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Abstract :   
 
Our knowledge on the biology and ecology of marine species have improved greatly through the use of 
archival tags by enabling the collection on information from individual in the wild. This is specifically true 
for large pelagic species such as the Atlantic Bluefin tuna (ABFT, Thunnus thynnus) where, for the first 
time, it has been possible to confirm through fisheries-independent data, migration patterns, 
reproductive and feeding behaviours and habitat use. However, large-scale tagging experiments that 
would enable researchers to tackle group behaviour are difficult to set up. On the one hand, the impact 
of the actual tagging operation should be as minimal as possible to avoid any change in behaviour of 
the fish which could influence tag data analyses. On the other hand, large scale tagging experiments 
require handling a large number of animals in a relatively short period of time. In the present 
manuscript, a methodology for tagging several large ABFT with satellite tags was tested with ABFT 
caught from a cage of a Maltese farm. The total time of the operation, from the moment fish were 
caught by handline to release back to the sea lasted an average of 10 min for the 3 fish tagged. The 
handling of the fish on the deck lasted less than 2 min. This methodology proved successful at tagging 
several large (158–182 cm) fishes in a very short time, while ensuring the best conditions for the fish 
during tagging and subsequent release. This procedure requires substantial logistical preparation and 
an experienced crew team but, by reducing the time required for the operation, opens up the possibility 
of large scale tagging activities of large fish held in cages or caught by purse seiners. 
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Highlights 

► A methodology was tested to allow for large scale tag deployment on bluefin tuna. ► Three large 
tunas were tagged from a fattening cage in about ten minutes each. ► No mortality was observed as 
the tagging conditions, on deck, were optimal. ► Using handlines to catch the fish from within the cage 
proved successful. ► The behaviour of fish held in captivity and released into the wild could be 
observed. 
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1.INTRODUCTION

Tagging using electronic tags is an important tool used to understand the life cycle of many

fishes. Since the 1990s, the use of these tags has substantially improved our knowledge of the

biology and ecology of numerous marine species (Block et al., 2011; Hussey et al., 2015). This

is specially true for large migratory pelagics species such as the Atlantic Bluefin tuna (ABFT,

Thunnus thynnus), a commercially important top predator (De Metrio et al., 2002; Block et al.,

2005; De Metrio et al., 2005; Walli et al., 2009; Fromentin and Lopuszanski, 2014).

This species is managed by the International Commission for the Conservation of Atlantic Tunas

(ICCAT) as two stocks (eastern and western stocks), with mixing occurring in foraging areas.

The eastern stock groups the East Atlantic and the Mediterranean Sea and is the largest stock.

ABFT is capable of movements across long distances and can move from one stock region to

another  (Rooker  et  al.,  2007).  The  complexity  of  these  movements,  and  in  particular  in

relationship  to  its  spawning  areas,  is  far  from  being  resolved  (Richardson  et  al.,  2016).

Therefore, quantifying these movements is currently still an important challenge to improve the

understanding of the species’ ecology, but also for its management (e.g. implementation of the

Management Strategy Evaluation, MSE). However, quantifying these movements is not an easy

task. ABFT shows a great amount of inter-individual variation in terms of movements, which also

greatly differ from one year to another and even at larger time scales. For example, recent years

have  seen  large  individuals  of  ABFT moving  to  higher  latitudes,  to  feed  on  mackerel  and

herring(MacKenzie  et  al.,  2014),  after  several  decades  of  disappearance  in  these  areas

(Fromentin and Powers,  2005;  Fromentin,  2009).  ABFT also occurred for  a few decades in

Brazilian waters before disappearing, the so-called “Brazilian episode” (Fromentin et al., 2014).
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Quantifying such movements would ideally require the deployment of numerous electronic tags

each year, so that enough information could be collected to meaningfully assess the number of

individuals moving from one area to another while accounting for inter-individual variability. To

facilitate  the  assessment  of  the  true  variability  of  migratory  behaviour  between  individuals,

optimally, there should be equal tagging conditions (location, size, day of the year, etc.) yearly.

Such conditions could be controlled if several individuals from the same school could be tagged.

However, such a large scale operation is not easily arranged because a large number of fish

have  to  be  tagged  in  a  short  amount  of  time,  and  appropriately  handling  ABFT  is  not

straightforward. Tagging ABFT for long-term deployments is better achieved by placing the fish

on the deck, as the tag can then be deployed with enough precision to increase the probability

of long retention times that can regularly last more than 4 months (Fromentin and Lopuszanski,

2014). The operation consists of inserting the anchor of the tag through the bones under the

second dorsal fin (pterygiophores, Fig. 1), which is easier to achieve onto a deck than under

water (Cort et al., 2010; Tensek et al., 2017). However, the large size and weight that ABFT can

reach makes hauling up the live fish onto the deck rather difficult, especially since the process

has to be as quick as possible to avoid stress and mortality and reduce the impact on the animal

inluding injury and subsequent behaviour.

In the Mediterranean Sea, the largest amount of catch is made by the purse seiners fishery

during the spawning season (fishing season). The purse seiner fleet has access to a substantial

amount  of  the  total  allowable  catch to  the eastern  stock  fishing fleets.  Nowadays the fleet

operates in the Balearic Islands, in the Tunisian and Maltese Waters, in the South-East of the

Tyrrhenian sea and in the southern coast of Turkey. The vast majority of the catch, consisting of

mature fish, is transferred into cages to fatten the fish. These purse seine catches represent a

very interesting opportunity for large-scale tagging operations as the fish, usually spawners and
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hence large (50 to > 500 kg), are caught in the hundreds. However, as a first attempt at tagging

several tunas in one go, using fish already housed in a cage is convenient. It allows to have

access to a large number of fish that are used to being held in a confined space, without having

to deal with the stress and variability inherent to the fishing operations with a restricted time

frame and unpredictable meteorological conditions. Tagging fish from a cage also opens up the

possibility to study the behaviour of ABFT that are released every year from the cages as part of

the over-catch procedures (ICCAT Rec. 17-07).  

Nonetheless, getting ABFT out of a cage for large scale tagging purposes requires a quick and

efficient methodology so that they can be tagged appropriately and returned to their natural

environment in good condition. Techniques employed so far have involved isolating individuals

in a confined space and catching them directly through the use of divers, which is not optimal for

ABFT as the fish can get easily stressed and exhausted during the operation and lead to higher

risks of mortalities. Tagging using harpoons or spearfishing techniques are also used, but they

suffer from the major problem of lacking accuracy for inserting the main anchor, which is an

important aspect for electronic tags to ensure a greater probability of a long retention times

(Chaprales et al., 1998; Aranda et al., 2013).

In the present  manuscript,  we present an operation carried out  on a ABFT farming cage in

Malta. The objective of the operation was (i) to show that it is possible to use a handline to fish

out relatively large tunas from a confined area and (ii) to show that such a technique allows for

quick deployments of tags on fish and release of these fish in good condition.
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2.MATERIAL AND METHODS

2.1.Tagging location

Three ABFT were made available by the company Malta Fish Farming (MFF Ltd) for the tagging

operation. The fishes had been caught during the 2016 purse-seine fishing season and were

housed in a 50m diameter cage, off the harbour of Marsaxlokk. These fish were caught from

inside the cage using a handline with large hooks used by local longline fishermen, baited with

frozen mackerel and herring. The operation took place in the early morning so that the tunas in

the cage would be as calm as possible and to maximize the probability that the fish would take

the bait. The day was chosen so that the meteorological conditions were optimal, flat sea and

sunny clear sky, to facilitate the operation.

2.2.Personnel and equipment

The barge used during the operation was equipped with a crane that was used to haul the fish

out of the cage and back into the water after tagging. The tagging team consisted of three

scientists to handle the fish and tag it, two fishermen to catch the fish, three divers to move the

fish into a stretcher, one crane operator to lift the stretcher from the cage onto the deck and

back into the open water, plus the captain of the vessel. The barge had a large open deck on

which a 5 cm thick mattress was laid to avoid hurting the lateral line of the fish. The stretcher

had specifically been designed for the operation and made of a material used for catamaran

trampolines (Fig. 2). This material is smooth and does not remove the mucus of the fish while
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letting the water flow through. The mouth of the stretcher was kept opened in the water using a

chain, whereas the other end of the stretcher was kept closed with a rope that was removed

before the fish was released back into the water. The stretcher was attached to the crane at a

slight angle so that the entrance of the stretcher would be higher than its exit to prevent the fish

from falling while the crane was being operated to haul it out of the cage.

2.3.Tagging

Three pop-up tags (MiniPATs, Wildlife Computers) were set-up to pop-off after 90, 180 and 360

days, respectively. The tags were rigged with metal 12cm long tethers and Domeier anchors.

The main anchor was inserted at the base of the second dorsal fin, so that the Domeier anchor

would go through the pterygiophores and get  tangled in them  (Cort  et al.,  2010).  Doing so

increases the probability of long-term retention of the tag. In addition, a second anchor was

used to limit the lateral movements of the tag on the body of the tagged individuals (Fromentin

and Lopuszanski,  2014). This limits the probability of bruises on the sides of  the fish.  Both

anchors and the material used for the tagging were treated with chlorhexidine, a disinfectant

and antiseptic.

After throwing some bait into the cage, a handline with a baited hook was thrown into the cage,

left sinking a few seconds and towed back to the boat (Fig. 2a). Once a tuna took the bait the

fish was manoeuvered towards the surface by the fishermen as quickly as possible to avoid the

exhaustion of the fish and consequently a lower probability of survival. However the strength of

the fish limited the speed at which the fishermen could get it close to the barge. Once the fish

reached the surface, it was placed in the stretcher by the divers that were waiting around the
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cage (Fig. 2b). The stretcher was then lifted onto the mattress (Fig. 2c,d) on the barge. The rope

of the exit of the stretcher was undone, the eyes of the fish were then immediately covered to

calm  the  fish  down and  a  water  pipe  was  inserted  into  its  mouth  to  ensure  a  continuous

provision of oxygen (Fig. 2e,f). The total fork length of the fish was measured and the fish was

tagged, while the hook was removed from its mouth (Fig. 2g,h). The fish was then immediately

released into the wild (Fig. 2i-n).
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3.RESULTS

3.1.Tagging operation

Three ABFT of 170, 158 and 182 cm straight fork length, were caught successively on May the

4th 2017. The fish were caught with handlines and hauled onto the deck of the barge in less than

10 minutes each. The time on deck including covering the eye, intubation, removal of the hook,

measurement, tagging and getting the fish back into the water was less than two minutes for

each fish. The total time of the operation from start to finish was less than 40 minutes.

3.2.Retention times and movements

The tags did not remain attached as long as expected. The first fish was caught after only a few

weeks by a fisherman on June 1st 2017 (Tag 170333, programmed for 90 days, 27 days at

large). The second tag was released on the 10th of June 2017 (Tag 170334, programmed for

180 days, 37 days at large) and the third tag (Tag 170332, programmed for 360 days) was

released on June 23rd 2017 (50 days at large). The geolocation of the fish was obtained by

using the GPE3 state-space model algorithm from Wildlife Computers. The track of the first fish

(Fig. 3) showed movements in the south of Malta, with the fish remaining in the general vicinity

of the island. The track of the second fish displayed a comparable track to the first until the fish

got caught by a fisherman. The tag then moved to the harbour of Tebulbah in Tunisia. The track

of the third fish was quite different from these two tracks. It displayed eastwards movements

across the Ionian sea towards the western Greek coast. The three fish spent a large amount of
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time in the upper layer (0-20m) of the water column, where up to 83% of occurrences were

recorded (Table 1). This upper layer was characterized by relatively warm waters, above 20°C

during this period (Fig. 3).
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4.DISCUSSION

The methodology that was used for the tagging operation allowed to tag three large fish on the

deck of the barge, in a relatively short amount of time, about 10 min each, and without suffering

any mortality. This methodology could thus allow large scale tag deployments with the fish being

tagged onto the deck. Large scale deployments are an important perspective to improve our

knowledge on ABFT, for instant about group behaviour, but also to feed the stock assessment

with relevant information. For instance, tagging data is used to obtain migration probabilities

between different areas for the stock assessment model or for testing management procedures

for ABFT (Powers and Porch, 2003; Carruthers, 2016).

Attempts to tag several fish from the same school have been made through several programs

from  the  northwest  Atlantic  (Lutcavage  et  al.,  1999;  Block  et  al.,  2001).  Attempts  in  the

Mediterranean Sea, mainly through the Atlantic-Wide Research Programme on Bluefin Tuna

(GBYP), had a large focus on smaller tunas (Tensek et al., 2017). Large tunas were also tagged

from traps, but the technique rarely involved getting the fish on the deck, but rather using poles

or underwater spearguns to tag the fish. Using cages has proved successfull for tagging large

amount of fish, but mainly involved small fishes (Tičina et al., 2003, 2004).

Apart from the methodological aspects and the perspectives of large scale deployments opened

by this operation, tagging fish from cages can bring insights into the behaviour of ABFT held in

cages for a period of time and then released into the wild. This is important as the quantity of

ABFT that are caught by the purse seine fishery can exceed the quota, which leads to the

release of excess fish at the end of the fishing season. Observing the behaviour of the fish

released to assess whether they return to the behaviour shown by wild fish is also of interest.
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The present case does not precisely fall into this category as the fish that were tagged had been

housed in a fattening cage for almost one year. However, it was interesting to note that two of

the fishes tagged during the operation remained in the vicinity of Malta during the spawning

season in an area known to be visited by ABFT during this period of the year. More surprisingly,

the third fish moved quickly towards the western Greek coast in the Ionian sea, which is not part

of the areas commonly described through tagging studies at this period of the year.

The retention times were not as long as was expected with this technique and did not allow to

go deeper in the analysis of the tracks. A fish was caught in Tunisian waters shortly after having

been tagged, which resulted in a short retention time (27 days). The two other tags remained 37

and 50 days at large, which is equivalent to the retention times obtained by 30% of the tags

during the GBYP operations and above the retention time obtained by 40% of the tags during

the same operations (Tensek et al., 2017). The reason for these premature releases remained

unresolved as the tag did not show any sign of failure. Explanations could be related to a bad

attachment of the tag to the fish or to a failure of the leader, or even to the fish being caught by

a fisherman (Musyl et al. 2011). Low reporting rates did not affect the present study, but it has

been identified as an important limiting factor for many other studies (Musyl et al. 2011). As this

was the first time such an operation was conducted, large improvements can be expected for

future deployments.
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TABLE

Table 1: Percentage of occurences at different depth bins for each tag

Depth Range MiniPAT 170332 MiniPAT 170333 MiniPAT 170334

5-0 25.9 25.6 51.1

10-5 27.4 6.2 21.3

20-10 20.3 18.8 11.2

30-20 8.9 11 2.9

40-30 1.6 8.1 1.8

50-40 1.2 6.7 1.6

100-50 6.4 17.1 6

200-100 5.7 5.4 3.2

500-200 2.5 1 0.9

800-500 0 0 0.1
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FIGURE LEGENDS

Figure 1: Implantation of the tag. The left panels (adapted from  Cort  et al.,  2010) show the

insertion of the tags within the pterygiophores of the second dorsal fin.  The top right panel

shows the pterygiophores of the second dorsal fin from an ABFT. The bottom right panel shows

a domeier anchor tangled within the pterygiophores.
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Figure 2: Tagging operation. The fish is hooked (a) and placed into a stretcher attached to a

crane (b). The tuna is placed onto a mattress with care (c-e). The stretcher is opened, the eyes

of the tuna are covered and a water pipe is placed in its mouth, while the hook is removed (f).

The tag is deployed on the fish (g and h). The stretcher is hauled back into the water (i) and the

fish returns in open waters (j – n).
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Figure 3: Data collected from the three tags deployed and geolocation processing results. The

top panel depicts the tracks of the fish obtained using the GPE3 state-space model algorithm

from Wildlife Computers, the second panel represents the temperature profile along the deepest

dive for each day and the third panel represents the diving pattern. For tag 170332 and 170333,

depth data were not collected every day.
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