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Introduction

Most work in the area of fish thermal physiology has been performed using temperate freshwater or pelagic marine species (e.g. salmonids, goldfish, cod, etc.).  In a rare study examining the thermal physiology of a benthic cold-water species, Zakhartsev et al. (2003) found that warm-acclimated adult eelpout (Zoarces viviparus) exhibited the same routine metabolic rate as cold acclimated fish when transferred to colder water.  This result differs from the traditionally accepted view that warm acclimated fish have lower metabolic rates compared with cold acclimated individuals after acute transfer to low temperatures.  Zakhartsev et al. (2003) speculated that the eelpout in their study were “permanently adjusted” to life at colder temperatures, and thus did not show the response expected from previous research with temperate species.  However, the thermal physiology of other cold-water marine fishes has received little attention, particularly with regard to early life stages.

The current study examined the metabolic response of young ocean pout (Macrozoarces americanus) to acute temperature change.  Populations of ocean pout that inhabit cold waters off the coast of Newfoundland show very high levels of antifreeze proteins during the entire year (Fletcher et al. 2001), suggesting that these fish inhabit colder waters year-round.  Experiments were conducted to examine how thermoacclimation alters the thermal sensitivity of metabolism, and whether the pattern of response to temperature acclimation differs from that typically reported for temperate species.

Methods

Ocean pout eggs were collected from the wild and placed in laboratory incubators until hatch.  After hatching, groups of ocean pout were acclimated to 3oC, 7oC or 11oC.  The fish remained at these temperatures for a minimum of three weeks prior to experimentation.

After fasting for at least 24 hours, individual ocean pout (mean wet mass 280(19 mg) were transferred to a small Blazka-type respirometer (60 ml volume) set at their acclimation temperature where they remained undisturbed overnight.  The next morning ventilation rate and routine oxygen consumption (MO2) was measured using a Presens fibre-optic oxygen measurement system.  For the 7oC and 11oC treatments, the temperature within the respirometer was then reduced to 3oC over the course of 1.5 h, and MO2 was measured at 3oC.  For all groups, the water temperature was then increased by 2oC every 1.5 h until the temperature reached a maximum of 17oC.  MO2 was measured every 2oC increase.

Results and Discussion

Initial measures of MO2 at each acclimation temperature revealed a Q10 of 7.7 between 3oC and 11oC.  This Q10 value is much larger than would normally be expected over this temperature range.  Furthermore, at all measurement points during the gradual temperature increase from 3oC to 17oC, the warm acclimated pout showed higher MO2 compared to cold acclimated individuals.  For example, the oxygen consumption of the 11oC acclimated fish only decreased by 20% after the initial temperature drop to 3oC (from 481 mg O2 kg-1 h-1 at 11oC to 383 mg O2 kg-1 h-1 at 3oC), and was 4-fold greater than the 3oC acclimated fish at this temperature.  Further, at 17oC, the MO2 of the 11oC fish was about 40% higher than that of the 3oC acclimated individuals.  This apparent acclimation-induced elevation in metabolism was also reflected in the ventilation data, where ventilation rates were higher at each temperature for the warm acclimated fish.

These results are in direct contrast to the large body of previous work which shows warm acclimated fish are unable to match the metabolic rate of cold acclimated fish when exposed to cool temperatures (e.g. Evans 1990).  Although extremely interesting, our results are difficult to resolve.  At present, we have three possible explanations for the observed trends.  First, the ‘shock’ associated with the acute temperature drop in this study may have caused a stress-associated increase in oxygen consumption in the warm acclimated fish.  Second, ocean pout are adapted to life in cold waters, and it is possible that they possess only a single, cold-water adapted isoform of various metabolic enzymes whose production is increased during acclimation to warm temperatures (to compensate for their decreased efficiency at higher temperatures).  A drop to colder temperatures in these warm acclimated fish would then result in a higher than expected metabolic rate because of the high concentrations of enzymes that are optimised for function at cold temperatures.  Finally, the MO2 of ocean pout may become depressed (i.e. torpor) when they are acclimated to colder temperatures. 

At present it is unclear why young ocean pout possess a unique thermal physiology.  Each of the above hypotheses can be used to explain portions of the data set but are inconsistent when applied to the results has a whole.  Future studies are planned that will measure the whole body concentrations of certain aerobic enzymes (e.g. citrate synthase, cytochrome oxidase) in young ocean pout acclimated to a range of temperatures, and also examine the changes in MO2 that take place in the 24 hour period following a sudden drop in temperature (i.e. from 11oC to 3oC).
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