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The lateral line is a unique sensory modality found in fishes and some amphibians. This organ is well
known as a sensor of water motions and has an important role in schooling, food foraging and mating
behavior. Although knowledge of lateral line sensory capability has been cumnulated, previous studies
mainly focused on its physiological functions, but had not considered other factors possibly affecting
éensory functions such as environmental noise condition and sensory disturbance induced by fish
self-motions. Hence, additional knowledge on lateral line to describe the sensory capability during
exposure to natural conditions is necessary. In this study, the distribution and sensory functions of
lateral line neuromasts, the sensory disturbance caused by fish’s self-motion, and the inhibitory
activities of efferent lateral line nerve induced by self motion were studied using carp Cyprinus
carpio as main model animal. In Chapter 1, we studied the distributions of superficial (SN) and canal
(CN) neuromasts through morphological methods and compared the abundance of each neuromast in
three species. The neuromast systems in carp C. carpio, dark chub Zacco temmincki and goby
Rhinogobius sp. indicated differences in terms of distribution type and abundance of both neuromast
types. Among the three species, carp consistently had the highest number of SN and CP.
However, the density of SN in SN-bearing scales was quite similar among the three species,
even though the total length of goby was only a third of the two other species. In Chapter 2,
sensory characteristics of SN and CN were studied electrophysiologically by recording single afferent
lateral line nerve activities in response to oscillating water particle stimulus. Sensory threshold curves
obtained from SN and CN showed differences typically at higher frequencies. SN biased its sensitive
range to frequencies lower than 100 Hz; CN extended its sensitive range to 200 Hz. These results
confirmed suggested differences (in previous studies) in the sensory characteristics of SN and CN;
SN response was correlated to velocity of water motion, while CN was correlated to acceleration. In
Chapter 3, electrophysiological recordings from posterior lateral line nerve bundles revealed that the
trunk lateral line is stimulated by fish self-motion and the magnitude of response is linear o the
velocity of trunk motion, suggesting that lateral line capability will be masked when fish moves their
trunk. In Chapter 4, recordings from single efferent lateral line nerves indicated that the efferent
activity is induced prior to fish trunk movement and discharge rate of efferent lateral line nerve is not
correlated to the velocity of trunk motion. Results of this study suggest that self-induced noise and
physiological mechanisms affect the sensory capability of the lateral line when fish is swimming.
This study is the first to describe the quantitative differences of lateral line neuromast distribution in
three species of fish with different lifestyles, and illustrate the functional differences between SN and
CN. '




(ZEALEE 9 F )

FNWLEERROEE

EE B

TE BRE K% sl B

BlE B K KEMM HHE R

EEER (BIE K HE FAR BFRAO EKER

BlE BRE KEMTS fE
BIE BRB KEMEI SN - SRS AT —FF 4
=5 i %
g g | ERROWRBERECH TS BRSO
R

(Electrophysiological Studies on Lateral Line Properties of Swimming Fish)

WREFZAEBLO-HBOBMAEIIRONIBRBTBRTHLY, KEOKDWHENR
DEHREZEL, FxRITHCBWTEERARE LRSS LB MBN TS,
R IR E PO ERARR D 2HMEND Y, —DRAERICBHELCHMATAE
TERALT, MIZEETOEOPICTEETIERILT, FRLENBEICE VN L
EXONTVD, ABROBEZAEACHETIERNORREFILTETNS
AR, THETOFRERITERSROALFFAOBEBICHLLELDREV, KBTI,
REOEBOEFECELIHAZLTHILIECEHNOMAKRDEM & ARDOKDEI L
KECTHE LT, BROMRIED OGS FECERIC & b7n - TE L 258 DS
WREOEMZEREERZNICHS, INETRBATH- - HREOEIENHEE
ZRREE L7z,
 EHOoETRAFEERNE L D 3 A Cyprinus carpio, 59T 5 Zacco temmincki,
3 3/ AR Y Rhinogobius sp.DRERRT L ERK T D54 % E T2 & iz
L, Znb tilftkAERBLoEFEEwm Lk,

BIETRIAEZAVTHERBORERE L EREDREDRAIMNSFEE




No. 2

, TNETNOREEXRT 5 ROEWBRHBISEZNAA Dy NI 4V E— 2 E2
SEBE T OHEBEREL, REREDOEHBERIL10~1000z, &K E T 10~200
HzThdZ &EwPH M Lz,

BAETIE, I OBKESEORLEABRBEISEEZSH L, RIEDEHR
AR A L RO MR R OB E R E < 25 L 2 H b L, Bk
ATOBKITBCTOMBRE L 0B HIET 5 2 & BRIE Sz,

HES5ETI, FHOBEROEENHICEET 5L EBHEOES 2~
o, RBEOEEC AL - BEORBESIC Y &bz o il ORGSR N RE
FTBILERUEN, EOMAEEE O R EEE b A R EE O S I 5
ERWER ok, BLOMAKRGROKRBRIESMOBE L AT 213 ETL
TAELDZ EBREN, EE B ANNICE LERBREREHIZ L o CHIE oM
DHRENEIE S5 LHB S,

AR, CHhETEREIN SN T EABROERDIEZ AN 2 RTRE L E
BEEZSTTHLMCL, HEHCEERFORBRS 8 DB L 2RI EEN O &
BUAI =X ALY AROSRENLETERA - L 2R L, AFEORE
AR P ABEOARICB T 5 REOBME RET S 0T, BHAOBERIEE
WEEE R B,




(FEME 1 0 FHR)

No. |
R B R 0 2 g

LI %:
K 4

TE BERE XEA# )N ZEE

BlE B W RF¥EH HE E
FEZR BIE £ B K¥4H% FEO  EKHR

BlE BREE XPBHHITE NE

BlE BREE KEBEISFSNL - NZAF R FT—FF 4 )1
FEEWMAOE
KhiE R H T 224 1H148

RBRFE (BUObDOXOTHEETD L,) CEERE £

FEXRVEIEIZ. FR22E1A14B80AEFESICB TS BEE|C
LT, EMNEFERILONBTIZCOVWTHERAZ KD, BEEEIZSW TR 21T
o, BEMIZEMNEOL > RERIGERIREN, WFRLEBR T AEE S
B LN TEI,

ULOFRERNG, #BRESSIIHEERE L (KES) 0T 22351040

BERLHOENRLCCBRBEET S LB,




No. 2

AEES

Ml BT
22

B4k

CHBRLERUTOLEY Thoi,

(HM 1] BRAERL 3RS TCETO—2OFERNBONREHEL LTI /R 2HEICE
STWBHR, T2/ RY DEBFKBLTWARVRECH B, |

[HEF1] FRORBRICE DL 22 RYF)IOFREROThOENEECEEBL TRy,
RbEER ORI & B LTS,

(Bfi 2] bLi-0B8IXEoNEERS, 93 /R E0FADURBEYE L E SR, 2E
ARV Ebof-ob,

[(H%2] v/ RIOHFBBRELE 0TI ) RY BT,

[ER 3] 3, 4B TCREMFEE - THSAEZEZ TS, 51T Tk CADEBRO S 1T
EH7paTnBDh, |

[EI% 31 HIHRE SIS TR AR D T e <, ST Tk AR DRIB ORI 72 < b
FALTINARND T DAL, |

(BRI 4] BEOMBILEST-> TV58, BEERESS 2 T 0 & EMEEE TS 21

[EZE 4] HkAERORZAIBOB THET A -DIIZI0 R 0ok,

[HR5] ERGHTE Lzl b5 0N ERICIHHBES T > TWa, BT EHEICERR LS

[EI%& 5] BENNPMEELEZLDOT, BHXEFTETD,

LEM6] tREEIT>TWAN, F—X¥EERLSTT 200,

[F& 6] EREEZRIELTVWARVWABELZ N E2 5,

LER 7] ’é"ﬂﬁODi’EﬁJ‘Z#CEPJf:o”CﬂEI#0)7*.‘~—5’0)5Eﬁ'[ﬂ£%&3%717‘:73>0

[EE 7] ZORERARD O TRIELZV,

[ER 81 Hhdk py B~ 0 BRI % RIE ~ D B2 CTEAE 3 % o ik 72 s,

[E% 8] IRENMBIIMEMICIIRECTHONA b DO THLID TEARE L FRBEO BRI
RIRIE~ORSEHECIMm L, ’




