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Spinal Curvature in the Carangid Fish Seriola
aureovittata from Miyake-jima, Japan

Noritomo Komada and Jack T. Moyer
(Received October 9, 1982)

Spinal curvature, hump-backed conditions
and malformations involving individual verte-
brae have been reported rather frequently for
many species of fishes throughout the world
(Dawson, 1964, 1966, 1971; Matsuzato, 1973;
Dawson and Heal, 1976), but to our knowledge
there is no record of vertebral anomalies in the
carangid (‘“*hiramasa’), Seriola aureovittata
Temminck et Schlegel. On 18 September 1980,
a specimen of ‘‘hiramasa” with severe spinal
curvature was caught by set net at Miyake-jima,
Japan (34°05'N, 139°30’E). In this study, the
forms of vertebral centra in the deformed fish
are described in detail to attempt to clarify the
mechanism and time of occurrence of vertebral
anomaly in this commercially important species.
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Materials and methods

Our specimen of S. aureovittata was examined
externally for morphological abnormalities. The
length of selected portions, body weight and
number of dorsal fin rays were measured and
counted. The deformed fish was radiographed
and then dissected and stained with 1.0%, KOH
solution of 0.1 alizarin red S. The vertebral
number was counted from atlas to urostyle
(Clothier, 1950). The length and width at 9
points on each vertebral centrum were measured
with vernier calipers (1/20 mm) (Fig. 1). Fi-
nally, the fat was removed from the vertebrae
with Benzene for 2 days at 40°C and the dry
weight was measured.

Results and discussion

The specimen showed severe spinal curvature
(lordosis) anteriorly, a gentle curvature (kypho-
sis) posteriorly, and shortened fin rays on the
first dorsal fin (Fig. 2). Selected measurements
and counts are shown in Table 1. The number
of segmentally arranged structures in the de-
formed fish did not differ from those of normal
fish (Yamada, 1961; Abe, 1976). The epaxial
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Fig. 1. Nine measured parts of vertebra. A, vertical section; B, frontal view; UL, longitudinal length of
upper edge of centrum; LL, longitudinal length of lower edge of centrum; VD, vertical diameter;
HD, horizontal diameter; UNZ, distance between the two anterior neural zygapophysis; a, b, c, d,
distance from apex of cone to edge of centrum; I ~n, number of rings of centrum.
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Fig. 2. A specimen of carangid fish with severe spinal curvature (top); internal structure (middle);

radiograph (bottom).

portion (from the vertebral column to the dorsal
surface) at the deformed region was clearly
wider than the other regions of the vertebral
column. Ligaments of the interspines at the
deformed region were shifted. The vertebral
column was severely curved upward in the
vicinity of the 7th and 8th vertebrae in the
abdominal region (Figs. 2, 3). Although severe
curvature of the spinal column occurs more fre-

quently posteriorly (Moore and Hixon, 1977),
this specimen showed such spinal curvature in
the anterior part. The body cavity (cavum
pleuroperitanei) was narrow due to projection
of the curved column, and the digestive organs
were compressed (Figs. 2, 3).

Yamada (1961) reported that the vertebral
length (VLC) of S. aureovittata does not vary
in proportion to body size. Judging from the
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Fig. 3.

vertebral length curve (Yamada, 1961) and the
results of this study (Table 2), the upper portion
of both the 7th and 8th vertebrae were compress-
ed (shortened) and expanded (Figs. 4,5). In the
7th and 8th vertebrae, the lengths of the upper
edges of the centra compared with the lower
edges were 70.99%, and 64.7Y%, respectively.
The distance between the two anterior neural
zygapophysis on the 7th and 8th vertebrae was
larger than those on the 6th and 9th vertebrae
(Table 2). That is, the two vertebrae appeared
wedged. Furthermore, the abnormal centra
were curved upwards. Although these defective
vertebrae showed poorly developed centra, the
neural spine, anterior and posterior neural
zygapophysis were distinct. The Ist, 2nd and

a

Abdominal part of a deformed carangid fish. a, body cavity (cavum pleuroperitanei); length in mm.

3rd rings at the middle part of the defective ver-
tebrae were normal, but, the 4th ring disappeared
at the upper portion (Table 2) (Fig. 5). Gaps
of 3.0 mm and 3.9 mm were found between the

Table 1. Counts and measurements of the de-
formed carangid fish.

Standard length (mm) 370.0

Head length (mm) 120.0
Snout length (mm) 38.0
Diameter of eye (mm) 20.2
Number of first dorsal fin rays VIl
second dorsal fin rays I, 33
anal fin rays 11, 21
vertebrae (including urostyle) 25
Body weight (g) 844.0

Table 2. Length (mm) of each of 9 measured parts and number of rings in each centrum of the

deformed carangid fish.

Centrum

< |
v

a b c

UL LL UNZ d*  Number of rings
Sth 10.10  10.80 9.35 8.85 7.40 4.30 5.45 3.50 3.45 4
6th 11.30  11.40 9.50 8.80 7.05 4.70 5.50 3.70 3.75 4
Tth 8.65 12.20 9.70  8.80 7.50 4.80 5.60 4.40 2.40 4**
8th 7.50 11.60 9.80 9.10 7.95 4.30 6.00 4.90 2.10 4**
9th 12.50 12.00 9.35 8.80 6.00 5.40 6.70 3.25 2.30 4
10th 12.50 12.20 9.25 8.80 5.80 5.50 6.60 3.20 2.70 4
16th 13.00 13.10 11.60 9.00 5.75 6.20 5.70 2.70 3.55 4
ﬁ*iUL~d are shown in Fig. l *7”7‘74th7r7i;17g"irswimpgt{ectiatm:rilp;:; portion 6(‘ centrum. : -
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Fig. 4. Frontal view of 5th (A), 7th (B), 8th (C) and 9th (D) vertebrae of the deformed carangid fish.

Arrow shows the abnormal points.

Fig. 5. Lateral view (A) and vertical section (B)
of 8th (1) and 9th (2) vertebrae of the de-
formed carangid fish.

lower edge of the 7th and 8th vertebrae and 8th
and 9th vertebrae, respectively, but gaps at the
upper edges were only about 1.0 mm and 0.9 mm.
Layers of connective tissue attaching the verte-
brae to one another were clearly recognized, and
the neural spines of the 7th and 8th vertebrae
were in contact. These conditions are associated
with spinal curvature (lordosis) at the abdominal
vertebrae.

Generally in fishes, the incidence of shortened
and fused vertebrae is higher in the caudal
region than elsewhere on the vertebral column
(Komada, 1979, 1980). Komada (1979) reported
that in dumpy and humpbacked conditions,
frequencies of abnormal vertebrae are higher
near the area of transition from abdominal to
caudal vertebrae than in the other regions. In
this specimen, the wedged centra occurred at the
middle part of the abdominal vertebrae. Such
conditions may be related to the mode of swim-
ming of fishes. Though the vertebral column
gently curved at the caudal region in this speci-
men, the posterior vertebral centra of the column
did not show morphological abnormality.

On the other hand, the dry weight of the 7th
and 8th wedged vertebrae were 0.49 g and 0.48 g,
and those of the 6th and 9th were 0.48 g and
0.50 g, respectively. There was, therefore, no
difference between the former and the latter.
That is, the two wedged vertebrae weighed the
same as normal vertebrae.

Komada (1982, 1983) reported that the helical
sutures of centra and abnormal calcium
deposits may cause the occurrence of fused
vertebrae in fishes. Furthermore, Komada (1979)
suggested that compressed and shortened verte-
brae were probably caused by abnormal growth
ratios of centra of the spinal column in fishes.
Vertebral anomalies occurring in several verte-
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brae during larval and juvenile stages may not
cause spinal curvature (scoliosis, lordosis,
kyphosis) in the adult stage. Also, Komada
(1979) reported that in lordosic and kyphosic
conditions in Tribolodon hakonensis, some fish
(about 10Y%) showed normal vertebrae through-
out the vertebral column. In the present
specimen, the caudal vertebrae did not show
morphological abnormality, though the fish
showed some spinal curvature in the caudal
region. Generally, abnormal vertebrae (short-
ened, compressed, wedged, fused) may occur
with abnormal ossification in the centrum or
with secondary deformation by curvature of the
vertebral column. The results of this study sug-
gest that the wedged vertebrae in this specimen
may have been caused by severe curvature of the
vertebral column resulting from poor balance of
lateral muscles. Irregular curvature of the ver-
tebral column of our specimen may have resulted
from unfavorable environmental conditions
during the young stage.
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