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Introduction

Commercial fisheries generate different levels of bycatch (i.e. incidental catch of non-targeted fish), accounting for a global annual estimate of discards larger than nine million metric tons [START_REF] Pérez-Roda | A third assessment of global marine fisheries discards[END_REF][START_REF] Zeller | Global marine fisheries discards: A synthesis of reconstructed data[END_REF]. The reduction of fish discards has become a global concern over the last decades as high discarding mortality can play an important role in population and biodiversity decline [START_REF] Gilman | Bycatch governance and best practice mitigation technology in global tuna fisheries[END_REF][START_REF] Viana | Ignoring discards biases the assessment of fisheries' ecological fingerprint[END_REF]. Furthermore, discarding constitutes a substantial waste of food while the consumption of fish bycatch may reduce food insecurity, particularly in developing and least-developed coastal countries [START_REF] Bell | Diversifying the use of tuna to improve food security and public health in Pacific Island countries and territories[END_REF][START_REF] Pilling | Can the tropical Western and Central Pacific Tuna purse seine fishery contribute to Pacific Island population food security?[END_REF]. Consequently, many countries have implemented public policies to enforce the landing of fishing discards over the last decade although the outcomes of such policies remain debated (e.g., [START_REF] Sardà | Overlooked impacts and challenges of the new European discard ban[END_REF].

Global high seas fisheries targeting tuna and tuna-like species produce substantial bycatch, with about 170,000 and 100,000 metric tons discarded annually by longline and purse seine fisheries, respectively [START_REF] Fonteneau | Global spatio-temporal patterns in tropical tuna purse seine fisheries on drifting fish aggregating devices (DFADs): Taking a historical perspective to inform current challenges[END_REF][START_REF] Hall | Mitigating bycatch in tuna fisheries[END_REF]. Although non-targeted small oceanic tunas and neritic tunas constitute the bulk of the purse seine bycatch across all ocean basins, bycatch is also composed of a highly diverse assemblage of > 50 edible fish species from several families, predominated by Istiophoridae, Carangidae, Balistidae, Coryphaenidae, Scombridae, and Carcharhinidae [START_REF] Lezama-Ochoa | Biodiversity in the by-catch communities of the pelagic ecosystem in the Western Indian Ocean[END_REF][START_REF] Torres-Irineo | Bycatch species composition over time by tuna purse-seine fishery in the eastern tropical Atlantic Ocean[END_REF]. In the western Indian Ocean, recent discard rates derived from fisheries observer programs suggest the total bycatch of these species could vary around 8,000 and 10,000 metric tons annually [START_REF] Ruiz Gondra | Bycatch of the European and associated flag purse-seine tuna fishery in the Indian ocean for the period 2008-2017[END_REF]. Following the ban on discards of non-target fish caught with purse seine that entered into force in January 2018 (IOTC Resolutions 17/04 and 19/05), most fish bycatch from the western Indian Ocean tuna fishery are now landed in Port Victoria, Seychelles, where they are (i) mostly transhipped in containers for export to African and Asian countries and further processed (all species mixed), (ii) processed by local companies (e.g. smoked fish) for the most valuable species such as dolphinfishes (Coryphaenidae) and billfishes (Istiophoridae) for export, and (iii) locally consumed for the valuable species such as tripletail Lobotes surinamensis.

Fish is critical to food and nutrition security as the primary source of animal protein, especially in tropical countries and for coastal communities [START_REF] Béné | Feeding 9 billion by 2050 -Putting fish back on the menu[END_REF]. Fish is also the most important source of essential fatty acids and a unique source of minerals, micronutrients often reported as deficient in the diets of vulnerable populations [START_REF] Haddad | Food systems and diets: Facing the challenges of the 21st century[END_REF][START_REF] Hicks | Harnessing global fisheries to tackle micronutrient deficiencies[END_REF]. Tropical countries mainly depend on small-scale coastal fisheries, which are highly impacted by overfishing and climate change [START_REF] Bell | Adaptations to maintain the contributions of small-scale fisheries to food security in the Pacific Islands[END_REF][START_REF] Dulvy | A place at the table?[END_REF][START_REF] Robinson | Diversification insulates fisher catch and revenue in heavily exploited tropical fisheries[END_REF]. Consumption of fish bycatch from industrial tropical tuna fisheries could then be a complementary or an alternative source of essential nutrients for tropical coastal communities [START_REF] Bodin | Trace elements in oceanic pelagic communities in the western Indian Ocean[END_REF][START_REF] Pilling | Can the tropical Western and Central Pacific Tuna purse seine fishery contribute to Pacific Island population food security?[END_REF]. In the western Indian Ocean for instance, high levels of zinc and selenium have been reported in several istiophoriformes [START_REF] Bodin | Trace elements in oceanic pelagic communities in the western Indian Ocean[END_REF][START_REF] Kojadinovic | Bioaccumulation of trace elements in pelagic fish from the Western Indian Ocean[END_REF], but information is still lacking regarding the content of fish bycatch from the tuna fisheries in other healthy nutrients such as essential fatty acids.

Omega-3 fatty acids such as eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3) have important human health benefits, including brain and retina development and coronary heart disease prevention [START_REF] Swanson | Omega-3 Fatty Acids EPA and DHA: Health Benefits Throughout Life[END_REF]FAO/WHO, 2010). Adequate dietary intake of omega-3 fatty acids is recommended due to inadequate biosynthesis capacities [START_REF] Plourde | Extremely limited synthesis of long chain polyunsaturates in adults: implications for their dietary essentiality and use as supplements[END_REF]. The most abundant natural dietary source of EPA and DHA is fish, especially pelagic fish [START_REF] Gladyshev | Meta-analysis of factors associated with omega-3 fatty acid contents of wild fish[END_REF]. Omega-6 fatty acids such as arachidonic acid (ARA; 20:4n-6) are also essential to human health, although they may be responsible for inflammation and cardiovascular diseases when present in excess [START_REF] Mori | Fatty acids: Health effects of omega-6 polyunsaturated fatty acids[END_REF]. The omega-6 to omega-3 ratio could thus balance health outcomes (the lower the ratio the better) [START_REF] Simopoulos | The importance of the ratio of omega-6/omega-3 essential fatty acids[END_REF] and is often considered in nutrition studies (e.g., [START_REF] Nišević | Combined prenatal exposure to mercury and LCPUFA on newborn's brain measures and neurodevelopment at the age of 18 months[END_REF][START_REF] Strain | Associations of maternal long-chain polyunsaturated fatty acids, methyl mercury, and infant development in the Seychelles Child Development Nutrition Study[END_REF]. Mercury may also be a concern when investigating the nutritional value of fish. Indeed, mercury is neuro-, nephro-, and immunotoxic for humans in its methylated form [START_REF] Bose-O'reilly | Mercury exposure and children's health[END_REF]. Its content in most consumed fish should not exceed maximum limits of 1 mg.kg -1 wet weight (ww) for large predatory fish and 0.5 mg.kg -1 ww for other fish (FAO Codex Alimentarius Commission, 2011). Avoiding the consumption of fish because of mercury might however reduce its essential health benefits [START_REF] Strain | Associations of maternal long-chain polyunsaturated fatty acids, methyl mercury, and infant development in the Seychelles Child Development Nutrition Study[END_REF][START_REF] Hu | Mercury diminishes the cardiovascular protective effect of omega-3 polyunsaturated fatty acids in the modern diet of Inuit in Canada[END_REF]. In this context, a benefit-risk assessment appears essential to determine which fish species to consume and how much, in order to promote better health outcomes, i.e., to ensure adequate omega fatty acids intakes while minimizing exposure to mercury.

This study aimed to assess the nutritional value of 20 pelagic fish species belonging to 10 families and caught as bycatch in tropical tuna fisheries from the western Indian Ocean. We focused on their beneficial contents in proteins, fats and essential omega-3, and considered also the omega-6/omega-3 ratio and mercury content. The benefit-risk assessment used a hazard quotient for three people categories: young children, children and adults. The influence of fish length on the nutritional composition of muscle was also assessed.

Material and methods

Fish and tissue collection

Common fish bycatch from the western Indian Ocean were sampled between April and October 2018 (18 fishing dates/geographical positions). A total of 168 individuals from 18 species were collected during the unloading of purse seiners at Port Victoria, Seychelles, and complemented with seven billfishes (from two species) collected during the unloading of longliners. Fish length was measured with a caliper to the nearest cm: in lower-jaw-fork length for the Indo-Pacific sailfish Istiophorus platypterus and striped marlin Tetrapturus audax, in total length for silky shark Carcharhinus falciformis, tripletail L. surinamensis, unicorn leatherjacket Aluterus monoceros, and rough triggerfish Canthidermis maculata, and in fork length for all other species.

Then, a piece of dorsal muscle (left side, under the fish dorsal spine) was sampled from each individual. Immediately after collection, samples were stored in cryotubes at -80°C at the Seychelles Fishing Authority Research Laboratory, Victoria, Seychelles, for several months before analysis.

Moisture

Moisture (i.e. water content) was used to convert concentrations from dry weight (dw) to wet weight (ww), as all biochemical analyses were performed on dry samples. The percentage of moisture was determined gravimetrically as the difference between wet and dry masses of samples after a 72-hour freeze drying using a Christ Alpha 1-2 LD plus lyophilizer. The mean analytical variability of the method was < 1%. After freeze-drying, samples were ground to a homogeneous powder with a ball mill and stored again at -80°C at the Seychelles Fishing Authority Research Laboratory, Victoria, Seychelles, for a month before subsequent analysis.

Crude protein content

Non-protein nitrogenous compounds found in high amounts in sharks (urea and trimethylamine oxide) were removed from an aliquot of silky shark dry powder with three distilled water rinses [START_REF] Li | Urea and lipid extraction treatment effects on δ 15 N and δ 13 C values in pelagic sharks[END_REF]. Aliquots of about 500 µg of dry powder (urea-free for silky shark and bulk for all other bycatch fish) were weighted to the nearest µg on an analytical balance, and analysed for nitrogen content by continuous flow on a Flash EA2000 elemental analyser (Thermo Fisher scientific) at the Pôle Spectrométrie Océan, University of Brest, France. The analytical variability of the method was 0.1%, based on reference material checked every six samples (acetanilide; nitrogen content = 10.3%). Nitrogen content was converted into crude protein using a conversion factor of 5.58 adapted to fish muscle [START_REF] Mariotti | Converting nitrogen into protein -Beyond 6.25 and Jones' factors[END_REF]. Crude protein content was expressed in mg.g -1 ww. in TAG-equivalents using WHO conversion factors [START_REF] Ratnayake | Protocol for measuring trans fatty acids in foods[END_REF]. Individual fatty acids contents and total fat content were expressed in mg.g -1 ww. Omega-6/omega-3 ratio is unitless.

Total mercury content (THg)

Aliquots of all dry bulk powders (10-50 mg dw) were analysed in duplicate (n=336) by thermal decomposition, gold amalgamation and atomic absorption detection (DMA-80, Milestone, Italy) at the Seychelles Fishing Authority Research Laboratory, Victoria, Seychelles. Calibration blanks were run in between each sample to ensure THg levels were reset to 0.1 ng. Analytical performance was checked every 15-20 samples against two laboratory control analyses (performed on large homogenized samples of white muscle and liver from Thunnus obesus, THg = 0.141±0.004 and 0.986±0.036 mg.kg -1 , respectively) and the certified reference material, tuna fish flesh homogenate (IAEA-436; THg = 4.19±0.39 mg.kg -1 ) [START_REF] Bodin | Trace elements in oceanic pelagic communities in the western Indian Ocean[END_REF]. Satisfactory accuracy (97-104%) was calculated with an analytical variability below 5% (n = 29). Limits of quantification were calculated from blank measurements, with THg values of 0.0016 ppm (i.e.

µg.g -1 ). The results (means of duplicate values) were reported in ppm ww. Note the contribution of methylmercury to total mercury is about 80-100% in most marine fish, depending on species, size, age and diet (EFSA, 2012a).

2.6. Data analysis

Hazard quotient calculation

Benefit-risk ratio, or hazard quotient (HQ), was computed for all individuals based on the equation of [START_REF] Gladyshev | Benefit-risk ratio of food fish intake as the source of essential fatty acids vs. heavy metals: A case study of Siberian grayling from the Yenisei River[END_REF]. HQ was already applied for several fish species (e.g., [START_REF] Anishchenko | Benefit-risk ratio of canned pacific saury (Cololabis saira) intake: Essential fatty acids vs. heavy metals[END_REF][START_REF] Briones | Omega-3 fatty acids versus heavy metals: a quantitative estimation of the benefit-risk ratio for the consumption of commonly-consumed fish and products in Metro[END_REF][START_REF] Razavi | Effect of eutrophication on mercury, selenium, and essential fatty acids in Bighead Carp (Hypophthalmichthys nobilis) from reservoirs of eastern China[END_REF] and is computed as follows:

= × × ×
where REFA (mg.d -1 ), for Reference dose for essential fatty acids, is the daily dose recommended for EPA+DHA for a human person according to the sanitary agencies, c (µg.g -1 ) is the mercury content for a given fish, C (mg.g -1 ) is the EPA+DHA content for a given fish, RfD (µg.kg.d -1 ), for oral Reference Dose, is the maximum tolerable daily intake of mercury according to the sanitary agencies, and W (kg) is the average weight of the human group of interest.

HQ parameters were set based on FAO/WHO and European Food Safety Agency (EFSA) recommendations, for three weight/age classes corresponding to young children (2-4 y), children (4-10 y), and adults (> 10 y) ( and C (fish contents in EPA+DHA and mercury). HQ is unitless and has the advantage to be independent from the servings size, as it is only based on the recommendation limits of sanitary agencies for good health. HQ > 1 means the consumption benefit is lower than the risk, and HQ < 1 means the consumption benefit is greater than the risk. A nutritional rating was attributed to each species based on HQ values: 'Best alternative' when all individuals have HQ < 1, 'Good alternative' when the average HQ < 1 but the range includes individuals with HQ > 1, 'Acceptable alternative' when the average HQ > 1 but the range includes individuals with HQ < 1, and 'Not advisable' when all individuals have HQ > 1.

2.6.2. Influence of species and fish length First, correlations among fish length, THg, EPA+DHA, fat and protein contents, and omega-6/omega-3 ratio were investigated across the entire dataset (n = 175) using Spearman's rank correlation, with ϱ the correlation coefficient. Then, the effects of species, fish length, and their interactions on the variability (i.e. variance) in fat, protein, THg, EPA+DHA contents, omega-6/omega-3 ratio, and HQ were tested with F-tests. For HQ, only one age/weight category was considered as the results would be identical for the three categories. All data were logtransformed to improve normality. Normality and homogeneity of the variance were checked on model residuals, with Shapiro and Breush-Pagan tests, respectively. Despite transformation, residuals from all datasets did not reach normality but they were homogeneous. ANOVAs were applied on the multiple regression models, as it is robust to normality violation. Simple linear regressions were used to refine variability with fish length.

Data analyses were performed using R software 3.5.0 (R Core Team, 2016). All results are reported as means ± standard deviation.

Results

Correlations among nutritional contents

Across the entire dataset, the strongest positive correlations were observed between fat and EPA+DHA contents (ϱ = 0.86, p < 0.001) and between THg content and fish length (ϱ = 0.71, p < 0.001), then between EPA+DHA content and omega-6/omega-3 ratio (negative correlation, ϱ = -0.58, p < 0.001), and between THg and protein contents (positive correlation, ϱ = 0.55, p < 0.001) (Fig. 1). A weak negative correlation was obtained between omega-6/omega-3 ratio and protein content (ϱ = -0.46, p < 0.001). No relationship was observed between THg and fat contents (ϱ = 0.02, p = 0.835), and THg content and omega-6/omega-3 ratio (ϱ = -0.14, p = 0.08).

3.2.

Variability in fat and protein contents and omega-6/omega-3 ratio Variability in total fat and protein contents was mainly observed among species (Table 2).

Species explained 82% of the variability in protein content (df = 19, F = 39.5, p < 0.001), with the highest protein contents observed for neritic tunas (231±5 mg.g -1 and 223±12 mg.g -1 for frigate tuna and kawakawa, respectively) and the lowest for batfishes and unicorn leatherjacket (155±6 mg.g -1 and 162±7 mg.g -1 , respectively). Similarly, species explained 51% of the variability in fat content (df = 19, F = 12.2, p < 0.001), and the interaction between species and fish length explained 15% (df = 19, F = 3.6, p < 0.01). The highest fat contents were observed for neritic tunas (0.29±0.01 mg.g -1 for both species), and the lowest for tripletail, unicorn leatherjacket, and batfishes (from 0.22±0.01 mg.g -1 to 0.23±0.01 mg.g -1 ) (Table 2). Species explained 82% of the variability in omega-6/omega-3 ratio (df = 19, F = 55.0, p < 0.001), with omega-6/omega-3 ratio < 1 for all teleost species but 2.6±1.4 for silky shark (Table 2), and the interaction between species and fish length explained 7% (df = 19, F = 5.0, p < 0.001).

3.3.

Variability in mercury and omega-3 contents Species was the main source of variability for both THg and EPA+DHA contents, i.e. it explained 71% and 76% of the variability, respectively. Fish length explained 10% and 1% of the variability for THg and EPA+DHA contents, respectively, and the interaction between species and fish length explained 6% of the variability for both THg and EPA+DHA contents (Table 3).

The highest THg contents were obtained for silky shark (0.167±0.073 ppm ww), the three Istiophoridae species, in particular great barracuda (0.277±0.056 ppm ww), and for Scombridae, in particular kawakawa (0.152±0.068 ppm ww). The lowest contents were obtained for batfishes (0.005±0.002 ppm ww), unicorn leatherjacket (0.007±0.004 ppm ww) and the two Kyphisidae species (0.007±0.010 ppm ww). THg content increased with fish length in seven fish species, and especially in kawakawa (from 0.021 to 0.263 ppm ww, for specimens ranging between 23 and 55 cm in fork length; slope of 16%). For rough triggerfish, common dolphinfish, frigate tuna, tripletail, rainbow runner, and cottonmouth jack, the increase of THg content over the studied range sizes (i.e. slope) was < 1% (Fig. 2).

The contribution of EPA+DHA to total omega-3 ranked from 82±3% in silky shark to 96±1% in wahoo. After DHA and EPA, the third main omega-3 was 22:5n-3 (docosapentaenoic acid), which contributed to 5.9±3.8% of total omega-3 (0.09±0.08 mg.g -1 ww in average for the whole dataset, n=175). The highest contents in EPA+DHA were obtained for striped marlin (3.12±2.84 mg.g -1 ww), kawakawa (2.64±1.48 mg.g -1 ww), Indo-Pacific sailfish (1.79±0.61 mg.g -1 ww), and frigate tuna (1.77±0.74 mg.g -1 ww), and for some Carangidae, especially cottonmouth jack (1.76±0.69 mg.g -1 ww). The lowest EPA+DHA contents were observed for silky shark (0.19±0.13 mg.g -1 ww) and tripletail (0.80±0.20 mg.g -1 ww) (Table 3). EPA+DHA contents increased with fish length in cottonmouth jack (from 0.97 mg.g -1 ww at 21 cm to 3.29 mg.g -1 ww at 34 cm; slope of 14%), wahoo (from 0.87 mg.g -1 ww at 79 cm to 1.14 mg.g -1 ww at 105 cm; slope of 1%), and silky shark (from 0.19 mg.g -1 ww at 64 cm to 0.43 mg.g -1 ww at 91 cm; slope < 1%) (Fig. 2).

Variability in hazard quotient

HQ values varied mainly with species (74% of explained variability) and to a lesser extent with fish length (5% of explained variability), and species-fish length interaction (6% of explained variability) (Table 3). Overall, HQ values were the highest for silky shark (84±64, 56±43, and 29±22 for young children, children and adults, respectively) and the lowest for batfish (HQ < 0.4) and blue sea chub (HQ < 0.6) (Fig. 3). Eight species had a greater benefit than risk (average HQ < 1) for the three population categories, with similar HQ values (unicorn leatherjacket, flat needlefish, batfishes, pompano dolphinfish, blue sea chub, brassy chub, cottonmouth jack, and longfin yellowtail), while nine species always had a lower benefit than risk (silky shark > great barracuda > Indo-Pacific sailfish > wahoo > tripletail > striped marlin > kawakawa > frigate tuna > common dolphinfish) (Fig. 3). HQ values increased with fish length and always exceeded 1 in the largest sizes for five species: rough triggerfish, common dolphinfish, frigate tuna, tripletail, and Indo-Pacific sailfish (Fig. 4). In contrast, HQ values decreased with length in striped marlin mainly due to the increase in EPA+DHA content (not significant); this result however must be taken with caution in view of the low number of specimens (n = 3) and low size range (min-max fork length = 180-186 cm). Based on range and average values of HQ for adults, eight fish species were ranked as 'Best alternative', four as 'Good alternative', six as 'Acceptable alternative' and two were 'Not advisable' (Fig. 3). 'Best alternative' was attributed to four species (batfishes, blue sea chub, unicorn leatherjacket, and flat needlefish) for young children (Fig. 3).

Discussion

Twenty species of fish bycatch from the western Indian Ocean tropical tuna fisheries were analysed for moisture, protein, fat, fatty acid (omega-3 and omega-6) and mercury contents, and a benefit-risk evaluation based on hazard quotients was conducted. Despite high interspecies variability, all species are excellent protein sources (min-max = 14.4-25.2 g/100g fillet), low total fat sources (min-max = 0.2-2.4 g/100g fillet), low to good sources of omega-3 (min-max = 10-730 mg/100g fillet), and are relatively low in total mercury (min-max = 0.003-0.317 ppm ww). Striped marlin was the richest species in both fats and omega-3, frigate tuna was the richest species in proteins, and great barracuda the most contaminated with mercury. Based on hazard quotients for adults, 12 species were ranked best or good nutritional alternatives, while two species, the silky shark and the great barracuda, were not advisable for consumption. Six species were ranked as acceptable alternatives and should be considered in priority for complementary nutrition studies. Hazard quotients increased with fish length in five species, mainly due to increasing mercury contents with length.

4.1.

Nutritional composition of fish bycatch from the tropical tuna fisheries in the western

Indian Ocean

Across the entire dataset, no individual had mercury content above the maximum limits of 1 and 0.5 ppm ww defined by sanitary agencies for large fish and other fish, respectively. The most contaminated species (Istiophoridae and silky shark) were high order predators with trophic levels > 4.3 (FishBase, 2019), while the less contaminated were herbivorous (Kyphosidae) or first order predators (unicorn leatherjacket and batfishes) with trophic levels from 2.0 to 3.8 (FishBase, 2019). A positive relationship between mercury contamination and trophic position was indeed highlighted for several species from the Seychelles Exclusive Economic Zone (EEZ) [START_REF] Bodin | Trace elements in oceanic pelagic communities in the western Indian Ocean[END_REF][START_REF] Sardenne | Trophic structures in tropical marine ecosystems: a comparative investigation using three different ecological tracers[END_REF] due to mercury biomagnification in food webs [START_REF] Kidd | Bioaccumulation and Biomagnification of Mercury through Food Webs[END_REF]. However, the trophic position alone does not explain the mercury contamination of a species. Mercury content also increases with individual fish length, as previously measured in the western Indian Ocean for some of the studied species [START_REF] Bodin | Trace elements in oceanic pelagic communities in the western Indian Ocean[END_REF][START_REF] Kojadinovic | Bioaccumulation of trace elements in pelagic fish from the Western Indian Ocean[END_REF]. The low contamination of the common dolphinfish in the present study is more likely related to the small-sized individuals analysed (fork length = 42-71 cm, THg = 0.011-0.078 ppm ww, n = 13) and may not be representative of the overall THg range for this bycatch species caught by purse-seiners in the region. First, average size for common dolphinfish caught as bycatch is 80±20 cm, with individuals larger than 100 cm commonly observed in the fishery (SFA, unpublished data); secondly, largest individuals of dolphinfish targeted by longliners were around 4 and 6 times more contaminated in Seychelles EEZ (fork length = 92-106 cm, THg = 0.177±0.043 ppm, n = 10; [START_REF] Bodin | Trace elements in oceanic pelagic communities in the western Indian Ocean[END_REF] and Mozambique Channel (fork length=100-115 cm, THg=0.245±0.230 ppm, n=5; [START_REF] Kojadinovic | Bioaccumulation of trace elements in pelagic fish from the Western Indian Ocean[END_REF], respectively. The same issue might occur for silky shark, rainbow runner, and wahoo for each of which our samples might not well reflect the maximum levels of contamination expected from the consumption of larger individuals caught in the fishery. The highest mercury content was however obtained for great barracuda (0.277±0.056 ppm ww) with body length close to the average length measured for this species in the purse seine tuna fishery (92±18 cm; SFA, unpublished data), suggesting the observed contamination level might be representative for the species in the fishery. While all studied species are pelagic, differences in habitat use (e.g. coastal, neritic, epipelagic) can also affect mercury contamination, as found for several large pelagic fish [START_REF] Choy | The influence of depth on mercury levels in pelagic fishes and their prey[END_REF].

Structure of the planktonic food web can also influence mercury contamination in fish, since lower trophic levels (e.g. organic matter, invertebrate species such copepods) can be contaminated by mercury at different levels [START_REF] Kainz | Essential versus potentially toxic dietary substances: A seasonal comparison of essential fatty acids and methyl mercury concentrations in the planktonic food web[END_REF][START_REF] Signa | Horizontal and vertical food web structure drives trace element trophic transfer in Terra Nova Bay, Antarctica[END_REF], as well as fish age: regardless of size, older fish are generally more contaminated than their younger congeners [START_REF] Van Der Velden | Biological and life-history factors affecting total mercury concentrations in Arctic charr from Heintzelman Lake, Ellesmere Island, Nunavut[END_REF].

This study provides baseline values for the western Indian Ocean as data on omega-3, DHA, and EPA contents were scarce for the studied species in the area, especially data expressed in concentrations. Overall, our values of EPA+DHA contents are within the medium range reviewed by [START_REF] Gladyshev | Meta-analysis of factors associated with omega-3 fatty acid contents of wild fish[END_REF] for 172 species which ranked from 0.1 to 25.6 mg.g -1 ww, the highest contents being generally obtained for Clupeiformes. Fish phylogeny and eco-morphology seem indeed the two main factors explaining variability in EPA+DHA contents [START_REF] Gladyshev | Meta-analysis of factors associated with omega-3 fatty acid contents of wild fish[END_REF]. Among the 10 families studied here, Istiophoridae and Scombridae generally contained more EPA and DHA than the other families. However, in comparison to other world regions, most studied species had lower EPA and DHA contents. Higher contents in EPA and DHA were found for coastal frigate tuna from Philippines, eastern Indian Ocean, with 1.1±0.0 and 3.9±0.3 mg.g -1 ww (n=3) vs. 0.2±0.1 and 1.6±0.7 mg.g -1 ww here, respectively [START_REF] Briones | Omega-3 fatty acids versus heavy metals: a quantitative estimation of the benefit-risk ratio for the consumption of commonly-consumed fish and products in Metro[END_REF]). These differences might be related to the location of the sampled tissue: tuna dorsal muscle analysed in our study is leaner than the ventral one (total muscle was analysed in the Philippines) [START_REF] Nakamura | Changes of proximate and fatty acid compositions of the dorsal and ventral ordinary muscles of the fullcycle cultured Pacific bluefin tuna Thunnus orientalis with the growth[END_REF]. EPA and DHA contents for the common dolphinfish were similar to those obtained in the United States of America (unspecified ocean) by [START_REF] Cladis | Fatty acid profiles of commercially available finfish fillets in the United States[END_REF]: 0.2±0.1 and 1.4±0.4 mg.g -1 ww (n = 11) vs. 0.1±0.0 and 1.0±0.2 mg.g -1 ww in the present study, although the species was leaner in the present study (fat content of 8.5±2.5 vs.

3.3±0.6 mg.g -1 ww here). Wahoo contained less EPA and DHA in the present study than in the eastern Pacific: 0.1±0.0 and 0.9±0.1 mg.g -1 ww vs. 0.5±0.2 and 3.6±1.6 mg.g -1 ww (n = 2), respectively [START_REF] Cladis | Fatty acid profiles of commercially available finfish fillets in the United States[END_REF]. The same trend was observed for tripletail from Mexico, western Atlantic ocean, with EPA and DHA contents of 0.7 and 3.2 vs. 0.1 and 0.7 mg.g -1 ww in the present study [START_REF] Castro-González | Evaluation of the possible inclusion of certain fish species in chronic kidney disease diets based on their adverse and beneficial nutrient ratios[END_REF]. These differences among areas could stem from partial oxidation during on-board storage, differences in method among laboratories (e.g. location of muscle sample, analytical differences), and/or differences related to species' ecological and biological factors such as habitat, season, and reproductive status. Variability in EPA and DHA proportions (in %) and omega-6/omega-3 ratio were indeed observed with season in tuna species from the western Indian Ocean which co-occur with the studies species [START_REF] Dhurmeea | Spatial variation in stable isotopes and fatty acid trophic markers in albacore tuna (Thunnus alalunga) from the western Indian Ocean[END_REF][START_REF] Sardenne | Trophic niches of sympatric tropical tuna in the Western Indian Ocean inferred by stable isotopes and neutral fatty acids[END_REF]. EPA and DHA are mainly produced by diatoms and dinoflagellates at the food webs basis and their proportions in tuna were correlated to sea surface temperature [START_REF] Dhurmeea | Spatial variation in stable isotopes and fatty acid trophic markers in albacore tuna (Thunnus alalunga) from the western Indian Ocean[END_REF][START_REF] Pethybridge | Spatial patterns and temperature predictions of tuna fatty acids: tracing essential nutrients and changes in primary producers[END_REF]. Due to global climate change, the omega-3 production at the food webs basis is predicted to be reduced by ca. 8% and 28% for EPA and DHA, respectively [START_REF] Hixson | Climate warming is predicted to reduce omega-3, long-chain, polyunsaturated fatty acid production in phytoplankton[END_REF]. Phytoplankton communities have already changed in the northwest of the Indian Ocean with a reduction of diatoms biomass during winter, eventually impacting the composition of higher trophic level species [START_REF] Do Rosário Gomes | Massive outbreaks of Noctiluca scintillans blooms in the Arabian Sea due to spread of hypoxia[END_REF]. In this context, the composition in macronutrients and micronutrients of fish should be routinely monitored to ensure adequate recommendations in terms of fish consumption.

Fish bycatch consumption recommendations based on hazard quotients

Hazard quotients (HQ) based on mercury and EPA+DHA contents were highly variable among species. Highest HQ were obtained for the top predators (silky shark and great barracuda in particular) and often for the largest individuals, due to an increase in mercury content with fish size/age in several species (see previous section). Silky shark was found with very low omega-3 contents (i.e. the daily serving portion required to supply 300 mg of EPA+DHA would be 1.6 kg, which would lead to a mercury consumption of 268 µg). For these reasons, benefit is lower than risk for the consumption of these species. Eight species were ranked as 'Best alternative' or 'Good alternative' for the three people categories: batfishes, brassy chub, blue sea chub, unicorn leatherjacket, cottonmouth jack, flat needlefish, longfin yellowtail, and pompano dolphinfish.

Among them, cottonmouth jack was lipid-rich (about 10 mg.g -1 ww) and flat needlefish was protein-rich (about 198 mg.g -1 ww). Based on mercury and EPA+DHA contents, these two species can be particularly recommended for human consumption, especially for young children and children, with respective daily serving portions of 85 g and 142 g (cottonmouth jack) and 117 g and 196 g (flat needlefish) (Table 4). Other species, such as pompano dolphinfish and brassy chub are also good food sources, especially for adults as some individuals can have higher risk than benefit (daily serving portion between 99 g and 264 g according to people category and fish species; Table 4). The consumption of species ranked 'Not advisable' (Fig. 3) should not be daily, especially for young children, children, and pregnant women, as prenatal exposure to mercury might affect children development [START_REF] Nišević | Combined prenatal exposure to mercury and LCPUFA on newborn's brain measures and neurodevelopment at the age of 18 months[END_REF].

Caveats about hazard quotient and recommendations

For the benefit-risk assessment to be complete, other positive and negative nutritional components must be included in the HQ calculation: e.g. essential nutrients such iodine and selenium, but also organic contaminants such dioxins-like compounds, and toxins such as ciguatera. For instance, selenium, a mineral constituting proteins involved in the antioxidant system, might be important to balance the negative effects of mercury on health [START_REF] Ralston | Selenium health benefit values: updated criteria for mercury risk assessments[END_REF], but this potential remediation remain to be confirmed [START_REF] Gerson | Do two wrongs make a right? Persistent uncertainties regarding environmental Selenium-Mercury interactions[END_REF]. In contrast, ciguatera poisoning was reported for some of the studied species, caught from Atlantic and Pacific Oceans: e.g. ciguatera toxins were found in blue sea chub from French Polynesia (57% of 29 tested fish; [START_REF] Gaboriau | Ciguatera fish toxicity in French Polynesia: Size does not always matter[END_REF] and in longfin yellowtail and wahoo from Canary islands (17% of 793 tested fish and 3% of 32 tested fish, respectively; [START_REF] Sanchez-Henao | Predictive score and probability of CTX-like toxicity in fish samples from the official control of ciguatera in the Canary Islands[END_REF]. The consumption of these species from the western Indian Ocean should thus be cautious until the risks are fully evaluated. Persistent organic pollutants were found in relatively low levels in swordfish and tuna from the western Indian Ocean, except for fishes from the Mozambique Channel which showed higher dichlorodiphenyltrichloroethane levels (DDT; [START_REF] Munschy | Legacy and emerging Persistent Organic Pollutant (POP) levels and profiles in top predator fish from the western Indian Ocean in relation to their trophic ecology[END_REF]. An evaluation of these pollutants in fish bycatch from tropical tuna fisheries would also be useful to improve the consumption recommendations.

WHO states adequate intakes for EPA+DHA are 250-2000 mg.day -1 , while specifying there is no evidence of gain for health to consume 2000 mg.day -1 , unless for secondary prevention of coronary health disease (FAO/WHO, 2010). HQ calculation was set on EFSA and WHO optimum recommendations (300 mg.day -1 for adults, but see [START_REF] Nagasaka | EPA and DHA status of South Asian and white Canadians living in the National Capital Region of Canada[END_REF] because an unnecessary increase in fish consumption of ca. 6 fold would not be sustainable for fish stocks, most of them being already fully exploited or overfished worldwide [START_REF] Link | Global ecosystem overfishing: Clear delineation within real limits to production[END_REF][START_REF] Worm | Impacts of biodiversity loss on ocean ecosystem services[END_REF]. Such an increase in fishing effort would be particularly counterproductive as overfishing, in association with climate change, has been shown to increase mercury content in predator fish by causing dietary shifts [START_REF] Schartup | Climate change and overfishing increase neurotoxicant in marine predators[END_REF]. The best option to obtain DHA and EPA from marine fisheries would be to increase by-product utilization and reduce food waste [START_REF] Hamilton | Systems approach to quantify the global omega-3 fatty acid cycle[END_REF]. Assessing the risks and benefits associated with the consumption of fisheries bycatch is a step in this direction.

Conclusion

Every year, more than 10,000 metric tons of edible fish species are landed in the Seychelles as bycatch of tuna fisheries, with little or no value. However, most of these species were found to be good sources of nutrients (omega-3, fat and protein contents) and little exposed to mercury.

Among the 20 studied species, silky shark and great barracuda should be consumed with moderation, while eight species (batfishes, brassy chub, blue sea chub, unicorn leatherjacket, cottonmouth jack, flat needlefish, longfin yellowtail, and pompano dolphinfish) were classified as best alternative. Those species would be good food sources to reduce nutritional insecurity for local populations, including for young children. Evaluation and monitoring on further contaminants, toxins and micronutrients would be useful to strengthen the consumption recommendations. Linear regressions are plotted when significant (p < 0.05). See Table 2 for definition of species acronyms. Y-axis is log scale.

Table 1 .

 1 Parameters setup for hazard quotient calculation, based on reference values from sanitary agencies (FAO/WHO and EFSA). REFA = Reference dose for essential fatty acids (EPA+DHA); RfD = oral Reference Dose for mercury. Adults and teens with body weight below 70 kg should be referred to children category. *arbitrary set to the upper range limit.

  total mercury and EPA+DHA contents, and hazard quotient values, obtained for 20 bycatch fish species from the western Indian Ocean in 2018. DHA = docosahexaenoic acid (22:6n-3); EPA = Eicosapentaenoic acid (20:5n-3); df = degrees of freedom; Sum Sq = sum square error; F = Fisher statistic; p = p-value. Table 4. Daily serving of fish fillet (g) required to cover eicosapentaenoic + docosahexaenoic acids (EPA+DHA) needs for young children, children, and adults (FAO/WHO, 2008).

Figure 1 .

 1 Figure 1. Correlation plot among individuals length, mercury (THg) and nutritional contents (protein, fat, EPA+DHA contents and omega-6/omega-3 ratio) of 20 bycatch fish species collected from the western Indian Ocean in 2018. The coloured cells indicate a significant correlation between the two tracers (p < 0.05) while the blank cells indicate a non-significant correlation. The numbers in the cells are the associated Spearman's correlation coefficient (ϱ) calculated for each pair and the cell's colour intensity is proportional to ϱ. DHA = docosahexaenoic acid (22:6n-3), EPA = Eicosapentaenoic acid (20:5n-3).
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 23 Figure2. Changes in total mercury levels (THg, ppm ww) and eicosapentaenoic + docosahexaenoic acid contents (EPA+DHA, mg.g -1 ww) with fish length (cm) for 20 bycatch fish species collected from the western Indian Ocean in 2018. Linear regressions are plotted when significant (p < 0.05). See Table2for definition of species acronyms. Y-axis is log scale.

Figure 4 .

 4 Figure 4. Changes in hazard quotient (HQ) with fish length (cm) for 20 bycatch species collected from the western Indian Ocean in 2018. Scales are adjusted to each species. The horizontal grey line defines the HQ threshold of 1 (HQ < 1 when benefit is greater than risk and vice versa).

  

Table 1

 1 

). 'Adults' category includes pregnant and lactating females. EFSA aligned with WHO recommendations for EPA+DHA intakes but lowered the tolerable intake of methylmercury for a conservative reason, set to 1.3 µg.kg.week -1 (expressed as mercury) (i.e., 0.186 µg.kg.d -1 ) for all age classes (EFSA, 2014; FAO/WHO 2010). EFSA default values were used for the average body weight of the age classes (EFSA, 2012b). The parameters setup used for HQ calculation are presented in Table 1, for REFA, RfD and W, and in Table 2 for c

Table 2 .

 2 Nutritional composition of dorsal muscle for 20 bycatch fish species collected in the 708 western Indian Ocean in 2018. Total fat is in triacylglycerol equivalents. DHA =

	709	
	710	docosahexaenoic acid (22:6n-3), EPA = Eicosapentaenoic acid (20:5n-3), ww = wet weight. See
	711	Material and Method section for the length measurement method of each species.
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 3 ANOVA results testing the influence of species, fish length and their interactions on
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