Do macrophytes act as restaurants for fishes in tropical beaches? An approach using stomach content and prey availability analyses
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Abstract     
Tropical sandy beaches have low primary productivity, thus depend on external food sources. Generally, allochthonous macrophytes, form the basis of these food webs, and also may influence factors such as fish’s abundance, richness, species composition, and biomass. However, the role of macrophytes to the feeding ecology of fishes in tropical sandy beaches is uncertain. We aim to explain if this microhabitat acts as restaurants for fishes by performing stomach content and prey availability analyses using Ophioscion punctatissimus as a model because it has an association with detached macrophytes mainly on sandy beaches along the northeastern Brazilian coast. The most consumed prey was crustaceans, mainly amphipods, which were eaten in a specialist way, especially by the smaller fishes. The prey availability along with electivity index suggested that this species choose amphipods. Seasonal variations may indicate that the fishes did not locate their preferential prey as an effect of the availability, this can be also explained by factors such as palatability, and optimal foraging theory. Here, we redefined the O. punctatissimus trophic guild as zooplanktivorous, highlighting macrophytes as restaurants for fishes in tropical sandy beaches as they are the main source of food, adding another function to this microhabitat in this environment.
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1. Introduction
     At first glance, sandy beaches could be classified as marine deserts, especially when compared to more productive systems such as estuaries, due to the general lack of conspicuous animals or plants. This is especially in tropical beaches, which depend on external inputs to their primary production because their autochthonous production is lower than in temperate beaches (marine or estuarine) (McLachlan & Brown 2006; Andrades et al. 2014; Garcia et al. 2019). Despite this, tropical sandy beaches are inhabited mainly by juvenile fish, which use that habitat for foraging. Although the wave action causes low transparency levels in this habitat, which decreases the chance to locate prey, the transparency can act as a proxy for prey availability (Pessanha & Araújo 2003; Gonzalez & Vaske-Junior 2017).  
In tropical sandy beaches, these external inputs are dominated by macrophytes, which are generally in low amounts but can be higher in beaches close to reef banks or seagrass meadows. These macrophytes are brought into surf zones where they provide a source of food and shelter, which substantially contributing to the local food web (Ince et al. 2007; Hyndes et al. 2014). An essential factor in explaining the role of macrophytes in tropical sandy beaches is the condition of the major primary source. Beyond acting on the food web, this food input also, in some way, works to promote structural heterogeneity, resulting in an attractive place for large predators such as fishes (Knox 2000; Baring et al. 2019). On the tropical coast, this microhabitat is essential for the food web and presents a positive correlation with fish occurrence. It also has a positive effect on fish species richness, composition, and size. However, this pattern seems to follow a species-specific pattern and varies over regions with different oceanographic characteristics such as having windrows and some small-scale currents (Andrades et al. 2014; Gomes et al. 2018; Olds et al. 2018; Baring et al. 2019). Therefore, macrophytes have an important function as a microhabitat, as it is a food source for microcrustaceans (e.g., amphipods and isopods) which also use this microhabitat as a shelter from predators (Beermann et al. 2018). 
To attest the main role of the macrophytes in sandy beaches, they have to be able to support several zooplankton groups but also maintain bigger fauna such as fishes, even those at the juvenile phase. As a location used by several fish species at different levels (i.e., residents, marine stragglers), there is a demanding requirement of food supply to avoid oversaturated resources and support the community through seasonal and ontogenetic variations (Lasiak 1986; Lenanton & Caputi 1989; Carr & Syms 2006; Elliot et al. 2007). These variations in sandy beaches (e.g., vertical, seasonal, or ontogenetic) are affected by prey availability and are also a result of changes in feeding behavior as well as morphological changes upon feeding apparatus or other structural aspects related to senses (e.g., sight, smell) that work to locate prey. In this way, this habitat feasibly recruits individuals in shallow waters (Lasiak 1986; Deary & Hilton 2016). 
One of the typical and dominant species in sandy beaches, mostly along the northeastern coast of Brazil, is Ophioscion punctatissimus Meek & Hildebrand 1925 (Fig. 1). This species is associated with the accumulation of macrophytes in exposed beaches (unpublished data). It has a higher abundance between Colombian and northeastern Brazilian (NE) coastal waters, which decreases southward of Bahia state along the southeastern coast (SE). This decrease may be explained by the higher occurrence of siliciclastic bottoms and rocky shores on the SE coast in comparison with the mainly sandy shores and biogenic reefs along the NE coast (Félix et al. 2007; Lira & Teixeira 2008; Barroso et al. 2016; Plazas-Gómez et al. 2018). This could also be an effect of the cline variation from the center of origin of this species (i.e., close to the Isthmus of Panama) to southwards (Tuya et al. 2008; Lo et al. 2015; Silva et al. 2018). Biological data are scarce for this species as feeding biology or recruitment traits are mentioned in only a few studies (Zahorcsak et al. 2000; Lira & Teixeira 2008). Only the occurrence/abundance records along its distribution range can be found in several studies (Oliveira-Silva et al. 2008; Moraes et al. 2009; Santana et al. 2013; Plazas-Gómez et al. 2018; Silva-Júnior et al. 2019; Passarone et al. 2019). 
In the northeast region of Brazil, it is common to find large amounts of macroalgae clustered on sandy beaches due to the proximity of these habitats to reef environments that are sources of this allochthone material. It is known that the food web in tropical sandy beaches has a dependency on macrophytes, as seen in areas close to the study area (Itaparica Island) by Santos et al. (2020) using an approach of stable isotopes. Therefore, we used stomach content analysis and determination of prey availability to evaluate if this microhabitat works as a restaurant for fishes in sandy beaches using O. punctatissimus as a model. We also sought to verify this information with the only data available for the SE coast. 

2. Materials and methods
2.1.  Study area and sampling design
The sampling was conducted at Ponta da Ilha beach (13°06′38.6′′S 38°45′32.1′′W), located on the southwest coast of Itaparica Island (Todos os Santos Bay “TSB” – Bahia, Northeastern Brazil) (Fig. 2). It is an intermediate beach, with high exposure to waves as well as a large amount of macrophyte accumulation that occurs almost entirely throughout the year with slight variations in their volume (there are a few months where that amount was close to zero). At this site, both subsistence and recreational fishing are conducted (Barros et al. 2012; JAS pers. obs.). The source of these macrophytes seems to be Caramuanas reef bank, which is located approximately 2 km southwest of the sampling site (CWN Moura, March 2019 - pers. communication). Because the reef bank is located on the mouth of TSB, it is more exposed to waves at low tide than other shallow reef banks located northeasterly or within TSB, leading to macrophyte transportation from this reef bank to the Itaparica Island coast (Barros-Junior et al. 2009). Samplings were conducted in during daylight hours on a monthly basis from March/2013 to October/2015, and bimonthly from November/2015 to February/2019 using a manual beach seine net of 10 m length with a mesh 12 mm on the borders and 5 mm at the center. In each month, five trawls (close to the 150 m total) were set parallel to the coast using a manual beach seine net 9 m in length and 1.7 m in height, with 13 mm mesh on the lateral and 5 mm mesh in the center. The trawling was always done at low tide during syzygy. The hydrological periods were defined using historical data in the studied area, herein called wet season (March–July) and dry season (August–February) (Lessa et al. 2001; Cirano & Lessa 2007). 
2.2.  Stomach content and prey availability 
The stomachs of each fish were removed after the sampling process and conserved in a 10% formalin solution, and preserved in a 70% alcohol solution until analysis. Using a binocular stereomicroscope, the food items were identified to the lowest possible taxonomic level and counted. When possible, the volume was also measured. We analyzed 220 stomachs from Ophioscion punctatissimus individuals, which ranged between 23 mm to 153 mm in standard length (SL). To evaluate ontogenetic shifts, the specimens were separated into two size classes: Class I – up to 80 mm SL and Class II – over 80 mm SL. In doing so, we had split the range of sizes in almost half, resulting in those classes not being able to account for classifications such as juveniles or adults. The codes for prey item analysis were: Amphipods (AMP), Brachyura (BRA), Bivalvia (BIV), Cephalopods (CEP), Copepods (COP), Crustacean unidentified (CRU), Foraminifera (FOR), Gastropods (GAS), Isopods (ISO), Macrophytes (MAC), Megalopa larvae of Brachyura (MEG), Shrimps (SHR), Microplastic (PLA), Polychaeta (POL), Sediment (SED), Spicule (SPI), Stomatopods (STO), and Unidentified animal matter (UNI). 
     To perform the prey availability analysis, we used two subsamples (one-third of a sample) of macrophytes (herein a sample refers to at least 20 L of macrophytes collected in the beach seine together with the fishes). Each sample corresponded to distinct situations (i.e., at a low rate of amphipods in the stomach vs. at a high rate of amphipods in the stomach; March and May 2014). The macrophyte samples were frozen and then filtered through water with a current using three sets of filters in a vertical sequence. First, the samples were washed on a 50 cm diameter (4 mm mesh) filter, and then through a rectangular filter measuring 70 cm diagonally (4 mm mesh), before the filtered material was collected in a conical filter of 500 µm mesh. A subsample of this filtered material measuring 25 cm3 was used. In each sample, this process was repeated three times. After this, two persons inspected the samples manually for at least 5 min. The items found were counted, and when possible, we measured their total volume. We also took individual measures of total length to verify the size of the amphipods, the most consumed prey (89 individuals in each food source: macrophytes and fish stomach contents). 
2.3.  Statistical analysis
For the diet analysis, the frequency of occurrence (%FO) and the volume (%VO) of food items were used to calculate the alimentary index (Iai) (Kawakami & Vazzoler 1980). Amundsen’s graphic method, which is a modification of Costello’s method (Costello 1990; Amundsen et al. 1996), was used to elucidate the feeding strategy, where to the %FO was incorporated the prey-specific abundance (Pi) calculation (which presents the numeric proportion of prey counting only those stomachs in which this prey was found). The electivity index (EI) was also calculated to determine the electivity of resources on prey availability analysis, following Ivlev (1961). All of the following analyses were carried out in the R software (R Core Team 2020). Correlation for the co-occurrence analysis was calculated using a transformation of the % FO matrix into one presence/absence matrix that was later used to calculate the correlation (Kendall’s tau) between items using the “corrplot” package (Wei & Simko 2017) using a significance level of 𝑎 = 0.05. Here, only significant values (P < 0.05) are shown (blank spaces correspond to P > 0.05). Classification for correlation values follow Cohen’s example (1988): small value (0.1–0.29); medium value (0.3–0.49); and large value (0.50–1.0). The correlation analysis procedure was performed to examine the relationship among prey and among groups formed by them. We applied the sample size (individuals or stomach analyzed) and coverage-based rarefaction/extrapolation curves (herein called, accumulation of prey) along with a bridging sample completeness curve, using an incidence frequencies dataset in the “iNEXT” package v. 2.0.20 (Hsieh et al. 2016) to verify the suitability of the size sample as well as to distinguish between dry/wet season. A density plot, in the “ggplot2” package (Wickham 2016), was also performed using the total length (in millimeters) of 178 amphipods from two sources: macrophytes and fish stomachs (n=89, in each). 

3. Results
[bookmark: _heading=h.30j0zll]The stomach contents of 200 individuals (20 empty) were analyzed, and 17 prey items were identified, mostly from animal origin, except for the macrophytes (MAC), sediment (SED), and microplastic (PLA). The MAC and SED showed a low VO% with a medium or low FO%, which agrees with the opinion of keeping them in the analysis. The two most consumed items, with the higher alimentary index (Iai), originated from crustaceans (summing 91% Iai) followed by unidentified animal matter (UNI) (Table 1).
     In analyzing the Iai, we found that the main prey were the same in the two classes, showing a variation only in the position of MAC and UNI, as well as in the different uses of some prey. The AMP was consumed more by Class I; while UNI, Crustacean remains (CRU), Isopods (ISO), and Polychaeta (POL) were largely consumed by the individuals from Class II (Table 2). 
The group formed by the main prey displayed the most significant correlations. We found some medium positive correlations, such as: MAC vs. AMP/ISO, AMP vs. ISO, UNI vs. POL, and Spicule (SPI) vs. Copepods (COP). However, we also found medium negative correlations such as: AMP vs. UNI/POL/SED as well as for ISO vs. UNI, MAC vs. SED, and SHR vs. POL. Some prey of the most consumed group (AMP, ISO, MAC) had a negative correlation with all prey items from another group formed by POL, SED, and UNI. This pattern was also seen in the small correlations when negative correlations were found between those groups and positive correlations were found within groups. Here, we designate the former group (or microhabitats) as “Macrophyte group” and the latter as “Sediment group.” The correlations within the components of the groups, as well as the negative correlations between them, show segregation between microhabitats. The correlations within indicate that the species consumed those prey items at the same time, while correlations between groups (negative) suggest a microhabitat change when food sources mainly from the “Macrophyte group” were lacking (Fig. 3). 
With regard to seasonal variation, AMP was the most consumed in both seasons. However, in the dry season, consumption was more equally distributed among other prey items; while in the wet season, only the AMP reached 96% of all Iai (Table 3). The accumulation of prey showed almost sample completeness with a sample coverage (SC) of 0.9932 (dry season) and 0.9876 (wet season), while at the same time indicating a higher richness in the dry season, as pointed out before by the Iai (Table 3; Fig. 4). In addition, the highest SC for the wet season may support the results of the Iai because we analyzed a supposedly low size sample for the wet season (n=56).
     Generally, Amundsen’s plot followed the previous data showing a specialist condition for the AMP, especially in the wet season, due to them having a high Pi value and the highest FO%. In Class I, the most dominant prey was AMP, while in Class II this group presented a lower dominance but still had a specialist/dominant condition, beyond a higher individual specialization in feeding strategy. This graphic does not suggest any other large variation. The same variation was seen for AMP between seasons as they had extreme importance in the wet season, which decreased to medium importance in the dry season (Fig. 5).
The prey availability analysis showed nine and six food resources for the first and second samples, taken in March 2014 and May 2014, respectively (Fig. 6). The first sample had a lower volume of food resources (1.31 g/mm³; 3.09%), while the second sample had a higher amount (14.25 g/mm³; 38.77%). In the first sample, gastropods (GAS) and Foraminifera (FOR) comprised most of the food resources, accounting for 81% of the total volume; while AMP and CRU (which are usually predominant in stomach contents) were present in a lower percentage, accounting for only 0.03%. Meanwhile in the second sample, AMP and GAS stood out in the first positions, both totaling 78% of the total volume (Fig. 6). The electivity index (EI) showed a preference for AMP in spite of the presence of ISO, which had a strongly negative electivity index (EI of -0.95); while AMP presented a median positive value (EI of 0.46). Only these two food resources were used in the EI analysis due to their occurrence in both sources (macrophytes and fish stomach contents). The EI cannot be calculated in the situation of the first sample where no AMP was found in the stomach contents, and only unidentified matter was found in that sample.
The measurements of amphipods from macrophyte sources showed a higher mean and lower variance (3.97 mm mean; 1.78 variance) than the fish stomach source, which had a slightly lower mean and higher variance (3.34 mm mean; 3.18 variance). In this microhabitat, the amphipods consumed were mainly slightly smaller than those available in the macrophytes (Fig. 7).

4. Discussion 
A diet composed of crustaceans is common for several Sciaenidae species, especially in the Stelliferinae subfamily (Vendel & Chaves 1998; Rodrigues & Vieira 2010; Frehse et al. 2015; Sabinson et al. 2015; Cardoso & Haimovici 2016). Herein, this pattern was not different for the Ophioscion punctatissimus, as what was seen in a previous study (Zahorczak et al. 2000).  
In stomach content analysis, the inclusion of differential traits (e.g., dominance) and the maintenance of items such as sediment or algae, leads to a better understanding of specialization tendency (Bennemann et al. 2006). The correlation could be interpreted to suggest that segregation between groups formed by these prey items were preferred to keep it in our analysis; otherwise, we could have biased results if they were removed from the analysis. Despite this, we disregard the occurrence of MAC and SED because we had failed to appoint the origin of both, which could be from accidental ingestion during the feeding activity as well as during the course of sampling. 
These supposed vertical variations (i.e., sediment/bottom to macrophytes/mid-water) were also reflected in ontogenetic shifts, indicating a change from upper-mid water to bottom water along the life cycle. This is probably a result of changes in feeding behavior as well as morphological changes in feeding apparatus or other structural aspects of senses that help to detect and pursue prey (Deary & Hilton 2016). However, due to the low vertical separation between the bottom and upper/mid-water levels in the surf zone, these assertions should be treated carefully. In addition, a slight increase in individual specialization, showing an opportunistic behavior, maybe due to the differential distribution of prey patches across the beach. However, it may also be caused by the morphological changes (e.g. mouth gape, eye size) which allow the consumption of other food items, thereby, expanding the niche breadth of this species. Nevertheless, across phylogeny, the morphological changes may also restrict the niche (Larouche et al. 2020). In this way, the species may consume more energetic prey as is seen here when AMP was more sought out by the smaller fishes, while in the larger ones, prey such as shrimps (SHR) had increased their importance in the feeding strategy. This highlighted an effect of ontogenetic shifts which may reflect the optimal foraging theory in the way that those animals tend to feed on larger and more energetic prey, thereby, decreasing the “importance” of prey that are smaller and cost more energetically, such as AMP, in the diet (MacArthur & Pianka 1966; Deary & Hilton 2016). This is shown by Amundsen et al. (1996) as a mixed feeding strategy along the life cycle, from the within-phenotype component (WPC) to the between-phenotype component (BPC) driven by availability, and probably morphological changes, along the development (Deary & Hilton 2016). 
     These variations, ontogenetic or not, may indicate that the species uses the environment in two general groups: macrophytes and sediment microhabitat. The positive correlation between UNI and POL, together with FO% values to MAC and SED suggests that a diet switch occurs over the course of the life cycle and probably in conditions when preferential prey are lacking. The positive correlation between UNI and POL, as well as the negative correlation between UNI and AMP, agrees with Pombo et al. (2013) who stated that the presence of digested material (referred to here as UNI) is related to a near-bottom feeding habit. In addition, this could confirm the diet switch once UNI (“Sediment group”) were not found together with MAC and AMP (“Macrophyte group”). In addition, Leggett & Deblois (1994) cited turbulence as an influence on the encounter rate of prey, principally at the early stages of fish, because suspended particles or macrophytes reduce visibility in the water. Our sample completeness analysis suggested an almost complete sampling and indicated that it seems to have a distinction in prey offered between seasons, which could act as a driving force for the diet switch. In the dry season, the species presented a broader diet than in the wet season. This was most likely due to the preferential prey (AMP) that had shown up as the main prey in the microhabitat and is evidenced by the fact that when AMP was not found in the stomach, they were also scarce in the environment (as seen in the prey availability analysis). We could also suggest that the differentiation between the seasons shows the diet switch due to the broader feeding habitat when AMP was almost equally consumed. At the same time, it could also be the result of prey selection when AMP was the only preferential prey in the environment during the wet season, as discussed before. 
Probably the most important factor of prey selection should be their availability; here applies it to the prey model when the choice of prey depends on the density and encounter rate (Gerking 1994; Cardoso & Haimovici 2016). When both were abundant, AMP was more consumed despite ISO abundance in their macrophyte microhabitat may follow the optimal foraging theory. The differences in palatability between them (i.e., difference in calcification on the external body surface), fast-moving behavior in AMP as opposed to adaptive-color behavior in ISO, which depends on macrophyte background (i.e., leading to a higher ISO’s survivorship), and the predator’s mouth size are all factors that could lead to a higher consumption rate of the former (MacArthur & Pianka 1966; Scharf et al. 2000; Hultgren & Mittelstaedt 2015). The sharing of microhabitat by AMP and ISO reduces the encounter rate for both, looking from the predator perspective; thus, maximizing the cost benefits of Ophioscion punctatissimus by making it easier to find one prey or another in the microhabitat, thereby creating a tendency to present a more restricted diet (MacArthur & Pianka 1966). When the abundance of AMP and ISO was lowered, the only food resource in the stomach content was unidentified matter, which may corroborate our suggested diet switch as well as the relationship between UNI and a near-bottom feeding habitat, as previously observed by Pombo et al. (2013). However, the electivity index (EI) results should be treated carefully due to the weakness of the methods in small-sized samples, pending further analysis using other indices or sample designs (Lechowicz 1982).
Using a design similar to that used here, Gerking (1994) presented an inverse pattern of prey selection about size, which is probably due to the mouth size in O. punctatissimus (i.e., about 28% of head length). This restricts the maximum prey size, working as a filter, giving a slightly shorter curve with a lower mean. Given that consumption was below the mean of available size on macrophytes, the higher size would be available to another species inhabiting the same place and presenting feeding similar to Polydactylus virginicus as it has a larger mouth (i.e., about 40% of head length), moreover a pectoral fin with long filaments that have a gustatory and tactile function (Lopes & Oliveira-Silva 1998; Presti et al. 2020; unpublished data), allowing food partitioning in prey size. This is in addition to the fact that P. virginicus seems to be a nocturnal feeder (Motomura 2004). This shows that macrophytes can play a major role in the lives of the fish species of these sandy beaches by supporting and having an association with several zooplankton groups, mainly amphipods (Crawley et al. 2009; Baring et al. 2018b; Baring et al. 2019). This phenomenon can be seen in this study, and also in another study with sandy beaches on the same island on which we did our samplings, which pointed out that macrophytes are one of the major basal food sources for fish guilds, using isotopic approaches (Santos et al. 2020). 
The definition of specialist species is more clearly defined when the food resource is always abundant. As stated by MacArthur & Pianka (1966), the specialized predator should not be susceptible to changes in food density; therefore the specialist strategy at the population level (to AMP), as showed here by Amundsen’s method, cannot be used in the full meaning of the word and should not be applied in the feeding history of species. Because a variation in the most abundant resource was found (via stomach content analysis), we do not follow the exact definition of specialist as these variations (i.e. ontogenetic shifts, seasonal) imply a switch from a generalist to an opportunistic condition when a particular food resource is scarce. Therefore, for that classification, we prefer to follow Pianka (2011) who stated that specialist species are relatively rare, whereas generalists are more abundant. Following Knox (2000), this species could be classified as an ambush hunter mainly by cryptic coloration, which could lead us to point out coloration as an adaptation of a specialist species to feeding inside macrophyte accumulations, instead of ignoring this coloration as a remarkable adaptation because it is a different than that seen in a truly specialist species (e.g., Chaetodon spp.). As stated by Gerking (1994), a specialist is characterized by remarkable adaptations. It was also noted that specialization levels should be more accurately affirmed by manipulative experiments (Baraf et al. 2019). However, the feeding strategy classification “specialist” should not be completely disregarded because they indicate the macrophytes as a preferential microhabitat in addition to correlations and FO% values which help to clarify the shifts (i.e. ontogenetic and seasonal), and the proper condition of preferential microhabitat to the macrophytes.
The cryptic coloration of the Ophioscion punctatissimus works with the action of ambushing prey/avoid predators in the macrophyte microhabitat. Therefore, the classification as zooplanktivorous it is more ecomorphological acceptable because the morphological aspects work as limiting factors for bottom-feeding behavior. In addition, the information brought by morphological variations in the alimentary apparatus (e.g., pores, mental barbels, and mouth position) points to guild definitions as zooplanktivorous, because bottom-feeders (such as P. virginicus) depend more on smell and touch to locate prey, while pelagic feeders need other senses such as sight for locating prey (Chao & Musick 1977; Blasina et al. 2016; Deary et al. 2016; Deary & Hilton 2017). These morphological traits serve to explain our zooplanktivorous classification for O. punctatissimus, in a different manner than the classification suggested by Zahorcsak et al. (2000), where this species was classified as zoobenthivorous, using a small sample size (n= 5) and without discussing morphological characteristics. Hargreaves et al. (2017) pointed out that, in order to classify a species into the zoobenthivorous guild, there must be additional information such as mouth size and degree of specialization. The zooplanktivore guild assigned to this macrophyte-living species by this study, highlights this place as essential to the maintenance of the food web in sandy beaches with that microhabitat standing out as a main and direct source of food items. This environment depends on external inputs that we suggested are brought from a reef bank close by (e.g., Caramuanas). Thus, oceanographic processes (e.g., tide movement and wind) lead to macrophyte accumulation on this site, and may have an essential function in this environment, which could be further explored in additional analyses, as these patterns seem to vary by region (Baring et al. 2014; Baring et al. 2018a).
These processes might have associated macrophytes in the acts of waste disposal in coastal zones, thus it is important to note the presence of microplastics, especially the microfibers, in the diet of O. punctatissimus, which could have been accidentally ingested as they are often found in association with macrophytes in the surf zone (Gago et al. 2018; Amorim et al. 2020; Seng et al. 2020).
[bookmark: _heading=h.gjdgxs]In the tropical coast, macrophytes are considered the main basal food source for this environment. Considering this plus the fact that their suitability for being inhabited by several zooplanktons, such as amphipods, and the fact that they are the target for feeding in Ophioscion punctatissimus (mainly in juveniles), we reinforce the macrophytes’ roles as a restaurant and as a shelter, at the same time. Also, by change the erroneous previous designation of the guild to O. punctatissimus we pointed out the need to incorporate morphological features to avoid misapplied this definition in future studies on fish feeding ecology, as well as reinforce the importance of such microhabitat for sandy beaches food web.
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Figure legends
Fig. 1. Ophioscion punctatissimus collected at Ponta da Ilha beach, Itaparica Island, Brazil. Upper: recently collected specimen, 51 mm of Standard length (SL), using the macrophytes as background; Lower: live specimen, 66 mm of Standard length (SL), in an aquarium
Fig. 2. Map showing the study site, Ponta da Ilha beach, in the southern region of Itaparica Island inside the Todos os Santos Bay, Bahia, Northeastern Brazil. Caramuanas reef bank is highlighted on the map
Fig. 3. Correlogram showing the correlation between prey items. Only P < 0.05 correlations are shown, and correlation coefficient of these correlations placed on the right side
Fig. 4. Curves based on sample size with prey richness expected (extrapolation) for hydrological seasons: Dry and Wet season
Fig. 5. Amundsen’s plot with Frequency of occurrence (%FO) against Prey-specific abundance (%). Upper left - Class I: 20-80 mm SL; Upper right - Class II: 80-153 mm SL/ Lower left: Dry season; Lower right: Wet season. See 2.2. section for acronym statement
Fig. 6. Prey availability for the two analyzed samples, using the total volume in each sample. Prey ordered in decreasing volume (sum for both samples)
Fig. 7. Density plot with Amphipoda length in millimeters (mm) from Macrophyte and fish stomach sources (n=89, each sample)
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Table 1. Prey items identified in the stomach contents of Ophioscion punctatissimus, with Frequency of occurrence (%FO), Volume (%VO), and Alimentary Index (Iai %)
	Prey
	%FO
	%VO
	Iai (%)

	Amphipods (AMP)
	70.50
	62.46
	75.72

	Crustacean unidentified (CRU)
	51.00
	17.90
	15.70

	Macrophytes (MAC)
	49.00
	3.70
	3.12

	Unidentified animal matter (UNI)
	35.50
	4.01
	2.45

	Isopods (ISO)
	30.00
	2.12
	1.10

	Shrimps (SHR)
	15.50
	3.34
	0.89

	Polychaeta (POL)
	11.00
	2.38
	0.45

	Brachyura (BRA)
	8.50
	2.15
	0.31

	Sediment (SED)
	13.00
	0.96
	0.21

	Megalopa larvae of Brachyura (MEG)
	6.50
	0.36
	0.04

	Gastropods (GAS)
	2.00
	0.20
	0.01

	Stomatopods (STO)
	0.50
	0.28
	<0.01

	Spicule (SPI)
	1.00
	0.07
	<0.01

	Copepods (COP)
	1.50
	0.02
	<0.01

	Foraminifera (FOR)
	1.50
	0.02
	<0.01

	Bivalvia (BIV)
	0.50
	0.01
	<0.01

	Microplastic (PLA)
	0.50
	0.01
	<0.01



















Table 2. Prey items identified in the stomach contents of Ophioscion punctatissimus, with Frequency of occurrence (%FO), Volume (%VO), and Alimentary Index (Iai %) according to size class. Class I: 23–80 mm SL; Class II: 80–153 mm SL
	Prey
	23–80mm SL (n=119)
	80–153mm SL (n=77)

	
	%FO
	%VO
	Iai (%)
	%FO
	%VO
	Iai (%)

	Amphipods (AMP)
	80.67
	75.21
	85.91
	55.84
	53.41
	65.77

	Crustacean unidentified (CRU)
	51.26
	11.21
	8.13
	49.35
	15.11
	16.44

	Macrophytes (MAC)
	56.30
	3.64
	2.90
	38.96
	4.55
	3.91

	Unidentified animal matter (UNI)
	25.21
	2.83
	1.01
	49.35
	6.06
	6.60

	Isopods (ISO)
	39.50
	2.55
	1.43
	49.35
	6.06
	6.60

	Shrimps (SHR)
	14.29
	1.75
	0.35
	18.18
	6.94
	2.78

	Polychaeta (POL)
	5.88
	0.86
	0.07
	19.48
	5.63
	2.42

	Brachyura (BRA)
	7.56
	1.17
	0.13
	7.79
	2.86
	0.49

	Sediment (SED)
	7.56
	0.26
	0.03
	20.78
	2.00
	0.92

	Megalopa larvae of Brachyura (MEG)
	7.56
	0.43
	0.05
	5.19
	0.32
	0.04

	Gastropods (GAS)
	0.84
	0.02
	<0.01
	2.60
	0.30
	0.02

	Stomatopods (STO)
	
	
	
	1.30
	0.84
	0.02

	Foraminifera (FOR)
	
	
	
	3.90
	0.06
	0.01

	Spicule (SPI)
	0.84
	0.02
	<0.01
	1.30
	0.17
	<0.01

	Copepods (COP)
	1.68
	0.02
	<0.01
	1.30
	0.02
	<0.01

	Bivalvia (BIV)
	0.84
	0.02
	<0.01
	
	
	

	Microplastic (BIV)
	0.84
	0.001
	<0.01
	
	
	



















Table 3. Prey items identified in the stomach contents of Ophioscion punctatissimus, with Frequency of occurrence (%FO), Volume (%VO), and Alimentary Index (Iai %) according to season (dry and wet season)
	Prey
	Dry season (n=56)
	Wet season  (n=144)

	
	%FO
	%VO
	Iai (%)
	%FO
	%VO
	Iai (%)

	Amphipods (AMP)
	61.11
	40.76
	48.56
	94.64
	91.58
	96.71

	Crustacean unidentified (CRU)
	62.50
	30.41
	37.04
	21.43
	1.12
	0.27

	Macrophytes (MAC)
	39.58
	4.51
	3.48
	73.21
	2.61
	2.13

	Unidentified animal matter (UNI)
	44.44
	6.54
	5.66
	12.50
	0.62
	0.09

	Isopods (ISO)
	26.39
	2.87
	1.47
	39.29
	1.13
	0.49

	Shrimps (SHR)
	17.36
	5.08
	1.72
	10.71
	1.00
	0.12

	Polychaeta (POL)
	14.58
	3.80
	1.08
	1.79
	0.47
	0.01

	Brachyura (BRA)
	6.94
	2.93
	0.40
	12.50
	1.10
	0.15

	Sediment (SED)
	16.67
	1.55
	0.50
	3.57
	0.17
	0.01

	Megalopa larvae of Brachyura (MEG)
	4.86
	0.50
	0.05
	10.71
	0.18
	0.02

	Gastropods (GAS)
	2.78
	0.35
	0.02
	
	
	

	Stomatopods (STO)
	0.69
	0.49
	0.01
	
	
	

	Foraminifera (FOR)
	2.08
	0.49
	<0.01
	
	
	

	Spicule (SPI)
	1.39
	0.12
	<0.01
	
	
	

	Copepods (COP)
	1.39
	0.02
	<0.01
	1.79
	0.02
	<0.01

	Bivalvia (BIV)
	0.69
	0.02
	<0.01
	
	
	

	Microplastic (PLA)
	0.69
	<0.01
	<0.01
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