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Factors that may limit swimming performance in fish were discussed by Fry (1971), who defined standard metabolic rate (SMR) as rate of oxygen uptake measured from a notionally stationary fish then described the increase in oxygen uptake in swimming fish as “scope for activity” (SFA). Factors that limit scope are by definition “limiting factors” while factors that increase SMR, thus reducing SFA, are “loading factors”. 

Hypoxia, by limiting oxygen supply, clearly acts as a limiting factor. The range over which oxygen is limiting varies with oxygen demand, as it in turn varies between species and with temperature within species. Temperature limits swimming performance either above or below an optimum temperature that again varies between species and is reflected both in the functional properties of swimming muscle (Johnston and Ball, 1997) and the cardiovascular system (Taylor et al, 1997). 

Changes in salinity may impose the costs of osmoregulation as a loading factor and in sturgeon SMR was increased in brackish seawater. However, maximum sustainable swimming speed (Ucrit) varied indirectly with plasma sodium concentration (McKenzie et al, 2001), so that lack of control of ion levels may be introducing a limiting factor on swimming performance.

Examination of a series of potential loading factors reveals a range of responses. Growth is likely to increase metabolic rate, acting as a loading factor. Growth hormone transgenic tilapia grew 1.5 times faster than a wild type control and had a higher SMR but SFA and Ucrit were unchanged, implying that the respiratory system had compensated for the increased demand. This was confirmed by their responses to hypoxia (McKenzie et al, 2003). The cost of handling a meal (measured as SDA) certainly introduces a loading factor. Trout showed an increase in SMR and a reduced Ucrit when fed to satiation, compared to an unfed group (Alsop and Wood, 1997). 

Diet can affect metabolic rate and may limit swimming performance. Salmon showed Ucrit values that varied directly with the content of canola oil in manufactured diets. This is rich in oleic acid, which is a favoured substrate for aerobic metabolism (McKenzie et al, 2000).

Recently, a direct relationship has been established between Ucrit and plasma ammonia levels in trout, swimming either in elevated levels of ammonia (Shingles et al, 2001) or in acid water containing copper Beaumont et al, 1995), either of which cause an increase in plasma ammonia. Although there were indications that aerobic metabolism may have been affected by elevated ammonia, the primary cause of the reduced swimming performance was found to be failure to recruit white muscle because it was partially depolarised by the elevated levels of ammonia in the tissues (Beaumont et al, 2001). Thus ammonia, a product of protein catabolism, can be considered a limiting factor.
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