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AbStRACt. Many damselfishes (Pomacentridae) are herbivorous or omnivorous with an important contribution 
from different kinds of algae in their diet. they display different levels of territoriality and farming behavior, 
from almost non territorial to monoculture farmers. In addition, a few species inhabit seagrass meadows but, 
presently, none can be considered as seagrass-eating specialists. the footballer demoiselle, Chrysiptera annulata, 
is found in the seagrass meadows on the reef flat of the Great Reef of Toliara (Madagascar, Mozambique 
Channel). In the light of this unusual habitat for a pomacentrid, this study aimed to answer three questions: 
1) What is the diet of C. annulata? 2) Do the resources supporting this diet include seagrass? 3) Does its trophic 
niche overlap those of other sympatric damselfishes (Pomacentrus trilineatus, Chrysiptera unimaculata and 
Plectroglyphidodon lacrymatus) living in close association with macrophytes or eating algae? Stomach content 
examination and stable isotope analysis showed that the footballer demoiselle is not a seagrass consumer but is 
an omnivorous/herbivorous species heavily relying on algal resources and small invertebrates. SIAR, a stable 
isotope mixing model, indicated it assimilated large amounts of turf algae, and various benthic or planktonic 
invertebrates in lower proportions. SIBER metrics revealed that the isotopic niche of the footballer demoiselle 
partly overlaps that of its congener, C. unimaculata, but not those of P. trilineatus and P. lacrymatus. trophic 
strategies of C. annulata differed both from farming species such as P. lacrymatus and from less territorial 
herbivores such as P. trilineatus. Its seagrass meadow habitat on the Great Reef of Toliara allows the conquest 
of an unusual habitat for damselfishes and could limit competition with C. unimaculata, a species displaying the 
same territorial behavior and the same isotopic niche but living on the reef itself. 

KEy WoRDS: herbivory, stable isotopes, coral reef, seagrass, trophic niches, Western Indian ocean, SIAR, 
SIbER.

INTroducTIoN

The Great Reef of Toliara (SW Madagascar, 
Mozambique Channel) was once one of the most 
diverse coral reefs in the Western Indian ocean 
(WIo) (Pichon, 1978). Unfortunately, recent 
observations highlight drastic changes in its 
biodiversity (harris et al., 2008; andréfouët 
et al., 2013). Coral cover has drastically 
decreased on the reef flat with the disappearance 
of branched Acropora spp. (harris et al., 2008) 
whereas macroalgae cover has significantly 
increased between 1978 (Pichon, 1978) and 
2008 (harris et al., 2008). Concomitantly, fish 
communities have also changed as they were 

previously dominated by carnivores (harmelin-
ViVien, 1979) and are now dominated by herbi-
vores and omnivores (harris et al., 2008). 

Since large herbivore biomass is strongly 
affected by overfishing on the Great Reef of 
toliara, most of the remaining herbivores are small 
species such as damselfishes (Pomacentridae) 
(harris et al., 2008; frédérich, pers. obs). 
Herbivorous fishes display a high trophic 
diversity due to differences in ingested species, 
nutritional strategies, eco-morphological 
adaptations, contribution from other food sources 
or foraging patterns (choat et al., 2004; fox 
& Bellwood, 2013; Bellwood et al., 2014). 
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For example, some species may be classified as 
“roving herbivores” (or foragers), sometimes 
forming schools, having no feeding territories 
(or very large territories) and/or exploiting 
diverse habitats for feeding (frédérich et al., 
2009; Gullström et al., 2011; Plass-Johnson 
et al., 2013). others may be solitary, territorial 
and restricted to a particular area for feeding 
(fishelson, 1998; ceccarelli et al., 2005). An 
extraordinary adaptation of some damselfishes 
is to garden these small territories, determining 
the algal community and abundance within the 
small area they defend against conspecifics and 
other herbivores (ceccarelli et al., 2005). The 
occurrence of multiple herbivorous damselfish 
species raises the question of the diversification 
and overlap of trophic niches among these species.

the footballer demoiselle, Chrysiptera 
annulata (Peters, 1855), is one of the smallest 
pomacentrids (fishelson, 1998). It is a Western 
Indian ocean (WIo) species, inhabiting reef flats 
of the southern Malagasy coast (GilliBrand et 
al., 2007) but also other islands of the Mozambique 
Channel (wickel et al., 2014) as well as the 
East African coast (GarPe & öhman, 2003) 
and the Red Sea (khalaf, 2004). Chrysiptera 
annulata is a solitary species, defending, against 
conspecifics, small areas (< 1m2) constituted by 
a small coral boulder often bearing macroalgae 
such as Padina spp., Sargassum spp or Turbinaria 
spp. (fishelson, 1998). on the Great Reef 
of toliara, C. annulata is almost restricted to 
subtidal seagrass meadows found on the reef flat. 
this particular habitat and territorial behaviour 
raise the question about the contribution of 
plant materials to its diet and about its potential 
consumption of seagrass. Seagrass consumption 
and/or assimilation by animals were traditionally 
considered as negligible to very low due to their 
low palatability (ceBrian, 2002). Nevertheless, 
seagrass herbivory is highly variable and its level 
differs in tropical and in temperate and high 
latitude seagrass meadows (heck & Valentine, 
2006). Indeed, tropical seagrass palatability 
is probably comparable to many macroalgae 
(klumPP et al., 1993) and more consumers than 
assumed before seem to depend on seagrasses 

for their food (Vonk et al., 2008). Among reef 
fishes, seagrass consumption is unambiguous for 
some scarid species (Gullström et al., 2011) 
but it is not demonstrated for pomacentrids living 
in seagrass beds (e.g. nakamura et al., 2003).

Stable isotopes have a long history as a powerful 
method allowing the assessment of trophic 
ecology of fishes and other animals (layman et 
al., 2012). The method relies upon the fact that 
the isotopic composition of a consumer is the 
weighted average of the isotopic compositions 
of its food sources, modified by the net isotopic 
fractionation between diet and animal tissues (i.e. 
the change of the isotopic composition of food 
sources during food processing, assimilation 
and metabolism). A more recent application of 
stable isotopes analysis is to characterize the 
trophic niche using the isotopic variability inside 
communities, species or populations (layman et 
al., 2007; newsome et al., 2007). This so-called 
“isotopic niche” is generally used as a proxy of 
the trophic niche.

Here, we used measurements of carbon and 
nitrogen isotopic ratios and stomach content 
analysis to investigate trophic ecology of C. 
annulata in the seagrass meadows from the 
Great Reef of Toliara. our first objective was 
to determine whether this damselfish was 
herbivorous and whether the consumption 
of seagrass could represent an unexpected 
specialization of this species. our second 
goal was to test the hypothesis that different 
herbivorous damselfishes may have different 
isotopic niches in relation to differences in 
their habitat, feeding strategy or behaviour. 
We have therefore compared the isotopic niche 
of the footballer demoiselle to those of three 
other damselfishes from the Toliara great reef: 
(1) Pomacentrus trilineatus Cuvier 1830, an 
omnivorous species with significant contribution 
from algae in its diet (frédérich et al., 2009), 
often living in small aggregations on the coral 
reef flat and considered as a less territorial species 
(gregarious polydomous sensu fishelson, 
1998); (2) Chrysiptera unimaculata (cuVier, 
1830), an algivorous species also living on the 
coral reef flat (frédérich et al., 2009) and being 
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territorial but not considered as a strict farmer in 
this location (frédérich, personal observation); 
and (3) Plectroglyphidodon lacrymatus (Quoy 
& Gaymard, 1825), a well-known territorial 
farming species (Jones et al., 2006) living in the 
lagoon (frédérich et al., 2009).

MaTErIaLs aNd METhods

Chrysiptera annulata (n = 35) were sampled 
by scuba diving in May 2011 on the flat of the 
Great Reef of Toliara (6 m depth at high tide, less 
than 3 m at low tide). Thirty individuals were 
sampled in monospecific Halophila stipulacea 
seagrass patches or Syringodium isoetifolium-
dominated polyspecific patches (secondary 
species: Cymodocea rotundata and Halodule 
uninervis). Five were collected close to this area 
in a site with coral boulders colonized by brown 
algae (Sargassum spp.) but without seagrass 
meadows. Fish were always closely associated 
to little rocks or coral rubbles (territories less 
than 1m2 and almost equal between individual) 
bearing sometimes large erect brown macroalgae 
(Sargassum spp. or Turbinaria sp. for example), 
foliose macroalgae (e.g. Padina spp.) and smaller 
erect (Hypnea spp.) and always turf macroalgae 
(Polysiphonia spp.), growing on the boulder or 
as epiphytes of large erect algae. Each territory 
was defended by one individual and occupied 
by 1 to 4 individuals. All C. annulata specimens 
were collected between 9:00 and 12:00 am after 
being anesthetized with clove oil. Twenty-nine 
specimens of Pomacentrus trilineatus were also 
collected from two sites distant a few hundred 
metres and close to the area where we caught C. 
annulata specimens. Specimens of Pomacentrus 
trilineatus were caught along the slope of small 
water basins locally called “vasques”, which 
constitute deeper water areas within the reef 
flat and are colonized by living corals but were 
devoid of seagrass patches. 

After their capture, fishes were brought to the 
surface, killed by immersion in MS-222 and 
placed on ice before return to the laboratory. 
In the laboratory, standard length (SL) was 
measured to the nearest mm with a Vernier 

calliper and fishes were dissected to collect 
samples (approx. 2 cm3) of lateral muscle tissue 
for stable isotope analysis. the entire digestive 
tract was then removed and conserved in 70% 
ethanol for stomach content analysis. 

For each individual, potential food sources 
(i.e. seagrass, erect macroalgae, their respective 
epiphytes and other macroalgae attached to rocks 
and rubbles) were also sampled for isotopic 
analysis. Potential animal food sources such 
as zooplankton and small benthic invertebrates 
(e.g., isopods and harpacticoid copepods) were 
taken from the fish collection site according to 
the methodology described in frédérich et al. 
(2009). Suspended particulate organic matter 
was collected by filtering five litres per sample of 
pre-sieved (250 μm) seawater from the collection 
site on a glass fibre filter (GF/C, Whatman).

stomach content analysis

Stomachs were opened and their contents 
visually examined using a Wild M10 binocular 
microscope. First, the methodology of wilson & 
Bellwood (1997) was used in order to quantify 
food items. Stomach contents were spread over 
a Petri dish, covering a 15 × 15 square grid 
(5 × 5 mm) placed underneath. For each of 50 
randomly marked grid quadrats, the dominant 
item (by area) was recorded, along with any 
other material present in the quadrat. The data 
were condensed into seven categories: turf 
algae, erect macroalgae, seagrass, sessile benthic 
invertebrates, vagile benthic invertebrates, 
zooplankton and undetermined (i.e. item 
impossible to identify). Then, we calculated the 
contribution of each category within stomach 
content, and values for each category were 
expressed as the percent of quadrats in which 
that category was dominant. Finally, we also 
calculated the percentage of occurrence of each 
of the seven food categories (hysloP, 1980). 

stable isotope analysis

Samples of lateral muscle tissue from 
C. annulata and P. trilineatus and potential 
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food sources were dehydrated for 24h at 50°C 
before being ground into an homogenous 
powder. After grinding, samples containing 
carbonates (calcified algae, zoobenthos and 
zooplankton) were placed for 24 h under a 
glass bell with fuming HCl (37%) (Merck, for 
analysis quality) in order to eliminate calcareous 
material. Carbon and nitrogen stable isotope 
ratios of fishes were analysed on an IR-MS 
(Isotope Ratio Mass Spectrometer, VG optima, 
Micromass, UK) coupled to an N-C-S elemental 
analyser (NA1500, Carlo Erba, Italy). Isotopic 
ratios of food sources were measured on IR-
MS (Isoprime 100, Isoprime, UK) coupled with 
N-C-S elemental analyser (Vario Microcube, 
Elementar, Germany). Stable isotope ratios were 
expressed in δ notation according to coPlen 
(2011). Certified materials were IAEA-N1 
(δ15N = +0.4 ± 0.2‰) and IAEA CH-6 (sucrose) 
(δ13C = –10.4 ± 0.2‰). Routine measurements 
were precise to within 0.3‰ for both δ13C and 
δ15N.

data treatment and statistics

the stable isotope mixing model SIAR 
(Stable Isotope Analysis in R) was used to 
estimate the relative contribution of different 
prey species (isotopic sources) to the diet of 
footballer demoiselle (Parnell et al., 2010). 
SIAR (Version 4.2) was fitted in R (R 3.1.3, 
R Development Core Team 2008) including 
isotopic compositions of each consumer, 
isotopic compositions of food sources and 
trophic enrichment factors (TEFs; expressed as 
mean ± SD) that correspond to the net isotopic 
composition change between a consumer and its 
ingested food source(s). Model was run with the 
following potential food sources: zooplankton, 
zoobenthos and turf algae. For carbon, we have 
used a unique TEF factor of 1.6 ± 0.5 ‰ which 
was already used by dromard et al. (2015) 
and is in the range of generally observed tEF 
for 13C in omnivorous fishes (Plass-Johnson 
et al., 2013). TEFs for nitrogen were adapted 
according to food type potentially assimilated by 
the fish. For algal sources, we have used a TEF 
of 5.1 ± 0.6 ‰ (adapted from mill et al., 2007), 

which is observed for farmer damselfishes such 
as Stegastes spp. (hata & umezawa, 2011) or 
herbivorous scarids and acanthurids (mill et 
al., 2007). For animal sources, we have used a 
TEF for nitrogen of 2.3 ± 0.5 ‰, calculated by 
dromard et al. (2013) using equations of caut 
et al. (2010). Model was run with 106 iterations 
and burn-in size was set as 105. Model solutions 
were presented using credibility intervals 
of probability density function distributions 
(Parnell et al., 2010).

Isotopic niche parameters were computed 
using SIBER (Stable Isotope Bayesian Ellipses 
in R; Jackson et al., 2011), a part of the R 
package SIAR (see above). Isotopic data used for 
C. unimaculata and Pl. lacrymatus come from 
frédérich et al. (2009). They were measured 
on fish taken close to the present study location 
(less than 500 m) in 2008, measured in the same 
laboratory using continuous flow EA-IRMS. 
SIBER was used to generate bivariate standard 
ellipses that represent core isotopic niches of 
consumers. Areas of the ellipses associated 
to each species (SEAb) were computed using 
Bayesian modelling (106 iterations), and direct 
pairwise comparisons of SEAb were performed. 
Model solutions were presented using credibility 
intervals of probability density function 
distributions.

Relationship between stomach contents and 
fish size were tested through linear regressions. 
Differences among stable isotopic compositions 
of food sources and consumers were tested using 
a non-parametric Kruskal-Wallis test, because 
conditions for parametric approach were not 
respected for all groups. Dunn’s Multiple 
Comparison Tests were used to assess pairwise 
differences when Kruskal-Wallis revealed 
statistically significant effects. A Mann-Whitney 
U test was used to test difference between the 
stable isotopes composition of P. trilineatus in 
their two sampling locations. All test results were 
considered as significant when p was ≤ 0.05. 
Statistical analyses were conducted using Prism 
5.04 (GraphPad Software, La Jolla, U.S.A.).
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rEsuLTs

stomach contents of Chrysiptera annulata

Stomach contents are composed of diverse 
fractions but are dominated by filamentous turf 
algae (Table 1, Fig. 1). 97% of fish showed turf 
algae in their stomach content (Table 1) and this 
item accounted for more than 55 % of the stomach 
content in the great majority of studied specimens 
(Fig. 1). The relative amount of turf algae was 
the only item that was positively correlated to 
fish size (R2= 0.20; p= 0.01; Fig. 1). Seagrass 
fragments were observed in the stomach of only 
two specimens (6% frequency of occurrence), 
despite the fact that 30 individuals out of 35 were 
caught on small territories at the border of or 
within seagrass patches (Table 1). The amount of 
erect macroalgae found in stomach contents was 
generally negligible. Zooplankton contributed 
importantly to the diet of smaller specimens. this 
contribution tended to decrease as size increased 
and was equal to zero from a size of 50 mm SL 

(Fig. 1) (R2= 0.20; p<0.01). Vagile benthic fauna 
was found in 36% of individuals and was mainly 
present in individuals from 25 to 50 mm SL 
(Fig. 1). However its average contribution to the 
stomach content was lower than zooplankton. 
Undetermined items were found in 96% of 
individuals, and may represent a non-negligible 
part of stomach contents (Table 1). 

stable isotopes composition of food sources 
and their potential consumers

No significant difference was found in δ15N 
values of potential food sources (Kruskal-
Wallis test, p >0.05) (Fig. 2). on the other 
hand, food sources varied significantly in their 
δ13C values (Kruskal-Wallis test, p <0.05). 
There were significant differences between 
δ13C values of Sargassum spp. and of the 
two dominant seagrasses H. stipulacea and 
S. isoetifolium (Dunn’s Multiple Comparison 
Test, p<0.05; Fig. 2). δ13C values of seagrasses 
differed significantly from those of zooplankton 

Fig. 1. – Contribution from three food categories (%) vs standard length (mm) of the footballer demoiselle, 
Chrysiptera annulata (n=33).
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tAbLE 1

Stomach content analysis (%) and occurrence frequency (%) in stomachs of Chrysiptera annulata (n=35).

Fig. 2. – δ13C vs δ15N of potential food sources (mean ± sd), Chrysiptera annulata and the two populations of 
Pomacentrus trilineatus (individual data points, n= 35 and n=29, respectively).

Turf algae Zooplankton Zoobenthos seagrass Fish scales undetermined
Mean (± SD) 70.1±16 7.1±12.1 3.6±7.5 0.1±0.6 0.8±2.4 18.2±9.6
Minimum 25.7 0.0 0.0 0.0 0.0 0.0
Maximum 93.3 48.6 37.1 25 11.1 33.3
occurrence frequency 97 48 36 6 12 94

(Dunn’s Multiple Comparison Test, p <0.05) 
but not from those of zoobenthos. Zoobenthos 
δ13C values differed significantly from those of 
Sargassum spp. (Dunn’s Multiple Comparison 
Test, p <0.05). δ13C values of associated 
organisms (i.e. seagrass epiphytes, Sargassum 
epiphytes or macroalgae growing within the 
territories) did not differ from each other or 
from their host plant, except Padina sp. whose 
δ13C values differed significantly from those 
of Sargassum spp. and zooplankton (Dunn’s 
Multiple Comparison Test, p <0.01).

δ13C and δ15N values of C. annulata varied 
between -13.9 and -16.2 ‰ (mean ± S.D., -15.1 
± 0.6‰) and between 7.8 and 8.8 ‰ (mean 
± S.D., 8.2 ± 0.2‰), respectively (Fig. 2). 
SIAR modelling output (Fig. 3) indicated that 

zoobenthos contributed the least in the diet 
of C. annulata (mean: 22%, 95% credibility 
interval 15-29%). Algae contribution to the 
diet was the more variable (mean: 35%, 95% 
credibility interval 23-48%) and zooplankton, 
upon average, represented the most important 
food sources in the C. annulata diet (mean: 43%, 
95% credibility interval: 35-50%).

δ15N values of P. trilineatus varied significantly 
between the two sampling locations (Mann-
Whitney U test, p <0.05; Fig. 2). 

Isotopic niche parameters

There was relatively little overlap among the 
isotopic niches of the four damselfish species 
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(Fig. 4a). There was no overlap at all between 
the two groups of P. trilineatus or between 
Pl. lacrymatus and the four other groups. the 
highest overlap was between C. annulata and 
C. unimaculata (0.171 ‰2, i.e. about 40% of the 
isotopic niches of both species). Standard ellipse 
area (SEAb) of C. annulata was similar to the 
one of C. unimaculata, Pl. lacrymatus and the 
P. trilineatus of location 1, but was smaller than 
the one of the P. trilineatus of sampling location 
2 in 97.44% of model estimates (Fig. 4b).

dIscussIoN

Analyses of stomach contents and stable 
isotopes demonstrate that C. annulata is an 
omnivorous/herbivorous species heavily relying 
on algal resources on the Great Reef of toliara. 
our findings on the animal contributions 
to stomach contents are in agreement with 
previous studies (harmelin-ViVien, 1979; 
allen & randall, 1980) but show also that 
turf algae are the dominant food item ingested 

by all individuals, except by the smallest ones. 
this is not astonishing since turf algae are 
often dominant in the stomach contents of 
omnivourous/herbivorous damselfishes (Jones 
et al., 2006; frédérich et al., 2009; dromard 
et al., 2013). on the other hand, stable isotopes 
and SIAR modelling suggested that planktonic, 
and to a lesser extent, benthic animals were also 
important contributors to the diet of the footballer 
demoiselle. three non-exclusive hypotheses 
can explain these apparent discrepancies. 
Firstly, stomach contents indicated that small 
individuals ingest more animal preys than do 
larger ones, and that turf algae progressively 
dominated the diet during growth. Measured 
isotopic compositions in fish muscle represent 
integration from the fish diet probably over a 
period of 1-2 months, as opposed to stomach 
contents, which are snapshots of the diet (e.g. 
caut et al., 2010). Therefore, even for large 
individuals, stable isotope composition could 
reflect the contribution of animal consumption 
from past month(s). Secondly, stable isotopes 

Fig. 3. – Boxplots showing relative contributions of potential food items to Chrisyptera annulata diet, computed 
using the SIAR model. Dark, median and light grey boxes are respectively the 50%, 75% and 95% credibility 
intervals of the probability of density function distributions of the model solutions
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Fig. 4. – (a) Isotopic niches of Chrysiptera annulata, Chrysiptera unimaculata, Plectroglyphidodon lacrymatus 
and Pomacentrus trilineatus groups 1 and 2. Solid lines represent the bivariate standard ellipses associated to 
each group. (b) Boxplots of model-estimated bivariate standard ellipse area (SEAb). Dark, median and light 
grey boxes are respectively the 50%, 75% and 95% credibility intervals of the probability of density function 
distributions of the model solutions, and black dots are the modes of these distributions.

4A

4B
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focus on the assimilated part of the diet rather 
than the ingested one. the animal fraction 
could be more easily digested than algae and 
therefore could be rapidly degraded (kramer 
et al., 2013), contributing to the undetermined 
part of the stomach content (between 0 and 33% 
of examined stomach contents). Thirdly, these 
undetermined items could be processed animal 
tissues but also detritus of animal origin (e.g. 
faeces) or mucus produced by corals embedded 
with organic debris (wilson et al., 2003). Such 
material is known to compose sometimes a large 
part of the diet in coral reef fishes (wilson et 
al., 2003). Here, these sources were impossible 
to take into account in our SIAR modelling, but 
dromard et al. (2013) reported contributions 
of about 30% of detritus in the diet of Stegastes 
planifrons and Stegastes adustus. 

The diet of our species may be qualified as 
omnivorous with an important contribution 
of algal material. Such mix between animal 
and vegetal food sources is not uncommon in 
damselfishes (frédérich et al., 2009). In farming 
species such as Stegastes nigricans, hata & 
umezawa (2011) observed a higher abundance 
of animal prey inside damselfish territory than 
outside, suggesting that these animals were 
also gardened and contributed significantly to 
S. nigricans diet. other herbivorous fishes such 
as Scaridae also massively ingest the animals 
(mainly crustaceans) associated with turf algae 
(kramer et al., 2013). This supplementary 
food may provide adequate nutritional balance 
to individuals, with algae providing energy and 
animals supplying proteins (rauBenheimer et 
al., 2005). The animal contribution to the diet of 
C. annulata decreases during growth and thus, 
the balance of animal and vegetal food sources 
varies across its ontogeny. Such ontogenetic 
diet variation has also been highlighted in other 
damselfish species (frédérich et al., 2010).

We also questioned if consumption of seagrass 
could represent an unexpected specialization of 
the footballer damselfish. Seagrasses in stomach 
contents were infrequent and represented 
only small amounts of material, suggesting 
“accidental” ingestion. Seagrasses were not a 

target food source for C. annulata, as stomachs 
of specialized seagrass grazers are generally full 
of seagrass pieces (haVelanGe et al., 1997; 
Gullström et al., 2011). Therefore, C. annulata 
did not use seagrasses as a food source but used 
meadows mainly as habitat. More importantly 
than seagrasses, the presence of small coral or 
rock boulders is determinant for the habitat of 
C. annulata, allowing the delimitation of small 
territories for it to defend. This fits the habitat 
description given by fishelson (1998) and 
the one observed in Mayotte (wickel et al., 
2014) and Tanzania (GarPe & öhman, 2003). 
It might also explain why C. annulata may be 
found elsewhere on the reef flat than in seagrass 
meadows. In summary, inhabiting seagrass 
meadow is not linked to a trophic specialisation 
of this territorial species but is more likely a 
habitat divergence compared to other territorial 
herbivorous damselfishes.

Few genera of damselfish are territorial and 
practice gardening (hata & kato, 2002; 
ceccarelli et al., 2005; Jones et al., 2006) 
but this peculiar farming behaviour evolved 
several times during the evolutionary history 
of Pomacentridae (frédérich et al., 2013). 
Considering its territoriality, it is legitimate to 
examine if C. annulata may be considered as 
a gardener. In Stegastes spp., this gardening 
may ultimately lead to a Polysiphonia sp. 
monoculture (hata & kato, 2004). Although 
we did not detail the algal species present on 
each territory, it is evident that it was not a 
monoculture as in some Stegates spp. However, 
the fact that each C. annulata conserved large 
algae without consuming it on each territory 
could be evidence of another type of gardening 
behaviour where macroalgae are conserved 
to allow gardening of their epiphytes and 
where algal community diversity, abundance 
and successional pattern are significantly 
affected by the fish (ceccarelli et al., 2005). 
In this intermediary case, gardening does 
not necessarily result in a monoculture as in 
Stegastes nigricans (hata & kato, 2002).

our second objective was to compare the 
isotopic niches of four damselfishes displaying 



30 Gilles Lepoint, Loïc N. Michel, Eric Parmentier & Bruno Frédérich

an important contribution from algae in their 
diet. There was little overlap among the isotopic 
niches of the four studied species, except 
between the two Chrysiptera species. the 
weak overlap among species could indicate that 
they differed in terms of trophic resource use, 
although algae constitute a large part of their 
food (frédérich et al., 2009). Differences in 
these isotopic niches may be related to trophic 
differences (i.e. different algal species, different 
proportion of animals in the diet) but also to 
trophic behaviour (i.e. farmers vs. foragers) and 
habitats (coral boulders, seagrass meadows, 
“vasques”). Indeed, isotopic niche variability 
is also determined by isotopic variability of 
sources and this one could be related to spatial 
variability (flaherty & Ben-daVid, 2010). 
This was documented in the present study by 
the two populations of P. trilineatus differing 
significantly in their isotopic niches, probably 
partly because the isotopic composition of their 
food sources differs spatially. Nevertheless, 
we cannot reject the possibility that the two 
populations of P. trilineatus also differed in 
their trophic exploitation. In summary, isotopic 
niche must be seen as an integration of two axes 
of ecological niche: the trophic and the habitat 
axis (newsome et al., 2007; flaherty & Ben-
daVid, 2010). 

Despite very different habitats, the isotopic 
niches of the two Chrysiptera species overlapped 
significantly, showing they shared more food 
resources with each other than with P. trilineatus 
and P. lacrymatus. The two Chrysiptera species 
have a similar behaviour (i.e. defence of a 
small territory with algal cover) and, therefore, 
habitat difference in the toliara great reef 
(seagrass meadow vs. coral rubbles) between 
these two species could be essential to mitigate 
interspecific competition. Such potential 
competition among species is also observed for 
gardeners of Stegastes genus (dromard et al., 
2013). For the footballer demoiselle being one 
of the smallest damselfish in the area, inhabiting 
seagrass meadows could be a way to escape 
competition with other territorial damselfishes.

coNcLusIoNs

Chrysiptera annulata is an omnivorous 
species, mostly relying on algal material but 
complementing its diet with zooplankton and 
small zoobenthic organisms. Seagrass does not 
contribute significantly to its diet. Nevertheless, 
inhabiting seagrass meadow of the reef flat may be 
a way to reduce competition with other territorial 
herbivorous damselfishes that display similar 
trophic strategies. Our study revealed ecological 
variations among territorial damselfishes and 
efforts to study their role in this ecosystem must 
be encouraged.
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