilson and Geen, 1985 : Campana 1983™)
HERBENE LTEZLN TV A, ANETHES
NBY A TORFAL ., WETLILEIRD N do
oz lima, ANTEE 72 Ta L D ST
ENE—HRADT(FL) LD Lh 5,
HEMNEND SBREINOTIERL, NBWRETT
FAHFINAZECRRATAIIDEELZONS, 612,
LA I N7 2 (F23) L ik R 7 2 (F1) D
ATLHFHHEMIZBWT, BY A 7TREAOHBLEF N
FhE46% £93% (It 1FH) ERESRLE>Tw720
i, AUHERCHHKETH, MFADEXKIZEE S
ZAMEBNENFLEL Tl ERRBELTEh., &
o, MITEINERHET 2LUEDNDHH 9,

-
—

2L

AFEA SWESNSHET 2L ATRE 7 2OEEIE b4 RTFOEEOZL.

B% 4 7ORFHIE, OB L. D3 eiE
Bt sl EES R, N7 Oncorhynchus
nerka(Wilson and Larkin,1982™), 7 b5 > 7 4 74—
& ¥ Salmo sular L.(Geffen,1983% ) | U< XS,
gairdneri{Mugiva,1987%) Clidprimodium & ¥ 5 #
BoO¥IrREADWNLEETERT 5, HEIC, TV T
J ¥ 7 Oreochromis niloticusb /NERKATE F o THH %
15 ¢ % (Tanaka et al.,1981%), LA L&A, T
SEEEZPLEOERETH Y, WTFRLEHE O
BHAFETHL I L0, KU TRS S Eid %
AndbnLEansd, —F., Zhang and Runham(1992

CIEAHE SN FANFIETORARICEWT, dul
¥ PO ERL, KEH% L b % ) new growth cent
reA TR SNAZ ERBBRLTBY, INAEI%E L 1N
Mot Bbh B, Z0BEEHIZOVTIRIZEAY
AWTHBELE LTS,

AILEEH71IEBET IOBERATETIL

AIFETHEINT-ABY 4 7OMT-AiIE. Ehdb A
A4 TONBIIBY 4 THHEOEWHPER I TV,
YR e OIEOARICEEL., 2oNEINE
MM THBI LD H(ES, 19962), ABY 4 FidkEn
MEICBOWTAY S THEBI A INEREIEILL
WMFEAEEZEZOND, 22T, RKFETES BB
Riz & b, KK TGRS B 7 2 & AKEA T fidl 1
ENBANTEN 722200 T, WPEAOFRE T i@
L. Fig. IR L.

T3, EETLIEBREALNIIAY A TR, F0ik
O, WIIARBICEMTERNVEN DI TAY A Tk
fiTHbDEEbIE, —), NLIRN7 23 5H{L&kA
YA TEBY A THHEN, FOBROEEBRIZB VTS
DORMENEZ ENDL, 2F D,

R 1 HMAENOAY A TRFOBOBRERRILE
WTHAY A4 TL LTKEL{ % A(Fig.7; routel).

WM 2 AYATHSABY A TIDIEREELT B
VBN D, FOHLIFHIZENIMEREES ST L



MEE 7 2 & NILERI 7 2 H A DN : 19

-0, BRIIBY A T %5 (Fig.7; route 2),

YA THhOAY A FIIRELLLARTEAIRRD LN T
WhWIEDL, FOHOEEMBBEI BV TLBY A S
DEFTHBHEEDbLNSL (Fig.7; route 3),
ARUFFETIX, FIGEEINED LS00, A7 20
BAZAT A THEBH SN Eho-l h b, A
THN 7 2HAIDAY £ Tix, FOELAEHKLLY
LEMRAUILVABY £ THEHEBY AL IAEERTBLD
LRI ND, 7L NI 7T ZOMAICBWT,
B% 4 7O MBS ICERVINAZEMER AT S i
Dol b, SHEOLNVHENLGBEICL VA ES
ZBELENRDAY,

ik koo, @BE73AY A7, NIRRT
FIBY A TORVAZATEEINCRDIEEZ OGN,
RYEAE 4 7H, WA BV TR 2 a5+
AR RYBAZENRBEINSG, T/, BT
A OYHIERE L AR T WM B 720 T OGRS
FHOTLAESIHBITE B0, Mo O
22 (Mg - AR, 19907) ReaslBIROFH (KT - 55
1991%) (T, L OMERFERE L V2 B, 7272
L. AFRTIE, WUEICEES-TEE BN TLBY
4 TREROHBENE LTV 2, ALK 72
ORI, A9 A4 TEBY A THRET L LEEDR
SHAMZBIhbhaI dBn, 2O Ehn, K
AR WA BT B2, TOREET A
BICDOWTBY 4 7EABY 1 TREAIOMBIHET
SRR L LTHIRLTBLL I ENLETH D, &
sk ) wINCBIT A AL 7 2 ORER L LT
E2b0Llbhb, —F, METZIBRFBIZLS
O#GAEd ™8 hebi (i - 384K, 1990%), A 17
MTOZHTAIOEBEINDZ ED S, MEEIN i
B ME - AL IHHEO7 2EmE IR EN TV 5
AlZid, BEABY A TR L O AR 7 2 0A %
HTHIEERAI,

AIHE7IOHABIIRShABEROKIE

BB 3N OH %4 LT A (Campana and
Neilson,1985®), F7-. 72O5MUFRIIEOERFER
FINTOFLTBN ., AKA S E20H LIS
W B M5 (Tsukamoto and Kajihara,1987%), L#A:L %
. KR TR, 51LE60H HUBOANTIRE 7 12
BOTHLVEBOOENBES N, —Bvis, A%l
TR AN TH o, LAY o7NTHEE%:
BwT, BFEEFAECHREESORITYB I bh
27812 (Campana and Neilson,1985%"), #A (2B
DHGE v, o, WAOKEUET 28563 L
AWUSHTSRWE I THE, —H., HEBOIBEIL.
AT ORI AN S 7 A OFMETH B 1| Mo Ffl
f(statolith) & 2 xfDstatoconia® . ABEIEH 18 D
FHif (R HTH I EIHSNTEH (Williamson,1995"),
HEAZTICRIFHELAN LBV LE R T A (eg.

Arkhipkin, 1991*). Hanlon et al. (1989)* (X /\lg#
Oy 224 AH, v A4 A HD5HIZOoWT, IRFE4EM
DEEKRPOA MO F oo 2BETEE, ML AR
FALMAAIZEHELVIHAOLERL R, BLY
statoconia® KA S AL, F4L 5 ORI B FEIR 5
R D e EORETE ERT E WML TS, Bk,
72O EESG BT, AT ChER
FikL S, KENVICELBRHITEIIZ->TH
b, EIRIZE R E ST v (per. com.), HEA %
BOTTNH IS SOV HIREIRE L LTHEEL Tw
% Z &5 (Campana and Neilson, 1985%: 3 7+.1996*),
Stk FOORIE BEHRATHOMMYER, Z0RETERN
LERBHTALENHA I,

E &t
BRI ULKREE BRI T TR A R R L T e /2 &
Fl STWKRLT, P LETFZ ¥, 4, 8K
ORI L C 722w cFA LD -FAESEE, B
HR i, SR DE TR L L Twre 2 un 7o iLIgE
TR, BAFRIGOASELB L ETFE.

5| A X &
| ) Nishida, M. and Y. Takahashi (1978) : Enzyme
variation in populations of Ayu, Plecoglossus
altivelts. Bulletin of the Japanese Society of
Scientific Fisheries, 44(10), 1059-1064.
VAAONEEE - ARE - ATIREM(1983) ¢ Wi ml g R
FEEF B X A TN 7 RO LA R AT =
LR OS5 iz v T, Bulletin of the
Japanese Society of Scientific Fisheries, 49(11),
1655-1663.
Nishida, M. (1985): Substantial genetic differ-
entiation in Ayu Plecoglossus altivelis of the
and Ryuku Bulletin of the
Japanese Society of Scientific Fisheries, 51(8),
1269-1274.
4 ) Nishida, M. (1986)
molecular, morphological and reproductive char-
the Plecoglossus  altivelis
(Plecoglossidae) in the Japan-Ryukyu archipel-
ago. Japanese Journal of Ichthyology. 33(3),
232-248.
BIRE - 21 BGE - IHFRE(1988) « HAB K UEHE
DOKIKT7 2Oz %1k, Nippon Suisan
Gakkaishi, 54(4), 559-568.
Takagi, M., E. Shoji. and N. Taniguchi(1999) :
Microsatellite DNA polymorphism to reveal ge-

oo

3)

Japan Islands.

: Geographic variation in

acters of Ayu

5)

6)

netic divergence in Ayu, Plecoglossus altivelis,
Fisheries Science 65(4}, 507-512.

7)) Seki, S., J. J. Agresti, G. A, E. Gall, N.
Taniguchi and B. May (1999) : AFLP analysis
of genetic diversity in three populations of Ayu



20 BT AT 7 2O AREER
Plecoglossus altivelis. Fisheries Science, 65(6), TE7 RN TEMBILOELI (KRE) (2o
888-892. WTFR 1 LR 7 TR R I s AR
8) MBI - BONGE - A kST - KHHE(1984) - WMl 23) Yamashita, E., Y. Maruyama, M. Katsuyama,
FLEHEET IOWE - AR UITHO M. #K M. Tsushima, S. Arai and T. Matsuno (1998) :
£, 105, 101-104. The presence and origin of apocarotenoid,
9) BME - BONEE(1988a) @ 7 A4 VWA AMREER galloxanthin in ayu Plecoglossus altivelis.
ISk B E7 2@ BE . Nippon Suisan Fisheries Science, 64(5), 826-830.
Gakkaishi, 54(5), 745-749. 24) Yamashita, E., S. Iida, N. Taniguchi and T.
10) PP - ALINEEE(1988h) : KRB XA LT O Matsuno {1999) : Absence of galloxanthin, an
B 7 1B ITATRE 7T 2OHRICOWT. apocarotenoid. in the amphidromous form of
AKEFTE, 13, 39-44. the ayu Plecoglossus altivelis. Fisheries Science,
11) Seki, S., N. Taniguchi, N. Murakami, A. 65(5), 804-805.
Takamichi and . Takahashi (1994) : Seasonal 25) MEGHEE - BABE(1990)  H{AlfsIc Xk B
changes in the mixing rate of restocked Ayu- e - dEeE 7 20 W Bk, Nippon Suisan
juveniles and assessment of native stock using Gakkaishi, 56(12), 1919-1926.
an allozyme marker. Fisheries Science, 60(1), 26) FFIHER - SUFE(1991) @ T OFAERN LN
31-35. EFEMIC B 0% (BH) — 0. FRITEEILE
12) Pastene, L. A., K. Numachi and K. Tsukamoto UL PN K TR A RE S B R Sy, 10-11.
(1991): Examination of reproductive success of 27) Otake, T. and K. Uchida (1998) : Application
transplanted stocks in an amphidromous fish of otolith Microchemistry for distinguishing be-
Plecoglossus altivelis (Temmink et Schlegel) tween amphidromous and non-amphidromous
using mitochondrial DNA and isozyme markers. stocked ayu, Plecoglossus altivelis. Fisheries
Journal of Fish Biology, 39 (Supplement A), Science, 64(4), 517-521.
93-100. 28) BABEE(1993) « HEFEEH:. I EREBRBE 128,
13) Tsukamoto, K. (1985): Mass-Marking of Ayu EHABAT - KYHEEZ - PGS, ERTRFININA.
Eggs and Larvae by Tetracycline-Tagging of pp 309.
Otoliths, Bulletin of the Japanese Society of 29) Campana, S. E. and J. D. Neilson (1985)
Scientific Fisheries, 51(6), 903-911. Microstructure of fish otoliths. Can. J. Fish.
14) Tsukamoto, K. (1988): Otolith Tagging of Ayu Aquat. Sci., 42. 1014-1032.
Embryo with Fluorescent Substances, Nippon 30) HAMC - 2T - R THE - 1083292 (1989):
Suisan Gakkaishi, 54(8). 1289-1295. JNCKE BT 5 7 TAHEL OS54 - B - 8 E.
15) Tsukamoto, K. and T. Kajihara (1987) : Age KEEL AR, Vol.25, No.2, 47-57.
Determination of Ayu with Otolith, Nippon 31) Laroche, J. L., S. L. Richardson and A. A.
Suisan Gakkaishi. 53(11), 1985-1997. Rosenberg (1982): Age and growth of a
16) BPE~—(1998) : 7 - 7elid s AT by 58 k. ¥ Pleuronectid, Parophrys vetulus, during the pe-
bk8 FREA O BLRRE AR 522~ & — N IF 9 B lagic larval period in Oregon coastal waters.
My, 22-24. Fishery Bulletin, 80(1), 93-104.
17) #FE(1950) : BREE - MR R 8 IR B 80 T2 32) Rosa, H. C. and P. Re (1985): Influence of ex-
TR D AR UM RIRES & BRHAE BRI BE ogenous factors on the formation of daily
T. Jap. Jour. Ich., I-1 VI, 17-22. microgrowth increments in otolith of Tilapia
18) ByMIwsmI(1977) « dEd - R - ALBHET 228 mariae (Boulenger, 1899) juveniles. Cybium 9,
AR O E, Jap. Jour. Ich., 24(2),128-134. 941-257.
19) AESIE(1956) ERMS)ITE R A8 oM |\ 2 ;i 33) Mugiya, Y. (1987): Effects of photoperiods on
L7- 5428, MIESMERE, 5(2), 1-11. the formation of otolith increments in the em-
20) BAMRFE - R EEE - SEM - FONEEE(1998) ;- k- bryonic and larval rainbow trout, Salmo
T EE N e R 7 o & BRI R PR T 7 o 8 HI gairdneri. Nippon Suisan Gakkaishi, 53(11),
12 & %1%, Nippon Suisan Gakkaishi, 64(4),720- 1979-1984
721. 34) Geffen, A. J. (1983): The deposition of otolith
21) Anonymous (1993) : B4 5 &4-CThIEHER L rings in Atlantic salmon, salmo salar L., em
T 2 LA o T simiar & fus B AR AR S i oo 2 R bryos. J. Fish Biol. 23, 467-474,
S RLSAE BEA L KN S SRR B R WY, 43-54, 35) Campana, S. L. (1982): Interactive effecls of
22) REAULAKMETRSEE & — NUKIEBEZEAT (2000) @ A age and environmental modifiers on the



W7 28 ATSR 7T 2O ({EaEER 21

36)

37)

38)

39)

40)

production of daily growth increments in
otoliths of Plainfin Midshipman, Porichthys
notatus. Fishery Bulletin, 82(1), 165-177.
Neilson, J. D. and G. H. Geen (1985): Effects
of feeding regimes and diel temperature cycles
on otolith
Chinook salmon, Oncorhynchus
[*ishery Bulletin, 83(1), 91-101.

Campana, S. E. (1983): Feeding periodicity and

increment formation in juvenile

tshawytscha.

the production of daily growth increments in
the otoliths of steelhead trout (Salmo gairdneri
) and starry flounder (Platichthys stellatus).
Can. J. Zool., 61, 1591-1597.

K. H. and P .A. Larkin (1982):
Relationship between thickness of daily growth
increments in sagittac and change in
weight of Sockeye salmon (Oncorhvnchus nerka)
fry. Can. J. Fish. Aquat. Sci., 39, 1335-1339.
Tanaka, K., Y. Mugiya and J. Yamada (1981):
Effects of photoperiod

Wilson,

body

and feeding on daily
growth patterns in otoliths of juvenile Tilapia
nilotica. Fish. Bull. U.S., 79, 459-466.

Zhang, Z. and N. W. Runham (1992): Otolith

microstructure pattern in Oreochromis niloticus

(L.). Journal of Fish Biology, 40, 325-332.

41} Williamson, R. (1995): The statosysts of cepha-

42)

43)

44)

lopods. pp.503-520. In: Abbott, N. J., R.
Williamson and L. Maddock (Eds.) Cephalopod
neurobiology, neuroscience studies in squid, oc-
topus, and cuttlefish. Oxford University Press.

Arkhipkin,A.A. (1991): Methods for Cephalopod

with
statolith ageing techniques. pp. 11-17. In: Jereb
P., S. Ragonese and S. V. Boletzky (Eds.) Squid
Age Determination Using Statolith. Proceedings
of the International Workship held in the
Istituto di Tecnologia della Pesca e del Pescato
{ITPP-CNXR), Mazara del Vallo, Italy, 9-14
October 1989. N. T. R. -I. T. P. P. Special
Publications, no 1: 128pp.

Hanlon, R. T., J. P. Bidwell and R. Tait
(1989): Strontium is required for statolith de-
velopment and thus normal swimming behavior
141,

age and growth studies emphasis on

of hatchling cephalopods. J. exp. Biol,,
187-195.

ZAAEHE(1996) - FEEHRBE OO & IEE RR
Hr. MREEY LKA & AR, TS - A AR
HERT . RS RSy, 285-298.





