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On the Early Development and Growth of Scale of the Loach,
Misgurnus anguillicaudatus (CANTOR)
By
Zenziro KUBOTA, Isao MATSUI and Hiroshi SAKANE

Early development, growth and shaped varance of scale of the loach
caught in the river of Nagata, Yoshimi, Shimonoseki City, were studied, with
the following results.

The scale makes its appearance at a stage 1.97em in length, and the scale
armour is complete when body is 2.7~3.0 cm long. The scale is first formed
in central region of trunk intermediate between posterior margin of opercle
and insertion of dorsal fin. This region of scale development extends
forward and backward as fish grows. Two other regions of scale formation
are evidently seen on the trunk above anal fin when fish attains 2.38~2.48 cm
in body length, on upper and one on lower. Of all bodily parts, both the

upper and lower portions of caudal peduncle are the slowest in scale formation

(Fig. 3).
The scale coefficient is understood here to imply either ratio of scale
length or width to body length. The relation between scale coefficient to

body length is represented by a carved line when fish is small (Figs. 5 and
6), but the coefficient becomes constant in specimens over 8c¢m in length.
Thus formulae representing ratios of scale length and width to body length
more than 8cm are given (Table 5). The scale is more roundish in the
anterior part but slenderer in the posterior part of body.

Relations between the length and width of scale and number of circuli is
represented by straight lines (Fig. 10).

The regeneration rate of scale is larger in posterior part than in anterior
part of body (Table 6).

The relation between the length of scale (Sg) and number {Y) of annual °

rings is expressed by 52479.5YU;G_‘232 .
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Fig. 1. Showing positions of scale sampling.
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Table 1. Relation between body length (cm) and size (p) of scale collected from respective

parts : L, length of scale: B, breadth of scale.
. Position of , .
\\ body 1 2 3 4 5 6 7
Body ,eng\tg\\ LxB LxB LxB LxB LxB LxB LxB
1.60
1.83
1.87
1.90
1.90
1.91 113x 197 99 x 141
1.95 99 x 155 99 X 169
1.98 70% 127
1.98 113x 183 84 x 127
2.05 99 % 169 84 % 155
2.10 123 % 197 141 %211
2.10 113> 183 141 x211
2.11 113> 169 99 x 155
2.32 113>183 169 x 211
2.38 183 %197 197 x 225 56 % 56
2.41 113 % 197 169 % 197
2.45 113183 155%x 211
2.59 141 % 197 169 x 239 40% 60
2.64 99 x 141 | 183 % 268 99 % 113 | 197 x 296 113 % 169
2.70 99%x 113 | 183x253 113 % 169 | 197 X 268
2.73 113 %127 | 197 %296 127 % 169 | 183 x 268 113 % 141
2.83 113X 155 | 211 x 324 113x 169 | 211 %296 99x 113 | 113 x 155
2.85 155 %211 | 211 %338 | 141 %239 | 127x 183 | 253 x 324 | 141x225 | 155%x 197
2.88 113x 127 | 183x282 | 169%x352 | 123x 181 | 211%x 268
3.02 1565 x 211 | 225%324 | 141 x211 | 169x 239 | 253 %296 | 155 % 197 | 169 x 197
3.10 197 x 282 | 239x352 | 183%x 225 | 183 x 239 | 282x 352 | 183 %225 | 211 %239
3.40 183%x 253 | 211 x310 | 141 %211 183 %225 ) 268%x 338 | 183 x225 | 183 x 211
8 9 10 11 12 13 4 15
LxB LxB LxB LxB LxB LxB LxB LxB
84 %X 113 70127
113 % 155 84 %113
56 % 99
99 x 113
84 %127
127 % 183 127 % 155
127 X 169 113 x 141
99 % 141 84 x 113
169 % 225 169 %X 183 141 % 155
197 x 225 56 x 70 | 169 % 197 141 % 155
169 x 211 197 x 225 169 % 183
155 x 197 169 % 211 169X 183 155 % 197 141 % 155
197 x 239 54 % 56 183 %211 40X 56 141 % 155
183 X 253 183 %211 141 % 155
155 % 211 183 %211 141 % 169
183 X 225 56X 113 | 169% 211 127 X 141 113 % 141
211 X253 | 155%x 211 127 x 141 197 %X 211 169 % 211 155 % 169
253 %295 | 1585x 211 | 155X 183 | 253 %268 | 169X 211 | 141% 169 | 183%x 183 | 127 X 141
197 x 253 127 %X 155 | 183 X 225 127 % 141
253 %282 | 169x211 | 169x 183 | 268%x 253 | 211 %239 | 155% 155 | 197 % 169 | 155 X% 169
268 % 310 | 239x282 | 211 x225 | 282x 295 | 225%x 239 | 155%x 169 | 239x 197 | 211 %5225
253 %310 | 169 %239 | 197 %225 | 282X 282 | 225x 253 | 197 x 197 | 239 % 225 | 141X 169
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Fig. 3. Histological view of the transversal section of body
which measures 2.1 cm in length : GC, goblet cell; CC, clavate
cell; S, scale; CT, connective tissue.
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Table 2. Relation between body length (cm) and scale length () in respective positions of
body. '

\\\Position
T 1 2 3 4 5 & 7
Bodv lenath ™.
2.70 98.54+2.4 116.0-L 3.6 95.04:2.11 §9.04 2.4] 138.043.0 100.54+2.1]111.54 3.0
3.05 90.54+2.5| 139.0+% 3.3 123.0i"2,75125,C:E 1.5 .180.04+2.6/115.0+3.5]146.04 1.7
3.60 120.04+2.6! 167.5+ 2.5 134.043.71157.0-F 1.4} 220.0£1.9 123.0-43,0/178.0L 2.6
5.C0 189.5-4+3.0| 232,54 4.2| 226.5-+3.6273.5 1.7| 319.5+£2.9 224.543,1258.54 4.0
6.40 275.0-43.0| 343.0+ 6.2 322.5-+-8.1347.5+ 3.8 457.5:424.0 341.0+5.3|348.04 2.3
7.40 343.8-4-4.7| 522.7-F 5.4 394.746.4/412.2-411.1| 550.84+3.2 370.14+4.71438.54 4.7
8.30 412.2-+8.2 587.61+10.4) 452.5-+-8.6/|475.3+ 4.6 699.846.6 508.7+6.9554.3+ 8.9
10.40 538.5--7.8| 703.44 5.9 622.7+9.9628.04+ 5.4 877.015.2 745.5+3.9/745.5+ 6.5
12.00 652.5+8.2! 910.3410.4 63].4‘&8,31754.2:‘:]1,81026v]i6.5 726.2+8.5870.04+10.5
8 9 10 11 12 13 14 15

171.54+2.3(125.04-5.3[123.04 2.9 171.5% 2.61135.04+3.5/101.0-£3.7 132.54 3.1 95.54& 2.8
201.043.91141.044.3125.0+ 2.4 220.0+t 4.01177.544.01131.54-4.6 163.5+ 3.2/115.0% 4.6
223.042.21185,0-5.4/179.04- 3.0 267.5+ 3.01211.543.8180.04+7.4 225.0-4 3.3/169.0+ 4.6
350.04-3.8249.0--5.41275.54 4.8 387.04 2.20305.54+3.71209.04+4. 1 323.0-- 4.1247.0+ 3.9
466.0:‘:5.“49].Oi8,4“388.0'+‘ 2.9 528.5 L 3.51402.542.9331.5+3.7 415.04 5.5298.5+ 6.8
599.943.5424.5+4.21530,.0+ 4.3 647.2+ 2.9524.54+7.9405,.2£5.3) 549 0+ 8.1450.84 8.1
775.3j’_‘7,6|594,6i8.3624.4i 5.6 870.04 6.5733.24-4.8566.64+6.2] 771.8-4 7.8/561 3410.1
941.9:t5.9!b9é,3i5.9845,4ﬂ— 7.011082. 24 B8.4/877.0-£6.8/729.748.9 915.6-F 9.8684.1-+24.1
1041,9’};6.2I777,Oib.7‘987.5i10.] 1317.341¢ .]]985. ﬁj8,4815.6;{:8,511]3.8i‘_17,8j894.53&18.7
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Table 3. Relaticn between body length (em) and scale width (u) in respective pesitions of body.

. Position
Body length ™ 1 2 S 4 5
2.7 228.0-&F 6.5 263.04 6.1] 218.04 2.2] 203.04 5.2 277.54+ 4.8
3.05 235.04 3.3 312.54 3.6 271.54 4.8 245.54 3.3, 308.54 3.7
3.60 255.54 8.0 323.5419.3] 246.04-13.4! 278.54+ 5.7 242.04+ 7.3
5.00 350.04 4.5| 441.0+ 6.2 359.5+ 5.2J 382.54 5.1 472.54+ 5.0
6.40 432.54 4.8/ 532.04 3.8 B15.54-13.0! 545.04 5.6 678.54+ 6.8
7.40 443.8-411.4] 824.44 8.3] 620.94-12.4] 585.84 9.9 771.8410.3
8.30 656.0& 8.5 656.04 8.5 675.34 8.2 680.64+10.7| 954.2-4 4.8
10.40 759.5+ 7.0{ 980.54 6.8 891.0412.8! 889.34+ 9.1{1147.1+ 4.6
12.00 882.3-: 9.2[1215.5-4-11.5/ 943.7+11.1]1010.3+18.611266.4+ 9.2
6 7 8 9 10 11
212.54+ 3.5 224.04 3.3| 269.04 2.7 199.543.3] 194.0+ 4.3| 231.5-+ 2.4
215.C04 6.3] 243.04 3.3} 303.04 3.6| 243.5-44.6] 203.54+ 3.0} 271.14 2.7
210.04= 9.5 250.0-£15.5| 301.04 8.5 251.047.6 218.0+ 8.9 275.04:15.5
382.04k 6.0 379.5+ 3.4 438.0+ 4.1| 354.5--5.1) 356.0-+ 6.9| 438.5+ 2.6
340.54 5.2] 454.54+ 5.1 607.5-10.3] 482.5-49.2| 449.5- 7.6 588.04 4.0
613.94:10.3} 561.34 5.4| 738.4+ 3.9 608.64+5.1| 629.7+ 6.3] 691.1- 4.0
752.54 5.7 659.5412.4| 852.44 6.2 712.147.20 622.7+ 6.9 785.8+ 7.1
1027.8-+13.3! 898.04 7.1|1057.74 8.1| 877.048.1| 870.0-+ 9.8[1047.1-+ 8.4
998.0410.8|1024.34+10.6/1166.4- 9.6] 940.147.7|1024.3-+14.4/1182.2-10.9
12 13 14 15
217.0 3.8 178.5% 5.0 192.5L 4.4 169.5=+ 4.1
246.54 2.9] 193.0-+% 4.0/ 214.0+ 3.3} 196.04+ 3.8
265.04+ 9.5 187.0+12.2 232.0--11.4] 196.0+16.0
355.54 5.0 271.54 4.1 349.5+ 4.8 298.0+ 5.1
443.54 6.4| 378.0-k 5.2) 456.5+ 7.7 327.5+ 8.2
594.6-+ 7.4 450.84 7.8| 549.04 7.1 503.4+£10.2
750.7-F 7.1 542.04 7.6| 708.64+ 9.2 515.74+12.3
938.4111.7 708.6-£12.1] 840.24 9.1| 663.0423.6
955.9-+ 8.3 757.7+ 8.9 912.14 9.7 836.7+15.7
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Fig. 3. Relation between body length and quotient scale length divided by body length.
(Numerals denote position number.)
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Fig. 5. Relation between body length and quotients scale width divided by bedy length.

(Numerals denote position number.)
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Table 4. Values of cosfficient in the formula on the relation between boby length (cm) and
scale length (p).

Position | a | b }Positicn a b !Position a } b
IR . —
1 70.5 ‘ 140.7) 4.4 | —100.7 7| 707 ‘-— 4.9
2 71.4 | — 16.9) 75.5 103.4] 8 7€.0 | 172.6
| 3 | 53.3 55. 9} 6 | 892 | —szn 9 62.1 | 3.2
| i
lposition a I b ‘Positfon a ‘ b b
|
| 61.0 | 227.1 13 80.5 | —103
i1 04.8 ’ 43%.1 14 I 81.9 75.4
79.0 | 77.0 15 ‘ 85.0 | —127.4




Table 5. Values of coefficient

width of scale ().
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in the formula showing relation between body length and

Position a’ b’ Position a’ b’ Position a’ b’ l
1 81.3 | —11.3 4 87.1 48.5 7 86. 1 25.3
2 106.2 | —88.7 5 90.7 | 271.8 8 87.9 204.3 |
3 69.1| 196.9 6 86.7 | 111.3 9 80.5 9.5 |
positionI a’ b’ ‘position a’ b’ l
- |
10 62.2 267.7 13 65.5 43.8’
|1 63.2 | 403.8 14 46.6 352.4%
1z | 786 | 171z 13 | 80.7 | —119.9
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Fig. 6. Relation bstween body length and scale length. (Numerais denote position number.)
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POSITIONS MEASURED IN BODY

Fig. 8. Relation between the size of scales and its
location on body: (), scale above lateral line; x, scales !
on lateral line; @, scales below lateral line.

%
1.4
-
1.2
x
B X
& 1 1.0L % ° L %
<Cg ® % »
% |® 3 ® S ¥ § o
oz 081 & ® ¢ £
o |0 i Fe) ‘
i 2
S
0.4 L.
0.2 1.
1 ! { L i
) I ifi v v

POSITIONS MEASURED IN BODY

Fig. 9. Relation bstween the size of scales and its
location on body: (), scale above lateral line; x, scale

on lateral line; @, scale below lateral line.
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