2HFRE 4

5y 4 $ K& (Strategy)
¥R RN SRS bX
STRATEGY (Bodies stay warm in cold water)
4558 I #& Katsuwonus pelamis
LIVING SYSTEM | (Skipjack tuna)
¥ 5 6 A <ERED

FUNCTIONS #Protect from temperature

% 4348 DR R ok EE R R e T S R A O L
(Bodies of skipjack tuna stay warmer because of countercurrent heat
exchange system)

2P kBT 4B
7+ & W

£% B33 &P (SUMMARY OF FUNCTIONING MECHANISMS)

< jt317 (REFERENCES)

"gw 4 (tuna) 2R BRI RE 0 ok 2 AR EGE S Aot B k2 -
¥ 2 % % (counter-current heat exchanger)  3%. C UL RS O Mgt DR TR TRV R
¥ FTRE AVRE e bldoo & A Et g e B R G S % Blavk R R E F 20°C (Carey et al.
1971) > -] A & 4& (small skipjack tuna) (2 27 ) srwep S8 B B st 49 v % Fl-kgEE& 3 9C
(Stevens & Fry, 1971) - H i g #gcr B & 5 F oo v % FI-RKE B8 3 2°C > Fl 4 B fap-
J’i*‘w"“ FIRER PRSI R o T AF A SR REA WA ARG LD
Higeed o & A FRE fr2 FEHERRR - R T H T eRER AR L AT
Bengt A 2 ] o (Stevens 1973: 145)

“Tunas are extraordinary fishes. This paper concerns one of the features that makes them
extraordinary: the counter-current heat exchanger. The evolution of this device permits tuna to
achieve body temperatures much greater than ambient water temperature. For example, the
muscle temperature of large bluefin tuna can be as much as 20°C above ambient water
temperature (Carey et al. 1971) and the muscle temperature of small skipjack tuna (2 kg) can be
as much as 9°C above ambient (Stevens & Fry, 1971). The body temperature of other fishes is
at most 2°C above ambient (Stevens & Fry, 1970) because metabolic heat is efficiently
transferred from the venous blood to surrounding water at the gills (Fig. 1). To maintain a large




temperature excess, tuna have had to make a tremendous anatomical investment and construct a
thermal barrier between venous blood and the gills. The present paper describes this thermal
barrier, the counter-current heat exchanger of skipjack tuna.” (Stevens 1973: 145)
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