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FISH TELEMETRY
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Abstract Pop-up satellite archival tags were
attached to six Atlantic bluefin tuna (Thunnus
thynnus) off the west coast of Ireland in autumn
2003 and 2004. The satellite tags measured
pressure, ambient temperature and light for the
term of deployment. Radio pop-up satellite end-
point positions, light and sea surface temperature
estimations of geolocation indicate that two fish
tagged minutes apart off the coast of County
Donegal, migrated to the eastern and western
Atlantic Ocean over the following 8 months. The
two fish were 5218 km apart at the termination of
the experiment. After tagging in September and
popping up the following March and April, one
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fish had traveled to the western Atlantic while the
other was located in the waters off the southwest
coast of Portugal. A third fish tagged off the coast
of County Donegal in October 2004 moved into
the Mediterranean Sea and was caught by a
fishing vessel southeast of Malta on 11 June 2005.
The results link bluefin tuna feeding on European
foraging grounds with known eastern breeding
regions and western Atlantic waters.
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Introduction

The study of fish migration and stock identifica-
tion are closely related (Mather et al., 1995).
Tagging studies initiated in the western Atlantic
Ocean and using Pop-up Satellite Archival Trans-
mitting Tags (PATs) and implantable archival
tags have investigated the movement patterns of
Atlantic bluefin tuna (Thunnus thynnus L.; Block
et al., 2001; Stokesbury et al., 2004; Block et al.,
2005; Wilson et al., 2005). Bluefin tuna are
commercially important, highly migratory mem-
bers of the scombridae. Their migration patterns
and stock structure is complex (Mather, 1995,
Block et al., 2001; 2005) and understanding their
movement patterns is crucial for their proper
management and conservation (NRC 1994).
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Fisheries for Atlantic bluefin tuna are managed
by the International Commission for the Conser-
vation of Atlantic Tunas (ICCAT) under a two
stock hypothesis (NRC, 1994). One eastern
Atlantic Ocean and Mediterranean Sea stock
that spawns in the Mediterranean Sea (Richards,
1976) and another western Atlantic Ocean stock
that spawns in the Gulf of Mexico (McGowan and
Richards, 1989) and the Florida Straits (Rivas,
1954). The stock boundary line used by ICCAT to
divide the stocks is at 45 W Longitude. Bluefin
tuna are managed as if there is a low mixing rate
(~2-4% year' NRC, 1994) between the two
stocks. However, a recent electronic tagging study
indicated that the trans-Atlantic movement rate
of bluefin tuna was likely to be higher because
37.2% of the recaptures of Atlantic bluefin that
were tagged in the western Atlantic Ocean,
occurred in the eastern Atlantic Ocean and
Mediterranean Sea (Block et al., 2005). The
electronic tagging in western Atlantic locations
suggests that a significant component from the
eastern spawned stock must migrate into west
Atlantic waters for foraging. Similarly, some large
giants from the Gulf of Mexico spawned stock,
migrate into central and East Atlantic waters to
forage. Discerning the extent of this mixing, and
the affect this has on the assessment of abundance
of each stock, is critical to the future management
of Atlantic bluefin tuna.

In 2000, a small sport fishery for Atlantic
bluefin tuna began off the coast of County
Donegal and more recently one has also begun
off County Mayo, on the mid-west coast of
Ireland. Little is known about the life history of
the giant bluefin tuna now being targeted by
sports fishers in these fisheries. Bluefin tuna that
enter Norwegian waters most likely traveled
through the waters off the northwest coast of
Ireland (Mather et al., 1995). Also, fish may pass
western Ireland on route from waters in the
western Atlantic, to the spawning grounds in the
Mediterranean Sea (Mather et al., 1995). Inter-
estingly, bluefin tuna present off Norway in the
autumn have also been linked to the Western
Atlantic Ocean as nine large bluefin tuna tagged
in the Bahamas were captured off Norway
(Mason et al., 1977). Also, recent electronic
tagging experiments indicated that some bluefin
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tuna tagged off the coast of North Carolina in
winter moved in spring and summer months to
the Eastern Atlantic Ocean and to the waters
offshore of Ireland (Block et al., 2005). Some of
these fish continued on into the Mediterranean
Sea to spawn indicating that eastern stock fish
were foraging in the west and east Atlantic.

The migration pattern and stock of origin of
the Atlantic bluefin tuna currently being
exploited off the west coast of Ireland is
unknown. In this study we employed the PAT
tags and external tagging methodologies used in
the western Atlantic Ocean (Block et al., 2001),
to tag giant bluefin tuna captured in the eastern
Atlantic Ocean. The study enabled the examina-
tion of movements and environmental prefer-
ences of several individuals of giant bluefin tuna
released off the west coast of Ireland.

Materials and methods

Atlantic bluefin tuna were fished in two different
locations off the west coast of Ireland. Fish were
captured by trolling squid spreader bars with rod
and reel off County Donegal and County Mayo.
The fish were caught and brought on board the
tagging vessel, measured, and tagged with PATs
using procedures described by Stokesbury et al.,
(2004). The PATs (hardware PAT4, software
4.01e) provided an end point location based on
the Doppler shift of the tags radio transmission to
the Argos satellites (root mean square error of
<350 m; Taillade, 1992). PATs also measured and
archived light, ambient temperature and pressure
at 60 s intervals. Depth and temperature data
were summarized into 12 h bins prior to transmis-
sion. Temperature vs. depth profiles were gener-
ated with minimum and maximum temperature at
each of the eight equally spaced depths. The tags
were equipped with a pre-release program and an
auto-depth correction. So, if the tag prematurely
detached from the fish and floated to the surface it
reported to the satellite 4 days after detachment.

The daily movements of Atlantic bluefin tuna
were estimated from light-based calculation of
longitude using Wildlife Computers WC-GPE
1.01.0005 (Hill and Braun, 2001), and latitude
estimates based on satellite derived sea surface
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temperatures (SST) at the derived longitude
compared with SST’s recorded by the tag (Teo
et al., 2004). Geolocation estimates for PATSs
deployed on Atlantic bluefin tuna had a root
mean square error of 1.30 for light-based longi-
tude and 1.89 for SST-based latitude (Teo et al.,
2004).

Results

A total of six Atlantic bluefin tuna were tagged
and released with second generation PATs off the
west coast of Ireland in 2003 and 2004. In 2003
two fish (221 and 225 cm curved fork length
(CFL)) were tagged off County Donegal
(55.36 N, 7.52 W) on 20 September, each with a
single PAT tag (#03-267 and 03-191, respec-
tively) and an externally placed conventional tag.
These two fish were hooked by the same boat at
approximately the same time and were tagged
and released within 15 min of each other. A third
fish (264 cm CFL) was tagged off County Mayo
on 15 October 2003 with PSAT #03-275. The tags
deployed on the two fish released off County
Donegal reported 177 (PSAT #03-267) and 205
(PSAT #03-191) days later from different sides of
the Atlantic Ocean. Tag #03-275 failed to report.
In 2004 two fish (226 and 230 cm curved fork
length (CFL)) were tagged off County Donegal
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Fig. 1 Location data from pop-up satellite tags deployed
on two Atlantic bluefin tuna (yellow circles = fish 03-267,
white circles = fish 03-191) off Ireland (circle with
dot = release location) in autumn 2003, obtained from
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(5543 N, 7.38 W) on 9 October, each with a
single PAT tag (#04-267 and 04-268, respec-
tively) and an externally placed conventional tag.
These two fish were hooked by the same boat at
approximately the same time and were tagged
and released within 10 min of each other. A third
fish (230 cm CFL) was tagged off County Don-
egal (55.41 N, 7.46 W) on 8 October 2004 with
PSAT #04-269. The tag deployed on the fish
released off County Donegal on 8 October was
later returned by fisherman after they caught the
fish in the Mediterranean Sea on 11 June 2005.
Tags #04-267 and 04-268 failed to report.

Tag 03-267 reported to Argos satellites on 15
March 2004 from the Bahamas at 25.67 N,
67.39 W, a straight-line distance of 5805 km from
the tagging site (Fig. 1). Geolocation positions
indicate that this fish resided in waters over the
Irish shelf from tagging until 26 October. It then
moved to off shelf waters for a period of 24 days,
corroborated by multiple dives to depths deeper
than 400 m (Fig. 2a). The fish then returned to
waters over the Irish shelf on 19 November 2004,
where it remained until 18 December, 2004. It
then again moved off shelf until the tag reported
from the Bahamas in March, 2004 (Fig. 1).

Fish 03-267 spent 79.9% of its time in the top
100 m of the water column including 42.8% in the
top 5 m (Fig. 3a). The fish spent 55.5% of its time
in water with temperatures between 12 and 16°C
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radio transmission end points to the Argos satellite system
(red circles), and geolocation estimates based on light level
longitude and sea surface temperature latitude estimates
(yellow and white circles; N = 184)
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Fig. 2 Maximum depth
(<), maximum ((J) and
minimum (A)
temperatures reported by
PATSs deployed on
Atlantic bluefin tuna: (a)
03-267 and (b) 03-191,
both tagged off the west

coast of Ireland in autumn
2003

(Fig. 3a). Sea surface temperatures from 12 to
26°C were recorded by the tag while the fish
crossed the mid-Atlantic and entered the waters
of the Bahamas (Fig. 4a).

Tag 03-191 reported on 12 April 2004 from
waters off southwest Portugal, at 38.17 N,
13.33 W, a straight-line distance of 1962 km from
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the tagging site (Fig. 1). Geolocation positions
(Fig. 1) and its maximum depth profile (Fig. 2b)
indicate that this fish resided in waters over the
Irish shelf from tagging until 21 October, and then
moved off shelf. It then moved off shelf to waters
over the mid-Atlantic Ridge and back to the
Eastern Atlantic Ocean. Finally the fish resided in
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Fig. 3 Bluefin tuna (a) 03-267’s and (b) 03-191’s time at depth distribution (black) and time at temperature distribution

(white)
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shelf waters, southwest of Portugal until the tag
reported (Fig. 1).

Fish 03-191 spent 84.25% of it’s time in the top
100 m of the water column (Fig. 3b). The fish
spent 93.84% it’s time in water with temperatures
between 12 and 18°C (Fig. 3b). The temperature
depth profile indicated that the water column was
mixed and cool during the period on the Irish

shelf. However, when the fish moved to the mid-
Atlantic Ocean, the water column became more
stratified and the thermocline was deeper. Finally,
off Portugal the water column again became
mixed and cool (Fig. 4b).

Tag 04-269 was captured in a purse seine on 11
June 2005 in waters southwest of Malta, at
31.57 N, 17.42 W, a straight-line distance of
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Fig. 5 Location data R iTF T
from a pop-up satellite tag Oou - il o~

deployed on an Atlantic hev Deployment , 2P o~ bpape

bluefin tuna (04-269) off
Ireland in autumn 2004,
obtained from radio
transmission end points to
the Argos satellite system,
and geolocation estimates
based on light level
longitude and sea surface
temperature latitude
estimates (circles are
color coded for month)

2766 km from the tagging site (Fig. 5). Geoloca-
tion positions (Fig. 5) indicate that this fish
moved southwest from waters off Ireland in
October and remained in the North Atlantic until
May 2005. The fish then crossed into the Medi-
terranean Sea in June 2005 and was captured by a
purse seine fishing vessel 11 July 2005.

Discussion

Atlantic bluefin tuna caught and tagged on
feeding grounds in waters off the northwest coast
of Ireland in autumn 2003 and 2004 subsequently
moved to waters in the West Atlantic Ocean and
the Mediterranean Sea. These results link bluefin
tuna feeding on European foraging grounds with
known eastern breeding regions and western
management zone waters

Two fish simultaneously caught and tagged at
approximately the same time in September 2003
off the west coast of Ireland, moved to opposite
sides of the Atlantic Ocean by March and April,
2004. Bluefin tuna 03-267 traveled to the waters
of the Bahamas, close to the Florida Straits, a
proposed spawning ground for bluefin tuna in the
northwest Atlantic Ocean (Rivas, 1954). The
water in this area was warm enough for a bluefin
tuna to spawn (>24°C; Block et al.,, 2001).
Electronically tagged bluefin tuna from previous
studies have moved to these waters in winter and
spring and encountered ambient water tempera-
tures warm enough to be indicative of spawning
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(Block et al., 2001). This fish was tagged 2342 km
east of the ICCAT stock boundary line, and
moved to a Western Atlantic Ocean location,
during the spawning season. Fish 03-191, traveled
to waters off southwestern Portugal near the
Ibero-Moroccan Bay. However, the water tem-
peratures at the time the tag reported were well
below the temperatures in which bluefin tuna are
hypothesized to spawn (Block et al., 2001; 2005).
The tag reported approximately 755 km from the
Straits of Gibraltar. Possibly this fish was on its
way to the Mediterranean spawning ground when
the tag popped up.

Both fish spent a large portion of their time in
the top 5 m of the water column. This may be due
to the overall thermal regime that the fish are
exposed to in the offshore waters off Ireland.
Overall the temperatures were cool and the
occupancy of surface waters may be associated
with the thermal tolerances of both prey and giant
bluefin. The tuna spent the majority of their time
in a fairly narrow temperature range during the
period they were in east Atlantic waters. How-
ever, the two temperature ranges differed signif-
icantly with fish 03-267 experiencing warmer and
cooler time-at-temperature profiles than 03-191.
This was caused by bluefin tuna 03-267 moving
into the west Atlantic in winter where it encoun-
tered the warmer waters of the Bahamas while
bluefin tuna 03-191 occupied the cooler waters of
the mid and eastern Atlantic Ocean in winter.

Fish 04-269 traveled to waters southwest of
Malta in the Mediterranean Sea in the months of
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May and June. This fish moved from the feeding
grounds off northwestern Ireland to the spawning
grounds in the Mediterranean Sea precisely dur-
ing the time that other electronically tagged fish
move into these regions from the west Atlantic
releases (Block et al., 2001; 2005). This result
suggests that at least a component of the Irish
offshore fishery is composed of Mediterranean
spawned breeders.

The results of this study are in agreement with
previous studies showing linkages between Atlan-
tic bluefin tuna off the coast of North America and
those found off the coast of Ireland (Block et al.,
2005), and also support a potential link between
Atlantic bluefin tuna on the feeding grounds off
Ireland and the eastern Atlantic Ocean spawning
grounds off Malta in the Mediterranean Sea.
Additionally linkage between the foraging
grounds off Ireland and the west Atlantic spawn-
ing grounds is tentatively shown here however
technically the position of the pop-up satellite tag
was just to the North of the known ICCAT areas
where bluefin are putatively thought to spawn in
the west Atlantic outside the Gulf of Mexico.
Given the small sample size, caution must be
exercised in over interpreting these tracks. How-
ever they are similar to several tracks noted in
Block et al. (2005), indicating potentially that
independent breeding stocks are mixing on feed-
ing grounds and then sorting to breeding grounds.
It is important to increase the tagging effort in the
eastern Atlantic Ocean to gain further knowledge
of the movement patterns and stock structure of
the autumn aggregation of bluefin tuna that is
present off the west coast of Ireland.
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