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Synopsis

Many parrotfishes (Scaridae) co-occur in mixed-species aggregations as juveniles, but diverge in resource use
and social structure as adults. Focal observations of three juvenile parrotf&tesiq coeruleysSparisoma
aurofrenatum and Sparisoma viride were conducted on inshore patch reefs in the Florida Keys to determine
how feeding and aggressive interactions vary with group participation. All three species spent more time in groups
than alone, most often in groups of less than ten individuals. Feeding rates were significantly higheuitficie

when foraging in groups than when alone. All species fed most often Ftatimeda and overall diet compo-

sition was similar for fish whether feeding in groups or alone. The frequency of aggressive interactions varied
with group participation. Foc&. aurofrenatumvere more aggressive when in groups than when alone, and both

S. aurofrenatunands. viridewere attacked more often by damselfishes when they were alone than when in groups.
In contrast, feeding rates, diet breadth, and aggressive interactidhscokeruleusvere less affected by group
participation. Small mixed-species aggregations of coral reef fishes may be large enough for individuals to assume
some of the benefits of group participation while at the same time avoiding the costs of competition realized in larger
groups.

Introduction predation for relatively rare individuals within groups
(Austin & Smith 1972, Waite 1984, Wolf 1985a).
Mixed-species foraging groups of juvenile parrotfishes  Feeding on benthic algae, characteristic of these
(Scaridae) and surgeonfishes (Acanthuridae) are com-herbivorous fishes, requires multiple rapid bites that
mon on western Atlantic coral reefs (ltzkowitz 1977, expose individuals to aggression from potential food
Ogden & Lobel 1978, Wolf 1985b, Debrot & Myrberg  competitors and increase their risk of predation
1988). Group membership may enable individuals to (Robertson et al. 1976). Minimizing these risks is
gain access to the defended resources of territory especially important for small juvenile reef fishes that
holders, decrease search times for patchily distributed are highly susceptible to predation (Hixon 1991). For
resources, and provide increased protection from pre- most fishes, vulnerability to predation decreases with
dation (Barlow 1974, Robertson et al. 1976, Foster an increase in body size (Werner & Gilliam 1984,
1985, 1987, Wolf 1987, Clifton 1991). These bene- Shulman & Ogden 1987, Sale & Ferrell 1988, Forrester
fits may be offset by the costs of increased competition 1990, Hixon 1991, Hixon & Beets 1993, Levin 1994,
for food among group members and the ‘oddity effect’ Carr & Hixon 1995). Predation may directly affect food
whereby distinctive coloration increases the risk of selection and/or feeding behavior for animals that are
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at a greater risk of predation while foraging than dur-  Previous descriptions of mixed-species groups of
ing other activities (Lima 1987, McNamara & Houston small parrotfishes have emphasized the fluid nature
1992, Krause & Godin 1996). For example, the risk of of the association, noting constant changes in group
predation for guppies foraging nose down is greater composition (Robertson et al. 1976, Ogden & Lobel
than for those foraging horizontally (Krause & Godin 1978, Wolf 1983). This is also true of the mixed-species
1996). Likewise, juvenile parrotfishes also adopt a groups of juvenile parrotfishes on inshore patch reefs
head-down foraging position (K. Overholtzer personal in the Florida Keys (K. Overholtzer personal observa-
observation) that may increase their vulnerability to tion). However, these groups are significantly smaller
predation while feeding. Compared to solitary individ- than those reported in previous studies from Panama
uals, group foraging fishes may experience lower per and the U.S. Virgin Islands, and typically contain ten
capita attack rates by predators through dilution effects or fewer individuals and as many as six species. Rare
and may have more time to forage because they spendindividuals may be highly visible and therefore vul-
lesstimeinvigilance, as shown for birds (Pulliam 1973, nerable to predation in these groups, depending on
Caraco 1979). their coloration. If these odd individuals spend most
Group foraging may enable small individuals to of their time in small foraging groups, either the ben-
overwhelm the defenses of territorial herbivores and efits of group participation outweigh the costs, or
feed on defended algal resources unavailable to soli- group foraging is a relatively fixed behavior in these
tary fishes (Barlow 1974, Robertson et al. 1976, Foster fishes.
1985, Reinthal & Lewis 1986). Many damselfishes  The goal of this research was to examine the role of
(Pomacentridae) are pugnacious territory holders and mixed-species foraging groups in the resource use and
have been shown to chase parrotfishes from their terri- social behavior of three juvenile parrotfish&cérus
tories, including juveniles (Low 1971, Itzkowitz 1990). coeruleus Sparisoma aurofrenatupmand Sparisoma
In Panama, schooling striped parrotfish (both juveniles viride). These particular species were chosen because
and adults) fed at higher rates and were attacked by they were easily identifiable, and we observed them to
territorial damselfishes less often than non-schooling be among the most consistent members of these mixed-
conspecifics (Robertson et al. 1976). Species that over-species aggregations. In addition, they are interesting
lap in diet may also benefit from mixed-species forag- in that they co-occur in mixed-species aggregations
ing by using other group members as food finders, as as juveniles, but then segregate by species as adults
shown for cyprinids (Pitcher et al. 1982) and scarids with vastly different social systems ranging from soli-
(Clifton 1991). tary, home-ranging individuals to territorial males with
An increase in feeding rate or time devoted to forag- female harems. We specifically addressed the following
ing when in groups has been shown for fishes (Foster questions: (1) Does the frequency of group participa-
1985, 1987, Wolf 1987, Kohda & Takemon 1996), birds  tion differ among these species, and are there differ-
(Sullivan 1984, Latta & Wunderle 1996), and mammals ences in the size and composition of the groups they
(Monaghan & Metcalfe 1985, Saino 1994). However, join? (2) Does feeding rate increase with group partici-
feeding efficiency may actually be highestin moderate- pation? (3) How s diet breadth affected by group partic-
sized groups if group members are competing with ipation? (4) Does the frequency of aggression decrease
one another for food (Saino 1994). In mixed-species with group participation?
flocks, birds modified their foraging behavior by limit-
ing the microhabitats in which they fed or reducing diet
breadth in such a way that agonistic interactions with Materials and methods
other members of the group were reduced (Austin &
Smith 1972, Waite 1984). If this pattern holds true for Study sites
fish, some degree of resource partitioning may resultin
decreased competition between species within multi- This study was conducted on the inshore patch reefs
specific schools. For example, large schools composedof Coral Gardens in Hawk Channel adjacent to
primarily of striped parrotfish have been observed to Lower Matecumbe Key in the upper-middle Florida
separate into smaller, single-species groups while feed-Keys (8044W, 2451N) from April to November
ing (Ogden & Lobel 1978). 1996. The average depth at this site is approximately
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5m, and patch reefs range in area from 10 to for 15min with continuous recording, while a second
2000 n?. The study area consisted of three moderate- diver simultaneously recorded group size and compo-
sized ¢ 1000 n?) adjacent patch reefs surrounded by sition data using instantaneous sampling at one minute
halos of sand and seagrass (primaiilyalassia tes-  intervals. Fish were scored as belonging to the same
tudinum) beds. Dominant scleractinian corals on these group containing the focal individual using an inter-
reefs includeDiploria spp., Montastrea annularis fish distance of 0.5m, i.e., within 0.5m of either the
M. carvernosa and Siderastreaspp., and the domi-  focal fish or another fish in the group that was within
nant macroalga i$lalimeda opuntia Mixed-species 0.5 m of either the focal fish or another fish in the group.
aggregations of juvenile parrotfishes were common at The exact number of fish per aggregation was tallied for
this site and typically containeBicarus iserti Spari- groups of 10 or fewer fish, but larger groups necessi-
soma aurofrenatumand Sparisoma virideand occa- tated use of categories of 11-15, 16—20 and 21-25 fish.
sionally Scarus coeruleuand Sparisoma atomarium Group composition was recorded in terms of the num-
In addition, individuals from other families includ- ber of species present within each family (Scaridae,
ing Labridae, Acanthuridae, and Chaetodontidae fre- Labridae, Acanthuridae, and other) as well as the num-
quently joined these groups. ber of conspecifics of the focal fish.

Supplemental observations @parisoma viride For each focal sampling period, every feeding bite,
were made on the patch reefs of Little Africa near the substrate from which it was taken, and the number
Loggerhead Key in the Dry Tortugas National Park of bites per foraging bout were recorded. A foraging
(82256W, 2438N) in October of 1996. The opportu-  bout was defined as a series of bites taken from the
nity to observe this species at a second location allowed same location where the only observable movement of
us to compare resource use and group participation the fish was that required to reapply the jaws to the sub-
at a close, but dissimilar site. This area is shallower strate. Substrate categoriesincluded two uprightfoliose
than Coral Gardens, with a mean depth of approxi- macroalgadialimeda opunti@andDictyotaspp.; large
mately 2.5m. Thickets of deaficropora cervicornis algalturfs & 10 mm frond height), referred to as ‘turf’;
are dominant at this site, and live coral cover (mostly sedimented, sparse algal turks {0 mm frond height);
Montrastrea annulari@ndPorites astreoidésis min- seagrasg§ halassiatestudinupand sand. Both turfand
imal. Halimeda opuntiais the dominant macroalga. sparse algal turfs were multispecific assemblages con-
Scarids were less abundant at this site; only three of thetaining crustose, filamentous, and unicellular algae of
five juveniles common at Coral Gardens were present all major divisions. An ‘other’ category encompassed
(Scarus iserti Sparisoma aurofrenatunSparisoma all substrates from which few bites were taken, includ-
viride). ing crustose coralline algae, sponges, and fish feces.
We also tallied the frequency of all overt aggressive
and agonistic behaviors involving the focal individual
(including chases, mouth to mouth displays, dorsal fin
raising, and caudal or pelvic fin flaring). Participants in
these encounters were identified to species.

Field observations

All behavioral observations were conducted using
SCUBA between 10:00 h and 16:00 h, and were made
only when horizontal visibility was at least 3 m. Twelve
focal individuals each oBparisoma aurofrenatumand Statistical analyses
S. viride and 7 individuals ofScarus coeruleus/ere
observed. $. coeruleusvas less abundant at Coral All analyses were performed using the statistical soft-
Gardens than the other two species.) Lengths of focal ware SigmaStét version 2.0 (Jandel Scientific 1995).
fishes were repeatedly checked by comparing length Data were tested for normality using the Kolmogorov—
estimates to a variety of background landmarks. Sizes Smirnov test and for homogeneity of variances using
of focal individuals were similar for all three species, the Levene Median test before performing any para-
ranging from 40 to 100 mm with a pooled mean of metric statistics. Data that did not meet the assumptions
62 mm (SE=11.5). of parametric statistics after transformations were ana-
After a 5min habituation period, two divers lyzedbynonparametric means. Mann—Whitney U-tests
approached a group of fishes. One diver recorded for- were used to compare frequency of group participation,
aging and social interaction data for each focal animal feeding rates, and frequency of aggressive interactions
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for Sparisoma viridérom the Dry Tortugas with those
from Coral Gardens. Because none of these vari-
ables was significantly different between sites, data for
S. viridefrom the two locations were pooled in all sub-
sequent analyses.

One-way ANOVA was used in lieu of two-
way ANOVA (one repeated factor) for among- and
within-species comparisons of the frequencies of
group participation and group composition because of
violations of parametric assumptions. To ensure there
was no significant interaction between factors, two-
way (1 repeated factor) ANOVA was used to test log-
transformed data that were normal, but heteroscedastic
Lacking interaction, within-species data were ana-

lyzed by separate one-way nonparametric repeated

measures ANOVA (Friedman’s chi-square) and among

species comparisons were conducted using one-way

ANOVA. Student-Neuman-Keuls’ (SNK) testwas used
for multiple comparisons of all significant ANOVA
effects.

One-tailed paired t-tests were used to compare feed-

ing rate and frequency of aggressive interactions for
the minutes that focal individuals were alone versus
minutes they spent in groups. The Wilcoxon signed-
rank test was used in lieu of the t-test in cases where
data did not meet parametric assumptions. Diet breadt
(Shannon—Wiener diversity index) for each species for-

aging alone versus in groups was compared using the

t-test method outlined by Hutcheson (1970). Feeding
rate (bites min!) was regressed against categorical
group size variables (2-5, 6-10, 11-15, 16-20, 21-25)
for each of the three species using regression analysi
for multiple values of Y (feeding rate of each individ-
ual) for each value of X (group size) (Zar 1996).

Results
Group participation

Frequencies of group participation were similar
among Scarus coeruleysSparisoma aurofrenatum
and Sparisoma viride(Figure 1). All three species
spent more time in groups of any size (combining
all groups) than alone during 15min observations.
Among speciess. viridespent more time alone than the
other two species (ANOVA, 5, = 3.241, p=0.054),
although this difference was only marginally statisti-
cally significant. However, no species spent more time
in groups of any particular size [e.g., 2—5 gr= 2.305,
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Figure 1 Mean frequency+1 SE) of group participation (%)

for juvenile Scarus coeruleysSparisoma aurofrenatumand
Sparisoma viride

HP=0.12) or 6-10 (F5,=0.113, p=0.89)]. Within

species, botts. coeruleusand S. aurofrenatunwere
found in groups of 2 to 5 individuals more often
than alone or in larger groups, whil. viride was
alone as often as it participated in these small groups
(Friedman’s RM ANOVA on ranks;S. coeruleus

X% =479, p<0.0001,S. aurofrenatumX% =27.7,

p <0.0001,S. viride X2, = 44.2, p<0.0001; SNK,
p<0.05). All three species joined larger groups
infrequently, and no group contained more than
25 individuals.

Aggregations joined by focal individuals con-
tained other juvenile parrotfisheSdarus isertiand
Sparisoma atomariujnand juveniles or small adult
butterflyfishes, surgeonfishes, and wrasses. Of par-
ticipants from these other families, wrasses were
the most common (mostlidalichoeres bivittatusand
H. maculipinng. Mean species richness of groups was
similar for all three parrotfish species (Figure 2). The
mean scarid richness per group was also similar among
species, busparisoma viridgoined more groups com-
posed of only parrotfishes. Most groups joined by
S. coeruleusand S. viride contained no conspecifics
(70.7% and 56.8%, respectively). Conversely, most
groups joined byS. aurofrenatundid contain other
conspecifics (67.3%).
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6 75 Table 1 Comparison of feeding and aggressive interactions
1 S coerulens (meant1 SE) for juvenile Scarus coeruleysSparisoma
3 2 S aurgfrenatum aurofrenatum and Sparisoma viridewvhen solitary versus in
' ] " groups.
4 -0 &
§ §D Variable Group participation
g 31 = Focal species )
- @ 5] solitary group
E:S =
2 , L 25 e -
‘/ i Feeding rate
1 ‘ (bites per min)
S. coeruleus 7.7+1.2 7.7£0.7
o | L o S. aurofrenatum 5.7+0.7 6.0+ 0.6
total scarid scarids zero S. viride 5.6+0.6 - 7.2+0.7
richness richness only  conspecifics Diet breadth (H
Figure 2 Composition of groups joined by juvenil8carus S. coeruleus 0.91+0.09 0.89t0.09
9 P groups | vl = S. aurofrenatum 0.55+0.0% =+ 0.824+0.03
coeruleus Sparisoma aurofrenatumand Sparisoma viride S, viride 1404008 ** 0.84+0.03
Groups are characterized in terms of richness (total and scarid) ' o ] ' ’ ' '
and the frequency of total groups containing scarids only and con- Aggressw_e Interactions
taining no conspecifics. Numbers indicate pooled means calcu-  (# per min)
lated from the total minutes that each species occurred in groups S 8Jgressors
of any size B. coeruleugn=75), S. aurofrenatun(n= 126), S. coeruleus 0.4+0.3 1.3+0.6
it — S. aurofrenatum 0.3+0.2 * 2.2+0.7
S. viride(n=87)]. L
S. viride 0.8+0.5 1.1+04
as recipients
Effects of group participation on feeding S. coeruleus 0.7+0.3 0.7£0.3
S. aurofrenatum 1.5+0.8 1.6£0.7
S. viride 2.4+0.6 3.0£04

Feeding rates (bites mif) were significantly higher
for S. viridewhen in groups than when alone (one-  2paired t-test.

tailed paired t-test,1 = 3.346, p:0.00?; Table 1)_ bHL‘JtCheSOI‘].(1970) t-test for comparing diversity indices.
However, there was no significant difference in feed- ‘Wilcoxon signed-ranktest.

ing rates for eitherS. coeruleusor S. aurofrenatum ~ SCH@1Y VS. group=""p < 0.025,""p < 0.001.

when feeding alone compared to feeding in groups
(S. coeruleusts=—-0.481, p=0.67, S. aurofrena-
tum Wilcoxon signed-rank test, \A# 3.000, p=0.91).
Feeding rate was unrelated to group size far
coeruleus(Figure 3). There was also no increase in
feeding rate with group size f@. aurofrenatunor S.
viride, but our ability to detect an effect was reduced
by few observations at larger group sizes.

Diet breadth (H") ofS. aurofrenatunwas signifi-
cantly greater for individuals when they were in groups
versus when they were alone (Table 1,=£24.57,

p < 0.001). ForS. viride diet breadth decreased when
foraging in groups versus when along, & 43.76, Effects of group participation on aggression

p < 0.001). Diet breadth was not significantly differ-

ent for S. coeruleuswhether foraging alone or in  Focal juvenile individuals of all three species were
groups (t,=0.37, p> 0.50). Comparisons of the num-  aggressive toward conspecifics, other juvenile parrot-
ber of bites per min on individual substrata yielded fishes, damselfishes, and occasionally towards grunts
few differences between group and solitary forag- and wrasses. Attacks were directed toward both other
ing individuals (Table 2). When foraging alone or in group members and fish outside of the group. Aggres-
groups, all species fed most often from the calcare- sion directed toward adult parrotfishes was never
ous macroalgélalimeda Comparing solitary to group  observed with the exception of two interactions with
foraging,S. aurofrenatuntook significantly more bites  initial phaseScarus isertia relatively small parrotfish

from Dictyota(t;, = 3.387, p=0.006) when in groups
than alone and did not feed from ‘other’ foods when
alone.Sparisoma virideéook more bites per min from
sedimented algal turfs,(t=2.271, p=0.044) when in
groups than when alone, and did not feed from sand
when alone. Bites taken from individual substrata by
S. coeruleudn groups did not differ from those taken
when alone, although this species did not feed from
Thalassiawhen alone.
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Figure 3 Feeding rate (total bites mit) as a function of group
size for juvenileScarus coeruleys$Sparisoma aurofrenatunand
Sparisoma virideEach point represents the mean bites per min
for one focal individual in a particular group size. Regression-
with-replication analyses were not significant for any species

(p>0.05).

with an average size of 7.5cm TL (Robertson &
Warner 1978). Adults of this species were not distin-
guished from juveniles by observers. The frequency
of aggressive interactions varied with group partici-
pation (Table 1). As aggressors, focl aurofrena-

for either S. coeruleusor S. viride as aggres-
sors §. coeruleusts=—1.549, p=0.17; S. viride

t; = —1.109, p=0.30). However, the absolute increase

in aggression while in groups f&. coeruleusvas size-
able, and neither of these species displayed aggression
towards other parrotfishes when alone.

Although differences were evident in the overall
amount of aggression directed toward focal juveniles
when they were alone versus in groups, these differ-
ences were not statistically significant. Because aggres-
sive interactions were relatively infrequent behaviors,
there was low statistical powe(0.50) to detect differ-
ences. Botl$. aurofrenaturandsS. viridewere attacked
more often by damselfishes when they were alone than
when they were in groups. Focal aurofrenatumvere
the recipients of aggression from damselfishes a total of
14 times when alone and only 6 times when in groups
(W =-7.000, p=0.56). Focab. viridewere the recip-
ients of aggression from damselfishes a total of 25
times when alone and only 14 times when in groups
(t;2=1.372, p=0.20). These two species were the
recipients of aggression from conspecifics more often
when in groups than when alone. Fo&laurofrena-
tumwere the recipients of aggression from conspecifics
only when in groups, but this difference was not sta-
tistically significant. FocalS. viride were the recipi-
ents of aggression from conspecifics a total of 11 times
when in groups and only twice when alone &23.00,
p=0.047). Aggression directed towar8s coeruleus
did not vary with group participation.

Discussion
Participation in small, mixed-species groups

In the Florida Keys, juveniles of three species of par-
rotfish (Scarus coeruleysSparisoma aurofrenatum
and Sparisoma viridg occur more often in mixed-
species aggregations than alone, and frequencies of
group participation are similar among species. This
lack of a difference betweeBcarus coeruleusand

the two Sparisomaspp. contradicts previous findings.
Winn & Bardach (1960) and Dubin (1981) described

tum were involved in many more interactions when members of the geni&parisomas more solitary than
in groups than when alone (Wilcoxon signed-rank Scarusin Bermuda and Barbados, respectively. Simi-

test, W=45.00, p=0.004), and this aggression was

larly, Barlow (1975) found tha&parisomavere always

directed primarily toward conspecifics. Group par- solitary in Puerto Rico. Itzkowitz (1974) reported that

ticipation did not produce statistically significant

juvenileSparisoman Jamaica were solitary aigtarus

effects on the frequency of aggressive interactions were gregarious. Based on the present findings, such
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Table 2 Mean number of bites per mirds( 1 SE) on various substrata for juvenicarus coeruleysSparisoma
aurofrenatumandSparisoma viridevhen solitary versus in groups.

Substrata S. coeruleus S. aurofrenatum S. viride

solitary group p solitary group p solitary group p
Halimeda 3.694+0.85 3.95:0.79 NS 3.94-0.73 3.68:054 NS 2.76:0.40 3.22:-0.53 NS
SAT 1.58+0.73 0.85:0.38 NS 1.3A0.48 1.42:-0.36 NS 1.89-0.49 2.91+0.65 0.04
Dicyota 0.11+0.11 0.114+0.04 NS 0.15£0.07 0.49-0.12 0.006 0.340.24 0.140.14 NS
turf 0.67+0.38 0.58:0.28 NS 0.12£0.06 0.15:0.09 NS 0.7#40.07 0.85:0.33 NS
Thalassia 0 0.0740.07 NS 0.1A-0.17 0.08:0.08 NS 0.040.07 0.04-0.01 NS
sand 1.36:0.64 1.93:1.08 NS 0.020.02 0.05:-0.03 NS 0 0.04£0.03 NS
other 0.25-0.10 0.16:-0.08 NS O 0.090.03 NS 0.08:0.04 0.14-0.04 NS

generalizations may not be true for juveniles of all par- Previous research has shown that parrotfishes will eat a
rotfish species in all geographic locations. variety of foods despite fluctuating abundances of those
Groups joined by these parrotfishes contain up to 20 foods in the environment (Lobel & Ogden 1981). This
fish, but the typical group size is five or fewer indi- behavior may function to ensure survival in an unpre-
viduals. Because small groups contain mostly a fourth dictably patchy environment. Therefore, one advantage

speciesScarus isertiindividuals of these three parrot-  of group participation fos. aurofrenatunmay be the
fishes tend to be conspicuous. This is especially true ability to maintain a more varied diet than when forag-
for S. coeruleuandsS. viridebecause these species are ing alone.

most often in groups containing no other conspecifics.  For Sparisoma viride feeding rate was higher in
Their juvenile coloration $. coeruleusyellow head, groups than when alone, but diet breadth was lower
pale blue body;S. viride white spots on red back- for individuals foraging in groups than solitary for-
ground) is distinct from most other reef-dwelling small agers. Despite the fact th&. viride can feed on
parrotfishes in the Western Atlantic (generally a dark, a wider variety of foods when solitary, and thereby
striped pattern), and is therefore likely to stand out in maintains a varied diet as discussed previously, feed-
a mixed-species aggregatiddcarus coeruleyshow- ing rate is higher when in groups. An increase in
ever, may decrease its conspicuousness by altering itsfeeding rate has been shown for numerous coral reef
coloration to a striped pattern comparable to that of fishes in large groups (Barlow 1974, Robertson et al.
S. isertj this behavior was observed f&. coeruleus 1976, Foster 1985, Hourigan 1986, Wolf 1987). For
while in groups at our study site (K. Overholtzer per- example, surgeonfisAcanthurus chirurgusncreased
sonal observation). Juvenil®. viride apparently are  the amount of time devoted to foraging when in
not able to change their coloration in this manner, but groups, and individuals that derived a greater forag-
may instead seek refuge within the reef itself, rather ing benefit spent more time in groups (Wolf 1987).
than in groups (Wolf 1985a). Because even conspicu- In Panama, non-territoriaBcarus isertiin schools
ous individuals spent more of their time in small for- fed at higher rates and were attacked by territo-
aging groups than alone, the benefits of mixed-speciesrial damselfishStegastes planifrontess often than
group participation likely outweigh the costs. Based on non-schooling territorialS. iserti (Robertson et al.
the present study as well as previous research, potentiall976).

advantages of group participation appear to include For all three species, there were few differences in
enhanced feeding and decreased aggression (Barlowthe number of bites taken from individual substrata.
1974, Robertson et al. 1976, Foster 1985, Hourigan Each of the three species was never observed feeding

1986, Reinthal & Lewis 1986, Wolf 1987). from certain substrata (e.ghalassia sand, sponges,
gorgonians) when foraging alone, although they fed
Effects of group participation on feeding on these substrata when in groups. However, these

substrata were all fed upon relatively infrequently. At
For Sparisoma aurofrenatungroup participation had  our study site, the predominant macroalbialimeda
little effect on feeding rate. However, diet breadth was opuntig is the primary food source for all three of these
higher for this species when in groups than when alone. juvenile parrotfishes (Overholtzer & Motta 1999). This
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calcareous alga occurs within the territories of dam- effects, if any, this increased aggression has on feeding
selfishes. Therefore, if the main function of group par- behavior.

ticipation is to overwhelm the defenses of damselfishes

on these patch reefs, the number of bites taken from Why doesScarus coeruletjsin groups?

Halimedashould be higher for fish in groups than soli-

tary individuals. However, for all three species of juve-  peeding rates, diet breadth, and aggressive interactions
nile parrotfishes observed in this study, solitary fish 4t 5 coeruleusvere only weakly affected by group
fed from Ha!imedaas often as individugls in groups. participation. As suggested by Wolf (1985a), the ben-
Food selection for these species may simply be a func- gfits of group participation may be different for each
tion of how often they encounter particular micro-  ghacies. The results of this study show no evidence of
habitats when foraging with the group, rather than an oy clear advantages or disadvantages for this species
effort Fo specifically feed on defended resources such \ynenin mixed-species aggregatioBsarus coeruleus
asHalimeda may join these groups as they pass through its home
range to temporarily decrease vulnerability to predators

Effects of group participation on aggression despite gaining no obvious foraging advantages. Alter-
natively, this species may become a member of a group

Group participation increased the frequency of aggres- simply by feeding on resources that are concentrated in
sive interactions forS. aurofrenatumas aggressors, ~ JiSCrete paiches atthe same time an aggregation passes
but had little effect for the other two species. This through. Further study is necessary to determine what

aggression was directed primarily toward conspecifics, 2dvantages (e.g. increased survivorship) this species
suggesting that intraspecific antagonism increases for €rives from group participation.
S. aurofrenatunwhen in groupsSparisoma aurofrena-
tumtended to have more conspecific group members Conclusions
than the other two species, and the increase in aggres-
sion may result from encountering more conspecifics All previous research demonstrating the benefits of
when in groups. Juveniles may recognize conspecifics group participation has involved substantially larger
as potential competitors with whom they will beginto groups of fish (80-500) than those included in this
establish a dominance hierarchy in preparation for ter- study (e.g. Robertsonetal. 1976, Wolf 1985b, Debrot &
ritoriality as adults, as shown for chaetodontids (Reese Myrberg 1988). We have shown that small aggregations
1991). of reef fish & 10 individuals) may be large enough for
Group participation also decreased the frequency individuals to assume some of the benefits of group par-
of aggression by damselfishes towasd aurofrena- ticipation (e.g. increased feeding rates$owirideand
tumandS. viride Foster (1985) found that two-thirds increased diet breadth f8r aurofrenatun Atthe same
of the feeding bouts of solitary tangs (surgeonfish) time, these groups may be small enough that mem-
in damselfish territories ended with attacks by ter- bers can avoid the intragroup agonism characteristic
ritory owners; additionally, rates of attack were of larger groups that may reduce feeding efficiency or
inversely correlated with group size. Likewise, three attract predators. Avoidance of certain foods when fish
surgeonfish species in Belize received more attacks are solitary may be related to an increased risk of preda-
from damselfishes when solitary than when school- tion associated with more exposed microhabitats, but
ing (Reinthal & Lewis 1986). However, the increased overall diets were similar for fish in groups compared
aggression toward solitary parrotfishes in the present to solitary fish. Group participation decreased the fre-
study did not appear to limit feeding ddalimeda quency of aggressive interactions from damselfishes,
or algal turfs. Algal turfs in damselfish territories are but the implications of this difference in aggression
thought to be relatively immune to attack from small for parrotfish feeding are not yet understood. There
groups of fishes (Montgomery 1981). It is not known were few interspecific differences in group participa-
whether these juveniles would actually eat more turf tion, with all three species found less often alone than
algae in the absence of damselfishes. Based on thesén groups.
preliminary results, group participation appearstohave  Future research should concentrate on understanding
an effect on the frequency of attacks $naurofrena- the effects of a range of group sizes on the ecology of
tumands. virideby damselfishes, but it is unclear what juvenile parrotfish, and pinpointing the factors involved



in food selection, frequency of aggressive interactions,
and the potential increased risk of predation for ‘odd’
individuals. Manipulations of the size and composition

of mixed-species reef fish aggregations would be use-

ful to test for interspecific variation in the costs and
benefits of group participation, including determining
how survivorship is affected by group participation.
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