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Introduction

Implementation of Electronic Monitoring Systems (EMS) has grown exponentially during the last two decades and EMS is currently being used in numerous fisheries as an independent monitoring tool to provide information on catch, bycatch and discards to be used for stock assessment and management (Cahalan et al., 2010;Gilman et al., 2019b;Helmond et al., 2020;McElderry, 2008;Michelin et al., 2018). In the case of tuna fisheries, EMS has been tested as an additional method to complement onboard observation and increase observer coverage, especially for vessels that cannot embark observers (Chavance et al., 2013;Emery et al., 2018;Gilman and Zimring, 2018;Hosken et al., 2016;Monteagudo et al., 2015;Ruiz et al., 2014). EMS has also received growing attention for the purpose of monitoring, control and surveillance (MCS) of fisheries (EFCA, 2019;Fujita et al., 2018;Gilman et al., 2019a;Helmond et al., 2020;Michelin et al., 2020;Stobberup et al., 2021). Ongoing discussions for the revision of the European Union Control Regulation are notably inviting Members States to further use EMS to document catch composition, catch handling and discarding practices, and to report mandatory data to relevant fisheries authorities upon request (Règlement (CE) nº 1224/2009/Article 25bis, EU Control regulation, 2021).

Minimum requirements for EMS installation and configuration on board fishing vessels consist in an integrated video acquisition system (cameras, sensor, GPS, computer hardware interface, encrypted video storage) adapted to each vessel configuration (EFCA, 2019;Michelin et al., 2020;Restrepo et al., 2014). In the case of tropical tuna purse seiners, a minimum of four cameras is needed to capture the different catch handling processes on the upper and lower decks (Restrepo et al., 2014;Ruiz et al., 2017). These handling processes include the loading of the catch from the net onto a platform (the hopper) on the upper deck using a brailer, the presorting of the catch in the hopper, the transfer of the catch to the lower deck through the loading hatch, additional sorting operations in the lower deck, and finally the dispatch of the sorted catch into the wells (Hall and Roman, 2013). The footages of each camera are stored digitally on hard drives and data are transmitted to "onland" electronic observers at the end of each fishing trip for analysis with an dedicated software (Michelin et al., 2020;Restrepo et al., 2014).

Since 2013, the producer organization ORTHONGEL representing French and Italian tropical tuna purse seiners has implemented the OCUP (Common Unique and Permanent Observer) program with the objective of complementing existing observer programs in order to reach 100% of observer coverage in the Atlantic and Indian Oceans (Goujon et al., 2018). An EMS pilot project called Electronic Eye Optimisation Project for the Future was implemented in 2014 as part of the OCUP program to compensate for insufficient spatial and temporal observer coverage at sea on tropical tuna purse seiners due, notably, to the presence piracy protection teams on board in the Indian Ocean. Overall, ten CFTO (Compagnie Française du Thon Océanique) vessels were equipped with four to five digital cameras. Since the end of this pilot project in 2019, the objective behind the development of EMS on French purse seiners remains not to replace onboard observers with electronic observations but rather to use EMS as an alternative when embarking observers is not possible.

Preliminary analyses of the data collected on board French and Italian tuna purse seiners have indicated that in most cases, EMS allows to monitor discards and non-target catch at a certain level of species identification, and provides comparable estimates to onboard observations for certain groups of species, especially for species which are systematically discarded (Bonnieux and Relot-Stirnemann, 2016;Briand et al., 2018). Despite the recognition of EMS as a useful observation tool for the tropical purse seine fisheries, none of the previous studies have addressed the potential of EMS to describe handling practices. Until very recently, IRD (French National Research Institute for Sustainable Development) onboard observation protocols allowed observers to monitor a sample of brailing operations and extrapolate this sample (based on the number of brailers or fraction of time) for the estimation of discards when counting exhaustively is not possible (IRD-Ob7, 2016). However, brailing operations of French purse seine vessels of the Indian Ocean have not yet been fully described to ensure that estimations based on these extrapolations are actually robust. In consequence, the primary objective of this work was to describe brailing activities in order to improve onboard observation protocols. Indeed, a better understanding of the main trends in brailing operations should help observers use appropriate extrapolation method as well as better organizing their tasks on board. In addition, since the level of control of fishing fleets is increasing worldwide with positive impact on major fish stock management (Hilborn et al., 2020), it seems important to confirm the ability of EMS to provide information on brailing operations (brailing capacity, number of brailers, brailer fullness) that could be also used in the future for the estimation of total catch for control purposes.

In this context, the present study aims at pursuing the overall exploration of the potential of EMS for monitoring French tropical tuna purse seine fleet activities in the Indian Ocean (Briand et al., 2018). Particular attention is paid to the provision of detailed information on catch handling operations in time (throughout the duration of such operations) by using in-depth viewing camera records. Our main objective here is to evaluate EMS as a tool to describe the main trends in brailing operations. This study takes into account differences in vessel configuration that exist among French purse seine vessels as well as the diversity of fishing set durations that can be registered during a fishing trip.

Material and Methods

Detailed information on camera installations and routine EMS data collection on board

French tropical tuna purse seiners is provided in Briand et al. (2018).

For the purpose of the present study, data were collected by electronic observers using EMS recording of 5 purse seine vessels of the Indian Ocean (Table 1). A total of 50 fishing sets from 9 different fishing trips carried out between August 2018 and September 2019 were chosen based on criteria of data availability and vessel configuration (3 different vessel configurations were considered) and recording quality. The distribution of sampled fishing sets per vessel is presented in Table 1.

For each fishing set, detailed information on brailing operations including (i) total brailing duration, (ii) intervals between consecutive brailers, (iii) total number of brailers, and (iv) brailer fullness were monitored using the desk camera of the upper deck. In addition, the overall trends in catch quantities (volume) and brailing capacity were analysed by comparing the total number of brailers used by fishing set against the estimated total catch declared in logbooks.

Results

Eighty-two percent (82%) of brailing operations lasted less than 20 minutes (N = 41; Table 2). Brailing operations lasted between 5 and 15 minutes for a majority of fishing sets (N = 34) and the rest of the cases were evenly distributed between 5-10 and 10-15 minutes (see Table 2, Figure 1a). Very few fishing sets were registered within 0-5 minutes (N = 4) and more than 30 minutes (N = 3; Table 2). The maximum brailing duration in the 50 fishing sets was 38 minutes (Figure 1a).

The time interval between the opening of two successive brailers was relatively regular over the 50 fishing sets with a large majority (~ 63% of the observations) between 1 and 2 minutes (mean = 1.65 minutes with standard deviation = 0.23; Table 3; Figure 1b). About 97% of observations (N = 312) were comprised between 1 and 4 minutes (mean = 1.93 minutes with standard deviation = 0.49; Table 3). Other cases (> 4 minutes) were rare and were either related to the presence of voluminous and/or dangerous species in the brailer or to incidents related to the brailer itself.

The number of brailers by fishing set increased with the volume of the catch (Figure 1d). At least 3 brailers were needed for each fishing set, and that for the majority of fishing sets (58 %), the catch was loaded on board with 3 to 6 brailers (Table 4; Figure 1c) The repartition of fishing sets within this range was evenly distributed but 5 brailers (18%) is the most common to unload the total catch onto the deck, followed by 4 brailers (16%) (Table 4; Figure 1c).

In the 50 fishing sets, the total catch ranged from 7 to 28 t (Figure 1d). Operations with more than 10 brailers (> 50 t) were quite rare and represent only 18% of the fishing sets (Table 4; Figure 1c,d). Moreover, two fishing sets with 22 brailers were registered on board two different vessels (Vessel 1 and 2) associated with a total catch > 110 t (150 and 112 t respectively) (Figure 1c; Figure 1d). Details on brailer fullness indicated that brailers were not filled homogeneously within each fishing set. In most cases, each fishing set was a combination of "full" brailers (75-100% fullness) and partially filled brailers (from 0-25 % to 50-75%) (Figure 2). Moreover, further results showed that the first brailers were always more filled than the following ones (Figure 3). This can be explained by the fact that fishes are more accessible to the brailers when the purse seine net is full. The "full" brailer category had the highest representation over all categories (48.5%) (Table 5; Figure 2). "Full" brailers also appeared in higher proportion for fishing sets with the highest number of brailers (see V1-1a-28, V2-2-19 and V2-2-3 examples in Figure 2). Brailer fullness categories of 0-25%, 25-50% and 50-75% were found in comparable proportions, respectively 19%, 17% and 15% of the observations (Table 5). Variability in brailer fullness shows that this data is particularly important to collect for a valid estimation of total catch by set.

Discussion

The present study confirms the potential of EMS to improve the monitoring of the total catch by tropical tuna fisheries, as already suggested in recent studies (Emery et al., 2019;Gilman and Zimring, 2018;Michelin et al., 2020). Our results confirm that EMS can be used to provide key information on brailing operations on the upper deck. Such information could be used to improve both the scientific monitoring (e.g., by contributing to improve onboard observation protocols), and the management (e.g., to estimate total catches via observed brailing information) of tropical tuna purse seine fisheries.

Our results specifically demonstrated that EMS installed on French purse seine vessels has the capacity to provide continuous information on brailing operations that onboard observers do not necessarily have time to collect during the fishing set, especially when they are collecting information on discards below deck. By analysing brailing operations, we found that in the majority of fishing sets (76%) the total catch is processed on board within the first 15 minutes, using less than 10 brailers for corresponding catch below 50 t. Previous studies have indicated that the duration of brailing operations varies with the volume of the total catch on board tropical purse seiners (Hall and Roman, 2013) but this relationship had never been documented in details for the French fleet until the present study. Also, we conclude that in most cases 4 to 6 brailers (corresponding to 10-30 t with on average 22 t) suffice to load the catch on board, and that very few fishing sets necessitated more than 15 brailers (> 50 t). This information could notably be useful to onboard observers to calibrate their sampling work before brailing operations based on the captain's estimates of fish circled within the net.

In addition, our study indicates a high regularity in the time between consecutive brailers that was estimated to 1.5 minutes on average for the majority of brailing operations. Overall, operations occurring between consecutive brailers are fast (less than 2 minutes) and confirm that a fast loading of the catch into fishing wells occurs, likely so to avoid the formation of histamine. This regularity between brailers could also be a good indicator for onboard observers to manage their time on and below deck. On the other hand, our results also underline a high variability in brailer fullness. This result is particularly important for purse seine fisheries management and potential future estimations of total catch via EMS as it shows that measures of catch should to be done at brailer level to ensure accurate estimations. Variability in brailer fullness might also result in a heterogeneous flow of retained and discarded fish on the conveyor and discard belts. This information is critical to design a suitable protocol for onboard observers, who would usually sample a fraction of the fish on the discard belt when the amount of bycatch is important (either for a portion of time or for a portion of brailers) and then extrapolate the samples to the total duration of sorting operations or the total number of brailers. The results we obtain here question the validity of such an extrapolation method to estimate the total amount of discards by using the time or the brailer as a sample unit. Indeed, our study clearly shows that extrapolation based on one single brailer unit value would lead to large sources of errors in final discard estimates since the fullness of brailers greatly varies within a given fishing set. In fact, this consideration was used as a basis to revise and update the sampling protocol for onboard observers in the latest version of IRD's observer manual so not to allow such extrapolation (IRD-Ob7, 2020).

Conclusion

This study presents a summary of brailing practices observed with EMS that had never been documented with such level of details for French purse seiners operating in Indian Ocean. Our study demonstrates that EMS, as installed on board French purse seiners, can provide useful information on catch handling operations that is currently not routinely collected through on board human observer programs. This includes information on brailing operations that could be further used to estimate total catch and cross check logbook declarations for control purposes.

In summary, EMS proves to be an important scientific asset that clearly has a place in the future monitoring and management of the French tropical tuna purse seine fishery in the Indian Ocean, as a complement to onboard human observation. As a flexible tool, it can be adapted to address clear objectives, and refined to better serve science and management needs.
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Figure 1 .

 1 Figure 1. Details on brailing operations. a) frequency distribution of the total brailing duration b) time interval between brailers, c) number of brailers, d) number of brailers as a function of the total catch estimated from logbooks by fishing set (N = 50 fishing sets).

Figure 2 .

 2 Figure 2. Brailer fullness for all 50 fishing sets: 0-25% (pale yellow), 25-50% (pale orange), 50-75% (orange) and 75-100% (red) of fullness. Each fishing set is identified by an abbreviated combination of Vessel-Trip-Set.

Figure 3 .

 3 Figure 3. Brailer fullness by brail order summarized for all 50 fishing sets: 0-25% (pale yellow), 25-50% (pale orange), 50-75% (orange) and 75-100% (red) of fullness. B1 represents the first brailer.

Table 1 .

 1 Number of fishing sets per vessel with associated fishing trip.

	Vessel	Fishing Trip	Total
	V1	1a,1b	21
	V2	2	12
	V3	3a,3b	5
	V4	4a,5a	4
	V5	6,7a,7b	8
			50

Table 2 .

 2 Numbers of sets by total brailing time duration categories. Categories are defined by 5-minute intervals. T0 corresponds to the moment where the first brailer open and is used as a starting point for all duration measures.

	Total brailing duration (minutes)	Number of sets	% of sets
	0-5	4	8
	5-10	17	34
	10-15	17	34
	15-20	3	6
	20-25	3	6
	25-30	3	6
	30-35	1	2
	35-40	2	4
	Total	50	100

Table 3 .

 3 Time intervals between two brailers classified by 1-minute categories for all fishing sets (N = 50) combined.

	Interval (minute)	Number of observations
	0-1	2
	1-2	200
	2-3	96
	3-4	14
	4-5	2
	5-6	2
	6-7	1
	7-8	0
	8-9	1
	9-10	1
	Total	319

Table 4 .

 4 Number of brailers used by set and percentage of occurence.

	Numbers of brailers Number of sets % of occurrence
	3	5	10
	4	8	16
	5	9	18
	6	7	14
	7	3	6
	8	3	6
	9	4	8
	10	2	4
	11	3	6
	12	1	2
	13	1	2
	16	2	4
	22	2	4
	Total	50	100

Table 5 .

 5 Distribution of brailers by classes of fullness for all fishing sets (N = 50) combined. Brailer fullness is divided in 4 percentage categories: 0-25, 25-50, 50-75 and 75-100% of fullness.

	Brailing fullness (%)	Number of observations	% of observations
	0-25	70	19
	25-50	64	17,3
	50-75	56	15,2
	75-100	179	48,5
	Total	369	100