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On the Thrusting-Occurrence-Possibility by the Movement
of the Scale Plates —II

Hiroshi NaxavaMmA and Yoshikazu NARASAKO

Abstract

By the model experiment it was ascertained that it was possible to bring forth a
thrusting-force through the movements of the scale-plates opening slowly and
shutting quickly; but it seems that no examination has been done yet on the living
fishes.

This time, using carps, we made a few microscopic samples of sliced skins, to
study the structure of scale-plates-cusps and to confirm the opening and shutting
possibilities of the scale plates.

Using 16 mm camera, we filmed the surface of the fish-body (the series of scale
plates) and visualized the flowing on its surface by the hydrogen-bubble method,
and examined the thrusting-occurrence-possibility from the biological and physical
points of view.

In case of carps, the results obtained are as in the following:

(1) Considering from the results obtained in the biological study it seemed that the
scale-plates-cusps were not in independent and separated states, but were restricted
by the tissues around the scale plates, therefore it was assumed that no wiggling
of the fish-body caused the opening and shutting of the scale plates.

(2) Considering from the results obtained in the physical study, it was ascerta-
ined that there was a series of slipping of scale plates along the fish-body-axis at
the time when the fish was swimming.

In case of the swimming fish with the body-length of 35cm, apart from the swim-
ming speed, the value of the slipping of scale plates was noted to be constant (at
the mean value 0.9 mm) from the midship of the fish body to the back-end of the
dorsalfin.

By visualization, it was ascertained that the flowing on the fish-body-surface sho-
wed a sort of laminar flow but, owing to the visualization limit of the hydrogen-
bubble method, it was almost impossible to confirm the flowing state upon the fish-
body-surface under the high speed flowing.

(3) In the experiment in which some amount of ink was dropped on the surface
of the scale plates of the fish anesthetized on the dish, at the back-side of the
scale-plate there was some attachment of blue-ink noted, both in the resting and in
the wiggling states of the fish, which was in contradiction with the biologycal result
described above.

Therefore, it was assumed that concerning the possibility of thrusting-force-occur-
rence, further physical and biological studies of the epidermis would be necessary.

* grIREAEKEESE RMMTAHRE  (Laboratory of Engineering of Fishing Vessel, Fa-
culty of Fisheries, Kagoshima University)
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Fig. 1(a) Section of fish skin,

Source: General Biological Supply House,
(from E, Lagler-E, Bardach-R, Miller 1962, ICHTHYOLOGY)

1.Epidermis 2. Dermis 3. Subcutis
4.Muscle 5.Mucous gland 6. Scale
7. Pigment cell (chromatophore)

Fig. 1(b) Section of fish skin,
(from K, Matsubara+A, Ochiai-T, Iwai 1970, ICHTHYOLOGY (Vol, 1))
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Fig. 2 Experimental apparatus (Swimming pool of fish)
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Fig. 3 Points where scale-slippings were measured,
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Fig. 4Ca) A microscope photograph

(Skin section of the carp photographed at the part near the caudalfin with
the length of 1/3 of the total length)

Rest condition (Freezing method)

Fixation: 10% Formain, Stain: Hematoxyline, Magnification: > 35,

Fig. 4(b) A microscope photograph

(Skin section of the carp photographed at the part near the caudalfin with
the length of 1/3 of the total length)

The convex-side of the wiggle

Fixation: 109 Formalin, Embedding: Celloidin,
Stain: Hematoxyline, Magnification: > 90
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Fig. 4(b)’ A microscope photograph

(Skin section of the carp photographed at the part near the caudalfin with
the length of 1/3 of the total length)

The concave-side of the wiggle
Fixation: 10% Formalin, Embedding: Celloidin,
Stain: Hematoxyline, Magnification: » 90
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Table 1(a). Length of scales along the body-axis at each flowing velocity.

Measuring points

Fl(fwi_r:g St_epsl‘of

velocity wiggling

m /sec. motion (mm) (mbm) (mm) (mdm) (mm) (mfm) ()
1 58 62 67 68 69 60 7.1
2 56 60 67 7.0 69 62 71
3 59 64 70 68 69 7.1 7.0
4 65 66 7.5 68 73 6.9 7.4

0.208 5 6.4 6.8 7.4 6.8 7.3 6.8 7.2
6 65 68 7.5 68 7.3 T2 1.2
7 6.4 69 7.7 68 7.8 73 7
8 6.6 7.0 76 66 7.7 7.2 1.6
9 6.1 66 7.2 67 T2 7.3 7.4
10 56 6.6 7.1 6.6 6.6 6.9 6.7
1 60 58 68 67 66 65 6.9
2 56 58 7.0 67 67 6.1 6.7
3 57 58 69 69 66 67 6.9
4 6.3 64 7.3 7.1 6.7 6.6 6.9

0.313 5 6.2 66 7.3 7.4 7.0 75 T.1
6 68 67 7.6 7.2 7.2 1.2 7.6
7 6.9 66 7.6 7.0 7.6 7.5 7.9
8 59 65 7.3 7.1 7.2 6.8 7.7
9 58 62 7.3 69 74 7.0 6.7
10 59 6.1 7.3 68 Tl 6.7 6.5
1 56 - 60 64 66 68 64 69
2 56 62 6.7 7.1 6.8 6.3 6.5
3 56 62 66 68 7.0 63 6.8
4 60 61 7.0 7.1 7.2 6.4 6.8

0. 443 5 59 67 69 7.2 7.2 66 7.0
6 6.2 67 7.0 75 7.3 6.9 7.4
7 6.4 65 7.6 7.7 7.6 7.0 7.2
8 60 58 7.3 7.3 7.0 69 7.1
9 - 59 62 7.0 69 7.2 6.8 7.0
10 58 6.1 6.8 7.0 67 66 7.0
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Fig. 5 Steps of wiggling motion,
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Table 1(b). Length of scales along the body-axis at each flowing
velocity. (maximum, minimum and mean)

Flowing velocity

Measuring 0. 208 0.313 0. 443 Mean
points ~ (m/sec.) (m/sec.) (m/sec.)

max. min, max, min, max, min, max. min,
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)

a 6.6 5.6 6.9 5.6 6.4 5.6 6.6 5.6
b 7.0 6.0 6.7 5.8 6.7 5.9 6.8 5.9
c 7.7 6.7 7.6 6.8 7.0 - 6.4 7.4 6.6
d 7.0 6.6 7.4 6.7 7.7 6.6 7.4 6.6
e 7.8 6.6 7.6 6.6 7.6 6.7 7.7 6.6
f © 7.3 6.0 7.5 6.1 7.0 6.3 7.3 6.1
g 7.7 - 6.7 7.9 6.5 7.4 6.5 7.7 6.6
h 7.3 6.9 8.0 7.6 7.8 7.6 7.7 7.4
i 6.8 6.1 . 7.3 6.2 7.3 6.3 7.1 6.2

Pr—H—, L TRR|VBEHYLEEIEANBROEITHS.

BBICHBICTE 74 v 7 OB TERTHE #IERBRO A DRBANOEA S, %4
OEFOBRERATA v 7 BB LTOEY, COBIAMEEAORRELFET 3. BK
ZHEMBBICEA VI B EREEE > TOR Mottt 1 VI BELBRATHAARL S
D, BOEA VI BRRICEBLbOMELELONB.

RUBROPKB® E2E2 3L, BELBORNNIETESS.

4. % o

A EWRkRE

BEOBRAERBONE IBEREEAORKR Fig. 8 ICRTML, HUICHRIERE L RET
3724, ERBRICZ > TRRPEROPFETAVRAATNS. #-T, HEOBRERIEIZE
TRBOMREZT, <RYICH> BIRESOMBAER M, L1 EEX 503,

B. YEPMRE

R DARKRTOBORE 3ASNL VD, BRBER MEEEHICIL, BHEND
Zvhsdh, ZOMHEIE (BFE 3B5om OFA) Wdsic BRE S AREDRE D RFEEEME %
THREHHICIZIE—E (FH0.9mm) Th -7

FHABREEORN ZHEENEL BRTH B ENTD N, KEKEEORAILOE
BREBOERNBIEBRESTH 5.

AV 7 DOHETERTE HIERERVO A OREMNOEBE S BREM~DOEFA ¥ 7 OFEH
Aoh, ERAYEHRIEREFELL.

WHo>T, HAREOTHERIC OV TRECABRRROLY) « EBFEHRALGLETHH .



scales

3
® 3

Length of

ol - ZRELE s BET)ETTIC X A HE RO FTREIEIC DL T

~

o—-—0 0.208
X—--—x 0.313

~—r

1 1 1 1

(m/s)
()

A ----A 0.443( )
(e 8 Mean

Max.

Min.

a b c d

—— Measuring points

Fig. 6 Length of scales along the body-axis at each flowing
velocity, (maximum, minimum and mean)
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V: 10.4¢m/sec., E: 100volt, 1: 0.3amp.,

Fig. 7 Flowing visualization around the

Pt: 0.54, ASA 400, 1/60.

carp by hydrogen-bubble method.
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Vi 10em/sec, E: 80volt, 1: 0.2amp., Pt: 0.3¢, ASA 400, 1/60,
Fig. 77 Flowing visualization around the carp by hydrogen-bubble method,

Epidermis

Dermis

Subcutis

Muscle

Fig. 8 Section of the carp skin,
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