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Fig. 1 Map showing the study site in southeastern
Taiwan and tagging site and recaptured area of skipjack
tuna with archival tags.

Fig. 2 Skipjack tuna is tagged with (A) an archival tag
inserted into the tuna’s abdominal cavity and (B)
conventional plastic dart tags with an ID number and

release agency printed on them.
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Table 1

temperature, and peritoneal cavity temperature was obtained

Deployments of archival tags on skipjack tuna, information regarding tagging and depth, ambient

Temperature (°C)

Fork . Depth (m)
Fish  Deployment length at R(;Tlfr(;rt(iicl)?]g min.-maxF.) (mean+SD) min.-max. (mean+SD)
#ID date release (day) Ambient Peritoneal cavity
(cm) Daytime Nighttime  Daytime  Nighttime  Daytime Nighttime
5885 16 Dec. 44 31 0-223.9 0-271.4 14.8-26.9 13.1-27.0 16.9-28.8 19.0-27.3
2018 44.4+31.2 29.4426.9 24.5+1.7 25+0.8 25.2+1.0 25.4+0.6
6312 14 Mar. 44 26 0-310.6 0-301.0 13.2-28.3  13.3-26.8 18.8-27.6 18.5-27.1
2019 86.7+43.2 73.2+35.3 24.0+2.5 24.4+1.6 24.7+1.5 24.8+1.4
2753 16 Dec. 41 1 0-205.8 0-105.8 14.2-26.1 20.9-26.1 19.9-26.4 23.5-26.4
2019 40.3£21.8  31.4£13.2 24.5+0.8 24.6+0.4 24.7+0.7 24.8+0.4
7734 11 Dec. 41 13 0-167.4 0-136.4 17.6-25.5 21.3-25.4 21.4-26.1 23.2-25.4
2019 45.8£19.0 38.5£23.8 24.4+0.4 24.5+0.4 24.7+0.3 24.7+0.3
2729 10 Dec. 43 23 0-199.4 0-181.4 14.4-26.1 21.3-25.4 20.1-27.0 22.5-26.4
2019 48.2+25.2 50+25.6 24.5+0.8 24.5+0.4 25.0+0.6 24.8+0.6
0-310.6 0-301.0 13.2-28.3  13.1-27.0 17.0-28.2 18.5-27.3
- *
Total 43x1.4 104 55.2+36.9 46.1£32.6 24.4+1.6 24.7+1.1 24.9+1.0 25.0+0.9
*Mean+SD
(Holland et al., 1994, Furukawa et al., 2015) : & 1221 1226 1231 15 110 115
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Fig. 3  Time-series data for depth (upper) and
peritoneal cavity (grey) and ambient (black) temperature
(lower) from skipjack tuna #5885 (A), with the portion
in A expanded (B).
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Table 2 The input values k and Tm utilized by the heat budget model to simulate the peritoneal cavity temperature of each

individual. Also shown is the coefficient of determination for the calculated temperature

The whole-body et production

Heat production

Heat production Ratio of heat

Number heat-transfer 30 during the during the production
coefficient (107%/s) (10°°C/s) daytime(10%°C/s, A)  nighttime(10%°C/s, B) (A/B)
#5885 0.89 0.48 0.63 0.33 1.91
#6312 1.22 0.75 0.93 0.57 1.63
#7729 0.84 0.33 0.40 0.21 1.90
#7734 1.58 0.32 0.37 0.25 1.48
#7753 1.14 0.37 0.43 0.32 1.34

Table 3 Heat budget comparison between skipjack tuna and other species based on the heat-transfer coefficient

Heat-transfer coefficient (107%/s)

Species - - Reference
Cooling (ki) Warming (k)
0.56 1.80
1.04 2.97
Skipjack tuna (Katsuwonus pelamis) 0.69 2.38 This study
1.44 3.57
0.86 2.80
o , 3.10 3.38
Dolphinfish (Coryphaena hippurus) 500 593 Furukawa et al. (2015)
Bluefin tuna (Thunnus orientalis) 0.037 0.036 Kitagawa et al. (2001)
Bigeye tuna (Thunnus obesus) 0.52 4.01* Holland and Sibert (1994)
6.23 2.28*
Ocean sunfish (Mola mola) 4.33 2.83* Nakamura et al. (2015)
217 8.75*

*(107%/s)
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ST R RS AR A - B S e ]

Fig. SA Fy #5885 [N TEREE (RO -
MU HEFERERE (KBHE) 2EvEIKE
(R*=0.90) » FR-FI R T R IR IR
FESELTAL IR IR - IE TR T VB AL Bl

0 BB R A IR MR E TR
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Fig. 5 Actual (gray) and calculated (black) peritoneal
cavity temperature for skipjack tuna #5885 based on
observed ambient water temperature (A). B: The 6-day
portion of the calculated and actual peritoneal cavity
temperatures extracted from A. C: an expansion of the
portion in B. The presence of horizontal black bars
denotes the nighttime.
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Fig. 6 Maximum temperature difference in hours per
day (actual peritoneal cavity temperature minus
calculated peritoneal cavity temperature). The error bar
represents the standard deviation.
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ABSTRACT

The skipjack tuna (Katsuwonus pelamis) is a highly migratory pelagic species that is abundant in tropical and
temperate seas. In this study, skipjack tuna marked with archival tags were released near Green Island in
southeastern Taiwan in order to examine changes in their body temperature as they moved through their natural
environments. Five fish were recovered, depths occupied ranged from 0 to 310 meters, ambient temperature ranged
from 13.1°C to 28.3°C and peritoneal cavity temperature ranged from 17.0°C to 28.2°C, and diving patterns
correlated with diurnal cycles. The heat budget model revealed physiological and behavioral thermoregulation in
which peritoneal temperatures were maintained above ambient; this was particularly evident during daytime
deeper dives. As skipjack tuna ascends to the surface, the average heat-transfer coefficient is 2.7 + 0.6 (1073/s),
whereas when they return, the average heat-transfer coefficient is 0.9 + 0.3 (10-/s), indicating that body heat is
retained. When fish dives below the mixed layer depth, the ambient temperature drops rapidly with the depth,
while peritoneal cavity temperature descent slowly at a rate of about 7 minutes after the dive. Using our model,
we were able to estimate peritoneal temperatures based on the ambient water temperature. According to our
findings, skipjack bonito regulates thermoregulation by altering heat transfer coefficients via a physiological
mechanism. This mechanism and behavior are comparable to those of species of Thunnus. In conclusion, skipjack
tuna can cross the thermocline or expand its cruising range in cooler water in order to find or utilize additional

resources more broadly.

Key words: archival tag, behavioral thermoregulation, heat budget model, internal heat production,

peritoneal cavity temperature
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