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Introduction

An in vivo study was performed to examine the effect of increased environmental temperature and hypoxia on the cardiac performance of the Atlantic wolffish (Anarhichas lupus). These environmental factors are known to strongly affect the cardiac physiology of pelagic (active) fish species, but few studies have been conducted on benthic (sedentary) marine fishes. Further, although several species of wolfish in the North Atlantic are listed as endangered and Anarhichas lupus has been identified as a species with great aquaculture potential, their physiology is virtually unknown.

Material and Methods 

This study was performed with Anarhichas lupus (N=8; 729±177 g) that were reared at the Ocean Sciences Centre (MUN) and acclimated to 8oC for 1 month before experimentation. Cardiovascular parameters (cardiac output, Q; heart rate, FH; and stroke volume, SV) during temperature and hypoxia challenges, were measured using blood flow probes (2.0 or 2.5 SB, Transonic® Systems; Ithaca, NY) implanted around ventral aorta. Fish were first submitted to the temperature challenge: where water temperature was increased from 6 to 16 ºC, at the rate of 2 ºC/hour, and then rapidly decreased (in 1 hour) to 8 ºC. After the temperature challenge, fish were transferred to a small insulated tank where water oxygen could be tightly controlled, and allowed to rest for 20h in water of 100% oxygen saturation. The hypoxic challenge was initiated by lowering oxygen saturation to 80% (by gassing with 100% N2) over 20 min. and maintaining water oxygen levels at this value for an additional 20 min. Thereafter, the water oxygen content was lowered by 10%, every 20 min, until a water oxygen level of 20% saturation was achieved. This level of hypoxia was maintained for 30 min., and the hypoxia challenge was ended by gradually increasing the water oxygen content back to 100% saturation over a 30 min. period. Cardiovascular parameters were recorded continuously throughout the temperature and hypoxia experiments, and for 1 hour after water oxygen levels were restored to 100% saturation. 

All values presented are means ± S.E. One-way repeated measures analyses of variance (ANOVA) were applied to analyse the effects of temperature and oxygen on cardiac function. Dunnet’s test was applied to determine when cardiac output and heart rate became significantly lower than at 100% O2. The significance level used was P < 0.05. 

Results and Discussion

Changes in the wolffish’s cardiovascular parameters (cardiac output, heart rate and stroke volume) during acute exposure to elevated temperatures and hypoxia are presented in Figures 1 and 2. Cardiac output was unchanged from 6 to 8oC but increased linearly (P <0.05) as temperature was increased from 8 to 16oC (Q10 of 1.52). This increase was due solely to an elevation in heart rate (Q10 of 1.79) because stroke volume showed a slight, but non-significant decrease. Similar results have been reported for other benthic fish species (winter flounder, Cech et al., 1976; and lingcod , Stevens et al., 1972) and the rainbow trout (Brodeur et al, 2001) 
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Figure 1 - Cardiac variables in the wolffish (Anarhichas lupus) during an acute temperature challenge (6 to 16oC at 2oC h-1). Reported values are means ( S.E. (N = 8).
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 Figure 2. Cardiac variables in the wolffish (Anarhichas lupus) during graded hypoxia (final O2 level 20% saturation) and the 30 min. recovery period. Reported values are means ( S.E. (N = 8). * Indicates the O2 level when the cardiac variable became significantly lower than at 100% O2.

Exposure to severe hypoxia induced a marked bradycardia in the wolffish (Fig. 2). This bradycardia began between 60 and 70% saturation, with FH decreasing from 25.8±0.9 beats min-1 at 100% saturation to 12.0±1.2 beats min-1 at 20% saturation. This drop in FH also resulted in a considerable decrease in cardiac output, from 18.1±2.1 to 9.0±1.2 ml min-1 kg-1, as stroke volume was not altered by hypoxic exposure. These data suggest that the critical oxygen level for the wolffish is 60-70% saturation, and that this species does not defend cardiac output (by increasing SV) in the face of acute decreases in water oxygen content. The critical oxygen level where bradycardia occurs in the wolffish is in agreement with data on lingcod (Farrell, 1982) and short-horned sculpin (McCormack and Driedzic, this symposium), but considerably lower than for rainbow trout (O2crit 80%) (Gamperl et al., 1994). In contrast to most other teleost species (trout, lingcod; cod, Fritsche and Nilsson, 1992, Exp. Biol. 48: 153) SV did not increase in an attempt to maintain Q during bradycardia. This result is surprising, but not unique, as an almost identical response in Q and SV is seen in the short-horned sculpin (McCormack and Driedzic, this symposium) during acute hypoxic exposure. Clearly, the pattern of changes in SV and Q with hypoxia is not related to pelagic vs. benthic lifestyles (the lingcod is a benthic species). 

In summary, the Atlantic wolffish modulates HR, but not SV, in response to acute changes in oxygen and temperature, and this results in an ‘atypical’ Q response (decrease) in the face of decreased water oxygen levels. Whether cardiovascular responses to other challenges (e.g. exercise, stress) are different from those reported for other teleost species is unknown, as is whether the lack of an increase in SV (to defend Q) during hypoxia is characteristic of hypoxia-tolerant teleost species. 
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