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Juvenile Oblada melanura (L. 1758) otolith shape variation as an early environmental indicator
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Coasts are increasingly subject to the pressure of human activities, thus bioindicators of stress are also becoming necessary. We tested whether the otolith shape of Oblada melanura juveniles could be used as indicator of anthropic impacts. Otolith shapes, defined by Fourier elliptic analysis, were compared using canonical analysis of principal coordinates. In this three-year study, we compared two geographically close sites: one with low-level pollution and one near a recreational harbour.

Determining the minimum fish standard length at which the influence of fish size on otolith shape does not occult other influences, 11 mm in this study, is a prerequisite for the study of otolith shape variation in juveniles. Inter-annual environmental variations interfere with local conditions and delays between samplings are also important considerations. We have demonstrated that the comparison of O. melanura juvenile otolith shape is an effective method to compare the short-term influence of different environmental conditions.

Introduction

Coasts consist of a variety of ecosystems [START_REF] Ducrotoy | Tools and concepts on ecological quality of coastal and estuarine environments[END_REF], providing numerous services such as fish nursery sites [START_REF] Cheminée | Nursery value of Cystoseira forests for Mediterranean rocky reef fishes[END_REF][START_REF] Cuadros | Seascape attributes, at different spatial scales, determine settlement and post-settlement of juvenile fish[END_REF] and habitats [START_REF] Thiriet | Abundance and Diversity of Crypto-and Necto-Benthic Coastal Fish Are Higher in Marine Forests than in Structurally Less Complex Macroalgal Assemblages[END_REF]. They are degraded by human influences, such as residential development [START_REF] Ross | Marine Pollution Prevention and Management in the East Asian Seas: A Paradigm Shift in Concept, Approach and Methodology[END_REF], industry [START_REF] Hildering | Tackling pollution of the Mediterranean Sea from land-based sources by an integrated ecosystem approach and the use of the combined international and European legal regimes[END_REF], commerce, tourism [START_REF] Petrosillo | Managing tourist harbors: Are managers aware of the real environmental risks?[END_REF] and impacted by contamination events [START_REF] Mestres | Sources of contamination and modelled pollutant trajectories in a Mediterranean harbour (Tarragona, Spain)[END_REF]. The monitoring of the anthropic impact on this environment is therefore necessary. The coastal area we have chosen to analyse is the French Riviera which is known to be affected by yachting activities.

Classical microbiological or chemical methods allow to measure known occasional pollution discharges.

Complementary biological indicators that integrate environmental fluctuations over for a prolonged period are of great interest, for example using fishes [START_REF] Cresson | Are red mullet efficient as bio-indicators of mercury contamination? A case study from the French Mediterranean[END_REF].

In fishes, otoliths can be considered as the hard disks that store the history of an individual [START_REF] Secor | Can otolith microchemistry chart patterns of migration and habitat utilization in anadromous fishes?[END_REF]. Otoliths are calcified structures of the inner-ear semi-circular system [START_REF] Degens | Molecular structure and composition of fish otoliths[END_REF], which have a species specific shape (L' [START_REF] Kuhl | Otolith shape discriminates between juvenile Atlantic salmon, Salmo salar L., and brown trout, Salmo trutta[END_REF][START_REF] Morrow | Preliminary keys to otoliths of some adult fishes of the Gulf of Alaska, Bering Sea and Beaufort Sea[END_REF]. They play a major role in audition and spatial recognition [START_REF] Morales-Nin | Review of the growth regulation processes of otolith daily increment formation[END_REF]. They are composed of a keratin-like protein and calcium carbonate [START_REF] Degens | Molecular structure and composition of fish otoliths[END_REF][START_REF] Morales-Nin | Review of the growth regulation processes of otolith daily increment formation[END_REF], and grow according to a circadian rhythm [START_REF] Morales-Nin | Review of the growth regulation processes of otolith daily increment formation[END_REF][START_REF] Panella | Fish otoliths: daily growth layers and periodical patterns[END_REF]. Their growth and shape are altered by environmental conditions [START_REF] Anken | Fish inner ear otolith size and bilateral asymmetry during development[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Galley | Combined methods of otolith shape analysis improve identification of spawning areas of Atlantic cod[END_REF][START_REF] Secor | Somatic Growth Effects on the Otolith-Fish Size Relationship in Young Pond-reared Striped Bass, Morone saxatilis[END_REF][START_REF] Smith | Multiple techniques for determining stock relationships between orange roughy, Hoplostethus atlanticus, fisheries in the eastern Tasman Sea[END_REF], making the otolith a potentially interesting tool for environmental surveys.

In order to use the otolith as an indicator, specific characteristics are required in the selection of the species: fishes must be sedentary in order to integrate local environment characteristics, and must rapidly integrate this information, which is the case for young fishes [START_REF] Anken | Fish inner ear otolith size and bilateral asymmetry during development[END_REF]. In the North occidental Mediterranean, Oblada melanura (Linnaeus, 1758) are sedentary during the first two months of their life as juveniles (authors' observation). Therefore, we have chosen O. melanura juveniles for the present study.

The environment is known to influence otolith shape in adult fishes [START_REF] Bose | Growth and otolith morphology vary with alternative reproductive tactics and contaminant exposure in the round goby Neogobius melanostomus[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Galley | Combined methods of otolith shape analysis improve identification of spawning areas of Atlantic cod[END_REF][START_REF] Rodgveller | Otolith shape variability and associated body growth differences in giant grenadier, Albatrossia pectoralis[END_REF][START_REF] Secor | Somatic Growth Effects on the Otolith-Fish Size Relationship in Young Pond-reared Striped Bass, Morone saxatilis[END_REF][START_REF] Smith | Multiple techniques for determining stock relationships between orange roughy, Hoplostethus atlanticus, fisheries in the eastern Tasman Sea[END_REF].

In the case of O. melanura, living zone of an adult is superior to the one of a juvenile which is limited to a group of rocks and its immediate surroundings (authors' observation). Hence, to study the effect of local environment (maximum 100 m of linear coast) the adults are not adapted, we have chosen to study juveniles. The aim of the present study is to determine whether the otolith shape of juvenile

Oblada melanura may also be used as an environmental indicator. For that purpose, several questions had to be addressed. As otolith shape changes with fish growth [START_REF] Bose | Growth and otolith morphology vary with alternative reproductive tactics and contaminant exposure in the round goby Neogobius melanostomus[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Secor | Somatic Growth Effects on the Otolith-Fish Size Relationship in Young Pond-reared Striped Bass, Morone saxatilis[END_REF], what is the size limit above which the otolith tends to stabilise into its adult shape i.e. sets aside the growth influence on otolith shape? Once this limit is determined, if a shape difference is observed, which parameters should be taken into account in order to properly interpret this result? Finally, is it possible to distinguish fishes from two nearby sites, as distance induces shape differences [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] Bacha | Population structure of the European anchovy, Engraulis encrasicolus, in the SW Mediterranean Sea, and the Atlantic Ocean: evidence from otolith shape analysis[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Javor | Otolith morphometrics and population structure of Pacific Sardine (Sardinops sagax) along the west coast of North America[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] Tracey | Application of elliptical Fourier analysis of otolith form as a tool for stock identification[END_REF], with different environmental conditions i.e. low-level pollution versus recreational harbour?
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Materials and methods

Our samplings took place during the summers of 2013, 2014 and 2015, and two sites were sampled on the French coast of the North occidental Mediterranean Sea. These sites are geographically close (2.3 km apart) but present different environmental conditions. The first site, referred to as A (43°43"21.00' N; 7°21"37.00' E), was selected, on the basis of the marine currents, in order to ensure that the level of anthropic pollution would be at a minimum. The second site, referred to as B (43°42"40.79' N; 7°20"14.89' E), was near an intermediate-sized recreational harbour, because harbours are known to be sources of chemical contaminations [START_REF] Damiens | Integrated biomarker response index as a useful tool for environmental assessment evaluated using transplanted mussels[END_REF][START_REF] Konstantinou | Worldwide occurrence and effects of antifouling paint booster biocides in the aquatic environment: a review[END_REF][START_REF] Mccoy | Boating Pollution Economics & Impacts[END_REF][START_REF] Mestres | Sources of contamination and modelled pollutant trajectories in a Mediterranean harbour (Tarragona, Spain)[END_REF][START_REF] Telli Karakoc | Biomarkers of marine pollution observed in species of mullet living in two eastern Mediterranean harbours[END_REF]. The collected samples are presented in Table 1. For each year, fishes were sampled after at least a one-week stay at the site. In 2013, only site A was sampled for the preliminary stage of the study. A total of 597 fishes were analysed for otolith shape.

Two landing nets were used to catch the fishes which were immediately euthanatized by an overdose of an anaesthetic drug [START_REF] Neiffer | Fish sedation, analgesia, anesthesia, and euthanasia: considerations, methods, and types of drugs[END_REF]. This method consisted of a minimum of 10 minutes immersion in a 2,038 g.l -1 clove oil seawater solution which is 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 then frozen, placed in a Petri dish without water at -20°C for preservation until extraction of the otoliths.

For each fish, standard length was measured to the nearest 1/10 millimetre (mm) and otoliths (sagittae) were dissected using 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, Interjurisdictional Fisheries[END_REF]. Otoliths were carefully cleaned and placed on a glass microscope slide, with the sulcus facing the slide and the rostrum pointing upward [START_REF] Bacha | Population structure of the European anchovy, Engraulis encrasicolus, in the SW Mediterranean Sea, and the Atlantic Ocean: evidence from otolith shape analysis[END_REF][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] Jemaa | What can otolith shape analysis tell us about population structure of the European sardine, Sardina pilchardus, from Atlantic and Mediterranean waters?[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], and dried. For observation and photographs, we used a Zeiss AxioScope A1 microscope equipped with a 10x magnifier lens, coupled with a Canon EOS 550D camera. Each picture was saved in 8 bits grey scale 5184 x 3456 pixels, 300 dpi resolution.

The whole outline of each right sagitta was then 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]. The resulting chain codes were then used for an elliptic Fourier analysis [START_REF] Giardina | Accuracy of curve approximation by harmonically related vectors with elliptical loci[END_REF][START_REF] Kuhl | Otolith shape discriminates between juvenile Atlantic salmon, Salmo salar L., and brown trout, Salmo trutta[END_REF] using Vincent Bonhomme's R package "Momocs" [START_REF] Bonhomme | Momocs: Outline Analysis Using R[END_REF]. 12 harmonics were used in order to describe 99% of the shape variation [START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF]. Each harmonic is defined by four constants (a, b, c and d), thus each otolith shape is described by 48 variables. 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).

Consequently, this first harmonic is not used for further analyses.

The comparisons of fish groups were conducted using principal component analysis (PCA), analysis of variance (ANOVA) and Tukey honest significant difference (HSD) as post-hoc test, or canonical analysis of principal coordinates (CAP). Unconstrained ordination, such as PCA, computes the axes that best describe the point dispersion of a multivariate dataset. Constrained ordination, such as CAP, computes the axes that best separate a priori groups [START_REF] Anderson | PERMANOVA+ for PRIMER: Guide to Software and Statistical Methods[END_REF][START_REF] Anderson | Canonical Analysis of Principal Coordinates: A Useful Method of Constrained Ordination for Ecology[END_REF]. CAP is a constrained ordination with groups known a priori for which the computed cross-validation by the success of allocation to the leave one out test gives a reasonable and nearly unbiased measurement of how groups are distinct [START_REF] Anderson | PERMANOVA+ for PRIMER: Guide to Software and Statistical Methods[END_REF][START_REF] Anderson | Canonical Analysis of Principal Coordinates: A Useful Method of Constrained Ordination for Ecology[END_REF][START_REF] Tracey | Application of elliptical Fourier analysis of otolith form as a tool for stock identification[END_REF]. CAP was performed after removing the first harmonic, because of standardisation, on between individuals Euclidian distance, with 9999 unrestricted random permutations of the raw data [START_REF] Anderson | Permutation tests for univariate or multivariate analysis of variance and regression[END_REF]. PCA, ANOVA and HSD were performed using R (V 3.3.0), CAP was computed using PRIMER 6.

Results

3.1

Parameters to take into account 3.1.1 Determination of the limit for fish standard length

Determining the minimal fish size is necessary to be able to make meaningful otolith shape comparisons, as illustrated by photographs of Oblada melanura otoliths (sagittae), arranged according to fish standard length (Figure 1). As shown in Figure 1, as a fish grows the otolith shape changes from a "rounded" smooth shape to a "ovoid" jagged shape.

Consequently, our initial step was to determine if fish standard lengths were equivalent between samples and within each sample. A boxplot of fish standard length for each site, by sampling date, each year, is presented in Figure 2. Figure 2 suggests differences in standard length, at least between years and sampling dates. An ANOVA reveals significant differences (F2,594= 54.15, p<10 -4 ) between sampling years, between each sampling date (p<10 -4 ) and between types of environment for the second sampling in 2014 (F1,123= 6.336, p = 0.013). More interestingly, all standard lengths vary between 7.75 and 17.25 mm, and the standardlength difference within each sample is between 3.25 and 9 mm. Consequently, according to Figure 1, we expect strong otolith shape differences within the same sample.

This confirms the requirement for a defined size limit, in order to compare otolith shapes between sites and dates. In order to determine such a limit for these comparisons, we computed a PCA on the measured shape variables, including all the fishes (597 total) from the 2013, 2014 and 2015 samplings.

In this PCA, 55.15% of the total variation is explained by the first principal component (PC1), then each lower order PC represents less than 10%. The projection of the individuals among PC1 and PC2 (which together represent 63.73% of the total variation), with the superimposition of information from standard length groups constituted with a step size of 0.5 mm (from < 8.5 to 17-17.5 mm), is presented in Figure 3. It appears that size groups are well separated along the PC1 axis, with the smallest fishes being associated with negative values (corresponding to a "rounded" shape), and largest fishes with positive values (associated with a "ovoid" shape). The link between PC1 and fish standard length is confirmed by a strong correlation (rpearson=0.775, p<10 -4 ). According to Figure 3, under the 11 mm standard length limit, the group centroids are clearly separated which indicates that otolith shape modification is associated with an increase in fish standard length. In contrast, over this 11 mm limit the group centroids tend to be superimposed, which indicates otolith shape stabilisation.

A comparison of the size groups using an ANOVA on PC1 reveals a highly significant difference between groups (F18,578=66.54; p<2.00E-16). The Tukey HSD post-hoc test result indicates that, for standard length > 12 mm, there is no difference between groups, with one exception (]12;12.5] vs. ]14.5;15], p=0.014), and that the differences are weaker for standard lengths of ]10.5; 11], ]11;11.5] and ]11.5;12] than for lower standard lengths (see supplementary data). In view of this latter observation, we chose to focus on fishes with a standard length ≥ 11 mm, which seems to be the extreme limit. Note that, even with this extended group, only 6 fishes were available for the 2014-06-23 sample (2 of type A and 4 of type B), so results for this date should be considered with caution.

Having determined the 11 mm size limit for standard length, we performed otolith shape comparisons.

For all the following analyses, we chose a constrained ordination, using CAP, in order to compare groups according to otolith shapes, as this method was shown to be one of the best suited for this kind of data [START_REF] Tracey | Application of elliptical Fourier analysis of otolith form as a tool for stock identification[END_REF]). As we had three variable parameters for our samplings (sampling years, dates and site types), we independently tested a potential effect of each of these parameters on otolith shape variation. Years and dates of sampling were tested as potential supplementary parameters to consider before studying the effect of different environmental conditions on fishes.

3.1.2

Influence of the year of sampling Because environmental conditions may not be strictly the same between years, we compared the otolith shape of samples from 2013, 2014 and 2015. A representation of the mean otolith shape according to sampling dates reveals the differences (Figure 4). A CAP was computed using sampling years as a priori groups in order to test if otolith shapes are specific for each year (Table 2). Inter-annual comparison of otolith shape by means of CAP analysis (Table 2) highlights significant differences between sampling years for otolith shape, with allocation success values higher than threshold and highly significant p value, confirmed by cross-validation.

Influence of the sampling date

As time pass, juveniles grow and are exposed a longer time to their living conditions which may influence the otolith shape, so sampling date may directly impact otolith shape. To test the importance of the sampling date in the studied area, we made otolith shape comparisons by sampling dates, for each of the years and by pooling sites for 2014 and 2015. A representation of the mean otolith shape according to sampling dates is presented in Figure 5. Delays between sampling dates were 14 and 6 days in 2013, 10 days in 2014 and 5 days in 2015. It seems that the mean otolith shape of each sampling is different each year between dates, even for the smallest delay of 5 days. This difference appears to decrease with time between samplings. The significance of these shape differences was tested by CAP comparisons of O. melanura otolith shape Fourier variables using sampling dates as a priori groups (Table 3). Allocation success compared to thresholds, p values, and confirmation by cross-validation reveal 216 significant differences between each sampling date for each year. 217

3.2

Inter-site comparison 218

The main aim of our study is to determine if otolith shape comparison may be a tool to test the effect of 219 environmental conditions on fishes. To achieve this, we compared the two types of sites (A and B) for 220 each sampling date in 2014 and 2015. A representation of the mean otolith shape according to 221 environment type by sampling dates suggests slight differences (Figure 6). 222 CAP on otolith shape data with sites as a priori groups is presented in Table 4. CAP highlights a change of results with time, for each year, from no significant difference between sites for the first sampling to significant difference between sites for the second sampling.

Discussion

Anthropic impacts on coastal ecosystems on the French Riviera include urbanisation of the littoral zone, sewage discharge and yachting [START_REF] Petrosillo | Managing tourist harbors: Are managers aware of the real environmental risks?[END_REF]. Because of this pressure upon coastal ecosystems, pollution monitoring is a necessity for both human and environmental health. Thus, we have investigated whether the otolith shape of Oblada melanura juveniles could be used as environmental indicator.

In order to answer this question, we tested different parameters that might influence otolith shape analysis.

According to otolith growth characteristics, several parameters, such as fish size or growing [START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF], may prevent the use of juvenile-fish otoliths as environmental indicator. Thus, we first focused on the impact of fish size on otolith shape. Otolith shape is known to change with fish growth and age [START_REF] Javor | Otolith morphometrics and population structure of Pacific Sardine (Sardinops sagax) along the west coast of North America[END_REF], therefore most of the data dealing with otolith shape variation comes from adult fishes [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] Bacha | Population structure of the European anchovy, Engraulis encrasicolus, in the SW Mediterranean Sea, and the Atlantic Ocean: evidence from otolith shape analysis[END_REF][START_REF] Begg | The use of internal otolith morphometrics for identification of haddock (Melanogrammus aeglefinus) stocks on Georges Bank[END_REF][START_REF] Bose | Growth and otolith morphology vary with alternative reproductive tactics and contaminant exposure in the round goby Neogobius melanostomus[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Gaemers | Taxonomic Position of the Cichlidae (Pisces, Perciformes) as Demonstrated By the Morphology of Their Otoliths[END_REF][START_REF] Galley | Combined methods of otolith shape analysis improve identification of spawning areas of Atlantic cod[END_REF][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] Morrow | Preliminary keys to otoliths of some adult fishes of the Gulf of Alaska, Bering Sea and Beaufort Sea[END_REF][START_REF] Rodgveller | Otolith shape variability and associated body growth differences in giant grenadier, Albatrossia pectoralis[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] Tracey | Application of elliptical Fourier analysis of otolith form as a tool for stock identification[END_REF]. This shape transformation is particularly strong during the first months of fish life, with a progression from a round larval nucleus to the definitive adult-shaped otolith. We observed that the otolith shape of Oblada melanura juveniles varies with fish length (Figure 1), from a "rounded" smooth shape to a "ovoid" jagged adult shape, and that fishes from a same sampling differ in standard length (Figure 2), highlighting the necessity to determine a size limit to have otolith shape stabilisation. We have demonstrated that, when comparing O. melanura right sagitta shapes by standard length groups, differences between groups tend to disappear for fishes larger than a standard length of 11 mm. The limited difference between size groups indicates that otolith shape stabilises above 11 mm for O. melanura. So, working on fish with a standard length of ≥ 11 mm is necessary in order to limit fish-size influence when comparing different samples.

We tested independently other parameters that differed between our samplings, i.e. years and dates.

We made an inter-annual comparison of otolith shape (Table 2), which highlights significant differences between sampling years, as observed in adult fishes [START_REF] Begg | Stock Identification of Haddock Melanogrammus aeglefinus on Georges Bank Based on Otolith Shape Analysis[END_REF][START_REF] Castonguay | Usefulness of Fourier Analysis of Otolith Shape for Atlantic Mackerel (Scomber scombrus) Stock Discrimination[END_REF], even if this effect was not systematically shown [START_REF] Galley | Combined methods of otolith shape analysis improve identification of spawning areas of Atlantic cod[END_REF]. This may indicate that environmental conditions are not strictly the same each year at the same site. In fact, according to meteorological records, lower temperatures, increased precipitation and higher wind intensity were observed in 2013 compared to 2014 and 2015. These meteorological conditions are associated to a later spawning and consequently a later settlement. Consequently, samples from different years must be analysed independently. In addition, it appears that otolith shape changes according to sampling date within a specific year. Therefore, it is important to consider the time between samplings. From the present results, a time delay of 5 days or more between two samples appears to influence otolith shape and care must then be taken to only compare samples with less than five days interval (Figure 5). As we were working on fishes with a standard length of ≥ 11 mm, the impact of fish length on otolith shape was limited. In fact, this difference may be mainly due to environmental influences as described for adults [START_REF] Bose | Growth and otolith morphology vary with alternative reproductive tactics and contaminant exposure in the round goby Neogobius melanostomus[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Galley | Combined methods of otolith shape analysis improve identification of spawning areas of Atlantic cod[END_REF][START_REF] Rodgveller | Otolith shape variability and associated body growth differences in giant grenadier, Albatrossia pectoralis[END_REF][START_REF] Secor | Somatic Growth Effects on the Otolith-Fish Size Relationship in Young Pond-reared Striped Bass, Morone saxatilis[END_REF][START_REF] Smith | Multiple techniques for determining stock relationships between orange roughy, Hoplostethus atlanticus, fisheries in the eastern Tasman Sea[END_REF]. The longer a fish stays in an environment, the more this fish will be influenced by the local environmental conditions.

In each of the two selected sites with different environmental conditions, i.e. low-level pollution versus recreational harbour, we compared otolith shape with regard to increasing fish's stay duration, i.e.

length of time that fish stay at the site. Figure 6 and Table 4 show no difference between sites for the first sampling but demonstrate significant otolith shape differences between sites for the second sampling. Note that in the first sampling of 2014, only six fishes were considered (because of the 11 mm size limit), which has limited the significance of the result. A possible explanation of the absence of difference in the first samplings and the presence of difference in the second ones is that for the first samplings the fish's stay duration was not sufficient for the fish to undergo sufficient environmental exposure to impact otolith shape, in contrast to the second samplings. Indeed, it has been shown that, in the case of stock comparisons, a few-weeks environmental event, such as starvation, does not impact otolith shape [START_REF] Campana | Feeding periodicity and the production of daily growth increments in otoliths of steelhead trout (Salmo gairdneri) and starry flounder (Platichthys stellatus)[END_REF][START_REF] Campana | Stock Discrimination Using Otolith Shape Analysis[END_REF][START_REF] Marshall | Pattern Identification in the Microstructure of Sockeye Salmon (Oncorhynchus nerka) Otoliths[END_REF][START_REF] Neilson | Effects of feeding regimes and diel temperature cycles on otolith increment formation in juvenile chinook salmon, Oncorhynchus tshawytscha[END_REF]. Finally, when working with fishes from the same year, the same sampling date, and of standard length greater than the size limit, juvenile otolith shape comparison proved to be effective in discriminating between two samples from different sites corresponding to different types of environment.

Conclusion

To conclude, on the basis of these data, we have demonstrated that juvenile O. melanura otolith (sagitta) shape comparison is an effective method to discriminate between groups of individuals exposed to different conditions, such as "preserved from" versus "exposed to" the impact of a recreational harbour. A condition of use for this method is to determine the fish size limit and to ensure that fish analyses are conducted on individuals with a length greater than this size limit (for O. melanura:

above 11 mm fish standard length). It is also necessary to work on juveniles sampled on the same date or on dates separated by less than 5 days. A direct application of this method is the comparison of a larger number of environmental conditions, replicated in different geographical zones. Another use is to test the effect of different disturbance intensities. This method, validated on O. melanura, may also be applicable to other species with sedentary juveniles, and is a promising tool for environmental management.
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Figure 1 :

 1 Figure 1: Representative photographs of paired sagittae from Oblada melanura according to fish standard lengths (mm). These sagittae photographs illustrate the shape complexification associated with increases in otolith and fish sizes during the first weeks of settlement.

Figure 2 :

 2 Figure 2: Fish standard length distribution according to sampling site types, sampling dates and years. A: low anthropic pollution level; B: intermediate-sized recreational harbour.

Figure 3 :

 3 Figure 3: PCA of 597 O. melanura sampled in 2013, 2014 and 2015, grouped by standard lengths (mm). PCA conducted on Fourier coefficients of the first 12 harmonics. Projection of the individuals across PC1 and PC2 axes. Ellipses: 95% confidence clouds around group centroids; colours correspond to size classes; otolith shapes: shape evolution across PC axes. Size classes of 0.5 mm from < 8.5 (8.5) to 17-17.5 (17.5). Note that the 17.5 group, composed of only 2 fishes, is not presented. The first axis of this PCA effectively separates the otolith shapes according to their complexity. This shape complexity depends on fish size, with simple "rounded" shapes for the smallest sizes and complex "ovoid" shapes for the biggest sizes. The separation between size groups seems more pronounced for size classes up to 11 millimetres than for other classes.

Figure 4 :

 4 Figure 4: Mean otolith shape by sampling year. Reconstruction based on the first 12 harmonics. Number of fishes used for reconstruction: 2013:85; 2014: 100; 2015:170.

Figure 5 :

 5 Figure 5: Mean otolith shape by sampling date in 2013, 2014 and 2015. Reconstruction based on the 12 first harmonics. Number of fishes used for reconstruction: 07/10/2013: 11; 07/24/2013: 39; 07/30/2013: 35; 06/23/2014: 6; 07/03/2014: 94; 06/25/2015: 107; 06/30/2015: 63.

Figure 6 :

 6 Figure 6: Mean otolith shape by environment type and sampling date. Reconstruction based on the 12 first harmonics. Number of fishes used for reconstruction: 06/23/2014: A=2, B=4; 07/03/2014: A=43, B=51; 06/25/2015: A=60, B=47; 06/30/2015: A=30, B=33. Mean otolith shapes of 06/23/2014 are not represented because of the limited number of fishes.

Fourier harmonics 2

 2 to 12 used; fishes included: standard length > 11 mm. A: type A; B: type B. 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.

Table 1 : Samples collected in 2013, 2014 and 2015.
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	Site	A

sampling date; N: number of fishes in each group.

  

Table 2 : CAP comparison of Oblada melanura otolith shape Fourier variables using sampling years as a priori groups. Fourier harmonics 2 to 12 used; fishes included: standard length > 11 mm. 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				
	m		39		
	N	2013	85		
		2014	100		
		2015	170		
	Variation		99.91%		
	Groups		3		
	Threshold		33.33%		
	Allocation success	Total	66.48%		
		2013	69.41%		
		2014	74.00%		
		2015	60.59%		
	δ²		0.547		
	p		0.0001		
	Cross-validation	2013	2014	2015	Total
	2013	59	7	19	85
	2014	3	74	23	100
	2015	25	42	103	170

Table 3 : CAP comparisons of Oblada melanura otolith shape Fourier variables using sampling dates as a priori groups, by year. For 2014 and 2015, sites A and B were pooled for each date. S. 1, S. 2, S. 3: samplings 1, 2 and 3. Fourier harmonics 2 to 12 used; fishes included: standard length > 11 mm. 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, by chance only; 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	15	31	11

Table 4 : CAP comparisons of Oblada melanura otolith shape Fourier variables using types of sites as a priori groups, by sampling date.

 4 
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