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Table 1. Classification of fishes 13-15,2229)
Mullet Mackerel Cutlass fish Pompano Sand borer Rockfish Flatfish
Bora Masaba Tachiuo Maaji Sirogisu Mebaru Hirame
Scientific ) o S o ) o o Paralichthys
Mugil cephalus Scomber japonicus  Trichiurus japonicus  Trachurus japonicus  Sillago japonica Sebastes inermis ,
name olivaceus
The south of the o o Hokkaido, The
. Warm sea, All over the . ) o Coast of districts of ~ Coast of districts of ,
Distribution Districts of Japan ~ Mainland central part, ~ Districts of Japan Mainland and
world Japan Japan
Japan Kyuushuu of Japan
Habitat Wandering in vicinity of ) ) Wandering in crowds in
i Alittle deep point . Bottom of the sea Shore reef Bottom of the sea
region coast vicinity of the coast
Small livings of bottom - ) o , , o , Small shells, Fishes of bottom life,
Food ) Fingerlings, Squids Fingerlings, Squids ~ Sardines, Squids, Krill  Plankton, Shrimps o
life, Algae Fingerlings Shellfishes
Length
80 h 100~150 40 % 20~30 50~80
(cm)
Spindle type, crushed  Spindle type, crushed
Figure Spindle type Spindle type Flat type Spindle type b , e, Crisie - .e e, cruste Extreme flat type
right and left right and left
Standing swim; in the
QOccasionally dashes out ) vicinity of the water . ) ) o )
Movement i , Swinns fast _ ‘ Swims fast Swims quickly Swims quickly Swims slowly
in the air surface in the morning
and the evening
Table 2. Average of measurement value divided by fish’s species
Mullet Mackerel ~ Scabbard fish ~ Pompano  Sandborer  Black rockfish  Flatfish
Bora Masaba Tachiuo Maaji Sirogisu Mebaru Hirame
Number of individuals 9 1l 12 2 6 4 3
Nose-gill length a(mm) 894+294  868%122 12924358 5501500 4924327 4131125 8331667
Width of head b(mm) 694£294 4361097 2291114  290%100 2221142 2631126 10671882
Height of head c(mm) 633167 6141097 81114  B25ETH0 2801245 4501001  25.012.89
Nose-eyeball distance d(mm) 272%121 3011061  604+199  275£250 2631088  185+050 2504289
Diameter of eyeball e(mm) 331220 1274372 851289  150+001  102%£000 151000 9.3£0.67
Length of anterior ampulla to common limb of membranous
. A(mm) 541167 684140 591189 49£1.19 391200 381120 41%1.12
semicircular canals
Length of posterior ampulla to common limb of membranous
g o Bnm) S8:L6T  23+13%  29tL49 305550 26408 2304085 33:1E7
semicircular canals
Length of common limb of membranous semicircular canals € (mm) 541222 6.1£155 5720.70 6.3£1.00 40%2.76 581096 621571
Shape of length of head al 14£0.02 142002 1.610.04 1.1£0.06 18£0.03 091003 341054
Shape of thickness of head ble 1.1£0.03 0.7£0.02 031001 0.620.05 081003 062003 444003
Position of eyeball in head d/a 03£0.01 052001 052001 0.520.02 052002 041003 0.310.01
NA+BHC (%) 3101094  47+117  406x101 4T3 3724226 3174036 3024054
BIA+B+C (%) 263t17  151£121 2001115 209+538 2501068 1971106 2491332
C/A+B+C (%) 3671142 403%137  304X052 4441228 3794209 486117 4494377
Angle of anterior semicircular and posterior semicircular canals ¢ () 1278%1021 9641338 10461217 10101900  9.0+837 820128 7831590
Angle of anterior semicircular and lateralis semicircular canals 2 () 689£763  1000+387 8211278 900001 951423 8951226  TH0L1558
Angle of posterior semicircular and lateralis semicircular canals 7 () 794%420 7051340 6671304  85.0+500 850342  8It13l 8671333

o — e g~ —e———————
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Photo. 2. Semicircular canals of a mullet (a), mackerel (b), cutlass fish (¢), pompano (d), sand borer (e), rock-
fish (f), and flatfish(g).
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Fig. 4. Relation between size of head and size of semicircular canals
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10.0mm

Photo. 4. Semicircular canals of a flatfish seen from the caudal side

Photo. 5. (a) Vestibular labyrinth of a rockfish. A: anterior ampulla, L: lateral semicircular duct, P: posterior
ampulla, U: utriculus, (b) Crista ampullaris of posterior semicircular duct of a rockfish. E: eminantia cruciate, (c)
Sensory cells of posterior semicircular duct of a rockfish. S: stereocilia, K: kinocilium, (d) Sensory epithelium of
posterior semicircular duct of a rockfish. H: hair cells, S: supporting cells,
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Photo. 6. (a) Semicircular canals of a lamprey. A: anterior ampulla, P: posterior ampulla, S: sacculus, U: utricu-
lus, (b) Crista ampullaris of anterior semicircular duct of a lamprey, (c¢) Enlarged picture of surface of Photo. 6-

(b). S: stereocilia, K: kinocilium,
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50T, F¥REOLTAERCTHAA L EBiE & ORI
HHBAEATE B DB D EBR L7,

Table 3. Shape of canales semicirculares

1. Z¥HABEOMIK
ZXHEORKE Fig. 2 1IRT X =A%, B,
MAERO 3EIZDT, FREFROBATEICHELE
(Table 3), = FHMEDIK & EBhEE & ORIIRIZEEE
ZARBBRIIR S h o7z,
2. Z¥HEOKEE
FEHOKRESEZPHREOEBMICBIF 2 KE S IR
BIRfRICH D, MEBICEELMHBBRIR SN,
L2L, BEEOKEZAT180mm * B HHTIE, =
EHEOKE SIIFEMOKE SIZEBBRTHY) —ED
f (14.8 mm) ¥ 7R L7,
3. Z¥REOL T AKE CEREE
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BRI Z RS L TW5D, L L, SE0RE
WENIS, ATEEEICL VESOBEREEREDOL
THEIELRLZZEPHBELZ, o, B, y H0E
A EEL LA EOREOTNAH S % Table
41IRT, 0EX10%ZEAE L, 10%L EFVTY
Z0%dtiAl L, 100%LUEBRLTVWEb0%8A
ELTe FITEaWHMATHLIIRLy TEBAE
AL7OT, ETHAOBZIZIIBETH L2, kA
DENX B TH A LEZOLNS, H/NTIX R HEE
BTy BHAERT LZOT, FN0OEEEESIEEY
WINELRBEBIABETHLLEDRS, NEWVAT
HHXARANNVIEa, B, vy EDIEMIEVEE
RL, BELEBSRNIEL DA TH S, 7V a5
AERTAMEE LTIHEAISELS, TLAFAR AN
VERMUAMMEERDbDNSL, ¥T XA Tidea, pLOIZH
fERL, BREZEHIBETEZVWEEDNLS, ¥
FUAT R a WAL, yHFBRAETRLL, FF7F

Mullet Mackerel Cutlass fish Pompano Sand borer Rockfish Flatfish

Bora Masaba Tachiuo Maaji Sirogisu Mebaru Hirame

Anterior semicircular canal Sector Triangle Quadrangle Triangle Quadrangle ~ Sector Sector

Posterior semicircular canal Sector Quadrangle  Quadrangle Triangle Sector Sector Sector

Lateralis semicircular canal Quadrangle = Quadrangle Sector Triangle Sector Sector Sector
Table 4. Ratio to which «, 5 and y shift from right angle

Mullet Mackerel Cutlass fish Pompano Sand borer Rockfish Flatfish

Bora Masaba Tachiuo Maaji Sirogisu Mebaru Hirame

@ 42.0% 7.1% 16.2% 12.2% 5.6% —8.9% —13.0%

B —23.5% 11.1% —8.8% 0.0% 6.1% —0.6% —16.7%

y —11.7% —21.7% —25.9% —5.6% —5.6% —8.6% —3.7%
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A Morphometric Study on Semicircular Canals of Teleoste? in the Seto Inland
Sea of Japan with Special Reference to their Swimming Patterns

Soichiro TAMURA

Department of Anatomy II, Hiroshima University School of Medicine

Few studies on the relationship between the ability of movement and membranous labyrinth, especially
semicircular canals, have been reported in fishes so far. It is conceivable that the extent and direction of
movement in fishes are related to the morphology and fuction of semicircular canals. Thus, I measured the
angle and length of semicircular canals and each part of the head from seven species of fishes (Mugil
cephalus, Scomber japonwicus, Trichiurus lepturus, Trachurus trachurus, Sillago sthama, Sebastes
tnermis, Paralichthys olivaceus) collected in the Seto Inland Sea in Japan, and investigated the relation-
ship between the movement ability and the morphology of semicircular canals. In addition, the morphology
of semicircular canals of lampreys, Lampetra japonica, was examined with scanning electron microscopy.
The present study is summarized as follows: (1) sizes of the heads in the fishes are directly proportional to
those of the semicircular canals, but the latter sizes are constant when the head is more than 180 mm in
length; (2) The angle and morphology of semicircular canals are different between the fishes examined,
suggesting a close relationship between the organ morphology and the movement ability, that is, the angle of
semicircular canals shows almost 90° (right angle) among the fish with brilliant movement ability, while in
contrast, that among the fish with poor movement ability shows quite different angle; and (3) In lampreys, a
sensory cell of the saccular macula possesses a single kinocilium and many stereocilia showing step-like
arrangements. The kinocilia of sensory cells in the semicircular canals are located in the proximal part, and

both the saccular macula and the utricular macula are present in the membranous labyrinth.
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