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ABSTRACT

There are several external and internal abnormalities that affect development in both wild and farmed fish. One 
of these abnormalities is known as saddleback syndrome (SBS), characterized by abnormalities in the shape, num-
ber, or absence of dorsal pterygiophores, causing a concavity in the dorsal region and absence of fin sections. The 
causes of this syndrome are not yet clear, but could be caused by fishing or predator damage, nutritional deficien-
cies, genetic conditions and environmental stress from pollutants that may cause alteration in the ontogenetic 
development of the fish. This study recorded for the first time the SBS in a wild-caught specimen of Thorichthys 
meeki Brind, 1918 (Cichlidae). Specimens were collected in the locality of Chekubul, municipality of Carmen, 
Campeche, México on November 18, 2022. The development of the dorsal fin begins from the first to the ninth 
dorsal spine where there is a dorsal concavity, which ends with the last three dorsal spines. There is no evidence 
of scoliosis or lordosis from the X-ray analysis; however, the dorsal pterygiophores show irregularities in their 
development. The specimen with the syndrome showed no other body abnormalities that would have prevented its 
development to adulthood, although the causative agent is unclear.

Key words: body deformation, Cichlidae, dorsal fin, freshwater Fishes, Mesoamerican cichlids, Thorichthys meeki, 
saddleback syndrome
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РЕЗЮМЕ

Существует несколько внешних и внутренних аномалий, влияющих на развитие как диких, так и куль-
тивируемых рыб. Одна из таких аномалий известна под названием «синдром седловины» (SBS); она ха-
рактеризуется нарушением формы и числа спинных птеригиофоров или их отсутствием, что приводит 
к вогнутости спинной области и отсутствию сегментов плавников. Причины возникновения этого син-
дрома пока не ясны, но они могут быть обусловлены повреждениями рыб при промысле или атаке хищ-
ников, а также недостатком питания, генетическими факторами или экологическими стрессами при 
загрязнении среды, которые могут вызвать изменения в онтогенетическом развитии рыбы. В данном 
исследовании впервые зафиксирован синдром SBS у диких экземпляров Thorichthys meeki Brind, 1918 
(Cichlidae). У рыб, пойманных в ноябре 2022 г. в районе Чекубул (муниципалитет Кармен, Кампече, 
Мексика), колючие лучи спинного плавника от первого до девятого развиты нормально; далее в плав-
нике имеется выемка, за которой следуют три последних колючих луча. При анализе рентгенограмм 
признаки сколиоза или лордоза не выявлены, но дорсальные птеригиофоры развиты неравномерно. 
Причина аномалии неизвестна. У экземпляра с этим синдромом не обнаружены другие аномалии тела, 
которые могли бы помешать его развитию до взрослого состояния.

Ключевые слова: деформация тела, Cichlidae, спинной плавник, пресноводные рыбы, мезоамерикан-
ские цихлиды, Thorichthys meeki, синдром седловины

INTRODUCTION

Different external or internal abnormalities have 
been reported in commercial fish, and unlike wild ich-
thyofauna, fishery resources obtained from aquacul-
ture have the largest number of records due to their 
economic importance (Campbell and Landers 2013). 
One of the anomalies that affect fishes is Saddleback 
Syndrome (SBS). This syndrome is characterized 
by abnormal conditions in the shape, number, posi-
tion and/or absence of dorsal pterygiophores, caus-
ing a concavity in the dorsal region to the naked eye, 
and the absence of one or more dorsal spines (Kou-
moundouros et al. 2001), although the way in which 
this syndrome manifests itself differs between species 
(Campbell and Landers 2013; Jayaprabha et al. 2016). 

The cause of this syndrome is not very clear, al-
though there are some factors that may be related 
(Table 1), such as nutrition, genetic conditions, envi-
ronmental stress, or the presence of high levels of pol-
lutants, heavy metals and chemicals to which the fish 
are exposed and which could affect the reproductive 
system of the parental organisms, which have endo-
crine disrupting effects (Sun et al. 2009; Al-Mamry 
et al. 2010; Campbell and Landers 2013). Saddleback 
Syndrome may be a defect and disturbance in the on-
togenetic development of fish (Sun et al. 2009; Camp-
bell and Landers 2013).

In wild fish populations, the incidence of SBS 
has been documented by Code (1950) who reported 
this condition in Oncorhynchus clarkii (Richardson 
1836), Lewis (1961) recorded it in O.  nerka (Wal-

baum 1792), family Salmonidae. Lemly (1993) men-
tioned that the cause of deformities in 10 fish species, 
including Lepomis cyanellus Rafinesque, 1819 (Cen-
trarchidae), is selenium contamination. Browder et 
al. (1993) recorded this syndrome in species of the 
families Haemulidae, Lutjanidae, Sparidae attribut-
ed to aquatic pollution. Koumoundouros (2008) and 
Bhushan et al. (2020) identified this syndrome in 
a species of the family Labridae and Stromateidae re-
spectively.

This syndrome has been reported in only three 
species of the family Cichlidae, in Etroplus suraten-
sis (Bloch, 1790), Heros severus Heckel, 1840 and 
Oreochromis aureus (Steindachner, 1864) (Tave et al. 
1983, 2011; Jayaprabha et al. 2016; Rahmati-Holasoo 
et al. 2016). This study documents for the first time 
saddleback syndrome in a wild-caught firemouth 
cichlid Thorichthys meeki Brind, 1918, a species wide-
ly distributed on the Atlantic slope of south-eastern 
Mexico (López-Segovia 2021).

MATERIAL AND METHODS

Specimens of T.  meeki were collected by trawl-
ing net 3 m long and 1 cm mesh in an aquatic sys-
tem known locally as “Ojo de Agua” (18°49'37.6" N; 
91°00'57.2" W), in the locality of Chekubul, munic-
ipality of Carmen, Campeche, Mexico on 18 Novem-
ber 2022 (Fig. 1).

Organisms were fixed with formaldehyde (10%), 
preserved in ethyl alcohol (70%) and deposited in 
the Ichthyological Collection of the Facultad de 
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Estudios Superiores Iztacala (CIFI-2142), Univer-
sidad Nacional Autónoma de México. Meristic data 
and morphological measurements were taken from 
each specimen with a vernier (±0.01 mm) (Table 1). 
Their identity was corroborated at a specific level 
using specialized keys (Miller et al. 2009). The spe
cimens were photographed in situ and the anatom-
ical description of the anomaly was complemented 
by comparative X-ray analysis. Five specimens of 
T.  meeki without anomalies were diaphonized with 
KOH solution (10%) and stained with alizarin red 
to corroborate and compare bone structure, meris-
tics and fin support elements.

RESULTS

Sixteen specimens of T.  meeki (44.3–60.5  mm 
standard length [SL]) were obtained (Fig.  2A), 
which showed normal development of the even and 
odd fins and no body anomalies. Specimens without 
anomalies had a dorsal fin with XV–XVII (regu-
larly XVI) spines and 8–10 (9) dorsal rays and an 

anal fin with VIII–X (IX) spines, 7–8 anal rays 
and 24 dorsal pterygiophores. However, one of them 
(53.2 mm SL) had a malformation in the dorsal re-
gion (Fig. 2B). The meristic data are consistent with 
those recorded for the species with the exception of 
the dorsal fin radial formula 12 (9+3) spines in the 
anomalous specimen. 

The anomalous specimen showed a normal deve
lopment of the dorsal fin from the first to the ninth 
dorsal spine, from this spine begins the dorsal concav-
ity typical of the syndrome, and the absence of X to 
XIII dorsal spines (Fig. 3B). The dorsal fin continues 
with normal growth with the presence of three dor-
sal spines and 8 dorsal rays without modifications in 
its development, as well as the distal and middle pte-
rygiophores (10–13), which must be articulated by 
the proximal pterygiophores (10 to 13) (Fig. 3B,C). 
The proximal pterygiophores showed an underdevel-
opment or modification on the dorsal surface of the 
bone connecting to the base of the dorsal fin and are 
smaller than the proximal pterygiophores 1–9 and 14 
onwards, which showed no abnormalities (Fig. 3). In 

Fig. 1. Sample site of Thorichthys meeki in “Ojo de Agua” (18°49'37.6" N; 91°00'57.2" W), Chekubul, Campeche, Mexico.
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lateral view, this syndrome begins at the end of the 
second lateral bar and ends at the end of the third, the 
area occupied by the lateral dark spot. The rest of the 
body shows a normal development of which no irregu
larities are evident (Fig. 2).

Internally, the anomalous specimen showed no 
alterations in the development of the skeletal struc-
tures, and there was no increase or reduction in the 
number or shape of the abdominal vertebrae (12), 
caudal vertebrae (12) or in the neural spines that sup-
port them. Neither did it show scoliosis or lordosis, 
which could have hindered its development in the 
wild (Fig. 3B, C). 

The length of the dorsal fin base was not reduced 
compared to the normal T. meeki (Fig. 3). Likewise, 
the color of the fish is similar to the rest of its conge-
ners. The cephalic region showed no visually discern-
ible abnormalities and/or modifications in the predor-
sal area. Similarly, the odd and even fins did not show 
any alterations in their development.

Saddleback syndrome Thorichthys meeki México

Fig. 2. Specimens of Thorichthys meeki collected in the Chekubul 
stream, Campeche: A – Specimen without vertebral deformation 
(CIFI-2142); B – Specimen with mid-dorsal saddleback syn-
drome and interrupted dorsal fin (CIFI-2030).
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Fig. 3. Radiographs of Thorichthys meeki specimens: A – Specimen with normal body development, 60.5 cm SL (CIFI-2142); B, C –
Specimen with saddleback syndrome (53.2 mm SL; CIFI-2030), interruption of the dorsal fin is indicated by arrows. Dotted arrows 
indicate the pterygiophores and the red line indicates the modified pterygiophores (10–13) and the region, where the saddleback syn-
drome is located.
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DISCUSSION

Saddleback syndrome has been identified in wild 
fish and aquaculture farms in Asia, Oceania, the 
Persian Gulf, the Mediterranean Sea and America 
(Table  1). The causes of saddleback syndrome are 
diverse, but it is mainly associated with develop-
mental ontogenetic defects, aquatic contamination 
by chemical pollutants or pollutants of industrial 
origin, or to a lesser extent physical injury (Valen-
tine and Soule 1973; Valentine 1975; Browder et al. 
1993; Koumoundouros 2008; Campbell and Land-
ers 2013; Aguilar-Perera and Quijano-Puerto 2018). 
This abnormality has been identified in 26 species 
and 14 families, with the families Salmonidae, Hae-
mulidae and Cichlidae with the most records, and the 
United States being the region with the highest num-
ber of affected species (14 species) (Table 1). 

In Mexico the only record of saddleback syndrome 
is in Pterois volitans (Linnaeus, 1758), an invasive 
species in the southern Gulf of Mexico, the possible 
cause of this anomaly was attributed to a physical 
injury (Aguilar-Perera and Quijano-Puerto 2018). 
This could be a cause of the development of SBS in 
the anomalous specimen of T.  meeki (Fig 2B), from 
a predator attack in the juvenile stage, as in Pterois 
volitans, however, no other larger fish species or other 
vertebrate species were identified as possible preda-
tors at the collection site. In fact, the occurrence of 
saddleback syndrome in wild specimens attributed to 
predation is rare (Almatar and Chen 2010; Pollock 
2015; Jawad et al. 2017; Aguilar-Perera and Quijano-
Puerto 2018) (Table 1).

Browder et al. (1993) recorded 17 species belong-
ing to 12 families in Biscayne Bay with some defor-
mity, of which 10 developed saddleback syndrome 
(Table 1). However, the cause was not attributed to 
physical injury but to some common agent that may 
have caused the deformity in the species as the organ-
isms showed no evidence of scarring. Valentine and 
Soule (1973) end Valentine (1975) suggested that the 
factors causing skeletal abnormalities in fishes are the 
effects of heavy metal contamination, chlorinated hy-
drocarbons and polychlorinated biphenyls (PBC’s) 
(Table  1). Also, selenium contamination has been 
reported to cause abnormalities in 22 fish species, 
such as lordosis, kyphosis, fin anomalies, exophthal-
mia, included the saddleback syndrome reported in 
Lepomis cyanellus with the absence of pterygiophores 
(Browder et al. 1993; Lemly 1993).

The development of saddleback syndrome in fish-
es caused by contaminants was also reported by Jay-
aprabha et al. (2016) in E. suratensis (Bloch, 1790), 
whose deformation was found in the first three dorsal 
spines, similar to that reported by Koumoundouros 
(2008) in Sparisoma cretense (Linnaeus 1758), with 
the absence of the first two dorsal spines and in Acan
thopagrus australis (Günther, 1859) (Campbell and 
Landers 2013). In these cases there is the absence 
of the proximal dorsal pterygiophores in the affect-
ed area as well as in T. meeki.  Jawad and Al-Mam-
ry (2012) reported on specimens of Pampus argen-
teus (Euphrasen, 1788) with more severe anomalies, 
where the dorsal fin was deformed or completely ab-
sent and all neural spines and thoracic vertebrae were 
anomalous. These abnormalities are associated with 
high levels of heavy metals and hydrocarbon conta
mination (Table 1).

In addition, fishes with saddleback syndrome 
may develop other body abnormalities that are not 
associated with the bony structures primarily affect-
ed in SBS (proximal, medial, distal pterygiophores, 
neural spines and dorsal fin). Among the anomalies 
recorded are the lateral line deformities developed in 
Acanthopagrus australis (Pollock, 2015), short body 
profile in Pampus argenteus (Bhushan et al. 2020), 
deformities in the ventral region (Rahmati-Holasoo 
et al. 2016), absence or deformation of pectoral, pel-
vic or anal fins (Tave et al. 1983; Tave et al. 2011; 
Fragkoulis et al. 2017), deformation in caudal verte-
brae or caudal fin (Akashi and Abe 2011; Koumoun-
douros 2008) (Table 1). However no other body 
anomalies were identified in the abnormal T.  meeki 
specimen, also it was not possible to identify in this 
species whether the incidence of SBS is associated 
with aquatic contamination at the collection site 
(Fig. 3).

There is evidence that saddleback syndrome af-
fects the survival of fishes and this abnormality in-
terferes with biological activities such as feeding, and 
growth rate which is often slower, however some fish-
es can live to the adult stage (Pollock 2015; Rahma-
ti-Holasoo et al. 2016; Ribeiro-Prado et al. 2008). As 
a case, Rahmati-Holasoo et al. (2016) kept alive an 
adult H. severus, which had SBS and had difficulty 
swimming and was slower compared to its congeners.

The firemouth cichlid is known for its aggressive-
ness in defending its territory against other compe
titors or predators, in order to appear more dominant 
it tends to expand its opercular region and its fins, 

Saddleback syndrome Thorichthys meeki México
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mainly the dorsal fin. The development of saddle-
back syndrome in T. meeki (Fig. 2), which caused the 
malformation of the dorsal fin, may have contributed 
to the abnormal function and thus affected their be-
havior, defense, reproduction or mobility as they use 
the dorsal fin to maintain stability (Al-Mamry et 
al. 2010; Aguilar-Perera and Quijano-Puerto 2018; 
Jawad et al. 2018). 

According to the different records of saddleback 
syndrome (Table 1), it is evident that this condition 
often manifests itself in different ways and may con-
tribute to the development of other body or skele-
tal abnormalities in fishes. Campbell and Landers 
(2013), suggested that further studies are needed to 
determine the associated factors and the difference 
between saddleback syndrome (no presence of dor-
sal pterygiophores, dorsal elements and the presence 
of a dorsal concavity) with respect to the similar de-
formities found in specimens of Epinephelus akaara 
(Temminck and Schlegel, 1843) and Diplodus sargus 
(Linnaeus, 1758), in which dorsal pterygiophores are 
present but modified or deformed (Sfakianakis et al. 
2003; Akashi and Abe 2011). These studies allow us 
to better understand how the syndrome affects the 
species and the factors involved, as well as to begin to 
establish strategies for the sustainable maintenance 
of fisheries resources.

CONCLUSION

The main causes of the development of saddleback 
syndrome in fishes are correlated with aquatic pollu-
tion, abnormal ontogenetic development and less by 
physical injury. A study focused on the analysis of the 
physico-chemical parameters of the aquatic system 
of Chekubul would allow the identification of factors 
that could cause the development of this syndrome in 
T. meeki or if it is causing other affections in other fish 
species. Furthermore, such studies would be relevant 
in this site, since this spring functions as a recreatio
nal site for the local people, so identifying any toxic 
factor could prevent a public health situation that 
could put the inhabitants of Chekubul at risk and at 
the same time, contribute to the conservation of the 
natural resources in this region.
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