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Short communication Histomorphometrical studies of vertebral bone condition in farmed rainbow trout, Oncorhynchus mykiss By M.-H. Deschamps1 and J.-Y. Sire2 De´partement des sciences animales, Universite´ Laval, Que´bec, QC, Canada; 2E´quipe, E´volution et de´veloppement du squelette, UMR 7138, Universite´ Pierre & Marie Curie, Paris, France 1



Summary A major problem for the ﬁsh farming industry is to ﬁnd reliable indicators of bone condition that could help to prevent vertebral abnormalities. Here, we summarize the main results of two recent studies aiming to assess the variation of two vertebral bone variables (bone mineralization and vertebral total bone area) during rainbow trout grow-out in several French farms. We provide evidence for a wide range of variation for these parameters and for the occurrence of vertebral bone abnormalities, and new data on vertebral structure in trout reared either in various ﬁsh farms (inﬂuence of rearing conditions) or at diﬀerent temperatures (inﬂuence of various growth rates). Although further experiments are needed to understand bone metabolism in trout, these ﬁndings increase our knowledge on growth and modelling of vertebrae, and provide valuable data that will enable comparisons in the future. Introduction In France, ÔdiscreetÕ vertebral abnormalities, i.e., Ôvisually undetectableÕ vertebral abnormalities such as compressed and fused vertebrae, represent a real problem in the rainbow trout farming industry. Indeed, vertebral abnormalities aﬀect production yield (survival and reduction of market value), increase sorting costs and impede ﬁlet production, as knives hit cartilaginous callus and ⁄ or abnormal vertebrae. Therefore, there is a real need to prevent the development of such vertebral abnormalities or to limit their importance. The factors that could play a speciﬁc role in the development of particular anomalies are not easy to identify given the complexity of bone metabolism. In teleosts, development and growth of a healthy vertebral skeleton takes time and is constrained by two important factors. First, the vertebral skeleton plays a biomechanical role as it ensures muscle anchoring, ﬂexibility and elasticity during propulsion (Webb, 1975). Second, the vertebrae are an important locus for mineral storage and they contribute to the regulation of phosphorus homeostasis through modelling processes (Carragher and Sumpter, 1991; Meunier and Franc¸ois, 1992; Persson et al., 1994; Skonberg et al., 1997). Bone growth and remodelling (reviewed by Witten and Huysseune, 2009) involves bone matrix deposition and mineralization by osteoblasts as well as osteoclastic and non-osteoclastic bone resorption (i.e., osteocytic osteolysis in teleosts possessing cellular bone as salmonids and eels, and halastatic demineralization) (Lopez, 1973; U.S. Copyright Clearance Centre Code Statement:



Sire et al., 1990). Bone resorption processes can be triggered during a shortage of dietary phosphorus or starvation, allowing phosphorus mobilization from the skeleton to fulﬁl various demands, principally coming from physiological processes: e.g., osmoregulation, muscular activity, and reproduction (Fleming, 1996; Kacem et al., 1998, 2000; Kacem and Meunier, 2000; Witten and Hall, 2003). It is thus not surprising that numerous factors have been proposed to favour the appearance of vertebral abnormalities, through possibly aﬀecting vertebral bone condition, in farmed ﬁsh: genetics, ploidy, inadequate light or temperature, water acidity, water ﬂow, non-inﬂation of the swimbladder, pathologic events, nutrition imbalance, handling factors, mechanical injuries and ⁄ or stress disturbing mineral balance (see Deschamps et al., 2008). Vertebral anomalies are generally related to inappropriate rearing conditions during early developmental stages (for reviews, see Cahu et al., 2003; Lall and LewisMcCrea, 2007), but defaults in the vertebrae can also appear, be aggravated or contained during further growth (Witten et al., 2006). Therefore, vertebral abnormalities can result from a large number of genetic, pathological and physiological disorders related to environmental factors, and these disorders can occur at various life periods. In intensively reared salmonids, mineral deﬁciency (mostly phosphorus) is suspected to be one of the main factors involved in the appearance of vertebral abnormalities. Indeed, phosphorus dietary uptake could fail to fulﬁl body requirements long before detrimental eﬀects on skeletal growth are detected (Lall, 2002; Helland et al., 2005; Kaushik, 2005). One of the major problems is to ﬁnd reliable indicators of bone condition that could be used to determine which and when unfavourable rearing conditions are leading to vertebral abnormalities. Vertebral bone mineralization (BM) and total bone area (Tt.-B.Ar.; 2D measurement used as a surrogate for bone volume) could be such parameters, as they are the result of bone modelling processes during growth (Francillon-Vieillot et al., 1990). For instance, both low- or overmineralized vertebrae were reported as vertebral abnormalities (Helland et al., 2005, 2006; Kranenbarg et al., 2005a,b). However, only a few studies have already attempted to evaluate these parameters in relation to vertebral abnormalities in farmed salmonids (Fjelldal et al., 2006; Gil Martens et al., 2006; Witten et al., 2006). Besides, a previous study aiming to assess vertebral abnormalities in farmed rainbow trout has revealed extended resorption of the vertebral body (Kacem et al., 2004). This phenomenon was believed to be the consequence of a
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dysfunction in phosphorus and calcium metabolism induced by increasing growth rates in unfavorable rearing conditions. The question remains whether vertebral bone resorption is widespread in ﬁsh farms, how such a large area of resorption is provoked during growth, and how it alters the vertebral structure. Therefore we performed several studies in order to (i) evaluate the importance of vertebral abnormalities (malformations, fusions) in externally normally shaped rainbow trout sampled in several French ﬁsh farms, (ii) quantify the variability of vertebral bone condition, and (iii) assess changes in vertebral structure during growth (from fry to market-size) (Deschamps et al., 2008, 2009). Our main objective was to check whether a high number of discreet vertebral abnormalities could be correlated to variations of the vertebral bone condition in reared rainbow trout. Materials and methods In the ﬁrst study (Deschamps et al., 2008), a total of 373 rainbow trout (market size: 262 ± 2 mm TL) were sampled in 20 French ﬁsh farms (9–20 individuals per lot). Vertebral abnormalities were assessed using X-rays. Data for bone mineralization (BM) and total bone area (Tt-B.Ar.) were obtained using vertebrae from the caudal region (vertebrae 3238). In the second study (Deschamps et al., 2009), we assessed (i) the vertebral structure of market size trout (i.e., sampled during the ﬁrst study) and (ii) vertebral structure changes of trout experimentally reared at diﬀerent temperatures [i.e., exhibiting diﬀerent growth rates: seasonal temperature variations from 5.0 to 18.9C (NOR); constant temperature of 7.5 ± 0.5C (SLOW); and constant temperature of 17.0 ± 1.0C (FAST)]. Three samples of 20 trout were taken from each experimental lots at 7.5 months (SLOW = 160 ± 17 mm; NOR = 208 ±8 mm; FAST = 238 ± 14 mm), 9 months (SLOW = 170 ±23 mm; NOR = 237 ± 12 mm; FAST = 264 ± 25 mm) and 13 months (SLOW = 238 ± 16 mm; NOR = 291 ± 19 mm; FAST = 376 ± 20 mm) after ﬁrst feeding, i.e. when trout reached market-size (TL), respectively. A total of 180 trout was thus analyzed, enabling comparisons of the vertebral
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structure (i) at the same length and (ii) at the same age. Assessment of vertebral structure (Fig. 1) was achieved by developing a new approach, called modelling of vertebral bone proﬁles, which, with total bone area (Tt-B.Ar.) measurements, enables to describe accurately bone distribution in four vertebral regions (notochord, transition, middle and periphery; Deschamps et al., 2009). Results and discussion The ﬁrst study revealed that the occurrence of discreet vertebral abnormalities is high (22%: compared to 2–3% observed in wild salmonids; Gill and Fisk, 1966; Poynton, 1987) and widespread in French farmed rainbow trout (Deschamps et al., 2008). This means that a high number of trout houses discreet vertebral abnormalities, which potentially could lead to external deformities (Witten et al., 2006). Such a high percentage of trout with abnormal vertebrae could represent a serious problem when considering that this phenomenon reﬂects inappropriate environmental conditions. Although the specimens within a farm came from the same source, we found a high variability in the number of abnormal trout. This strongly suggests diﬀerent susceptibilities of individuals to environmental conditions (genetics?). This ﬁrst study also revealed a large range of variation for the two vertebral bone parameters, allowing comparisons in the future. For instance, in 40 and 55% of the ﬁsh farms sampled, trout displayed vertebrae with low BM ( 
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