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Abstract 

We compare the vertical distribution, substrate preferences, grazing behaviour and social 
interactions of the stoplight parrotfish, Sparisoma viride, with that of other scarids at a 
fringing reef off Bonaire (Netherlands Antilles). Earlier reports that S. viride only displays 
territorial behaviour against conspecifics are confirmed by the non-aggressive nature of and 
the low time expenditure on interactions with other herbivores. The vertical distribution of 
S. viride is largely identical to that of several other scarids, acanthurids and pomacentrids, 
who se ranges may completely coincide with S. viride territories. Comparison of the 
substrate use of the five most common scarids inside a single S. viride territory yields no 
evidence of food partitioning. We suggest that the lack of interspecific territorial behaviour 
in S. viride is explained by the inability to economically defend a territory against all 
potential food competitors. Factors that may favour territory sharing between herbivores 
are fine-scale resource partitioning and shared defence, both of which would reduce the 
costs of territorial life. However, more detailed investigation of herbivore food selection is 
required before definite conclusions can be drawn. 
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Introduction 

Territoriality appears to be widespread among coral reef fish . It has been reported for 
many damselfish (Pomacentridae), surgeonfish (Acanthuridae), wrasses (Labridae) and 
butterflyfish (Chaetodontidae) (Sale 1978a, Warner & Robertson 1978, Thresher 1984, 
Robertson & Gaines 1986, Roberts & Ormond 1992). Especially weil documented is the 
territorial behaviour of herbivorous damse1fish, many of which aggressively defend (part 
of) their home range against both conspecifics and a range of other species. As aresuIt, 
these fish can have astrong ecological impact. They have been shown to increase the 
diversity, biomass andJor productivity of the algaJ community (Vine 1974, Brawley & 
Adey 1977, Sammarco 1983, Ruyter van Steveninck 1984, Klumpp et al. 1987, Russ 
1987), to affect the bioerosion of the reef (Sammarco et al. 1986) and to infIuence the 
behaviour (e.g. school formation), distribution and abundance of other grazers (Robertson 
et al. 1976, Williams 1981, Sammarco & Williams 1982, Foster 1985, Hourigan 1986). 

Territoriality is usually explained by the concept of economic defendability (Brown 
1964), which predicts the defence of a resource if the benefits of more exc\usive access 
outweigh the costs of defence. Active defence implies that individuals are competing for a 
limiting resource (Davies & Houston 1984). Territorial behaviour therefore directly bears 
upon a Clment debate on the processes structuring coral reef fish communities. This debate 
is governed by two main themes (Jones 1991): a) the role of interspecific competition (as 
opposed to predation or other disturbances) in determining the composition of fish 
assemblages, and b) the extent to which populations are kept below carrying capacity (i .e. 
the level at which resources become Iimiting). Inspired by the large amount of overlap in 
resource and habitat use in a guild of territorial herbivorous damselfish, Sale (1975, 1977, 
1978b) proposed his 'Iottery hypothesis' , which states that the high diversity of reef fish is 
largely maintained by chance recruitment, rather than by niche partitioning. In this model 
fish are assumed to be food and habitat generalists that mainly compete for suitable living 
space. More recently, the Iikelihood that populations are kept bel ow carrying capacity due 
to recruitment limitation has been stressed (Doherty & Williams 1988). However, the high 
incidence of territoriality suggests that some resource must be limiting to such an extent 
that its defence becomes profitable. 

Parrotfish (Scaridae) form an important component of the herbivore guild on many 
coral reefs (Bouchon-Navaro & Harmelin-Vivien 1981, Russ 1984, Lewis & Wainwright 
1985, Choat & Bellwood 1985, van Rooij et al. 1995c). Permanent territoriality has been 
weIl documented for some Caribbean scarids, in particular for Scarus iserti, Sparisoma 
aurofrenatum and Sparisoma viride (Buckman & Ogden 1973, Clavijo 1982, Cardwell 
1989, C1ifton 1989, van Rooij et al. 1995d). In all three species, one male and a number of 
females share a common territory, which appears to serve the dual function of feeding and 
reproduction. Food is considered an important (although not necessarily the only) defended 
resource in these studies. Moreover, territorial defence is only directed against conspecifics, 
which suggests that there must be some degree of food or habitat partitioning between 
these and other herbivores. However, many coexisting reef herbivores are generally 
assumed to exploit the same assemblage of small (I-JO mm high) filamentous algae Calgal 
turf' or 'epilithic algal community') that cover dead coral substrates (Ogden & Lobel 1978, 
Hatcher 1983, Lewis & Wainwright 1985, Steneck 1988, Klumpp & Polunin 1989 and 
1990, BeIlwood & Choat 1990). Consequently, either food is not the Iimiting resource 
explaining territoriality, or the algal turf is partitioned in some unknown way. 

To test whether the apparent lack of territorial defence of Spariso,ma viride against 
heterospecific herbivores can be explained by habitat or food partitioning, we compare its 
vertical distribution, grazing behaviour and substrate preferences with that of other 
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herbivores at a Bonaire reef. Furtherrnore, we studied the interactions of S. viride with 
other species to check for the possibility that territorial defence occurs in a subtIe way that 
may have been overlooked (e.g. by mutual avoidance or keep-out signaIs). We wiII show 
that there is a large degree of overlap in habitat and substrate use between S. viride and 
other scarids and discuss possible explanations for their coexistence. 

25 O~--L-~2~O---L--~4~O---L--'6~O---L--'8~O~~ 

Distance to coast (m) 

Materials and methods 

Study area and animal 

Fig. 1. Reef profile and vertical 
position census quadrats in the 

study area. Note the distortion of 
quadrats due to the exaggeration 

of the vertical scale. 

This study took place at the fringing reef off Karpata ecological centre on the leeward 
coast of Bonaire, Netherlands Antilles (l2°13'N, 68°21 'W). The reef profile (Fig. I) 
comprises a 25 m wide 'shore zone' (0-2 m depth, large dead coral boulders and dense 
stands of dead but erect Acropora palmata forming a shallow plateau that is exposed at 
low tides), a 19 m wide 'A.palmata zone' (2-4 m depth, fossil carbonate rockflat with 
patches of live and dead A. palmata), a 12 ril wide 'A. cervicornis zone' (4-6 m depth, 
dead A. cervicornis rubble), a 17 m wide 'drop-off' (6-12 m depth, massive coral heads of 
Montastrea annularis) and a 15 m wide 'upper reef slope' (12-22 m depth, more flattened 
colonies of M. annularis and Agaricia agaricites). Below 22 m depth herbivore density is 
very low and corals are gradually replaced by macroalgae, especially Lobophora variegata. 
The zone widths are approximations based on several measurements perpendicular to the 
coastline and following the average slope in each zone. 

Like most other scarids, Sparisoma viride is a protogynous hermaphrodite (Reinboth 
1968) with two distinct adult colour phases, initial ph ase (lP) fish ( drably coloured, either 
female or male) and terminal phase (TP) males (striking colour pattem). The social 
organization of S. viride at our study site is described in detail by van Rooij et al. (1995d), 
who distinguished two soeial units: one-male and multi-male groups of adults sharing 
permanent home ranges. Although fish from both units defend their home range against 
conspeeifics, the degree of territoriality in the one-male groups is cIearly higher due to the 
aggressive male behaviour against other males . Therefore, one-male groups are referred to 
as territorial and multi-male groups as group fish. Territorial fish are restricted to the 
deeper (>3 m) reef parts, whereas group fish mainly occur in the shallower reef. 

Social interactions of S. viride 

57 

I 



Resource and Habitat Sharing 

Individually recognized juveniles, lP fish (tagged with fin clips or anchor tags, see van 
Rooij et al. 1995d for methods) and TP males (recognizable by the pattem of yellow tail 
and opercular spots) from different reef zones and social units were selected as focal 
animais. Frequency of and time expenditure on social interactions were determined by 
continuous monitoring of the behaviour of these fish in their natural habitat, using an 
underwater event recorder. AH individuals were followed several times (at different days) 
for 20-30 min periods (between 9:30 and 17:00 h; after 5 min habituation). A social 
interaction is defined as the response, other than courtship or spawning, of the focal animal 
to another fish, resulting in termination of the previous behaviour. Three types of 
interaction have been distinguished: with conspecifics, damselfish and other fish . To avoid 
complexity due to ob server bias, only the protocols obtained by the first author in a later 
stage of the study (between February and October 1990, when considerable experience had 
been gained) were included in our analyses. 

Differences in time expenditure between life phases, social units and reef zones 
were tested in one-way designs (treating all S. viride categories as levels of a single factor) 
using nested ANOVA (individuals nested within categories). Percentages were normalized 
by angular transformation (Sokal & Rohlf 1981) and homogeneity of variance was checked 
by Cochrans C and Bartlett-Box F tests. In case of c1ear deviations from normality or 
heterogeneous variance, averages were compared by the non-parametric Kruskal-Wallis 
test, using only the averages of replicate measurements on individuals. All tests were 
performed with the computer package SPSSIPC+ (version 4.01, Norusis 1990). 

Vertical distribution of herbivores 
Three 15x15 m quadrats (Ql: at 2-4 m depth, Q3: 6-12 m, Q4: 12-22 m) and two 15xl0 
m quadrats (QO: 1-2 m, Q2: 4-6 m) were roped off perpendicular to the coast. Each 
quadrat was subdivided in 5x5 m squares and represented a reef zone (Fig. 1). All scarids, 
acanthurids, echinoids and adult territorial pomacentrids were counted. Parrotfish were 
counted in 5 cm fork length classes (FL, length from tip of c10sed mouth to end of median 
caudal finray), except for the smallest juveniles that were divided in a 0-2 and a 2-5 cm 
class. Juveniles are defined as fish <15 cm FL (S. viride and Scarus vetula ) or <10 cm 
(Sparisoma aurofrenatum, Scarus taeniopteris, and Scarus iserti), based on the size of the 
smallest fish th at were observed to spawn. The smallest juvenile Scarus species could not 
be distinguished and were pooled into a single category. For surgeonfish a distinction was 
made between juveniles «5 cm FL), solitary adults and schooling adults. All counts were 
performed between 9:30 and 17:00 h, outside the daily spawning period and dusk 
migrations. Further details on the census procedure are given by van Rooij et al. (1995c) . 

In total 26 counts were performed (3 in Feb, 4 in Jun, Sep and Dec 1989, 4 in Mar 
and Jun 1990, 3 in Jan 1992; the relatively small but aggressive damselfish Stegastes 
partitus was too abundant to be included in all counts and was counted only 8 times). No 
significant temporal variation in adult scarid distribution or density was detected. Temporal 
variability in density of juveniles, adult pomacentrids and acanthurids, and in adult size 
composition are treated elsewhere (Bruggemann et al. 1995, van Rooij & VideIer in prep.). 
Here we will only use the averages of all counts. 

Densities (n ha' l) were calculated for the five reef zones separately . Average density 
over several reef zones was calculated as the average of the zones, weighted for their 
widths. 

Grazing pressure 
S. viride grazes al most exclusively on algal biota that are associated with dead coral 
substratt:..> (Bruggemann et al. 1994a, this study), further referred to as 'algal rock' . As a 
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measure of total food abundance we therefore determined bottom coverage with algal rock 
in aH reef zones. To that end, the percentage cover with algal rock, live coral and sand was 
estimated in each 5x5 m square and averaged over all squares per quadrat. To allow a 
correction for substrate rugosity, a surface index (SI) was obtained for each quadrat by 
measuring both the straight length CLs) of both diagonals and the di stance between the 
same corners, following the bottom relief (Lr): SI = I.L/I.Ls. 

To obtain estimates of food availability we calculated three measures of grazing 
pressure as: 

[competitor density] / [(%cover algal rock / 100) x SI], 
using 1) the density of adult S. viride, 2) that of aH adult scarids summed, and 3) that of 
all adult scarids plus acanthurids. 

Substrate use and grazing behaviour of scarids 
One S. viride territory (11-2 in Fig. 2 in van Rooij et al. 1995d) was selected to compare 
the substrate use of adult scarids. Bottom coverage with different substrate types inside this 
territory was estimated as in the quadrats. Aigal rock was now subdivided in four 
categories: fine rubble (dead coral branches with diameter <2 cm, mainly of A. 
cervicomis), coarse rubble (dead pieces of A. palmata and head corals, diameter usually 
> 10 cm), rock flat, and dead base of live coral colonies. Some adult Sparisoma 
aurofrenatum, Scarus iserti, Scarus taeniopteris, and Scarus vetula were frequently 
observed to graze in this territory. Although these fish were not individually recognized, 
the persistent presence of similarly sized individuals suggested that these fish maintained 
permanent home ranges within the S. viride territory. The largest TP and lP adult of each 
species present was observed during 20 min periods (af ter 5 min habituation) in each of 
three daily periods (10:00-12:00, 12:00-14:00 and 14:00-17:00). Each bite and the substrate 
type from which is was taken was noted on a PVC slate, as weil as all grazing bouts, 
defecations and s<?cial interactions. A grazing bout was defined as all successive bites 
taken from the same grazing spot, i.e without noticeable displacement of the fish between 
bites. Protocols of substrate use were obtained between June and August 1987 (by F.V.) 
and between February and May 1988 (by E.dJ.). No significant differences between 
observers or daily periods were detected and all data were therefore pooled. 

Results 

Social interactions of Sparisoma viride 
Interactions with damselfish occurred frequently (once every 1-4 min, Table 1). However, 
they took up less than I % of the time budget of all S. viride with no significant 
differences between categories (Kruskal-Wallis X2 = 14.5, n = 35, P = 0.070). A brief 
attack by a damselfish usually sufficed to chase the parrotfish away. Most common were 
the interactions with Stegastes partitus, Stegastes planifrons, and Microspathodon 
chrysurus. Territories of St. planifrons, recognizable as 'gardens' «I m2

) with relatively 
large algal turfs, were abundant inside Sparisoma viride territories. Strikingly, the resident 
S. viride were often allowed to take some bites from a garden before being chased by the 
damselfish. We regularly observed lP and TP fish from several territories to repeatedly 
visit and graze on the same site, often inside a St. planifrons garden. 

Interactions with other fish were relatively rare (once every 21-130 min; time 
expenditure <0.1 %; comparison categories: Kruskal-Wallis X2 = 11.54, n = 35, P = 0.173). 
They mainly concerned mild confliets with other scarids about grazing spots, never about 
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Table 1. Sparisoma viride. Average (± sem) time expenditure on and frequeney of social interaetions 
with eonspeeilies, damselfish and other scarids. Fish categorized according to lile and eolour phase 
(JU = juvenile, IPfTP = initiallterminal phase adults), soeial status (territorialor group adults), and 
depth range (= d.r.; 1= 0-3 m, 11 = 3-6 m, lil = 6-10 m, IV = 10-25 m). 

Category Time expenditure (%) Frequency (bouts 30 min") 
d.r. S.vir Dams Oth S.vir Dams Oth Il;nd nproL 

JU 
III 0 .41±.2 6 0 .3 3± .05 0.08± .02 1. 3l±0. 43 7 . 21±l.U 0.85±.23 2 12 

TJ:P 
Il 1.04±.12 0.4l± . 04 0.01±.01 9 .19±1. 08 9.l6±0 . 69 0.23±.09 8 42 
III 0.90±.25 0.60± . 06 0.09±.08 4 . 42±1.17 13.l2±1.06 0.41±.2l 4 16 

GJ:P 
I 0.74±.33 1.05±.22 0 .02±.02 5.95±2.67 25.53±4.40 0.29±.29 4 5 
Il 0 .70±.16 0.48±.06 0.03±.01 3.87±0.65 U . l4±l.lO 0.65±.2l 6 33 

TTP 
Il 4 .22±.64 0.47± .10 0.02± .01 l2.78±2.29 7. 91±1. 73 0.37±.2l 2 13 

lIl/IV 1.89±.46 0 . 78±.17 0 .13±. 04 3 .98±0 .63 12. 40±1. 73 1.42±.45 3 17 
GTP 

I 2.43±.48 0.44±.06 0.02±.01 15. 93±1. 83 9.99±1.18 0.31±.18 4 17 
Il 1.10±.22 0.47±.06 0.04±.01 6 . 49±0.88 10.50±1.16 0 . 69± . 17 2 25 

n jnd= number of individuals represented in each category. 
nproc= total number of (20-30 min) protocols obtained for each 

category. 

territory borders, and were usually won by the larger of the two fish. Interaetions with 
aeanthurids were observed rarely and were always eaused by a surgeonfish trying to graze 
on the with algae covered tag of an lP fish. Predator attacks were never witnessed, exeept 
for two attacks of trumpetfish (Aulostomus maculatus) on a 2-5em juvenile (not during our 
protocols). 

Although interactions with conspecifies were less frequent than those with 
damselfish (once every 2-8 min for adults), they took up considerably more time (up to 4.2 
%), especially of territorial males residing at 3-6 m dep th (comparison categories: nested 
ANOV A, FS,26 = 2.49, P = 0.037; individuals nested within categories: F26.14S = 2.39, P = 
0.001). These interactions involved both subtle interactions with group members and more 
aggressive behaviour against non-group members, incJuding border disputes and vigorous 
chases by TP males (see van Rooij et al. 1995d for further details). 

Vertical distribution of herbivores 
Juvenile Sparisoma viride showed peak densities between 4 and 12 m depth (in Q2 and 
Q3), whereas the other juvenile scarids peaked in Q2 (Fig. 2a). The Scarus spp. were 
relatively abundant in QO, while juvenile surgeonfish were searce and confined to the three 
shallowest zones. 

Most adult scarids (lP + TP summed) showed a cJear decrease in density with depth 
(Fig. 2b). Only Sparisoma aurofrenatum and Scarus taeniopteris were distributed relatively 
evenly over the entire depth profile. Sparisoma rubripinne and Sparisoma chrysopterum 
were quite scarce. Large (>0.5 m FL) individuals of Scarus coeruleus, Scarus coelestinus, 
and Scarus guacamaia were observed occasionally but never counted. Adult Scarus vetuia 
fell in the same size range as Sparisoma viride (modal size: lP 25-30 cm, TP 30-40 cm 
FL), whereas the other adult scarids were cJearly smaller (modal size: lP 15-20 cm, TP 20-
25 cm FL). 

Schools of 10-300 adults of both acanthurid species (mixed and single species 
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Fig. 2. Vertical distribution 
grazers. Density (+SE) in 

quadrats 0-4 of: a- juvenile 
scarids and acanthurids (size 

classes pooled), b- adult 
scarids (size classes and 

IP+ TP phases pooled), and 
c- adult acanthurids, 

echinoids and pomacentrids. 
Note that the density of 

Stegastes partitus has been 
divided by ten to avoid scale 

problems. 

schools) frequently roved over the shaJlow reef. As aresuIt they outnumbered the most 
abundant scarid in QO by a factor 2-4 (Fig. 2c). Acanthurid density between 2 and 12 m 
dep th (mainly solitary fish) compared welJ with th at of scarids, although Acanthurus 
coeruleus was relatively numerous in Q3 and Acanthurus bahianus in Q1. Diadema 
antillarum was the most abundant echinoid and was mainly limited to Ql. The smalJest 
damselfish, Stegastes partitus, showed the same vertical distribution as most juvenile 
scarids (peaking in Q2). Stegastes planifrons was absent from QO and Ql and most 
abundant in Q3 . The other Stegastes spp. and Microspathodon chrysurus peaked in QO and 
their density dropped with depth , like that of most adult scarids. 

Although we did not map home ranges of other species, it is apparent that both in 
the shallow and in the deeper reef S. viride shared its habitat with many other herbivorous 
species, some of which also showed clear territorial behaviour towards conspecifics (e.g. S. 
aurofrenatum, Scarus vetula and Scarus iserti) or towards con- and heterospecifics (all 
counted pomacentrids). 
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Grazing pressure 
Suitable grazing substrate (algal rock, largely comprising fine and coarse rubble) was most 
abundant in the two shallowest zones and was partly replaced by live coral and sand on the 
deeper reef (Fig. 3). Grazing pressure appeared to be 27-133% higher on the shallow reef, 
depending on which potential competitors were incIuded in the estimates (Tab Ie 2). 

Fig. 3. Vertical distribution % cover SI 
substrate types (% bottom 100 
coverage) and rugosity 

Q4 
2 .0 

(Surface Index). Aigal rock 
1.8 denotes all suitable grazing 75 

substrates (coarse and fine 
rubble, rockflat [~ 5 % in all 1.6 
quadrats] and dead coral base 50 
pooled). 1.4 

25 
1.2 

0 1.0 
Algol rock Sond Live caral Rugosity 

Table 2. Comparison adult grazing pressure (fish per ha grazing surface) in shallow (0-4 m, 00+1) 
and deeper (4-20 m, 02-4) reef. 

0-4 m 4-20 m shallow/deeper 

Sparisoma viride 385 224 1.72 

Scarids 1894 1491 1.27 

Scarids + acanthurids 5540 2376 2.33 

Substrate use and grazing behaviour of scarids 
All adult scarids residing in a single S. viride territory c1early avoided sand and live coral 
as grazing substrates (Fig. 4). S. viride shared its preferenee for fine and coarse rubble and 
for the dead base of coral colonies with 4, 2 and 3 other scarids respectively. It was the 
only scarid that (occasionally) grazed on live coral (mainly on 'white scars' in Montastrea 
annularis) and the only species in which both adult phases avoided rock flat. The most 
deviating grazing preference is displayed by Scarus iserti that clearly preferred rock flat, 
avoided coarse rubble and took relatively many bites from sand. 

A striking difference in grazing behaviour was apparent at the genus level. 
Compared to Sparisoma, the Scarus species took 2-4 times more bites per 20 min, which 
were distributed however over a similar number of grazing bouts (Tab Ie 3). This difference 
reflects different feeding modes, the Sparisoma species employing an excavating technique 
(sensu Bellwood & Choat 1990, leaving c1ear grazing scars) whereas Scarus spp. scrape 
algae more superficially from the substrate, rarely leaving visible grazing scars. The 
defecation rate ranged from 2-4 per 20 min for all species, except for Scarus iserti which 
defecated 8-10 times per 20 min. The frequency of social interactions with conspecifics, 
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Fig. 4. Substrate use of lP and lP 
adults ol the live most common 

scarid species residing in a single 
Sparisoma viride territory. Bottom 

coverage with sand, rockflat, coarse 
rubble, fine rubble, dead base ol live 
coral, and live co ral is also indicated. 

n = number ol bites observed. 

damselfish and other parrotfish was similar for all species. 

Discussion 

Both the vertical distribution and the substrate use of Sparisoma viride and other scarids 
indicate a broad overlap in habitat and substrate use. The differences seem too small to 
fully explain their coexistence. This raises the question why S. viride does not defend its 
territories against other scarids. Possible explanations are that food: (a) is not a defended 
resource, (b) is not a Iimiting resource, (c) is partitioned at a finer level than that of 
substrate types, and (d) cannot be economically defended against all potential competitors. 
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Table 3. Comparison mean grazing (bites and bouts), defecation and interaction rates (no. per 20 
min) of lP and TP adult scarids, residing inside a single Sparisoma viride territory. Interactions: with 
damselfish, lP and TP conspecifics and with other scarids; n: number of 20 min protocols; SEM 
given in parentheses. 

Bites Bouts Def ldams lip Itp lscar n 

Sp. viride 
lP 256 43.3 3.5 3.3 1.0 0.7 0.2 6 

(13.5) (2.7) (0.34) (0.49) (0.45) (0.33) (0.17) 
TP 143 42.2 2.7 3.5 1.2 2.2 0.3 6 

(9.3) (4.6) (0.42) (0.76) (0.48) (0.40) (0.21) 

Sp. aurofrenatum 
lP 165 47.5 2.5 4.7 0.7 0.2 0.0 6 

(22.9) (4.5) (0.62) (1.23) (0.33) (0.17) (0.00) 
TP 175 40.7 3.2 3.5 2.5 1.7 0.0 6 

(11.5) (4.9) (0.60) (1.06) (0.76) (0.49) (0.00) 

Sc. iserti 
lP 744 38.7 8.3 4.0 0.0 0.0 1.0 3 

(54.9) (3.8) (1.67) (0.58) (0.00) (0.00) (0.58) 
TP 384 44 9.8 3.2 2.7 1.2 2.33 6 

(45.2) (2.2) (1.60) (0.95) (0.56) (0.40) (0.71) 

Sc. taeniopterus 
lP 542 44.3 2.8 3.7 0.5 0.8 0.7 6 

(81.7) (6.7) (0.48) (0.61) (0.22) (0.48) (0.33) 
TP 413 43.6 4.0 5.1 1.9 0.4 1.4 7 

(50.7) (3.7) (0.49) (1.16) (0.40) (0.43) (0.43) 

Sc. vetula 
lP 679 44.6 2.0 3.0 1.9 0.7 0.6 7 

(54.8) (3.4) (0.38) (0.76) (0.40) (0.29) (0.37) 
TP 437 46.4 2.3 5.0 1.4 1.1 1.0 7 

(35.5) (3.4) (0.36) (1.22) (0.37) (0.46) (0.31) 

Is food a defended resource? 
Territorial Sparisoma viride males mate daily (between 7:00 and 9:30 h) with the females 
sharing their territory and with females from shaJlow group areas, whereas no sexual 
activity occurs in the shallow group areas (van Rooij et al. 1995d). Territories therefore 
c1early play an important role in the reproduction of S. viride and male defence is certainly 
aimed at obtaining prior access to mates and mating sites. As argued by van Rooij et al. 
(1995d), mates and mating sites should therefore be considered major resources explaining 
the territorial behaviour of males. However, they also found strong indications th at food is 
also a defended resource, namely: (I) females also take part in territorial defence, (2) fish 
are territorial throughout the day and not only during the (:590 min) daily spawning period, 
(3) group fish also keep other conspecifics out of their home range, and (4) the four- to 
fivefold higher cover of algal rock with relatively large algal turfs inside territories, as a 
result of which territorial fish, despite their lower bite rates, ingest and assimilate equal or 
higher amounts of food than group fish (Bruggemann et al. 1994a .and b). The latter 
observation confirrns our present finding of reduced grazing pressure inside territories 
(Tab Ie 2). Assuming that territorial life demands a higher investment in activities other 
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than grazing, the availability of high-yield grazing sites may weil be a prerequisite, without 
which territories are not economically defendable. We therefore suggest that food is a 
defended resource as important as mates and mating sites. The presence of high-yield food 
patches probably explains why territorial females stay inside a male's territory, allowing 
him to con trol access to these mates. 

Is food a limiting resource? 
Quantitative estimates of the food intake by all herbivorous fish and sea urchins in our 
study area indicate th at the entire algal production in the shallow (0-2 m) reef is consumed 
(Bruggemann et al. 1995). Furthermore, adult Sparisoma viride show significant seasonal 
variations in condition and growth, indicating that food is Iimited at least in some part of 
the year (van Rooij et al. 1995a and b). Consequently, we think that food can be 
considered a limiting resource. 

This does not necessarily imply that competition is the only factor structuring the 
composition of the herbivore assemblage in our study area. While totaJ herbivore 
abundance has reached the carrying capacity of the reef, the relative abundance of the 
different species may be explained by stochastic variability in recruitment success (cf. Sale 
1991 , Sale et al. 1994) or by predation (cf. Hixon & Beets 1993). 

Fine-scale food partitioning 
Bruggemann et al. (l994c) compared the food selection of Sparisoma viride and Scarus 
vetula at the level of algal vegetation types and found a large diet overlap. However, some 
partitioning was apparent at a microhabitat level, Sparisoma viride preferring concave and 
Scarus vetula flat substrates. Furthermore, Sparisoma viride ingests larger amounts of 
endolithic aJgae whereas Scarus vetula depends more on epilithic algae. These differences 
reflect their different feeding modes (excavating vs. scraping) and comparable fine scale 
partitioning may· occur between Sparisoma viride and the other Scarus spp. 

A similar distinction was made for 24 scarids from the Great Barrier Reef 
(Bellwood & Choat 1990). Based on a study of jaw morphology, grazing behaviour and 
microhabitat utilization, they distinguished two functional groups. Excavators (with 
powerful jaw apparatus, taking large bites at low rates, leaving distinct scars in the 
substrate) were found to graze mainly on convex surfaces, whereas scrapers (weaker jaws, 
small and rapid bites, only superficial scrapes of dislodged algae) took most bites from flat 
surfaces. Comparison of the bite sites of an excavating and a scraping species in the same 
area revealed comparabie differences in microhabitat preferences, indicating some degree 
of resource partitioning. 

However, food partitioning between excavators and scrapers still does not explain 
the coexistence of species belonging to the same functional group. More detailed insight in 
the food requirements of scarids is required to determine to what extent their coexistence 
can be explained by food partitioning. 

Economic defence of food 
Obviously, the defence of a Sparisoma viride territory against all herbivorous fish would 
require a tremendous effort. Moreover, exc1usion of much smaller species may be 
impossible because they can take refuge in small crevices that are inaccessible to larger 
fish. The same argument has been used to explain the coexistence of other herbivores (e.g. 
Robertson & Polunin 1981, Robertson 1984, Roberts 1987). Given that S. viride cannot 
economically exc1ude all other herbivores, it would be adaptive to selectively defend 
against individuals with the most similar food requirements, i.e against conspecifics of 
similar size. This is what is observed (see also van Rooij et al. 1995d). Furthermore, the 
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sharing of food with other species mayalso be compensated by advantages like shared 
territory defence and increased foraging efficiency. The increased abundance of patches 
with high algal biomass at the deeper reef is almost certainly the result of the joint defence 
of all territorial species, including Sparisoma aurofrenatum, Scarus vetuia, Scarus iserti 
and Scarus taeniopteris (which were regularly observed to chase conspecifics or to take 
part in aggressive displays). Moreover, the strongly territorial damselfish Stegastes 
planifrons, which is restricted to the deeper reef, may play an important role. Most high
biomass patches of algal turfs on the deeper reef were probably Stegastes planifrons 
'gardens' (pers. comm. J.H. Bruggemann). Our observation that Sparisoma viride gets 
access to these gardens is not unique. Russ (1987) and Klumpp & Polunin (1989) found 
that 40-80 % of the algal production inside pomacentrid territories is consumed by other 
grazers than the resident damselfish. Experimental field manipulations are required to 
determine to what extent the territory sharing between S. viride and other herbivores is 
beneficia\. 
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