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Abstract

In this study, skeletal anomalies such as vertebral centra 
deformation, lordosis (ventral curvature), and consecutive 
repetition of lordosis and kyphosis were examined in 
specimens of Barbus xanthos (Güçlü, Kalaycı, Küçük & Turan, 
2020) collected from the Dalaman River, southwestern 
Turkey. Abnormalities of the vertebral column were observed 
in both thoracic and caudal vertebrae. Cases of lordosis and 
consecutive repetition of lordosis and kyphosis showed 
varying degrees of severity. Specimens with consecutive 
repetition of lordosis showed the most acute deformities 
among the cases studied, as they revealed complicated 
incidences of skeletal anomalies. None of the cases were fatal 
as they occurred in adult individuals. This study discusses the 
possible causes of such deformities and the usefulness of 
this type of study in environmental monitoring.
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1. Introduction

Fisheries biologists, ichthyologists and 
aquaculturists have recently become more concerned 
about skeletal anomalies of wild and reared fish 
(Kužir et al. 2015). Many incidences of different 
types of deformities (Afonso et al. 2000; Sato 2006; 
Jawad et al. 2017a; Jawad & Ibrahim 2018) have been 
described for different fish species inhabiting different 
environments (Iwasaki et al. 2018). It has been found 
that these abnormalities can affect various parts of the 
fish body (De La Cruz-Aguero & Perezgomez-Alvarez 
2001). Such anomalies have shown to have adverse 
effects on the life of fish as well as minimize the 
commercial value of fisheries (Raja et al. 2016; Majeed 
et al. 2018). For fish in the wild, skeletal anomalies, 
which can occur at any stage of the fish life cycle, can 
cause complications, for example in protecting their 
territories (Sato 2006; Majeed et al. 2018), competing 
for a mate (Sato 2006), and reduction in fisheries 
production (Noble et al. 2012). In aquaculture facilities, 
such deformities may affect animals by reducing their 
growth rates (Hansen et al. 2010), impairing their 
feeding ability (López-Olmeda et al. 2012; Okamura et 
al. 2018), increasing the risk of infection (Janakiram et 
al. 2018) and increasing mortality rates (Jara et al. 2017). 
Furthermore, these undesirable effects of skeletal 
aberrations will result in economic decline of fish farms 
(Boglione 2013; Yıldırım et al. 2014).

Skeletal aberrations frequently observed 
and described in several fish groups are centra 
deformation, kyphosis, and lordosis. Such anomalies 
can occur at either mild or severe levels in both 
aquaculture and wild individuals (Jawad & Ibrahim 
2018; Näslund & Jawad 2021). Vertebral centra 
deformation can be mild or severe, and in the latter 
case the fish will have difficulty swimming and can 
lead to compression or a combination of compression 
and fusion of vertebrae (Witten et al. 2006). Lordosis 
is the most frequently described axis deformity in 
fish. It can be found in any region of the vertebral 
column. In the pre-hemal region of the column, it is 
called pre-hemal lordosis and is associated with failure 
to inflate the swim bladder (Chatain 1994). Other 
types include hemal lordosis, which is a common 
anomaly found in fish (Jawad et al. 2014; Fjelldal et al. 
2009), cranial lordosis (i.e. affecting the most anterior 
vertebrae) and caudal lordosis (affecting the centra 
of the caudal peduncle). Kyphosis is considered less 
common than lordosis (Boglione et al. 2013). As in the 
case of lordosis, it can occur in pre-hemal and hemal 
locations (Boglione et al. 1995). 

Studies on anomalies in freshwater fish species in 
Turkey are very limited. To our knowledge, the work by 

Jawad and Oktener (2007) on Planiliza abu collected 
from the Atatürk Dam Lake, the experimental work 
by Çelik et al. (2012) on the common carp, Cyprinus 
carpio, and the work by Innal et al. (2019) on Barbus 
pergamonensis from the Dalaman Stream are the 
only available studies on fish skeletal abnormalities 
in Turkey. Therefore, the present study adds to what 
is known regarding the prevalence of abnormalities 
observed so far in freshwaters of Turkey and describes 
cases of vertebral centra deformities, lordosis and 
consecutive repetition of lordosis and kyphosis 
anomalies observed in 9 specimens of Barbus xanthos 
(Güçlü, Kalaycı, Küçük & Turan, 2020) collected from 
the Dalaman River–Yusufça irrigation regulator 
(Çavdır-Burdur), Turkey. The availability of such 
information is very important for aquaculturists, 
fisheries biologists and environmentalists. 

2. Materials and methods

2.1. Sampling locality

The study was carried out in the Dalaman River–
Yusufça irrigation regulator (Çavdır-Burdur; Turkey; 
37°13’33.87’’N; 29°32’55.79’’E). The Dalaman River 
originates in the Yeşilgöl Mountains in the south of 
Gölhisar (Burdur) and flows into the Mediterranean 
Sea at the borders of the Dalaman district (Fethiye; 
Fig. 1). The Dalaman River forms the border between 
the Mediterranean and Aegean regions (Turkey). The 
total length of the river is 229 km. The depth of the 
sampling location is approximately 1.5 m. 

2.2. Fish samples

Sampling was carried out along a 50 m transect 
in June 2010 using electrofishing equipment. A total 
of 28 Barbus xanthos individuals were caught from 
the Dalaman River–Yusufça irrigation regulator (Figs 

Figure 1
Map showing the fish sampling location
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2a, b); B. xanthos is the only fish species living in the 
habitat selected for fishing. Nine specimens measuring 
70.96–141.26 mm SL showed different skeletal 
abnormalities revealed by X-ray examination. A healthy 
specimen (175.2 mm SL) was obtained for reference 
(Fig. 3). The body and fins of the specimens were 
carefully examined for malformations, amputations 
and any other morphological anomalies. The 
specimens were fixed in 4% formaldehyde solution for 
further examination and deposited in the Inland Fish 
Collection, Eğirdir Fisheries Faculty of Isparta University 
of Applied Sciences under catalogue number IFC-ESUF 
03-0481. The skeletons of both normal and abnormal 
specimens were examined using a mammography unit 
(Siemens/Mammomat Inspiration 2013) at an exposure 
time of 2.1 seconds, available at Meddem Hospital, 
Department of Radiology, Mammography Section, 
Isparta, Turkey. 

2.3. Morphological measurements and statistical 
analysis

To assess the severity of lordotic and kyphotic 
cases, the angle formed between the ascending 
and descending parts of the vertebral column was 
measured. The lower value of this angle indicates a 
severe case, while a high value indicates mild cases. 
The angle of vertebral deformation was measured 
from the center of the deformity by means of a digital 
protractor.

3. Results

The examination of B. xanthos specimens 
revealed that one specimen showed vertebral centra 
deformation (127.74 mm SL), four specimens showed 
lordosis (70.96, 80.56, 141.26, 81.05 mm SL) and four 
specimens (71.12, 81.53, 91.52, 98.9 mm SL) showed a 
consecutive repetition of lordosis and kyphosis. 

3.1. Case of centra deformation

One specimen (127.74 mm SL) appeared externally 
normal compared to an abnormal specimen of 
nearly comparable size (Fig. 4a). This specimen had a 
single deformity, i.e. the centrum of the third caudal 
vertebra appeared deformed and displaced (Fig. 
4b). In addition, the neural and hemal spines pointed 
more posteriorly and anteriorly, respectively. No other 
anomalies were observed in this specimen. 

3.2. Cases of lordosis

The radiograph of the first abnormal lordotic 
specimen shows 19 vertebrae (10 thoracic and 9 
caudal vertebrae) involved in the lordotic arch of the 

Figure 2
A: Yusufça irrigation regulator (Dalaman River, Çavdır-
Burdur); B – Yusufça irrigation regulator (Dalaman River, 
Çavdır-Burdur)

Figure 3
Normal specimen of Barbus xanthos 175.2 mm SL. A – 
whole fish; B – radiograph; scale bar = 1 cm
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deformed specimen (Figs 5 & 6a). The descending 
part of the lordotic arch contains five thoracic and 
five caudal vertebrae, while the ascending part of the 
arch contains nine caudal vertebrae. The value of the 
lordotic angle “A” was 152°. 

In the second abnormal lordotic specimen (Figs 
5 & 6b), 11 vertebrae were involved in the formation 

of the lordotic arch. The descending part of the 
arch consisted of three and 14 thoracic and caudal 
vertebrae, respectively. The ascending part of the 
lordotic arch consisted of eight caudal vertebrae. The 
value of the lordotic angle “B” was 140°. Another slight 
anomaly observed in this specimen was the presence 
of a low kyphotic curve formed by thoracic vertebrae 
5–10. No other skeletal anomalies were observed. 

The lordotic arch of the third abnormal specimen, 
as revealed by the radiograph (Figs 5 & 6c), consisted of 
18 vertebrae. The ascending part of the arch consisted 
of nine vertebrae, including six and three thoracic and 
caudal vertebrae, respectively. The value of the lordotic 
angle “C” was 148°. No other skeletal deformities were 
observed.

In the fourth lordotic specimen, the lordotic arch 
contained 19 vertebrae. The descending part of the 
arch consisted of nine vertebrae, including six and 
three thoracic and caudal vertebrae, respectively. The 
ascending part consisted of 10 caudal vertebrae. The 
lordotic angle “D” was 153°. Some of the centra of the 
vertebrae forming the descending part of the lordotic 
arch appeared distorted. 

Figure 4
Specimen of Barbus xanthos showing a vertebral centra 
deformity. A – whole fish 127.74 mm SL; B – radiograph 
of Barbus xanthos 127.74 mm SL showing a vertebral 
centra deformity; scale bar = 1 cm

Figure 5
Specimens of Barbus xanthos showing varying degrees 
of lordosis. A – 141.26 mm SL; B – 81.05 mm SL; C – 80.56 
mm SL; D – 70.96 mm SL; scale bar = 1 cm

Figure 6
Radiograph of Barbus xanthos specimens showing 
varying degrees of lordosis. A – 141.26 mm SL; B – 81.05 
mm SL; C – 80.56 mm SL; D – 70.96 mm SL; scale bar = 
1 cm
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3.3. Case of consecutive repetition of lordosis and 
kyphosis

Four specimens with dimensions of 71.12, 81.53, 
91.52, and 98.9 mm SL fell within this criterion of 
skeletal deformities (Figs 7 and 8). They showed 
different degrees of severity of both lordosis and 
kyphosis anomalies. Radiographs of these four 
abnormal specimens revealed that specimens “A” 
and “C” shown in Figs 8a and 8c had one lordotic and 
kyphotic arch, while specimens “D” (Fig. 8 d) had two 
kyphotic and one lordotic arches. Specimen “B” (Fig. 
8b) appeared to be the most affected as it had four 
arches, two of each kyphotic and lordotic arch. One 
lordotic and one kyphotic arch were observed in the 
thoracic region of the vertebral column of specimens 
“B” and “D”, respectively. 

In the first lordotic arch observed in specimen “A” 
(Fig. 8a), nine and six vertebrae were involved in the 
formation of this arch (nine vertebrae involved in the 
descending part and six vertebrae in the ascending 
part). The descending part of this arch contained seven 
and two thoracic and caudal vertebrae, respectively, 

while all the vertebrae contained in the ascending part 
were caudal vertebrae. The kyphotic arch of specimen 
“A” consisted of 13 caudal vertebrae, including six 
and seven vertebrae forming the ascending and 
descending parts of the arch. The lordotic and 
kyphotic angles were 111° and 150° for the angles “A” 
and B” respectively. 

The second lordotic-kyphotic deformed specimen 
(Fig. 8b) showed four arches, two lordotic and two 
kyphotic arches. The first lordotic arch consisted of 
11 vertebrae. The descending and ascending parts of 
this arch contained seven and six thoracic vertebrae, 
respectively. The value of the lordotic angle “A” in this 
arch was 159°. The next arch in this species toward 
the tail is the kyphotic arch. This arch consisted of 11 
vertebrae. The ascending and descending parts of this 
arch contain four and seven vertebrae, respectively. 
The seven vertebrae of the descending part contain 
five thoracic and two caudal vertebrae. The value of 
the kyphotic angle “B” in this arch was 139°. The third 
arch in this abnormal specimen is the lordotic arch, 
which is formed by 14 vertebrae, seven vertebrae in 
the ascending part, and another seven vertebrae in the 
descending part. The vertebrae of the descending part 

Figure 7
Specimens of Barbus xanthos showing varying degrees 
of consecutive repetition of lordosis and kyphosis. A – 
98.9 mm SL; B – 91.52 mm SL; C – 81.53; D – 71.12 mm 
SL; scale bar = 1 cm

Figure 8
Radiograph of Barbus xanthos specimens showing 
varying degrees of consecutive repetition of lordosis 
and kyphosis. A – 98.9 mm SL; B – 91.52 mm SL; C – 
81.53; D – 71.12 mm SL; scale bar = 1 cm
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consisted of five thoracic and two caudal vertebrae. 
The value of the lordotic angle “C” was 132°. The fourth 
arch is kyphotic and consisted of 15 caudal vertebrae, 
with seven and eight vertebrae in the ascending 
and descending parts, respectively. The value of the 
kyphotic arch angle “D” was 141°.

There were two arches in the 3rd abnormal 
specimen (Fig. 8c). The first arch was lordotic and 
consisted of 13 vertebrae, with six and one thoracic 
and caudal vertebrae, respectively, in the descending 
part, and six caudal vertebrae in the ascending part. 
The second arch was kyphotic and consisted of 16 
caudal vertebrae, with six and 10 vertebrae in the 
ascending and descending parts of this arch. The value 
of the lordotic angle “A” is 150° and the kyphotic angle 
“B” is 160°.

The fourth deformed specimen with this type 
of anomaly had three arches, one and two lordotic 
and kyphotic arches, respectively (Fig. 8d). The first 
kyphotic arch consisted of 11 thoracic vertebrae, with 
five and six vertebrae in the ascending and descending 
parts of this arch, respectively. The value of the 
kyphotic angle “A” of this arch was 160°. The second 
arch was lordotic and consisted of 18 vertebrae, with 
nine vertebrae in the ascending and descending 
parts, with an angle “B” of 150°. The descending 
part contained seven and two thoracic and caudal 
vertebrae, respectively. The third arch in this specimen 
was kyphotic and contained 18 caudal vertebrae, with 
the angle of the kyphotic arch being 140°.

4. Discussion

This is the first study presenting the occurrence 
and types of skeletal deformities in adult specimens 
of the teleost fish species Barbus xanthos collected 
from southwestern Anatolia, Turkey. The objective 
was to categorize skeletal deformities in the examined 
specimens and to determine a likely relationship 
between these abnormalities and environmental 
factors.

There are a number of studies on deformities in 
wild fish (Divanach et al. 1997; Jawad et al. 2013; Jawad 
& Liu 2015). Scientists have considered both genetic 
(Ishikawa 1990) and epigenetic aspects as a plausible 
source of such abnormalities (Boglione et al. 1995), 
in addition to the effects of environmental factors 
such as temperature, light, salinity, pH, low oxygen 
concentrations, inadequate hydrodynamic conditions, 
and parasites (Gavaia et al. 2009; Chatain 1994).

Ytteborg et al. (2012) described four stages of 
vertebral fusions. These stages can result in the 
vertebral central deformity observed in one specimen 

of B. xanthos examined in the present study. They are 
growth stages of disorganized and multiplying cells 
in the growth zones extending along the edges of 
adjoining vertebral bodies. Numerous mammalian 
studies suggest that an imbalance between cell death 
and cell proliferation may cause malformations. 

Lack of specific nutrients, such as phospholipids, 
was considered a possible cause of the vertebral centra 
deformity observed in the present study. Kanazawa et 
al. (1981) showed that phospholipids reduce vertebral 
aberrations in larvae of Plecoglossus altivelis and 
phosphatidylinositol reduces spinal deformities in  
D. labrax larvae (Cahu et al. 2003). Excess phospholipids 
induce acute skeletal anomalies in D. labrax larvae 
(Villeneuve et al. 2005).

The divergence in the shape of the vertebral 
column in the form of lordosis and kyphosis 
demonstrated by several specimens of B. xanthos in 
the present study is associated with anteroposterior 
(i.e. cranial-caudal) compression along the spine. 
X-rays of the deformed specimens (Figs 6 and 8) show 
that the normal amphicoelous (hourglass) shape of 
vertebrae is distorted so that the vertebral height is 
shorter on the convex side and greater on the concave 
side of the curvature. In addition, vertebrae located 
approximately at the lower center of the curvature 
(in the case of the lordotic arch) are wedged, so 
that the length on the concave side of the curve is 
reduced relative to the convex length. Gorman et al. 
(2010) observed comparable disparities in Poecilia 
reticulata. They concluded that deviations in vertebral 
bone structure may be due to either (1) distortion of 
normal vertebral shape or (2) active remodeling of the 
vertebral osteoid bone under extrinsic forces. They 
added that vertebral development in fish is different 
from that in other animal models. P. reticulata, which 
they studied, has vertebrae composed of acellular 
bones (i.e. lacking entrenched osteocytes and formed 
by intramembranous ossification; reviewed in Witten 
& Huysseune 2009). Thus, future surveys of vertebral 
wedging in B. xanthos and other fish species exhibiting 
lordosis and kyphosis should test cellular activity in the 
intervertebral region (Inohaya et al. 2007).

The consecutive presence of lordosis and kyphosis 
(L–K) observed in the four specimens of B. xanthos 
examined in the present study may be genetically 
determined. Such a comment was made by Afonso 
et al. (2000) on a similar case they observed in Sparus 
aurata. The source of lordosis and kyphosis was not 
investigated in the present study and thus a genetic 
connection could not be hypothesized. Therefore, 
a vertebral anomaly was proposed, namely a 
consecutive repetition of lordosis and kyphosis (L–K 
syndrome).
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The cases of lordosis, kyphosis, and the consecutive 
repetition of lordosis and kyphosis examined in 
this study matched similar incidences described in 
different fish species collected from the Turkish waters. 
Jawad & Öktener (2007) studied these abnormalities 
in Liza (= Planiliza) abu obtained from the Ataturk 
Dam Lake. Jawad et al. (2017b) determined cases of 
lordosis, kyphosis and the consecutive repetition of 
lordosis and kyphosis in Atherina boyeri collected from 
the Homa Lagoon, and Izmir, and in Mullus barbatus 
(Jawad & Akyol 2018) and Mugil cephalus (Jawad et 
al 2017a) collected from the northern Aegean Sea, 
respectively. The cases of lordosis and kyphosis 
recorded in specimens of Liza (= Planiliza) abu and  
M. cephalus were similar in severity to those in 
specimens “B” and “D” described in the present study. 
Innal et al. (2019) have recently described two cases 
of kyphosis in B. pergamonensis collected from the 
Dalaman River, but after examining the x-rays provided 
by the first author (LAJ), these cases turned out to be 
two cases of consecutive repetition of lordosis and 
kyphosis rather than kyphosis. Interestingly, this is the 
same locality from which the specimens of B. xanthos 
were collected. 

This comparison may indicate two aspects: 1) 
environmental conditions in different localities 
have deteriorated to the same level so that they 
affect the growth of resident fish species; 2) varying 
degrees of susceptibility of the fish species to harsh 
environmental conditions. This is evidenced by the 
number of severe cases of consecutive repetition of 
lordosis and kyphosis in the four specimens examined 
in the present study. 

Innal et al. (2019) related the two abnormal cases 
they described to different types of pollutants present 
in the environment and concluded that the cases of 
anomalies they found could be related to the level 
of environmental pollution present in the Dalaman 
River from where they obtained their fish specimens. 
In their study, Innal et al. (2019) found that the levels 
of 10 out of 14 non-metallic parameters and 11 out of 
26 dissolved metals were elevated. Furthermore, their 
results revealed that 17 out of 156 pharmaceuticals 
such as escitalopram, citalopram, DEET, ephedrine, 
caffeine, metformin, carbamazepine, etodolac, 
pseudoephedrine, lidocaine, diltiazem, amisulpride, 
verapamil, pheniramine, diphenhydramine, 
venlafaxine and metoprolol were detected with 
elevated values. Moreover, Innal et al. (2019) found 
that water of the Dalaman River contains high levels 
of 12 pesticides out of 144 pesticides they analyzed. 
Considering the pollution level in the Dalaman River 
presented by Innal et al. (2019), we propose that 
pollution from different sources is the main causative 

agent behind the skeletal abnormalities described in 
the specimens of B. xanthos collected from the same 
river from which Innal et al. (2019) obtained their 
samples (i.e. the Dalaman River). 

Although the number of studies on the health of 
wild and cultured fish in Turkey has increased in recent 
years, studies on skeletal deformities in fish such as 
cultured sharpsnout seabream Diplodus puntazzo 
(Yıldırım et al. 2014) and silverside A. boyeri (Jawad et 
al. 2017b) are still limited. The present study, describing 
different skeletal anomalies in the B. xanthos 
population from the Dalaman River, is believed to be 
the first study to describe such abnormalities in a wild 
population of this fish species. 

The presence of various skeletal deformities can 
have a negative impact on fisheries because they can 
reduce the fish biomass and further reduce the value 
per kg of catch. Consequently, more attempts, such as 
research on fisheries management, should be made 
to determine the multiple etiological causes of these 
anomalies.

Acknowledgements

We wish to thank Dr. Zekiye Güçlü (Isparta) for her 
great assistance in collecting fish in the field.

References

Afonso, C. L., Tulman, E. R., Lu, Z., Zsak, L., Kutish, G. F., & Rock, D. 
L. (2000). The genome of fowlpox virus. Journal of Virology, 
74, 3815–3831. https://doi.org/10.1128/JVI.74.8.3815-
3831.2000 PMID:10729156

Boglione, C., Gavaia, P., & Koumoundouros, G. (2013). A review 
on skeletal anomalies in reared European fish larvae 
and juveniles. 1: normal and anomalous skeletogenic 
processes. Review in Aquaculture, 5, 99 – 120.

Boglione, C., Marino, G., Fusari, A., Ferreri, F., Finoia, M. G., & 
Cataudella, S. (1995). Skeletal anomalies in Dicentrarchus 
labrax juveniles selected for functional swimbladder. ICES 
Marine Science Symposia, 201, 163–169.

Cahu, C., Infante, J. Z., & Takeuchi, T. (2003). Nutritional 
components affecting skeletal development in fish larvae. 
Aquaculture (Amsterdam, Netherlands), 227, 245–258. 
https://doi.org/10.1016/S0044-8486(03)00507-6

Çelik, E. S., Kaya, H., & Yılmaz, S. (2012). Effects of phosalone 
on mineral contents and spinal deformities in common 
carp (Cyprinus carpio, L. 1758). Turkish Journal of 
Fisheries and Aquatic Sciences, 12, 259–264. https://doi.
org/10.4194/1303-2712-v12_1_01

Chatain, B. (1994). Abnormal swimbladder development 
and lordosis in sea bass (Dicentrarchus labrax) and 



210
Laith Jawad, Salim Serkan Güçlü

www.oandhs.ug.edu.pl

Oceanological and Hydrobiological Studies, VOL. 51, NO. 2 | JUNE 2022

Journal owner: Faculty of Oceanography and Geography, University of Gdańsk, Poland

sea bream (Sparus auratus). Aquaculture (Amsterdam, 
Netherlands), 119, 371–379. https://doi.org/10.1016/0044-
8486(94)90301-8

De La Cruz-Aguero, J., & Perezgomez-Alvarez, L. (2001). 
Lordosis in topsmelt Atherinops affinis (Ayers, 1860) 
(Teleostei: Atherinopsidae). Revista de Biología Marina 
y Oceanografía, 36, 109–110. https://doi.org/10.4067/
S0718-19572001000100010

Divanach, P., Papandroulakis, N., Anastasiadis, P., 
Koumoundouros, G., & Kentouri, M. (1997). Effect of water 
currents on the development of skeletal deformities in sea 
bass (Dicentrarchus labrax L.) with functional swimbladder 
during postlarval and nursery phase. Aquaculture 
(Amsterdam, Netherlands), 156, 145–155. https://doi.
org/10.1016/S0044-8486(97)00072-0

Fjelldal, P. G., Hansen, T., Breck, O., Sandvik, R., Waagbø, 
R., Berg, A., & Ørnsrud, R. (2009). Supplementation of 
dietary minerals during the early seawater phase increase 
vertebral strength and reduce the prevalence of vertebral 
deformities in fast-growing under-yearling Atlantic salmon 
(Salmo salar L.) smolt. Aquaculture Nutrition, 15, 366–378. 
https://doi.org/10.1111/j.1365-2095.2008.00601.x

Gavaia, P. J., Domingues, S., Engrola, S., Drake, P., Sarasquete, 
C., Dinis, M. T., & Cancela, M. L. (2009). Comparing skeletal 
development of wild and hatchery-reared Senegalese sole 
(Solea senegalensis, Kaup, 1858): Evaluation in larval and 
postlarval stages. Aquaculture Research, 40, 1585–1593. 
https://doi.org/10.1111/j.1365-2109.2009.02258.x

Gorman, K. F., Handrigan, G. R., Jin, G., Wallis, R., & Breden, 
F. (2010). Structural and micro-anatomical changes in 
vertebrae associated with idiopathic-type spinal curvature 
in the curveback guppy model. Scoliosis, 5, 10. https://doi.
org/10.1186/1748-7161-5-10 PMID:20529276

Hansen, T., Fjelldal, P., Yurtseva, A., & Berg, A. (2010). Possible 
relation between growth and number of deformed 
vertebrae in Atlantic salmon (Salmo salar L.). Journal of 
Applied Ichthyology, 26, 355–359. https://doi.org/10.1111/
j.1439-0426.2010.01434.x

Innal, D., Güzel, E. Y., Dilek, Ö. G., & Kamanli, S. A. (2019). Kyphosis 
in Barbus pergamonensis (Cyprinidae-Actinopterygii) 
from Dalaman Stream Flowing to the Mediterranean Sea. 
Aquatic Sciences and Engineering, 34, 39–45. https://doi.
org/10.26650/ASE2019545494

Inohaya, K., Takano, Y., & Kudo, A. (2007). The teleost 
intervertebral region acts as a growth center of the 
centrum: In vivo visualization of osteoblasts and their 
progenitors in transgenic fish. Developmental Dynamics, 
236, 3031–3046. https://doi.org/10.1002/dvdy.21329 
PMID:17907202

Ishikawa, Y. (1990). Development of caudal structures of a 
morphogenetic mutant (Da) in the teleost fish, medaka 
(Oryzias latipes). Journal of Morphology, 205, 219–232. 
https://doi.org/10.1002/jmor.1052050209 PMID:29865746

Iwasaki, T., Inoue, N., Teruya, K., & Hamasaki, K. (2018). 

Osteological development and deformities in hatchery-
reared longtooth grouper (Epinephelus bruneus): Vertebral 
column, dorsal-fin supports and caudal-fin skeleton. 
Aquaculture Research, 49, 3245–3257. https://doi.
org/10.1111/are.13788

Janakiram, P., Geetha, G. K., Sunil Kumar, D., & Jayasree, L. (2018). 
Aetiological studies on mixed infection of Abdominal 
segment deformity disease (ASDD) and Enterocytozoon 
hepatopenaei (EHP) in cultured Litopenaeus vannamei. 
International Journal of Fisheries and Aquatic Studies, 6, 
19–26.

Jara, B., Abarca, M., Wilson, R., Krapivka, S., Mercado, A., 
Guiñez, R., & Marchant, L. (2017). Qualitative analysis 
of cartilaginous jaw element malformation in cultured 
yellowtail kingfish (Seriola lalandi) larvae. Aquaculture 
Research, 48, 4420–4428. https://doi.org/10.1111/
are.13267

Jawad, L. A., & Akyol, O. (2018). Vertebral Anomalies in Mullus 
barbatus (Actinopterygiidae: Osteichthyes: Mullidae), 
Collected from Izmir Bay, Northeastern Aegean Sea, 
Turkey. International Journal of Material Science, 8, 59–65.

Jawad, L. A., & Ibrahim, M. (2018). Environmental oil pollution: 
A possible cause for the incidence of ankylosis, kyphosis, 
lordosis and scoliosis in five fish species collected from 
the vicinity of Jubail City, Saudi Arabia, Arabian Gulf. The 
International Journal of Environmental Studies, 75, 425–
442. https://doi.org/10.1080/00207233.2017.1409978

Jawad, L. A., & Liu, J. (2015). First record of vertebral anomalies 
in some members of the genus Pampus (family: 
Stromateidae) collected from Guangdong, China and 
from the Kii Peninsula, Honshu Island, Japan. Marine 
Biodiversity Records, 8, e110. https://doi.org/10.1017/
S1755267215000913

Jawad, L. A., & Öktener, A. (2007). Incidence of lordosis in the 
freshwater mullet, Liza abu (Heckel, 1843) collected from 
Atatürk Dam Lake, Turkey. Anales de Biología, 29, 105–108.

Jawad, L. A., Çelik, M., & Ateş, C. (2017a). Occurrence of 
scoliosis, pugheadness and disappearance of pelvic fin 
in three marine fish species from Turkey. International 
Journal of Material Science, 7, 275–283.

Jawad, L. A., Akyol, O., & Saglam, C. (2017b). Consecutive 
repetition of lordosis-kyphosis in silverside Atherina boyeri 
Risso, 1810 collected from a wild population in Homa 
Lagoon, Izmir, Turkey. Archives of Polish Fisheries, 25, 117–
122. https://doi.org/10.1515/aopf-2017-0011

Jawad, L. A., Sadighzadeh, Z., Salarpouri, A., & Aghouzbeni, 
S. (2013). Anal Fin Deformity in the Longfin Trevally, 
Carangoides armatus collected from Nayband, Persian 
Gulf. Korean Journal of Ichthyology, 25, 169–172.

Jawad, L. A., Al-Faisal, A. J., Al-Mutlak, F. M. (2014). Incidence 
of lordosis in the cyprinid fish, Carasobarbus luteus and 
the Shad, Tenualosa ilisha collected from Barash waters, 
Iraq. International Journal of Marine Science 4.

Kanazawa, A., Teshima, S. I., Inamori, S., Iwashita, T., & Nagao, 



211
Abnormality in fish species from Turkey

Oceanological and Hydrobiological Studies, VOL. 51, NO. 2 | JUNE 2022 

Journal owner: Faculty of Oceanography and Geography, University of Gdańsk, Poland

A. (1981). Effects of phospholipids on growth, survival rate 
and incidence of malformation in the larval ayu. Memoirs 
of the Faculty of Fisheries, Kagoshima University, 30, 301–
309.

Kužir, S., Maleničić, L., Stanin, D., Trbojević, T. T., Alić, I., & 
Gjurčević, E. (2015). Description of head deformities in 
cultured common carp (Cyprinus carpio Linnaeus, 1758). 
Veterinarski Arhiv, 85, 437–449.

López-Olmeda, J. F., Noble, C., & Sánchez-Vázquez, F. J. (2012). 
Does feeding time affect fish welfare? Fish Physiology 
and Biochemistry, 38, 143–152. https://doi.org/10.1007/
s10695-011-9523-y PMID:21671025

Majeed, Z., Ajab, Z., Zuberi, A., Akther, S., & Muhammad, A. 
(2018). Meristic variations and skeletal deformities in 
natural population of mahseer fish, Tor putitora (Hamilton, 
1822). Iranian Journal of Fisheries Science, 17, 208–216.

Näslund, J., & Jawad, L. A. (2021). Pugheadedness in Fishes. 
Reviews in Fisheries Science & Aquaculture, 1–24. https://
doi.org/10.1080/23308249.2021.1957772

Noble, C., Jones, H. A., Damsgård, B., Flood, M. J., Midling, K. Ø., 
Roque, A., Sæther, B. S., Cottee, S. Y., & Yue Cottee, S. (2012). 
Injuries and deformities in fish: Their potential impacts 
upon aquacultural production and welfare. Fish Physiology 
and Biochemistry, 38, 61–83. https://doi.org/10.1007/
s10695-011-9557-1 PMID:21918861

Okamura, A., Horie, N., Mikawa, N., Yamada, Y., & Tsukamoto, 
K. (2018). Influence of temperature and feeding regimes 
on growth and notochord deformity in reared Anguilla 
japonica leptocephali. Fisheries Science, 84, 505–512. 
https://doi.org/10.1007/s12562-018-1188-3

Raja, M., Raja, R. K., Ramkumar, R., Kavitha, M., Aiswarya, 
D., Deepak, P., & Perumal, P. (2016). First report on the 
occurrence of abnormal vertebrae-containing giant danio-
fish, Devario aequipinnatus (McClelland, 1839) in Stanley 
Reservoir of Cauvery River Tamil Nadu (India). International 
Journal of Fisheries and Aquatic Studies, 4, 528–531.

Sato, T. (2006). Occurrence of deformed fish and their fitness-
related traits in Kirikuchi charr, Salvelinus leucomaenis 
japonicus, the southernmost population of the genus 
Salvelinus. Zoological Science, 23, 593–599. https://doi.
org/10.2108/zsj.23.593 PMID:16908958

Villeneuve, D. L., Curtis, L. R., Jenkins, J. J., Warner, K. E., Tilton, 
F., Kent, M. L., Watral, V. G., Cunningham, M. E., Markle, D. 
F., Sethajintanin, D., Krissanakriangkrai, O., Johnson, E. R., 
Grove, R., & Anderson, K. A. (2005). Environmental stresses 
and skeletal deformities in fish from the Willamette River, 
Oregon. Environmental Science & Technology, 39, 3495–
3506. https://doi.org/10.1021/es048570c PMID:15954223

Witten, P. E., & Huysseune, A. (2009). A comparative view on 
mechanisms and functions of skeletal remodelling in 
teleost fish, with special emphasis on osteoclasts and their 
function. Biological Reviews of the Cambridge Philosophical 
Society, 84, 315–346. https://doi.org/10.1111/j.1469-
185X.2009.00077.x PMID:19382934

Witten, P. E., Obach, A., Huysseune, A., & Baeverfjord, G. 
(2006). Vertebrae fusion in Atlantic salmon (Salmo salar): 
Development, aggravation and pathways of containment. 
Aquaculture (Amsterdam, Netherlands), 258, 164–172. 
https://doi.org/10.1016/j.aquaculture.2006.05.005

Yıldırım, Ş., Çoban, D., Süzer, C., Fırat, K., & Saka, Ş. (2014). 
Skeletal deformities of cultured sharpsnout seabream 
(Diplodus puntazzo) larvae during early life development. 
Veterinary Journal of Ankara University, 61, 267–273.

Ytteborg, E., Torgersen, J., Baeverfjord, G., & Takle, H. (2012). 
Four stages characterizing vertebral fusions in Atlantic 
salmon. Journal of Applied Ichthyology, 28, 453–459. 
https://doi.org/10.1111/j.1439-0426.2012.01984.x

Yu, J., Fairbank, J. C., Roberts, S., & Urban, J. P. (2005). The elastic 
fiber network of the anulus fibrosus of the normal and 
scoliotic human intervertebral disc. Spine, 30, 1815–1820. 
https://doi.org/10.1097/01.brs.0000173899.97415.5b 
PMID:16103849


