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Morphology of the Japanese Loach, Misgurnus anguillicaudatus

(CANTOR )— V.
Geographical Variation of the Number of Vertebrae
By

Zenziro Kusora and Teruaki Ono

The variation of the number of vertebrae in fish, is chiefly caused by the envi-
ronmental conditions during the early stage of development as well as by the genetic
characters. We employ this factor in identifying the species, distinguishing the
stock, estimating the migration and mixing rate of the schools, conjecturing the
recurrent migration of the school or presuming the season and location of the spawning
and growth, etc.

From these standpoints, the authors conducted a series of observations and
obtained the results summerized below.

1. Regressive relation of the average number of vertebrae of the sample on either
latitude or average of air temperature from May to August is estimated from the
19 groups of samples illustrated in Table 1.

2. Number of vertebrae (y) shows latitudal gradient, keeping the following
relation, y=42.68-+0.15 x, where x is the latitude in degree.

3. The gradual decrease in the average number of vertebrae (y) depending on the
average air temperature (°C) from May to August (x) is represented by the following
equation, y=50.92-0.13 x.

4. The caudal vertebrae, especially those in the posterior part, are greater than
the abdominal vertebrae, in respect to the occurrence of the malformed vertebrae.

5. In the range from 34° to 39° in north latitude, not more than 60 % of the
specimens have malformed vertebra, but the disparity in the latitude from this

range is inclined to cause the increase in the individuals with malformed vertebrae.
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Table 1. Distribution of sampling stations and size of samples.

Station Lat. (°N) {Long. (°E) | Size of sample Collected by
Kasasa, Kagoshima 31°25/ 130°10/ 25 Yasumi Kitayama
Yanagawa, Fukuoka 33°04/ 130°28/ 50 Sanzi Yamaguchi
Tanabe, Wakayama 33°44/7 1359227 17 Wakayama P.F.S.
Hirao, Yamaguchi 33°56/ 132°04/7 50 Zenziro Kubota
Shimonosski, Yamaguchi 34°047 130°557 50 Ditto
Shido, Kagawa 34°19f 134°117 50 Kagawa P.F. S,
Tamashima, Okayama 34°32/ 133°40/ 50 Tamashima Municipal Office
Gamagori, Aichi 34°507 137°137 33 Ushio Kumada
Muko, Kydto 34°577 135°41/ 50 Shun-ichi Yoshida
Hikone, Shigs 35°167 136°157 50 Shiga P.F.S.
Chiba, Chiba 35°36/ 140°08/ 50 Kazuzo Uchida
Nozawa, Nagano 36°07/ 138°29/ 50 Saku Branch, Nagano P.F. S.
Ueda, Naganc 36°247 138°14/ 50 Kazuo Nakamura
Mizuhara, Niigata 37°40! 139°49/ 50 Mizuhara Municipal Office
Watanoha, Miyagi 38°25/ 141°247 50 Saburo Kuramoto
Yumoto, lwate 39°24/ 141°07/ 50 Yumoto Municipal Office
Oka, Akita 39°52/ 139°507 50 Masao Yamaguchi
Hakodate, Hokkaido 41°30/ 140°507 50 Tadashi Tamura
lwamizawa, Hokkaido 43°12/ 142°10' 50 Toraichiro Kinoshita

P.F.S. : Prefectural Fisheries Station
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Fig. 1. Geographical distribution of the sampling stations used in the
present study.

Abbreviations : A, Kasasa, Kagoshima ; B, Yanagawa, Fukucka ;

C, Tanabe, Wakayama ; D, Hireo, Yamaguchi ;

E, Shimonoseki, Yamaguchi; F, Shido, Kagawa ;

G, Tamashima, Okayama ; H, Gamagori, Aichi;

I, Muko, Kyote ; J, Hikone, Shiga ; K, Chiba,

Chiba ; L, Nozawa, Nagano ; M, Ueda, Nagano ;

N, Mizuhara, Niigata ; O, Watencha, Mivagi ;

P, Yumcto, Iwate; @, Cka, Akita;R, Hakodate,

Hokkaido ; S, lwamizawa, Hokkaido.
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Table 2. Geographical distribution of the number of vertebrae.

Classes of the loach with respect to the number of Mean of

Station vertebrae vertebral

42| 43 |44 |45 | 46 | 47|48 | 49 | 50 | 51 | 62 | 53 number
Kasasa, Kagoshima 3110 9 3 47.48+0.12
Yanagawa, Fukucka 1 2 3113123 8 ‘4-7.5425:0. 12
Tanabe, Wakavama 1 2 6 6 2 47.354+0.17
Hirao, Yamaguchi 2 21101 18] 12 6 48.08+0.11
Shimonoseki, Yamaguchi 1 4113 | 22 7 2 1 47.80+0.10
Shido, Kagawa 121171 15] & 48.30-£0.09
Tamashima, Okayama 3112118151 2 48.02+0.09
Gamagori, Aichi 31171 9! 4 46.4240.10
Muko, Kyoto 3|11 |24 9] 3 47.960.09
Hikone, Shiga 1 2 8| 14| 17 7 1 48.3840.11
Chiba, Chiba 4111 18] 13 4 48.0440.13
Nozawa, Nagano 4| 6 13|13 10 3 1 47 .64+0.13
Ueda, Nagano 1 521113 8| 2 48.56-+0.10
Mizuhara, Niigste 30 8|15 1t} 8| 3| 2 48.60-0.14
Watanoha, Miyagi 3] 2| 9l16fi15]| 3| 2 49.1040.13
Yumoto, lwate 1 1 8| 14|20 4 1 1] 48.4040.14
Oka, Akita 3 7] 13| 16 8 2 1 48.584-0.12
Hakodate, Hokkaido 31 711415 5] 3] 3 48.6610. 14
lwamizawa, Hckkaido 2115115131 5 49.08:£0.10
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. 2. Dependancy of mean number of vertebrae on latitude.
Note : The values estimated from the samples collected from
the habitats not higher than 400 m are plotted by open circles,
and the rest by filled ones.
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Fig. 3. Altitudal range of habitat of the loach.
Notes : vertical bar------ range
filled circle------ altitude of the habitat with dernse population
Letters mean the location of the stations shown in Fig. 1.
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Table 3. Geographical variation of air temperature (°C) in May to August.

Station May June July August Average
Kasasa, Kagoshima 21.9 25.2 29.7 30.0 26.7
Yanagawa, ukuoka 17.6 21.6 26.2 26.8 23.1
Tanabe, Wakayama 20.3 24.5 28.1 29.2 25.5
Hirao, Yamaguchi 16.7 22.6 27.7 28.6 23.9
Shimonoseki, Yamaguchi 17.2 20.8 25.1 26.7 22.5
Shido, Kagawa 17.4 21.8 25.7 27.0 22.9
Tamashima, Okayama 18.7 23.8 27.3 28.1 24.5
Gamagori, Aichi 13.8 21.6 26.7 27.3 23.6
Muko, Kyoto 16.9 21.3 25.5 26.4 22.5
Hikone, Shiga 16.3 20.6 25.0 26 .4 20.1
Chiba, Chiba 17.6 20.4 24.7 2.6 22.3
Nozawa, Magano 9.7 16.0 21.8 22.0 7.4
Ueds, Magano 15.8 19.5 24.5 25.0 21.2
Mizuhara, Niigata 18.0 211 25.6 26.9 22.9
Watanoha, Mivagi 13.7 7.7 22.2 23.92 19.8
Yumoto, lwate 13.9 17.5 22.0 240 19.4
Oka, Akita 13.2 18.0 22.2 23 19.3
Hakodate, Hokkaido 10.6 14.8 19.5 21.8 16.7
lwamizawa, Hokkaido 10.4 15.0 19.5 22.3 | 16.8
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Fig. 4. Regressive relation of number of vertebrae on the average

air temperature of habitat in May to August.
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Fig. 5. Laterali view of respective types of malformed vertebrae.
Notes : N-+--.. normal type ; A—D----+. malformed types
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Table 4. Rate of the individuals with malformed vertebrae.

Station Number ?F specimens Number of specimens with | 100 x
examined (A) malformed vertebree (B) B/A

Kasasa, Kagoshima 20 14 70
Yanagawa, Fukuoka 20 13 65
Tanabe, Wakayama 16 14 88
Hirac, Yamaguchi 20 i1 55
Shimonoseki, Yamaguchi 20 12 60
Shido, Kagawa 20 7 35
Tamashima, Okayama 20 11 55
Gamagdri, Aichi 20 9 45
Muko, Kyoto 20 9 45
Hikone, Shiga 20 8 40
Chiba, Chiba 20 12 60
Nozawa, Nagano 20 i1 55
Ueda, Nagano 20 10 50
Mizuhara, Niigata 20 12 60
Watancha, Miyagi 20 12 60
Yumoto, [wate 20 7 35
Oka, Akita 20 13 65
Hakodate, Hokkaido 20 18 90
fwamizawa, Hokkaide 20 11 55
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Fig. 6. Latitudal change in the rate of occurrence of the loach

with malformed vertebrae.
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Table 5. Occurrence of respective types of malfarmed vertebrae,

Total number of malformed Number of malformed
Number of | vertebrae in each of the vertebrae per specimen in
Station specimens four types each of the four types
examined
A B C D A B C D
Kasasa, Kagoshima 20 16 2 5 0 0.80 1 0.10{0.25 !0
Yanagawa, Fukuoka 20 22 1 2 3 1.10 | 0.05 | 0.10 | 0.15
Tanabe, Wakayama 16 23 4 7 1 1.15 1 0.25 | 0.44 | 0.06
Hirao, Yamaguchi 20 10 3 3 0 0.50 1 0.150.15 10
Shimonoseki, Yamaguchi 20 12 3 1 1 0.60 | 0.15] 0.05 | 0.05
Shido, Kagawa 20 5 s | 2 0 [0.25|0.15|0.10 | 0
Tamashima, Okayama 20 21 0 1 5 1.05 0 0.05 | 0.25
Gamagori, Aichi 20 11 o] 2 0.45 ] 0.55 | 0 0.10
Muko, Kyste 20 15 4 1 1 0.7510.20 | 0.05 | 0.05
Hikone, Shiga 20 12 5 1 4 0.60 | 0.25 | 0.05 ] 0.20
Chiba, Chiba 20 23 3 2 1 1.1510.1510.10 | 0.05
Nozawa, Nagano 20 21 5 2 1 1.05]0.25]0.10 | 0.05
Ueda, Nagane 20 15 5 0 1 0.75 | 0.25 |0 0.05
Mizuhara, Niigata 20 20 0 0 0 1.00 1 0 0 0
Watanoha, Miyagi 20 12 é 0 0 0.60 1 0.30 | O 0
Yumcto, lwate 20 9 3 0 0 0.4510.151 0 0
Oka, Akita 20 19 11 4 1 0.95 | 0.55{0.20 | 0.05
Hakodate, Hokkaido 2C 36 12 0 2 1.80 | 0.60 | O 0.10
lwamizawa, Hokkaido 20 15 2 2 1 0.75]0.10 | 0.10 | 0.05
Average — — — — — 0.83 1 0.2210.09 | 0.06
% &=
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