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Context
• Purse seine fleets’ technology is improving rapidly 

and also is the increasing use of FADs.

• Therefore, it is difficult to obtain reliable CPUE 

indices for these fleets.

• Science-industry collaboration is helping to 

understand the use of FADs and facilitating the 

availability of data with great potential for 

improving abundance indices and therefore, for 

improving the quality of stock assessments. 



Context
• The collaboration with the Spanish vessel-owners 

associations (ANABAC and OPAGAC) and the buoy-

providers companies (Marine Instruments, Satlink

and Zunibal), has facilitated the recovery of 

information from echosounder buoys (2010-2018). 

• These buoys inform fishers in near real-time about 

the accurate geolocation of the FAD and the 

presence and abundance of tuna aggregations 

underneath them. 



Methods

- The acoustic (raw) data: Satlink echosounders

• The echosounder provides acoustic information in 10 different vertical layers, each 
with a resolution of 11.2 (3 - 115 m).

• Three models: DS+, DSL+ and ISL+.
• The database of acoustic information of the Atlantic Ocean from Satlink buoys 

comprises around 5 million of records from over 36,000 buoys for the period from 
January 2010 to December 2017 [2018]



Methods

- From acoustic data to a species-specific abundance indicator:

• Current echosounder buoys provide a single acoustic value without discriminating 
species or size composition of the fish underneath the FAD. 

• Therefore, these data have been crossed with fishery data, species composition and 
average size, to obtain one abundance index for the three tropical tuna stocks.



Methods

- From acoustic data to a species-specific abundance indicator:

TS: Oshima, 2008 (YFT); Boyra et al., 2018 (SKJ); Boyra et al (submitted to ICESJMS)
Mean length: Length distribution PS-FAD IOTC ICCAT
Species composition (%): PS-FAD catch composition 1ºx1º, month Task2 data. 
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Methods

- Acoustic data cleaning and filtering :

• Remove records without acoustic information, outliers, bad geolocation, time, or other 
general variables. 

• Additional considerations for :
• <25 m discarded.
• Bottom shallower than 200m discarded.
• Onboard signals discarded.
• Only data from 4-8 AM.
• Very low values discarded (0.1)
• Days since deployment.
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1 buoy – 4 trajectories

If dayn+1 – dayn >=30 ⇒ new trajectory
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1 buoy – 4 trajectories – 4 sections

If dayn+1 – dayn >=30 ⇒ new trajectory

20 <= [dayn–day1]<=35 ⇒ “virgin” section1
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Orue B, Lopez J, Moreno G, Santiago J, Soto M, Murua H (2019) Aggregation process of drifting 
fish aggregating devices (DFADs) in the Western Indian Ocean: Who arrives first, tuna or non-
tuna species? PLoS ONE 14(1): e0210435. https://doi.org/10.1371/journal.pone.0210435



1 buoy – 4 trajectories – 4 sections

If dayn+1 – dayn >=30 ⇒ new trajectory

20 <= [dayn–day1]<=30 ⇒ “virgin” section

Individual observations, mean, 
median, maximum, 90% perc …?
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1 buoy – 4 trajectories – 4 sections

If dayn+1 – dayn >=30 ⇒ new trajectory

20 <= [dayn–day1]<=30 ⇒ “virgin” section

Individual observations, mean, 
median, maximum, 90% perc …?
At what time of the day?
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1 buoy – 4 trajectories – 4 sections

If dayn+1 – dayn >=30 ⇒ new trajectory

20 <= [dayn–day1]<=30 ⇒ “virgin” section

90% percentile
4-8am
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Methods
• Days since deployment.

1 buoy – 4 trajectories – 4 sections

If dayn+1 – dayn >=30 ⇒ new trajectory

20 <= [dayn–day1]<=35 ⇒ “virgin” section
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fish aggregating devices (DFADs) in the Western Indian Ocean: Who arrives first, tuna or non-
tuna species? PLoS ONE 14(1): e0210435. https://doi.org/10.1371/journal.pone.0210435

• The total number of “virgin” sequences 
or number of observations was 49,880, 
(86.85%) positives.

• 90% quantile of the integrated acoustic 
energy observations in each of the 
"virgin" sequences. 



Methods
• Days since deployment.

1 buoy – 4 trajectories – 4 sections

If dayn+1 – dayn >=30 ⇒ new trajectory

20 <= [dayn–day1]<=35 ⇒ “virgin” section

• The total number of “virgin” sequences 
or number of observations was 49,880, 
(86.85%) positives.

• 90% quantile of the integrated acoustic 
energy observations in each of the 
"virgin" sequences. 

Spatial distribution [5ºx5º] of the “virgin” sequences of buoy 
trajectories that have been used in the GLM analysis. 



Methods

- The BAI index: Buoy-derived Abundance Index (BAI):

• The signal from the echosounder is proportional to the abundance of fish
(Santiago et al., 2016):

BAIt = φ . Bt

• In order to ensure that φ can be assumed to be constant a standardization
analysis is performed.

• Delta lognormal analyses (Lo et al., 1992) were carried out using a binomial
distribution for the probability of the acoustic record being zero and a
lognormal probability distribution for positive observations.



Methods

- Covariates for standardization:

• Categorical: year-quarter (yyqq), and 5°x5º ICCAT areas
• Continuous:

o velocity of the buoy
o FAD densities
o environmental variables:
 Ocean mixed layer thickness
 Chlorophyll
 SST
 SST and Chlorophyll front









Results

- Standardization:

Deviance tables for the binomial and the lognormal components of the Delta-lognormal model of the 2010-2017 
period. Significant (p<0.05) factors and interactions explaining >4% of total deviance are highlighted. 



Results

Diagnostics of the lognormal model selected for the period 2010-2017: residuals vs fitted, Normal Q-Q plot and 
frequency distributions of the residuals. 



Results

Time series of nominal (circles) and standardized (continuous line) Buoy-derived Abundance Index for the period 2010-
2017. The 95% upper and lower confidence intervals of the standardized BAI index are shown. 
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