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Juvenile Oblada melanura (L. 1758) otolith shape is impacted near recreational harbours or due to settlement position in nearby sites
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Young Oblada melanura otolith shape analysis is used for environmental comparisons.

-Fishes from geographical zones only 20 km apart present otolith shape differences.

Introduction

The coastal zone is naturally a highly variable environment. The case of the French Riviera is a good illustration in the Mediterranean, as within 500 meters of coastline, it is possible to encounter rocky, sand or pebble bottoms, seagrass beds and mixes of these, the continuity of which may be interrupted by rivers, creeks or capes. In addition to these natural elements, anthropogenic alterations such as harbours, seawalls, jetties, etc. make the coastline more complex. This results in a juxtaposition of multiple separated environments associated with high ecosystem diversity [START_REF] Ducrotoy | Tools and concepts on ecological quality of coastal and estuarine environments[END_REF]. This richness of environments explains the coast's ecological importance, for example as fish nursery (Cheminée et al. 2013).

Moreover, as an interface between land and sea, it is also a zone of intensive anthropogenic activity involving transformation or destruction (dykes, pontoons, residential zones, etc.), exploitation (aquaculture, seaside activities, etc.) and pollution (harbours, freshwater inflows, etc.).

Consequently, evaluation of anthropogenic impacts is of high interest for the management of the coastal zone. Such surveys, when conducted, have mainly focused on human health. This is particularly true in touristic zones, where environmental surveys are centred on the protection of human health, with biological surveys in summer (faecal contamination; toxic cyanobacteria, macroalgae or phytoplankton), and rarely on environment protection. This is why it is necessary to develop specific tools for monitoring impacts on the coastal environment.

In fishes, otoliths, which are biomineral structures of the internal ears, have a species-specific shape [START_REF] Morrow | Preliminary keys to otoliths of some adult fishes of the Gulf of Alaska, Bering Sea and Beaufort Sea[END_REF][START_REF] L'abée-Lund | Otolith shape discriminates between juvenile Atlantic salmon, Salmo salar L., and brown trout, Salmo trutta[END_REF]. They play a role in spatial recognition and audition [START_REF] Morales-Nin | Review of the growth regulation processes of otolith daily increment formation[END_REF] and present interesting characteristics. Firstly, they grow throughout the fish's life span.

Secondly, this growth (increment) is based on a circadian rhythm. Thirdly, in a species the shape may vary because of the fish's growth patterns [START_REF] Secor | Somatic Growth Effects on the Otolith-Fish Size Relationship in Young Pond-reared Striped Bass, Morone saxatilis[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF] and differences in living environment [START_REF] Secor | Somatic Growth Effects on the Otolith-Fish Size Relationship in Young Pond-reared Striped Bass, Morone saxatilis[END_REF][START_REF] Casselman | Nursery value of Cystoseira forests for Mediterranean rocky reef fishes[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Smith | Multiple techniques for determining stock relationships between orange roughy, Hoplostethus atlanticus, fisheries in the eastern Tasman Sea[END_REF][START_REF] Strelcheck | Otolith-fish size relationship in juvenile gag (Mycteroperca microlepis) of the eastern Gulf of Mexico: a comparison of growth rates between laboratory and field populations[END_REF][START_REF] Galley | Combined methods of otolith shape analysis improve identification of spawning areas of Atlantic cod[END_REF][START_REF] Tracey | Application of elliptical Fourier analysis of otolith form as a tool for stock identification[END_REF][START_REF] Javor | Otolith morphometrics and population structure of Pacific Sardine (Sardinops sagax) along the west coast of North America[END_REF]Bacha et al. 2014[START_REF] Bacha | Insights on stock structure of round sardinella Sardinella aurita off north-west Africa based on otolith shape analysis[END_REF][START_REF] Cresson | A multitracer approach to assess the spatial contamination pattern of hake (Merluccius merluccius) in the French Mediterranean[END_REF]. By contrast, genetic differences in the same environment does not seem to induce otolith shape variation [START_REF] Smith | Multiple techniques for determining stock relationships between orange roughy, Hoplostethus atlanticus, fisheries in the eastern Tasman Sea[END_REF]. Fourthly, total otolith size increments are proportionally larger in young fishes than in adults. All these elements indicate that the otoliths of young fishes may be a good environmental indicator. The saddled seabream, Oblada melanura (Linnaeus 1758), is a sparid fish distributed from the Mediterranean to East Africa. It is classed as "least concern" on the IUCN Red List of Threatened Species TM [START_REF] Russell | Oblada melanura, Saddled Seabream. The IUCN Red List of Threatened Species 2014[END_REF]). In the North-Western Mediterranean, it spawns in late spring / early summer. Adults are gregarious and stay close to the sea bottom [START_REF] Bauchot | Sparidae. In Check-list of the fishes of the eastern tropical Atlantic (CLOFETA), JNICT, SEI and UNESCO[END_REF]. Settlers stay in shoals, which can count hundreds of individuals, near small natural or artificial cavities where they can shelter, close to the surface (in rock face, rock piles, sea wall, pontoon, etc.). The settlers present a sedentary behaviour pattern (personal observation) which makes them of high interest, at this developmental stage, for surveys of the environmental influence on their development.

The NW Mediterranean, and particularly the French Riviera which presents a rich variability of environment, is a highly anthropized zone. These characteristics make the French Riviera a good field of experimentation. The present work was a means of determining if otolith shape may be an easy to use environmental indicator. We were interested in two sources of environmental disturbance. One is the potential influence of sampling zones linked to increasing distance from the gulf of Genoa, a major industrial area, and to a difference in population densities. Another disturbance is the influence of local environmental pollution types, based on literature data, with samplings at sites near recreational harbours of different sizes, small waterway mouths, or "preserved" from identified sources of contamination. So, we studied juveniles from nine different sites characterised by these three chemical environment types, in three geographical zones, during three consecutive summers.

Materials and methods

Sampling design

During the summers of 2013, 2014 and 2015, fishes from nine sites were sampled. The sampling area was fractioned in three geographically defined zones from west to east (Figure 1). Each zone was delimited in order to contain three kinds of sites that present defined chemical contamination types.

Type A sites were selected in order to be preserved from the influence of waterways or harbours.

Type B sites were small waterway mouths which are mainly natural sources of metals in the Mediterranean [START_REF] Fukai | Variations of soluble zinc in the Var River and its estuary[END_REF][START_REF] Laing | Trace metal behaviour in estuarine and riverine floodplain soils and sediments: A review[END_REF][START_REF] Khan | Harmful Elements in Estuarine and Coastal Systems[END_REF]. Type C sites were near recreational harbours where pollution [START_REF] Mestres | Sources of contamination and modelled pollutant trajectories in a Mediterranean harbour (Tarragona, Spain)[END_REF][START_REF] Mccoy | Boating Pollution Economics & Impacts[END_REF] is mainly caused by fuel [START_REF] Telli Karakoc | Biomarkers of marine pollution observed in species of mullet living in two eastern Mediterranean harbours[END_REF]) and boat paints containing metals [START_REF] Konstantinou | Worldwide occurrence and effects of antifouling paint booster biocides in the aquatic environment: a review[END_REF][START_REF] Damiens | Integrated biomarker response index as a useful tool for environmental assessment evaluated using transplanted mussels[END_REF]. All the sites were preserved from other identified nearby pollution sources. Water current in the studied area flows from east to west. We have shown in a previous work [START_REF] Vandenbussche | Juvenile Oblada melanura (L. 1758) otolith shape variation as an early environmental indicator[END_REF]) that, in the case of O. melanura juveniles equal to or larger than 11 mm of standard length, it is possible to discriminate fish groups from different environments according to otolith shape. We have also shown that it is better to compare two samples less than 5 days apart in order to limit differences in exposure duration to environmental conditions [START_REF] Vandenbussche | Juvenile Oblada melanura (L. 1758) otolith shape variation as an early environmental indicator[END_REF]. So, 515 fishes with a standard-length of 12.28 (SE = 0.07) mm were analysed in this study. Samplings per year are presented in Table 1. Two landing nets (2 mm mesh size, 20 cm diameter, 15 cm length) were used for the sample collection. Fishes were euthanised by an over-dosage of anaesthetic drug method [START_REF] Neiffer | Fish sedation, analgesia, anesthesia, and euthanasia: considerations, methods, and types of drugs[END_REF]: an immersion of 10 minutes in a 2,038 g.l -1 clove oil seawater solution. This dose corresponds to 50 times the anaesthetic dose for sparid fishes such as Sparus aurata and Dentex dentex [START_REF] García-Gómez | Utilización del aceite de clavo, Syzygium aromaticum L. (Merr. & Perry), como anestésico eficaz y económico para labores rutinarias de manipulación de peces marinos cultivados[END_REF][START_REF] Ross | Anaesthetic and Sedative Techniques for Aquatic Animals, 3rd Edition[END_REF]. Fishes were frozen at -20°C for preservation until otolith extraction.

Data acquisition

Fishes were measured to the nearest 1/10 mm for standard length (SL). The "through the gill" method [START_REF] Secor | Otolith removal and preparation for microstructural examination[END_REF][START_REF] Vanderkooy | A Practical Handbook for Determining the Age of Gulf of Mexico Fishes[END_REF] was used for otolith (sagittae) dissection. Then each pair of sagittae were standardly placed on a glass microscope slide, with the sulcus facing the slide and the rostrum pointing upward [START_REF] Gonzalez-Salas | Interannual variability and intraannual stability of the otolith shape in European anchovy Engraulis encrasicolus (L.) in the Bay of Biscay[END_REF][START_REF] Stransky | Otolith shape analysis as a tool for stock separation of horse mackerel (Trachurus trachurus) in the Northeast Atlantic and Mediterranean[END_REF]Bacha et al. 2014;[START_REF] Jemaa | What can otolith shape analysis tell us about population structure of the European sardine, Sardina pilchardus, from Atlantic and Mediterranean waters?[END_REF] and dried for 24 hours. Observations were conducted by means of a Zeiss AxioScope A1 microscope equipped with 10x magnifier lens. This microscope was coupled with a Canon EOS 550D camera. Picture format used was 8 bits grey scale 5184 x 3456 pixels, 300 dpi resolution TIFF (Tagged Image File Format).

From these photographs, the right otoliths were now placed rostrum to the right. All the right otolith outlines were extracted using SHAPE ChainCoder [START_REF] Iwata | SHAPE: A Computer Program Package for Quantitative Evaluation of Biological Shapes Based on Elliptic Fourier Descriptors[END_REF] and saved as a chain code [START_REF] Freeman | Computer Processing of Line-Drawing Images[END_REF]). Vincent Bonhomme R package "Momocs" [START_REF] Bonhomme | Momocs: Outline Analysis Using R[END_REF]) was then used to convert these chain codes into a set of Fourier descriptors using an elliptic Fourier analysis [START_REF] Giardina | Accuracy of curve approximation by harmonically related vectors with elliptical loci[END_REF][START_REF] Kuhl | Elliptic Fourier features of a closed contour[END_REF]. In order to describe 99% of the otolith shape variation [START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF], we used 12 harmonics. According to the fact that each harmonic is defined by a set of four constants (a, b, c and d), each otolith shape is described by 48 constants.

Because of otolith shape standardisation (size and orientation), the values a, b and c of the first harmonic are specified constants (a1=1, b1=0, c1=0).

Analysis and statistics

These data, constituted of 12 sets of four constants per individual, were used to compare fish groups by canonical analysis of principal coordinates (CAP). CAP is a constrained ordination with groups known a priori for which the computed cross-validation by allocation success to the leave one out test gives a reasonable and nearly unbiased measurement of how groups are distinct (Anderson and Willis 2003;[START_REF] Tracey | Application of elliptical Fourier analysis of otolith form as a tool for stock identification[END_REF]Anderson et al. 2008). CAPs were computed, after removing the first harmonic because of standardisation, on between individuals Euclidian distance, with 9999 unrestricted random permutations of the raw data (Anderson 2001). CAPs were performed on PRIMER 6. Note that even if samples are presented in Table 1, for 2014 the time between samplings of zones 1 and 2 was longer than five days, excluding zone 1 for all the analyses, except for types comparison by zones.

Results

Overall comparisons

Site comparison

The superimposition of the mean otolith shape corresponding to each sampling site for year 2013, which is representative of the three years, is presented in Figure 2. It appears that mean otolith shape seems more associated with sampling zone than with type of site.

In fact, two groups of lines corresponding to the two sampling zones may be clearly identified. In order to statistically test differences between sites, CAP comparison using sampling sites as a priori groups were computed for each of the three years. 
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These analyses reveal that otolith shapes are site specific, with allocation success values higher than 152 the threshold, with the exception of sites 1B in 2013 and 1C in 2015, and significant p-values to the 153 permutation test. The associated cross-validation confirms differences, except for sites 1B and 1C in 154 2013, 1B, 1C and 3A in 2015. Furthermore, according to leave one out tests, for each of the three 155 years, shape seems more specific to sampling zones than to types of sites. In fact, allocations to the 156 correct zone are above 70% for each year (2013:73.13%; 2014:84.32%; 2015: 71.13%), whereas allocations to the correct type are only above 40% for each year (2013:44.38%; 2014:57.84%; 2015:46.48%). According to these results, zone influence, which seems to influence the otolith shape the most, will be studied before type influence.

Zones comparison

First, we have tested whether differences exist for otolith shape between sampling zones, in 2013, 2014 and 2015, all types of sites included, by superimposing the mean otolith shape for each zone (Figure 3). 12 first harmonics used. Black solid line: zone 1; black dotted line: zone 2; grey solid line: zone 3.

It seems that differences in mean otolith shape between zones exist and that they are more pronounced in 2013 and 2014 than in 2015. To confirm this tendency, CAP comparisons were conducted using zones as a priori groups (Table 3). CAP confirms that, each year, otolith shape is highly specific to a sampling zone, with allocation success values higher than threshold and highly significant p-values to the permutation test. Crossvalidation results clearly distinguish both zones each year.

Types comparison

Similarly to zones comparison (all types of sites included), we have compared types of sites with all zones included. In order to visualise possible shape tendencies according to types of sites, we have superimposed mean otolith shape of each type of environment for each of the three years (Figure 4). According to Figure 4, otolith shape differences seem to exist between types of environment. To test statistical significance of these potential differences between types, CAP comparisons were computed using types of sites as a priori groups (Table 4). CAP highlights that significant differences exist between all the types for each year, according to allocation success values higher than threshold and significant p-values. Except for type A in 2015, cross-validation results confirm the separation between the three types.

Types comparison by zones

As it appeared that zone influence on otolith shape is stronger than type influence, we have compared types of sites for each specific zone. We have computed by CAP, for each zone and for each of the three years, the between types comparisons, using types of sites as a priori groups (Table 5). Allocation success values compared to thresholds and p-values to the permutation test indicate that CAP reveals significant differences between types in 2013 and 2014 for zone 3, and none for zone 1. To illustrate the detected differences of types, the superimposition of mean otolith shape for the significant comparisons of the three types (i.e. 2013 zone 3 and 2014 zone 2) is presented in Figure 6.

14 In each case, mean otolith shape from fishes sampled in types A and B are more overlapping than the one from fishes sampled in type C.

Discussion

Evaluation of anthropogenic impacts is of high interest for the management of the coastal zone.

Despite an increasing interest for consequences of anthropogenic activities on the environment, surveys still mainly focused on the protection of human health and rarely on the protection of environment. Hence, new specific tools for monitoring impacts on coastal environment are necessary to develop and help environmental managers in their decision process. The present work was a means of determining if otolith shape may be an easy to use environmental indicator. Situated on the NW Mediterranean coast, the French Riviera is characterised by a high variability of natural environment. As a major residential and touristic area, it is highly influenced by anthropogenic activities. On the basis of these characteristics, this area is well-suited to testing otolith shape alteration as a sensitive indicator of environmental impacts. In this three-year study, we were interested in two major sources of environmental variability. The first one is the potential influence of sampling zones linked to increasing distance from a major industrial area, the gulf of Genoa, and to a difference in population densities. The second one is the influence of local environmental pollution types, based on literature data, with samplings at sites near recreational harbours, waterway mouths or "preserved".

To obtain a general overview of the data, we were first interested in otolith shape comparison between sites. Comparison of sites revealed that otolith shape is specific to a sampling site.

Furthermore, these data suggest that sampling zone and type of site influence otolith shape. It also seems that sampling zone influence on otolith shape is greater than that of type of site.

On the basis of these first results, we compared otolith shape between zones, all types of sites included. According to our results, it is possible to discriminate two groups of O. melanura juveniles from zones about 20 km or 40 km apart. The present detection of otolith shape differences for fishes from different geographical zones matches with the literature on juvenile and adult fish, even if these previous studies were performed over distances between about 100 km and 6,000 km [START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Smith | Multiple techniques for determining stock relationships between orange roughy, Hoplostethus atlanticus, fisheries in the eastern Tasman Sea[END_REF][START_REF] Strelcheck | Otolith-fish size relationship in juvenile gag (Mycteroperca microlepis) of the eastern Gulf of Mexico: a comparison of growth rates between laboratory and field populations[END_REF][START_REF] Galley | Combined methods of otolith shape analysis improve identification of spawning areas of Atlantic cod[END_REF][START_REF] Tracey | Application of elliptical Fourier analysis of otolith form as a tool for stock identification[END_REF][START_REF] Javor | Otolith morphometrics and population structure of Pacific Sardine (Sardinops sagax) along the west coast of North America[END_REF]Bacha et al. 2014[START_REF] Bacha | Insights on stock structure of round sardinella Sardinella aurita off north-west Africa based on otolith shape analysis[END_REF][START_REF] Cresson | A multitracer approach to assess the spatial contamination pattern of hake (Merluccius merluccius) in the French Mediterranean[END_REF]. In the present study, a possible explanation of the observed differences linked to zones may be the distances from gulf of Genoa, which is a major industrial area around 150 km from zone 3. One hypothesis is that, as distances increase from zone 3 to zone 1 (Figure 1), zone 1 may be less influenced by the gulf of Genoa. More likely, the main explanation may be the population densities within the zones which may lead to different levels of contamination [START_REF] Moore | The role of submarine groundwater discharge in coastal biogeochemistry[END_REF]. Indeed, according to 2015 population census from the Institut National de la Statistique et des Etudes Economiques (France), population densities are equivalent in zone 2 and 3 (respectively, about 4,000 and 3,000 inhabitants per km²) but lower in zone 1 (about 550 inhabitants per km²).

Furthermore, using the same dataset, all zones included, we were able to distinguish groups of juveniles living in different types of environments: not close to identified pollution source, near small waterway mouth, or near recreational harbour. As zone seems to have a stronger impact on otolith shape than type of site, it is important to separate type effect from zone effect. Hence we conducted otolith shape comparisons by types of site for each sampling zone. Significant differences between types were revealed, with no difference for zone 1. Differences between types of environments have been shown in literature observations conducted on juveniles or adults of fishes [START_REF] Secor | Somatic Growth Effects on the Otolith-Fish Size Relationship in Young Pond-reared Striped Bass, Morone saxatilis[END_REF][START_REF] Casselman | Nursery value of Cystoseira forests for Mediterranean rocky reef fishes[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF]). In the present study, the origin of absence of significant difference between types of environment in zone 1 (where misclassifications are found between type A and either types B or C) may be found when considering the population density and recreational harbour size, which are both the lowest in our sampling design. In addition, in zones 2 or 3, the values of misclassifications to the leave one out test provide information regarding the proximity between types of selected chemical environments. It appears that, when the three types are compared, misclassifications are mainly between types A and B, for different zones in different years. Indeed, otolith shapes of preserved type A and waterway mouth type B sites are close to each other, even if type B is known to be naturally contaminated, mostly by metals [START_REF] Fukai | Variations of soluble zinc in the Var River and its estuary[END_REF][START_REF] Laing | Trace metal behaviour in estuarine and riverine floodplain soils and sediments: A review[END_REF][START_REF] Khan | Harmful Elements in Estuarine and Coastal Systems[END_REF]). In addition, these results revealed that otolith shapes from types A and B sites are distinct from those from recreational harbours (type C) known to be contaminated mostly by fuel and boat paints [START_REF] Telli Karakoc | Biomarkers of marine pollution observed in species of mullet living in two eastern Mediterranean harbours[END_REF][START_REF] Konstantinou | Worldwide occurrence and effects of antifouling paint booster biocides in the aquatic environment: a review[END_REF][START_REF] Damiens | Integrated biomarker response index as a useful tool for environmental assessment evaluated using transplanted mussels[END_REF][START_REF] Mccoy | Boating Pollution Economics & Impacts[END_REF]. These results are in accordance with observations of the impact of Mediterranean harbour on fishes shown in a previous study based on classical measurements of oxidative stress and genotoxicity indicators [START_REF] Tsangaris | Oxidative Stress and Genotoxicity Biomarker Responses in Grey Mullet (Mugil cephalus) From a Polluted Environment in Saronikos Gulf, Greece[END_REF]. Our results also match with observed behavioural alterations of fishes (burst swimming activity or "sprint" behaviour) induced by water from a mid-size recreational harbour in NW Mediterranean [START_REF] Díaz-Gil | Anthropogenic chemical cues can alter the swimming behaviour of juvenile stages of a temperate fish[END_REF]. Finally, in our study, the absence of significant otolith shape difference between types in zone 1, for the three studied years, may be caused by the difference of harbour sizes. Indeed, the harbour in zone 1 is a small one (~12,000 m²) in contrast to mid-size ones from zone 2 (~60,000 m²) and zone 3 (~75,000 m²), which are about five times larger. The smallest harbour might not be contaminated enough to have induced changes in otolith shapes.

To conclude, we have demonstrated that geographical living areas and differences in contamination of the fishes' living environment both impact O. melanura juveniles, as seen through otolith shape variation. We have shown that fishes from two zones only 20 km apart present significant differences of otolith shape. Fishes from sites preserved from identified pollution sources or near waterway mouths do not present significant otolith shape differences. Juveniles of O. melanura from these two types of site present no difference with fishes from a small-size recreational harbour, but present significant otolith shape differences with fishes from mid-size recreational harbours. The present work opens up new perspectives for surveys of the impact on marine life of both regulation policies and changes in human behaviour.

Figure 1 :

 1 Figure 1: Distribution of sampling sites in three zones along the French Riviera. Star: Genoa; type A sites are not close to identified pollution source; type B sites correspond to waterway mouths; type C sites correspond to recreational harbours. Each zone presents a site of each type. Nice's GPS coordinates are: 43° 42' 36.622" N 7° 15' 43.032" E.

Figure 2 :

 2 Figure 2: Mean otolith shape for each sampling site in 2013. 12 first harmonics used. Solid line: zone 1; dotted line: zone 3; black: type A; grey: type B; light grey: type C.

Figure 3 :

 3 Figure 3: Mean otolith shape for each zone in 2013, 2014 and 2015.

Figure 4 :

 4 Figure 4: Mean otolith shape for each type of site in 2013, 2014 and 2015. 12 first harmonics used. Black solid line: type A; black dotted line: type B; grey solid line: type C.

Furthermore

  , it highlights a significant difference for zone 2 in 2014. In 2015 no difference was found. When the three types are present, cross-validation highlights that the majority of misclassifications are encountered between types A and B (2013 zone 3: 10 of 17 misclassified A in B and 10 of 12 incorrect B in A; 2014 zone 2: 13 of 18 misclassified A in B and 11 of 15 incorrect B in A; 2015 zone 1: 3 of 4 misclassified A in B and 7 of 11 incorrect B in A). The only exception concerns zone 1 in 2013 where misclassifications are mainly between types A and C (10 of 13 misclassified A in C and 10 of 16 incorrect C in A). When only two types are present, a total allocation success very close to threshold indicates that the two groups are indistinct (2014 zone 1). When only two types are present (2014 and 2015 zone 3) and have total allocation success values close to each other and above the threshold, indicating that the two groups are distinct, p-values to the permutation test highly vary. The variability in p-values may be explained when looking at the distribution of individuals from the two types of sites along CAP axis 1 (Figure 5).

Figure 5 :

 5 Figure 5: Projections of individuals from types A and C along CAP axis 1 for zone 3 in 2014 and 2015. A: type A; C: type C. CAP1: CAP axis 1.

Figure 5

 5 Figure 5 projections show that individuals of 2014 zone 3, whose permutation test is significant (p-

Figure 6 :

 6 Figure 6: Mean otolith shape for each type of site in zone 3 in 2013 and in zone 2 in 2014. 12 first harmonics used. Black solid line: type A; black dotted line: type B; grey solid line: type C.

Table 1 : Number of Oblada melanura sampled by zone and by type, and sampling dates. All the sites were sampled, however for technical reasons some sites were sampled more than five days apart regarding type A and are consequently not presented.

 1 

			N			Dates
	Sampling year		Type A	Type B	Type C
	2013	Zone 1	24		31	07/22
				18		07/26
		Zone 2			
		Zone 3	39	23	25	07/24
	2014	Zone 1	10		18	06/24
		Zone 2	48	36		06/30
					7	07/01
		Zone 3	43		51	07/03
	2015	Zone 1	8		8	06/22
				19		06/23
		Zone 2			
		Zone 3	60		47	06/25

Table 2 : CAP, O. melanura otolith shape comparisons by sampling site in 2013, 2014 and 2015.

 2 

	CAP		2013	2014	2015						
	m		32	19	16						
	N	1A	24	-	8						
		1B	18	-	19						
		1C	31	-	8						
		2A	-	48	-						
		2B	-	36	-						
		2C	-	7	-						
		3A	39	43	60						
		3B	23	-	-						
		3C	25	51	47						
	Variation		99.220% 96.580% 93.690%						
	Groups		6	5	5						
	Threshold		16.667% 20.000% 20.000%						
	Allocation success	Total	38.125% 53.514% 38.028%						
		1A	41.667% -	62.500%						
		1B	16.667% -	31.579%						
		1C	32.258% -	0.000%						
		2A	-	56.250% -						
		2B	-	38.889% -						
		2C	-	42.857% -						
		3A	41.026% 55.814% 35.000%						
		3B	43.478% -	-						
		3C	48.000% 60.784% 46.809%						
	δ 2		0.537	0.593	0.296						
	p		<0.0001 <0.0001 0.0106						
	Cross-validation		1A	1B	1C	2A	2B	2C	3A	3B	3C	Total
	2013	1A	10	3	6						

m: number of principal component ordination (PCO) axes used for the analysis; N: number of fishes used in the analysis; Variation: proportion of the variation explained by the first m PCO axes; Groups: number of groups used in the analysis; Threshold: allocation success expected only by chance; Allocation success: proportion of the points from a group truly allocated to this group; δ²: squared canonical correlation; p: p-value of the permutation test. Cross-validation: Leave-oneout allocation of observations to groups; raw: origin group; column: allocated group.

Table 3 : CAP, O. melanura otolith shape comparisons by sampling zone, all types of sites included, in 2013, 2014 and 2015. m: number of principal component ordination (PCO) axes used for the analysis; N: number of fishes used in the analysis; Variation: proportion of the variation explained by the first m PCO axes; Groups: number of groups used in the analysis; Threshold: allocation success expected only by chance; Allocation success: proportion of the points from a group truly allocated to this group; δ²: squared canonical correlation; p: p-value of the permutation test. Cross-validation: Leave-one- out allocation of observations to groups; raw: origin group; column: allocated group.

 3 

	CAP		2013	2014	2015
	m		10	16	21
	N	Zone 1	73	-	35
		Zone 2	-	91	-
		Zone 3	87	94	107
	Variation		82.07%	94.72%	97.26%
	Groups		2	2	2
	Threshold		50%	50%	50%
	Allocation success	Total	76.250%	86.568%	77.465%
		Zone 1	76.712%	-	74.286%

Table 4 : CAP, O. melanura otolith shape comparisons by types of sites, all sampling zones included, in 2013, 2014 and 2015. For 2014, zone 1 was not included. m: number of principal component ordination (PCO) axes used for the analysis; N: number of fishes used in the analysis; Variation: proportion of the variation explained by the first m PCO axes; Groups: number of groups used in the analysis; Threshold: allocation success expected only by chance; Allocation success: proportion of the points from a group truly allocated to this group

 4 

; δ²: squared canonical correlation; p: p-

value of the permutation test. Cross-validation: Leave-one-out allocation of observations to groups; raw: origin group; column: allocated group.

  

	CAP		2013	2014	2015	
	m		43	21	19	
	N	Type A	63	91	68	
		Type B	41	36	19	
		Type C	56	58	55	
	Variation		99.99%	97.49%	96.21%	
	Groups		3	3	3	
	Threshold		33.333%	33.333%	33.333%	
	Allocation success	Total	46.250%	55.135%	47.183%	
		Type A	42.857%	49.451%	38.235%	
		Type B	51.220%	66.667%	56.364%	
		Type C	46.429%	56.897%	52.632%	
	δ²		0.398	0.316	0.298	
	p		0.0362	<0.0001	0.0028	
	Cross-validation		Type A	Type B	Type C	Total
	2013	Type A	27	19	17	63
		Type B	9	21	11	41
		Type C	20	10	26	56
	2014	Type A	45	24	22	91
		Type B	7	24	5	36
		Type C	15	10	33	58
	2015	Type A	26	16	26	68
		Type B	6	10	3	19
		Type C	16	8	31	55

Table 5 : CAP, O. melanura otolith shape comparisons by type of sites for each sampling zone, in 2013, 2014 and 2015. m: number of principal component ordination (PCO) axes used for the analysis; N: number of fishes used in the analysis; Variation: proportion of the variation explained by the first m PCO axes; Groups: number of groups used in the analysis; Threshold: allocation success expected only by chance; Allocation success: proportion of the points from a group truly allocated to this group; δ²: squared canonical correlation; p: p-value of the permutation test. Cross-validation: Leave-one- out allocation of observations to groups; raw: origin group; column: allocated group.
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	CAP		2013		2014			2015	
			Zone 1	Zone 3	Zone 1	Zone 2	Zone 3	Zone 1	Zone 3
	m		36	27	9	26	18	23	11
	N	Type A	24	39	10	48	43	8	60
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