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D4 Executive summary, including recommendations  

In 2009, the objectives of the Grande Bluefin Tuna Year Programme (GBYP) programme were 
defined by the ICCAT Standing Committee on Research and Statistics (SCRS) as:  

1. Improve basic data collection through data mining (including information from traps, 
observers, and vessel monitoring systems (VMS), developing methods to estimate 
sizes of fish caged, elaborating accurate CPUE indices for Mediterranean purse seine 
fleets, development of fisheries-independent information surveys and implementing a 
large scale scientific conventional tagging programme; 

2. Improve understanding of key biological and ecological processes through electronic 
tagging experiments to determine habitat and migration routes, broad scale biological 
sampling of live fish and dead fish landed (e.g. gonads, liver, otoliths, spines, etc.), 
histological analyses to determine bluefin tuna reproductive state, biological and 
genetics analyses to investigate mixing and population structure; and ecological 
processes, including predator-prey relationships;  

3. Improve assessment models and provision of scientific advice on stock status through 
improved modelling of key biological processes (including growth and stock-
recruitment), further developing stock assessment models including mixing among 
areas, and developing and use of biologically realistic operating models for more 
rigorous management option testing.  

The GBYP was initiated in March 2010 as a six year programme with the purpose of improving 
basic data collection, improving understanding of key biological and ecological processes and 
improving assessment models and provision of scientific advice.  Within that scope, a large-
scale tagging programme was designed and has the following scientific objectives (Di Natale 
& Idrissi, 2015): 

1. Validation of current stock units, and improve knowledge on potential sub-stock 
units and mixing 

2. Estimate fishing mortality (M) and or natural mortality (Z) by age/age-groups  
3. Estimate natural growth rates 
4. Estimate tag recovery rates by fishery, making use of the observer programmes in 

the Mediterranean 
5. Evaluate habitat-utilisation, movement patterns, maturity-dependent distribution 

and spawning-ground use of Atlantic bluefin tuna (ABFT) from electronic tag data 

The GBYP is known globally as a significant scientific endeavour.  The value of the programme 
in raising public awareness is very high. ICCAT should be lauded for embarking on the 
programme in the first instance. Key achievements within the GBYP tagging programme 
between 2010 and 2015 are:  

A comprehensive tagging programme that has succeeded in deploying nearly 25,000 
tags on more than 16,000 ABFT across a broad area of the Mediterranean and eastern 
Atlantic, despite significant logistic constraints, and at lower than expected cost; 

Development of an ABFT tuna tagging manual and incremental improvement of 
tagging techniques (both conventional tags and electronic tags) that provide 
confidence in the GBYP tag deployments; 
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Coordination of a tag awareness and return programme that has resulted in nearly 400 
tags being returned over five years, representing a near doubling of the data available 
on eastern Atlantic and Mediterranean tuna from the previous 30 years.  These returns 
help to validate the current paradigm of eastern and western stock components; 

Recovery of ~180 datasets from electronic tags that provide evidence of the complexity 
and diversity of bluefin movements and behaviour within the Mediterranean and 
eastern Atlantic. 

Development of modelling and assessment frameworks in readiness for use of the 
tagging data.  The uptake of tagging data into the assessments will help to identify the 
strengths and weaknesses of the tagging data, and to further refine the tagging 
programme in the future.   

These achievements have been made possible through the work of a consistent GBYP 
coordination team. Based on our assessment of the achievements and benefits of the tagging 
programme so far, we can make a number of recommendations based on the long-term 
achievement of the high-level objectives.   

R1: Undertake a comprehensive and systematic analysis of all tagging data 
returned to date  

There is now a comprehensive database of ABFT movements available for the eastern 
component of the stock, but there has been no systematic analysis, and relatively little has 
been published in the formal peer-review literature. This situation presents a risk to the 
effectiveness and transparency of ICCAT assessment science for ABFT. Although the data 
are being worked with in SCRS activities, we recommened that a systematic analysis of 
ICCAT’s ABFT tagging data collected during the GBYP tagging programme should now be 
conducted, ideally in collaboration with the US NOAA ABFT tagging programme. This would 
help to stimulate the development of ICCATs assessment and management science. 
 

R2: Long-term planning for the next stage of the GBYP 

The GBYP should be credited for helping collect data that is assisting the recovery of ABFT 
stocks in the eastern Atlantic and Mediterranean. The key now is to build on what the GBYP 
has achieved. The GBYP programme is due for consideration for renewal into a second stage 
(2017-2022). Our assessment of the GBYP tagging programme is that a significant operational 
success has been achieved, but the scientific benefits from the programme are yet to be 
achieved in full. Without improving the use of the very valuable data collected in the GBYP, its 
value as an exemplary scientific programme in support of fisheries management is diminished. 
The coordination of the GBYP should be strengthened to ensure that the scientific aims of the 
GBYP are providing the back up to the management and assessment of ABFT that the 
programme was designed to achieve. Sufficient resource should be made available to ensure 
that the data archives that have been developed in GBYP can now be used more extensively 
to provide information relevant to fisheries management and advice.   
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R3: Modify the GBYP tagging and sampling design and move, largely, to fishery 
independent data retrieval 

The conventional tagging programme in GBYP cost almost €3 million. To date, there are 
nearly 400 returns of tags (a 1.7% return rate over 5 years), and probably a similar number 
more can be expected in the coming years. In contrast, 234 electronic tags were deployed, 
and nearly 180 datasets (80%) have been recovered through satellite transmitted data. The 
cost of deploying electronic tags is higher, per unit, but data retrieval is 80% to 90% certain. If 
the primary management interest is in migrations and movements then electronic tags provide 
better and more reliable data. In the future, we suggest that all GBYP tagging activities within 
GBYP are focussed on electronic tagging. The outcome of R1 (comprehensive analysis of all 
GBYP tagging data) will identify the areas and techniques that are most likely to succeed in 
reducing uncertainty in assessment operating models, or in the stock assessments. Other 
techniques, such as close-kin genetic studies and otolith micro-chemistry, should be used in 
parallel with migration and behavioural studies to provide a comprehensive assessment of 
ABFT spatial biology. 

 
R4: Improve awareness of tagging programme though coordinated campaign of 
peer-review, popular articles, and social media 

One of the five pillars of the SCRS strategy is ‘Dialogue and communication’. The goals of this 
pillar provide a number of goals to improve communication between a wide range of 
stakeholders, from scientists to fishers and the general public. From our perspective, the value 
that tagging alone can have in raising understanding and awareness of the dynamics of (highly 
migratory) stocks such as tuna is valuable and relatively easily achievable. To date, the 
awareness programme of the GBYP has focussed only on tag returns, rather than the benefits 
achieved by the programme.  However, the high quality of the work undertaken in the GBYP 
tagging programme is ideally suited to wider dissemination and is of wide interest to a number 
of audiences. By raising awareness of the importance of the research within the scientific 
community, CPCs, RFMOs and the general public/ fishers, the role of the GBYP in improving 
ABFT stock assessments and management advice will become more widely understood and 
so support for the programme will increase.  

Fulfilment of these recommendations would help contribute towards the current SCRS 
strategic goals of communication (goal 4: improve communication of data to the scientific 
community), research (goal 2: acquire the necessary biological knowledge in tuna) and data 
collection (goal 3: other biological data). 
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Introduction 

In 2009, the objectives of the Grande Bluefin Tuna Year Programme (GBYP programme), 
officially the Atlantic-wide Research Programme for Bluefin Tuna, were defined by the ICCAT 
Standing Committee on Research and Statistics (SCRS) as:  

1. Improve basic data collection through data mining (including information from traps, 
observers, and vessel monitoring systems (VMS), developing methods to estimate 
sizes of fish caged, elaborating accurate CPUE indices for Mediterranean purse seine 
fleets, development of fisheries-independent information surveys and implementing a 
large scale scientific conventional tagging programme; 

2. Improve understanding of key biological and ecological processes through electronic 
tagging experiments to determine habitat and migration routes, broad scale biological 
sampling of live fish and dead fish landed (e.g. gonads, liver, otoliths, spines, etc.), 
histological analyses to determine bluefin tuna reproductive state, biological and 
genetics analyses to investigate mixing and population structure; and ecological 
processes, including predator-prey relationships;  

3. Improve assessment models and provision of scientific advice on stock status through 
improved modelling of key biological processes (including growth and stock-
recruitment), further developing stock assessment models including mixing among 
areas, and developing and use of biologically realistic operating models for more 
rigorous management option testing.  

The GBYP was initiated in March 2010 as a six year programme with the purpose of improving 
basic data collection, improving understanding of key biological and ecological processes and 
improving assessment models and provision of scientific advice. Within that scope, a large-
scale tagging programme was designed with the following scientific objectives (Di Natale & 
Idrissi, 2015), with priorities for action (3 highest, 1 lowest) suggested by Fonteneau et al., 
2014 in a mid-term review: 

1. Validation of current stock units, and improve knowledge on potential sub-stock units 
and mixing (Priority 3*) 

2. Estimate M and or Z by age/age-groups (Priority 2) 
3. Estimate natural growth rates (Priority 2) 
4. Estimate tag recovery rates by fishery, making use of the observer programmes in the 

Mediterranean (Priority 2) 
5. Evaluate habitat-utilisation, movement patterns, maturity-dependent distribution and 

spawning-ground use of BFT from electronic tag data (Priority 1-3) 

To achieve these aims, the GBYP tagging programme also had the following operational 
objectives (Di Natale & Idrissi, 2015): 

A Test and identify the most appropriate tagging approach for different areas and size of 
fish 

B Test and identify the most resistant conventional tagging methodologies 
C Provide rewards and dedicated feedbacks for all tags reported 
D Improve tag recovery and reporting rates 

In December 2015, a contract was agreed for Cefas to provide ICCAT with an independent 
review of the GBYP tagging programme in its entirety since inception in relation to the 
overarching of that specific aspect of the whole programme, and to recommend future 



C7047   

   

  

Cost-benefit analysis for the ICCAT GBYP tagging programme   Page 8 of 63 

activities.  The agreed work programme for this contract is found at Annex A. During the review 
the project team:  

(i) Undertook a project initiation visit to the Secretariat during the week of 11th January 
2016 to establish links with key ICCAT staff, and to understand specific concerns or 
issues to address. Further to identify any limitations, and to gather together any 
necessary data and documents. 

(ii) Reviewed available documentation provided on the GBYP website, material 
associated that was discovered using internet search, and specifically requested 
documentation 

The project team was struck by the expertise, enthusiasm and engagement of the ICCAT 
GBYP coordination staff, and are grateful to them for the information they provided during the 
visit to Madrid and for the helpful and timely way in which they subsequently contributed to 
this review.  

The review is presented in three main parts, but with an Executive Summary and 
Recommendations preceding this Introduction: 

D1: A comprehensive review of the ICCAT GBYP tagging activities conducted so far, 
specifically dealing with Task 1, and a cost-benefit analysis, taking into account any 
available index, including any possible improvement for the BFT assessment or use in 
the Management Strategy Evaluation (MSE) process induced by the results of the 
GBYP tagging activities; 

D2: An analysis of how GBYP tagging has improved the knowledge of bluefin tuna 
distribution, growth and behaviour, taking into account Task 2 and Task 3 above, or 
has the potential to do so with additional analyses of the data already collected. 

D3: Proposals for future strategies or improvements, taking into account the original 
tagging design, the objectives, the different strategies in the various years and the 
results obtained thus far, and taking into account the cost and logistic constraints. 
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D1 Review of the ICCAT GBYP tagging activities  

Background 

After the general principles of the GBYP had been agreed by the European Union (EU), ICCAT 

and contracting parties in 2008/9, planning and coordination of the GBYP programme began 

in March 2010 following the appointment of the GBYP coordinator. To date, five phases of the 

programme have been completed (Phase 5 formally ends on 23 February 2016), with the sixth 

to be undertaken in 2016/2017. The general goals of the programme were determined over 

the first phase based on planning activities undertaken during that phase of the programme.   

Tagging activities within the GBYP fall into five categories: 

1. Design 
2. Operational meetings, training, campaigns 
3. Field Equipment 
4. Field Activities 
5. Analysis 

The first Phase focussed on planning, which has been followed by four annual field 
programmes. The sixth Phase is to be conducted during 2016/2017.   

 

Figure 1. Cost and scheduling of tagging programme activities by phase.  Cells are colour coded by cost, with red 

cells indicating the more costly components of the programme. Financial data provided by GBYP coordination team 

in ‘cost indicators Tagging.xls’.  

The initial, short-term GBYP objective was to implant 30,000 conventional tags and 300 
electronic tags into Atlantic bluefin tuna (ABFT) over a period of three years in the eastern 
Atlantic and Mediterranean. More refined objectives have been set during the programme as 
results from the earlier phases became available. All objectives are identified and reviewed by 
the GBYP Steering Committee, the ABFT species group of the SCRS, the SCRS and finally 
by the ICCAT. Such review meetings ensure that operational and financial constraints are 
identified and mitigated for.    

The cost of the GBYP tagging programme to date (end of Phase 5) has reached more than 
€3.5 million, against an original projection of €9,765,000 (~38%).  The primary reason that the 
work has been conducted with a much smaller budget than anticipated is that some of the 
expected contributions from the contracting parties (CPCs) were not realised. The 
performance and the expected benefits of the programme have to be assessed with this in 
mind. Furthermore, in assessing the cost-benefit of the GBYP tagging activities, it needs to be 
borne in mind that many of the expected benefits of the GBYP programme are intangible, 
knowledge-based benefits that cannot be monetized. To assess benefit, therefore, we broke 
down each of the five activities into a range of ‘defined benefits’ that were agreed during a 
two-day visit to ICCAT to discuss the GBYP tagging programme.  We gathered evidence from 
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GBYP coordination and GBYP ICCAT outputs to assess how important these benefits were 
and identified the evidence required to assess whether they were being realised. Most of the 
evidence is based on a review of published outputs available from ICCAT. We were thus able 
to determine whether the defined benefits had been achieved in part or in full. Rather than 
assess success in a binary way (i.e. succeeded or failed), we have described the strengths 
and weaknesses of the work undertaken, and use this assessment to make recommendations 
about the implementation of the programme in future. 

Design of the GBYP tagging programme 

 

Tag return rates for ABFT peaked in the 1960s and 1970s and have been in decline ever since 
(Figure 2, data provided by GBYP coordination team). Return rates fell dramatically following 
the introduction of the recovery plan for ABFT in 2007, so information on mortality and growth 
rates, and on movement patterns of tuna has become scarce and less useful in ABFT fishery 
management. To improve such a situation, particularly in the eastern Atlantic and 
Mediterranean, a systematic and coordinated tagging effort was required. 

 

Figure 2. Proportional tag returns from tuna tagging programmes in the Atlantic and Mediterranean by year since 
1954.  Data from ‘_tagBFT_20150923.xlsx, Tabla 2’ 

The design of the tagging programme and publication of an ICCAT ABFT tagging manual was 
undertaken during Phase 1 of the GBYP, following the submission of a single bid in response 
to tender (ICCAT GBYP Steering Committee, 2010). The design focussed on the concept of 
a three year burst of tagging with ID tags in 2011 to 2013, followed by a 10 year period of tag 
recovery until 2023. The tagging programme design for the use of electronic tags was not 
considered. The assumptions of the ID tag programme design were that there is complete 
population mixing of ABFT within the eastern stock (eastern Atlantic and Mediterranean), that 
there would be implementation of a general tag awareness programme, and that experiments 
would be performed to determine the tag retention and reporting rates. It was recommended 
then that varying tag rewards should be used.  
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The tagging programme design was discussed at the GBYP Operational Meeting on Tagging, 
held in Madrid on February 18, 2011, immediately following a GBYP Steering Committee 
meeting.  Although some minor amendments were suggested, the design was revised and 
adopted and thereafter formed the basis of the GBYP tagging activity in phases 2 through 5.  
The performance against the plan was evaluated on an annual basis by GBYP Steering 
Committee, the SCRS and operational meetings. 

The main outputs from this activity were a statistically designed tagging plan and a synthesis 
of tagging protocols and fishing methods for tagging in the Eastern Atlantic (Cort et al., 2011; 
Belda et al., 2011). The strengths and weaknesses of the work are presented in Table 1. 
Although the tagging plan did not extensively review previous tagging efforts to determine the 
critical gaps in knowledge and potential logistic hurdles, the documents provided a sound 
basis for decision making on tag purchases and deployment schedules within the GBYP. In 
our opinion, an improvement to the tagging design would have been an assessment of the 
expected number of tag returns under various return rate scenarios, so that performance of 
the tagging programme against the design could be judged. Additionally, we feel that an 
assessment of historic tagging programmes, tag return rates and locations would have helped 
identify potential future logistic hurdles, and set expectations for tag returns in GBYP.  Overall 
however, the intended benefits of the design activity of the GBYP tagging programme were 
realised, and we judge the effectiveness of this element of the programme to be high.   
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Design of the GBYP tagging programme 
Aim:  Robust design for a multi-year programme of ABFT tagging in the eastern Atlantic and Mediterranean 

Constraints:  Some delays in the tendering process led to the time available for this activity being reduced, but these were not significant. 

Total cost:  €36k 

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Realistic plan for tagging 
activities 

Tagging design produced 

Sound theoretical basis for tagging plan. 
 
Assumptions are clearly identified. 
 
Recommendations to maximise success of tagging 
programme made in report 

Design is a theoretical exercise. No prior analysis of existing 
tagging data that would have led to assessment of the likely 
logistic hurdles. Assumptions are unrealistic. 
 
Analysis is of inputs (tag numbers), and the potential power 
of varying quality of outputs (tag returns) is not evaluated. 
 
Absence of plans for electronic tagging has led to ad-hoc 
planning of electronic tagging operations 

Training manual for tagging 
activities 

Tagging manual 
produced 

Thorough report, including techniques for 
conventional tags, external electronic tags and 
internal implantation of archival tags 

No tag seeding experiments planned/ recommended unable 
to test assumptions of model. 
 
No genetic sampling recommended to run in parallel with 
tagging, so stock of origin of tagged fish is not known. 

Strategy to realise medium- 
and long-term tag returns 

Good temporal spread of 
tag recoveries 

Tagging plan was based on 3y tagging in field, and up 
to 10 y recovery period.  Reliant on assumption of 
publicity and reward scheme. 

Emphasis on tagging juveniles to estimate mortality. Does 
not take account of under-reporting of catches (these are fish 
most likely not to be reported) 
 
Multi-tier tag reward scheme was not implemented. 

Equipment and technology 
identified 

Trials implemented/ 
expert review used 

Recommendation for double tagging in tagging plan, 
different types of tag identified in expert review of 
techniques 

No plan for electronic tagging 

Re-evaluation of plan 
Plan revisited and 
updated on a regular 
basis 

Annual review through the GBYP Steering 
Committee, the SCRS and operational meetings 

 

 

Table 1. Benefits, strengths and weaknesses of GBYP tagging design activities 
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Operational meetings, training and awareness campaign 

 

Fishers and processors are generally familiar with the concept of using fish tags for research 
purposes, and fish tags contain reward and return information on them that enables their 
recovery to the tagging entity. As a consequence, tags are often returned even with relatively 
little publicity. However, to maximise tag recovery rates and to increase the levels of 
engagement of stakeholders, it is widely considered necessary to raise awareness of a tagging 
programme and its aims so that those who may come across tags are more likely to (a) post 
and identify the tags; (b) understand the purpose of the programme and are motivated to return 
a tag if one is discovered. For fisheries that operate within the context of an observer 
programme, it is critical that observers are fully trained in tag observation and return to source.  
The number of ABFT tags returned annually to ICCAT has been in decline since the 1970s 
(Figure 1), and fell below 10 tags in the years 2008 to 2010.   

 

Figure 3. Number of tag returns in the last 20y from tuna tagged in the Atlantic and Mediterranean.  

Tag awareness was considered to be high priority (ICCAT GBYP Steering Committee, 2011), 
and needed to be implemented from the ‘bottom up’.  In 2011, campaign material in 12 
languages was designed (posters and stickers) and disseminated by ICCAT to government 
agencies, scientific institutes, individual scientists, tuna processing industries, fishers (sports 
and commercial, and their associations), and Regional Fisheries Management Organisations 
(RFMOs) and Regional Advisory Councils (RACs) to maximise awareness of those most likely 
to encounter tags. Visits were made to ports and fisheries to ensure that information was 
visible and that the requirement to return tags was understood. There was strong cooperation 
with ICCAT Regional Observer Programmes (ROPs), but national obsever programmes were 
harder to reach in most of the cases. Information posters are now present in most of the ports 
where bluefin tuna are usually or potentially landed, at tuna farms, tuna traps, industries, sport 
fishers clubs, fishers associations, bars frequented by fishers, local port authorities and on 
many fishing vessels. An additional campaign was undertaken in 2014 focusing on the 
dissemination of campaign material to stakeholders in 14 countries bordering the 
Mediterranean Sea. The primary targets in this latter campaign were regional observers and 
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national authorities, with the aim to reach them personally rather than by post or email.  In all, 
more than 15,000 posters and 18,000 stickers have been produced and distributed to more 
than 90 countries and more than 110 locations around the globe (Figure 4).  

Figure 4. Overview of the localities where the ICCAT GBYP tag awareness material 
(http://www.iccat.int/GBYP/en/AwCamp.asp) was distributed. The ICCAT GBYP web page has the full 
list of contacts (https://www.iccat.int/en/links.htm). 

The publicity material is also available on the ICCAT GBYP website. Some newspaper and 
web articles were also produced and they have been published in newspapers, magazines 
and the internet. A reward scheme was implemented that provides €50 or a T-shirt per tag, 
with reward of €1000 for an electronic tag.  An annual lottery prize of €1000 and two second 
place prizes of €500 are awarded to those who return conventional tags.   

The reward and awareness programmes were approved by the Steering Committee in 2011 
and have been subject to annual review during operational and Steering Committee meetings.  
Additional staff were brought in on an as needed basis to assist with the workload of 
responding to queries and tag returns, and to help distribute campaign and training material.  

The number of countries and stakeholders that need to be reached by the awareness 
campaign is large because tagged tuna may be encountered in all countries bordering the 
Mediterranean and Atlantic Ocean. Tagged tuna may also be encountered at several stages 
in the capture and processing chain. Returning a tag takes time and effort on behalf of the 
person who discovers the tag and, in consequence, many tags will go unreported.  
Furthermore, there are geopolitical, cultural and sectoral barriers to overcome to ensure that 
a tag on a tuna is recovered.   

Much of the formal cost of the GBYP tag awareness campaign was associated with the award 
of contracts for specific awareness activities such as design of publicity material (Figure 4b) 
and targeted awareness efforts (COFREPECHE-OCEANIS, 2010-2011; COFREPECHE, 
2014; Di Natale A., 2015). Some of the tagging awareness activities have been undertaken 
within the day to day coordination of the GBYP programme. In total, 388 tags have been 
returned in the 5 years since the inception of the GBYP tagging programme (data from GBYP 

http://www.iccat.int/GBYP/en/AwCamp.asp
https://www.iccat.int/en/links.htm
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coordination team up to January 11, 2016), at a cost to this activity of €242 per tag.  The 
majority of tags have been returned from a small number of countries, with a low numbers 
returned from fisheries operating from in the eastern Mediterranean and off the north coast of 
Africa. The benefits of the tagging activity and the strengths and weaknesses of the work 
undertaken are listed in Table 2. Despite the challenges of tagging and continued difficulties 
in persuading fishers to return tags, the sharp increase in reporting rate of tags after 2010 
suggests that the benefits of the awareness activity are being realised, and should be 
continuously improved.  Overall, most of the intended benefits of the awareness campaign 
were realised, and the effectiveness of this element of the program is currently high.  

 

       
Figure 5. Tag reward posters were distributed to 14 countries, with examples here in English and Japanese. 
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Operational meetings, training and awareness campaign of the GBYP tagging programme 
Aim:  Maximise the effectiveness of the GBYP field activities through a well coordinated tagging, tag return and observer programme 

Constraints:  Broad geographic remit, coupled with cultural and sectoral barriers 

Cost:  €94,174, plus day to day input from GBYP coordination 

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Stakeholder engagement 
Dissemination and engagement 
with aims and results of tagging 
programme 

Wide dissemination of campaign material, 
including internet. 
 
Good dialogue with those returning tags which 
may lead to better relationship with industry 

No dedicated tagging observers.  
 
Difficult to reach stakeholders in some countries.   
 
Evidence that some countries are more likely to return 
tags due to lack of engagement.  
 
Social media strategy not defined. 

Training- tagging/ 
observer 

Training records and clear 
protocols for tagging and 
reporting 

Strong interaction with ICCAT ROP programme 

Unable to reach some national observers with same 
efficacy.  
 
Some tagging occurs without notification to ICCAT, so 
complete information is missing for some returns 

Tag recoveries 
Number of tag recoveries (& 
quality of associated data) 

Number of tag recoveries has sharply increased 
during GBYP 

Cultural and sectoral issues in diverse fisheries are a 
challenge to overcome.  
 
Reporting directly to ICCAT may put fishers off 
returning tags to avoid providing details of fishing 
activity even if confidentialty is provided 

Tag reporting Knowledge of reporting rates 

Tag return numbers by fishery is available.  
 
Some anecdotal information on tag reporting 
practice within fisheries and countries is available 

No tag seeding experiments could be undertaken, so 
there is no knowledge of reporting rate within fishery.  
 
Variable skills within obsever programme.  E.g. ICCAT 
ROPs more skilled than national observers. 

 

Table 2. Benefits, strengths and weaknesses of GBYP tagging programme operational activites 
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Field equipment 

 

A variety of tagging equipment is available for use on tuna and other fish. It is critical that tags 
are fit for purpose; anchoring, visibility, and impact all need to be considered. Prior to the 
inception of the GBYP, a number of tuna tagging studies had been undertaken that helped to 
guide the selection of equipment for this particular programme. 

ICCAT procured sufficient equipment for tagging tuna with conventional tags as per the design 
of the tagging plan approved in early 2011. The equipment purchased included 60,000 
spaghetti tags of three different types, more than 12,500 conventional tag applicators, 132 
mini-PATs pop-up satellite archival tags, 50 archival tags (for internal implantation). 
Collaborative opportunities were taken advantage of that enabled the released of another 14 
min-PATs and 8 acoustic tags. Costs for data transmission and preliminary analysis for 
satellite communicating tags were included in the costs of this activity. At the beginning of the 
GBYP programme, the tagging design included the use of PIT tags, for which 40 PIT tag 
readers were purchased. However, due to legal objections raised by one of the ICCAT CPCs, 
these were ineligible for use.  

Procurement of tags was undertaken only after approval by the Steering Committee, which 
involved scrutiny of the aims of the tagging and the budget. The number of providers of 
conventional tags and electronic tags is relatively limited. It was agreed to limit the number of 
providers, chosen on expert advice, to ensure consistency throughout the tagging campaign 
and with the main US tagging programmes. 

The cost of 60,000 conventional tags was €61543, at an average cost of €1.02. A total of 
12,500 tag applicators were also purchased at a unit cost of €2.48.  This high ratio of 
applicators to tags ensured that applicators would be used for less than the usual average 
number of tags (1 in 25), and thereby minimise the risk of injuring or damaging the tuna to be 
tagged that can sometimes occur due to degradation of the applicator blade. However, the 
majority of cost within this element of the programme is strongly influenced by the choice of 
electronic tag (satellite transmitting or internal archival); to date, €637952 has been spent on 
procurement of tags and recovering their data; approximately €2726 per tag.  This technology 
is expensive by nature and comparable equipment from alternative manufacturers would have 
cost the same.  Cheaper, but less reliable or capable equipment is now becoming available, 
but was not available when decisions on procurement for the first phases were being made. 
Some tags were provided by other organisations (e.g. WWF) to the GBYP at no cost, thereby 
increasing the cost-effectiveness of the procurement. Overall, we consider that the benefits of 
the tag procurement activity were mostly realised and the effectiveness of this element of the 
program is high.  Consideration of alternative new electronic tag technology for future 
purchases, such as small, lower cost satellite tags (e.g. Wildlife Computers’ Mark-Recapture 
PAT, Desert Star SeaTag-LOT, etc.) may increase cost-effectiveness in any extension of the 
programme. 
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Field equipment 
Aim:   Ensure that suitable and effective equipment is available for all tagging activities 

Constraints:  None identified 

Cost:  €705,549 

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Trial tagging technologies 
A range of technology evaluated 
and deployed to determine best 
fit 

Standard tagging technology used as per expert 
knowledge.  
 
Several types of tag used to validate techniques 

Reluctance to mix technologies (mostly Wildlife 
Computers).   

Estimate tag shedding 
rates 

Double tagging experiments 
undertaken 

Double tagging experiments were undertaken 
successfully with positive results 

 
Recovery rate of tags is still relatively low and short-
term, and the tag shedding rate is uncertain. Long-term 
recoveries will help to refine the estimate of tag 
shedding rate. 
 

Acquire appropriate tags Appropriate tags acquired 

Standard tagging technology used as per expert 
knowledge.  
 
Tags purchased in volume to maximise opportunity 
for discount 

PIT tagging readers purchased but no opportunity for 
use 

Horizon scanning for 
emerging tagging 
technology 

Continual improvement in 
tagging programme (and the 
information gathered) 

Available technology is reviewed and considered. 
Continuity with same electronic tag technology may limit 
uptake of new opportunities (e.g. mark report) 

 

Table 3. Benefits, strengths and weaknesses of GBYP tagging programme equipment purchasing activity 
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Field activities 

Tagging activities have been undertaken in Phases 2 through 5 of the GBYP (ICCAT GBYP 
Annual Reports: 2011; 2012; 2013; 2015) and more are planned in Phase 6. Tagging with 
conventional tags was the focus of activity in phases 2, 3 and 4. Electronic tagging has been 
the focus in Phases 4 and 5, and will be again in Phase 6.  The design implemented on the 
concept of a three year burst of tagging with ID tags in 2011 to 2013, followed by a 10 year 
period of tag recovery until 2023. The target of the conventional tagging programme was tuna 
aged 1-3 years (40 to 100 cm fork length), although some tuna of >100cm FL were tagged.  
The tagging design for the use of electronic tags was more ad-hoc, and focussed on specific 
hypotheses regarding migration of mature tuna (typically >200cm FL) from specific areas 
within the eastern Atlantic and Mediterranean. A full account of the tagging activities and 
achievements is presented in Table 3. To date, 24,637 conventional spaghetti tags have been 
deployed on 16,959 tuna against a target of 30,000. 46% of tunas were double tagged against 
a target of 40%. In total, 234 electronic tags have been deployed, against a target of 300. Due 
to the difficulties of deploying sufficient numbers of conventional tags, and the difficulty in 
estimating reporting rates of each fishery, the focus of the tagging programme has been 
shifted to electronic tagging (fishery independent) in the more recent phases of the GBYP. 

Since tagging comprises the most significant part of the budget, the tagging activities are 
under constant review and scrutiny by the GBYP coordination owing to the nature of the 
tendering process and many operational constraints. In recent years, the Steering Committee 
has recommended a change in strategy, moving away from conventional tagging to an 
electronic tagging strategy because the expected gains in information on tag reporting rate 
from the conventional tagging programme could not be materialised.  

There are significant constraints on the field programme, principally operational and logistic.  
A number of factors can affect the success of tagging missions, such as weather, success of 
fishing (numbers and suitability of captured fish), the size of fish being targeted, environmental 
changes, short and long-term changes in governance of fisheries, economic effects on fishing 
operations (e.g. sales of quota, collapse of metier), and willingness of fishers to engage in 
tagging activities. As such, catch and tagging rates are impossible to predict and guarantee. 
This is demonstrated by the variable success rates of the tagging missions (Table 4), which 
ranged from €51 per deployed tag to €439 per deployed conventional tag, and from €177 to 
€3000 per deployed electronic tag.  Most reports of tagging contracts stated achievement of 
original objectives (Table 4).  One significant goal of the original design, to undertake tag 
seeding experiments so that tag reporting rates could be estimated, proved to be impossible 
to achieve. 

Overall, the cost of deployment of 24,637 conventional tags averages out at a unit cost of 
~€102 per tag, or ~€149 per tagged tuna, whereas the cost of deploying 234 electronic tags 
works out at a unit cost of €1103 per tuna. However, this estimate is slightly conservative 
because 128 of the electronic tags were deployed at the same time as conventional tags, 
which increased efficiency; tagging missions that were solely based on electronic tagging 
required a unit cost of €2388. The majority of effort and funding was expended on conventional 
tagging, at a ratio of 10:1. The goals of the tagging activities were only partially met; 57% of 
the target for conventionally tagged fish has been reached so far, along with 78% of the target 
for electronically tagged fish. Given the financial resources invested (only ~1/3rd of expected 
funding for the GBYP tagging programme was realised) and the range of logistic issues 
experienced during the tagging programme it is clear that, despite falling short of the original 
targets, the achievements have generally exceeded expectations.    
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Table 4. GBYP tagging activity: success and costs of each tagging contract. (Cost data provided by GBYP coordination team: ‘31_12_Final_Tables_Tagging_Activities_Phases2-

5.xls’, tagging data gathered from reports of tagging contracts supplemented by additional information from GBYP coordination team) 

  

Phase Contractor Area

Fish 

double 

tagged

% double 

tagging

Cost per 

tag (€)

Cost 

per fish 

(€)

Contract 

complete

Total Conv PSAT DST Sonic Total Conv PSAT DST Sonic

Bay of Biscay 1774 1279 0 0 0 1279 1279 0 0 0 495 120 158 Mostly

Strait of Gibraltar 1781 1391 1 0 0 1391 1391 1 0 0 604 Mostly

Western Mediterranean(Med) 1170 911 13 0 0 913 911 13 0 0 258 Mostly

Activity in Morocco (GBYP,WWF,INRH) Atlantic Morocco 15 0 11 0 0 10 0 11 0 0 5 118 177 Fully 

4740 3578 25 0 0 3593 3581 25 0 0 1362 37.9

Bay of Biscay 4836 3413 3 13 0 3413 1987 0 13 0 1399 127 193 Fully

Strait of Gibraltar 2732 1489 21 25 0 1489 253 21 25 0 1190 Mostly

Western Mediterranean 405 313 5 0 0 313 221 5 0 0 87 Partly

Central Mediterranean 97 97 0 0 0 97 97 0 0 0 0 Partly

8070 5312 29 38 0 5312 2558 26 38 0 2676 50.4

Consortium (h. AZTI) Bay of Biscay 4615 4608 7 0 0 3009 1403 7 0 0 1599 54 83 Fully

Consortium (h. AZTI) Strait of Gibraltar 4105 4099 6 0 0 2681 1257 6 0 0 1418 Fully

Portugal 204 204 0 0 0 116 28 0 0 0 88

Consortium (h. COMBIOMA) Western Mediterranean 427 427 0 0 0 420 413 0 0 0 7 211 214 Mostly

Consortium (h. UNIMAR) Central Med: Tyrrhenian Sea

Kali Tuna Central Med: Adriatic Sea

Consortium (h. INRH) Atlantic Morocco 417 387 22 0 8 273 129 7 0 1 121 287 439 Fully

11574 11512 42 12 8 7807 4040 27 12 1 3712 47.5

Consortium (h. University of Istanbul) East Med: Turkey 30 0 30 0 0 30 0 30 0 0 0 3001 3001 Mostly

Consortium (h. COMBIOMA) Western Mediterranean 29 1 28 0 0 29 1 28 0 0 0 1724 1724 Fully

Consortium (h. INRH) Atlantic Morocco 44 24 20 0 0 44 24 20 0 0 0 2402 2402 Fully

Consortium (h. Federcoopesca) complimentary Central Med: Tyrrhenian Sea 136 131 5 0 0 136 131 5 0 0 0 Fully

5

Tag Nos. Fish Nos.

4

3

1806 1787 7 12 0 1308 810 7 Fully

2
Consortium (h. IEO)

Consortium (h. AZTI)

12 0 479 51 70
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Field activities 
Aim:  Deploy conventional tags on 30,000 tuna (10,000 per year), with 40% to be double tagged. Tag 300 tuna with electronic tags. 

Constraints:  Logistic, environmental and legal (permit) constraints 

Cost:  €705,549 

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Fish conventionally 
tagged and released 

Number of fish tagged and 
distribution meets expectation 

Tuna were tagged in all areas identified in the 
tagging design 
 
Double tagging rate exceeded target 
 
A range of methods were developed and much ‘know 
how’ was generated 
 

Only 38% of the budget for tagging was available. 
 
Targets for numbers of tuna to be tagged were not 
met, despite contracts being fulfilled. 
 
Changes in fisheries prevented targets being met 
(e.g. bait boat in Biscay) 

Electronic tag 
deployments 

Number of electronic deployed, 
and distribution of tagging sites, 
meets expectation 

Tuna were tagged in all areas identified at GBYP 
inception, and in some additional areas 

Only 38% of the budget for tagging was available. 
 
Numbers of tagged fish did not meet targets 
 
Some tags were deployed during high fishing activity, 
leading to short deployments 
 
 

Assessment of tagging 
effect 

Effect of tagging on fish known 
and accounted for 

Expert knowledge was fully utilised 
 
A range of methods were developed and much ‘know 
how’ was generated 

A formal assessment of tagging effect is 
experimentally challenging and may not be useful.   
 
Possible tagging effects (e.g. diving behaviour) have 
not been examined in PSAT data 

Assessment of tagging 
programme 

Regular review of tagging plans 
and success 

Annual review of activity by Steering Committee and 
the SCRS 
 
Tag returns are continually being monitored 

Contractors were unable to deliver the required 
numbers of fish to be tagged.   
 
Tag seeding experiments were planned, but could 
not be performed due to logistic constraints 
 

A number of tagging 
techniques tested 

number of tagging techniques 
tested 

A range of methods was developed and much ‘know 
how’ was generated 

 
 
 

Table 5.  Benefits, strengths and weaknesses of GBYP tagging programme field activities. 
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Analyses 

Analytical assessment of the data recovered from the tagging programme is not undertaken 
within the framework of the GBYP, and is instead taken forward in other ICCAT activities, such 
as the annual bluefin tuna data preparatory meetings (i.e. ICCAT BFT Data preparation 
meetings: Madrid, 2014; 2015) or as part of inter-sessional SCRS meeting or one off activities, 
such as the recent MSE workshop (January 2016). Analysis of data is therefore largely 
confined to maintaining an overview of tag returns and ensuring that the appropriate data 
relating to tag return or data transmission is captured and duly stored in the ICCAT tag data 
base. Tag returns are constantly under review as part of the day to day coordination of the 
GBYP programme. Performance of the tagging programme is reported at least annually to the 
Steering Committee, to SCRS meetings and in GBYP annual reports.   

To date, 388 tags (~1.6% of the number released) have been recovered from the tagging 
programme including 31 electronic tags (21 PSAT, 9 archival, 1 acoustic). In total, 109 tags 
have been recovered from double-tagged tuna (i.e. 279 fish or 1.7% of those tagged and 
released have been recaptured). This represents a significant increase from the last formal 
review of the programme in 2014 (up from 0.36%; Fonteneau et al., 2014). Based on the likely 
growth rates of tuna tagged in phases 1-3, tag return rates are at their peak because all tagged 
tunas are now available to all fisheries (length >115cm; Figure 6).  As the return rate is not 
increasing significantly, a decline in tag returns from 2016 would now be expected unless 
significant new tagging work is undertaken.  

 

Figure 6. Estimated length frequency of tagged fish in 2015, based on extrapolated growth of all fish tagged. 

The information that each returned tag provides can be variable and depends on the 
willingness and ability of the person who finds the tag to communicate the required data.  
Based on information from a summary of the GBYP tagging database (provided by GBYP 
coordination team as 31_12_Final_Tables_Tagging_Activities_Phases2-5.xls), which is a 
‘live’ database kept continually up to date with GBYP tag returns, it is clear that 95% of tags 
provide information on the capture fishery and area of capture (GBYP). The majority of the tag 
recoveries have been made within the Mediterranean Sea, although some tags have been 
recovered from as far away as the east coast of the US. Most of the tags have been recovered 
from bait boats, typically of Spanish registration.  Most of the electronic records are short, and 
report that tuna have covered only short distances but, as for conventional tags, some of the 
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tags returns demonstrate significant and long-distance migrations into the Atlantic Ocean. The 
value of this information for GBYP tagging objectives 1, 4 and 5 is high (NB: a detailed 
assessment of electronic tag data is provided in Section D2).  

Based on our own assessment of ICCAT ABFT tag return data during the period of the GBYP 
(the database was last updated on September 8th, 2015), some 71% of recovered 
conventional tags have an accurate release and recapture position, and 77% of the tags have 
a release and recapture date (Table 6). This in part reflects the fact that, for tags recovered 
early in the GBYP, a significant proportion were recaptures of tags released from previous 
tagging programmes (i.e. non-GBYP), for which some data are not available. It is expected 
that the proportions of tags with full or almost complete information will increase when the 
ICCAT ABFT tagging database is next updated by the (>100) tag returns collated since 
September 2015 by the GBYP programme.  

Time at liberty of tags released and recaptured from the GBYP depends upon year of release, 
but based on recaptures from the first year of tagging (2011), the tagging programme will 
provide data on recaptures for multiple years after tagging, and therefore enable a rough 
approximation of natural mortality rates (GBYP tagging Objective 2).  However, return rates 
are not sufficient to define mortality rates for stock assessment purposes, nor to explore mixing 
assumptions or other in-depth analyses (e.g. Kolody & Hoyle, 2015: CUSTARD: Comparison 
of Synchronous Tag Recovery Distributions).  Only 41% have a release and a recapture 
length, providing data for estimation of growth rate (GBYP tagging Objective 3), although there 
are inconsistencies in the way that tuna have been measured, and the recording of this 
information. This is a common problem in tagging data (for bluefin tuna, see Justel-Rubio et 
al., 2014). There may be enough to decrease uncertainty in assumed growth rates for younger 
age classes, but given concerns with the quality of mark and recapture data this may not be 
advisable (see Ailloud et al., 2014). 

It is important here to make it clear that the GBYP has succeeded by increasing the number 
of tag returns (i.e. the number of tags returned to ICCAT), the reporting rates by fishery (i.e. 
the proportion of tags that are reported, once found) are unknown or uncertain. Without this 
information, it is not currently possible to calculate recapture rates (the proportion of fish 
actually caught, which is the number of tags returned divided by the reporting rate). Thus, 
while there is an increase in knowledge about the fisheries that catch ABFT in the 
Mediterranean, and where, the data cannot currently be used to estimate fishing mortality. 

The number of satellite communicating tags that have reported data back to the GBYP is 176.  
We were able to assess the quality of these datasets (provided by GBYP coordination team) 
but not to assess the quality of other electronic tag datasets (e.g. those from archival tags). 
On average, PSAT datasets were 56 days in length, with a maximum of 361 days.  Each 
dataset contains information on the estimated location for each day of liberty, the proportional 
utilisation of depths and thermal habitat. In most cases, a depth and temperature time-series 
(at a 5 minute interval) is also provided. The value of this information for meeting Objective 5 
is high because further analysis of these data will help to identify important behaviours and 
migration routes. 

The strengths and weaknesses of the analysis of tag return data are shown in Table 7.  Taking 
into account the costs of all the components of the GBYP tagging programme, the unit cost of 
each recovered tag is €9,481, and for each recovered fish €13,186.  This compares favourably 
with the estimated cost of tag recovery in previous tagging programmes (STECF, 2008) of 
around €15,000 per fish (note that this has not been inflated to current prices). If physical 
recoveries of electronic tags are excluded from the calculation (i.e. the cost of deploying 
electronic tags is excluded), the unit cost per fish falls to €11,713.  Electronic tags have cost 
€30,021 on average, taking into account deployment and procurerment costs, for each 
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physical recovery, but this cost falls dramatically when the number of recovered tag datasets 
is included because PSAT tags do not have to be physically recovered in for their data to be 
received; each dataset costs €4,868. This compares favourably with previous indicators 
(€20,000; STECF, 2008), largely because the reliablity of tag data transmission has increased 
dramatically in the last decade, but also because the electronic tagging activity of the GBYP 
was often undertaken in collaboration with other organisations (e.g. WWF MEDPO, 2012; Di 
Natale & Idrissi, 2012), and was therefore delivered at lower cost than through sole 
deployment.  Overall, although the GBYP coordination team has a very good understanding 
of tag return rates and the value of these data, the potential of the recovered tag data to 
contribute to wider GBYP goals has not yet been met. 

It is worth noting, and repeating here, that the midterm review (Fonteneau et al., 2014) 
commented as follows on this aspect:  

The number of recoveries of tags is increasing following the GBYP-supported enhanced 
tagging programme and the better publicity; this is good for scientific knowledge, but recovery 
rates appear still to be very low at just 0.36%: at the time of writing, there have been just 49 
recoveries of dart tags since 2011 (and only three recoveries from farms), whereas some 13 
000 BFT were tagged during phases 2 and 3 of the GBYP. The traditional problem of very low 
reporting rates of tagged tunas in the East Atlantic and the Mediterranean (and by many 
longliners working the open sea) has seemingly undermined previous BFT tagging 
programmes in the area, although the fundamental problem is seldom discussed within the 
GBYP. However, the attempts by the GBYP at wide-scale publicity to encourage the reporting 
of tag recoveries do need to be acknowledged, although penetration to all parties and the 
acceptance by those parties of their responsibility to report their tag recoveries are not yet fully 
evident. In theory, for instance, reporting rates by farms should be 100%, and the GBYP SC 
acknowledged this in their recent statement that “The SC noted that the situation with respect 
to tag recoveries for adult BFT has changed substantially in recent years. In the past, ensuring 
high return rates and having a method for estimating reporting rates from the fisheries 
harvesting adults were problematic. However, currently, a very high percentage of the adult 
catch is either caught in traps or placed in farm cages. In addition, there is now 100% observer 
coverage of these fish when they are harvested from the traps and cages. This means that 
both high return rates for recapture tagged fished and a 100% reporting rate for these fisheries 
should be achievable”.  

Given the above perfectly fair statement by the SC and the low rates of tag return, however, 
the GBYP tagging programme is still confronted with the question as to whether its current 
rates of recovery are real or being biased downwards by non-returns and apparent refusals 
by some fishers and farm managers to support the overall programme. For instance, there are 
rumours that, at some farms, tags are sometimes being removed by divers before the fish are 
harvested. Conversely, though, are the low rates of recovery attributable to the low exploitation 
rates at the size of BFT being tagged/caught (most of the fish tagged during phases 2 and 3 
of the GBYP were juveniles, a size seldom caught by fisheries), or to poor tagging practice 
and high tagging mortality? Perhaps, however, the programme is simply not recording or being 
sent the tag returns from farms; if so, why not? It is the review team’s belief that the answers 
to these questions might have been forthcoming already if a tagging coordinator had been 
appointed to oversee the work. The GBYP’s SC motivated and recommended to ICCAT 
several times in reports and meetings that such a post be established by the Secretariat, but 
to date such an appointment remains elusive.  

As well as reconsidering the appointment mentioned above, the review team urges the 
GBYP to commission an immediate quantitative analysis of current recovery rates of 
dart tags (by gear and area): such an analysis should allow the overall tagging 
programme to be improved, based on recoveries by gear, by fishery, by fish size and 
by geographic area. This recommendation was given ‘Medium’ priority. 
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Table 6. Summary metrics of the tag recapture database calculated from data retrieved from the ICCAT ABFT tagging by GBYP coordination 

team (provided in files conventional tags.csv and electronic tags.csv). The database contains details of tags released under the GBYP and also 

under the auspices of other tuna tagging programmes.  These data are correct up to September 8th, 2015; an update of the ICCAT ABFT database 

to include the most recent GBYP data was performed in late February 2016. 
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Analyses 
Aim:  Assessment of data returned from tagging activities 

Constraints:  No significant constraints 

Cost:  €4,674 

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Medium- and long-
term tag returns 

Good temporal spread of tag 
recoveries 

Tag returns are higher than for many years and 
include returns from > 4y at liberty 

Tag return rates are likely to peak in 2016 now that the 
tagged cohort has recruited to the fishery  
 

Tag recoveries Number of tag recoveries  

Tag returns from GBYP nearly total the number of 
returns from the previous 40 years 
 
Some genetic samples were taken in the later 
years of the tagging programme (Morocco, 2014 
and 2015) 

 
General lack of genetic sampling reduces power of data 
 

Tag reporting Knowledge of reporting rates 

Tag return rates are compiled from each fishery 
 
Anecdotal information about reporting rates 
 
 

Some countries do not return tags  
 
The reporting rate of tags from within each fishery is not 
known because seeding experiments were not possible 

Tagged fish found 
and reported 

Number of tags reported meets 
expectation 

Tag returns from GBYP nearly total the number of 
returns from the previous 40 years 
 
Very strong PSAT dataset 
 
Non-monetary benefits to fishers encountering 
tagged fish. Awareness is important. 

The GBYP programme did not specify an expected 
return rate or a benchmark for success.  Power analysis 
could have been undertaken in tagging design to assist 
this. 

Tag recoveries (full 
information) 

Proportion of tag recoveries that 
include information on key 
metrics meets expectation 

All tags reported and returned provide useful data 
 
Good recovery rate of data from PSATs (reliable 
communications from satellites) 

Many data can be collected from fishers when a tag is 
recovered; not all of these data can be, or are collected, 
reducing the power of the dataset 
  
Recapture lengths are sometimes provided without 
knowledge of measurement technique 
 

 

Table 7.  Benefits, strengths and weaknesses of GBYP tagging programme analysis activities 
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Use of tagging data in assessment and operating models 

 

Among the most important uncertainties in assessing the state and productivity of the Atlantic 
bluefin tuna stocks, outlined by the 2014 Commission meeting, were population structure and 
connectivity between east and west management units (Anon., 2014). The data required to 
consider these uncertainties could include conventional and electronic tagging data. A wealth 
of information can potentially be gleaned from both conventional and electronic tagging data, 
such as estimates of abundance, growth, mortality, migration/movement, and 
geographic/stock apportionment (Hilborn and Walters, 1992; Quinn and Deriso, 1999), and 
these could therefore be informative in assessment models. 
 
Apart from the VPA approach that is currently used for bluefin tuna assessments, a number 
of other assessment methods have been used, such as SCAL (Butterworth and Rademeyer, 
2013, 2015), iScam (Etienne et al., 2014) and SS3 (see Maunder 2014 for application to 
Pacific Bluefin tuna), but the first serious attempt to make use of the available tagging data in 
an assessment model for Atlantic bluefin tuna was MAST (a multi-stock age structured tag 
integrated assessment model developed by Taylor et al., 2011). Given that spatio-temporal 
distribution and stock mixing are important considerations for bluefin tuna, MAST was a 
promising approach; it was a seasonally and spatially explicit model that was fitted to a variety 
of data, including conventional and electronic tagging data, and was used to reconstruct 
abundances for eastern and western populations from 1950 to 2008 and predict mixing that 
depended on season, ontogeny and location. However, among the weaknesses of MAST, 
noted by Carruthers et al., (2015a, 2015b), was the assumption of reporting rates that were 
constant over time, space and fleet, when it is now clear that this assumption is violated 
(Carruthers and McAllister, 2010), thus compromising results from the model (e.g. leading to 
large disparities between predicted catches and tag recapture probabilities, Caruthers et al., 
2015a). 
 
Use of data from the GBYP tagging programme is coordinated through operational meetings 
of other GBYP activities (e.g. modelling), as recommended by the GBYP Steering Committee.  
At present, Carruthers et al., (2015a, 2015b, Anon. 2014) are in the process of developing a 
spatial, multi-stock statistical catch-at-length model (modifiable multi-stock model, or M3) that 
is flexible enough to accommodate the wide range of data now available for bluefin tuna 
(including new sources collected under the GBYP), incorporates enough complexity to allow 
some of the key uncertainties about bluefin tuna dynamics to be considered (including those 
on population structure and connectivity), and attempts to address some of the weaknesses 
in MAST. This flexibility and complexity means the model could form the basis of operating 
models as part of a management strategy evaluation (MSE) framework that seeks to evaluate 
the performance of alternative management procedures under prevailing uncertainties (Punt 
et al., in press). Carruthers et al., (2015b) also argue that, in a “slimmed down” form (e.g. for 
computational tractability), M3 could also form the basis of an assessment model within a 
management procedure that is testable in an MSE framework. 
 
Although conventional tagging data have been used to characterise possible movements 
between strata in M3, initial development and testing of the model has not included these data 
for estimating exploitation rates. This is because of concerns that variable and uncertain 
reporting rates linked to these data could lead to misleading estimates of movement and 
exploitation rates, and poor model performance. Furthermore, although it is possible to 
estimate fleet-specific reporting rates with the inclusion of conventional tagging data, it is 
unclear whether the data are then good enough to provide reliable estimates of movement 
and exploitation rates to warrant the substantial increase in computational intensity and time 
(Carruthers et al., 2015b). This does not mean that conventional tagging data should not be 
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used in further applications of M3 to inform growth (e.g. accounting for shifts in growth rate 
attributable to the attrition of faster growing individuals caused by greater exploitation) and 
movement as well as exploitation, and at least this model has the capability of handling these 
data. For example, the use of observer tag recapture data, with the assumption of 100% 
reporting rate, could be a way around the problem of uncertain and variable reporting rates for 
other conventional tagging data (Caruthers et al. 2015a). Computational intensity should also 
be less of a concern if M3 is to be used as a basis for operating models, because setting up 
and conditioning operating models should be a “once-off” event, unlike the repeated 
application of assessment models in management procedures within an MSE simulation loop; 
in any case, computational speeds improve over time through advances in both hardware and 
software (e.g. compare ADMB with TMB, Kristensen et al. in press). 
 
Surgically implanted archival tags (SI tags) provide more detailed tag track information than 
conventional tags, but suffer from similar problems regarding variable and uncertain reporting 
rates, although these rates are higher for SI tags (because of the larger rewards for returns). 
On the other hand, pop-off satellite archival tags (PSAT tags) are used as a primary source of 
information on spatio-temporal movement within a model like M3, under the assumption that 
releases and recaptures are independent of fishing. One of the main concerns about PSAT 
tags, from a modelling point of view, is that the majority do not have a definite stock of origin 
(i.e. are not tagged in spatio-temporal strata specific to a single stock, Caruthers et al., 2015a). 
This leads to difficulties in how to weight these data so that information about movement is 
appropriately allocated to the different stocks, and may impact estimates of spatial distribution 
and movement. These uncertainties could be handled by considering a range of operating 
models with alternative hypotheses about movement (e.g. resulting from alternative allocation 
schemes for stock of origin), and discussions are ongoing within the GBYP modelling activities 
to reduce these uncertainties. Although PSAT tags are not strictly necessary to estimate 
spatio-temporal distributions (e.g. if simplified gravity models are used instead, as in Taylor et 
al., 2011), they do provide a rich source of information for evaluating movement at a more 
refined scale, and hence setting up these alternative hypotheses about movement. 

 
Overall, the modelling and assessment frameworks that have been outside the GBYP tagging 
programme in readiness for use of the tagging data are effective. The uptake of tagging data 
into the assessments will help to identify the strengths and weaknesses of the tagging data, 
and to further refine the tagging programme.  The strengths and weaknesses of the modelling 
work, and the use of the data, are identified in Table 8. 
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Use of tagging data in assessment and operating models 
Aim:   use of data generated from GBYP tagging programme 

Constraints:  No significant constraints 

Cost:  Not applicable- undertaken in other subdivisions of GBYP programme  

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Estimate stock 
assessment 
parameters 

Stock assessment 
parameters (e.g. related to 
movement, growth and 
exploitation) can be estimated 
from tag recoveries 

Conventional and electronic tags collected 
under the GBYP are both potentially valuable 
sources of information for estimating pertinent 
stock assessment parameters 

Lack of information on reporting rates and the 
relatively low number of returns hampers model 
performance 
 
Tag data only used in very limited fashion to date 

Validate current 
stock units 

Current stock unit paradigm 
(E-W split at 45°W) tested 

PSAT tags data collected under the GBYP 
are a valuable source of information on 
spatio-temporal movement and distributions 

The high number of PSAT tags without a definite 
allocation of stock-of-origin hampers estimation of 
spatial distributions and movement; requires 
assumptions. 
 
The potential of the tag data to contribute to stock 
assessments is not fully realised. 

Integration of new 
knowledge to 
stock 
assessments 

Use of tagging data in 
assessments 

Integrated modelling approaches (such as 
M3) allow for a wide range of data collected 
under the GBYP (including tagging data) to 
be included in stock assessments, and can 
also be used to parameterising alternative 
operating models for MSE testing 

Lack of information on reporting rates, the 
relatively low number of returns, and the lack of 
definite stock-of-origin allocations all hamper 
model performance and required assumptions 
that increase uncertainty 
 
The potential of the tag data to contribute to stock 
assessments is not fully realised. 

 

Table 8.  Benefits, strengths and weaknesses of use of GBYP tagging data in stock assessment activities 
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D2: Improvement of knowledge of bluefin tuna: 

distribution, growth and behaviour  

Improvement of knowledge of distribution and migration 

ABFT are endothermic teleosts with a unique cardiac physiology (Block et al., 2005). They 
grow at a rapid rate, up to 650kg and more than 4m in length.  Their size and biology enables 
them to undertake rapid and long-distance migrations between feeding grounds and spawning 
areas, and to exploit environments ranging from sub-arctic to sub-tropical feeding grounds 
(Block et al., 2005). In consequence, ABFT are caught across the entire Atlantic Ocean, by 
more than 100 fleets registered with more than 50 countries 
(http://www.iccat.es/en/accesingdb.htm).  

 

Figure 7. Release- recapture data of tuna tagged in the eastern Atlantic and Mediterranean (data from the 

ICCAT tagging database) 

ICCAT has assessed and managed ABFT as two distinct stocks since 1980 (Fromentin and 
Powers 2005). The division at the time was based on catch statistics, but a number of tagging 
studies have been undertaken, both before 1980 and since, that confirm this general 
hypothesis. For example, many bluefin tuna have been tagged on the eastern Atlantic coast 
and Mediterranean by traditional tags (Aloncle 1973; Arena and Li Greci, 1970; Brëthes, 1979 
a & b; Brëthes and Mason, 1979; C.I.E.S.M., 1972; Cort,1990; Cort, et de la Serna, 1993; 
Hamre, 1963; Heldt, 1927; Lamboeuf, 1975; Mather, et al., 1973; Rey et Cort, 1986; 
Rodriguez-Roda, 1969-1980; Sella, 1929-1932; Vilela, 1960). More recent research has taken 
advantage of electronic tags to map the migrations and habitat use of ABFT from the time of 
release to the time of recapture or tag detachment (De Metrio et al., 2003).  Block et al., (2005) 
provided a seminal assessment using data collected from 330 ABFT, and provided compelling 
evidence for the two-stock hypothesis, with separate spawning grounds for each population 
in the Gulf of Mexico (western stock) and the Mediterranean (eastern stock).  Since then, 
efforts have focused on refining stock structure definitions and sub-stock structure. Historic 
tagging data (1980s to 2010) available from the ICCAT tagging database shows movements 

http://www.iccat.es/en/accesingdb.htm
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of 527 BFT tagged within the Mediterranean/ east Atlantic. Our analysis of these data show 
recaptures typically within the Mediterranean, but also across the Atlantic Ocean (Figure 7). 
Analysis of otolith chemistry suggests that, although the western component of the stock may 
reach the Straits of Gibraltar, tuna within the Mediterranean are almost all from the eastern 
component (Rooker et al., 2014); this finding has been corroborated by genetic analysis both 
extant to (Boustany et al., 2007, 2008) and within the GBYP biological sampling programme 
(Di Natale & Tensek, 2016). 
 

The tagging programme of the GBYP was aimed at validation of current stock units, and 
improving understanding of potential sub-stock units and mixing. To achieve this aim, a 
number of tagging and tracking experiments was undertaken between 2011 and 2015 
throughout the Mediterranean and eastern Atlantic. The coordination of the GBYP is 
responsible only for the handling and maintenance of the data derived from the tagging 
programme and does not have a formal role in data analysis. There is no clear ‘roadmap’ for 
analysing tagging data or incorporating it into assessments, so it is undertaken on an ad-hoc 
basis. 

To date, the information returned from conventional and electronic tagging data has not been 
formally analysed within the GBYP. Instead, analysis has been undertaken within working 
groups of scientists associated with ICCAT and the SCRS, or within SCRS BFT data 
preparatory meetings and the GBYP core modelling MSE group. Information on tag returns 
and the data from electronic tags is provided to the GBYP Steering Committee and SCRS on 
an annual basis in operational (activity) and annual reports.  The information from tags has 
therefore been reported in a gradual way and, as far as we are able to discern, no systematic 
analysis of the GBYP tagging data has yet been undertaken and published, either as an SCRS 
paper or within the peer review literature.  Most of the reports available focus on the tagging 
activities rather than tag recoveries (Di Natale & Idrissi, 2015; De La Serna, 2014; Addis et al., 
2014; Cozzolino, 2015; Mariani et al., 2015). 

The number of conventional tags reported within the GBYP programme currently stands at 
388, against a total of 527 recovered from the various programmes between 1968 and 2010.  
It is inevitable that the number of tags recovered through the GBYP tagging programme will 
exceed the historic recoveries within the next two years. Tags have predominantly been 
recovered from the Spanish, Italian and French fleet, with relatively few tags being returned 
from most of the other European, eastern Mediterranean and North African countries that 
report tuna catches from the Mediterranean (Di Natale, et al., 2014). The GBYP tag recapture 
data from conventional tags and PSAT reinforce previous assessments of stock identity by 
showing that recaptures of tagged fish are largely confined to the eastern Atlantic and 
Mediterranean, and predominantly to the east of the notional stock boundary at 45W (Figure 
8 shows our analysis).  Nonetheless, a number of tuna were caught to the west of 45W. We 
were not able to assess in our study whether the likelihood of tag return is uniform across the 
Atlantic but we believe that tags are more likely to be returned closer to the point of release; 
tags returned from distant waters are likely to be an under-representation of movement. On 
that assumption, and based on a dataset of similar maturity collected from the western Atlantic 
component (Block et al., 2001), it seems likely that similar levels of transatlantic migration and 
mixing occur from the eastern Atlantic stock.  At present, the information from tag recaptures 
is insufficient on its own to delineate any sub-stock structure within the Mediterranean i.e. it is 
not possible to distinguish between a simple two population model for Atlantic bluefin tuna, a 
metapopulation model, or a two population model with contingents (ICCAT GYBP Meeting –
Tenerife, 2013). However, recaptures of tagged tuna in future years will increase the quality 
and potential of this dataset to assist with that task.   
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Figure 8. Release- recapture and release-popup data of tuna tagged in the eastern Atlantic and Mediterranean 

(data from the GBYP tagging programme) 

Electronic tagging data provide detail of individual migrations, such as pathways between 
release and pop-up and estimates of travel distance and speed at a fine temporal resolution. 
In general, because numerous tags are released simultaneously in either similar or disparate 
locations, these types of information can provide crucial detail on associative behaviours 
(Cermeno et al., 2015) and areas where tuna aggregate or reside.  Movement and migration 
data from 176 PSAT were available for our review (we are aware that data from other 
electronic tags and from previous PSAT tagging experiments have been gathered for use in 
the GBYP modelling programme), some of which have been described in previous SCRS 
reports (Quilez-Badia et al., 2012; Abid et al., 2014; De La Serna et al., 2014). Similarly to the 
conventional tagging programme, the release and popup information derived from the PSAT 
data support the existing stock structure paradigm, with most tuna showing fidelity to areas 
east of the 45W meridian, while some tuna cross over and spend time in the western Atlantic. 
The proportion of popup positions in the mid-Atlantic confirms that conventional tagging 
returns generally under-represents the significance of these migrations. There are a number 
of pop-up positions in the NE Atlantic that have not previously been reported from conventional 
tagging experiments, but which is reflected in studies using electronic tags (Block et al., 2005).   

The detailed migratory information enabled by the geolocation analyses conducted with tag 
data strongly support the residence of tuna on spawning grounds in the western 
Mediterranean during the summer months (May through July; Figure 9 shows our analysis of 
geolocation data from each area of release), while wider ranging and extensive migratory 
movements are exhibited at other times (Figure 10 shows our analysis of geolcoation data by 
month).  The tagging programme has also contributed to scientific knowledge about other 
important spawning grounds in the southern Tyrrhenian Sea and the southern central 
Mediterranean. Tagging in 2015 partly covered the spawning area in the eastern 
Mediterranean.  
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Figure 9. Migration paths of tuna tagged in the eastern Atlantic with electronic PSAT (data from the GBYP tagging 

programme)
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Figure 10.  Positions of PSAT tagged tuna returned from the GBYP tagging programme.  Points are coloured by month, with warmer colours 
showing positions during the summer.
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A library of SCRS literature is growing that describes the migratory behaviour of tuna tagged 
in the Mediterrean.  The data have been used to identify spawning areas (Quilez-Badia et al., 
2012; Quilez-Badia et al., 2014), including some evidence that tuna may visit transient 
spawning areas in the Atlantic Ocean. These papers also provide evidence that there is mixing 
of the eastern and western components of the stock close to the Gibraltar Strait, suggesting 
that care needs to be taken when interpreting transatlantic movements; fish travelling to the 
west may have originated there. None of the analyses has shown that fish tagged in the 
Mediterranean spawning grounds travel to spawning grounds in the Gulf of Mexico (Abascal 
et al., 2016) although Arregi et al. (2015), show that tuna have an increased migratory range 
as they become older and larger. Future returns of implanted electronic tags are likely to yield 
further insights of this nature.  Analyses of the data collected by tags attached to tuna in the 
eastern Mediterranean and Adriatic Sea have not yet been conducted within SCRS, although 
all data and maps were presented to SCRS in 2014 and 2015 (Di Natale and Idrissi, 2015; Di 
Natale and Tesek, 2016; Di Natale et al., 2016a). 

At present, and despite the high quality of the database, there are no peer-reviewed analyses 
of the GBYP PSAT tagging programme that are associated with ICCAT. Some recent studies 
have been published independently of ICCAT that describe migrations and spawning stock 
structure (Cermeno et al., 2015; Aranda et al., 2013; Abascal et al., 2016) of tuna tagged in 
the Mediterranean, the Adriatic Sea and the straits of Gibraltar. In all these studies, the tagging 
evidence that the authors draw on is relatively limited compared with the data held by GBYP, 
with at most only a few tens of tags used in each analysis. Nonetheless, the conclusions drawn 
from these publications are helping to define the understanding of bluefin tuna spatial and 
spawning ecology (e.g. Fromentin & Loupozanski, 2013). While a formal and systematic 
analysis of all the GBYP tagging data remains elusive, there is a risk that the peer-reviewed 
studies and the understanding gleaned from them will transcend the analyses conducted 
within SCRS and the GBYP.  
 

Overall, from our assessment of the conventional and electronic tagging data, the most 
significant aspects of the GBYP tagging data are validation of the movement of tuna between 
east and west Mediterranean, demonstrating stock mixing; tracking of the movement of pre-
spawners from outside the Mediterranean to spawning area in the western Mediterranean, 
and beyond and transatlantic and northwards movements of tuna. However, to our knowledge, 
although a number of suggestions and recommendations have been made on the use of the 
GBYP tagging data (ICCAT GYBP Meeting –Tenerife, 2013; ICCAT BFT Data preparation 
meeting – Madrid 2015), these tagging data have yet to be formally incorporated in stock 
assessment, either to parameterise any population models, or to narrow the focus the 
assessment. In contrast, the tagging data are starting to be incorporated in the modelling MSE 
activity in the GBYP, which has been ongoing in parallel to the GBYP tagging programme.  A 
recent SCRS paper (Galuardi et al., 2015) on using tagging data to develop transition 
matrices, which explicitly does not include data from the eastern stock, shows the potential for 
tagging data to make a significant contribution to assessment and management modelling.  
Based on work conducted in late 2015 (Carruthers et al., 2015a; 2015b), it would appear, that 
there will be significantly more use of the data in 2016, during the January 2016 MSE modelling 
process (ICCAT MSE modelling meeting, Monterey, January 2016 meeting presentations:  
Lauretta et al., 2015; Carruthers et al., 2016), and during the 2016 BFT data preparatory 
meeting in July 2016. We hope so and note here that more electronic tagging work will take 
place in 2016, and also that recaptures of conventionally tagged tuna are expected in future 
years to increase the quality and potential of this dataset.  At present, the distributional 
knowledge gained from the tagging programme is only partially realising the benefits expected. 
Strengths and weaknesses are identified in Table 9.  
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Knowledge of bluefin tuna distribution and movements 
Aim:   Increase in knowledge 

Constraints:  Constrained by availability of data 

Cost:  Not applicable- undertaken in other subdivisions of GBYP programme  

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Validate current stock 
units 

Current stock unit paradigm (E-
W split at 45°W) tested 

Database on E-W movements has been 
strengthened.  Evidence that tuna move across 
Atlantic from Mediterrnean 
 
Scope for integrating data from other activities 
within GBYP (e.g. otolith microchemistry) 
 

Tagged tuna partly not identified to stock of origin, so 
tagging data have less power than ideal. Electronic 
tagged tuna have been attributed by assumptions. 
 
 
Systematic analysis has not been undertaken  

Improve knowledge on 
potential sub-stock units 

Improved information on 
substock structure in 
Mediterranean available 

Tagging programme has uncovered information 
about mixing in between east and west 
Mediterranean 
 
Fine-scale movement data from PSAT show range 
of migratory phenomena 
 
Scope for integrating data from other activities 
within GBYP (e.g. otolith microchemistry) 

Not established if tuna stock contains resident and 
migratory components (i.e. stock shows partial 
migration) 
 
Simultaneous tagging experiments in different areas not 
undertaken 
 
Systematic analysis has not been undertaken 

Identify movement 
patterns 

Systematic analysis of 
movement of tunas undertaken 

Fine-scale movement data from PSAT show range 
of migratory phenomena 
 
Experiments are reported on in a timely fashion on 
an annual basis to a wide SCRS and ICCAT 
audience 

Systematic analysis has not been undertaken. 

Identify spawning 
grounds 

Spawning behaviour and periods 
identified within Mediterranean 

PSAT data provide substantial information on the 
main spawning areas in in the Mediterranean. 
Some data on opportunistic spawning behaviour in 
other areas of the Mediterranean. 

Dataset has not been assessed to address this topic 

Data integration 
(conventional tag 
database) 

Data is integrated and compared 
with historic records 

Historic tagging work provides useful resource Dataset has not been assessed to address this topic 

 

Table 9.  Benefits, strengths and weaknesses of GBYP tagging data to increase knowledge of distribution 
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Improvement of knowledge of bluefin tuna growth 

 

Tagging studies can help to elucidate growth rate estimates because the size of a tagged and 
recaptured fish is known at two points in its life (Justel-Rubio et al., 2013). In conjunction with 
age data, estimates of growth at age can be derived. Turner and Restrepo, (1994) derived a 
growth rate curve for Atlantic bluefin tuna based on tagging data and size at age analysis that 
has been used ICCAT assessments, but recent advances in otolith analysis have superseded 
the use of tagging data for the purposes of estimating growth rate (see Ailloud et al., 2014).  
Nonetheless, the tagging data still have value in validating these more recent methods (Justel-
Rubio & Ortiz, 2013; Justel et al., 2013).  Most estimates of the growth of Atlantic bluefin tuna 
from tagging data have used the ICCAT historic tagging database, which contains records of 
tuna from both eastern and western stock components. The GBYP tagging data have the 
potential to allow an analysis of growth rate mostly the eastern component of the stock only. 

The coordination team of the GBYP is responsible only for the handling and maintenance of 
the data derived from the tagging programme and does not have a formal role in data analysis.  
There is no clear ‘roadmap’ for analysing tagging data or incorporating it into assessments, so 
it is undertaken on an ad-hoc basis. Thus, to date, the length and weight information returned 
from conventional and electronic tagging data has not been formally analysed within the 
GBYP. The majority of effort to derive growth rates of tuna resides within the biological 
sampling programme of ICCAT, including within the GBYP. No systematic analysis of the 
growth information available from the GBYP tagging data has yet been undertaken and 
published, either as an SCRS paper or within the peer review literature. 

Of 254 tag returns that we had available to analyse, only 118 contained information on release 
length, recapture length and time at liberty. Of these, 59 recaptured fish were from the target 
population (juvenile tunas < 1m in length at release). Both datasets suggest a growth rate of 
approximately 0.05cm per day, or ~18cm yr, which is consistent with estimates derived from 
age-length studies from similar aged fish in the GBYP biological sampling programme 
(Rodriguez-Marin et al., 2014). 

 
Figure 9. Growth data from GBYP tag return data. 

 

At present, we cannot find a published analysis of the growth data from the GBYP tagging 
programme, or any integration of the GBYP tagging programme data with historic tagging 
data. Recaptures of conventionally tagged tuna are expected in future years and will increase 
the quality and potential of this dataset.  However, at present, the knowledge of growth gained 
from the tag programme is only partially realising the benefits hoped for from the programme.  
Strengths and weaknesses are identified in Table 10.  
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Knowledge of bluefin tuna growth 
Aim:  Increase in knowledge 

Constraints:  Constrained by availability of data 

Cost:  Not applicable- undertaken in other subdivisions of GBYP programme  

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Estimate stock 
assessment 
parameters 

Stock assessment 
parameters (e.g. natural 
mortality) can be estimated 
from tag recoveries 

Growth rate information is available from tag 
return information 

Data has not been used formally 
 
Limited range of fish tagged >1m length 

Data integration 
(conventional tag 
database) 

Data is integrated and 
compared with historic 
records 

GBYP data is incorporated into ICCAT 
tagging database and available for use 

 
Value of GBYP tagging data not fully realised; 
potential for more comprehensive analyses after 
combining with historic data.  

 

Table 10.  Benefits, strengths and weaknesses of GBYP tagging data to increase knowledge of growth rate 
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Improvement of knowledge of bluefin tuna habitat utilisation 

Archived and transmitted time-series of depth and temperature from electronic tags can be 
used in many ways to determine the relationship between a tagged animal and its 
environment.  One of the commonest uses for depth data from archival tags deployed on fish 
is the assessment of time at depth, which can then be used to assess accessibility to fishing 
or survey gears, or as indications of particular behaviours, such as spawning (Teo et al., 2007; 
Walli et al., 2009). In the case of ABFT, generating assessments of time spent visible at the 
surface during aerial surveys is a crucial component of developing a reliable index of 
abundance. 

Electronic tagging data made available by ICCAT provide 176 datasets with an average length 
of 56d (range: 1 to 361d). For each dataset, an archived time-series of depth and temperature 
(at a five or 10 minute interval) is available from which to assess time at depth and diurnal 
patterns of behaviour. In addition, summary files providing assessment of time spent at depth* 
or temperature (*in a semi-logarithmic depth series) is available, assessed using near-
continuous data measured, but not logged by the tag. These data can be used in conjunction 
with data from reconstructions of migration to map areas and times when tuna are close to the 
surface or when they experience particular environmental conditions.  

To date, the information returned from GBYP electronic tags has not been formally analysed 
for stock assessment purposes. Instead, analysis has been undertaken within working groups 
of scientists associated with ICCAT and the SCRS, or within data preparatory meetings and 
the core modelling MSE group. Typically, analyses of a subset of the GBYP tagging data focus 
on a specific area of release. In general, these assessments tend to concentrate on the 
geographic movements of tuna, with relatively superficial examination of diving and time at 
depth data. The principal findings echo those of research on tuna of the western component 
((Teo et al., 2007; Walli et al., 2009), in that tuna typically spend more time in surface waters 
at night, and that they are able to dive to great depths (>500m) during the day.  However, this 
behaviour can be altered significantly during the spawning season. Quilez-Badia et al., (2014), 
SCRS/2014/184, report on areas of putative spawning based on the diving behaviour and 
thermal experience of tuna released in the central and western Mediterranean. Cermeno et 
al. (2015) report similar findings, showing that bounce diving and association with the 
thermocline appear to be key features of spawning, a finding also reported by others (Aranda 
et al., 2013, Abascal et al., 2016, Quilez-Badia et al., 2016). The results of these studies show 
that, for the purposes of tuning GBYP aerial survey estimates of spawning tuna abundance, 
time spent within surface waters (<10m) decreases signficantly after the spawning period in 
May and July, when surface orientation can reach up to 70% of the day. Our own preliminary 
analysis of the PSAT data provide similar findings for the full GBYP dataset, but also show 
surface orientation at locations not traditionally associated with spawning behaviour (Figure 
11), primarily because the data collected from the eastern Mediterranean have not yet been 
analysed formally. The conceptual basis of aerial surveys, that spawning tuna aggregate near 
the water surface, is therefore in no doubt. However, the influence of diel diving behaviour on 
estimates of visibility to aerial survey will not be complete until the end of Phase 5.   Our own 
preliminary analysis of the GBYP PSAT tagging data suggests that the variance of estimates 
is likely to increase (Figures 12 and 13) when the full dataset from PSAT tags is analysed in 
more detail.  

In general, the data have great potential for further use in assessing the spawning areas and 
availability of tuna to assist with improving the aerial surveys. However, excepting Quilez-
Badia et al., (2016), which is a preliminary work, the data have yet to be assessed formally for 
use in stock assessment. Further electronic tagging work will only improve the quality of this 
impressive dataset.  
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Figure 11. Variation in the time spent at the surface by tuna tagged in the GBYP. Larger symbols indicate more time in the upper 10 m of the water column, and colours indicate 

the month in which the observation was made. 
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Figure 12. (left) The time spent by bluefin tuna within the upper 5m of the sea surface (left) and the upper 10m 

(right) during the day plotted against time within those depth ranges over the full 24h period (i.e. includes night). 

Data from the final 3d of the dataset, when the tag may be drifting before data communication takes place, have 

been excluded.  The grey line shows the 1:1 relationship. 

 

 
Figure 13.  Time spent by bluefin tuna within 5m of the sea surface by month.  Numbers above each box indicate 

the number of datasets used in the calculations. 
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Knowledge of bluefin tuna habitat utilisation 
Aim:  Increase in knowledge 

Constraints:  Constrained by availability of data 

Cost:  Not applicable- undertaken in other subdivisions of GBYP programme  

 

Benefit Evidence for realisation Strengths of GBYP Weaknesses or constraint 

Evaluate habitat-
utilisation 

Use of water column by 
tagged fish evaluated and 
described for use in aerial 
surveys 

Initial analysis undertaken to provide method 
for tuning aerial surveys 

More throrough analysis needed to take into 
account diurnal behaviours 

Identify spawning 
grounds 

Spawning behaviour and 
periods identified within 
Mediterranean 

Data density during spawning period is high.  
Good potential for analysis. 

Very limited analysis to date 
 
Methods used to identify spawning behaviour are 
assumption heavy.  Few analyses have been 
undertaken to integrate larval survey data with 
behavioural data from tags. 

 

Table 11.  Benefits, strengths and weaknesses of GBYP tagging data to increase knowledge of habitat use 
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D3 Propose future strategies and improvements 

As stated in the introduction, the GBYP tagging programme has the following operational 
objectives: 

A Test and identify the most appropriate tagging approach for different areas and size of 
fish 

B Test and identify the most resistant conventional tagging methodologies 
C Provide rewards and dedicated feedbacks for all tags reported 
D Improve tag recovery and reporting rates 

To date, these objectives have been met, with significant achievements being: 
 

A comprehensive Atlantic bluefin tagging programme that has succeeded in deploying 
nearly 25,000 tag on more than 16,000 tuna across a broad area of the Mediterranean 
and eastern Atlantic, despite significant logistic constraints; 
 
Development of an ABFT tuna tagging manual and incremental improvement of 
tagging techniques (both conventional tags and electronic tags) that provide 
confidence in the tag deployments and; 
 
Coordination of a tag awareness and return programme that has resulted in nearly 400 
tags being returned over five years, representing a near doubling of the data available 
on eastern Atlantic and Mediterranean tuna. 

 
The scientific objectives of the GBYP tagging programme were (Di Natale & Idrissi, 2015), 
with priorities (3 highest, 1 lowest) suggested by Fonteneau et al., 2014: 
: 

1. Validation of current stock units, and improve knowledge on potential sub-stock 
units and mixing (Priority 3) 

2. Estimate M and or Z by age/age-groups (Priority 2) 
3. Estimate natural growth rates (Priority 2) 
4. Estimate tag recovery rates by fishery, making use of the observer programmes in 

the Mediterranean (Priority 2) 
5. Evaluate habitat-utilisation, movement patterns, maturity-dependent distribution 

and spawning-ground use of BFT from electronic tag data (Priority 1-3) 
 
We note that the objectives as currently stated are an evolution of those that were in place 
when the GBYP was originated. This evolution has occurred as a consequence of re-
prioritisation of objectives as experience and know-how grew during the initial phases.  
Progress has been made against most of these objectives but, in our view, the data provided 
by the programme offer much greater potential for meeting the GBYP tagging programme 
objectives than is currently the case. Significant achievements are: 
 

Recovery of nearly 400 tags from a wide range of fisheries within the Mediterranean 
that help to validate the current paradigm of eastern and western stock components; 
 
Recovery of ~180 datasets from electronic tags that provide evidence of the complexity 
and diversity of bluefin movements and behaviour within the Mediterranean and 
eastern Atlantic. 
 
Modelling and assessment frameworks that have been outside the GBYP tagging 
programme in readiness for use of the tagging data are effective. The uptake of tagging 
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data into the assessments will help to identify the strengths and weaknesses of the 
tagging data, and to further refine the tagging programme.   
 

Significant opportunities exist to: 
 

Estimate, albeit with uncertainty, stock assessment parameters such as mortality and 
growth rates using data collected from conventional tags and test these against 
assumptions used in current stock assessment models;  
 
Interrogate the electronic tag data archive more thoroughly and systematically to 
ensure that the full value of these datasets is available to test the assumptions of stock 
assessments and stock assessment modelling frameworks; 
 
Bring the data collected through the GBYP tagging programme together more closely 
with data collected in the biological sampling of GBYP (e.g. otolith microconstituent 
analysis) so that a better understanding of growth and stock identify is achieved. 

 
The GBYP is known globally as a significant scientific endeavour. The value of the programme 
in raising public awareness is very high. ICCAT should be applauded for embarking on the 
programme. The opportunity now is to build on what it has achieved already to ensure that 
maximum scientific value can be extracted from the existing data, and that maximum value is 
gained from future research endeavours. Based on our assessment of the achievements and 
benefits of the tagging programme so far, we can make a number of recommendations based 
on the long-term achievement of the high-level objectives. Fulfilment of these 
recommendations would help contribute towards the current SCRS strategic goals of 
communication (goal 4: improve communication of data to the scientific community), research 
(goal 2: acquire the necessary biological knowledge in tuna) and data collection (goal 3: other 
biological data) 

R1: Undertake a comprehensive and systematic analysis of all tagging data 
returned to date 
 
There is now a significant database of ABFT movements available for the eastern component 
of the stock, but it has not been systematically analysed or published in either the SCRS or 
the formal peer-review literature. Some of the results from electronic tagging experiments have 
been published, but this has been done sporadically and often with no formal 
acknowledgement of ICCAT’s role in the research. Although the data are being worked with 
in relation to SCRS activities by Dr Lauretta of NOAA, wider analysis and publication of the 
data in the scientific literature would be of benefit to ICCAT and would raise the profile of 
ICCAT assessment science for ABFT.   
 
As a minimum, we suggest that: 

 
GBYP conventional tagging data should be integrated with data collected from historic 
tagging programmes and an assessment undertaken of growth and mortality rates.  
The outcomes of this analysis should be cross-validated against assumptions of 
growth and mortality used in assessments, and against results derived from biological 
sampling programme. 
 
Comparison of GBYP tag (both conventional and electronic) recovery locations and 
rates should be compared to available knowledge on the distribution and effort of 
Mediterranean and Atlantic fisheries. The potential for adjusting the design approach 
in light of a fuller analysis of historical tag returns alongside covariate info (location, 
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size, fishery etc.) should be examined. The outcomes of this analysis should be used 
to determine the relative power of tag returns from different locations and to identify 
areas where future conventional tagging effort might be worthwhile, and areas where 
fisheries independent methods are more suitable. 
 
Undertake a comprehensive analysis of the migration data available from electronic 
tags deployed on ABFT, ideally incorporating electronic tag data archives from 
previous ABFT tagging experiments in the eastern Atlantic and Mediterranean in the 
last 15 years. The outcome of this analysis would be the development of 
spatial/regional transition matrices (e.g. using TagSim, Galuardi et al., 2015), providing 
information on whether certain regions are associated with greater transience or 
residence, helping to guide future tagging efforts to examine any hypothetical substock 
mixing within the Mediterranean, or on long-distance migrations into the Atlantic. 
Ideally, this activity would be combined with a reanalysis of the estimated migration 
paths of ABFT tagged with electronic tags using a model ensemble approach to enable 
improved estimates of spatial uncertainty. The outcome of this analysis would provide 
a better dataset for use in ABFT MSE. 

 
Undertake a comprehensive analysis of the time-series data available from electronic 
tags, ideally using electronic tag data archives from previous ABFT tagging 
experiments in the eastern Atlantic and Mediterranean. The outcome of this analysis 
would be a behavioural classification for vertical and habitat selection behaviour in 
relation to potential spawning events and aerial survey spotting (e.g. Scutt-Phillips et 
al., 2015). 

 
Undertake an assessment of the effect of tagging based on time-series of depth from 
electronic tag data. The outcome of this analysis would help to guide future 
procurement activities and tagging strategies for tuna of varying sizes.   

 
In general, analyses should be undertaken in the context of all the other biological 

studies undertaken in GBYP, if possible, i.e. biological sampling, genetics and even 

aerial surveys.  Ideally, the data should also be brought together with scientific findings 

from the US NOAA programme on ABFT either during or after the analysis to ensure 

that a greater understanding of ABFT in its entirety is developed. 

 

Note that the following activity was recommended in the GBYP mid-term review: 

A comprehensive synthesis of all information on BFT movements/migrations in the 
Atlantic Ocean and the Mediterranean Sea, using all data available, would, in the 
opinion of the review team, be very useful in terms of GBYP communications on the 
topic and help to stimulate the further development of this or the establishment of other 
mixing models (this subject was discussed at the Tenerife 2013 WG meeting). 

 
The estimated cost of undertaking the suggested analytical activities is difficult to assess, 
since the analyses could be achieved in different ways, over different time-scales and with 
different levels of integration.  We suggest that a 12 to 18 month programme of work by a well 
qualified team of fisheries scientists could cost in the region of €300k. 
 

R2: Long-term planning for the next stage of the GBYP  
 
The GBYP programme is due for consideration for renewal into a second stage for the period 
after the first stage 2010-2017) closes with a sixth phase in 2017 (ICCAT GBYP Steering 
Committee, (2015).  Our assessment of the GBYP tagging programme is that a significant 
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operational success has been achieved, but the scientific benefits from the programme are 
yet to be achieved in full. Although we have only looked at the use of tagging data collected 
by the GBYP programme, recommendations made in the mid-term review of GBYP suggest 
that this is not isolated to the tagging programme. ICCAT needs to be firmer in its 
determination to improve this situation. Without improving the use of the very valuable data 
collected in the GBYP, its value as an exemplary scientific programme in support of fisheries 
management is diminished. From our perspective, the value that tagging alone can have in 
raising understanding and awareness of the dynamics of (highly migratory) stocks such as 
tuna is high because of the natural interest in fish movements and migrations shown by 
stakeholders. A good, cost-effective tagging programme that addresses the current 
uncertainties in ABFT stock distributions and mixing will help to show that the assessment and 
modelling science undertaken within SCRS and ICCAT is of a high standard. 

This, however, requires a better integration of data collection and data use. The coordination 
of the GBYP is responsible only for the handling and maintenance of the data derived from 
the tagging programme and GYBP coordination does not have a formal role in data analysis.  
Because the programme runs year to year, there is no clear ‘roadmap’ or requirement for 
analysing tagging data (or other data collected in the GBYP) or incorporating it into 
assessments, so it is undertaken on an ad-hoc or piecemeal basis. The GBYP coordination 
team needs to be given greater ability to ensure that the scientific aims of the GBYP are 
providing the back up to the management and assessment of ABFT that the programme was 
designed to achieve. Additional and fascinating biological knowledge gained as a 
consequence of the main goals of growth rate calculation, stock integrity/mixing, mortality 
calculations by age, etc. will also undoubtedly be achieved.  

The estimated cost of undertaking the suggested coordination and management activities is 
difficult to assess, since the recommendation could be achieved in different ways. Based on 
increasing the current costs of the GBYP coordination activities by 20% to 30%, the cost of 
this activity might reach €40k to €80k per year. 
 

R3: Modify the GBYP tagging and sampling design and move, largely, to fishery 
independent data retrieval 
 
The conventional tagging programme in GBYP cost close to €3million. To date, there are 
nearly 400 returns of tags (1.7%), and probably a similar number more can be expected in the 
coming years.  In contrast, 234 electronic tags were deployed, and nearly 180 datasets (80%) 
have been recovered, with more datasets still being processed by CLS (the company that is 
contracted to process the satellite tag data). The cost of deploying electronic tags is higher, 
per unit, but with a much greater probability of retrieving the data. If the primary interest is in 
migrations and movements, there is no comparison between the two techniques; electronic 
tags provide better and more reliable data. In addition, there are doubts within the ICCAT 
assessment community that conventional tagging data can provide useful information within 
the context of an MSE, with the focus shifting to sole use of data from electronic tags. 
 
We note that the GBYP mid term review (Fonteneau et al., 2014) recommended: 

Establishment of a large-scale electronic tagging programme for Atlantic BFT  
The EU has since 2000 supported and funded such programmes for at least cod (code-named 
CODYSSEY) and European eel (code-named EELIAD). Such a programme would be of clear 
interest for Atlantic BFT, because the research output is virtually totally independent of 
fisheries. A large-scale multi-year electronic tagging programme conducted at the scale 
of the whole BFT population can be planned best by the GBYP and the SCRS. Such a 
programme should, however, be conducted under the auspices of the GBYP and led by both 
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ICCAT-associated and experienced independent scientists, but likely seeking alternative 
sources of funds (e.g. from the US, the EU, Japan and elsewhere).  

 
The rationale, now that the electronic tagging programme of GBYP has begun and provided 
significant evidence of success, is even more compelling. Consider too that the GBYP 
conventional tagging programme, although fulfilling its operational objectives, will not provide 
the data richness or quality to provide precision estimates of growth and mortality, nor metier 
specific reporting rates. In the future then, we suggest that all GBYP future tagging activities 
within GBYP are focussed fully on electronic tagging. The outcome of R1 (comprehensive 
analysis of all GBYP tagging data) will identify the areas and techniques that are most likely 
to succeed in reducing uncertainty in assessment operating models, or in the stock 
assessments. For example, simultaneous releases of electronic tags in various parts of 
Mediterranean would be needed to assess residency and partial migration.   
 
Part of the work we suggest now would be to review alternative tagging technologies to ensure 
that the most cost-effective methods are used.  New technologies are becoming available that 
provide different types of information, and lower cost technologies such as the mark-recapture 
PSAT are able to provide basic migration data at very low cost (€1000 per tag, including 
communication), as well as providing the opportunity to tag smaller tuna (<1m length). At the 
same time, advanced technologies are becoming available that allow data retrieval in different 
ways e.g. through boat-mounted receivers These technologies, i, might be particularly useful 
for retrieving data from short-deployment tags used during e.g. the spawning season. 
Additional effort could be spent exploring the potential for acoustic tagging and acoustic 
receiver arrays. The Straits of Gibraltar have long been a target for researchers interested in 
movement of animals into the Mediterranean, and collaboration between GBYP and the 
Ocean Tracking Network (OTN) will be necessary to make progress. 
 
Tagging studies often provide detailed data at a fine temporal scale, but the opportunity for 
long-term deployments is currently limited by the longevity of current technology.  It is therefore 
necessary to adopt a multi-disciplinary approach. Other methods for fishery independent 
sampling and population assessment are genetic tagging and otolith/scale or spine 
microchemistry are now routinely available, or have recently become so.  The potential offered 
by close-kin tagging is currently the subject of a GBYP scoping review due to report early in 
2016.  Additional techniques, such as the eDNA barcoding approach, may be viable tools for 
determining population mixing on spawning grounds, for example. In-situ or mobile 
sequencers are close to becoming commercially available (e.g. MBARI genetic sequencer) 
that could offer almost real-time population sequencing data.  These techniques are powerful 
in their own right, but in combination with tagging and migration studies, their power is 
considerably increased. 
 
This recommendation does beg the question of the future of conventional tagging programmes 
within the eastern Atlantic and Mediterranean. This topic is beyond the scope of the review 
work we present here, but two possible avenues are suggested. First, that GBYP continue to 
engage effectively with the sport and recreational fishing industry to bring greater cohesion 
and effectiveness to ad-hoc tagging campaigns. Second, a programme of observer-led 
tagging (as currently operates within toothfish fisheries in the southern Atlantic, coordinated 
by CCAMLR) may be an effective route to success. 
 
The estimated cost of undertaking a wide-scale electronic tagging programme is considerable.  
We suggest that, as an example, 500 PSAT tags (€4,000 each) should be deployed in a five-
year programme. This would enable recovery of data on a similar scale and quality to that of 
similar tagging programmes undertaken on the western component of the stock. In addition, 
we recommend deployment of 500 archival tags (€1000each) and, for areas where tagging 
return rates are known to be low, 500 mark-report tags (€1,000 each). Deployment costs are 
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clearly variable, but a unit cost per deployment of €1000 to €2000 seems reasonable based 
on GBYP expenditure. A tagging programme could therefore be implemented for between 
€4.5 million to €6 million. This estimate does not take into account the costs of data analysis 
(€variable, depending on design) or integration with other sampling and assessment 
programmes, since these could be configured in different ways for different levels of 
expenditure.  A lower cost programme could be achieved with a different configuration of tags 
or objectives. 
 

R4: Improve awareness of tagging programme though coordinated campaign of 
peer-review, popular articles, social media  
 
One of the five pillars of the SCRS strategy is ‘Dialogue and communication’. The goals of this 
pillar provide a number of goals to improve communication between a wide range of 
stakeholders, from scientists to fishers and the general public. From our perspective, the value 
that tagging alone can have in raising understanding and awareness of the dynamics of (highly 
migratory) stocks such as tuna is valuable and relatively easily achievable. To date, the 
awareness programme of the GBYP has focussed only on tag returns, rather than the benefits 
achieved by the programme.  However, the high quality of the work undertaken in the GBYP 
tagging programme is ideally suited to wider dissemination and is of wide interest to a number 
of audiences.  By raising awareness of the importance of the research within the scientific 
community, CPCs, RFMOs and the general public/ fishers, the role of the GBYP in improving 
ABFT stock assessments and management advice will become more widely understood and 
so support for the programme will increase.  

We have not estimated the cost of this recommendation. 
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