The Effect of Water Temperature on the Opercular Pumping Rates of Goldfish Acclimated at Different Temperatures
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Introduction 
    
Temperature is perhaps the most critical environmental factor affecting the physiological ecology of heterothermic ecotherms.  These organisms produce very little metabolic heat;  the bulk of their activity is fueled through anaerobic metabolism (Blazka, 1958).   Metabolic rate is highly dependent on body temperature (Brett, 1956). As predicted by van’t Hoff’s Q10 rule, the metabolic rate of ecotherms approximately doubles with each ten degree increase in body temperature (Gordon, 1982).  
In terrestrial ecosystems, ecothermic animals may exhibit broad behavioral repertoires making reasonable body temperature regulation possible.  Owing to the homogeneity of the environment, aquatic organisms are highly limited in their behavioral thermoregulatory responses. Further, due to their high thermal conductance, body temperature is usually equivalent to water temperature. Thus aquatic ectotherms often respond to long term temperature changes with physiological acclimation rather than behavioral responses.  For example, as winter approaches,  lake fish gradually acclimate at the biochemical level to lower temperatures, decreased oxygen levels, and shorter photoperiod (Schmidt-Neilsen, 1997).  In marine species, similar acclimation processes are apparent.  Van Maaren, et .al.  (2000) demonstrated that the oxygen consumption of southern flounder (Paralichthys lethostigma) increased from 1.26 to 4.53 μgO2/g/min between acclimation temperatures of 13 °C and 29 °C.  This represents an overall Q10 of 2.09. However, upon closer inspection, the Q10 varied over the range of measurements, with a minimum of 1.29 between 25 °C and 29 °C and a maximum of  2.68 between 21 °C and 25 °C. These authors interpret variation in the Q10 as evidence of acclimation.
Fry and Hart (1948) have demonstrated that oxygen consumption of the goldfish (Carassius auratus) increases predictably with an acute increase in water temperature.  In the current study, we investigated the effect of acclimation temperature on the opercular pumping rate and Q10 of goldfish at three water temperatures. We predicted that the acute Q10 of goldfish acclimated at lower temperatures would be significantly less than that of  goldfish acclimated at higher temperatures.  In other words, opercular pumping rate in all goldfish should decrease with environmental temperature, but the decrease should be less in fish acclimated to lower temperatures.
Materials and Methods 

Two groups of 15 goldfish purchased at PetSmart (El Toro, CA) were acclimated in two aquariums set at different temperatures. All animals were approximately the same size. One group was acclimated at 22 °C, the other at 12 °C. Animals were held at each temperature for 30 days before experimentation began. Both aquaria were maintained and aerated in similar fashion;  animals were fed TetraMin Goldfish (Tetra Co, Blacksburg, VA) flakes once daily.  
During experimentation, a  fish was transferred to a 250 ml beaker filled with water from that fish's aquarium. Following transfer, an aeration stone was placed in the beaker.  A mercury thermometer was placed in the beaker.  When the temperature of the water in the beaker reached 10 °C, the aeration stone was removed, and the beaker was placed on the counter. The opercular movements of the fish were counted for two minutes. This procedure was repeated twice with the beaker returned to the ice bath between measurements. The beaker was then transferred to water bath maintained at 22 °C.  When the temperature of the beaker water reached 20 °C, the counting procedure was repeated. Finally, the beaker was transferred to a water bath maintained at 32 °C.  When the temperature of the beaker reached 30 °C, the counting procedure was repeated for the final time.  The aeration stone was placed in the beaker during all temperature equilibrations; it was removed during the counting procedure.  Following all measurements, each fish was weighed, by placing it into a water filled tared beaker on an electronic balance.

Average opercular pumping rate was determined for each fish at each temperature.  This rate was divided by the animal weight.  The average opercular pumping rate/g was then determined at each of the three temperatures for both acclimation conditions.

Q10 was calculated using the following formula:

Q10 = (R2/R1) 10/ (T2 – T1)                                                  (1)

where R1 is the opercular pumping rate at temperature, R2 is the opercular pumping rate at temperature 2, T1 is the lower temperature and T2 is higher temperature.
Results 
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The average mass of the 12 C acclimation group was 8.9 ± 0.6g (sd); the average mass of the 23 °C acclimation group was 9.6 ± 0.5g (sd).
The opercular pumping rate increased with temperature in each acclimation group (Figure 1).  A significant difference exists between opercular pumping rates at each of the water temperature (p< 0.05, 2 x 3 Factorial ANOVA); however, there was no significant effect of acclimation temperature on opercular pumping rate at any water temperature.  
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Acclimation temperature had no effect on Q 10 values, as seen in Figure 2.  However, Q10 did change significantly with the ambient water temperature (p< 0.05, 2 x 2 Factorial ANOVA).  Q10 for the temperature change from 20 °C  to 30 °C was 1.50 for the 23 °C group and 1.45 for the 12 °C group.  The temperature shift from 10 °C to 20 °C produced a much greater change; Q10 for the 23 °C group was 2.03 and for the 12 °C group was 2.00.
Discussion
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Figure 1. Weight specific mean opercular pumping rate of goldfish acclimated at 12 °C or 23 °C at three water temperatures.  N = 15 for each acclimation temperature. Error bars are ± one standard deviation.





Figure 2. Q10 values for opercular pumping rate of goldfish acclimated at 12 °C and 23 °C.  N = 15 for each acclimation temperature. Error bars are ± one standard deviation.








