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Introduction

Factors such as temperature, swimming activity and body size are known to influence energetic or metabolic demands of fishes (Beamish, 1970).  The measurement of oxygen consumption, via use of respirometry as an indirect measure of metabolic rate, has been an efficient means of accounting for these factors in many studies (Beamish, 1970; Tolley and Torres, 2002).  Since it is predicted that all animals must function within the bounds of metabolic scope (Fry, 1947), estimates of standard metabolic rate (SMR) and scope for activity are also important for estimating energetic expenditure for activity, growth, and reproduction.  Growth differences in gag grouper have been observed on two artificial patch reef sizes in the eastern Gulf of Mexico.  Recent comparative, prey consumption estimates do not explain the growth differences adequately. The present study provides the first examination of oxygen consumption in relation to swimming speed, body size and temperature for gag grouper in the Gulf of Mexico.  Estimates for SMR and scope for activity are also examined.  

Methods
Gag (420-620mm TL) were captured and housed in several 570 and 680 l tanks.  Fish were acclimated to three sequential temperature treatments of 15, 22 and 30 °C, over several months
.  Temperature was raised slowly over one week, and two additional weeks were allowed before any trials. Fish were deprived of food for at least 48 hrs prior to swim trials to ensure they were in a similar post absorptive state.  Swimming trials were conducted in a 257 l modified-Blazka respirometer (Blazka et al. 1960) and generally followed the procedures outlined by Beamish, 1970.  Water velocity was increased by increments of 15 cm(s-1 for durations of 30 min and swimming responses ranged from hovering (10 cm(s-1) to burst swimming at (80 cm(s-1).   A rest period of 20 min between increases in velocity was allowed, to ensure replenishment of oxygen in the respirometer and control temperature.  Oxygen consumption was measured using a polarographic micro-electrode with an A/D computer interface (Strathkelvin 928).  Water velocity was measured using a solid state flow meter (Marsh-McBirney, Flowmate).  Temperature fluctuated a maximum of ±0.5 °C over the course of an individual trial and ±1 °C over the entire testing sequence.  Oxygen consumption rate (VO2) in mgO2kg-1hr-1 was calculated at each test velocity by linear regression from a portion of the experiment trial where the fish was swimming in a stable manner for at least 15 minutes.  Linear, exponential and power functions were fitted to the data for comparison. 

Results

The exponential model, y =aebx, was found to best fit the oxygen consumption rate versus swimming speed data for gag grouper at 15, 22, and 30 °C (Fig. 1).  The model, fitted to experimental data at 15 and 22 °C yielded R2 values of .771 and .886 for n= 14 and 13, respectively.  The preliminary 30 °C data (n=5) yielded an R2 of .840.  SMR was estimated at 41.785 mgO2kg-1 hr-1 at 15 °C with an exponential relationship of VO2=41.785e1.307v; models at 22 and 30 °C corresponded to VO2=51.706e1.220v and VO2=89.484e0.975v.  The maximum sustainable swimming speed (Ucrit) averaged 1.04 bl(s-1 ± 0.168 SE at 15 °C, 1.31 bl.s-1 ± 0.214 at 22°C and 1.43 bl(s-1 ± 0.256 at 30 °C.  The maximum predicted oxygen consumption at sustained swimming speed (VO2max) was 160.57, 255.64 and 359.79 mgO2kg-1hr-1 for 15, 22 and 30 °C respectively.  Scope for activity, calculated by subtracting SMR from VO2max was 118.78, 203.93 and 270.31 mgO2kg-1hr-1, respectively.  Average observed minimum (routine) and maximum swimming (active) VO2 were calculated to yield values of 49.77 ± 9.19, 67.42 ± 10.02 and 100.7 ± 24.72, over the three test temperatures 15, 22.5, and 30 °C, respectively (Fig. 2).  Mean active metabolic rates were 166.10 ± 26.42 269.72 ± 29.87 and 329.53 ± 37.87, respectively.  Oxygen consumption generally increased with increased swimming speed and temperature throughout the experiment.  It was difficult to differentiate an effect of body size on oxygen consumption per kilogram. 
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Figure 1.  Exponential equations VO2 = SMR ebv fitted to oxygen consumption data for three temperature treatments: n=14 for 15°C, n=13 for 22 °C and n = 5 for 30 °C.
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Figure 2.  Average VO2 +/-S.E. for routine and active metabolism at three temperatures:  n=14 for 15°C; n=13 for 22 °C and n=5 for 30 °C.

Conclusion

The present data indicate that temperature has profound effects on metabolic rates and swimming performance of gag grouper.  Oxygen consumption and maximum swimming speed increased with increasing temperature.  However, the gag in the present study appear to have lower metabolic rates than other sit and wait predators such as common snook, Centropomus undecimalis (Tolley and Torres, 2002) or largemouth bass, Micropterus salmoides (Beamish, 1970) at ~22 °C. Temperature was also observed to increase SMR and scope for activity.  Since gag performed best at the highest temperature tested, further testing at higher temperatures is indicated to determine if this positive relationship continues. 
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