Influence of detached macroalgae on fish size and condition in nearshore habitats
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Abstract
Nearshore habitats are important for reproduction, feeding and growth of many fish species and are usually subject to seasonal influxes of adults from other habitats. Those areas consist mostly of small-scale sites whose environments are affected by meso- or large-scale and continental events, making it difficult to establish seasonality of habitat use. Understanding which drivers make these habitats suitable for fish species and, in particular, why this might vary seasonally is relevant to resource management. Detached macrophytes are likely to improve refuge and food for fishes and invertebrates, increasing abundance (especially juveniles) and diversity. On the southeastern Brazilian coast, detached macroalgae are carried by surface currents and swell and deposited along beaches in the winter (Dry period), but are largely absent in the summer, nutrient-enriched Rain period. This project aimed to investigate the potential importance of macroalgae to fish populations in the southeastern Brazilian coastal region. Four areas were surveyed on the southern Espírito Santo coast. The main diet of Larimus breviceps, Stellifer rastrifer and S. stellifer (Sciaenidae) was determined and some key food items were then sampled from macrophytes. Samples of fishes, food items, algae and higher plants were subject to carbon and nitrogen stable isotope analysis in order to define food chains from algae and higher plants to fish. Fish sizes were compared among Dry and Rain periods. Fish condition was addressed through linear regression models fitted with Log-transformed eviscerated weight as the response variable, and Log-transformed Standard Length, Period, Site, Species and Reproductive Class (and their first-order interactions) as the explanatory variables. Trophic positions of fish and their food items were estimated using stable isotopes signatures and macrophytes as the baseline. For most combinations of species and site, fish were shorter and lighter in the dry period than the rain period. However, fish of all three species were almost always predicted to be heavier for a given length in the Dry period, when macroalgae were present. The data suggest that detached macroalgae in the Dry period are a regional environmental driver of fish and crustacean distributions and that management of macroalgae may be important for biodiversity and fisheries conservation.
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1. Introduction
Fish populations of nearshore habitats are usually related to continental influences, mainly due to their proximity to estuaries (Abookire et al., 2000). This results in biological cycles being affected by both natural factors such as riverine nutrient discharge and anthropogenic factors such as fishing (Courrat et al., 2009). These nearshore habitats are important for reproduction, feeding and growth of many fish species (Tse et al., 2008) and are usually subject to seasonal influxes of adults from other habitats (Perera-Garcia et al., 2011), including species of commercial importance (Baisez et al. 2011). Understanding which drivers make these habitats suitable for fish species and, particularly, why this might vary seasonally is important for resource management and conservation.  
Fish populations or assemblages may shift their habitat use due to changes in resource availability (Hayes et al, 1996; Dantas et al., 2012). Some processes or functions that underpin population dynamics may change over small to intermediate spatial and temporal scales (Gomes et al., 2003), including: predation (Werner et al., 1983a), habitat profitability (Werner et al., 1983b), nursery (Defeo and McLachlan, 2013) and mating/spawning grounds (Franco et al., 2006) and recruitment (Ramos et al., 2012). Seasonal changes in water temperature, salinity and other abiotic variables are known to regulate these and other biological events (Adams et al., 2006; Hajisamae et al., 2006). However, nearshore areas consist mostly of small-scale sites whose environments are affected by meso- or large-scale and continental events (Hickey and Banas, 2003), making it difficult to establish seasonality of habitat use based on temperature-salinity profiles alone.  
Many attempts to address fish habitat use and the environmental factors involved have been performed in nearshore areas, and a variety of approaches have been used in order to explore the responses of fish populations to the availability of resources. Biological properties such as distribution, abundance, growth, reproduction, migration and foraging have been explored worldwide in order to relate fish populations to their ideal environmental conditions (Sanchéz et al., 1995; Prista et al., 2003; Bacon et al., 2005; Jordan et al., 2010). In addition, some biochemical approaches, such as general trace element analysis (Tulp et al., 2013) and, more specifically, stable isotope analysis (Gillanders et al., 2003) are currently used to hindcast the sites and resources individuals have come across in their lifetime or in the recent past, respectively. Indeed, stable isotopes are useful as biomarkers of organic matter incorporation into predators from food items (Ben-David and Schell, 2001). The isotopic ratio of some elements allows tracking their flux and position in a food chain (Leakley et al., 2008; Ince et al., 2007). An approach combining stable isotope analysis with relevant functional trait parameters (such as biometrics and responses of feeding rates to environmental changes) may become a powerful tool to verify the interaction of some types of resources with individual metrics, such as size-mass relationships, over a more limited timescale. 
The seasonality of the southeastern Brazilian coast is characterized by a Rain period in spring and summer months, when the nearshore is commonly influenced by an estuarine nutrient enrichment, leading to higher turbidity values, and a Dry period in autumn and winter months, when detached macroalgae, mainly related to offshore rodolith beds (Amado-Filho et al., 2010), reach and accumulate on shore (Andrades et al., 2014). The transport of detached macroalgae is not well understood in this region, but in general is associated with surface currents and swell originating from intense, periodic weather changes (Colombini and Chelazzi, 2003). Riverine influence is widely expected to drive variations in fish distributions according to the strength and dispersion of estuarine runoff (Neves et al., 2016). However, this is not the only potentially important variable. It has been described how detached macrophytes provide food and shelter for terrestrial and aquatic meiofauna (Ince et al., 2007; Lercari et al., 2010) and ichthyofauna (Lenanton et al., 1982; Crawley and Hyndes, 2007), even in oligotrophic marine environments. It is therefore possible that differences in fish body condition between Dry and Rain periods are driven by differences in both estuarine nutrient enrichment and macroalgal inputs.
Andrades et al. (2014) previously observed higher fish species richness, density and biomass in response to detached macroalgae accumulation in the surf zone environment in this region, with Trachinotus falcatus and T. goodei young of the year occurrence closely related to feeding on macrophyte-associated amphipods. Thus macrophyte accumulations may have a zone of influence extending out of the immediate area of the accumulation, in addition to the influence of the river Itapemirim estuary as a known source of nutrients for lower trophic levels. Here we build on the results of Andrades et al. (2014) by investigating differences in body condition that may be associated with detached macroalgae, in three demersal Sciaenidae species (Larimus breviceps, Stellifer stellifer and S. rastrifer). These fish are widely distributed and co-occur throughout their life span in brackish and marine nearshore areas in southeastern Brazil (Menezes and Figueiredo, 1980; Pombo et al., 2013; Bessa et al., 2014). In addition, stomach contents and stable isotope analyses were used to determine diet and trophic positions. Water temperature and salinity, macroalgal volume and fish size and condition were compared between Dry and Rain periods, at sites varying in distance from the estuary, in order to evaluate whether macroalgae affects fish populations. The hypothesis we tested were: (1) the three fish species have smaller sizes and better condition in the Dry period at all non-estuarine sites and (2) the three fish species have better condition in the Rain period at river Itapemirim estuary site.

2. Methods

2.1. Study area
Individuals of L. breviceps, S. stellifer and S. rastrifer were collected at three Initial Shelf (here defined as the region immediately outside the surf zone) sites on the southern coast of Espirito Santo State, in Brazil: Itaoca, north of the River Itapemirim Estuary; Barra, immediately south of the Estuary, but separated by a breakwater barrier; and Colonia, south of and most distant from the Estuary (Fig. 1). The River Itapemirim estuary was also surveyed. Those sites were chosen due to their known propensity to accumulate allochthonous macrophytes  and in order to allow tests of differences in environmental influences over fish biology using the same gear. All sites were shore-delimited by reflective sandy beaches. All surveyed sites had a sand-mud-gravel soft bottom with no attached macroalgae (Teixeira et al, 2013), with Colonia the closest to the transition to a rock-patch bottom to the south.
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Fig. 1 – Map indicating surveyed sites on the Southern coast of Espirito Santo. Light shaded areas in (a) correspond to georeferenced trawls performed at each site. Minor traced lines indicate where trawls overlap occurred. Detached macrophytes accumulate on the shore in the Dry period (b), are buried on beaches and absent from the water column in the Rain period (c). Local authorities remove macrophytes from sandy shores for grooming using a tracked excavator (d). 

The southern coast of Espirito Santo is classified as a Tropical Zone with Dry Winter (Alvarez et al., 2014). This region is strongly influenced by winds from the Northeastern quarter in the summer Rain period, leading to precipitation on the Espirito Santo coast in the summer due to retraction of the central south Atlantic high pressure centre and the presence of a low intertropical pressure zone. Due to higher precipitation in the Rain period, higher plant fragments (mainly branches and leaves, with some driftwood) are often removed from river edges and transported to coastal areas through the estuaries, also accumulating along shorelines close to estuaries. Polar fronts from the Southern quarter are stronger in winter, from April to October (Veronez-Junior et al., 2009), defined here as the Dry period. In the Dry period, swells varying from 0.5m to 1.5m high are commonly observed for weeks (even months), coinciding with the accumulation of detached macroalgae in coastal habitats such as beaches and shallow shelves (Andrades et al., 2014). 

2.2. Data collection
At each site, three shore-parallel, along-bottom trawls in each site were performed in the Dry (July/11 and September/11) and Rain (February/12 and May/12) periods, totaling 12 trawls per site. Fish, macrophytes (both macroalgae and terrestrial Higher Plants), and their associated epifauna (mostly crustaceans, gastropods and polychaetes) were sampled using otter trawl nets (10 m long, equipped with a 5 m wide and 3.5 m high sac; mesh sizes were 20 mm in whole net and 10 mm in the sac) at all sites. In order to maintain standardized sampling, no other accessory gear was used. Trawl duration was five minutes, with an average towing speed of 2.5 km/h, giving a length of almost 300 m per trawl at depths between four and six meters, due to tidal variation. Surface and bottom water temperature (oC) and salinity (measured using the Practical Salinity Scale) were determined prior to each trawl, using a Horiba U-52 Multiparameter Meter (Horiba Ltd., Kyoto, Japan). Due to the Barra and Colonia sites being adjacent, some trawls at Barra ended within the Colonia area, and vice-versa (Figure 1a). 
The volume (liters) of macroalgae and Higher Plants was obtained from trawls. From each fish sample, the standard length (from the most anterior extreme to the end of the caudal peduncle, in millimeters) and eviscerated weight (total wet weight minus viscerae wet weight, in grams) of each individual were measured. These two metrics were chosen in order to address differences in size (both length and weight) between the Dry and the Rain periods, with little influence from chance events such as fin damage, and from transient states such as undigested large meals. 
Gonad stadium was classified using the general macroscopic appearance of gonads as either: Undetermined - when the gonad is not differentiated or not developed enough to be properly dissected; Stadium I – gonad is differentiated but not well developed; Stadium II – Gonad is developed but did not show yolked oocytes (females) or full, tensioned testis (male); Stadium III – presence of yolked oocytes or full, tensioned testis; and Stadium IV – spawned, flaccid gonad. The combinations of gonad stadium and gender thus formed nine categories of Reproductive Class: Undetermined, Females I to IV and Males I to IV. 
Stomachs were individually removed, fixed and stained in 10% formalin solution, and contents were identified to the lowest taxonomic level possible. Food items were dissected under a stereomicroscope and categorized into biologically relevant groups. Diet was analyzed following Amundsen et al. (1996), and the prey-specific abundance was calculated according to the Equation:

; 
[bookmark: _GoBack]where “Pi” is the prey-specific abundance, “Si” is the stomach content (e.g. weight of the prey “i”) and “Sti” is the total stomach content in only those predators with the prey “i” in their stomach. In order to represent feeding strategies of L. breviceps, S. rastrifer and S. stellifer in the surveyed period prey-specific abundances were plotted against the frequency of occurrence of each prey item.

2.3. Stable isotope analysis 
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Ratios of 13C and 15N stable isotopes were determined for macrophytes (macroalgae and higher plants) and consumers (crustaceans and fish) through biomass samples from blades and leaves (macrophytes) and muscle (animals), respectively. Stable isotope analyses may reflect diet over a 90-day (Fry, 2006) to 105-day (Heiner et al., 2011) time period. Thus, due to the constraints on the periodicity of material available, these samples were pooled over Dry and Rain periods. In addition, because of logistical constraints, samples were pooled across the four sites. Samples were dried at 60 °C for 48h. Crustacean samples were selected to match those found as food items for the three fish species. Each sample was macerated and sub-samples (at least three) were stored in tin capsules. Each capsule contained material comprising the following components: Fish: L. breviceps, S. rastrifer and S. stellifer; Food Items: Artemesia longinaris, Xiphopenaeus kroyeri, Callinectes danae, Acetes americanus and general Amphipoda; Algae/Plants: Chlorophyta, Rhodophyta, Ochrophyta and Higher Plants. 

Samples for carbon and nitrogen isotopic analysis were converted to N2 and CO2 with an elemental analyzer (ECS 4010, Costech Analytical, Valencia, CA) and these two gases were separated with a 3m GC column and analyzed with a continuous flow isotope ratio mass spectrometer (Delta PlusXP, Thermofinnigan, Bremen) at the Washington State University, USA. Stable isotope abundance was expressed in the traditional form :

;

where  is the difference in isotopic composition between sample and standard in parts per thousand (‰) and R is the ratio between measured stable isotopes (13C/12C; 15N/14N). Standards used in this study were atmospheric air nitrogen and PeeDee Belemnite (PDB) as references for nitrogen and carbon, respectively (Fry, 2006).

2.4. Estimation of trophic position 
Mean trophic position (TP) for all consumers was determined for each sub-sample according to Vander-Zanden and Rasmussen (2001), through the following expression:

;
where λ is the trophic level for producers (λ = 1),  is the mean 15N isotope signature of the given consumer,  is the mean 15N isotope signature for all producers (Chlorophytes, Ochrophytes, Rhodophytes and Higher Plants sub-samples combined). The Trophic Enrichment Factor (TEF, the average δ15N trophic enrichment per trophic level) was taken to be 3.4 (Post, 2002). Standard errors of trophic positions were calculated following
, under the assumption that measurements were independent.

2.5. Data analysis
Macrophyte volume and fish size (Log-transformed standard length and eviscerated weight) were compared between Dry and Rain, using three-way ANOVA with site, species and period (and all their interactions) as explanatory variables, and planned contrasts between Dry and Rain for each combination of species and period (p < 0.05). In order to address fish condition, linear regression models were fitted with log eviscerated weight as the response variable (this is an analog to Fulton’s K value determination, since the mean K value is approximately equal to the intercept of a log-log regression of weight on length, which generally has a slope close to 3), and first order interactions between Standard Length, Period, Site, Species and Reproductive Class (the combination of Gonad stadium and Gender) as the explanatory variables. Including the interaction between reproductive class and standard length allowed us to avoid confounding seasonal differences in condition with differences in length-weight relationships between juveniles and adults. Due to the small sample size of both females and males in stadia III and IV, they were aggregated into a single level in order to allow estimation of all parameters. All analyses were performed in R environment (R Studio Version 0.99.491). 

3. Results
Water temperature varied from 20 o C to 24.5 o C among sites and periods, and salinity varied from seven to 39 (Figure 2). The Estuary site had higher temperatures and lower salinities in June/11 (for both Surface and Bottom water, in the Dry period), February/12 and May/12 (for Surface water, in the Rain period). All the other sites showed salinities between 31 and 39. Temperature was significantly different between months (ANOVA F value = 64.75, df = 3, p < 0.0001), however there was no gradient from Dry to Rain.  
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Fig. 2 –Salinity and Temperature (oC) values of Surface (open symbols) and Bottom (filled symbols) water at Itaoca (A), Estuary (B), Barra (C) and Colonia (D) sites on June/11 (■), September/11 (●), February/12 (▲) and May/12 (▼). Orange tones represent the dry period, while blue tones represent the rain period.






There was a higher volume of detached macrophytes in the Dry period at Itaoca and Barra, while the Estuary site had a higher volume in the Rain period. All sites had macroalgae accumulations in the Dry period (Figure 3A), but higher plants were only found at the Estuary site in the Rain period (Figure 3B). For macroalgae, differences between periods were significant at Itaoca (t =6.20, df = 80, p < 0.0001) and Barra (t = 11.34, df = 80, p < 0.0001) sites, but not at Colonia (t = 0.31, df = 80, p = 0.753). There was no macroalgae at the Estuary site in the Rain period. 
  

[image: ]
Fig. 3 –Volume of detached macrophytes at each site in the Dry (Orange) and Rain (Blue) periods (A = macroalgae; B = higher plants). Significant differences from planned contrasts (p < 0.0001) are shown by asterisks. Line = Median, box = first to third quartiles, whiskers = extend to the most extreme values no more than 1.5 times the interquartile range from the ends of the box, circles = potential outliers.





Amundsen's plots revealed generalist feeding strategies of L. breviceps, S. rastrifer and S. stellifer in both Dry and Rain periods. L. breviceps had Decapoda in high abundance in both periods, and A. americanus was a more frequent food item in the Rain period (Figure 4A). Copepoda was an especially dominant food item for S. rastrifer in the Dry period (Figure 4B), with high values (>50%) of prey-specific abundance and frequency, while other minor items (such as small parts of green algae, fish, insect, and polychaete, and also gastropod shells and cephalopod beaks) were the most abundant group of food items. S. stellifer (Figure 4C) had Decapoda parts as the most abundant (but least frequent) item in the Dry period, while Copepoda (in both periods) and A. americanus (in Dry period) had high frequencies but low abundances.

[image: ]
Fig. 4 – Feeding strategy of L. breviceps (A), S. rastrifer (B) and S. stellifer (C) based on the Amundsen's plot over all sites in Dry (Orange) and Rain (Blue) periods. Food items are shown by different symbols: A. americanus(■); Amphipoda – (●); Copepoda (▲); general Crustacea parts (+); general Decapoda parts (×); Other items (▼).

Stable isotope analysis revealed a food chain with the fish L. breviceps, S. rastrifer  and S. stellifer as the tertiary consumers, crustaceans as the secondary consumers and Chlorophytes, Ochrophytes and Rhodophytes, as well as Higher Plants, as plausible producers, although Rhodophytes had higher Carbon signature values than the other macrophytes (Table 1). All organisms had similar 13C values (increasing from -22.92 ‰ of Higher Plants to -17.54‰ of L. breviceps). 15N values increased from producers (6.85‰) to crustacea (between 10.07‰ of Amphipoda to 13.30‰ of A. longinaris) and fish (from 14.11‰ of S. rastrifer to 14.57‰ of L. breviceps). Fish species were tertiary consumers, with estimated trophic positions between 3.2 and 3.3. Crustacea were secondary consumers, with trophic positions between 1.9 and 2.9, and Amphipoda were closest to the isotope signatures of producers.  

 Table 1 – Mean values (SE) of Carbon (13C) and Nitrogen (15N) signatures for producers and those consumers sampled, and estimated trophic positions for consumers.  
	Trophic levels
	Component
	13C 
	15N 
	Trophic position

	Consumers
	Larimus breviceps
	-17.54 (0.11)
	14.57 (0.20)
	3.3 (0.11)

	
	Stellifer stellifer
	-17.67 (0.10)
	14.54 (0.07)
	3.3 (0.09)

	
	Stellifer rastrifer
	-18.03 (0.22)
	14.11 (0.23)
	3.2 (0.11)

	
	Artemesia longinaris
	-18.38 (0.07)
	13.30 (0.03)
	2.9 (0.09)

	
	Xiphopenaeus kroyeri
	-17.65 (0.08)
	12.72 (0.14)
	2.7 (0.11)

	
	Callinectes danae
	-17.46 (0.50)
	12.30 (0.55)
	2.6 (0.18)

	
	Acetes americanus
	-19.39 (0.07)
	10.71 (0.07)
	2.1 (0.10)

	 
	Amphipoda
	-19.03 (0.01)
	10.07 (0.15)
	1.9 (0.10)

	Producers
	All producers
	-20.94 (1.62)
	6.85 (0.62)
	

	
	Higher Plants
	-22.92 (2.69)
	6.07 (0.43)
	

	
	Chlorophyta
	-21.12 (0.21)
	8.23 (0.24)
	

	
	Rhodophyta
	-17.99 (0.33)
	7.19 (0.28)
	

	 
	Ocrophyta
	-21.72 (0.65)
	5.91 (0.21)
	 








Log-transformed Standard Length (SL) and Eviscerated Weight (EW) were usually lower in the Dry period at each site. L. breviceps (Figure 5A and 5D) showed lower length (df = 80, t =5.77, p < 0.0001) and weight (df = 80, t =6.15, p < 0.0001) in the Rain period at the Estuary site and in the Dry period at Colonia (SL: df = 80, t = -12.37; EW: df = 80, t = -11.00, p = 0.0001) and Itaoca (SL: df = 80, t = 2.67, p = 0.009; EW: df = 80, t = 2.39, p = 0.016), while S. rastrifer (Figure 5B and 5E) showed significantly lower length (Itaoca SL: df = 80, t = -6.25, Estuary SL: df = 80, t = -3.70, Barra SL: df = 80, t = -14.40, Colonia SL: df = 80, t = -2.61; p < 0.0001) and weight (Itaoca EW: df = 80, t = -5.22, Estuary EW: df = 80, t = -3.41, Barra EW: df = 80, t = -15.52, Colonia EW: df = 80, t = -2.78; p < 0.0001) in the Dry period at all sites. S. stellifer (Figure 5C and 5F) had significantly lower length and weight in the Dry period only at Barra (SL: df = 80, t = -8.66; EW: df = 80, t = -9.38; p < 0.0001). 
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Fig. 5 – Standard Length (Log(Length/mm)) and Eviscerated Weight (Log(Mass/g)) of L. breviceps (A and D), S. rastrifer (B and E) and S. stellifer (C and F) distributions at Itaoca, Estuary, Barra  and Colonia  sites on the southern Espírito Santo coast in Dry (orange  boxplot) and Rain (blue boxplot) periods. Significant differences from planned contrasts are shown by asterisks. Line = Median, box = first to third quartiles, whiskers = extend to the most extreme values no more than 1.5 times the interquartile range from the ends of the box, circles = potential outliers.


In the Dry period, fish tended to be shorter and lighter, and most of these small fish were juveniles with undetermined gender (Figure 6). Fish whose gender could be determined were more abundant in the Rain period. A linear regression model showed that the relationship between log eviscerated weight and log standard length depended on interactions among Period, Species, Site and Reproductive Class (Table 2).

[image: ]
Fig. 6 – Relationships between log (eviscerated weight/g) and log (standard length/mm) for Sciaenidae in Dry (Orange) and Rain (Blue) periods pooled over sites and species: A – Undetermined; B – Female (Stadium I – filled circles; Stadium II – open circles); C – Male (Stadium I – filled circles; Stadium II – open circles) and D – Aggregated Female and Male (Stadia III and IV).    


When considering individual species and sites, including reproductive class in the model, slopes of relationships between log-transformed standard length and eviscerated weight were higher for the Dry period (Figure 7, orange lines) than the Rain period (Figure 7, blue lines) at all sites. However, over the observed size ranges in this study, for which there was substantial overlap between periods (Figure 7, bold segments), fish were almost always predicted to be heavier for a given length in the Dry than in the Rain period (Figure 7, orange lines above blue lines in almost all bold segments). Model coefficients are available in Supplementary Material 1.
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Fig. 7 – Fitted relationships between log(eviscerated weight/g) and log(standard length/mm) for S. rastrifer (A-D), S. stellifer (E-H) and L. breviceps (I-L) at Itaoca (A, E, I), Estuary (B, F, J), Barra (C, G, K) and Colonia (D, H, L)  in Dry (orange) and Rain (blue) periods. Bold line segments represent observed size ranges, and thin lines are extrapolations over the entire size range in the study. 

The overall regression model was significant, confirming a relationship between Eviscerated Weight and Standard Length (Table 2). All first order interactions involving Period were significant, as well as those involving Standard Length (except with Reproductive Class) and the Site x Reproductive Class interaction. The Species x Site and Species x Reproductive Class interactions were not significant. Although there were variations in the proportion of individuals in each reproductive class between periods, there is at best weak evidence that the relationship between eviscerated weight and standard length differs between reproductive classes. Thus, differences in the proportion of each reproductive class between periods do not confound the differences in length-weight relationships between periods.

Table 2 – First order interactions among explanatory variables in a linear model with log Eviscerated Weight as the response variable. F values summarize the differences in fit between the models through ANOVA and were calculated from single-term deletions (significant values are bold). *df = numerator degrees of freedom; denominator degrees of freedom were 1288 in all cases. 
	Model 
	*df
	F
	P

	Overall model
	1289
	31.99
	p < 0.0001

	
	
	
	

	Interactions
	*df
	F
	P

	Standard Length × Period
	1
	28.75
	p < 0.0001

	Standard Length × Species
	2
	5.05
	0.006

	Standard Length × Site
	3
	18.26
	p < 0.0001

	Standard Length × Reproductive Class
	8
	1.86
	0.098

	Period × Species
	2
	11.70
	p < 0.0001

	Period × Site
	3
	18.75
	p < 0.0001

	Period × Reproductive Class
	5
	20.74
	p < 0.0001

	Species × Site
	6
	0.51
	0.80

	Species × Reproductive Class
	11
	1.38
	0.18

	Site × Reproductive Class
	17
	2.57
	0.001




Discussion

In this study, focused on an area of high seasonal dynamics (southern Espírito Santo, Brazil), there was a clear difference between Dry and Rain periods in the size and condition of three common, ecologically important coastal fish species. The Dry period seems to be critical to smaller, younger individuals of the three fish species studied here. Fish were shorter and lighter in the Dry period, but were heavier for a given length, particularly for the longer fish. Macroalgae reach and accumulate on the shore in the Dry period, and in two of the sites there were significantly higher volumes in this period. There was no significant variation in other potential key drivers, such as temperature and salinity. Furthermore, isotopic analysis and exploration of stomach contents suggested that macroalgae are a plausible carbon source for the food chains that support these fish in this area. The responses seen were strongly influenced by period rather than site, species or reproductive class, raising the question of whether detached macroalgae may play an important role in enhancing fish condition over a broader, regional scale.
All fish species showed condition enhancement at all sites in the Dry period, because predicted eviscerated weight for a given standard length was higher in the Dry than the Rain period over most of the observed size range at each site, leading to acceptance of hypothesis (1) but rejection of hypothesis (2). Fish that were significantly shorter and lighter, but usually heavier for a given length, were found in the Dry period at all sites for S. rastrifer, Barra site for S. stellifer and at Itaoca and Colonia sites for L. breviceps. Although there were systematic differences in weight and length between periods, there was substantial overlap, so that comparisons of length-weight relationships among periods are biologically meaningful. The length-weight relationship was allowed to differ between reproductive classes by including an interaction between standard length and reproductive class, but there was at best weak evidence that this interaction was nonzero. Thus, our conclusion is not likely to be strongly affected by differences in the proportions of each reproductive class between seasons. Fish condition in terms of fat reserves and physiological status can also be addressed by other biochemical, bioenergetic or morphometrical metrics. McPherson et al. (2011) showed a relationship between the Fulton’s K value and fat content, especially for fish with inactive gonads. In this study, fish condition was determined in a way analogous to Fulton’s K value, but allowing estimation of relationships with explanatory variables. Under the standard view that estuarine nutrient input drives seasonal variation, it would be expected that condition would be enhanced in the Rain period rather than the Dry period. This is because juvenile fish are expected to be found in higher densities in nearshore habitats in the Rain period, coinciding with higher estuarine flushes and higher turbidities (Nagelkerken et al., 2008), when more nutrients are released to the surrounding areas. For example, predominance of lower sizes of these Sciaenids were reported in Rain periods for these species in other nearshore areas in the Brazilian coastal region (Chaves and Vendel, 1997; Almeida and Branco, 1992; Bessa et al, 2014). The three species, all typically nearshore, showed the opposite pattern compared to other areas, with little evidence of an effect of freshwater nutrient enrichment, but this could be because the influence of the estuarine environment did not reach the non-estuarine sites during these years. Even small river discharge plumes may be also important for trophic subsidy of coastal benthic fisheries (Connolly et al., 2009). Also, Pombo et al. (2012) observed that variation in size of Stellifer species was related to influx of larger fish, rather than to the coexistence of different cohorts in Guaratuba Bay. Little is known for L. breviceps. Further studies may confirm whether or not this altered pattern is independent of estuarine influence.
The freshwater discharge of the Rain period showed no influence over the adjacent sites to the Estuary, and a weak potential for water mixing. The lowest well-mixed salinity values were seen at all sites in June/11 (early Dry period), suggesting swell as an agent of water mixture, as seen by Talke and Stacey (2003) in San Francisco Bay and by Lee and Birch (2012) in Sydney estuary. In the Rain period, the Estuary site showed a stratified, shallow surface plume with few contributions to the adjacent sites. At the other sites there were no differences between bottom and surface water, and all showed no gradient from Dry to Rain period in terms of water temperature and salinity. Macroalgae were seen at all sites in the Dry period, while higher plants were observed only at the Estuary site in the Rain period. These results suggest that the Itapemirim river discharge had little influence on water parameters at the other sites.  Brazil has been facing a period of severe drought for at least the last five years, especially in the Northeast and North regions (Gutierrez et al., 2014; Marengo et al., 2013), and the water levels of rivers were therefore low. Rainfall in Espirito Santo tributaries is strongly influenced by the South Atlantic Convergence Zone and biased by the Amazonian water regime (Carvalho et al., 2002), where high intensity droughts have been occurring since 2005 (Lewis et al., 2011), raising some concerns about this river’s water balance deficit and how this might have affected ecosystem functioning in this study period.
Analysis of carbon isotopes suggested that in the study period, macrophytes were a plausible carbon source for fish biomass. Our results demonstrated that fish and their crustacean prey may share a common carbon source with macroalgae in nearshore areas of the Brazilian southeastern coast. Macroalgae are considered a main carbon contributor (Smit et al., 2005), with higher participation comparing to seagrass (Vizzini and Mazzola, 2003). Chlorophytes, Ochrophytes and Rhodophytes are suitable to provide carbon to a food web through herbivorous organisms (Zemke-White  and Clements, 1999; Poore et al., 2012), that may transfer carbon to higher trophic levels (Nyunja et al., 2009), and increasing dissolved nutrients concentrations when decomposing (Dugan et al., 2011). Terrestrial higher plants may also make carbon contributions through more specific consumers, such as crabs (Giarrizzo et al., 2011). Trophic positions for crustaceans suggested that they were herbivores/detritivores (Christian and Luczkovich, 1999). Except for Amphipoda, the crustacean food items for the evaluated fish species are not thought to feed directly on rhodophytes, but are detritivores that favour decomposed algae or epiphyte biofilms (Boon et al., 1997). Some coastal Amphipoda are well-known herbivores on macroalgae (Kamermans et al., 2002; Adin and Riera, 2003), composed the main diet of fish in the west Australian surf zone (Crawley et al., 2006), and show preference for Ochrophytes rather than Rhodophytes (Crawley and Hyndes, 2007).  In this study, Amphipoda had the lowest trophic position among consumers, closest to the macrophytes, and their carbon signatures were more distant from the Rhodophytes than other macrophytes, suggesting a pattern of detached macroalgae preference for this group. In accordance with the observation that the fish species are omnivorous in other systems (Cresson et al., 2014), any of the food items could play a part in the carbon transfer from macrophytes to fish, indicating a lower contribution of Rhodophytes. In addition, no copepods were analysed for trophic position, what must be attempted in future given its importance as a food item, especially for S. rastrifer and S. stellifer. Thus, it is plausible that there is a trophic chain from macrophytes to crustaceans to fish. However it is important to remember that our analysis was pooled across periods and sites and therefore may obscure temporal and spatial variation in the food web. In future studies, temporal and spatial variation in the proportional contributions of each macrophyte and of phytoplankton to fish biomass will be investigated using mixing models.
The role of macroalgae as shelter and biomass providers is here suggested to influence predatory fish species at higher trophic levels. The three fish species were shown to be opportunistic, generalist feeders in nearshore areas, and their identified food items (mainly decapoda shrimps) are corroborated by Bessa et al. (2014), Sabinson et al. (2015), Dantas et al. (2015) and Chaves and Vendel (1998) in other regions of the Brazilian coast. Comparing the Amundsen’s plots with Andrades et al. (2014), while Trachinotus falcatus and T, goodei got most of their diet items directly from macroalgal epifauna in the surf zone, these Sciaenids kept their opportunistic strategies in both estuary and initial shelf environments even in the presence of the detached macrophytes. Different species of the genus Stellifer develop strategies such as partitioning by water column position (Frehse et al., 2015) to share food resources along the coast, indicating that they cope with the available food resources (Pombo et al., 2013), making these fish species fitted to the overall resources that macroalgae are able to provide. The higher preference of L. breviceps for Acetes americanus, which is a pelagic shrimp (Simões et al., 2013), suggests foraging activity away from the macroalgae accumulations. Also, the only significantly lower standard length and eviscerated weight in the Rain period was observed at the Estuary site for L. breviceps, agreeing with Bessa et al. (2014) and Silva-Júnior et al. (2015). This shows the dominance of immature individuals in the Rain period of northeastern Brazilian coast, which might be related to population partitioning in the estuarine environment or to mature individuals being too large to fit into macrophyte accumulations (see Andrades et al., 2014 and Ince et al., 2007). Also, the similar carbon signatures (and trophic position) of these fish species and the crustacean consumers may make it difficult to determine whether or not these organisms compete for food resources, as previously observed by Galván et al. (2009) to be a difficulty when applying mixing models to generalist fish. Furthermore, trophic position may shift according to body size, as was observed in the lower Mekong basin for omnivorous and perciformes fish (Ou et al., 2017). First-order interactions between Standard length and Reproductive class, Species and Site, and Species and Reproductive class were not significant, suggesting that species-specific aspects of fish biology did not determine the effects on fish size, leading to a general influence of detached macroalgae in the Dry period.
In conclusion, the macroalgal contribution to other fish and crustacean populations needs to be determined in order to evaluate how the management of macroalgae (including arrival, removal or even artificial addition) can affect biodiversity and fisheries conservation in this nearshore region, which is in future likely to be subject to increasing tourism, fisheries, shipping and offshore supply activities. The addition of copepods, particulate and dissolved organic matter and sediments to this trophic model might contribute to a more complete picture, defining a major carbon source and a linking consumer to higher trophic levels. Lugendo et al. (2006) described shelter and food for fish species related to habitat connectivity through food availability and ontogenetic movements towards offshore. Hyndes et al (2014) corroborated this idea, and suggested that nearshore fish species are vectors of carbon transfer within ecosystems. In this case, the macroalgae accumulations might connect sites and perhaps habitats for nearshore fish and crustaceans in southern Espirito Santo coast. Furthermore, it is likely that these three fish species move along the coast, between the Itaoca and Estuary sites, and between the Barra and Colonia sites (there is a breakwater separating Estuary from Barra, which may be a barrier to juvenile fish), implying macroalgae accumulation may be an environmental driver for those nearshore areas on a broader, regional scale. Other landscape aspects, such as shore resilience through sediment cohesion, may also be affected by this input of organic matter (Malarkey et al., 2015). Finally, an investigation offshore from this region might indicate whether macroalgae affect fish size and condition over a broader scale.
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