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Abstract. The incidence of severe consecutive repetition of
lordosis-kyphosis involving three flexions was reported in
a specimen of the atherinid fish Atherina boyeri Risso. The
values for the angles lay between the lines passing through the
sides of the vertebral column and enclosing the curvatures,
and the depth of the curvatures of the angles was obtained.
Also, the ratio of the vertebral column to the fish total length of
deformed and normal specimens of this species was
calculated. Possible causes for these anomalies are discussed.
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Introduction
Among the problems fishes encounter during their
development are different types of aberrations in the
skeletal system, which can influence morphology,
growth, and the survival of individuals. In wild populations, skeletal anomalies are present, but they are
relatively rare either because they are less frequent or
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because of the decreased viability of the abnormal
fish in their natural habitat (Gavaia et al. 2009,
Bogutskaya et al. 2011, Jawad et al. 2015a, 2016).
Abnormalities can either be very severe so they affect
the ability of the fishes, or slight, which do not affect
survival and can occur as a result of various external
and internal factors. The frequency and pattern of
skeletal deformities form the basis of other studies
such as the assessment and monitoring of environmental stresses or rearing conditions on fishes
(Boglione et al. 2001, Ershov 2008).
Spinal deformities such as lordosis (ventral curvature) and kyphosis (dorsal curvature) have been
described in many species both cultured and from
wild populations (Afonso et al. 2000, Sfakianakis et
al. 2004, Kranenbarg et al. 2005, Jawad et al. 2014a,
Jawad et al. 2015a, 2015b). Lordosis is probably the
most well studied axis anomaly in fishes. It can affect
every region of the vertebral axis. It can be
pre-haemal lordosis, which has been correlated significantly to the non-inflation of the swim bladder
(Chatain 1994), but Boglione et al. (1995, 2009) and
Andrades et al. (1996) did not find a similar correlation in some fish species; haemal lordosis, which is
a quite frequent anomaly in fishes (Fjelldal et al.
2009, Koumoundouros 2010); and cranial (i.e. involving the anteriormost vertebrae); and caudal
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lordosis (involving the centra of the caudal
peduncle), which are quite rare anomalies
(Cataudella et al. 2011). Kyphosis is considered less
common than lordosis (Boglione et al. 2013). As with
lordosis, it can be found in the pre-haemal and
haemal positions (Boglione et al. 1995). In the most
severe cases, combinations of lordosis and kyphosis
occur (Afonso et al. 2009).
Big scaled silverside, Atherina boyeri Risso, is an
inshore-pelagic, schooling species found in shallow
waters to depths of 5 m. It is a euryhalinic fish that
can thrive in hypersaline lagoons and fresh water.
The spawning season is from March to September.
Its demersal eggs have a diameter of 1.5-2 mm. The
species reaches sexual maturity at 5-7 months at
a length of 3.5 cm. It is very common in the eastern
Mediterranean and also occurs in the Atlantic-Mediterranean region from southern England to
Morocco (Golani et al. 2006).
In this study we carried out a morphological description of a case of lordosis-kyphosis in the teleost
species A. boyeri taken from a wild population. This
is the first report of this abnormality in this species
from Turkey.

Material and methods
On December 29, 2015 one specimen of A. boyeri showing a continuous case of lordosis-kyphosis and another
normal specimen were caught with an experimental
beach seine from the marine side of Homa Lagoon on
the coast of Izmir Bay (38°31’13’’N–26°50’32’’E) at
a depth of 1 m on a sandy bottom (Fig. 1). The specimens
were fixed in 70% ethanol and deposited in the fish collection of Ege University, Fisheries Faculty
(ESFM-PIS/2015-015).
The skeletons of both the normal and abnormal
specimens were examined using the mammography
technique available at Ata Hospital, Izmir, Turkey.
Siemens Mammomat 3000 nova mammography was
used at an exposure time of 100 k v, 30 mas, 3 seconds. The length of the vertebral column from the anterior margin of the first vertebra to the posterior

margin of the last vertebra was divided by fish total
length to produce a ratio that was used to compare
the abnormal with the normal fish. The angle of vertebral deformation was measured from the centre of
the deformity, which in the present case was located
in the caudal region, using a digital protractor. To assess the degree of abnormality in the anomalous individual, we measured the height of the curvature of
the spinal column (HC). This corresponded to the
distance between the tangent to the apical vertebra
and a straight line which passed to the base of the two
vertebrae limiting the curvature. The measurements
were made with a digital caliper to the nearest 0.01
mm. The depth of curvature (DC) was calculated
with the following formula using the method by
Louiz et al. (2007):
DC = (HC / SL) × 100 (SL = standard length fish)
To describe vertebral shape changes independent of individual size differences, five ratios from
seven vertebral measurements were calculated.
Length ratio = dorsal length of the vertebra/
ventral length of vertebra
Width ratio = anterior width of the vertebra/
posterior width of the vertebra
Height ratio = dorsal height of the vertebra/
ventral height of the vertebra
Thickness ratio = middle line width of the
vertebra/posterior width of the vertebra
Slenderness ratio = dorsal length of the vertebra/
posterior width of the vertebra

Figure 1. Map showing the sampling location.
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The purposes of the five ratios above are: length
ratio for wedging along vertebral length; width ratio
for wedging along the vertebral width; height ratio for
distortion of the amphicoelous shape; thickness ratio
for mid-centrum thickness; and slenderness ratio for
ventral slenderness. All measurements were made
by the same person and instrument in order to increase the precision of the measurements and reduce
variability introduced by measurement error.

Results
The measurements of the abnormal fish were 65 mm
total length (TL), 55 mm standard length (SL), and
20 mm head length (HL) compared to the normal
specimen, which measured 82 mm TL, 70 mm SL,
and 21 mm HL (Figs. 2a-b). Externally, the fish specimen showed two humps – the first was located between the dorsal fins and the second was located
under the second dorsal fin. Besides the two humps,
the body of the abnormal fish showed two concavities, one just posterior to the first dorsal fin and the
other just anterior to the second dorsal fin (Fig. 2b).
The radiograph (Figs. 3a-b) showed that the
whole thoracic vertebrae and the whole caudal vertebrae were involved in the arching upward and downward of the vertebral column. The first ascending
arm of the arch was formed of abdominal vertebrae

Figure 2. Atherina boyeri, a. normal specimen, 82 mm TL; b. abnormal specimen, 65 mm TL.
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7-15, and the second ascending arch involved caudal
vertebrae 9-15. The first descending arch involved
abdominal vertebrae 1-7, the second involved caudal
vertebrae 2-8, and the third descending arch involved caudal vertebrae 20-23. Abdominal vertebrae
15-17 and caudal vertebrae 16-19 were at the top of
the first and second arches, respectively. Abdominal
vertebrae 15-17 and caudal vertebrae 16-19 and
20-23 were at the bottom of the first, second, and
third arches, respectively.
The ratio of vertebral column to fish TL in the deformed specimen was 0.4, while it was 0.8 in the normal specimen. The value of angle “N1” lay between
the arms of the first flexion and was 135°, and the
value of angle “N2” lay between the arms of the second flexion and was 94°. The depth of the curvature
of angle “N1” was 8.9 mm, and the depth of the curvature of angle “N2” was 8.5 mm (Fig. 3b).
The five ratios calculated appeared to be affected
by the position of the vertebra and the curvature of
the vertebral column. The vertebrae at the top of the
arches exhibited increased height on the ventral side
(0.027-0.029) and reduced height on the dorsal side
(1.130-1.026) (Fig. 3b). Vertebrae 8 and 9 were
wedged (1.345-1.365) (reduced ventral length relative to dorsal length). The ascending vertebrae had
reduced midline widths (0.011-0.013). Similarly, the
descending vertebrae exhibited the same features,
but to a lesser degree than those in the ascending
arch. The amphicoelous centra of these vertebrae
were also distorted such that the height was increased on the dorsal side (0.004-0.006).

Figure 3. Mammography of Atherina boyeri, a. normal specimen,
82 mm TL; b. abnormal specimen, 65 mm TL.
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Slenderness and thickness were less in ascending
vertebrae (0.001-0.003) (Fig. 3b).

Discussion
A substantial amount of current literature is available on wild fish anomalies (Divananch et al. 1996,
Jawad et al. 2013a, 2013b, Jawad and Liu 2015)
that describes the causes of different deformities.
They include both genetic (Ishikawa 1990) and
epigenetic factors as possible sources of such aberrations (Fjelldal et al. 2009), as well as environmental
factors such as temperature, light, salinity, pH, low
oxygen concentrations, inadequate hydrodynamic
conditions, and parasites (Chatain 1994, Gavaia et
al. 2009). It is possible that the deformed A. boyeri
specimen had encountered unfavourable environmental factors that might have caused this type of
vertebral abnormality. Since the specimen of A.
boyeri was an adult, the deformation was not fatal,
but it certainly affected mobility in some way. Except
for the repetitive lordotic-kyphotic curvatures, the remaining parts of the fish body were apparently in
perfect condition.
The morphological changes of lordosis and
kyphosis exhibited in the specimen examined were
related to anterior-posterior (i.e., cranial-caudal)
compression along the spine. Structural indications
were present in the x-ray showing that the normal
amphicoelous (hour-glass) shape of vertebrae was
distorted so that vertebral height was reduced on the
convex side and was greater on the concave side of
the curvature. Additionally, the vertebrae at the approximate apex of the curvature (lordotic vertebra
number) were wedged so that the length on the concave side of the curve was reduced relative to the convex length. The midline width was also significantly
reduced in some vertebrae. Similar changes were observed in Poecilia reticulata Peters by Gorman et al.
(2010). They suggest that the observed changes in
vertebral bone structure could be due to either (1) the
distortion of normal vertebral shape, or (2) the active
remodeling of vertebral osteoid bone as a

consequence of extrinsic forces. The second cause
was described in animal models with induced curvature in a number of teleost species (Huysseune et al.
2000, Kranenbarg et al. 2005). Several studies demonstrate that bone modeling can be affected by elevated water oxygen levels through the impact on
bone mineral composition (Helland et al. 2005,
Gil-Martens et al. 2006). In Izmir Bay, the water oxygen level is low (Bizsel and Uslu 2000, Kontas et al.
2004), with high variation in water temperature
(Odabasi et al. 2008). In such an environment,
hypoxia can develop and cause teratogenic conditions for the musculoskeletal system during embryonic development and the first larval stage. Hypoxia
can also provoke cell apoptosis, a key process in
these stages (Shin et al. 2004).
The consecutive presence of lordosis and
kyphosis (L-K) in the present specimen could have
been genetically determined. This is suggested by
Afonso et al. (2000) in a similar case they examined
in Sparus aurata. In the present paper, although the
cause of lordosis-kyphosis was not investigated, the
hypothesis of genetic involvement could not be excluded and indicated that a vertebral deformity could
consist of a consecutive repetition of lordosis and
kyphosis (L-K syndrome).
Izmir Bay is reported to have a high level of pollution in trace metals (Kucuksezgin et al. 2006, Pekey
2006, Kucuksezgin et al. 2011). Trace metals can decrease collagen synthesis, cause protoplasmic poisoning, and change the integrity of bones (Luh et al.
1973, Bhatnager and Hussain 1977, Iguchi and Sano
1982). Economic outcomes of vertebral deformities
are important in terms of reduced weight and more
importantly from the significantly reduced value per
kg of selling fish. Therefore, further efforts to improve
the management of fisheries industries should be
made to explore the various etiological causes of deformities before further critical choices are made.
Author contributions. L.J. wrote the manuscript and
follow up the process of the publication, O.A. and C.S.
have designed and performed the collection, measurements and photography.
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