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Morphological changes in free neuromasts are reported from larvae of the Ayu, Plecoglossus altivelis.
In newly-hatched larvae, free neuromasts were already recognizable in both the head and trunk. During
larval growth, the number of free neuromasts increased, and the number of its sensory cells 2 days after
hatching was constant. In the trunk, two types of free neuromasts, one with maximum sensitivity in the
antero-posterior direction and the other with maximum sensitivity in the dorso-ventral direction, were
observed. The former type predominated. In the head, free neuromasts were located around the eye and
nose, their directions of maximum sensitivity forming lines tangential to concentric circles about the eye
and nose. Distinct changes in free neuromasts occurred during the formation of the canal organ. The
canal organ was first observed in the head region 64 days after hatching and in the trunk region 100 days
after hatching. Concomitant with the formation of the canal organ, the profile of the cupulae of the free
neuromasts changed from a flat bar to semispherical. Sensory cells in the canal neuromasts did not differ
morphologically from those in the free neuromasts. It is considered that there is a close relationship
between the sensitivity of the neuromast and the shape of the cupula, i.e., that the free neuromasts are
adapted to slow water flow, as in lakes and the sea, while the neuromasts in the canal organ are adapted
to rapid water flow.

WEERE DO REELE BRI DLW THNAHRE IR S
2oV, 72Dk ) ICEREICHEVEBRE OKRERE)

7 2 Plecoglossus altivelis (&I | IR TEESY L, 1k
FREHS 2 VREBANERTT 5. 0k, HERCS

WTELEETE AT 505 (URA, 1988), HEMIICIAIic
B ELCTERITEENS FEHRAN LTS, 723
ftfrfanikE bicid, ¢ TIABREERO—TH 5
FEHRENSFAT A EbMESN TV B, KEICHE
S >V TRBEShlcanTVAWL (JIIFHE
b, 1983).

HFROAER FIcAH L TV 3 BEREE, KEEE
R E L TRATIRERTHIEEZOLNTVS
(Cahn and Shaw, 1965; &3, 1972). ERRERICH T 5
HEEREOER L ERREOTEDEVICBT 2853
B 541 %55 (Vischer, 1990; Teyke, 1990; Webb, 1989), #
EDBERI OV TEREERB B 2EBREOE L

DRELSET 2RETR, BEHRENZET 2N
b RESENTEEEZONSE, LEkb-T, T2
ORI O REELEP S M 5 2 &3, HHRT
DOFHE L BEEDBREHI A LIt BLWTHEZTH 5
AHETIE, Ta2DMLBEEKRD SH L E TOREE
BBEIC B B ER - O S HIREE, TEREZ(L, RIMZA
Ak & CERANOEEBE, BERAORTOIEE,
T 5IL0 75 DFEERLEFH N,

MRELURE

AL LT, IIFRLERS)IEGETE Ly s —IcBL

—411—



FAEYFMEEE Japan. J. Ichthyol. 38(4), 1992
T 14 FHiEK OKER 19°C) ThE S N7 31k 150 H
HE co7afffasmuvi. 7270, g 7HE
TofEAE, MKLBAKEREL Y 7 - SAFL
TRBINE AEKEFRHRETI(LEE, Bbicy 4
v AHAEH L Ti/KET Okl 17-2000) L2 b D TH 5.

ek (3 Ltk 31bi% 2, 7, 14, 37, 64, 100, 150 H
B, Ay 72F-KETHEEL, FEHEIRHL S
J =K BRKE, FEfRA VT I VicB L RS
EIR% &R0y ) v SRRBL, EARE FEEMEEH
AEF T-200, ISM-6100) Ic & 3 HEER T OBE 1T -
fz. 775 OBERIFEE LTHIE (B - /K, 1991)
ERRRICRAEZERMEEIC & » TiT - 2.

#® e

HRREONT SHRERBICET BRI oHE
3% Fig. LISR L7z, AHNED (1958) 12k % &, 3Lk
%2HBECRAIBEFA THE»S 3T HHD b D3R
MiFE, 4 HED b D3y 5 2 RUFABIICHY T 3.
R ER o B Fr i3 SR ET O RRE I HHER L, (&fEh
BEBEICAIES 2 @b » 7o, HEEEREOHET 25
HIEALICRFE OIS <, Mikickh Riz-> Tk,
Table 1 ISR & DI, 1 B » O BFEERR  DREIE K
Eicoh TNt 545 37 OEBLIRIKE L8NS S
Nk -1z, SEEE ISR BT 2 013 3bi%
37 HHT, ORI IEEREL 2 MHRBT 2 HE b
dvont, ST, BEBFLORAMICHESERTAE
LT,

B EORERL SLER ORI PN
TREMEOVISVHEDHE W, BIFTER L LFEES
bW E AT 5. bk 2 B HOEKARR O
REFE% Fig. 2 1ORY. O 13 REDS 1313 5ER L
b DT, RELEMEICHEE N s ORI (s
75 BB A REMEO S HEE) I ELEZL,
FRPICKRHEEL b>BREMENESASL TV 5 (Fig
2A). 1 ADKL EWH 6um OEBHEDOHRMICIE, 30-40
KD WAFHENBEEAKICAT S T Wi (Fig. 2B).
Table 1 IR L& DI, 1 HOBEHRICHET 2KE
o E, SHMLEEIC I EESOFETH b0
A, SHME%2 BHICIE 142 ictgmi /. LaL, 64 H
Hicid 176 HCHEELSHENEASL LA - 1. BEE
B3, btk 64 HBEICTHI THIH TiBY S h iz (Fig.
2C). B IEHREVSRE T ICERT 0TS,
REDVERREAES> CEick-TERENE LS T
ot Fi, BERERICHEOVESEREOTESKEL

ZitLt, T7bb, EREEZEL TOALRTOEER
DR L, SEEMOBREAILA > TH LA, Zofd
EAHEBABREOME S AR & —H L TV (Fig.
2D). ARIERIc B 2 ESRITEIE, L&Y 100 HHD
HRABTED SN, ERHIEEEEEED, BHIEEL
THERFLAS B 5. BB OB fE S Rk
BEER DA & 12IEEETH » 1. Fig. 2E, F i, 3Lk
150 HH o @ i A3 25 7 2 DK fIER O E g3
E%RT. BREOFER, WRITPORREEGENZITFL
BT EICE>THBICEL 85 & & bICERKTD
REPA D HEFE (VW B neuromast area) (FHLA L, B
POk b 119 L 72 (Table 1). 4D
REMBOMBRTFEMObDICHNE ELEPED
(Fig. 2F), REEDFERSHMEE2IHHDOb D EIZEA
EERBED SN

R EORMREARE RENICE 5E~2 DEE
ffaoRIBZ RN, ABELSHEANDAHMTH S
% (Lowenstein and Wersill, 1959; Flock and Wersill,
1962), 7 1 OWEREAIC ZHEICERSOKEED
5% & > EEHEL %218 L THEEST 5. Fig. 3 1S,
3% 2 HEOFRIC > W TREEDRICI I D UIRRIR
1278 » T - 1t A O E %2 /R 9. D& S 1K
HEOERF D S, 72RO EHREICIE, REE
DHBRRE, SAT2EHDO bDMEH - T, AIADH|K
FHlalh o O flEIc s L T KIRE % b D[l RE
(Fig. 3A) &FIEHMD & DRIBICK L TRAREE b
SWMREHE (Fig. 3B) I3 5 5B, 1, Th 50|
BZRAEN, EHREOBRIICE T 2EHO LR E—
LTV,

Fig. 4 12, BAKBE RN 5 & B T O 3 FRiREE
AR L SMEER TR 92 BHoiiEs
RO & DA Shtchs, FHERTRATEAIIRO b
OHERINCE L, FEAMMEO bDEDEV. 0l
AR E IR VIR AN L ChEETH » 72, 64
HETE, BELL 61 fHDS bic 15 Homtc 2 fo
R A St s, $EL TE OREROFER T 13
Mg AR T, BBObDREFEHGRTH -7, £,
COBRBHE ALK ERNE, ZORECE, -
7-.

BIC B B B ORIMZ A AN, ARETE
KWICRI - TV (Fig. 4B,C). ROEMD & D3R
Zoic U7z [EL O L oBER A NI R KRE S R 6 -
fo. 1o, BONHOEHKELEBLEdLE LN
LoBEAEICZ ORRBRESRDS D - 12,

VTS OEREREPEZEAE 7107 7 IFEFEIC

— 412 —



EH @ T 2T RO W&

Fig. 1.

Distribution of free neuromasts (black spots) during larval growth of Plecoglossus altivelis. Scale bar:

S5mm. A, newly hatched larva; B, 2 days after hatching; C, 7 days; D, 14 days; E, 37 days; F, 64 days.
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Table 1. Number of free neuromasts detected on a unilateral side of a fish and average number of sensory cells.
Days after Number of free neuromasts Average number* of
hatching Head Trunk sensory cells (mean*+SD)
0 7 19 8.0t 2.8
2 13 23 142% 43
7 13 26 16.0x 6.3
14 19 44 145% 6.4
37 38 78 12.7+ 3.3
64 48 76 17.7+ 2.5
150%* — — 119.3£19.1

* Average was obtained from ten free neuromasts of anterior-posterior type, in order of position from pectoral fin
toward tail, and from seven neuromasts in the case of the canal organ.

** Free neuromasts have been buried in canal.
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Fig. 2. Scanning electron micrographs of free and canal neuromasts, cupulae removed; the head is to the left
in all photos. A, overall profile of free neuromast; B, sensory hairs; K, kinocilium; S, stereocilia; scale bar
in both photographs, 1 um. C and D: neuromasts in a 64-day-old larva. C, forming canal organs around
the eye. Thick white arrows, canal organs: thin white arrow, position of the neuromast shown in D (scale
bar, 1 mm); D, a neuromast sinking into the canal: white arrows, the direction of elongation which is the
same as the axis of the canal (scale bar, 10u#m). E and F: neuromasts in the trunk canal organ of a 150-
day-old juvenile. E, overall profile of a canal neuromast (scale bar, 10 um); F, high magnification of the
sensory cells: K, kinocilium; S, stereocilia (scale bar, 1 zm).
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Fig. 3. Scanning electron micrographs of free neuromasts located in the trunk of a 2-day-old larva. Bases of
sensory hairs of each hair cell with opposite polarity are clearly visible. Thick white arrows, direction of
maximum sensitivity of neuromast. ant, anterior direction; pos, posterior direction. A, neuromast with
maximum sensitivity in the antero-posterior direction; B, neuromast with maximum sensitivity in the dorso-

ventral direction.
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Fig. 4. Schematic diagrams of the distribution of free neuromasts indicating the direction of maximum sensi-
tivity. A, portion of the trunk region of a 2-day-old larva; solid circles, neuromasts with maximum
sensitivity in the antero-posterior direction; open circles, neuromasts with maximum sensitivity in the
dorso-ventral direction. B and C: heads of 2-day-old and 37-day-old larvae, respectively: bars through dots
indicate direction of maximum sensitivity of the free neuromasts.
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Fig. 5. Scanning electron micrograph showing the
cupula of free neuromast, located in the head of
a 12-day-old larva (scale bar 10 zm).
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