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Occurrence and Formation of Vertebral Anomalies
in the Cyprinid Fish, Zacco platypus

Noritomo Komada
(Received May 12, 1982)

Abstract In order to clarify a developmental mechanism of vertebral anomalies, the incidence and
the morphology of abnormal vertebrae in juvenile cyprinid fish, Zacco platypus, both wild-caught
and laboratory-reared specimens were examined. The frquencies of vertebral anomalies in juvenile
fish (8.0~ 33.0 mm in standard length (SL)) collected from the Ibi River were higher than those from
either the Yahagi River or the Toki River. In juvenile fish taken from the Ibi River, the frequency
of vertebrae joined by abnormal calcium deposits was about 7 times as great as that of helical
sutures of centra and about 14 times as great as that of shortened vertebrae. Out of the 4,564 fish
(8.0~ 19.0 mm SL) taken from the Ibi River, 273 (5.98 %) specimens had abnormal calcium deposits
stained with alizarin red S alongside of vertebral column. In 273 fish having abnormal calcium de-
posits, 171 (62.6 %) specimens showed abnormal calcium deposits extending from one centrum to
the next one, and 13 (4.8 %) specimens showed them extending to the two adjoining centra. In these
defective vertebrae, the separate centra could be distinguished. And the other fish (32.6 %) showed
the abnormal calcium deposit attaching to a single centrum. The vertebrae joined by abnormal
calcium deposits were seen only in fish ranging from 8.0~ 19.0 mm SL; not a single instance of this
anomaly has been found in fish ranging from 19.0~25.0 mm SL. The frequencies and the incidence
of the fused vertebrae throughout the vertebral column in fish ranging from 19.0~25.0 mm SL were
similar to those of vertebrae joined by abnormal calcium deposits in fish ranging from 8.0~ 19.0 mm
SL. These results may suggest that the vertebrae joined by abnormal calcium deposits extending to
the adjoining centra in specimens ranging from 8.0~ 19.0 mm SL were fused together during the
next period, 19.0~25.0 mm SL. Therefore, abnormal calcium deposits extending to the adjoining
vertebrae are one cause for fused vertebrae in Zacco platypus. The frequencies of this type of
vertebral anomaly in fish taken from the Ibi River were higher than those from either the Yahagi

River or the Toki River.

Malformations involving individual vertebra
are not rare and have been reported to occur in
natural populations of both fresh and marine
fishes. Generally, a higher incidence of these
abnormalities has been found to occur in labora-
tory-reared fish and has been correlated with the
water temperature and other unfavourable con-
ditions during ontogeny (Gabriel, 1944; Alder-
dice et al., 1958; Garside, 1959; Seymour, 1959;
Houde, 1971; Suzuki et al., 1973; Komada,
1978a, b, 1979, 1980, 1981a). Komada (1981a,
b, 1982a) reported growth of centra, variations
in vertebral length and incidence of malformations
in the cyprinid fish, Zacco platypus Temminck et
Schiegel reared in a laboratory. In this study,
the frequencies of vertebral anomalies in newly
hatched Z. platypus in the 1bi River, the Yahagi
River and the Toki River and in laboratory-
reared fish were measured to clarify the time-
occurrence and the developmental mechanism of

fused vertebrae and shortened vertebrae during
juvenile stage.

Materials and methods

A total of 4,924 larval and juvenile cyprinid
fish, Zacco platypus, 8.0~ 33.0 mm in standard
length (SL) was collected from the Ibi River,
Gifu Prefecture, by spoon net from 1978 to 1982,
and 1,684 juvenile fish (10.0~26.0 mm SL) were
collected from the Yahagi River, Aichi Prefec-
ture, using the same gear in 1978, 1980 and 1981.
An additional total of 1,380 fish (12.0~26.0 mm
SL) were collected from the Toki River, Gifu
Prefecture, in 1980 and 1981. About 500 larval
and juvenile fish (8.0~ 15.0 mm SL) taken from
the Ibi River on September. 19, 1979 were
reared in an aquarium (60 x 30 X35 cm?®) and fed
artificial foods during culture.

All of the specimens were stained with 1.09
KOH solution of 0.1 % alizarin red S, and cleared
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Three types of abnormal vertebrae in the
cyprinid fish, Zacco platypus, about 12.0
mm SL. A, vertebrae joined by abnormal
calcium deposit extending to the adjoining
centrum (Type A); B, helical sutures of cen-
tra (Type B); C, shortened vertebrae (Type
C). a, abnormal calcium deposit.

Fig. 1.

through a series of aqueous glycerin containing
1.09, KOH, beginning with 20.09, thence
through 50.0%,, 80.0% and finally to 100Y%;
glycerin. The stained samples were examined
for vertebral anomalies: vertebrae joined by
abnormal calcium deposits extending to the
adjoining centrum, helical sutures of centra,
compressed or shortened vertebrae, fused verte-
brae and abnormal vertebrae with one or two
additional spines (Fig. 1). The compressed or
shortened vertebrae were judged on the basis of
the standard length of vertebrae in the same
species (Komada, 1981b).

Results

There was no discernible morphological de-
formity among larval and juvenile fish (8.0~

Table 1.

33.0 mm SL) collected from the Ibi River, the
Yahagi River and the Toki River.

The stained specimens showed that minor
anomalies included vertebrae joined by abnormal
calcium deposits, helical sutures of centra and
shortened vertebrae. The frequencies of such
vertebral anomalies in juvenile fish taken from
the Ibi River were significantly higher than those
from either the Yahagi River or the Toki River
(X2-test, p<<0.001). In fish taken from the Ibi
River, the frequency of defective vertebrae
joined by abnormal calcium deposits was about 7
times as great as that of helical sutures of centra,
and about 14 times as great as that of shortened
vertebrae. The percentage of occurrence of this
type of vertebral anomaly in fish taken from the
Ibi River was significantly higher than those from
either the Yahagi River or the Toki River (X*
test, p<0.001). Although collections were
made in the same area, the frequencies of this
type of anomaly in individual collections were
variable (Table 1).

Out of the 4,564 fish (8.0~ 19.0 mm SL) taken
from the Ibi River, 273 (5.98 %) specimens had
abnormal calcium deposits stained with alizarin
red S alongside of their vertebral column (Table
2). The positions of these abnormal calcium
deposits on the centra are shown in Figs. 2, 3
and 4. Out of the 273 specimens having abnor-
mal calcium deposits, 171 (62.6%) specimens
showed the abnormal calcium deposits extending

Frequencies of vertebral anomalies in the juvenile fish from the Ibi River, the Yahagi
River and the Toki River, 8~33 mm SL.

Vertebral anomalies

Standard

Locality Date length n A* B* C* Total
(mnm) n) om0 n (D o (%
Ibi R. 1978 13~29 588 20 (3.40) 2 (0.34) 1 (0.17) 23 (3.91)
1979 8~33 2,367 60 (2.53) 12 (0.51) 3 (0.13) 75 (@3.17)
1980 13~22 577 19 (3.29) 3 (0.52) 4 (0.69) 26 (4.51)
1981 10~ 18 794 52 (6.55) 7 (0.88) 3 (0.38) 62 (7.81)
1982 8~25 600 20 (3.33) 2 (0.33) 1 (0.17) 23 (3.83)
Total 4,926 171 (3.47) 26 (0.53) 12 (0.24) 209 (4.24)
Yahagi R. 1978 11~26 218 1 (0.46) 1 (0.46) 2 (0.92) 4 (1.83)
1980 10~24 346 I (0.29) 3 (0.87) 0 (0.000 4 (1.16)
1981 10~20 1,120 2 (0.18) 16 (1.43) 5 (0.45) 23 (2.05)
Total 1,684 4 (0.24) 20 (1.199 7 (0.42) 31 (1.84)
Toki R. 1980 12~23 400 1 (0.25) 4 (1.00) 1 (0.25 6 (1.50)
1981 12~26 980 1 (0.10) 14 (1.43) 1 (0.10)0 16 (1.63)
Total 1,380 2 (0.14) 18 (1.300 2 (0.14) 22 (1.59)

* A,B,C, see legends of Fig. 1.
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Fig. 2. Positions of abnormal calcium deposit on
the centra in the juvenile A, extending to
the adjoining centrum; B, extending to the
two adjoining centra; C, localized alongside
of a single centrum.

from one centrum to the next one and 13 (4.8 %)
specimens showed those extending to the next
two. In these defective vertebrae, the separate
centra could be clearly distinguished. The
other specimens (32.6 %) showed abnormal cal-
cium deposits attaching to a single centrum. In
these cases, the abnormal calcium deposits were
in contact with the side of the centrum. Further-
more, the incidence of defective vertebrae
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Fig. 3. Types of abnormal vertebrae in the

juvenile. A, vertebra with abnormal calcium
deposit localized on a single centrum; B, two
vertebrae joined by abnormal calcium de-
posit; C, three vertebrae joined by abnormal
calcium deposit; D, clear fused vertebrae.

Table 2. Frequencies of vertebral anomalies in each size group of fish from the 1bi River from

1978 to 1982.
S:zlr;dz?ra length (mm)

8~ 10 10~13 13~ 16 16~19 19~22 22~25
No. of specimens 280 1,055 2,061 1,168 183 142
Type A anomaly* n(Y%) 13(4.64) 62(5.88) 71(3.44) 25(2.14) 0(0.00) 0(0.00)
Type B anomaly* n(%) 2(0.71) 10(0.95) 11(0.53) 3(0.26) 0(0.00) 0(0.00)
Type C anomaly* n(%) 0(0.00) 0(0.00) 0(0.00) 6(0.51) 3(1.64) 3(2.11)
Fused vertebrae n(%) 0(0.00) 1(0.09) 8(0.39) 20(1.71) 11(6.01) 9(6.34)

* See legends of Fig. 1.
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Fig. 4. Frontal view of vertebrae with abnormal
calcium deposit. A, 12.8 mm SL; B, 16.6
mm SL. a, abnormal calcium deposit.

joined by abnormal calcium deposits located
in the middle part of vertebral column was
higher than that in the other region (Fig. 5).
This type of vertebral anomaly was seen
only in fish ranging from 8.0~19.0 mm SL;
not a single instance of this anomaly was
found in 325 fish ranging from 19.0~25.0 mm
SL. The frequencies of fused vertebrae in the
325 specimens, 19.0~25.0 mm SL, were basically
similar to those of vertebrae joined by abnormal
calcium deposits in fish ranging from 8.0~
19.0 mm SL (Table 2). In fish ranging from 19.0
~25.0 mm SL, the defective vertebrae showed
poorly developed arches, centra and spines.
The fused vertebrae were individually compressed
and fused together so that separate centra could
not be distinguished, although the neural and

Table 3. Frequencies of vertebral anomalies in the fish reared in an aquarium for 2~ 11 months.
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Incidence of vertebrae joined by abnormal
calcium deposits on the vertebral column of
fish ranging from 9.0~ 19.0 mm SL in 1978
and 1979 from the Ibi River.

Fig. 5.

hemal spines were distinct and the number of
spines was not reduced. The surface of these
defective vertebrae was rough.

On the other hand, the defective vertebrae
joined by abnormal calcium deposits were seen
only 13.0~23.0 mm SL fish kept for 2.0~8.5
months, and not a single instance of this type of
vertebral anomaly has been found in 102 fish,
21.0~35.0 mm SL, which were kept for 9.0~
11.0 months in an aquarium (Table 3). The
incidence of fused vertebrae throughout the
vertebral column in fish ranging from 19.0~
25.0 mm SL taken from the Ibi River and in fish
ranging from 14.0~35.0 mm SL reared in an
aquarium is shown in Fig. 6. Generally, the
incidence of fused vertebrae located in the middle
part of vertebral column was higher than in

other regions. The incidence of fused verte-

Reared Standard

Vertebral anomalies

: No. of - -- -— e Total

(rggi?l?s) l((’;glg]:gl specimens A*” ) B*” C*“ D*“ .
n.o(%)  n (%) n (% n (%) n (%)
2.0 13~20 197 2 (1.02) 2 (1.02) O (0.00) O (0.00) 4 (2.03)
4.5 14~21 28 0 (0 00) 1 (3.57) 1 (3.57) 0 (0.000 2 (7.14)
5.5 14~20 34 1 (2.94) 1 (2.949 0 (0.000 0 (0.000 2 (5.88)
6.5 14~20 31 I (3.23) 0 (0.00) I (3.23) 0 (0.00) 2 (6.45)
7.5 14~ 23 25 I (4.00) 0 (0.00) 0 (0.00) I (4.00) 2 (8.00)
8.5 15~21 23 I (4.35) 0 (0.000 O (0.00) 1 (4.35 2 (8.70)
9.0 21~26 17 0 (0000 O (0.000 2 (l1.76) 1 (5.88) 3 (17.65)
10.0 23~35 36 0 (0.000 0 (0.00) I (2.78) 2 (5.56) 3 (8.33)
11.0 25~35 49 0 (0.000 0 (0.00) 1 (2.04) 2 (4.08) 3 (6.12)

* A, B, C, see legends of Fig. I; D, fused vertebrae with 2~ 4 additional spines.
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Fig. 6. Incidence of fused vertebrae with abnormal
calcium deposits on the vertebral column.
A, juvenile from the Ibi River from 1978 to
1980; B, juvenile reared in an aquarium.

brae throughout the vertebral column in fish
ranging from 19.0~25.0 mm SL was basically
similar to that of defective vertebrae joined by
abnormal calcium deposits for fish ranging from
8.0~19.0 mm SL.

Frequencies of helical sutures of centra in
juvenile fish taken from the Ibi River ranged
from 0.33% to 0.88% (Table 1). In juvenile
fish from the Yahagi River and the Toki River,
the frequencies were 0.46~1.439%, about two
times as high as that for fish from the Ibi River.
Helical sutures were seen omly in fish ranging
from 8.0~19.0 mm SL; not a single instance of
this anomaly has been found in fish ranging from
19.0~25.0 mm SL collected from the Ibi River
(Table 2). Furthermore, there were no helical
sutures in fish ranging from 14.0~35.0 mm SL
kept for 6.5~ 11.0 months in an aquarium (Table
3). In these abnormal fish, ossification of verte-
brae throughout the spinal column was not yet
sufficient.

Frequencies of shortened vertebrae in fish
ranging from 16.0~25.0 mm SL taken from the
Ibi River ranged from 0.519% to 2.11%, but
there was no shortened vertebrae in fish ranging
from 8.0~ 16.0 mm SL (Table 2). The incidence
of shortened vertebrae throughout the spinal
column in fish taken from the Ibi River and in
reared fish is shown in Fig. 7. Generally, the
rate of occurrence of shortened vertebrae posteri-
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Fig. 7. Incidence of shortened vertebrae on the
vertebral column. A, juvenile from the Ibi
River from 1978 to 1980; B, juvenile reared
in an aquarium.

orly in the caudal vertebrae clearly was higher
than that in other regions.

The frequencies of abnormal vertebrae show-
ing duplication of hemal and neural spines on the
last two vertebrae before the urostyle in fish from
the Ibi River, the Yahagi River and the Toki
River were 46.0 %, 36.8 % and 38.1 Y}, respectively
(Table 4).

In juvenile fish which were collected from the
Ibi River and then kept for 2~ 11 months in an
aquarium, frequencies of vertebral anomalies
ranged from 2.049, to 17.65%,. These per-
centages of occurrence of vertebral anomalies in
reared fish were basically similar to those in
juvenile fish collected from the Ibi River.

Discussion

The types of malformed fish characterized as
spinal curvature, hump-backed, dumpy, pug-
headness and twisted lower jaw have been noted
frequently among fishes of various species. The
frequencies of these malformations in many
species of fishes in nature were 0.03~0.31%
(Patten, 1968; Dahlberg, 1970; Scherer, 1973;
Moore and Rosey, 1974; Moore and Hixon,
1977; Komada, 1980). In this study, the fre-
quencies of gross malformations in Zacco platy-
pus from the Yahagi River, Ibi River and Toki
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River were similar to those in the other natural
populations reported by the other investigators.
The types of deformities seen in the present
species from the rivers were similar to those
described by the others. The frequencies of
fused vertebrae and shortened vertebrae, judged
on the basis of the standard length of vertebrae
(Komada, 1981a) in juvenile fish from the
Yahagi River, Ibi River and Toki River, were
0.0~ca. 8.0%. These frequencies of vertebral
anomalies were similar to those for the ayu,
Plecoglossus altivelis, (Komada, 1978a, 1980) and
for the dace, Tribolodon hakonensis, (Komada,
1979) in natural populations.

Generally, a higher incidence of gross mal-
formations is found in laboratory- and hatchery-
reared fish. The frequencies of deformities in
Zacco platypus reared for 90~ 310 days in the
aquarium (Komada, 1981a) were higher than
those in natural populations examined in this
study (%*-test, p<0.001). The common type of
deformities in reared fish was pugheadness,
which was not seen in the Yahagi River collec-
tions. But, in this species, the frequencies of
vertebral anomalies in reared fish were basically
similar to those in natural populations. This
result suggests that the rearing conditions in the
aquarium may be favorable for this species.

The vertebrae joined by abnormal calcium
deposits were seen only in fish ranging from 8.0 ~

19.0 mm SL, and these anomalies disappeared
and the fusion of vertebrae occured during the
next period (19.0~25.0 mm SL). The defec-
tive vertebrae have 2~ 4 additional spines and a
separate centrum could not be distinguished.
The frequencies and the incidence of fused verte-
brae throughout the vertebral column in fish
ranging from 19.0~25.0 mm SL were similar to
those of vertebrae joined by abnormal calcium
deposits for fish ranging from 8.0~19.0 mm
SL. These results suggest that the vertebrae
joined by the abnormal calcium deposits extend-
ing to the next one or two centra in fish ranging
from 8.0~ 19.0 mm SL were fused together in
the next period, 19.0~25.0 mm SL. Namely,
the abnormal calcium deposits extended to the
adjoining centra may cause the occurrence of
fused vertebrae in Zacco platypus. But, when
the abnormal calcium deposits attached to a
single centrum, the fusion of vertebrae did not
occur.

On the other hand, the frequency of vertebrae
joined by the abnormal calcium deposits in fish
taken from the Ibi River was clearly higher than
those from either the Yahagi River or the Toki
River. Although collections were made in the
same area of the river, the frequencies of this
type of vertebral anomaly in individual collec-
tion were variable. Gabriel (1944) and Sey-
mour (1959) suggested that a higher incidence of

Table 4. Frequencies of abnormal vertebrae with one or two additional spines on the last two
vertebrae before urostyle in the fish from the Ibi River, the Yahagi River and the Toki

River.
Frequencies
. Standard No. of o
Locality Date length (mm) specimens o
n (%)
Ibi R. 1978 13~ 29 588 280 47.62
1979 8~ 33 2,367 1,131 47.78
1980 13~ 22 577 254 44.02
1981 10~ 18 794 325 40.93
1982 8~ 25 600 276 46.00
Total 4,926 2,266 46.00
Yahagi R. 1978 I~115 547 201 36.75
1979 60~ 125 234 84 35.90
1980 10~ 24 346 123 35.55
1981 10~ 20 1,120 418 37.32
Total 2,247 826 36.76
Toki R. 1980 12~ 23 400 145 36.25
1981 12~ 26 980 381 38.88
Total 1,380 526 38.12
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abnormalities may be associated with embryonic
development at unfavourable water tempera-
tures. Alderdice et al. (1958) found an as-
sociation between vertebral anomalies and lower
oxygen levels during egg incubation. Garside
(1959) reported that deformed embryos of lake
trout, Salvelinus namaycush, were found in all
lots incubated in hypoxial conditions, and the
frequency and severity of deformities appeared to
diminish between 7.0°C and 2.3°C. Further-
more, Komada (1982b) reported that the helical
sutures of centra apparently occur more fre-
quently in the cyprinid fish Tribolodon hakonensis.
Considering these facts the formation of abnor-
mal calcium deposits may also be attributed to
unfavourable environmental conditions during
ontogeny in Zacco platypus.

Komada (1982b) reported that the helical
sutures of centra induces a fusion of vertebrae
in the dace. The present results support the
previous report. Furthermore, the present
findings and the previous results (Komada,
1982a) may suggest that the occurrence of
shortened vertebrae is associated with the growth
ratio of centra during the winter, and the time-
occurrence of this type of anomaly is in the
juvenile stage, 15.0~25.0 mm SL.

Komada (1982b) reported that the abnormal
vertebrae having one or two additional spines on
the last two vertebrae before the urostyle may
appear equally at all environmental conditions
in fishes. In this study, the frequencies of this
type of vertebral anomaly in Zacco platypus
from the Ibi River were clearly higher than those
from the Yahagi River. Furthermore, as stated
above the frequencies of fused vertebrae with
abnormal calcium deposits in juvenile fish from
the former were significantly higher than those
from the latter. It appears that the occurrence
of this type of vertebral anomaly may be as-
sociated with the environmental conditions dur-
ing ontogeny in this species.
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