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The French fishing industry is becoming increasingly environmentally aware and likely to adopt more sustainable fishing gears. As a result, fishers are showing a growing interest in sustainable fish pots. This experiment aimed to develop a fish pot concept specifically based on target species behavior in French coastal waters. First, the consultation led with fishers indicated the black seabream as the main species of interest. Then, the pot’s characteristics were defined to comply with fishing regulations. The conception process of the pot was led step-by-step by gradually testing a pot design appropriated to black seabream’s natural behavior. The approach and feeding behaviors of black seabream were described using underwater video combined to an ethogram. The experiment led to a prototype of fish pot, which provide fishers with an innovative fishing gear.
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1 Introduction

Active fishing gears are more and more pointed out as altering the seabed (Eigaard et al., 2016), generating bycatch (Bellido et al., 2011) and discarding unwanted catch (Morfin et al., 2017). Passive fishing gears are seen as less impacting (Suuronen et al., 2012), but studies also indicated impacts of gillnets or trammel nets notably on bycatch of birds or marine mammals (Northridge et al., 2017) and sea turtles (Lucchetti et al., 2017). Pots are traditionally used by many small-scale fisheries worldwide for catching crustaceans or fish. Though they may have adverse effects on the habitats and resources when they are used with a lack of management (Vadziutsina and Riera, 2020), this fishing technique has generally lower environmental impacts on the seabed, and generates fewer discard and bycatch than towed gears (Shester and Micheli, 2011; Suuronen et al., 2012; Kopp et al., 2020; Petetta et al., 2021). Finally, fish or invertebrates are mainly caught alive, maximizing the survival of unwanted catches (Purves et al., 2003), giving the fish high commercial value for fishers and high quality for consumers (Suuronen et al., 2012).

While fish pots are efficient in many parts of the world (Garrison et al., 2004; Marshak et al., 2008; Vadziutsina and Riera, 2020), they are not widely used in European commercial fisheries due to low catch efficiency. Thereby, many research programs have been implemented in North Atlantic waters to try increasing catchability of cod (Furevik and Løkkeborg, 1994; Jørgensen et al., 2017; Humborstad et al., 2018; Chladek et al., 2021), but in the Bay of Biscay, only low commercial valued finfish species such as conger (Conger conger) or common pout (Trisopterus luscus) were caught.

To understand the catching process of fish pots, underwater cameras are often used (Furevik et al., 2008; Anders et al., 2017b; Anders et al., 2017a; Folkins et al., 2021). Compared to traditional sampling techniques (e.g. scientific trawling, diving, or acoustics), underwater cameras minimize disturbance to species behavior and improve our ability to identify and count species, as well as analyze their behavior. This is particularly of interest in designing a pot. According to Stoner (2004), variation in fish behavior is a key factor affecting catch per unit effort. Thus, observing the behavior toward the bait, according to the shape, volume, number of chambers and color of the pot, as well as the number, position and design of entrances is crucial to understand better why a fish would enter and stay in the pot or not.

In the present study, a concertation with French artisanal fishers led to identify black seabream (Spondyliosoma cantharus) as an appropriate target species for fish pot: it is widely present in coastal waters, mainly from 10 to 100m depth (Pajuelo and Lorenzo, 1999; Collins and Mallinson, 2012) and its population is considered of least concern by the IUCN (Russel et al., 2014). According to the database of the French fisheries information system managed by Ifremer, 2392 tons of black seabream were landed by French fleet in 2020 (51% caught by demersal trawlers and 30% by pelagic trawlers). Artisanal fishers are willing to operate a diversification of their métiers to improve their capacity of adaptation to market and resource fluctuations (Prosperi et al., 2019; Pascual-Fernández et al., 2020). Black seabream is also targeted by recreational fishers (Pinder et al., 2017), who catch it with hook. The question underlying the experiment proposed in that study is: “if the black seabream can feed on a baited hook, why not on the same bait inside a pot?” We propose a step-by-step process to design a black seabream-specific pot. The methodological approach consisted in designing a pot gradually, making sure that while complexifying the gear, the target species can still enter and reach the bait. For each stage of the pot design, 2 configurations were compared: i) weighted vs floated design, ii) black vs transparent netting, iii) one vs two entrances, iv) rectangular-shaped vs triangular-shaped entrance. Underwater video cameras were used to assess the success of each configuration in terms of bait consumption and target species behavior. The process led to an operational pot prototype. The potential to transfer this methodology to target other species as well as the benefit of developing such innovative gear to diversify small scale fisheries are discussed.



2 Material and methods


2.1 Study area

The study was spread out in the Bay of Quiberon (47 °C53 N, 003 °C10 O, Bay of Biscay, East Atlantic, ICES Subarea VIIIa) over an area of about 900m2. Habitat was homogeneous all over the area with the seafloor made of sand, mud and coarse sediments. The water depth ranged from 7 m to 12 m depending on the tide hour and coefficient. The experiment took place from July to September 2019 when black seabream migrates to coastal area in summer time (Pawson, 1995).



2.2 Experimental design


2.2.1 Observation setup

Three observation devices were immersed each day. One device without any gear was used as control to validate the presence of fish in the study area (Figure 1, right panel). The two other devices included an experimental gear to perform comparison of fish attraction between 2 pot configurations (Figure 1, left panel). Since the deployment of the set of three devices was simultaneous, each configuration and control devices of a given comparison had the same number of replicates. Each device included one GoPro Hero 4 camera mounted on a metallic frame weighted with ballasts. This maintained a fixed distance of 2 m between the camera and the bait. The camera recorded with a 1920*1080p resolution at a frame rate of 25 fps on a 128-Gb micro-SD. It was kept in a waterproof housing designed for an extra USB battery pack of 15600 mAh and 5V allowing for more than 8 hours of video recording (limited by the micro-SD capacity). Each observation device was baited with 100 g of cockles (Cerastoderma edule) tethered on a wire. Cockles were used as bait because bivalves are part of Sparidae natural preys reported in the literature (Pita et al., 2002; Dulcic et al., 2006) and they are specifically used by recreational fishers to target black seabream.




Figure 1 | Left: Experimental gear device. Right: Control device.





2.2.2 Comparisons

Four comparisons of gear configurations were carried out successively (Figure 2). The first assessed weighted versus floated gears (C1; Figure 2), hypothesizing that in a floated pot, the bait will always be aligned with the entrance regardless of tidal current direction (Furevik and Løkkeborg, 1994). Fish being attracted by odor plume (Løkkeborg, 1998), most of their approaches to the bait is likely to be up-stream. Furthermore, floating the pot avoids the catch of crustaceans such as red king crab (Paralithodes camtschaticus) and allows targeting fish species exclusively (Furevik et al., 2008). This characteristic supports the regional legislation, which prohibits the catch of crustacean while using fish pots (CRPMEM Bretagne, 2018). This experiment aims to comply with that legislation. The floated gear was thus linked up to the metal frame using a swivel 40cm above the sea floor, allowing for gyration, whereas the weighted gear was motionless attached to the metal frame. Inspired from the Canarian fish pot (Garcia-Mederos et al., 2015), the baseline frame of the experimental gear was circular (1.5m diameter and 0.6m high) to favor its rotation with the water current and avoid angular side that may prevent fish from locating the pot entrance easily. The bare metal frame was tested to make sure that it doesn’t prevent target fish from reaching the bait.




Figure 2 | Configurations of experimental gear deployed to carry out each of the four comparisons.



The second comparison focuses on the color of netting (black versus transparent) (C2; Figure 2). The color of the gear net has proven to have an effect on fish species behavior (Balık and Çubuk, 2000; Orsay and Dartay, 2011). Black and transparent nets were chosen to create a strong contrast between gear configurations, with 3/4 of the vertical and top sides of each experimental gear covered by the net. Both nets were made of 50mm diamond meshes.

The third comparison evaluates the number of gear entrances (C3; Figure 2) that can affect the number of fish entering as well as the probability of fish escapement (Furevik and Løkkeborg, 1994; Jørgensen et al., 2017). For that comparison, both gear configurations were entirely covered by the net, except two gaps of 60*40cm for one configuration and one gap of 60*40cm for the other configuration.

The entrance design is also challenging as it should allow fish to enter the gear without letting it swim back to escape, such as demonstrated by Tran et al. (2020) with crustacean pots. Then, two types of entrances (triangular-shaped versus rectangular-shaped) were compared (C4; Figure 2). The two-entrance types have a funnel shape of 25cm depth. One was hanged with 4 wires designing a rectangular-shaped rectangle in the inner side. The second was made with only two hangings designing a triangular shape, which allowed slight motion of the entrance outline with the water flow in the inner side. The triangular-shaped entrance aimed to prevent fish from getting out of the experimental gear.

Each comparison aimed to assess which configuration was the most suitable to the natural behavior of the fish to keep reaching the bait.



2.2.3 Sampling procedure

The sampling took place during daytime, with the devices deployed in the morning to benefit from day light over the entire recording. To allow comparisons, three devices were deployed simultaneously (Figure 3): one for each configuration of the comparisons and 1 for the control leading to 24 hours of video recording for each sampling day. After each gear retrieval, the videos were quickly checked to identify which species consumed the bait, either partly or entirely. The indicator of success used for each configuration was whether or not the bait had been eaten by black seabream by the end of the 8-hour video recording. Fine video screening, which is more time-consuming, was performed afterwards to count black seabream and characterize their behavior.




Figure 3 | Experimental design of the step-by-step methodology (numbers of replicates and fish observed are presented in Table 1).






2.3 Video analysis


2.3.1. Methodology for confirming the presence of fish in the videos

11 trials were carried out for the comparison C1, 4 for C2, 4 for C3 and 5 for C4. To process the video recorded with the control device without manually skimming their entire duration, a fully automated process was applied. Fishes around the control device were detected with a fine-tuned deep learning model (Cascade Faster R-CNN; Chen et al., 2019) trained on the videos of the experiment using the VIAME interface (Dawkins et al., 2017). VIAME is a deep learning platform where object detection and tracking models can automatically predict objects on underwater videos. This initial screening showed robust identification of the presence of fishes around the bait among sampled days. The presence of black seabream was only recorded as presence-absence since the automatic detection algorithm did not allow for considering a single individual after 20 seconds of disappearance from the screen as suggested by Anders et al. (2017a). A conservative threshold was further applied on the fish classification confidence (i.e. probability of correct classification ≥ 0.80) to focus on the rate of true positive classifications among videos (Faillettaz et al., 2016).

The immersion of the 21 sets with presence of fish produced 336 hours of underwater videos of experimental gear. Determining the attraction potential of the pot required the identification of fine-scale fish behavior, i.e. whether the fish approached or entered. This process could not be accurately performed by artificial intelligence algorithms since the floating pot moving with waves and water currents generated too many false positives in the background. The extraction of fish behavior information (rather than fish presence) was thus done manually by an observer for all recorded videos with an experimental pot.

Finally, when no fish was recorded on the control device, nor on none of the 2 experimental gear devices, the trial was considered as null and was discarded from the analysis. This situation occurred for 3 trials for C1 (probably because they took place too early before black seabream migrate to the study area). They were removed from the analysis since the absence of fish in the study area makes it impossible to conclude on gear performance.



2.3.2 Fish behavior screening

Fish behavior was split into 2 categories. “Approach” was assigned when fish was in the field of view or heading towards the gear without entering the experimental gear. “Baited” was assigned when the fish entered the experimental gear. However, for C1, each individual had several options to enter the gear. Therefore, the swimming orientation of the baited fish was broken down into four levels which were “top” when the fish entered the gear by the top part, “side” when it entered by the side part, “bottom” when it entered by the bottom part and “entrance” when it entered by the pot entrance. Mann-Whitney test was used to determine the predominant orientation of baited fish when it enters the gear. That information was used to locate the pot entrance(s).

Juvenile fish are not targeted, therefore the small individuals that managed to enter through the meshes instead of through the entrance were classified as “approaching” individuals and not “baited”. Each single fish was followed from its entrance in the field of view of the camera until it disappeared. Black seabream could not be individually identified on the videos, therefore, according to Anders et al. (2017a) the assumption was made that an individual which disappeared for less than 20 seconds was recorded as the same individual, otherwise it was considered as another one. A unique ID number was assigned to each individual. For each of them, only one behavior was recorded: if a fish first approached and was baited afterwards, then it was recorded as “baited”. Video screening was performed until the entire consumption of the bait using BORIS 7.4.7 (Friard and Gamba, 2016).



2.3.3 Data treatment

The step-by-step methodology used to define pot design was based on two complementary indicators. First, a Success Ratio (SR) was computed for each configuration (Conf). It was computed by dividing the number of replicates with the bait eaten by black seabream by the end of the 8-hour video recording (nSuccess,Conf) by the total number of replicates with presence of fish for each configuration (nPresence,Conf).

	

After each gear retrieval, the videos were screened to validate that black seabream was responsible for the bait consumption. Only black seabream was observed to feed on the bait and no interaction between black seabream and any other species was observed, therefore only black seabream individuals were recorded. The SR indicator provided immediate information on fish presence inside the gear. Since black seabream is present in the study area for a limited period of time, the SR indicator was used to make a rapid decision on which pot configuration to test further: the configuration with the highest SR was kept to carry on with the subsequent comparison.

Second, the Baited Ratio (BR) was computed by dividing the number of fish baited (i.e. entered in the experimental gear) by the total number of fish observed in the field of view (i.e. either baited or approaching). Because of the low number of replicates per configuration, the BR indicator was computed by cumulating the number of fish across all replicates:

	

with BRConf the Baited Ratio for each configuration, nBaited,Conf the number of fish baited per replicate and configuration and nField,Conf the number of fish observed in the field of view per replicate and configuration. The BR indicator required meticulous video screening. It provides fine-scale information on fish counts and behavior but not immediate results and do not allow for a large number of replicates. BR was relevant to assess the capacity of the experimental gear to let enter the fish attracted. A Generalized Linear Model (GLM) with binomial distribution of the response (baited = 1 vs approach = 0) and log link function was fitted for each comparison to test for the effect of gear configuration on the probability that a fish is baited.





3 Results

Among the 42 gear-videos analyzed, only 5 had the bait fully eaten by the end of the recording: 3 videos for C1 had the bait entirely eaten by 0.5, 2.5 and 6.1 hours of soaking time and 2 videos for C2 with the bait entirely eaten after 1.5 and 6.5 hours of soaking time. All the other videos with the bait not or partially eaten by the end of the 8 hours of recording were entirely screened. A total of 554 black seabreams were observed. On average, 16.6 (σ=9.9) individuals were recorded per deployment. The SR indicator showed that the floated, transparent, one-entrance and rectangular-shaped entrance were the most favorable configurations for black seabream predation on the bait (Table 1). The BR indicator showed a similar trend as SR except for C1. For C1, the two indicators provided an opposite trend, with BR showing a proportion of fish entering the weighted gear higher than the proportion of fish entering the floated gear. The GLM outputs confirmed the trends observed with BR, though not significantly for C2, C3 and C4 (p>0.5). For C1, GLM output indicated that the probability for a fish to be baited with a weighted gear is significantly higher than with the floated gear (p<0.001). Both configurations of C1 indicated that the frame without mesh did not repel target fish. The C1 experiment indicated that 70% of fish entered the gear to reach the bait from the side of the pot, which is significantly higher than the proportion of fish entering by the top or bottom part (Mann-Whitney, p< 0.02). According to that result, the pot entrance was positioned on the gear side.


Table 1 | Number of replicates, successes and baited ratios for each of the 4 comparisons.



Each comparison added a new element to the gear conception. The SR and BR indicated that the configurations selected don’t prevent fish from reaching the bait. However, the BR indicator decreased as the complexity of the experimental gear increased; except for the floated configuration of C1 which was relatively low (BR =0.55). The least BR difference was observed between the rectangular-shaped and triangular-shaped entrances. No fish were with caught with C4 configurations when the pots were hauled back, which indicates that individuals that were baited managed to escape.



4 Discussion

The step-by-step methodology proposed to design a fish pot based on natural behavior of black seabream ended up with a floated circular pot prototype made of transparent net with one rectangular-shaped entrance. That design was based on the Success Ratio and Baited Ratio values. GLM outputs showed similar trends as BR, but larger samples size would be required to detect possible significant difference between configurations. Despite the opposing trends of SR and BR observed for the floated configuration and the higher probability of baited fish with the weighted gear (C1), the floated configuration was selected to carry on with the following comparisons (C2 to C4). Indeed, the gear set above the seafloor prevented crustaceans from reaching the bait (Furevik et al., 2008), which reduces the probability to catch them and allow to comply with the legislation (CRPMEM Bretagne, 2018). Also, the floating specificity of the gear let it orient itself with the water current, which allows its entrance to be aligned with the odor plume of the bait. Besides attracting the fish to the gear surrounding, the diffusion of the odor plume is likely to change fish swimming activity and turning behavior (Løkkeborg et al. (1995) and to increase the probability of fish entering the pot to reach the bait (Jørgensen et al., 2017).

The fish behavior in relation to the color of the net was mainly explored for trawl and set net gear (Wanner et al., 2010; Simon et al., 2020). In the case of fish pot, dark-colored net can simulate a shelter, which does not even require to bait the gear (Robichaud et al., 2000; Pravin et al., 2011). On the contrary, a transparent net reveals the bait visually from outside the gear and for Chladek et al. (2021) who tested 3 configurations of pot funnel entrance (i.e., transparent, white and green), the transparent funnels give the highest rate of cod entering the pot. The vision is one of the main senses used by fish to reach their prey (Novales Flamarique, 2019). It is known that fish swimming decision is impacted by the color and shape of the net (Glass et al., 1995). Therefore, transparent meshes are likely to facilitate the entrance of fish inside the gear. Transparent net of C2 also minimized the contrast with the bare experimental gear of C1, while converting it progressively into a pot.

The SR and BR were both higher with 1 entrance than with 2 entrances. It is known that 1 entrance improves the encounter rate, reduces the risk of escapement (Chladek et al., 2021) and therefore improves catch rate (Jørgensen et al., 2017). However, the present experiment did not account for the escapees, which tends to confirm the benefit of the floating gear: more than one entrance is not necessary if it is well aligned with the water current.

The shape of the entrance remains challenging. It should not impede the passage of the fish to enter the pot but it should prevent it from getting out. BR and SR were higher with the rectangular-shaped entrance, which indicates that this configuration does not prevent fish from entering. Since no fish were actually caught, none of the two entrance types could avoid fish escapement, therefore investigations could test more options of pot and non-return entrance designs.

On-going progress on automatic image analysis algorithms and artificial intelligence would facilitate video data treatment. Some development for trawl gear already contributed to reduce fishing gear impacts and increase their selectivity by providing rapid, accurate and standardized data on fish behavior in relation to gear (Robert et al., 2020). In parallel, the development of acoustic imaging would overcome dark and turbid conditions to describe fish behavior in relation to fishing gear on a longer period of time (Rose et al., 2005; Fujimori et al., 2018). It is especially relevant for species with diurnal feeding habit (eg. Sparus aurata (Pita et al., 2002)), which would approach the baited gear at a specific period of the day or night. This knowledge would optimize the soaking time and catch rates. Such advances in images analysis applied to pot gear and fish behavior would make the methodology proposed in this study easily transferable to other species and areas.

Further experiments on that pot selectivity, as well as an economical cost-benefit analysis and an ergonomic evaluation under commercial conditions would provide a better understanding of the pros and cons of this fishing gear. Developing species-specific pot gear would contribute to the diversification of small-scale fisheries (Prosperi et al., 2019; Pascual-Fernández et al., 2020). Most of the artisanal fishing vessels are already equipped to operate a variety of fishing gears, which would facilitate the use of fish pot. On the other hand, the adoption of this type of gear relies on the yield and market opportunities for fishers. Pots generate low discard rates compared to many other gear types (Petetta et al., 2021). Developing fish pots would help fishers to cope with new gear constraints due to the multiplication of maritime usages such as wind farms (Yates et al., 2015; Stelzenmüller et al., 2021) and marine protected areas (Cadiou et al., 2009).
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