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Abstract

Opercular deformity is a common morphological abnormality of laboratory and other cultured fishes, observed in a wide variety of 
species but with an unclear aetiology. Following observations of short opercula in stocks of Atlantic salmon (Salmo salar) reared in 
our laboratory, we developed a photographic key to score individual fish on a scale of 1 to 5. Inter-rater reliability was assessed as 
‘almost perfect’. This visual method is quick and simple to use, can be used to score live fish in situ in tanks as well as sampled fish, 
does not require sophisticated equipment and provides quantitative information to investigate the aetiology of short opercula. 
Opercular size was scored for a cohort of in-house reared Atlantic salmon, in a time series of random samples of ≥ 30 fish (mean 
weights ranging from 0.8 to 299 g) over 14 months. Short opercula were first recorded during the parr stage, prevalence and severity 
increased as the fish grew, and the deformity was asymmetrical, occurring predominantly on the left side. Therefore, among the many 
potential causal factors, nipping is suggested as the primary cause of short opercula within our culture system, with asymmetry due 
to the clockwise current. We also present evidence that short opercula are associated with gill damage which supports this deformity 
being a welfare issue that merits assessment. 
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Introduction 
Abnormalities of the operculum (gill cover) of cultured fish 
have been documented since the early 1900s (Osburn 1911). 
A diverse range of freshwater, marine and diadromous bony 
fishes, cultured in tropical and temperate waters, for food, 
laboratory, ornamental and conservation purposes are 
known to be affected (Table 1). 
The operculum is composed of four distinct and articulated 
bony plates: the opercle, preopercle, interopercle and 
subopercle (Ortiz-Delgado et al 2014). Opercular abnor-
malities can be classed into three categories: opercular plate 
reduction (resulting in short opercula), opercular plate 
folding, and concave depression (Lindesjoo et al 1994; 
Koumoundouros et al 1997; Beraldo et al 2003; Boglione 
et al 2013; Ortiz-Delgado et al 2014; Conceicao & Tandler 
2018). Deformities can occur unilaterally or bilaterally 
(Koumoundouros et al 1997; Kazlauskienė et al 2006; 
Ortiz-Delgado et al 2014; Pettersen et al 2014; Skipnes 
2014; Larsen et al 2018; Noble et al 2018).  
Skeletal deformities in fishes have been attributed to many 
causes (for reviews, see Boglione et al 2013; Berillis 2015). 
A definitive aetiology of opercular deformity has yet to be 
established, with a wide range of causal and risk factors 
being proposed for the different species and rearing 

systems. These include: nutritional deficiency (Al-Harbi 
2001; Fraser & De Nys 2005; Darias et al 2011; Baeverfjord 
et al 2019); consumption of excessively large prey or hyper-
ventilation (Beraldo et al 2003); feeding regime (Larsen 
et al 2018; Noble et al 2018); poor water quality (Lindesjoo 
et al 1994; Andrews 2011; Barkstedt et al 2018); inappro-
priate incubation temperatures (Georgakopoulou et al 2010; 
Fraser et al 2015); turbulence and water current velocity 
(Divanach et al 1996; Al-Harbi 2001; Beraldo et al 2003; 
Ortiz-Delgado et al 2014; Larsen et al 2018); gas supersat-
uration (Jensen 1988); genetic factors (Sadler et al 2001; 
Kazlauskienė et al 2006; Amoroso et al 2016; Peruzzi et al 
2018); bacterial and parasite infections (Noble et al 2018); 
steroid exposure during early development (Lalone et al 
2012); and aggression and physical injury (Noble et al 
2012; Ortiz-Delgado et al 2014). 
Opercular deformity has been identified as a potential fish 
welfare issue for laboratory fish (eg Beraldo et al 2003; Knight 
& Goodwin 2016) and farmed fish (eg Noble et al 2018; Royal 
Society for the Prevention of Cruelty to Animals [RSPCA] 
2021). Within aquaculture, opercular abnormalities are further 
recognised as economically important due to potential impacts 
on market value (downgrading of aesthetic value of the product; 
Divanach et al 1996) and biological performance (and hence 
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