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EXTENDED ABSTRACT – DO NOT CITE

In Northern Europe, small shallow lakes and ponds often becomes anoxic for several months every winter due to thick ice coverage that blocks both photosynthesis and oxygen diffusion from the air. The only fish that survives in these waters is the crucian carp (Carassius carassius), which is arguably the most anoxia-tolerant fish species. Among vertebrates, its anoxia tolerance is only matched by that of some North American freshwater turtles (genera Trachemys and Chrysemys). However, unlike other anoxia-tolerant vertebrates, the crucian carp remains active during anoxia, although at a reduced level (Nilsson et al., 1993). Glycolysis is up-regulated rather than down-regulated in anoxia. The key adaptation allowing a continued high level of glycolysis is probably its exotic ability to convert lactate to ethanol, a pathway first discovered in the closely related goldfish (Shoubridge and Hochachka (1980). The ethanol is released to the water by diffusion over the gills and lactate self-poisoning is avoided. 

Nevertheless, when faced with hypoxia, the crucian carp has the remarkable ability to remodel it gills (Sollid et al., 2003), resulting in a 7-8 fold increase in the respiratory surface area, which of course boosts its capacity for oxygen uptake. In normoxic crucian carp a non-vascularized cell mass, situated outside the gill epithelium, is filling up the space between the gill lamellae (the respiratory units of fish). The mitotic and apoptotic activity in this interlamellar cell mass (ILCM) varies with ambient oxygen levels. Thus, in normoxic water, mitosis is dominating, causing ILCM to fill up the interlamellar space, while in hypoxic water, apoptosis prevails and the ILCM nearly disappears, exposing the respiratory epithelium to the water. Through this remodeling, the crucian carp can avoid turning on anaerobic metabolism as long as possible, saving on its large glycogen store which is likely to be badly needed later in the winter when its habitat becomes totally oxygen depleted. Moreover, releasing ethanol to the water is of course very expensive from an energetic point of view as an energy rich fuel is for ever lost. Thus, avoiding turning on ethanol production for as long as possible has a clear energetic advantage.

In sharp contrast to the turtle, which strongly suppresses cardiac work in anoxia, recent data reveals that the crucian carp maintains all these functions, and also ventilation, at normal levels even after several days in anoxia (J. A. W. Stecyk, K.-O. Stensløkken, A.P. Farrell and G.E. Nilsson, unpublished). This suggests that being active in anoxia demands an active circulatory system for shuttling glycolytic substrates and removing ethanol. 

To maintain activity, also the brain has to remain turned on in anoxia (Nilsson, 2001). Still, brain ATP levels and ion homeostasis are protected, and there is little evidence for a reduced neuronal ion permeability like in turtles. Also the release of GABA, the major inhibitory neurotransmitter in brain, in the anoxic Carassius brain is much smaller than in turtles (Hylland and Nilsson, 1999). Consequently, the brain electrical activity is at least maintained to a degree which allows continued activity, although some senses are temporarily tuned down. As a result, Carassius is probably able to seek out oxygen rather than having to wait for it - the only option for the turtles. 
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