Locomotory Performance and Energetics as a Function of Temperature in Two Subspecies of Fundulus heteroclitus
Nann A. Fangue

Department of Zoology, University of British Columbia

6270 University Boulevard, Vancouver, British Columbia, V6T 1Z4, Canada

(Ph) 604-822-6759

(Fax) 604-822-2416

fangue@zoology.ubc.ca

Milica Mandic, Jeff G. Richards, and Patricia M. Schulte

Department of Zoology, University of British Columbia

Extended ABSTRACT ONLY - DO NOT CITE
Killifish, Fundulus heteroclitus, are distributed along the East coast of North America typically inhabiting inshore bays and estuaries.  These fish demonstrate remarkable tolerance to challenging environmental conditions, most notably to temperature extremes.  Within the species, substantial variation exists in morphological, molecular, genetic, and physiological traits between populations (Powers and Schulte, 1998).  This variation shows significant directional change with temperature/coastal latitude such that two distinct regional subspecies have been suggested - the northern form, Fundulus heteroclitus macrolepidotus, occurring from the Gulf of St. Lawrence, Canada to New Jersey, USA, and the southern form, Fundulus heteroclitus heteroclitus, distributed from Virginia, USA to the Northeastern coast of Florida, USA.  Multidisciplinary approaches have shown that the physiological specializations and genetic variation between F. heteroclitus subspecies are likely to be adaptive responses to temperature or some other factor correlated with latitude (reviewed by Powers and Schulte, 1998; Schulte, 2001).  To further examine these differences, we quantified and compared swimming performance of F. heteroclitus populations acclimated to temperatures between 5 and 32(C and determined the patterns of metabolic fuel use supporting exercise metabolism across this temperature range.  

Critical swimming speed (Ucrit) was determined for fish collected from New Hampshire and Georgia and acclimated to 5, 10, 15, 22, 29 or 32(C in the laboratory for 21 days.  To investigate fuel availability and mobilization patterns during exercise, a second group of fish was acclimated to temperatures of 5, 15 and 29(C and exercised at speeds corresponding to 80% of their Ucrit for 1.5 hours.  Muscle and liver tissues were freeze clamped and assayed for several metabolites including: ATP, creatine phosphate (CrP), glycogen, glucose, lactate, glycerol, total lipids, and triacylglycerol.    

Results of the swimming performance trials suggest that at all acclimation temperatures, northern fish perform significantly better than southern fish (Figure 1).  Secondly, at temperatures at or above 10(C, within a population, critical swimming speed is constant and independent of acclimation temperature (Figure 1). 
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Figure 1:





Critical swimming speed (Ucrit) for northern (dark circle) and southern (open circle) killifish

at six different temperatures ranging from 5ºC to 32ºC. Within a population, points with different 

letters are significantly different (p<0.05)and asterisks represent significant differences (p<0.05) 

between populations at a given temperature. Values are means ± SE (n=6). 
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High-energy phosphates showed no significant differences between populations, acclimation temperatures, or in response to exercise for muscle ATP.  Similarly, there were few differences in muscle [CrP] except that southern fish had slightly higher levels for both rest and exercise.  In contrast, there was a strong effect of population on muscle glycogen such that glycogen concentrations were higher in northern than southern fish.  Northern fish also accumulated significantly higher levels of lactate with exercise in both the 15 and 29ºC groups, whereas southern fish did not accumulate lactate with exercise to a significant degree in any of the acclimation groups (Figure 2).  These data suggest that northern fish may recruit white muscle during sustained swimming at 15 and 29ºC to a greater degree than southern fish.  
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Figure 2:



Northern (A) and southern (B) killifish muscle lactate concentrations for resting fish (open columns) and 

fish swam at 80% Ucrit for 1.5 hours (hatched columns) at 5, 15 and 29ºC. Within a population, asteriks represents 

a significant difference(p<0.001) between rest or exercise at a given temperature.Values 

are means ± SE (n=6). 
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In summary, these data suggest that northern fish have both greater endogenous carbohydrate stores and an enhanced ability to utilize glycolysis during exercise compared to southern fish that demonstrate a more limited glycolytic capacity.  Experiments to explicitly examine burst performance (C-starts) in northern and southern fish are currently underway.
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Figure 2:Northern (A) and southern (B) killifish muscle lactate concentrations for resting (open columns) and exercising fish (hatched columns) at 5, 15 and 29ºC. Within a population, asterisks represent a significant difference (p<0.001) between rest and exercise at a given temperature. Values are means ± SE (n=6).





Figure 1:Critical swimming speed (Ucrit) for northern (dark circle) and southern (open circle) killifish acclimated to temperatures ranging from 5ºC to 32ºC. Within a population, points with different letters are significantly different (p<0.05) and asterisks represent significant differences (p<0.05) between populations at a given temperature. Values are means ± SE (n=6).





At all acclimation temperatures, northern Fundulus are significantly better swimmers than southerns (p<0.05) 


Points were fit to a second order regression, providing the best fit to a single line.  


Within a population, swimming speed is independent of acclimation temperature at temperatures greater than 10°C (p>0.05 for each population)


It may be more appropriate to describe the data with a horizontal line between acclimation temperatures of 10 and 33°C with a second component from 5 to 10°C.
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Figure 1:








Critical swimming speed (Ucrit) for northern (dark circle) and southern (open circle) killifish


at six different temperatures ranging from 5ºC to 32ºC. Within a population, points with different 


letters are significantly different (p<0.05)and asterisks represent significant differences (p<0.05) 


between populations at a given temperature. Values are means ± SE (n=6). 
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Figure 2:





Northern (A) and southern (B) killifish muscle lactate concentrations for resting fish (open columns) and 


fish swam at 80% Ucrit for 1.5 hours (hatched columns) at 5, 15 and 29ºC. Within a population, asteriks represents 


a significant difference(p<0.001) between rest or exercise at a given temperature.Values 


are means ± SE (n=6). 
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