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Subzero temperature survival and supercooling points in freeze tolerant tardigrade species


S. Hengherr, F. Brümmer (Universität Stuttgart, Germany); M.R. Worland (British Antarctic Survey, UK); R.O. Schill (Universität Stuttgart, Germany)

Tardigrades exhibit extraordinary tolerance to environmental extremes, including low temperatures. Micro-environments, inhabited by tardigrades during winter, can be exposed to great daily temperature fluctuations, especially at unsheltered sites. These fluctuations depend on snow cover and absorption of solar radiation, resulting in exposure to freeze/thaw cycles. To investigate the ability of surviving survive subzero temperatures we studied the survival rate of 9 different tardigrade species originating from polar, temperate and tropical regions after freezing to –30 °C. Specimens were exposed to five different cooling rates between room temperature and –30 ºC at 1 ºC/h, 3 ºC/h, 5 ºC/h, 7 ºC/h, and 9 ºC/h followed by a warming period at 10ºC/h. In terms of mortality Macrobiotus richtersi “group 3”, although from polar regions, was more senstitive to subzero tempertures than the other tested species. Milnesium tardigradum showed the best survival rates. The cooling rates had in general a strong effect on the mortality rate. The survival decreased after experiencing cooling rates of 3°C/h and 5°C/h and increased towards faster and lower cooling rates in all tested species what may indicate a physical effect during fast cooling and the possibility to synthezise some cryoprotectants during slow cooling. To determine wether the specimens are really freeze tolerant or if they only reduce their supercooling point because of cryoprotectants we investigated the supercooling points (SCP) of individuals cultured at room temperature and individuals, cold hardened at 4 °C, by using  Differential Scanning Calorimetry (DSC). The DSC measurements indicate that all species are freeze tolerant because the resutling SCP´s range from –11 °C in Echiniscus testudo up to –23 °C in Macrobiotus sapiens and no difference to the cold hardened specimens was detected. It is still not clear to us which mechanisms allow tardigrades to persist in the face of extreme physical challenges. However, they have a variety of strategies that ensure survival in a harsh and variable environment. More information about to which they are exposed during cold periods is still required to gain more knowledge about the subzero temperature survival of tardigrades.
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