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1. BACKGROUND 

Elasmobranchs are especially vulnerable to fishing impact due to their k life history characteristics 
(Dulvy et al, 2014). Their overfishing in a number of fisheries has led to a decrease in shark populations 
around the globe, including the Indian Ocean.   

Longline, gillnet and driftnets fisheries account for the major part of the shark catch (Murua et al 2013, 
Restrepo et al 2017, Garcia & Herrera 2018), through both targeted effort and as by-catch in other 
fisheries.  

In contrast, the tropical tuna purse-seine fishery contributes less than 4% of the total shark catch.  
While, the by-catch of all species in this fishery in the Indian Ocean is low, sharks are the main bycatch 
group with silky shark (Carcharhinus falciformis) (Müller and Henle, 1839) the main shark species 
caught in association with effort using Fish Aggregation Devices (FADs) (Restrepo et al 2018, Ruiz et al 
2018) 

Silky shark is an oceanic and coastal pelagic shark with a circumglobal distribution in tropical waters. 
The species categorised as vulnerable in the International Union for Conservation of Nature and 
Natural Resources (IUCN) Red List of Endangered Species. In the Indian Ocean, Ecological Risk 
Assessments (ERA) (Murua et al, 2018) identified silky sharks as a species with a high risk of 
overexploitation due to their k-life history characteristics (e.g. slow growth, long gestation, low 
fecundity and late maturity).  

This concern led Regional Fishery Management Organisations (RFMO) and the   fish catching sector to 
understand the need to reduce fishing mortality. 

For its part, and consistent with the company’s Sustainability Policy and Code of Good Practices (CGP), 
in recent years ECHEBASTAR has taken measures to reduce the catch of non-target species and, should 
they be taken, to increase the potential for post release survival.  

The CGP defines specific management procedures consisting improved handling and release 
techniques for each species. They are based on the results of the EU MADE project (Poisson et al, 
2012, 2014a) that RFMOs have adopted as best practices for the release of bycatch. In addition, 
ECHEBASTAR has incorporated a second conveyor belt of their vessels to facilitate the release of living 
by-catch species.  

The Code of Good Practices Program identified significant benefits from application of the measures 
such as the use of  non-entangling FADs while specific data collection protocols le to a better 
understanding of the nature of the issue with  an  increase in the number of vulnerable species 
registered(Grande et al, 2019). A total of 56,504 interactions between the Indian Ocean purse seine 
fishery for tunas and vulnerable species were recorded in the period 2015-17. Sharks (apart from 
hammerhead sharks and whale sharks) were by far the dominant group accounting for 98.5% of the 
total (Grande et al, 2019). 

Previous research to evaluate the post-release mortality of elasmobranchs has been carried out in 
longline fisheries (Musyl et al, 2011, Musyl & Gilman 2018) and purse seiners (Hutchinson et al, 2015, 
Eddy et al, 2016) in the Pacific Ocean. However, there has been scarce specific research in the Indian 
Ocean (Poisson et al, 2014).  
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In general, survival rate analysis studies are based on the use of pop-up satellite tags (sPAT) that allow 
estimation of the mortality rate of species while providing information on vertical and horizontal 
movements. Such data can be valuable in exploring in the identification of additional and 
complementary mitigation measures.  

The studies completed show higher overall mortality rates for sharks in purse seiners (70% - 80%) than 
in longlines (around 15%). However, the studies were completed prior to implementation of  the CBP. 

The MSC PCR for the Echebastar fishery (Acoura 2018) found “about 50% of the animals are observed 
to be released alive and of these 20-40% are thought to survive (Poisson et al. 2011, Poisson et al. 
2014, Hutchinson et al. 2015, and Eddy et al. 2016), i.e. there is a 10% -20% survival rate for the 
captured silky sharks”. 

Resolution 19/03 (p. 12) of the Indian Ocean Tuna Commission (IOTC) proposed the implementation 
of tagging programs to evaluate the effectiveness of  implemented measures. 

Other research has analysed the habitat and interactions of the Indian Ocean purse-seine fishery with 
elasmobranchs in general (Romanov, 2002; Sánchez et al, 2007; Amandè et al, 2008; Romanov et al, 
2010; Lezama-Ochoa et al, 2015; Garcia & Herrera, 2018; Ruiz et al, 2018; Grande et al, 2019)  
particularly in relation to  silky sharks (Amandè et al, 2008; Filmalter et al, 2010; Amandè et al, 2011; 
Filmalter et al, 2011; Filmalter et al, 2015; Lezama Ochoa et al, 2016). However, most of these studies 
use data from years prior to the implementation of the BBPP or with little observation coverage. New 
research using robust more recent data and information is needed on the potential impact of the 
Indian Ocean tuna purse seine fishery on silky shark.  

ECHEBASTAR has taken the initiative to establish the required research including provision of the 
information needed to complete analysis of the impact of the mitigation measures as well as  
recording incidents and interactions with DCPs. The tagging programme will allow evaluation of the 
effect on the survival of the silky shark resulting from implementation of the double conveyor belts. 

Currently, studies of the habitat of ETP species are being implemented using increasingly sophisticated 
mathematical algorithms (Species Distribution Models (DEM)) that allow better understanding of the 
environmental conditions and the fishing operations that may influence the by-catch of the   species.  
In turn, this is expected to the identification of options for future conservation measures.  

There exist numerous habitat and distribution studies related to bycatch species in the purse-seine 
fishery for tropical tuna using DEMs (Escalle et al, 2016; Lopez et al, 2017; Lezama-Ochoa et al, 2019; 
Lopez et al, 2020).  

However, only limited research has focused on silky sharks (Lopez et al, 2020). The information 
collected by CGP in the Indian Ocean is a response to this gap as it will provide required data over an 
extended period of time. 

In supporting this project, the objective of ECHEBASTAR is to quantify the total mortality and post-
release survival rates of incidentally caught silky sharks, and to identify the point in the purse seine 
fishing operation where sharks may suffer the injuries that lead to mortality. To do this, AZTI used data 
collected on board one of the Echebastar purse-seine vessels employing  established practices and 
applying the CGP fishing in the western Indian Ocean  waters.  
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To quantitatively assess fishing-induced silky shark mortality, lactate concentrations from blood 
samples have been used in combination with satellite-linked tags (PATs) to validate the fate of 
released sharks. The tags used are programmed to be released after 60 days in the case of SPAT and 
one year in the case of MiniPAT.  

The final results of the project will be available by the end-2021. These will include investigation of 
the use of vertical habitat of silky sharks to identify possible strategies to mitigate the capture and 
evaluate the precision of the estimates of the rate of shark catch made by the observer and the ship's 
officers.  

2. OBJECTIVES 

The specific objectives of this study are: 

 Estimate the survival rate after the release of C. falciformis through the application of good 
practices (BBPP) in purse seiners using sPAT and MiniPAT satellite tags. 

 Identify the correlation between the number of C. falciformis and the volume of catch per set 
(total tonnes caught in a set and the biomass under the FAD where the set is to be made). 

 Identify the correlation between the number of C. falciformis caught per set and the 
geographical location of the set. 

3. MATERIALS AND METHODS 

The study was completed on an Echebastar purse seine fishing vessel (FV) with 89.28m of total length 
(Figure 1) on a fishing trip from October 22 to November 23, 2020. The net used had 1,647 m. length 
on the cork rope line and 280 m. of fall stretched. 

 

Figure 1: Echebastar FV during a fishing operation. Photo: Iñigo Onandia 
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Of the total silky sharks caught incidentally during 41 fishing operations around FADs, 28 were tagged 
with satellite tags (following good practice release methods) during two different modalities: i) when 
releasing the shark from main deck before going down to the fishing deck and ii) releasing the shark 
through the upper belt once it reached the fishing deck. The tagged specimens were measured and 
sexed with a blood sample taken to measure lactate which is  a blood parameter closely related to 
anoxia levels. 

The study area comprised the waters north of Seychelles up to latitude 9 N and between degrees 57 
E and 63 E of longitude (Figure 2). 

 

Figure 2:  Study area in the Indian Ocean 

To analyse post release mortality (PRM) and identify where and when silky shark lesions occur, 
specimens were sampled in the different phases of fishing: (i) during the hauling of the net (entangled 
specimens); (ii)  during the Brailing of the catch on board, differentiating the number of the sequence 
of Brail (first Brails, second Brails and the rest) and measuring the duration of the time from the 
beginning of the fish handling until the release of the specimens, in which the anoxia is prolonged 
(Figure 3).  

After their release, vitality categories were assigned to all the specimens being: 4 (perfect) vigorous 
swimming and no external injuries; 3 (good) good swimming, although somewhat slower and 
apparently disoriented; 2 (regular) laborious swimming and / or visible major traumas; 1 (bad) 
specimens capable of turning around and swimming with great efforts and 0 (dead) specimens that 
sank with the ventral zone upwards. 
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Figure 3: Silky shark tagging operation and its release. Photo: Alfonso Mouco. 

4. RESULTS 

The results of this report are preliminary due to the recent implementation of satellite tags.  

 Silky shark was caught in 27 of the total 41 fishing operations carried out.  

 In three FADs, several sets were made within a few days. Silky sharks were only found in the 
initial set.  

 In recently deployed FADs (<10 days) there was no captures of non-tuna species. This suggests 
that the first species to colonize these FADs were tunas. 

 28 specimens of silky shark were tagged during the fishing trip (Table 2) to achieve the greatest 
spatial-temporal distribution (Figure 4).  

 8 of them died during the first 24 hours and two other tags gave premature signs, after 10 and 
32 days respectively, of clear indications of that they had been caught by another fishing 
vessel. 

 The rest of the tags remain in place, according to the pre-established parameters for their 
release. 

Blood samplings were performed (Figure 5) by extraction from the caudal peduncle and analysed "in 
situ" using the Lactate Plus meter manufactured by Nova Biomedical (USA). Values between 2.6 and 
12.6 mmol were obtained, with the lowest being those of the specimens in better conditions. 
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Table 1:  Status of silky sharks in the different phases of fishing after release 

  Perfect (4) Good (3) Regular (2) Bad(1) Dead (0)  Total % 

Entangled  16 16 8 2 0 15,11% 
1st Brail 0 11 27 12 12 22,30% 
2nd Brail 0 4 17 26 31 28,06% 

Other Brails 0 0 9 21 66 34,53% 

Total % 5,76% 11,15% 21,94% 21,94% 39,21% 100,00% 
 
Table 2: Information on tagged silky sharks 

ID Date Specie Size cm sex Tag Id LAT 
Degrees 

LAT 
min. 

LONG 
Degrees 

LONG 
min. 

1 23-oct FAL 110 H 20P1366 -2 13 59 29 
2 24-oct FAL 166 M 20P1398 -1 10 63 29 
3 24-oct FAL 149 M 20P1400 -1 10 63 29 
4 24-oct FAL 148 M 20P1399 -1 10 63 29 
5 25-oct FAL 117 H 20P1411 0 59 59 29 
6 25-oct FAL 120 H 20P1412 0 59 59 29 
7 25-oct FAL 119 H 20P1414 0 59 59 29 
8 26-oct FAL 150 M 20P1420 3 20 59 6 
9 27-oct FAL 139 H 20P1416 2 34 58 16 

10 27-oct FAL 128 M 20P1436 2 38 58 10 
11 27-oct FAL 139 H 20P1407 2 38 58 10 
12 29-oct FAL 142 H 20P1434 6 22 61 44 
13 29-oct FAL 127 M 20P0061 6 8 61 35 
14 29-oct FAL 147 H 20P0893 6 8 61 35 
15 30-oct FAL 124 M 20P1370 4 50 63 46 
16 02-nov FAL 164 H 20P0866 5 15 56 59 
17 02-nov FAL 144 H 20P0077 5 15 56 59 
18 03-nov FAL 101 M 20P0867 6 31 59 37 
19 05-nov FAL 140 M 20P0868 7 13 61 20 
20 07-nov FAL 140 H 20P1001 7 16 59 6 
21 11-nov FAL 134 M 20P0916 6 10 58 37 
22 11-nov FAL 144 H 20P1172 6 10 58 37 
23 11-nov FAL 153 M 20P1439 6 49 58 30 
24 12-nov FAL 167 M 20P1422 7 48 59 17 
25 13-nov FAL 134 M 20P1437 7 26 59 38 
26 14-nov FAL 157 H 20P1469 5 45 54 43 
27 14-nov FAL 188 H 20P1433 5 45 54 43 
28 14-nov FAL 181 M 20P1468 5 45 54 43 
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Figure 4:  Locations of the implanted tags 

 

 

 

Figure 5 Blood sampling from the caudal peduncle in a male of C. falciformis for analysis. Photo: 
Cosme Rial 
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The categorized vitality assigned after liberation and the results obtained can be seen in Table 1 above. 

The entangled specimens were the ones in the best physical condition, mainly due to the brief 
exposure to anoxia and because they did not suffer from crushing during the net hoisting. It is also 
evident that longer  time in the sack before release leads to greater damage and lower vitality of  
individuals. It is to be mentioned that there were no captures of any other shark species. 

These results, together with the data that the tags will provide once the programming cycle is 
complete and the results of the blood tests, will allow a more exhaustive estimation of the survival of 
silky sharks that are incidentally caught and released according to the CGP. 

5. ANALYSIS AND CONCLUSIONS 

Although drawing conclusions from the present study is premature, it can be stated that the mortality 
of the silky shark in the purse-seine fishery for tropical tunas is highly conditioned by the volume of 
the catch of each set, as well as the composition of the species. When large tuna such as yellowfin 
tuna or bigeye> 30kg are caught in significant quantities, greater than 30 or 40 mt, the chances of 
survival of the sharks are reduced.  

On the other hand, survival values were higher than those of similar studies.  The CGP, together with 
the double conveyor belt (Figure 6), have a positive effect on survival, not only in silky sharks but also 
in other associated species, although they have yet to be quantified. The immediate release of 
entangled silky sharks and those arriving at the fishing deck via the double conveyor belt significantly 
reduces PRM.  

 

Figure 6: Silky shark specimen in the double conveyor belt of the ship. Photo: Iñigo Onandia 

One of the most common limitations in tagging studies with satellite tags, is the low number of tagged 
specimens due to the high cost of satellite tags. The contributions and support received will allow the 
study to be consistent. The implanted tags will contribute to evaluate the effectiveness of the 
mitigation measures already implemented for sharks and to improve the sustainability of the tropical 
tuna fishery to achieve the highest sustainability standards. 
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