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Biological studies on the mass production of juvenile red
sea bream Chrysophrys major TEMMINK et SCHLEGEL —I.

Development of lateral-line organs and
its bearing on behavioral changes

Ryo OxaMoTO, Hiroaki MATSUNAGA

Katsumi FUNAE and Minoru HISAOKA

It has been required to establish techniques to produce juVéniles of red sea bream, one of
the commercially important marine fishes, in the extensive scales, through culturing the fish at
different stages suitable to the ecological features. The formation of lateral line organs of the
fish is examined in order to understand changes of the behaviors of the fish through the devel-
opment in the early life.

The materials are larvae reared from the eggs artificially fertilized in Nansei Regional
Fisheries Research Laboratory in June 1980.

Larvae immediately after hatching had eight to 13 (mean, 10.4, N =140) neuromasts on both
sides of the trunk. The neuromasts measured 30-50 #m in width and 20-30 gm in height, and
the cupulae attaching to neuromasts 15-20 um in width and 90-100 ym in length. The
neuromasts-cupulae are similar in fundamental structures to those described for the gobiid
Tridentiger trigonocephalus, the congrid Rynchocy mba nystromi, the percid Perca fluviatilis,
etc. While larvae with five neuromasts-cupulae on each side were most frequently encountered
(482 of the total specimens examined), the number of the neurgmasts-cupulae was not always
equal to both sides of an individual, and eight different patterns, either symmetrical or asym-
metrical, were observed in the distribution of the organs.

The developmental process of the lateral-line system can be divided into the following three
stages: 1) differentiation of the neuromast from the placode and formation of the cupulae;
2) rapid increase in number of the neuromasts-cupulae; 3) formation of the lateral line canal
and completion of the lateral line system. The first stage corresponds to the prelarval stage, at

which larvae show a simple vertical movement repeating slow sinking by their own weight and
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surfacing by the vigorous movement of their tail part. Since the surfacing is considered
essential for their survival, the sense of the neuromasts-cupulae system seems to play an
important part for their survival, supplementing the senses of the eyes and other organs which
are then not well developed. The second stage is so-called metamorphosing stage at which
the most drastic chang in their life history occur in the ecology as well as morphology of the
fish. The third stage is a period when the morphological and ecological features specific to
C. major are acquired. The lateral line system were completed about two months after
hatching.

It is to be noted that the neuromasts differentiated in advance of the formation of other

organs such as eyes fins, scales and teeth.
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Fig. 1 w5t 1 HER O SLHE L1 7 A
HOfFEIZ 4 b A & neuromast, JE{E
cupula DRI %R L,

XA DB, BRI SR
AR T, BOT % ESARY lateral line
canal "FFfE L, 8% B\ 7/hILciEEiz
B LT%, ¥k, i, ERES

supraorbital canal, TR % suborbital

Fig. 1 Position of neuromasts-cupulae formed on the
body of larval Chrysophrys major.

canal, T%E% mandiblar canal B Ol 58 A: 1 day after hatching (dorsal view).

B, C: 20 days after hatching (sectional view).

N, neuromast ; C, cupula.

ns, Scale bar indicates 1 mm.

H % supratemporal canal 7¢ ¥ 23385 5
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A B C 'B
Fig. 2 Formation of lateral line scales and sinking
of neuromasts. Fig. 3 Neuromast and cupula of Chrysophrys

A: Dorsal view.

B: Sectional view.

C: Side view.

n, neuromast; cu, cupula.

a: Larval membrane disappears, neuro-
masts attach directly to corium. Lateral
line scales appear.

b: Part of lateral line scales sink and make
a hollow.

¢: Two rooves are formed over the hol-
low.

d: Two rooves combine with together and
the tubes of lateral line scales are
completed. Neuromass sink further.

major at a larval stage.

A: Neuromast supported by larval
membrane.

B: Diagramatic drawing of the
neuromast and cupula.

¢, cupula;

sh, sensory hair;

se, sensory cell;

sp, supporting cell ;

In, lateral line nerve;

Im, larval membrane ;

ep, epidermis.
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2-¢), %, WA S h 5 (Fig 2-d), —H, & - HHX, Fig. 2-a~d KRT L5, KB
CRBABE LT, MESOTH, BRACED, ToRMrHRILoE FICKE S EEET So
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SEE 3 AHORE - HEDOKEY Fig. 3-A IR LA, ChODOBREFRVWThIFAET X -
THEShTW5, e, ZORBORE - B ik, ARAOREKEERBCEMLTKY, LM
EEMEYAGSE, BEOHRTRL, BEHEMEHCBEINRD, LtA-T, ZhbEiHL
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/5 45 (10—e), £4 46 (0—r), £6 : 5 (11—1), £5 : 46 (11—r), RO
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Fig.4 v RT X5, b &ERTHHRL, 0EOLEREE (10—e®) thbh (48%), #
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GRBE, Ei, RIDHROBE LEE 6o
R L AR, RS To0EG LT
> TuvB,
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Table 1. Number of neuromasts-cupulae on the &
trunk of C. major at the prelarval stage, g
2 days after hatching. §
[
Number of Type " 0
neuromasts-
cupulae 1 e r
9 1-5:1-4 o 1-4:1-5
6 .8
10 1-6 :1r~4 1—56:9r‘5 1-4 :2r—6 0 10 1'2'
Number of meuromasts-cupulae
11 1-6 : -5 1-5:1-6 . o
14 16 Fig. 4 Distribution of neuromasts and cupulae on
. the side of the trunk of larval Chrysophrys
12 o 1-6 : -6 .
22 major.
1: More neuromasts-cupulae on left side than A ] More neuromasts-cupulae on left side
on right side than on right side
r: More neuromasts-cupulae on right side than B Il More neuromasts-cupulae on right side
on left side than on left side
e: Number of neuromasts-cupulae equal on C, Number of neuromasts-cupulae equal
both sides on both sides
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Fig. 5 Development of Chrysophrys major and its lateral line organs.
1: Immediately after hatching (A: Dorsal view. B: Side view.), differentia-

tion of neuromasts from placode and formation of cupulae. 2: 1 day after

hatching.  3: 3-4 days after hatching.  4: 12-13 days after hatching.
5: 15-17 days after hatching.  6: 20-22 days after hatching, remarkable in-

crease in number of neuromasts and cupulae.
7. 25-30 days after hatching.  8: 35-40 days after hatching. 9: 50-60 days

after hatching, completion of lateral line organs.
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1.9 ~2 ImmTA X /i yolk sac
LBk oil globule %%, —hux LAl L
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(Fig. 5-2)
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B, FDOW%, RFREMCHETHREL, 3F
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BB X2 ORI CHEFT %, CoMo
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T8N, BAL, EMEBTOHERIREDL E
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HIREHRA R OB AR Bl R R
M50, FarbOHE T, BT
ETHTRCOHEGLYHRATLHZ LiXTEL
Mot T OH, ERTNTOEEEL
1 d, BB AT R - THE
MWNRbTsEA R N5, (Fig. 5-3)
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WELH, ¥, ZORMLY, BESRER
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MMM BEY T, MORE&IF 17T
7¢%, (Fig. 5-4)

i - HIBOWIMSEE D, FIEES TR
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R 17T,
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e B S REOKENTEBDS,
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RREEE L LT EA BT 5,
—7%, B®RFTE, BEEHHECRENT
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%, (Fig. 5-6)
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—%, Fig. 1 B Fig. 5-1~6 iR L=k 52, oo R b5h R0 & HED,
TORBENLL, M REINELLLT, RAOFTh LB b BrEEchy, B3N
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S97cfFRIC L 5T, 8~15mHg L\ 5 KEEL (1~2%HYUoME) & oB#EM ERE R
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BEHOWMHIE L TEHEEELOfIE, 5% &, Table 3 KiRT X5k, 3EDOKAX YR
TERT S, £OH 1 BIEiL, placode 722 HOBESMMEREEDOHRIIED SR ELOD, MO
BEIRMMETIEEY L TH ), TBE LT BME & EER 02T 5 F RN, 2
2 BM, HMEORE - TRESKREICH 2, REREDOHEABEE D SHEH®I2~1300 5, B
DREBL»—BEEL ), WELOBREAE LML T, TR REOEMI AT 551k
®IOREET, EMEVL, ZORLI0HFHOBIFAEL, (ORI, MR O/
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Table 2. Number of neuromasts-cupulae in eight teleosts.

Species Number of
Authors
Japanese name Scientific name neuromasts-cupulae

Dortsu (1955) Kumohaze Gobius fuscus 3pairs +1
Hikita (1956) Koi Cyprinus carpio about 30 pairs
Dortsu (1958) Masagohaze Acentrogobius masago 8pairs
Iwal (1963) Shimahaze Tridentiger trigonocephalus 7pairs
IwAl (1963) Isoginpo Blennius yatabei Spairs
Iwal (1964) Medaka Oryzias latipes 8pairs
Morr! (1971) Kihadamaguro Thunnus albacora 4pairs +1
KisHiNOUE  (1915) Madai Chrysophrys major 7pairs
YamasHiTA (1963) Madai Chrysophrys major 9-10pairs

niEfe bt L, FETLETHE FoRLULFR, DX 5@ LTE DD, ThbDA
CBAL T, BB AMASLELRSHAS D,
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BRI BRoER Y 78] (BED) 5504 [9~1080 7 750 (UTF?) ks, A
DEBRTIC BT, BFLl S T b0l EL R THEL, LhrLissd, EEL0BE
WEEei2, Table 1 R0 Fig 4 Rl ow, oMo~ £ FRERBCHE X h %K
- EEoR, SE,LIEOBEChy (ZOFRE, HHEAR HB&EE X ot VA
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Table 3. Development of lateral line organs, formation of other organs and changes in the mode

of life in the early life history of Chrysophrys major.

gatz;iﬁfgter Stage Lateral line organs Other organs and mode of life

0-2 Prelarva Differentiation of neuromasts from Existence of yolk and oil globule.
placode and formation of cupulae Repeated vertical movement “sink-

ing and floating”

20-22 Postlarva Remarkable increase of neuromasts Remarkable changes in morpho-
and cupulae, indicating the posi- logical and ecological aspects
tion of lateral line (metamorphosis)

50-60 Juvenile Formation of lateral line canal Attainment of numbers of spines

and completion of lateral line
organs

and soft rays to characteristic to
the species and gradually behave

as the adult fish
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