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Buoyancy Regulation
in Deep Diving Whales

Crarke® has suggested that the spermaceti of the sperm whale
serwes as a buovancy regulator by cooling as the while dives
i seawater of gremter density,  According to calculations
presented’ a whale of 31,433 ke would have an increasad 1if
al 795 kg on a deve Iram 2217 O water to the desper {1,000 m)
colder water of 7.8° C. It is further suggested! that olher
CELaded Jun'ing; simlar Sperrmaceln l.|:rg:||i.-:= miy acjust buoyancy
in the sime wiy,

To achieve these results it must be assumed that the valume
of the while remitins constant during the dive,  In experiments
with a smaller odontocete Tursiops trimcatier trained 1o miake
confrofled voluntary dives in the open oosan we have shown
that the shape of the animal changes drastically at depth®.
A the dolphin dives down the Heable thomax starks 1o collapse
and ot a depih of 300 m thorocic collapse is very marked
(Fig. 1.

I zeems, howewer, thal thoroce collipse is  important
primarily in respiratory physiology®.  The normal swimming
thrust of the animal 15 s=ach thial any out-ofneutral buovincy
values of these small proporiions (0.5% of body weight?) arc
urlikely to e very sipnileant.

A 200 kg dolphin has a repiratory aie volume of 10 o 10 1.
Al o depth of 300 m the compression of respiratory gas would
account for approxineately 10 kg difference in buoyancy
compared with the animal on the surfoce. I Clarke’s® sperm
whale dives with just 100 1. of air in its longs (10 to 3079 of
lung volume! s the buayancy difference caused by compression
af pulmonary gas, with resultant thoracic collapse, would be
greater than could be acoounted for by Meexng 1,450 kg of
spermacets and mach less expensive in lerms of enerey,

Cooling of peripheral tissucs has been demonstrated during
dives by otler agquatse mammals®, Mo doubt the temperatuns
of at ksl the more peripheral spermacstl is cocled.  Clarke's
hyvpothesiz, however, :%p-\_'cir:ﬂ several phyvsiological evenis not
observed in ather diving mammals. These include: (1) dilation
of the skin Blood vessels when the dive s commenced ; (2) cessa-
tion ol bradycard and vasodilation while the animal 15 sull
at depth; (3 passapge of water into the nares.. The first two
specifications appear fo b2 conirary Lo the Ooxygen Conserving
nxechianans thit are primary Fctors in allowing for prolonged
-:I.iving""‘, T



Fig. 1 The dalphin pushis a plonger at the end of a diving
1eat Awatch at 300 m. This animal had been trammed 9 dive on
acoustic command in the open acean especially for the purpose of
stimlyving its diving physiology. The phofograph was taken
wiwen the delphin reached the switch and pushed the plunger
with s poslrum.  (Photograph by counicsy of the LIS Maval
Unidersen Center and the Undersater Pholegraphic Linit at
Poamt hupu.}

Many of the deep dives inte waters of T.8° C or colder are
!'n:u:d;,m_;-‘- foravs. The whale is taking ol -:_|1ri|:|:-.ri|:_-' h-:'|_|:i-:1.:l
inio its slomach in large quantities. This food is in thermal
cquilibrium with the seawater and poses an additional heat
crisin nodt previously considered,
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