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Introduction

Tunas are remarkable among teleost fishes for their high metabolic rates and ability to conserve metabolic heat.  High metabolic rates in tunas are supported by large hearts capable of high maximal heart rates and high cardiac outputs (Block and Stevens 2001).  Tropical tunas such as yellowfin (Thunnus albacares) maintain only a small elevation above ambient temperatures, while temperate species such as bluefin tunas display large thermal gradients between peritoneal cavity, swimming muscle and ambient temperatures, exceeding 20°C in large adult fish in cold waters.  However, all tuna species have hearts which operate at or near ambient temperature as they receive lumenal blood which has been cooled in the countercurrent retia mirabilia and coronary flow from the gills.  This raises the possibility that the temperature sensitivity of cardiac performance limits the tuna’s thermal niche in the wild.

Acoustic tracking studies in the eastern Pacific indicate that yellowfin tuna predominately inhabit waters of 17°C or warmer, with only occasional brief dives into colder waters.  In contrast, Pacific bluefin tuna (Thunnus orientalis) of similar size encounter surface waters as cold as 12°C and dive into waters as cold as 5°C in the western Pacific (Kitagawa 2000).  Swimming yellowfin tuna exhibit a drop in cardiac output at low temperatures, with a decrease in heart rate accompanied by a rise in stroke volume (Korsmeyer et al., 1997).  However, physiological data on working bluefin tuna hearts have been lacking.  In this study, we used an in situ heart preparation to measure cardiac performance, including heart rate, stroke volume, and cardiac output in Pacific bluefin tuna and yellowfin tuna across a range of temperatures likely to be encountered in the wild (Blank et al., 2002, 2004).

Methods

The effects of temperature on heart function of Pacific bluefin tuna (mass 6.75 ± 0.18 kg) and yellowfin tuna (mass 3.16 ± 0.38 kg) were studied using an in situ heart preparation.  One albacore tuna (mass 5.30 kg) was also studied.  Fish were euthanized, the peritoneum was opened, and cannulae were inserted into the sinus venosus and ventral aorta in order to perfuse the heart with oxygenated Ringer’s solution.  The fish was then transferred to a large saline bath and connected to an in-line flow probe and input and output pressure transducers hooked to a PowerLab system.  Temperature was adjusted by changing the temperature of the bath and perfusate simulaneously, and input and output pressures were adjusted to maximize cardiac output and power output at each temperature.  Values for heart rate, stroke volume, cardiac output, and cardiac power output were obtained from stable sections of 5 to 6 beats of recorded data at each temperature.

Results and Discussion

Decreasing temperature induced pronounced bradycardia (Fig 1) and a drop in cardiac output in all tuna species examined.  Heart rates and cardiac outputs of bluefin tuna were significantly higher than those of yellowfin tuna at temperatures from 2 to 15°C and showed a significantly lower temperature dependence (Fig 2).  Maximal stroke volumes were similar in the two species and were not significantly affected by temperature.  Heart rate, stroke volume, and cardiac output recorded in one albacore tuna were qualitatively similar to values measured in bluefin.
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In situ heart preparations indicate that bluefin tuna hearts are more cold-tolerant than those of yellowfin tunas, as demonstrated by a lower temperature sensitivity of heart rate and cardiac output and higher values of heart rate.  This difference in temperature sensitivity of the heart may play a role in their different thermal niches in the wild.  Recent studies of SR Ca2+ uptake and SR Ca2+ ATPase levels indicate that differences in SR calcium cycling are likely to play a role in the observed differences in thermal tolerance of yellowfin and bluefin tuna hearts.
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Fig 2. Comparison of cardiac performance in situ in three tuna species.  Maximal values of cardiac parameters recorded in spontaneously beating hearts of albacore tuna (gray triangles), bluefin tuna (black squares), and yellowfin tuna (white diamonds) are presented.  A. Heart rate B. Stroke Volume C. Cardiac Output D. Power output.  
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Fig 1. Heart rate from a Pacific bluefin tuna heart perfused with Ringer’s solution in situ.  Cardiac output pressure data from a single fish at 30°C (top), 15°C (middle), and 2°C (bottom) are shown.
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