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Abstract Parrotfishes are important components of the
herbivore and detritivore guilds of tropical and sub-
tropical reefs. Most of parrotfish species are protogy-
nous hermaphrodites that change colour and sex, from
initial phase females or males (IP) to terminal phase
males (TP). We studied the foraging behaviour of
Sparisoma amplum, S. axillare and S. frondosum, three
syntopic scarids on the rocky reefs of Fernando de
Noronha Archipelago, Tropical West Atlantic. The
three parrotfish species differed in food selection and
preference, but IP and TP individuals of the same species
preferred the same food types, except for S. amplum.
Feeding rates of IP individuals were higher than those of
TP individuals, but the distribution of feeding frequen-
cies throughout the day of IP and TP individuals of the
same species was similar. IP individuals had higher
feeding rates than TP ones, which seems related to the
fact that TP individuals spend a large amount of time
patrolling their territories and chasing away conspecific
individuals at the study site. The general foraging pat-
tern we found for S. amplum, S. axillare and S. frondo-
sum is similar to patterns found for other parrotfish
species in the Western Atlantic.

Introduction

Parrotfishes (Perciformes: Scaridae) include about 85
tropical and subtropical reef fish species (Helfman et al.
1997; Froese and Pauly 2005; Randall et al. 1997). In the
shallows scarids are diurnal foragers and important
components of the herbivore and detritivore guilds on
coral reefs (e.g., Bouchon-Navarro and Harmelin-Vivien
1981; Choat and Bellwood 1985; Lewis and Wainwright
1985; Wilson et al. 2003).

Most of the scarid species are protogynous her-
maphrodites that change colour and sex as adults, from
initial phase (IP) females or males to terminal phase (TP)
males, which defend territories and are aggressive mostly
towards conspecifics (Winn and Bardach 1957; Robert-
son 1972; Robertson and Warner 1978). Territorial
behaviour is well documented for some Caribbean par-
rotfish species (e.g., Barlow 1975; Buckman and Ogden
1973; Ogden and Buckman 1973; Van Rooij et al. 1996a,
b). TP males of Sparisoma spp. defend an area that
appears to have a dual function: reproduction and
feeding (Barlow 1975; Van Rooij et al. 1996a, c). In reef
areas where TP males establish territories, they spend a
large amount of time in the water column, apparently
patrolling their territories and chasing away conspecific
males (Van Rooij et al. 1996c). Thus, some studies in the
Caribbean found differences in the feeding behaviour of
IP and TP individuals of the same species, since IP
individuals have higher feeding rates and forage on
groups more frequently than conspecific TP males (e.g.,
Winn and Bardach 1960; Barlow 1975; Koltes 1993;
Bruggemann et al. 1994c; Van Rooij 1996a).

Parrotfishes are bottom foragers that feed on multi-
specific algal turfs, endolithic microalgae over dead
corals, seagrass, macroalgae, and live coral (Hiatt and
Strasburg 1960; Choat 1991; Bruggemann et al. 1994c;
Ferreira and Gonçalves 2005). Additionally, recent
studies found that some scarid species predominantly
ingest detritus (Wilson et al. 2003). Although scarids
were once regarded as a single herbivorous group,
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presently they are divided in two main functional groups
(excavators and scrappers), which differ in their feed-
ing apparatus morphology and foraging behaviour
(Bellwood and Choat 1990).

Four scarid genera are recorded in the Southwest
Atlantic, Cryptotomus, Nicholsina, Scarus and Spariso-
ma (Carvalho-Filho 1999; Humann and DeLoach 2002;
Froese and Pauly 2005). Sparisoma, recorded only in the
Atlantic, is the most speciose scarid genus in the Atlantic
(Bernardi et al. 2000; Streelman et al. 2002). This genus
is ecologically diverse, as it presents a wide range of
feeding modes and patterns of habitat use (Bernardi
et al. 2000; Streelman et al. 2002; Ferreira and Gonçal-
ves 1999). Moreover, Sparisoma species are behaviour-
ally more prone to browse larger items of the sessile
biota and have a slower feeding rate than the species in
the genus Scarus (Bruggemann et al. 1994c; Mc Afee and
Morgan 1996; Ferreira and Gonçalves 2005). Recent
taxonomic studies on the Southwest Atlantic parrotf-
ishes recognize five endemic species of Sparisoma, for-
merly misidentified as species ranging widely from the
Caribbean to Brazil (Moura et al. 2001; Gasparini et al.
2003). The species formerly identified for Brazil as
S. viride, S. rubripinne and S. chrysopterum are presently
recognized as S. amplum, S. axillare and S. frondosum
respectively (Moura et al. 2001). Sparisoma amplum is an
excavator, whereas S. axillare and S. frondosum are
browsers/scrapers (Ferreira and Gonçalves 2005). These
three species are syntopic at the Fernando de Noronha
Archipelago, off North-eastern Brazil, tropical West
Atlantic (personal observation). Recent records of
S. frondosum extend its range to Southeast Caribbean
(Humann and DeLoach 2002; L. A. Rocha personal
communication).

Although S. amplum, S. axillare and S. frondosum are
amongst the most abundant parrotfish species in shallow
reefs of theWestAtlantic (Carvalho-Filho 1999;Humann
and DeLoach 2002), there are very few detailed studies
about their foraging (e.g., Ferreira and Gonçalves 2005).
Information about foraging behaviour of abundant par-
rotfish species, as those studied here, are fundamental to
understand the impact of herbivore reef fishes in the
benthic community of the reefs (e.g., Ogden and Lobel
1978; Montgomery 1980; Lewis and Wainwright 1985;
Carpenter 1986). Additionally, it is well known that par-
rotfishes are very conservative in their morphology and
general foraging behaviour. However, the extent to which
local scale and behavioural partitioning during foraging
occurs are largely unknown, and these factors add to the
view that recent scarid evolution represents an adaptive
radiation (Streelman et al. 2002). Most parrotfish species
show different colour phases (IP and TP), an indicative of
different behavioural patterns, but few studies compare
the foraging of IP and TP individuals of the same species
(e.g., Bruggemann et al. 1994c; McAfee and Morgan
1996; Van Rooij 1996a).

We studied the foraging of S. amplum, S. axillare and
S. frondosum at Fernando de Noronha Archipelago,
addressing six questions: (1) Is there any food selection

while foraging by the three species as well as their two
adult phases? (2) If present, does the food selection differ
between IP and TP individuals of the same species and
amongst the three species? (3) Do the feeding rates of the
three species differ throughout the day? (4) Is there any
difference in the feeding rates of the IP and TP phases of
the same species? (5) Do the three species differ in the
period and microhabitat they occupy on the reef? (6) Do
the three species and their IP and TP phases forage
solitarily or in groups?

Materials and methods

Study site

The study was conducted at Fernando de Noronha
Archipelago (3o54¢S, 32o25¢W), 345 km off the coast of
NE Brazil (see Maida and Ferreira 1997 for map and
description), from June to July 2002 and May to July
2003. Our study site was at the Praia da Conceição, a
rocky shore with adjacent sand flat. The rocky shore is
covered mostly by brown, red and green algae, and
scarcely by the hydrocoral Millepora sp., the stony
corals Siderastrea sp. and Montastrea cavernosa, and by
colonial zoanthids. At the sand flat there are sparse
rocks covered by algal turfs and a mixed substratum
composed with sand and algae. This site was selected for
most observational sessions due to the abundance of IP
and TP individuals of the three Sparisoma species, and
depths adequate to observational sessions from close
quarters even while on water surface. During our study,
horizontal visibility ranged 8–25 m, and water temper-
ature was 27�C. Depth at the study site ranged 2–10 m.

Procedure

The foraging of the three Sparisoma species was
recorded over 22 non-consecutive days while snorkel-
ling. During observational sessions of 60–150 min, ‘‘fo-
cal animal’’ and ‘‘all occurrences’’ samplings (Altmann
1974; Lehner 1979) were used in 1,080 min of direct
observation. Observations were conducted at daytime
from morning (0900 h) to afternoon (1800 h). No night
time observations were conducted, as the three species
are inactive at night (Starck and Davis 1966; our per-
sonal observation).

Food selection and feeding frequency of the three
species were assessed by following individuals for 3–5 min
bouts and counting the number of bites on several food
types (modified from McAfee and Morgan 1996). A for-
aging bout is here defined as the period in which we fol-
lowed a foraging parrotfish and were able to precisely
note which food type it was foraging on. The food was
categorized in five main types: (1) algal turfs (sets of algae
composed mostly by Jania sp. and other microspecies
of red algae and filamentous green algae); (2) brown
macroalgae (Dictyota sp.,Dictyopteris sp. and Sargassum
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sp.); (3) green macroalgae (sets of algae composed by
Caulerpa verticillata or Cladophoropsis sp.); (4) mixed
substratum (matrix composedmostly by sand and a set of
algae: Jania sp., green calcareous algae, andDictyota sp.)
and (5) rocky substratum (volcanic rock either covered by
crustose coralline algae, or apparently bare). Food types
foraged infrequently (Millepora sp. and sand) and food
not foraged at all (anthozoan colonies) were combined
into a sixth category called ‘‘others’’. We also recorded
bites of Sparisoma on pieces of brown macroalgae (Dict-
yota sp., Dictyopteris sp. and Sargassum sp.) drifting in
the water column. However, this latter food type was not
included in the food selection analysis, since it was rarely
taken by the three studied species and because its avail-
ability changed throughout the day and daily. Individuals
were not followed over successive periods to lessen the
risk of biased samples (c.f. Birkeland and Neudecker
1981).

Of a total of 249 foraging bouts recorded, 60 were in
the morning (0900–1100 h), 76 in the ‘‘noon’’ (1101–
1400 h), 47 in the afternoon (1401–1600 h) and 66 in the
late afternoon (1601–1800 h). Additionally, from these
249 bouts, 69 were of S. amplum (50 of IP individuals
and 19 of TP ones), 83 were of S. axillare (47 of IP
individuals and 36 of TP ones) and 97 of S. frondosum
(46 of IP individuals and 51 of TP ones).

We assessed the availability of the five foraging food
types with 12 transects 25–35 m long and 2 m wide,
which started on the rocky shore and ended on the sandy
area where the three parrotfish species were still re-
corded feeding. Transects were video-recorded from a
standardised distance, and still video frames were ob-
tained from the whole transects to evaluate the avail-
ability of each food type. The transects covered about
50% of the total area used for foraging by the scarids.
The transects laid across the two reef zones because they
were very close to each other (Fig. 1) and the parrotf-
ishes moved constantly from an area to the other. Thus,
during the foraging bouts the same individual fish took
bites in both of the reef zones.

We assessed the parrotfishes’ distribution and social
organization while foraging by visual censuses in two
microhabitats, the rocky shore and the interface between
the rocky shore and the sandy flat, in two daytime
periods, morning (0900–1130 h) and afternoon (1500–
1700 h). We established 5·100 m2 transect lines and
recorded all Sparisoma adult individuals in view,
recording their species, phase, social organization (soli-
tary or groups), and number of individuals in the group
(modified from Brock 1954, 1982; Sale 1980; Lewis and
Wainwright 1985; McAfee and Morgan 1996). We
established 49 transects: 25 in the morning and 24 in the
afternoon (28 in the rocky shore and 21 in the sand flat).

Statistical analysis

The G test for goodness of fit was used to compare the
availability of each food type in the habitat with its use
frequency by each species and phase of the three par-
rotfish species (Zar 1999). The G test for contingency
table was used to compare the food selection by indi-
viduals of the three Sparisoma species. In this test, we
combined the initial and terminal phases of each
Sparisoma species. The G test for contingency table was
also used to compare the food selection by IP and TP
individuals of same species (Zar 1999). As all the phases
and species selected food while foraging, we used the
Ivlev’s electivity index (Krebs 1989) to verify the pref-
erence or rejection of each food type by each adult phase
and species. The electivity index was calculated as fol-
lows:

Ei =
ðri � niÞ
ðri þ niÞ

;

in which Ei is the electivity measure for the i food type; ri
is the percentage of bites of each species on i food type
and ni is the percentage of i food type in the studied site.
Electivity index varies from �1 to 1, in which values
close to +1 indicate higher preferences and values close
to �1 indicate lesser preference or avoidance (Krebs
1989). To generate a 95% confidence interval around the
observed Ei, we used non-parametric bootstrapping
procedures, in which individual fishes are used as sample
units (10,000 randomisations). The confidence limits are
determined using the percentile method (Manly 1997).
Additionally, we calculated the differences between the
recorded values of Ei for both initial and terminal phases
of a given species. We tested the significance of this
difference using a two-independent sample randomisa-
tion test (Manly 1997), in which individual fishes are
used as sample units (10,000 randomisations).

Three-way ANOVA was used to compare the number
of bites per min, i.e., feeding frequency among six cat-
egories (IP and TP individuals for three species) for
successive periods of daytime: morning (0900–1100 h),
noon (1101–1400 h), afternoon (1401–1600 h) and late
afternoon (1601–1800 h). In this test, species, phase and

Fig. 1 Distribution of the three reef zones at the Praia da
Conceição, Fernando de Noronha Archipelago. Since the relative
distribution of the reef zones is similar on the whole study site, only
part of it is here shown
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periods of daytime were fixed factors, while feeding rates
were considered as dependent variables. Since the three-
way ANOVA identified differences for most of the
parameters analyzed, we used three one-way ANOVA
to compare the feeding frequencies of each pair of
Sparisoma species (S. amplum · S. axillare, S. amplum
· S. frondosum, S. axillare · S. frondosum). Addition-
ally, we used two-way ANOVA for each species to
compare more specifically the feeding frequency between
two categories (IP and TP individuals of the same spe-
cies). In the two-way ANOVA for S. axillare and
S. frondosum we considered the four above-mentioned
periods. In the two-way ANOVA for S. amplum we
considered three periods: morning, afternoon, and late
afternoon, since we had few data on the feeding activity
of TP individuals of this particular species in the noon
period. In all the two-way ANOVA tests, we considered
phase and periods of daytime as fixed factors, while
feeding rates were considered as dependent variables.
For periods that the two-way ANOVA was significant, a
posteriori tests were made comparing period pairs to
identify which period(s) caused the differences. Data
were examined for normality of residuals and homoge-
neity of variances, and we used the logarithmic trans-
formation when the original data had no proprieties
needed for the parametric tests (Zar 1999).

The G test for contingency table was again used to
compare the number of individuals of each species in the
two main areas of the reef (rocky shore and interface).
This test was performed for two periods: morning and
afternoon (Zar 1999).

The G test for the 2·2 contingency table was used to
compare number of events in which the IP and TP
individuals of each species foraged solitary or in groups
(Zar 1999). The same test was used to compare the
number of groups at two main areas of the reef (rocky
shore and interface). This test was performed for two
daytime periods: morning and afternoon (Zar 1999).

Results

Food selection and preference

The three Sparisoma species foraged over the same
food types, but the proportional use of each type
differed amongst the three species. IP and TP indi-
viduals of the three parrotfish species selected food for
foraging (Table 1, Figs. 2, 3). The three species dif-
fered in their food selection (G10=370.16, P<0.001),
but the IP and TP individuals of the same species
showed similar food selection, except for S. amplum
(Figs. 2, 3, Table 2).

We found general patterns in the foraging of the three
Sparisoma species as well as their two IP and TP adult
phases, including their preference for foraging over algae
turfs and rocky substratum, and their avoidance of
brown macroalgae and the ‘‘other’’ food types (Fig. 3).

For the other two food types (mixed substratum and
green algae) the selection varied among the species.
Food selection is also affected by the phase for S. am-
plum, since the IP individuals showed higher preference
for algal turfs than the TP individuals (Fig. 3). On the
other hand, the IP individuals avoided mixed substra-
tum, which was preferred by the TP individuals (Fig. 3).
Additionally, green macroalgae, which were not selected
for foraging by S. amplum IP individuals, were strongly
avoided by TP individuals (Fig. 3). The latter difference
was also recorded for S. axillare IP and TP individuals
(Fig. 3).

We recorded two IP individuals of S. amplum and one
IP individual of S. frondosum taking bites of the hy-
drocoralMillepora sp. Additionally, all three species and
their two phases took occasional bites on floating pieces
of brown algae, mostly Dictyota sp., Dictyopteris sp.,
and Sargassum sp.

Feeding frequencies

We found differences in the feeding frequencies of the
three species (F2=4.46, P=0.0013). Sparisoma frondo-
sum showed the highest feeding frequencies (S. amplum
· S. frondosum: F1=0.68, P=0.041; S. axillare · S.
frondosum: F1=4.055, P=0.046), but S. amplum and
S. axillare were similar to each other in this respect
(F1=0, P=0.98; Fig. 4). The feeding frequencies of IP
individuals of S. amplum ð�x ¼ 4:97, sd ¼ 1:99Þ; S. axil-
lare (�x ¼ 5.17, sd ¼ 2.02) and S. frondosum (�x ¼
4.94; sd ¼ 2.30) were similar to each other, but TP
individuals of S. frondosum (�x ¼ 3.85; sd ¼ 2.24) had
higher feeding frequencies than TP individuals of S. am-
plum (�x ¼ 1.96; sd ¼ 1.75) and S. axillare
(�x ¼ 2.14; sd ¼ 1.73), Fig. 4. IP individuals of the
three species showed higher feeding frequencies than the
TP ones (Fig. 4, Table 2).

The pattern of diel feeding frequencies of IP and TP
individuals of the same species was similar. However,
S. amplum and S. axillare differed on their feeding rates
throughout the day, while S. frondosum did not
(Fig. 4). Sparisoma amplum increased its feeding fre-
quency throughout the day, while S. axillare showed its
highest feeding frequencies between 1100 and 1600 h
(Fig. 4).

Table 1 G test for goodness of fit for substrate selection by initial
(IP) and terminal (TP) phase individuals of Sparisoma amplum,
S. axillare and S. frondosum at Fernando de Noronha Archipelago

Species (phase) N df G P

S. amplum (IP) 33 5 1355.49 <0.001
S. amplum (TP) 18 5 261.036 <0.001
S. axillare (IP) 31 5 285.92 <0.001
S. axillare (TP) 29 5 105.59 <0.001
S. frondosum (IP) 31 5 324.94 <0.001
S. frondosum (TP) 30 5 306.34 <0.001
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Distribution on the reef

We recorded a total of 403 Sparisoma spp. individuals
on the transects. From these, 38 were S. amplum (35
IP individuals and three TP ones); 219 S. axillare (210
IP individuals and nine TP ones); and 154 S. frondo-
sum (75 IP individuals and 79 TP ones). Sparisoma
amplum and S. axillare were more abundant during
the afternoon, while S. frondosum was more abundant
during the morning (Fig. 5a). Moreover, S. amplum
and S. frondosum were more abundant on the rocky
shore, while S. axillare was more abundant on the
interface (Fig. 5b).

Foraging groups

Sparisoma amplum and S. frondosum foraged most
frequently solitarily than grouped. The frequency of
S. axillare foraging in group and solitarily was similar
in the morning, but the frequency of grouped foraging
individuals was higher during the afternoon (Fig. 6).
Sparisoma axillare was the species most frequently
found in groups and which formed the largest aggre-
gations (Fig. 6, Table 3).

We recorded only IP individuals of the three parrotfish
species foraging in groups at the study site. Sparisoma
axillare was found in groups most frequently during the

Fig. 2 Bites (%) of three
Sparisoma species on six
substrate types at Fernando de
Noronha Archipelago. Black
bars represent substrate type
coverage (%) as assessed in the
reef habitat. The numbers above
the bars indicate the absolute
values of bites for each food
type
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afternoon and on the interface, while S. frondosum for-
aged most frequently in groups during the morning and
on the rocky shore (Figs. 6, 7). We recorded only one
homospecific group of S. amplum, which foraged on the
rocky shore during the morning (Table 3). We recorded
three heterospecific foraging groups, two of them com-
posed by S. axillare and S. frondosum IP individuals,
and one composed by S. amplum and S. axillare IP
individuals.

Behavioural patterns during the foraging activity

IP and TP individuals of S. amplum, S. axillare and
S. frondosum had different behaviours while foraging.

The IP individuals of all three species generally moved
slowly, biting at the substrate continuously. On the other
hand, the TP individuals of S. amplum and S. axillare
spent a large amount of time in the water column
patrolling their territories using the same routes for
chasing away conspecific individuals, while taking bites
of food occasionally. Although S. frondosum displayed
no a conspicuous patrolling behaviour, it was frequently
recorded chasing away conspecific individuals. Only TP
individuals of the three species were recorded displaying
territorial patrolling and chasing away other individuals.
Moreover, all agonistic interactions were recorded be-
tween conspecific fishes, which could be either IP or TP
individuals (i.e., no interspecific agonistic displays were
recorded during the study).

Fig. 3 Food selection (Ivlev’s electivity index) for six food types by
the adult phases of three species of Sparisoma at Fernando de
Noronha Archipelago. Positive values indicate higher preference of
the food type; while negative values indicate lower preference or

rejection (see text for further details). Bars represent bootstrap-
generated 95% confidence intervals. Significance in inter-phase
comparisons is indicated by: *P<0.05, **P<0.01, ***P<0.001
and P<0.0001

428



Discussion

Food selection and preference

The three Sparisoma species and their initial and ter-
minal phases selected their food type and differed in
their food selection, as already recorded in other studies
on food use by parrotfishes (e.g., Bruggemann et al.
1994b, c; McAfee and Morgan 1996). One of this studies
(McAfee and Morgan 1996) includes Sparisoma viride,
S. rubripinne and S. chrysopterum, the three Caribbean
species most closely related to their Brazilian counter-
parts, namely S. amplum, S. axillare and S. frondosum
(Moura et al. 2001). The similarities in food selection
by IP and TP individuals of the same species (except for
S. amplum) agree well with a study on resource use by
sympatric parrotfishes in the Caribbean (McAfee and
Morgan 1996).

Although brown macroalgae were not selected by any
of the three Sparisoma species, they comprised a
considerable portion of the diet of S. axillare and
S. frondosum. Thus, secondary compounds of macroal-
gae probably do not strongly deter herbivory by these
two parrotfishes. This latter suggestion seems strength-
ened by the fact that S. frondosum selected green mac-
roalgae in our study. Moreover, S. amplum, S. axillare,

Table 2 Two-way ANOVA for feeding frequencies (bites per
minute) of three Sparisoma species at Fernando de Noronha
Archipelago

Source df SS F P

S. amplum
Time 2 0.659 13.804 0.000
Phase 1 1.480 61.958 0.000
Interaction 2 0.092 1.934 NS

S. axillare
Time 3 0.566 6.448 0.001
Phase 1 1.997 68.210 0.000
Interaction 3 0.041 0.470 NS

S. frondosum
Time 3 9.780 0.612 NS
Phase 1 29.747 5.585 0.020
Interaction 3 9.709 0.608 NS

The factors considered for analysis for each species were: repro-
ductive phases (IP and TP) and daytime periods
NS not significant

Fig. 4 Feeding frequencies (bites per min) of initial (IP) and
terminal (TP) phase individuals of three Sparisoma species at
Fernando de Noronha Archipelago

Fig. 5 Number of individuals equation of three Sparisoma species
in a two daytime periods, morning (0900–1130 h) and afternoon
(1500–1700 h), and b on two microhabitats, interface and rocky
shore, at Fernando de Noronha Archipelago
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S. frondosum, Scarus trispinosus and Scarus zelindae in-
gest large amounts of macroalgae—about 40% of their
gut contents—at Abrolhos Archipelago, Brazil (Ferreira
and Gonçalves 2005). Other Sparisoma species, such as
S. rubripinne and S. aurofrenatum also ingest large
amounts of macroalgae in the Caribbean (McAfee and
Morgan 1996).

The two food types selected by the three scarids
studied at Fernando de Noronha (algal turfs and mixed
substratum) apparently are rich in sediment and detri-
tus, components with high nutritional value (Wanders
1976; Adey and Steneck 1985; Wilson et al. 2003; Choat
et al. 2004). This result is in accordance with recent
studies on the diets of herbivorous reef fishes, which

found that the diet of parrotfishes from the Pacific and
Atlantic have significant proportions of substrata rich in
detritus (Wilson et al. 2003; Ferreira and Gonçalves
2005).

In our study no Sparisoma species fed on dead or live
hard coral colonies, which contrasts with studies on
other species of the same genus in the Caribbean (e.g.,
Bruggemann et al. 1994c; McAfee and Morgan 1996;
Bruckner and Bruckner 1998; Bruckner et al. 2000;
Sánchez et al. 2004). Hard corals are very rare at our
study site, which may explain why this food type was not
recorded as food for any of the three parrotfish species.
Additionally, most of the few hard corals colonies re-
corded were alive, and Sparisoma species are known to
forage mostly on dead colonies (e.g., Bruggemann et al.
1994c; McAfee and Morgan 1996) except for S. viride,
which also forages on live coral colonies (Bruckner and
Bruckner 1998; Bruckner et al. 2000; Sánchez et al.
2004). On the other hand, our three Sparisoma species
selected positively rocky substratum, which seems to be
covered by similar algae types that grow over dead
corals. Dead coral scarcity at the study site may perhaps
cause the three parrotfish species to obtain these algae
by feeding on rocks.

The fire coral Millepora sp., the most common colo-
nial cnidarian at our study site, is a stinging species,
which possibly explains the few records of its foraging

Fig. 6 Number of individuals of three Sparisoma species foraging
in two daytime periods, morning (0930–1100 h) and afternoon
(1500–1700 h), and two social categories, solitary and in groups, at
Fernando de Noronha Archipelago

Table 3 Number of homospecific foraging groups and individuals
per group of three Sparisoma species in two daytime periods,
morning (0930 h–1100 h) and afternoon (1500–1700 h), and two
microhabitats, rocky shore and interface at Fernando de Noronha
Archipelago

Sparisoma Number of
homospecific groups
(individuals per group)

Species Morning Afternoon

Rocky
shore

Interface Rocky
shore

Interface

S. amplum 1 (2) 0 0 0
S. axillare 0 1 (12) 5 (6) 9 (6.22)
S. frondosum 3 (3) 1 (3) 0 0

Fig. 7 Number of individuals of three Sparisoma species foraging
on two microhabitats, interface and rocky shore, and two social
categories, solitary and in groups, at Fernando de Noronha
Archipelago
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by reef fishes (e.g., Randall 1967). Notwithstanding, we
recorded individuals of S. amplum and S. frondosum
taking bites off this stinging coral, possibly to be used as
territorial marks in a way similar to other Sparisoma
species in the Caribbean (e.g., Bruggemann et al. 1994c;
Van Rooij et al. 1995).

Feeding frequencies

The higher feeding frequencies we recorded for S. fro-
ndosum were due to the behaviour of TP individuals,
which displayed higher feeding frequencies when com-
pared with those of the TP individuals of S. amplum and
S. axillare Additionally, the higher feeding frequency of
S. frondosum TP males may be explained by its continu-
ous foraging, since the TP individuals of the other two
species patrolled their territories constantly and conse-
quently foraged less than S. frondosum.

The feeding frequency of the IP individuals of all
three Sparisoma species was higher than that of the TP
individuals of the same species, which is in accordance
with studies on other scarid species in the Caribbean
(e.g., Bruggemann et al. 1994c; Van Rooij 1996a). Our
results may be explained by the behavioural differences
of the IP and TP condition, since the TP individuals of
the three species spent a large amount of time chasing
away conspecific males and, thus, foraged less than the
IP individuals.

Similarities between the diel feeding frequencies
pattern of IP and TP individuals of the same Sparisoma
species may indicate that some characteristics of the
foraging behaviour are kept when the individuals
change from the IP to the TP condition. Our sugges-
tion seems strengthened by the similarities in food
selection by the IP and TP individuals of the same
species.

The higher feeding frequencies we found for S. am-
plum and S. axillare in the afternoon and noon,
respectively, agree with the diel feeding frequencies of
other parrotfish species, and for other herbivorous fish
species as well (e.g., Bruggemann et al. 1994a; McAfee
and Morgan 1996; Ferreira et al. 1998; Zemke-White
et al. 2002). These results may be explained by the higher
nutritional quality of algae in the afternoon due to the
increase of starch content in algae throughout the day
(Taborsky and Limberger 1980; Zemke-White et al.
2002). Additionally, the main food types consumed by
the three Sparisoma species (algal turfs, mixed substra-
tum and crustose coralline algae) are mostly composed
by red algae, which have an increasing potentially
digestible organic fractions along the day (Bruggemann
et al. 1994a). On the other hand, S. frondosum fed con-
tinuously throughout the day. However, the diel feeding
hypothesis seems to be more relevant to species that
feed on small algae and detrital aggregations, and
S. frondosum feeds on large amounts of brown macro-
algae and is the only species which selected green mac-
roalgae (Zemke-White et al. 2002).

Distribution on the reef

The higher abundance of S. amplum and S. axillare IP
individuals when compared with TP individuals of the
same species may be explained by the fact that only TP
individuals patrolled territories, which likely reduce the
occupancy of the area by other males, especially the TP
ones. This suggestion lends support from our finding
that IP and TP individuals of S. frondosum—which did
not patrol territories—had similar abundances.

The differences in the reef occupation by the three
species indicate that they display some degree of time
and microhabitat partition, since they differed in their
densities throughout the day and in the microhabitat
occupancy, which strengthen the suggestion of time and
microhabitat partitioning between these parrotfishes. A
study on resource partitioning by five parrotfish species
in the Caribbean shows that they differ in their habitat
occupancy (e.g., McAfee and Morgan 1996), a result
that agrees with studies on the distribution of other
species of herbivorous reef fishes (e.g., McAfee and
Morgan 1996; Dias et al. 2001).

Foraging groups

The social organization of the three parrotfish species
while foraging is similar to those recorded for other
Sparisoma species in the Caribbean (e.g., Winn and
Bardach 1960; Barlow 1975; Koltes 1993). Additionally,
at our study site the IP individuals of the three Spari-
soma species aggregated more frequently while foraging
than the TP ones, as also recorded for other species in
the Caribbean (e.g., Barlow 1975).

Our data indicate that the occurrence of foraging
groups of the three parrotfish species depends mostly
on the abundance of a given species on the reef.
Sparisoma frondosum was the commonest species found
aggregated in the morning and at the rocky shore, the
same period and microhabitat in which it was the most
abundant parrotfish at our study site. On the other
hand, S. axillare was the commonest species grouped
during the afternoon and at the interface, the same
period and microhabitat in which it was the most
abundant species at the same study site. Sparisoma
amplum, the most rare parrotfish species in both peri-
ods, was rarely recorded in groups. Our suggestion
that the occurrence of groups and the number of
aggregated individuals depends mostly on a given
species density is strengthened by the composition of
the heterospecific groups, since all of these groups in-
cluded S. axillare, the most abundant Sparisoma spe-
cies at the study site.

Conclusion

The three Sparisoma species here studied differed in all
analysed features and seem to partition food, time and
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microhabitat, a result which agrees with studies on other
parrotfish species (e.g., McAfee and Morgan 1996). The
differences between the three species may favour their
coexistence at the Fernando de Noronha reefs, since we
have recorded no agonistic interactions among individ-
uals of different species. Additionally, even the occur-
rence of foraging groups of the three Sparisoma species
seems to have some degree of segregation, since the
groups occurred in different period and microhabitat of
the reef. ð�x� sdÞ

The differences between the three Sparisoma species
and between their initial and terminal phases indicate
that related species and adult individuals of the same
species may have different effects in the system they
dwell. Actually, most studies on parrotfishes found dif-
ferences in resource use and behaviour between species or
reproductive phases (Bruggemann et al. 1994b,c; McAfee
and Morgan 1996; this study) and even individuals of the
same reproductive phase (Van Rooij et al. 1996c).
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Ferreira CEL, Gonçalves JEA (1999) The unique Abrolhos reef
formation (Brazil): need for specific management strategies.
Coral Reefs 18:352

Ferreira CEL, Gonçalves JEA (2005) Community structure and
diet of roving herbivorous reef fishes in the Abrolhos Archi-
pelago, South Western Atlantic. J Fish Biol (in press)

Ferreira CEL, Peret AC, Coutinho R (1998) Seazonal grazing rates
and food processing by tropical herbivore fishes. J Fish Biol
53:222–235

Froese R, Pauly D (eds) (2005) FishBase. World Wide Web elec-
tronic publication. http://www.fishbase.org, version (02/2005)

Gasparini JL, Joyeux J-C, Floeter SR (2003) Sparisoma tuiupi-
ranga, a new species of parrotfish (Perciformes: Labroidei:
Scaridae) from Brazil, with comments on the evolution of the
genus. Zootaxa 384:1–14

Helfman GS, Collete BB, Facey DE (1997) The diversity of fishes.
Blackwell, Massachussetts

Hiatt RW, Strasburg DW (1960) Ecological relationships of the
fish fauna on coral reefs of the Marshall Islands. Ecol Monogr
30:65–127

Humann P, DeLoach N (2002) Reef fish identification: Florida,
Caribbean and Bahamas. New World Publications, Jackson-
ville

Koltes KH (1993) Aspects of the reproductive biology and social
structure of the spotlight parrotfish Sparisoma viride, at Grand
Turk, Turks, and Caicos Islands, BWI. Bull Mar Sci 52:792–805

Krebs CJ (ed) (1989) Ecological methodology. Harper Collin
Publishers, New York

Lehner PN (ed) (1979) Handbook of ethological methods. Garland
STPM, New York Press, New York

Lewis SM, Wainwright PC (1985) Herbivore abundance and
grazing intensity on a Caribbean coral reef. J Exp Mar Biol
Ecol 87:215–228

Maida M, Ferreira BP (1997) Coral reefs of Brail: an overview.
Proc 8th Int Coral Reef Symp 1:263–274

Manly BFJ (1997) Randomization, Bootstrap and Monte Carlo
methods in biology. Chapman & Hall, London

McAfee ST, Morgan SG (1996) Resource use by five sympatric
parrotfishes in the San Blas Archipelago, Panama. Mar Biol
125:427–437

432



Montgomery WL (1980) The impact of non-selective grazing by the
giant blue damselfish, Microspathodon dorsalis, on algal com-
munities in the Gulf of California. Bull Mar Sci 30:290–303

Moura RL, Figueiredo JL, Sazima I (2001) A new parrotfish
(Scaridae) from Brazil, and revalidation of Sparisoma amplum
(Ranzani, 1842), Sparisoma frondosum (Agassiz, 1831), Spari-
soma axillare (Steindachner, 1878) and Scarus trispinosus
(Valenciennes, 1840). Bull Mar Sci 68:505–524

Ogden JC, Buckman NS (1973) Movements, foraging groups, and
diurnal migrations of the striped parrotfish Scarus croicensis
Bloch (Scaridae). Ecology 54:57–596

Ogden JC, Lobel PS (1978) The role of herbivorous fishes and sea
urchins in coral reef communities. Environ Biol Fishes 3:49–63

Randall JE (1967) Food habits of reef fishes of the West Indies.
Stud Trop Oceanogr 5:665–847

Randall JE, Allen GR, Steene RC (1997) Fishes of the Great
Barrier Reef and Coral Sea. University of Hawaii Press,
Honolulu

Robertson DR (1972) Social control of sex reversion in a coral reef
fish. Science 177:1007–1009

Robertson DR, Warner RR (1978) Sexual patterns in the labroid
fishes of the Western Caribbean, II: The parrotfishes. Smithson
Contrib Zool 225:1–26

Sale PF (1980) The ecology of fishes on coral reefs. Oceanogr Mar
Biol A Rev 18: 367–421

Sanchez JA, Gil MF, Chasqui LH, Alvarado EM (2004) Grazing
dynamics on a Caribbean reef-building coral. Coral Reefs
23:578–583

Starck AS, Davis WP (1966) Night habits of fishes of Alligator
Reef, Florida. Ichthyologica 38:315–356

Streelman JT, Alfaro M, Westneat MW, Bellwood DR, Karl SA
(2002) Evolutionary history of the parrotfishes: biogeography,
ecomorphology, and comparative diversity. Evolution 56:961–
971

Taborsky M, Limberger D (1980) The activity rhythm of Blennius
sanguinolentus Pallus: an adaptation to its food source? Pubbl
Stn Zool Napoli I Mar Ecol 1:143–153

Van Rooij JM, Bruggemann JH, Videler JJ, Breeman AM (1995)
Ontogenetic, social spatial and seasonal variations in condition
of the coral reef herbivore Sparisoma viride. Mar Biol 123:269–
275

Van Rooij JM, de Jong E, Vaandrager F, Videler JJ (1996a) Re-
source and habitat shared by the spotlight parrotfish, Sparisoma
viride, a Caribbean reef herbivore. Environ Biol Fishes 47:81–91

Van Rooij JM, Kok JP, Videler JJ (1996b) Local variability in
population structure and density of the protogynous reef her-
bivore Sparisoma viride. Environ Biol Fishes 47:65–80

Van Rooij JM, Kroon FJ, Videler JJ (1996c) The social and mating
system of the herbivorous reef fish Sparisoma viride: one-male
versus multi-male groups. Environ Biol Fishes 47:353–378

Wanders JBW (1976) The role of benthic algae in the shallow reef
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