
HAL Id: hal-01659840
https://hal.univ-antilles.fr/hal-01659840

Submitted on 8 Dec 2017

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Diversity of trophic niches among herbivorous fishes on
a Caribbean reef (Guadeloupe, Lesser Antilles),

evidenced by stable isotope and gut content analyses
Charlotte R. Dromard, Yolande Bouchon, Mireille Harmelin-Vivien, Claude

Bouchon

To cite this version:
Charlotte R. Dromard, Yolande Bouchon, Mireille Harmelin-Vivien, Claude Bouchon. Diversity of
trophic niches among herbivorous fishes on a Caribbean reef (Guadeloupe, Lesser Antilles), evidenced
by stable isotope and gut content analyses. Journal of Sea Research (JSR), 2015, 95, pp.124 - 131.
�10.1016/j.seares.2014.07.014�. �hal-01659840�

https://hal.univ-antilles.fr/hal-01659840
https://hal.archives-ouvertes.fr


Diversity of trophic niches among herbivorous fishes on a Caribbean reef 

(Guadeloupe, Lesser Antilles), evidenced by stable isotope and gut content analyses 

 

Charlotte R. Dromarda,*, Yolande Bouchon-Navaroa, Mireille Harmelin-Vivienb, Claude 

Bouchona 

 

a BOREA - DYNECAR, LABEX CORAIL, Laboratoire de Biologie Marine, Université des 

Antilles et de la Guyane, Campus de Fouillole, BP 592, 97159 Pointe-à-Pitre, 

Guadeloupe, FRANCE  

b Institut Méditerranéen d’Océanologie (MIO), CNRS/INSU, UM 110, Aix-Marseille 

Université, 13288 Marseille Cedex 9, FRANCE 

 

 

* Corresponding author. Tel.: +590 590483005; fax: +590 590483283. E-mail address: 

cdromard@univ-ag.fr (C. Dromard). 

 



Dromard et al. Trophic niches of herbivorous fishes 
 
 
 

 
 
 
 

2 

ABSTRACT 

While herbivorous fishes have been widely studied due to the major ecological role they 

play on coral reefs, the description of their trophic niche remains challenging. In this 

study, we asked how 10 species of parrotfishes and surgeonfishes partition trophic 

resources on a Caribbean reef. The determination of trophic niches was conducted using 

gut and stomach content and stable isotopes analyses (15N:14N and 13C:12C ratios). The 

contributions of food source to fish diet were calculated with concentration-dependent 

mixing models. Stomach content analyses distinguished two species of Acanthuridae 

from other fish species: Acanthurus coeruleus due to its high ingestion of fleshy 

macroalgae and A. chirurgus due to its high ingestion of calcified macroalgae.  

Acanthuridae and Sparisoma aurofrenatum presented similar diets in terms of 

assimilation of food resources with a high contribution of detritus and invertebrates to 

their diets. The diets of Sparisoma rubripinne and S. chrysopterum were more 

heterogeneous by comparison to the previous species. Scarus iseri, S. vetula, S. 

taeniopterus and Sparisoma viride appeared to share a similar trophic niche characterized 

by the contribution of live coral and fleshy macroalgae to their diet. The resource use 

among herbivorous fishes was partially related to the nutritional quality of food sources, 

but also to their physical structure and the capacity of fish to process them efficiently. 

These results showed that the ten species occupy distinct trophic niches, indicating a high 

functional diversity among the Caribbean herbivorous fishes. 

 
KEY WORDS: Caribbean reefs, Herbivorous fishes, Trophic niches, Functional diversity, 

Stable isotopes, Gut contents.
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1. Introduction 

On coral reefs, parrotfishes (Scaridae) and surgeonfishes (Acanthuridae) represent two 

common and abundant families of herbivorous fishes that play a major ecological role 

with regard to the dynamics of benthic communities (Bellwood and Choat 1990, Mumby 

et al. 2006). High grazing rates control the development of macroalgae and facilitate the 

recruitment and growth of corals by preventing competition with macroalgae (Carpenter 

1986, Lewis 1986, Steneck 1988, Kuffner et al. 2006). Since the decline in 1983 of the 

sea urchin Diadema antillarum Philippi 1845 (Lessios et al. 1984) and the degradation of 

corals, which has led to the “coral-algal phase shift” (Hughes 1994, Miller and Hay 1998, 

McManus and Polsenberg 2004, Bruno et al. 2009), herbivorous fishes have been 

considered as key species, mediating the balance between corals and algae.  

The ecology of herbivorous fishes, including feeding preferences, has been studied before 

in the Caribbean (Bruggemann et al. 1994, 1996, McAfee and Morgan 1996, Ferreira and 

Gonçalves 2006, Burkepile and Hay 2008, Cardoso et al. 2009). Following these studies, 

herbivorous fishes have been divided into functional groups: grazers, scrapers, browsers 

and bioeroders, based on adult morphology and feeding behavior (Bellwood and Choat 

1990, Cardoso et al. 2009, Green and Bellwood 2009). However, the determination of 

their trophic niche with precision remains challenging.  

The trophic niche of a species has been described as the “bionomic” axis of the ecological 

niche while the “scenopoetic” axis refers to environmental components of the niche 

(Hutchinson 1978). Trophic niches have been described with digestive content analyses 

(Randall 1967, Tilghman et al. 2001, Ferreira and Gonçalves 2006) or direct observations 

of feeding behavior in the field by the counting of “bites” (Frydl and Stearn 1978, 

McAfee and Morgan 1996, Burkepile and Hay 2008, Cardoso et al. 2009, Kopp et al. 

2010). However, these methods do not provide an accurate description of the diet and 
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present several practical problems (Bearhop et al. 2004). The principal difficulty comes 

from the ability of herbivorous fishes to triturate and grind the ingested matter into small 

fragments, due to the adaptation of their digestive anatomy (gizzard-like stomach for 

surgeonfishes or pharyngeal mill for parrotfishes) (Randall 1967, Bellwood and Choat 

1990). 

More recently, stable isotope analyses have been proposed to reflect the feeding behavior 

of individuals over approximately three months, that corresponds to the period during 

which the muscles of consumers are synthesized (Maruyama et al. 2001, McIntyre and 

Flecker 2006). Thus, it has been argued that niche axes (bionomic and scenopoetic axes) 

may be determined using stable isotope ratios (Bearhop et al. 2004) and have been 

formalized in the concept of the “isotopic niche” (Newsome et al. 2007) on the basis of 

the isotopic ratios measured in consumer tissues (15N:14N and 13C:12C), which increase in 

a stepwise fashion with each trophic level and are linked to those of their diet. Generally, 

constant enrichments between the signatures of consumer and food sources are 

considered to be +3.4‰ for nitrogen and +1‰ for carbon (Minagawa and Wada 1984). 

Some authors demonstrated variations in the δ15N fractionation value for herbivorous 

fishes: +4-5‰ for Mill et al. (2007), +1.7‰ for Wyatt et al. (2010),  +2.5‰ for Vander 

Zanden and Rasmussen (2001). Recently, Plass-Johnson et al. (2013) recommended a 

mean nitrogen enrichment equal to +2.3‰ for parrotfishes, due to their diet consisting of  

both low and high-proteins foods. The use of stable isotope analyses has considerably 

increased over the last decades to discriminate different trophic groups in food web 

studies (Cocheret de la Morinière et al. 2003, Carassou et al. 2008; Wyatt et al. 2012), 

compare trophic niches in a fish community (Ho et al. 2007, Frédérich et al 2009, 

Nagelkerken et al. 2009, Layman and Allgeier 2012, Lamb et al. 2012), show ontogenetic 

changes in diet (Cocheret de la Morinière et al. 2003, Kolasinski et al. 2009, Carreón-
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Palau et al. 2013, Plass-Johnson et al. 2013) or plasticity of feeding habits (Ho et al. 

2009). Coupling digestive content and stable isotopes analyses represents a powerful tool 

to determine trophic niches. A few studies have used these two approaches among the 

Scaridae and Acanthuridae families (Carassou et al. 2008, Greenwood et al. 2010, Plass-

Johnson et al. 2013), especially in the Caribbean (Cocheret de la Morinière et al. 2003). 

On the basis of isotopic signatures, the use of mixing models has been introduced in 

ecological studies to estimate the contribution of food sources to the diet of consumers 

(see Layman et al. 2011 for review). These models use mass balance equations and the 

distinct isotopic signatures of various sources to determine their relative contribution to 

the mixed signature of a consumer (Phillips and Koch 2002). As elemental concentrations 

varied substantially among sources, the mixing model used in the present study 

incorporated concentration dependence as recommended by Phillips and Koch (2002). 

This model considers unequal assimilation of carbon and nitrogen and assumes that, for 

each element, the contribution of a source is proportional to the assimilated biomass 

times the elemental concentrations in that source. Mixing models can give important 

information on the feeding habits of fishes, especially when gut content analyses failed to 

identify some ingested food items. However, since several parameters entered in models 

can vary, results of mixing models must be interpreted with caution. Firstly, samplings 

have to be done in a limited temporal and spatial scale due to natural variations in 

isotopic signatures (Kuerten et al. 2014). Secondly, specific fractionation factors are often 

unknown and the choice of the constant enrichments requires a carefully review of the 

literature. Thirdly, a complete collection of the potential food sources present on the 

study site has to be sampled and integrated in the model to be accurate. In a complex 

ecosystem like coral reefs, food sources are abundant and some sources can be missing. 

For these reasons, the use of mixing models to evaluate the contribution of food sources 
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in the diet of fish remains rare for coral reefs ecosystems (Wyatt et al. 2012; Letourneur 

et al. 2013, Plass-Johnson et al. 2013; Kuerten et al. 2014).  

At the same time, the quality of food resources could explain their use by fishes 

(Montgomery and Gerking 1980; Dromard et al. 2013). The nutritional quality of food 

sources can be evaluated by measuring the concentrations of proteins, lipids and 

carbohydrates in sources. It is accepted that sources presenting high concentrations of 

proteins, soluble carbohydrates and lipids are considered as reservoirs of energy, whereas 

sources constituted by a large amount of insoluble carbohydrates are considered as poorly 

energizing and difficult to digest (Montgomery and Gerking 1980, Krogdahl et al. 2005). 

In this study, we coupled gut and stomach content with stable isotopes analyses to 

describe and compare the trophic niche of ten Caribbean herbivorous fishes. Firstly, these 

results were used to cluster fish species based on the description of their trophic niche. 

Secondly, additional data on the nutritional quality of sources were used to understand 

food choices. 

 

2. Materials and methods 

2.1. Field sampling 

The present study was carried out in Guadeloupe, Lesser Antilles (16°00’N; 61°30’W). 

The study site consisted in a outer reef slope located on the leeward side of the island 

(Fig. 1). A coral community dominated by Orbicella annularis colonized the bottom of 

the studied site. Sampling was done between September and November 2010, 

corresponding to the three last months of the 6-months wet season. The study site was 

limited to a 250 m-radius circle to minimize spatial variations of the isotopic signatures. 

Ten individuals of the most abundant species of herbivorous fishes were speared and 

immediately placed in an icebox (Table 1; EMS 1). The most abundant species of mature 
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erect macroalgae, called “macroalgae” in this study, were hand collected (Acanthophora 

spicifera, Dictyota cf pulchella, Tricleocarpa fragilis and Amphiroa fragilissima). 

Macroalgae were preserved in a plastic bag in order to retain the detritus deposits of the 

algal thalli. In addition, five replicates of algal turf, defined as a multispecific assemblage 

of upright branches of primarily filamentous taxa (Hay 1981, Carpenter 1986), were 

scraped and collected with an air sucker connected to a 500 µm mesh collector bag. 

Larger macroalgae at a juvenile stage, also present in algal turf, were removed from turf 

samples. In the same way, benthic invertebrates were sorted from turf samples to preserve 

them as a different potential food source. Finally, five pieces of the live coral Orbicella 

annularis were sampled and kept on ice.  

 

2.2. Digestive content analysis 

The total length of fish (LT) was measured to the nearest centimeter (Table 1, EMS 1). All 

the individuals speared had reached their intermediate or terminal phase. Diets were 

determined by the method of point-intercept, originally described by Jones (1968) and 

slightly modified in this study. Stomach contents (for surgeonfishes) and gut contents (for 

parrotfishes), were spread in Petri dishes and placed under a stereomicroscope. Ten 

different zones on each Petri dish were randomly chosen and photographed (10x 

magnification). A grid, totalizing 100 intersections, was superimposed on the digitized 

photographs and the nature of food items observed under each point-intercept was 

recorded. With this method, 1,000 points were observed for each individual, that is 

10,000 per fish species. The results were expressed as percentages of the different 

categories of food sources that were ingested by fish. To complete information on the diet 

of the 10 fish species, the principal food items and the suggested functional group cited in 

the literature is reported in table 1.  
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2.3. Stable isotope analyses 

A small piece of the white dorsal muscle of fishes was sampled for isotope analyses, 

since white muscles tend to be less variable in terms of isotopic ratios than other tissues 

(Pinnegar and Polunin 1999) and because turnover of muscles is approximately three 

months (McIntyre and Flecker 2006, Maruyama et al. 2001) that is less than the period of 

the wet season (6 months). Due to the small amount collected, benthic invertebrates 

(principally gastropods) were pooled by sample of turf in which they were collected and 

whole animals were used for analyses. The thalli of macroalgae and samples of algal turf 

were cleaned with distilled water to collect deposits (called “detritus” in this study), 

principally constituted by detrital organic matter and bacteria (Crossman et al. 2001). 

Corals were scratched with a stainless steel blade to extrude polyps from the calcareous 

skeleton. All samples collected were cut into small pieces and oven dried at 50°C to a 

constant weight, and then ground into a homogenous fine powder. Carbon and nitrogen 

stable isotope ratios of fish muscles and sources were performed on two subsamples for 

food sources that might contain carbonates: calcified macroalgae, algal turf, detritus, 

invertebrates and corals. For δ13C, a subsample was acidified, drop-by-drop, with 1N HCl 

in order to remove calcified material that presents a less negative δ13C than organic 

material (De Niro and Epstein 1978). For δ15N, a non-acidified subsample was used, 

because acidification can distort δ15N values (Pinnegar and Polunin 1999). Nitrogen and 

carbon isotope ratios were determined by a continuous flow mass spectrometer (Thermo 

Fisher™, delta V Advantage). Elemental concentrations of carbon and nitrogen ([C]% 

and [N]%) were measured with an elementary analyzer (Thermo Fisher™, Flash EA 

1112). Isotopic ratios were expressed in standard delta notation [δ values (‰)] according 

to the following formula: δ = [(Rsample/Rstandard – 1)] x 1000, where R is the ratio of heavy 
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to light isotope (15N:14N or 13C:12C), Rsample is measured for fish and sources and Rstandard 

is an international standard (Vienna Pee Dee belemnite limestone carbonate for carbon 

and atmospheric air for nitrogen). 

The Bayesian mixing model SIAR v4.0 (Stable Isotope Analysis in R) developed by 

Parnell et al. (2010) was used to estimate the proportional contribution of food sources to 

the diet of fish species. As recommended by Phillips and Koch (2002), the mixing model 

incorporated concentration dependence. Ten models were run according to each fish 

species. In each model, we entered the mean carbon and nitrogen signatures (± SD) of 

potential food sources, the mean signatures of fish muscles and the mean elemental 

concentrations (± SD) of the sources ([C]% and [N]%). All food sources collected were 

used in each model, with the exception of the coral Orbicella annularis that was not 

included in the models of the Acanthuridae because they are not able to consume coral 

and coral has never been described as a potential food source for surgeonfishes. . Finally, 

mixing models considered carbon and nitrogen fractionation factors (Δ13C and Δ15N). 

Following Plass-Johnson et al. (2013), we adopted a mean enrichment (± SD) of 2.3 ± 

0.5‰ for the nitrogen because parrotfishes and surgeonfishes have a diet consisting of 

both high- and low-protein foods. A mean enrichment (± SD) of 1.5 ± 0.5‰ was used for 

carbon, according to the data given in the literature concerning marine fishes (Sweeting et 

al. 2007). 

 

2.4. Nutritional quality of food sources 

Concentrations of proteins, lipids, soluble and insoluble carbohydrates were measured in 

the potential food sources. Concentrations of proteins were measured according to a 

modified version of the method of Lowry et al. (1951). This procedure is well adapted to 

the analysis of marine algae, while the quantification of proteins may differ according to 
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methods (Barbarino and Lourenço 2005). Soluble and insoluble carbohydrates were 

determined by a modified version of the method of Dubois et al. (1956). Finally, lipids 

were extracted and measured following the method of Bligh and Dyer (1959), modified 

by Mayzaud and Martin (1975). All concentrations were expressed as a percentage of 

organic matter analyzed.  

 

2.5. Statistical analysis 

Data were tested for normality with the Shapiro-Wilks test and for homogeneity of 

variance with Levene’s test. The proportions of food items found in the digestive 

contents, isotopic signatures and concentrations of macronutrients were compared using 

multivariate analyses of variance (MANOVA). When significant difference were found 

with MANOVAs, Tukey’s honestly significant difference (HSD) post hoc tests were used 

to perform multiple comparisons. The mean contributions of food sources to fish diet, 

calculated with mixing models, were compared between fish species with a Chi-square 

test. All statistical analyses were performed using the program R. 

 

3. Results 

3.1. Gut and stomach content analyses 

Four categories of food were identified in the digestive contents: calcified macroalgae, 

fleshy macroalgae, algal turf and benthic invertebrates (Fig. 2). A large amount of 

unidentified material was observed in digestive contents but was not regarded as a source 

because of its uncertain origin (detritus or highly digested material). A review of the diet 

and the suggested functional group cited in the literature are reported in Table 1. In the 

present study, the mean proportion of fleshy macroalgae ingested by Acanthurus 

coeruleus was significantly higher than for the other species (mean ± CI = 30.2 ± 7.5%; 
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Tukey, all p < 0.001). A. coeruleus was the only species to ingest benthic invertebrates 

(principally gastropods), even if their mean proportion was low (mean ± CI = 6.0 ± 

3.2%). Acanthurus chirurgus differed from the other fish in showing higher proportions 

of calcified macroalgae in its stomach content (15.0 ± 2.8%; Tukey, p < 0.001).  

Differences in the proportions of food items ingested by Scaridae were difficult to show 

because a large amount of unidentified organic matter was found in its gut contents 

(Fig. 2). 

 

3.2. Isotopic niches of fishes 

Stable isotopes values (δ15N and δ13C) are presented as a bi-plot (Fig. 3). Among the food 

sources, carbon and nitrogen signatures of food sources were significantly different from 

each other (MANOVA, Wilks’ lambda = 0.004, F9,36= 60.8, p < 0.0001). However, 

multiple comparisons showed that Dictyota cf pulchella and Acanthophora spicifera 

presented similar isotopic signatures of carbon and nitrogen (Tukey, both p > 0.99). 

Carbon and nitrogen signatures of fish muscles were also significantly different between 

fish species (MANOVA, Wilks’ lambda = 0.10, F9,60 = 10.6, p < 0.0001). The three 

species of Acanthuridae exhibited the highest isotopic signatures of nitrogen that ranged 

from 5.6 ± 0.2‰ for Acanthurus bahianus to 6.9 ± 0.9‰ for A. coeruleus. The isotopic 

signatures of Scaridae were scattered, especially for the carbon signature that ranges from 

-15.3 ± 0.4‰ for Sparisoma aurofrenatum to -12.0 ± 0.3‰ for Scarus vetula. 

The positions of fish and food resources in the bi-plot suggested different feeding habits 

(Fig. 2). Scarus taeniopterus, S. iseri, S. vetula and Sparisoma viride presented the lowest 

nitrogen signatures and the highest carbon signature, showing a trend to consume more 

fleshy macroalgae and more coral than other fish species. Sparisoma aurofrenatum and 

the three species of Acanthuridae displayed the highest nitrogen signatures and the lowest 
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carbon signatures, suggesting a bigger consumption of invertebrates, detritus or algal turf. 

Isotopic signatures of Sparisoma rubripinne and S. chrysopterum were intermediate, 

suggesting an intermediate and a more heterogeneous diet than other fish species. 

 

3.3. Mixing models 

Due to their close isotopic signatures, Dictyota cf pulchella and Acanthophora spicifera 

were grouped in a single food category, called “fleshy macroalgae” (Table 2). The 

contributions of food sources to the fish diet were significantly different between fish 

species (Chi-square test, X2= 293.7, d.f. = 54, P < 0.0001). According to the mean 

contributions of sources (95% bayesian credibility intervals), different groups of species 

appeared (Fig. 4, EMS 2). Acanthurus coeruleus, A. chirurgus, A. bahianus and 

Sparisoma aurofrenatum constituted a first group of fishes, characterized by a high 

contribution to their diet of detritus, calcified macroalgae (Tricleocarpa fragilis and 

Amphiroa fragilissima) and benthic invertebrates. Scarus taeniopterus, S. vetula, S. iseri 

and Sparisoma viride assimilated preferentially fleshy macroalgae combined with coral 

tissues and formed a second group of fishes (Fig. 4, EMS 2). Sparisoma chrysopterum 

and S. rubripinne composed a third group, distinguished by smaller contributions of 

invertebrate and detritus to their diet than species from the first group. 

 

3.4. Nutritional quality of food sources 

The eight potential sources presented different concentrations of macronutrients 

(MANOVA, Wilks’ lambda = 0.001, F7,36 = 23.7, P < 0.0001) and thus, different 

nutritional qualities. Corals and invertebrates represented the highest nutritional sources 

due to their high concentrations of proteins, lipids and soluble carbohydrates and low 

concentrations of insoluble carbohydrates (Table 3).  Acanthophora spicifera, Dictyota cf 
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pulchella and detritus presented an intermediate nutritional quality. In contrast, 

Tricleocarpa fragilis, Amphiroa fragilissima and algal turf were characterized by high 

concentrations of insoluble carbohydrates, and low concentrations of proteins and lipids. 

These three sources showed the lowest nutritional quality. 

 

4. Discussion 

4.1. Trophic niches of herbivorous fishes 

Isotopic signatures of fish muscles were significantly different according to the fish 

species, indicating that herbivorous fishes use differentially the food resources present on 

coral reefs.  

Acanthurus coeruleus exhibited the highest nitrogen signatures indicating a higher 

trophic position. Indeed, stomach content analyses distinguished A. coeruleus from the 

other species by its higher consumption of fleshy macroalgae, algal turf and invertebrates. 

Mixing models also indicated a high contribution of benthic invertebrates and detritus. Its 

specific trophic niche can be explained by its digestive anatomy, especially its thin-

walled stomach, which is well adapted to the consumption of soft resources like fleshy 

macroalgae or detritus (Ogden and Lobel 1978). This result was in accordance with 

previous studies describing A. coeruleus as the only “browser” among the herbivorous 

fishes on Caribbean coral reefs (Ferreira and Gonçalves 2006). 

The stomach contents of A. chirurgus showed the highest proportions of calcified 

macroalgae, probably made possible by its thick-walled, gizzard-like stomach (Ogden 

and Lobel 1978) while A. bahianus ingested more algal turf. For the two latter species of 

Acanthuridae, the results of the mixings models were close. Ferreira and Gonçalves 

(2006) also demonstrated that A. bahianus and A. chirurgus presented more similar diets 

than A. coeruleus. 
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The nitrogen signatures of Scaridae were lower than those of Acanthuridae, indicating a 

different use of the food sources. The present study showed the limits of gut contents 

analyses for Scaridae because of the difficulty to identify food items. Indeed, a large 

amount of unidentified organic matter was found in the digestive contents of Scaridae. 

However, mixing models displayed differences in the assimilation of food resources for 

these species. Sparisoma aurofrenatum seemed to have a similar diet than Acanthuridae, 

in terms of proportions of assimilated food items. These results were in accordance with 

the previous classification of herbivorous fishes into functional groups, since S. 

aurofrenatum, Acanthurus chirurgus and A. bahianus are defined as “grazers” in the 

literature (Bellwood and Choat 1990, Cardoso et al. 2009, Green and Bellwood 2009). 

S. rubripinne and S. chrysopterum are also classified as “grazer” but their diet differed 

from those of the previous species by a smaller contribution of invertebrates and detritus. 

Mixing models also indicated the contribution of coral to the diets of these two species. 

Few observations of live coral consumption have been recorded for these two species 

(Cardoso et al. 2009). However, Bruggemann et al. (1996) suggested that S. rubripinne 

and S. chrysopterum could be classified as excavators, leading to a probable consumption 

of corals.  

Scarus taeniopterus, S. iseri, S. vetula and Sparisoma viride were characterized by the 

assimilation of the coral Orbicella annularis. These four species, considered as 

“scrapers” and “bioeroders” for the larger species (Bruggemann et al. 1994, Cardoso et 

al. 2009), are able to bite into corals because of their stronger jaws. While corals had not 

been identified as a main item in their diet (Randall 1967), these species have been 

observed feeding on live corals (Frydl and Stearn 1978, Rotjan and Lewis 2008, Cardoso 

et al. 2009, Roff et al. 2011). In the present study, the results of mixing models showed 

that corals could represent important inputs of carbon and nitrogen to the diet of these 
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three species. Mixing models also suggested a considerable assimilation of fleshy 

macroalgae by these species even if small amounts of macroalgae were found in the 

digestive contents of these species. Macroalgae may have been highly broken by the 

powerful jaws of Scaridae and quickly digested. That could explain the large part of 

unidentified organic matter found in gut contents.  

Even if the consumption of macroalgae has been described before (Cardoso et al. 2009, 

Burkepile and Hay 2011), herbivorous fishes are known to avoid mature erect 

macroalgae, leading to an incapacity for them to reverse a coral-algal phase-shift once it 

is established (Mumby 2006, Francini-Filho et al. 2010, Kopp et al. 2010). The important 

contribution of fleshy macroalgae calculated with mixing models, could be linked to the 

consumption of macroalgae at a juvenile stage present in algal turf, which were excluded 

from turf during the preparation of samples.  

Herbivorous fishes do not occupy the same single trophic niche on the studied reefs. 

These results indicated a high functional diversity among herbivorous fishes in the 

Caribbean, even if their specific richness is relatively low compared to other regions of 

the world (Choat et al. 2002, Bellwood et al. 2003, Bonaldo et al. 2006, Choat et al. 

2004).  

 

4.2. Resource use by herbivorous fishes 

Corals and benthic invertebrates presented the highest nutritional quality. Fish that were 

able to consume corals (parrotfishes) assimilated this source in large proportions. 

However, mixing models could have overestimated the contribution of corals to their 

diet, precisely because of its high nutritional quality (Newsome et al. 2011). Indeed, 

Newsome et al. (2011) suggested that, for animals fed with moderate to high amounts of 

protein foods, mixing models can overestimate the contribution of dietary protein sources 
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to diet, because the incorporation of dietary protein carbon was dependent on dietary 

protein content and on each amino acid’s biosynthesis pathway. Benthic invertebrates 

also presented a high nutritional quality. While few were found in gut contents, benthic 

invertebrates contribute to the diets of several species, especially Acanthuridae. It is 

possible that invertebrates were ingested by fishes but quickly digested and thus difficult 

to identify in gut contents. Acanthophora spicifera and Dictyota cf pulchella presented an 

intermediate nutritional quality. In mixing models, these two macroalgae species were 

grouped in the same food category (“fleshy macroalgae”) because of their similar isotopic 

signatures. The results showed that herbivorous fishes assimilated fleshy macroalgae in 

large proportions, but we suggested that A. spicifera contributed more to the assimilation 

of fleshy macroalgae than Dictyota cf pulchella, because A. spicifera has often been 

described as a highly palatable macroalgae in studies assessing grazing pressure by 

herbivorous fishes (Lewis 1985, Reinthal and Macintyre 1994). At the same time, the low 

palatability of Dictyota sp for herbivorous fishes was explained by its high content of 

deterrent molecules (Vallim et al. 2005, Fong and Paul 2011). The high assimilation of 

fleshy macroalgae could also be linked to other macroalgae species, because fleshy 

macroalgae can have very close isotopic signatures at the same site (Dromard et al. 

2013). Previous studies demonstrated the important role of detritus in the diet of 

herbivorous fishes (Crossman et al. 2001, Wilson et al. 2003, Crossman et al. 2005, 

Ferreira and Gonçalves 2006, Max et al. 2013). In this study, detritus represented an 

intermediate nutritional quality and was assimilated by fishes, probably because it 

constitutes tiny easily digestible particles. Algal turf has been described as the major food 

resource for herbivorous fishes, principally because of the presence of detritus in the mat 

(Hatcher 1983, Horn 1989, Choat et al. 2002, Wilson et al. 2003). This information was 

verified here because the turf showed a lower nutritional quality than detritus. In this 
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study, fishes that assimilated the highest amount of algal turf (Acanthuridae, Scarus 

taeniopterus and Sparisoma aurofrenatum) also complemented their diet with the 

assimilation of fleshy macroalgae, invertebrates or corals and detritus. Calcified 

macroalgae showed the lowest nutritional quality, with small concentrations of 

macronutrients, in addition to their calcareous contents. Consequently, herbivorous 

fishes, especially Scaridae, presented low assimilations of calcified macroalgae. 

According to Montgomery and Gerking (1980), the ingestion of calcified macroalgae 

seems to be independent of a nutritional function and could be used to grind other food 

items. Calcified macroalgae contributed principally to the diet of Acanthuridae, probably 

because their muscular stomachs enable them to ingest this type of source, in contrast to 

other herbivores (Scaridae, Pomacentridae, Kyphosidae). Thus, the resources use by 

herbivorous fishes depends on several factors as the nutritional quality of sources or their 

physical structure (presence or absence of calcareous contents or carapaces). The use of 

other food sources is linked to the capacity of some fishes to collect them (such as corals 

for some parrotfishes).  

To our knowledge, this study is the first assessment of resource assimilation by 

herbivorous fishes in the Caribbean, using an isotopic approach. Mixing models 

highlighted the contributions of food sources, especially those that were difficult to 

identify in digestive contents or by direct observations, such as detritus or coral tissue. 

However, the use of mixing models is widely open to debate (Fry 2013a, Fry 2013b, 

Semmens et al. 2013) and the results have to be interpreted with caution. First, the 

fractionation factors used in this study were chosen according to the literature. However, 

these factors are difficult to evaluate and the use of different factors can slightly influence 

the results of the mixing models. Different fractionation factors have been suggested for 

herbivorous fishes (Mill et al. 2007, Wyatt et al. 2010) but no one have been specifically 
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identified for Scaridae. Secondly, even if the principal resources were collected at the 

studied site, coral reefs are complex systems and missing resources could also change the 

contributions calculated in the present study.  

 

5. Conclusions 

In the present study, we described different types of trophic niches among Caribbean 

herbivorous fishes, occupied by one or several species. This diversity could result from a 

feeding strategy to share the food resources on reefs and to avoid competitive interactions 

between fish species from similar functional groups. The diversity of trophic niche 

implies that herbivorous fishes play different ecological roles on reefs, partitioning their 

food resources. The functional diversity of herbivorous fishes, based on both stable 

isotope and gut content analyses, was demonstrated in the Indian Ocean (Plass-Johnson et 

al. 2013) but is highlighted for the first time, to our knowledge, in the Caribbean with the 

present study. Herbivorous fishes are often overfished in the Caribbean region (Mumby et 

al. 2006). Due to the importance of their complementary ecological roles on coral reefs, it 

appears primordial to think about their conservation and to maintain their diversity in the 

Caribbean. 
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Figures  
 

 
Fig. 1. Location of the study site in Guadeloupe (Lesser Antilles). 
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Fig. 2. Proportions of food categories (% of point-intercept based on 10,000 observations 

per fish species) measured in gut and stomach contents of fishes.  
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Fig. 3. Mean (± 95% CI) δ13C and δ15N signatures of fish muscles and the potential food 

sources (close symbols indicate consumers and open symbols show the potential 
food sources). 
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Fig. 4. Mean contribution of food sources to the diet of fish, estimated with mixing 

models. Fleshy macroalgae: Dictyota cf pulchella and Acanthophora spicifera, 
Coral : Orbicella annularis. 
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Table 1 Mean total length TL in cm (range) of the ten studied fish species. Suggested functional 
groups and principal food items are reported from the literature. « Algae » indicate both 
macroalgae and epilithic algal turf. Food items into brackets are secondary food sources cited in 
the literature. 

	
a Randall (1967); b Cardoso et al. (2009); c Ferreira and Gonçalves (2006); d McAfee and Morgan 
(1996), e Green and Bellwood (2009); f Rotjan and Lewis (2008) 
	
Table 2 Mean ± CI δ13C (‰), δ15N (‰) of food sources and consumers used in mixing models. 
Mean ± CI elemental concentrations ([C]% and [N]%) of sources were also used in mixing 
models. Fleshy macroalgae: Dictyota cf pulchella and Acanthophora spicifera. n is the number of 
samples collected on the reef. 
	
Sample types n δ13C (‰) δ15N (‰) [C]% [N]% 
Detritus 5 -18.2 ± 0.1 2.2 ± 0.1 6.8 ± 0.1 0.8 ± 0.02 
Algal Turf 5 -19.0 ± 0.6 1.7 ± 0.2 7.6 ± 1.0 2.1 ± 0.5 
Fleshy macroalgae 6 -14.7 ± 0.2 1.0 ± 0.2 12.3 ± 3.0 1.9 ± 0.2 
Amphiroa fragilissima 3 -18.3 ± 0.02 3.4 ± 0.2 17.4 ± 5.8 9.2 ± 0.8 
Tricleocarpa fragilis 6 - 16.2 ± 0.4 3.3 ± 0.2 24.0 ± 4.2 8.5 ± 0.5 
Orbicella annularis 7 -14.9 ± 0.6 2.5 ± 0.1 44.8 ± 2.4 6.7 ± 1.2 
Benthic invertebrates 5 -15.6 ± 0.4 4.9 ± 1.1 44.5 ± 1.1 7.5 ± 0.4 

	
	

Fish species TL (cm) Functional groups b,c,e Food items 

Acanthurus bahianus 17.0 (16−19) Grazer Algae and organic detritus a,c 

Acanthurus coeruleus 22.0 (16−26) Browser Algae c/Algae and organic 
detritus a 

Acanthurus chirurgus 19.0 (16−23) Grazer Algae and organic detritus a,c 

Scarus iseri 19.0 (17−22) Scraper Algae a/Macroalgae b/Turf d 

Scarus taeniopterus 21.0 (19−25) Scraper Algae a/Macroalgae b/Turf b/ 
(corals b,f) 

Scarus vetula 24.0 (19−37) Scraper/ 
Bioeroder 

Algae a/Macroalgae b/ 
(corals b,f) 

Sparisoma viride 26.0 (24−30) Bioeroder Algae a/Macroalgae b/Turf b/ 
(corals b,f) 

Sparisoma aurofrenatum 20.3 (19−23) Grazer Algae a,d/Macroalgae 
b/(corals b,f) 

Sparisoma chrysopterum 26.0 (19−34) Grazer Algae a/Macroalgae b 

Sparisoma rubripinne 20.0 (16−30) Grazer Algae a/Macroalgae b 

 

 


