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Morphological Characteristics of Anadromous Cyprinid
Tribolodon brandtii with Fused Centrums

Harumi Sakai'*, Hiroki Nakai’, Shota Amano’ and Yusuke Suda'

Abstract : Eighty-four specimens of the maruta-type of anadromous cyprinid Tribolodon brandtii
collected from six rivers in the Tohoku and Kanto Districts between 1952 through 2012 included one
individual with hooked vertebral column and 18 individuals with fused centrums. These abnormal
individuals were all collected from three rivers in the 1960s, and specimens from the other three rivers
collected in other times were all normal ones. The individual with hooked vertebral column looked
abnormal in appearance, too. The individuals with fused centrums, on the other hand, looked normal
and had the same morphological characteristics with the other individuals with normal vertebrae
collected at the same time except for number of vertebrae and snout length. The adjusted number of
vertebrae of the individuals with fused centrums by their number of neural spines was indifferent from
those of the normal individuals. The corrected number of abdominal and caudal vertebrae, however,
was more and less than those of the normal individuals, respectively. Length/height (%) of non-fused
caudal centrum of the individuals with fused centrums was larger than those of the normal individuals.

The individuals with fused centrums would have recovered their normal body shape by the vertebral

alteration mentioned above through their daily swimming life in their growth.
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Fig. 1. Tribolodon brandtii from the Niita River, two individuals
of NSMT-P SK 2187. A, normal individual, 113 mm SL;
B, abnormal individual with fused centrums, 118.0 mm
SL
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Table 1. Specimens of Tribolodon brandtii used

Locality Number of individuals

number Locality Date Normal  Abnormal Catalogue number
1 Ohfunato Bay, Iwate Pref. 1998/1/7 7 NSMT-P 112155 - 112161

2 Natori River, Miyagi Pref. 1962/5/4 7 NSMT-P SK 2283

1962/5/10 3 NSMT-P SK 2285

1962/5/15 5 2 NSMT-P SK 2287

Niita River, Fukushima Pref. 1961/11/14 10 5 NSMT-P SK 2187

4 Hi-numa Pond, Ibaragi Pref. 1952/11/16 6 NSMT-P SK 445

Tone River system, Ibaragi Pref. ~ 1964/12/18 5 7 NSMT-P SK 8907

1965/1/5 10 5 NSMT-P SK 9147

6 Tama River, Kanagawa Pref. 1952/11/2 3 NSMT-P SK 442
1997/6/3 3 NSMT-P 112162 - 112164

2012/4/2 6 NSMT-P 112165,

HUMZ 21653 - 21655,
LBM 1210054322, 1210054323

NSMT, National Science Museum, Tokyo; LBM, Lake Biwa Museum; HUMZ, Hokkaido University, Marine Zoology
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Fig. 3. Soft x-ray positive photograph of vertebral column with
fused centrums, one individual of NSMT-P SK 9147
from the Tone River system, 222.6 mm SL. Arrows,
fused centrums; L, length of a non-fused centrum; H,
height of a non-fused centrum.

Fig. 2. Map showing the sampling localities. 1, Ohfunato Bay; 2,
Natori River; 3, Niita River; 4; Hi-numa Pond; 5, Tone
River system; 6, Tama River.

Table 2. Morphological comparison between Tribolodon brandtii with normal and abnormal centrums

Normal individuals (N=40) Individuals WitE fused centrums Diff Individual with
(N=18) 1( t-et:;z?)ce hooked vertebral
Mean  SD Min  Max Mean  SD Min  Max column (N=1)
Standard length (SL mm) 213.9 57.0 108.7 343.0 190.7 48.1 104.6 237.1 183.7
In % of SL
Head length 25.2 0.8 234 26.9 254 1.2 232 27.6 ns 28.8
Body depth 222 1.8 20.1 28.5 23.1 2.1 19.7 29.0 ns 27.5
Caudal peduncle length 21.3 1.1 19.5 243 21.1 1.3 17.8 22.8 ns 21.1
Caudal peduncle depth 10.0 0.5 9.2 11.4 10.1 0.8 8.9 12.2 ns 11.6
Predorsal length 52.0 1.6 48.2 56.6 52.9 1.8 48.0 55.1 ns 559
Preanal length 71.8 1.5 68.8 74.8 71.9 2.1 66.5 75.7 ns 73.5
Prepelvic length 50.2 1.1 48.5 52.6 50.7 1.9 46.5 54.8 ns 53.3
Dorsal fin base length 9.4 0.7 8.0 10.7 9.4 0.7 8.5 10.9 ns 10.5
Anal fin base length 9.0 0.8 7.6 11.0 8.8 0.4 8.0 9.4 ns 8.8
Pectoral fin length 16.2 0.6 14.9 17.7 16.5 0.6 15.4 18.0 ns 17.9
Pelvic fin length 13.5 0.7 12.0 15.1 13.5 0.6 12.5 14.5 ns 13.8
In % of head length
Snout length 332 1.3 30.2 354 34.1 12 30.8 359  p<0.05 36.9
Eye diameter 16.3 1.8 13.9 21.3 16.8 1.9 144 21.8 ns 16.1
Interorbital width 345 1.4 31.0 38.2 35.0 14 31.9 37.6 ns 36.5
Upper jaw length 27.7 1.3 24.4 30.0 28.2 1.2 25.6 29.5 ns 29.3
Suborbital length 14.8 1.0 12.2 16.7 15.0 1.2 12.3 16.6 ns 13.7
Branched dorsal rays 7.0 0.2 7 8 7.0 0.4 6 8 ns 7
Branched anal rays 8.0 0.2 7 8 7.9 0.3 7 8 ns 8
Lateral line scales 80.5 2.9 73 86 80.1 2.7 75 84 ns 76
Upper transverse scales 15.1 1.0 12 17 15.3 0.7 14 17 ns 16
Lower transvers scales 12.0 1.0 9 14 11.9 0.7 11 13 ns 12
Predorsal scales 37.2 1.6 34 41 37.5 1.5 35 40 ns 38

Vertebrae 46.4 0.7 45 48 43.5 2.7 36 47  p<0.001 uncountable
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Fig. 4. Soft x-ray positive photograph of hooked vertebral
column, one individual of NSMT-P SK 9147 from the
Tone River system, 187.3 mm SL.
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Fig. 5. Centrum-fused loci of 18 individuals with fused centrums, gray part being fused centrums and slash indicating caudal vertebrae.
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Table 3. Comparisons of observed and adjusted vertebral counts (total, abdominal and caudal vertebrae) between

Tribolodon brandtii with normal and fused centrums

Normal individuals (N=40)

Individuals with fused centrums

(N=18) Difference
Mean SD Min Max Mean SD Min Max (-test)

Total vertebrae

observed 46.4 0.7 45 48 435 2.7 36 47 »<0.001

adjusted 46.0 1.3 43 48 ns
Abdominal vertebrae

observed 26.1 0.8 24 27 24.7 1.7 21 27 p<0.001

adjusted 26.3 1.1 24 28 ns
Caudal vertebrae

observed 20.4 0.8 19 22 18.9 1.5 15 21 p<0.001

adjusted 19.7 0.8 18 21 p<0.01

Table 4. Comparisons of length/height (%) of five centrums per one individual (abdominal and caudal
vertebrae) between individuals of 7ribolodon brandtii with normal and fused centrums

Normal individuals (N=40) Individuals v(vli]tz lfléied centrums Di(gzt:;:gce
Mean SD Min Max Mean SD Min Max
Abdominal vertebrae
104.0 7.4 81 127.5 103.8 9.8 66.8 126.6 ns
Caudal vertebrae
99.9 6.4 82.3 126.8 6.9 87 120.5 p<0.01
BHEE EITIZHIBNLEED S Na > 724 (=0.065, p>0.05; p<0.01; Fig. 6B) .
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Fig. 6. Relationships between number of vertebrae and length/
height (%) of non-fused centrums. A, abdominal
vertebrae; B, caudal vertebrae; open circles, normal
individuals; closed circles, individuals with fused
centrums.
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