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Effects of the Shell Morphology to the Heat Budget of
an Intertidal Snail (Batillaria zonalis)
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ABSTRACT

Effects of the shell morphology to the heat budget of the snail can be quantified by
the surface reflectivity and the relationship between Nusselt number (Nu) and Reynolds
number (Re). In this study, effects of the shell morphologies to the heat budgets of an
intertidal snail (Batillaria zonalis) and a freshwater snail (Semisulcospira libertina) were
investigated and compared. Although the shell of the Batillaria zonalis is darker, its rougher
surface with white stripes of the shell contributes the Batillaria zonalis a surface reflectivity

of 22.4% higher than that of Semisulcospira libertina, which has a value of 12.0%. Due to

the difference of wind direction, the relationships between Nusselt number and Reynolds
number of the Batillaria zonalis shall be expressed in three forms. When the apex, anterior,
and side orientated to the wind, the Nu/Re relationships of the Batillaria zonalis can be §
respectively expressed as:

Nu=034Re™®" |, R*=0.79

Nu =0.64Re™” , R*=0.79

Nu=049Re*” , R>=0.77
When the apex, anterior, and side orientated to the wind, the Nu/Re relationships of the
Semisulcospira libertina can be respectively expressed as:

Nu=025Re"? | R*=0.77

Nu=046Re™* , R*=0.62

Nu=0.18Re"” , R’=0.78

These relationships indicated that the Batillaria zonalis has a strong convective cooling
ability. The longitudinal granulated ribs crossed by the cords on its shell result in a
secondary flow being superimposed on the main flow, and thus the heat has a greater
chance to exchange. Comparing the convective cooling ability of the Semisulcospira
libertina and those of other small poikilothermal animals indicates the animals with
smooth surfaces and of similar sizes will have similar convective cooling ability.

Therefore, significant differences between animals’ convective cooling abilities do not

result from the different shapes but from the differences of surface roughness. The

rougher surface with longitudinal granulated ribs crossed by cords and white stripes of the

shell offer the Batillaria zonalis a high surface reflectivity and strong convective cooling
ability. This special shell morphology aids them to avoid the heat stress in the intertidal

zone and is the most appropriate result of evolution.

Keywords: Batillaria zonalis, Semisulcospira libertina, Surface reflectivity, Nusselt number,

} Reynolds number. §
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