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Summary

Some marine algae from the winter intertidal zone were examined for frost-resistance.
The algae in sea water were subjected for 24 hours to temperatures ranging from —5 to
—70°C. The frost-resistance of these algae was as follows:

Critical temperature (24 hours)

green alga Ulothriz flacca —25°C (—35°C fatal)
v Enteromorpha linza —20°C (50 % survival)
” Monostroma angicava —20°C (50 % survival)

red alga Bangia fusco-purpurea —55°C (50 % survival)
7 Porphyra pseudolinearis (9) —55°C (50 % survival)
v Porphyra pseudolinearis (&) —70°C (50 % survival)
7 Porphyra yezoensis —35°C (50 % survival)

Y Porphyra onoi —10°C (—15°C fatal)

As these species grow chiefly in the intertidal zone, they are highly resistant to low
temperatures with the exception of P. onoz, in which freezing for at least 24 hours at
temperatures below —15°C results in fatal injury to the cells. Under the microscope those
algae fixed with a cold fixative showed cellular frost-plasmolysis (Plates II-5, I1I-8, IV-10,
V-13, VI-16, VII-19, VIII-22). Intracellular freezing does not occur in cells frozen in
this manner, and they can tolerate extracellular freezing. The cause of frostkilling in
those algae seems to be the coagulation which results from excessive dehydration of the
protoplasm.

Plasmolysis produced by a 1-5M balanced salt solution were also observed in these
algae. With the exception of P. yezoensis, the resistance limit was between 2.5 and 4 M.
In these algae, the degree of resistance to excessive plasmolysis was very high compared
with that of other marine algae, and a high frostresistance was generally accompanied by
a high resistance to plasmolysis. Those marine algae which grow most luxuriantly in the
coldest season resist freezing best and those which grow in the early spring resist it least.
The levels of frost-resistance in marine algae could not be artificially changed by maintaining
them in darkness at temperatures of 20 and 0°C for 12-14 days. It seems, therefore, that
their high frostresistance may be interpreted as resulting from a particular quality of the
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protoplasm of those marine algae, and not as being based upon an increase or decrease of
any cellular protective substances such as sugars.
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