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Introduction

Active pelagic fish tend to have higher metabolic rates than sluggish benthic species (Webb, 1993). However, few studies have directly compared the metabolic capacity and the metabolic response to exercise in species with different lifestyles.

The post-exercise stress response of fish has been studied in a number of species, and most species show a well characterized response, with the release of high levels of cortisol and catecholamines into the circulation (primary response) and increased haematocrit (secondary response)(Butler et al., 1986; Tang and Boutilier, 1988). However, some species with a less active lifestyle and a lower metabolic activity, like the starry flounder (Milligan and Wood, 1987) and sea raven (Vijayan and Moon, 1994) do not exhibit the typical stress response. These limited studies suggest that the magnitude of the post-exercise stress response in fish may be related to a species metabolic capacity (aerobicity).

The objectives of this study were: i) to measure the range of metabolic capacity in five North Atlantic teleost species (Tautogolabrus adspersus, cunner; Macrozoarces americanus, ocean pout; Gadus morhua, Atlantic cod); Osmerus mordax mordax, Atlantic rainbow smelt; and Mallotus villosus, capelin), with different life styles by measuring maximum oxygen consumption (MO2 max.) for each species during intense exercise; ii) to study the stress response of the five species when subject to exhaustive exercise; and iii) to examine the relationship between a species’ aerobicity (MO2 max), and its post-exercise stress response, cardiac morphometrics (relative ventricular mass, RVM), and haematocrit. 

Methods

Metabolic rates (at 8º) were measured in a Blazka-type respirometer at rest (RMR), while swimming at low velocities, (10 and 15 cm s-1; swimming metabolic rate, SMR), during intense exercise (active metabolic rate, AMR) and during 45 min. of recovery (ReMR) from intense exercise. MO2 values were converted to mass-independent values using a mass exponent of 0.8. Metabolic scope (MS) was calculated as AMR – RMR.

In order to get maximal stress hormone levels (catecholamines and cortisol) and post-stress haematocrit levels, the fish were vigorously chased for 90 sec. The plasma catecholamines epinephrine and norepinephrine (measured immediately post-stress) were determined using high performance liquid chromatography with electrochemical detection after extraction with alumina. Plasma cortisol (measured 30 min. post-stress) concentrations were determined using a Coat-A-Count® Cortisol radioimmunoassay kit.

Results and Discussion

Similar values of RMR were observed for pout, cod and smelt (55-65 mg O2 kg-0.8 h-1). However, the cunner’s RMR was lower as compared to these three species (~40 mg O2 kg-0.8 h-1) (P< 0.08), and the capelin’s RMR (92.9±13.0 mg O2 kg-0.8 h-1) was significantly greater than all other species (P < 0.05). Significant inter-specific differences also existed in AMR (range 122 to 364 mg O2 kg-0.8 h-1), with the order: cunner < ocean pout = cod << rainbow smelt << capelin. Most species recovered from exhaustive exercise within 15 minutes, except for the cod, which required approx. 30 min. In conclusion, a 2.5 fold difference in metabolic capacity was found between the 5 species, and the metabolic values generally fit well with a species lifestyle and ecology. However, we were surprised that the cunner had the lowest value for AMR, and that the ocean pout’s AMR and MS were comparable to the cod. Testable hypotheses arising from these latter results are: 1) the low Max. aerobic capacity of cunner is related to metabolic efficiency, or a consequence of being able to go into torpor (severely depress metabolism); 2) the relatively high AMR of the benthic ocean pout is related to digestive costs/demands (i.e. consuming difficult to digest prey). 
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Figure 1.  Variation in the metabolism of the five North Atlantic teleost species at rest (RMR); swimming at 10 (SMR (10)) and 15 cm s-1 (SMR (15)); during a period of intense burst swimming (AMR); and during recovery from exhaustive exercise (ReMRs), 0, 15, 30 and 45 minutes after the stress period. Values are means ± standard error.

Table I. Stress hormone concentrations, post-stress haematocrit (Hct), relative ventricular mass (RVM.), mass (M) and length (L) for the five North Atlantic teleost species studied. Fish were chased vigorously for 90 sec., and blood samples for catecholamines and cortisol were taken immediately and 30 min., respectively, following the chase. Values are presented as means ± S.E (N generally = 7-10). Dissimilar letters indicate differences between groups (P<0.05, One–way ANOVAs followed by Tukey-Kramer post-hoc tests).

	Species
	Cunner
	Ocean Pout
	Cod
	Smelt
	Capelin

	M (g)
	111 ± 11 
	51 ±  3
	73 ± 6
	34.0 ± 4 
	23 ± 1

	L (cm)
	19 ± 1
	22  ± 1
	21 ± 1
	18 ± 1
	16 ± 0.3

	R.V.M. (%)
	  0.07 ±

 0.002a
	  0.073 ± 

0.004a
	   0.096 ± 0.003b
	  0.122 ± 0.007c
	  0.137 ± 0.004c

	Cortisol 

(ng ml-1)
	16  ± 2a
	7  ± 2a
	28 ± 4b
	34  ± 5b
	------

	Epi (nM)
	80 ± 16ab
	58 ± 15ab
	188 ± 35c
	25 ± 5a
	148 ± 33bc

	NE (nM)
	23 ± 2a
	41 ± 5.a
	47 ± 9a
	26 ± 6a
	149 ± 20b

	Total CA (nM)
	103 ± 18a
	99 ± 20a
	235 ± 42b
	48 ± 9a
	297 ± 52b

	Epi:NE
	3.2 ± 0.5a
	1.4 ± 0.2b
	4.2 ± 0.6a
	1.2 ± 0.4b
	0.9 ± 0.1b

	Hct (%)
	35 ± 1a
	28 ± 1b
	28 ± 1.4b
	30 ± 3ab
	28 ± 2b


Cod and capelin showed the highest total CA concentrations (>200 nM), similar to those reported for post-chased trout (eg. Butler et al., 1986; Tang and Boutilier, 1988), whereas values for the cunner, pout and smelt were significantly lower (50 -100 nM). None of the species displayed a dramatic post-stress increase in cortisol, although values for the cod and smelt (< 15 ng ml-1) were significantly higher than for cunner and ocean pout (~ 30 ng ml-1). Interestingly, the species with the lowest AMR (the cunner), had a significantly higher post-stress haematocrit concentration (35%) as compared with all other species (< 30%). In summary, although the active cod and capelin showed a higher post-exercise hormonal response when compared to the less active species (cunner and pout), as predicted, the smelt (an active pelagic species) showed an unexpected low post-chase stress response. 

No correlations were found between a species’ aerobicity and the magnitude of the stress response (as measured in E, NE, Total CA, cortisol or haematocrit), and thus we must reject our hypothesis that the post-exercise stress response in fish is related to a species’ metabolic capacity. In contrast, a strong relationship was observed between a species’ MO2 max and RVM (r2 = 0.90, P < 0.05); confirming the importance of cardiac performance to fish metabolism and exercise capacity. 
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