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HYPOTHETICAL SKIPJACK TUNA HABITAT SASED Ou PHYSIOLCGICAL LIMITS

By
Richard A. Barkleyl

SU>2ARY

leill, Gooding and othera at the National Marine Fisherias
Sexrvice Honolulu Laboratory have measuied a variety of phjsiological
parameters of skipjack tuna, The factors which most obviously tend
to limit the distributiom «£ these fish are: (1) the lower lethal
temperature, approximately 14° to 18°C depending uponm prior conditione
ing; (2) the lower lethal dissolved oxygen coancentration, 4 to 5 ppm
or 2.8 to 3.5 ml/liter; and (3) an upper temperature bound whica varias
with size and retabolic rate of the Zish.

According to Neill, a normally active skipjack tuna, whcse
metabolic activity requires some 3 mg oxygen/zram/hour, undargoes ther-
mal gtress {f the ambi.ﬁt water temperature exceeds 3,°C for £ish
srallsr than 2 kg, and lasasr temperatures for larger fish, such as
20°C for a 12 kg animal. If the water ia too warm, skipjack tuns must
"aither reduce their activity, or risk overheating of muscle tissue,
because they consarve body heat with marked efficiency.

Skipjack tuna should therefore inhabit waters with oxvgen
concentration in excess of 3.5 ml/liter, and temperatures between about
18°C and the upper bound appropriate for their size and activity.

Throughout the ejuatorial Pacifle Ccean, water in the lower portion
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of this temperature range is deficient in oxygen, and the max {orume

habitat depth i{s set by the oxygen requirement. At highar latitudes,

the water at the cold limit has enough oxygzen, and low temperature is
the limiting factor.

Ski‘pjack tuna can exceed their thermal limits for short
periods of time, because the time constant (the e-folding response
tice for a step change in water tmramr‘) for skipjack tuna muscle
temperature ranges between 30 minutes and an hour. That is, skipjack
tuna can forage for sowe time in water vhich is clearly too warm,
provided that cool oxygenated water {s available irmediately below;
similarly, they could move into water which is oxygenated but too cold
for long-term co;nfort, as long as there {a wﬁur overhead in which to
warm up aftexward.

Clearly the normal habitat of all but the smallest skipjack
tuna s the upper thermogline, for most of the year, throughout most
of their range. Iun much of the eastern tropical Pacific, however,
water with ai:} least 3.5 ml/liver of oxygen is warmer than med{ium and
large sklpjn;k tuna can tolerate; soms 200 km off Mexico's west coast,
the minimm temperature of adequately oxygenated water may exceed 26°C,
which would stress fish larger than 4 kg. This warm, low oxysen water
is found betwsen 10° and 15°N, 105° to 120°, approximataly.’ Pish
which require water cooler than 24°C (rhose lsrger tham 6.5 kg) é_hould‘
in addition be excluded from coastal waters between.Tehuantepec and

Cape Corrisntes.
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The location and extent of these "forbidden" areas probably
varies with season, and from year to year, depending upon mixing and
advection--and thus upon winds and currents. These variations should
be reflected in the geographic distributions of skipjack tuna of

various sizes caught off westarn Mexico.
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