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Summary. Along the Caribbean coast of Panama,
groups of unrelated female striped parrotfish,
Scarus iserti, co-defend a common feeding territo-
ry. Field manipulations of group size and composi-
tion were performed to examine the benefits and
costs accrued by dominant fish within these shared
territories. Dominant fish benefit from the pres-
ence of relatively large subordinates because they
share in the defense of the territory. Removals of
these fish caused increases in defense time and de-
creases in feeding time for dominant group
members. Dominants benefit from the presence of
small subordinates because they increase the forag-
ing efficiency of dominants. Removals of smaller
subordinates caused reductions in the feeding time
of dominant fish, although no changes in defense
time occurred. Concurrently, dominant fish reduce
costs of resource depletion by displacing subordi-
nate group members from good food patches.
Dominance interactions within a group reduce the
amount of time subordinates spend feeding (subor-
dinate individuals fed at higher rates following the
removal of a dominant) and limit a subordinate’s
access to high quality resources. This combination
of benefits and reduced costs ultimately contrib-
utes to the economic defensibility of a striped par-
rotfish territory and has led to the evolution of
group territorial behavior in the absence of kin
selection and cooperative parental care,

Introduction

The concept of “economically defensible” re-
sources was originally proposed to explain the ter-
ritorial defense of an exclusive area by a solitary
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individual (Brown 1964). Based on optimality prin-
ciples, it predicts that territorial behavior may
evolve when the benefits an individual receives
from enhanced access to a protected resource out-
weigh the costs of defending that resource. Within
the last two decades, numerous empirical studies
of territories defended by solitary individuals have
provided general support for this idea (e.g., Gill
and Wolf 1975; Carpenter and MacMillen 1976;
Myers etal. 1979; Pyke 1979; Carpenter et al.
1983; McFarland 1986; Hart 1987; Mares and
Lacher 1987; Temcles 1987; Ydenberg and Krebs
1987).

More recently, the concept has been extended
to help explain the evolution of group territoriality,
the joint defense of an area by more than one indi-
vidual. This behavior is generally expressed among
socially cooperative groups of cither birds or mam-
mals. Studies of these groups have demonstrated
that a variety of different environmental and eco-
logical factors may contribute to the economic de-
fensibility of shared territories, although any of
three conditions, in particular, are often deemed
sufficient for their development. These are: ex-
treme costs to the dispersal of offspring from a
territory (Brown 1974, 1978, 1982; Gaston 1978;
Emlen 1982, 1984; Koford et al. 1986; Lindstrém
1986), cooperative care of young within the territo-
ry (Brown 1974, 1982; Gaston 1978; Vehrencamp
1977, 1978; Woolfenden and Fitzpatrick 1978,
1984 ; Emlen 1982, 1984), and kin selection among
group members (Brown 1974, 1982; Koenig and
Pitelka 1981; Emlen 1984; Lindstrom 1986).

None of these factors, however, can account
for the group territorial behavior of the Caribbean
striped parrotfish, Scarus iserti. Female groups of
these fish co-defend a common feeding territory
from neighboring territorial and roving non-terri-
torial conspecifics (Buckman and Ogden 1973;
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Clifton 1989). Group members are unrelated to
each other (juveniles recruit onto a reef only after
an approximately month-long planktonic egg and
larval stage), and they spawn their eggs directly
into the water column with no subsequent parental
care. Thus, the territorial behavior of these fish
presents an intriguing contrast to the more typical
patterns of territory sharing mentioned above and
offers a unique opportunity to explore the costs
and benefits of group territorial behavior in the
absence of kin selection and cooperative care of
young.

This paper examines striped parrotfish group
territoriality, reporting on how behaviors and re-
sources shift following experimental manipulations
of group size and composition. The results quan-
tify the extent to which specific aspects of group
territorial existence influence individual food in-
take rates and, in the process, identify the factors
contributing to the economic defensibility of these
territories. Of particular interest are the specific
ways in which social rank within a group influences
individual payoffs. The findings presented here in-
dicate that size-related differences in competitive
ability among group members have played a criti-
cal role in the evolutionary development of striped
parrotfish group territorial behavior.

Methods

Subject animal

The striped parrotfish is a common Caribbean coral reef fish.
A protogynous hermaphrodite with two distinct color phases
(Randall 1983), these small herbivores (maximum size 15 cm;
all measures of fish are standard length, S.L.) spend much of
their time scraping microalgae and benthic diatoms from the
bottom with their beak-like mouths. Striped parrotfish are
found in a variety of social contexts (e.g., territorial groups,
foraging schools, mating aggregations, etc.) and have been the
subject of many behavioral studies, including work on their
foraging strategies (Ogden and Buckman 1973; Barlow 1975;
Robertson et al. 1976), mating and life history tactics (Randall
and Randall 1963; Warner and Downs 1977; Robertson and
Warner 1978), and territorial behavior (Buckman and Ogden
1973, Clifton 1989).

Up to eight females jointly defend algal food resources
from conspecific intruders. This food grows throughout a terri-
tory as a scant, filmy cover on dead coral rubble and sand.
Algal density at a particular site is, in part, a function of the
time since an area was last grazed, and fish do not harvest
these resources systematically. Thus, unlike many other coral
reef fish territories (e.g., damselfish, Stegastes spp.), resources
are not uniformly distributed within a territory. Instead they
may be found as ephemeral patches that vary unpredictably
in location through time.

A size-related dominance hierarchy is present within each
group, and larger individuals displace smaller group members
during bouts of feeding. All group members participate in the
defense of a territory; however, their relative contribution to

defense is quite variable. Three classes of territorial individuals
have been identified: small subordinates (less than 6.5 cm) that
defend only rarely, larger subordinates that generally contribute
a great deal to the defense of a territory, and the dominant
group member whose contribution to defense depends upon
group composition. More detailed accounts of this territorial
behavior are described elsewhere (Buckman and Ogden 1973;
Clifton 1989).

These fish are excellent subjects for time budget studies.
They readily habituate to the presence of a diver, and their
various behaviors are easily distinguishable. In addition, female
striped parrotfish, with their indeterminate growth, daily
spawning, and sex-changing life history pattern, are presumably
energy maximizers (sensu Schoener 1971), since any net gain
in energy can be immediately converted into either increased
egg production or growth, both major contributors to life-time
reproductive success (Warner and Downs 1977; Robertson and
Warner 1978). Thus, there is probably strong selection for mini-
mizing the amount of time spent away from feeding.

Territorial striped parrotfish were studied during visits to
the Smithsonian Tropical Research Institute field station, lo-
cated among the San Blas islands off the Caribbean coast of
Panama. Observations of these fish were made over an approxi-
mate 2-year period (March-September 1984; April-August
1985; March-April 1986). Time budgets of territorial individ-
uals were collected during 5 min bouts of observation using
an underwater tape recorder and subsequently transcribed with
an event-recording portable computer. During observation pe-
riods, the time the focal animal spent feeding, defending the
territory, displacing and being displaced by other group
members, swimming within the territory, and swimming off
territory were noted. During interactions with other individuals,
the identity and size of the individual were also noted. Individ-
uals were individually recognizable by means of uniquely ap-
plied patterns of subcutaneous injections of the vital stain Al-
cian Blue.

Removal experiments

Experiments were performed in a pair-wise fashion, using two
territorial groups on the same reef. Paired groups were of the
same size (either three or four individuals) and relatively equiva-
lent in composition. To obtain individual behavior profiles,
fish from both groups were simultaneously monitored each day,
over a period of at least 5 days. All observations were made
within the same block of time each day, during which each
group member was monitored separately for a 5-min period.
The sequential order in which fish were observed from day
to day was varied systematically.

Following this pre-manipulation period, a specific individ-
ual was removed from one of the territories (chosen randomly
and hence referred to as the “experimental” territory). This
removal was done approximately 30 min before the usual peri-
od of observation. A mock removal was performed in the sec-
ond territory (hence referred to as the “control” territory),
matching the removal procedure used in the experimental terri-
tory, except that no fish was removed. After a 15-min wait,
all remaining fish were observed in both of the territories, as
they were on subsequent days, for at least 4 more days.

Behaviors of experimental fish before and after a removal
were compared with a repeated measures ANOVA design. All
variables were arcsine transformed and only three of six possi-
ble behaviors were used in the analysis. This reduced potential
problems of dependence between behavior categories (Aitch-
ison 1982). The behavior of the control fish was included as
an additional independent variable in these analyses. Statistical
analyses were performed in this manner because, on a given
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day, ambient conditions (e.g., water clarity, cloud cover, surge)
generally affected striped parrotfish behavior so that the pat-
terns of foraging among all territorial individuals on the same
reef tended to covary. Thus, at least prior to the manipulation,
the behavior of the control fish was a reasonable predictor
of the behavior of the experimental fish.

Three types of removal experiments were performed, based
upon the rate at which an individual contributed to the defense
of a territory during the premanipuation period. In the first
case, subordinate individuals that performed more than 50%
of the total defense of an area were removed (hence referred
to as “contributors”). In the second case, small subordinate
group members that contributed less than 5% to the total de-
fense of an area were removed (hence referred to as “non-
contributors™). In the third case, large, dominant fish were
removed from their territory, irrespective of their overall contri-
bution to territorial defense. Both types of subordinate remov-
als were replicated in three territories. A total of five dominant
removals were performed.

To assess whether removals influenced a dominant’s feed-
ing efficiency, algal patches of known quality were introduced
into several territories both before and after removals. The time
until discovery of these patches by the dominant group member
was then recorded. Patches were small pieces of relatively high
quality algal turf (approximately 3 x 3 cm; mean algal density =
8.7x1072+2.1 x 10~ mg/em?; N=7; all means+1 SE) col-
lected from nearby damselfish territories. During one non-con-
tributor removal and one contributor removal, a single piece
of turf was placed at an arbitrary location within both experi-
mental and control territories. This was done each day of the
experiment, just after the main observation period. A patch
was considered discovered when the dominant began to feed
on the introduced algae.

Algal density within territories was estimated from samples
scraped from unglazed ceramic tiles (2.6 x 2.6 cm) that had been
left, unmanipulated, within the territory for at least 45 days
prior to any experiments. Samples were preserved in 10% buf-
fered formalin immediately following collection and were later
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Fig. 1. Mean percent time spent
swimming, feeding, and defending
e (+1 SE) by three dominant
territory residents before and after
the removal of a contributing
subordinate group member (sce
text for details). Double-hatched
bars are pre-manipulation; single-
hatched bars are post-
manipulation. Repeated measure
ANOVAs on arcsine transformed
variables. Significance of changes
in behaviors before and after the
manipulation: * P<0.05; **P<
0.01; *** P<0.001; otherwise P>
0.05

ashed to obtain ash-free dry weights. Algal samples collected
in this manner provide accurate estimates of actual algal densi-
ties within territories (Clifton 1989).

Two types of tile collection schemes were used during the
experiments. In the first, three sets of two tiles each were placed
at three different locations within three of the experimental
territories {two in which a non-contributing subordinate was
removed and one in which a contributing subordinate was re-
moved). One tile from each set was collected just prior to the
removal, and the second was collected 5 days after the removal.
In the second collection scheme, tiles were arranged in sets
of 15 (layed out in a 3 x 5 pattern) and placed at five arbitrarily
chosen locations within one of each type of experimental terri-
tory. Tiles were similarly distributed in the associated control
territories. After being left unmanipulated for at least 45 days
(as above), three randomly chosen tiles from each set within
both experimental and control territories were collected just
prior to the removal. A similar collection of three tiles from
each set was made following the last post-manipulation obser-
vation period.

Results

Removal of subordinate defenders

The removal of a contributing subordinate severely
affected the largest group member’s behavior
(Fig. 1). Following each of the three removals of
this type, there was a reduction in the amount of
time the dominant group member spent feeding
(¥*=16.31+2.2%) and an increase in the amount
of time it spent defending the territory (¥=10.5+
3.8%). In two of the three removals, the amount
of time spent swimming also increased (¥=9.5+
4.5%). Changes in algal density within territories
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Table 1. Mean algal density (mg/cm?) from three experimental territories before and after the removal of a subordinate; N=6

for each. All weights are ash-free

Type of removal Before After t P

Contributor 1.2x10724+23x1073 1.3x1072+1.3x1073 0.45 0.69
Non-contributor 1.8x107243.7%x 1073 1.9%x10724+1.0x 1073 0.32 0.78
Non-contributor 23x10724+1.9%x1073 20x1072+1.3x 1073 4.41 0.06

Table 2. Mean algal densities (mg/cm?) from three experimental and three control territories before and after removal of a

subordinate group member. All measures from ash-free samples. Sites within territories are pooled

Type of removal Before After Fi29 P

Non-contributor 13x10724+6.8x107* 12x10724+7.4%x107* 0.27 0.62
(control) 2.5x107%4+1.9%x 1073 24x1072414%x1073 0.52 0.49
Contributor 27%x107%242.2x1073 24%10734+2.0x1073 4.41 0.06
(control) 22x10724+1.7x 1073 23x10734+1.3x1073 0.90 0.37
Dominant 25x10724+2.5%x1073 23x10724+1.9%x1073 2.36 0.16
(control) 22x10724+13%x1073 2.5%10724+1.7x1073 1.16 0.38
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Fig. 2. Mean percent time spent
swimming, feeding, and defending
(41 SE) by three dominant
territory residents before and after
the removal of a non-contributing
subordinate group member (see
text for details). Bar hatching and
significance levels as in Fig. 1
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were not detected following the removals (Tables Removal of subordinate non-defenders

1 and 2). In the experimental territory in which

high quality food patches were introduced, the  These experiments also affected the behavior of
mean time until discovery of a patch by the domi- dominant territorial individuals (Fig.2). In all
nant group member increased following the remov- three cases, the amount of time spent feeding de-
al (from 75.4+22.1s to 154.4+25.6s; original clined significantly following the removal (Xx=
group size=4; N=10; t=2.33; P<0.05). No such 18.0+3.6%), while the amount of time spent
change was detected in the associated control terri- swimming increased significantly (X¥=18.6+
tory (83.4+21.2svs 65.2+20.9s; N=10; +=0.61; 1.9%). The removal of a non-contributing subordi-
P=0.56). nate had no effect, however, upon the amount of
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time a dominant individual spent defending its ter-
ritory. Algal densities were unaffected by the re-
moval (Tables 1 and 2). As above, when high quali-
ty food patches were introduced into one of the
experimental territories, the mean time until dis-
covery by the dominant group member was higher
following the removal (150.84+274s vs
277.8+47.3 s; original group size=3; N=10; 1=
2.32; P<0.05). Again, the dominant fish in the
associated control territory showed no change in
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AN\ Fig. 3. Mean percent time spent

swimming, feeding, and defending
(x1 SE) by two subordinate
territory residents before and after
the removal and subsequent
replacement of the most dominant
group member (see text for
details). Bar hatching and
significance levels as in Fig. 1

gé KAK

X

O
So%e

>
belelels

o
b
%

Fig. 4. Mean percent time spent
swimming, feeding, and defending
(£1 SE) by three subordinate
territory residents before and
immediately after the removal of
the most dominant group member
(see text for details). Bar hatching
and significance levels as in Fig. 1

discovery rate (180.44-31.6 s vs 169.4+38.8s N=
10; 1=0.61; P=0.56).

Removal of a dominant group member

The most obvious result of removing a dominant
fish from its territory was the subsequent invasion
of the territory by a large neighboring territorial
striped parrotfish. These fish then effectively occu-
pied and defended both territories, which contin-



144

ued to be maintained separately by the two groups
of smaller territorial individuals. In each case,
these invaders were at least 1 ¢cm larger than the
largest of the remaining original residents of the
experimental territory.

Both invasions occurred within 24 h of the re-
moval. One took place 30 min following the re-
moval and was directly observed. In this case, the
original residents of the experimental territory ini-
tially defended the territory against the intrusions
of a large neighbor. However, their defensive at-
tempts were soon met with aggressive chases by
the larger fish and were subsequently curtailed.
Following the invasion of the territory, the behav-
iors of the largest remaining subordinate within
the experimental territory were not different from
the patterns of behavior expressed prior to the ma-
nipulation (Fig. 3). Algal densities within experi-
mental and control territories were unchanged (Ta-
ble 2).

Because the initial removals of a dominant ter-
ritorial group member resulted in the invasion of
the territory by large, neighboring fish, patterns
of subordinate behavior in the presence and ab-
sence of a large dominant group member could
not be analyzed. To alleviate this problem, the ex-
perimental procedure was modified so that five sets
of 5-min bouts of observation were made immedi-
ately before and immediately following a removal.
This new procedure was then repeated three times.

Following the removal of the largest group
member, but prior to the invasion of the territory
by a larger fish, the behavior of the largest remain-
ing subordinate fish changed dramatically (Fig. 4).
In each case, the amount of time the subordinate
fish spent swimming significantly decreased (%=
16.241.9), and the amount of time it spent feeding
significantly increased (¥=16.7+1.6). In one in-
stance, the time spent defending the territory also
increased significantly.

Discussion

Territorial behavior is an expression of dominance
with spatial consequences. By excluding individ-
vals from an area, territory owners not only dem-
onstrate their superior competitive abilities for the
resources contained within a defended area, but
they influence the location of others within a popu-
lation as well. Given this, the presence of others
within a territory is not easily explained, since sub-
ordinate group members, by depleting territorial
resources, must represent a cost to dominant indi-
viduals. To adequately understand group forma-
tion within territories, the factors that compensate

dominant individuals for the costs that subordi-
nate group members represent must be identified.

Benefits of group living

For dominant striped parrotfish, this compensa-
tion clearly exists. Within territories, dominants
enjoy reasonably high feeding rates in the presence
of lower-ranking group members, and this rate
dropped significantly when a subordinate was re-
moved (Figs. 1 and 2). These decreases in feeding
presumably reflect a drop in the food intake rate
of dominant fish, since changes in food density
within territories did not accompany removals (Ta-
bles 1 and 2).

Changes in the feeding behavior of dominant
fish apparently stem from several different subor-
dinate behaviors. Most obviously, subordinate
participation in the defense of a territory allows
dominant fish to spend more time feeding. When
defending subordinates were removed, dominant
individuals were induced to spend more time pro-
tecting their territory (Fig. 1). Traditionally, (in-
deed, almost by definition) the sharing of defense
by territorial group members has been considered
to be an integral component of group territorial
systems (e.g., Brown 1969, 1982; Gaston 1978;
Woolfenden and Fitzpatrick 1978; Craig 1979;
Davies and Houston 1984) and, in at least one
case, appears to be the primary reason that some
individuals share their territories (Davies and
Houston 1981). Thus, patterns of shared defense
among striped parrotfish are consistent with those
found in other group territorial systems.

The removals of non-defending fish demon-
strate that defense sharing is not the only factor
influencing the feeding rate of a dominant individ-
ual, however. As might be expected, the absence
of these subordinates did not affect the time a dom-
inant spent defending its territory. Instead, the re-
moval caused dominant fish to spend less time
feeding and more time swimming (Fig. 2).

These reduced feeding rates apparently reflect
increased search times for food since dominant fish
also took longer to discover introduced food
patches following removals. Specifically, this im-
plies that non-contributing subordinates are toler-
ated within striped parrotfish territories because
they aid in the detection of good food patches (sim-
ilar conditions may contribute to group formation
in some bird flocks, ¢.g., Baker 1978; Baker et al.
1981 ; Barnard and Sibly 1981; Rohwer and Ewald
1981; Czikeli 1983; Barnard 1984; Giraldeau
1984). Reductions in a dominant’s feeding time
could also be due to increased vigilance for preda-



tors (as a result of reduced group size; e.g., Pulliam
1976; Bertram 1978; Caraco 1979; Pulliam and
Caraco 1984), although the manner in which
striped parrotfish detect predators suggests this is
less likely (Clifton 1989). In ecither event, both
food-finding and predator vigilance have, to date,
been considered simply as two of a suite of possible
factors which might, secondarily, contribute to the
evolution of territory sharing behavior (e.g., Gas-
ton 1978; Brown 1982). The results presented here
suggest that one, or perhaps both, may contribute
substantially to the benefits accrued by dominants
and, thus, be a significant reason why certain indi-
viduals are tolerated within striped parrotfish terri-
tories.

Costs of group living

Any benefits accruing to dominant group members
must be judged in relation to the costs of living
together. As mentioned earlier, because subordi-
nate group members consume some of the de-
fended resources within a territory, they must rep-
resent something of a cost to dominant individuals.
This cost may be reduced, however, if dominant
behaviors effectively lower the harvest rate by sub-
ordinate group members (Pulliam 1976; Brown
1982). Additionally, studies of other territorial
groups have shown that these costs may be further
reduced if subordinates tend to feed in areas that
are unattractive or unavailable to dominant indi-
viduals (e.g., Macdonald 1983, 1984; von Schantz
1984 ; Carr and Macdonald 1986). Of course, this
must have some limits, with resource depletion
eventually limiting the food intake of dominants
as groups become larger. Otherwise, territorial de-
fense against smaller fish would seem unnecessary,
and we might expect immense groups to form.
Both of these factors apparently limit the food
intake of subordinate striped parrotfish and thus
reduce the cost they represent to dominant fish.
Not only do dominance interactions within par-
rotfish territories lower the overall rate at which
subordinates feed (Fig. 4), they must also, to some
extent, diminish a subordinate’s access to areas of
relatively high algal abundance (dominant fish in-
variably excluded subordinates from high quality
food patches once the patch was discovered). Thus,
when subordinates do feed, it is probably often
within patches already depleted by dominant
group members. This may explain why algal densi-
ties did not change following subordinate remov-
als. Resource levels within a striped parrotfish ter-
ritory are probably more a function of where,
when, and how often different group members
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feed, rather than simply a function of the number
of individuals present within the territory.
Analogous conditions have been found among
territorial groups of social Canids (e.g., Macdon-
ald 1983; Carr and Macdonald 1986). Within these
groups, distinct patterns of resource use by domi-
nant and subordinate individuals reduce the degree
to which low-ranking group members deplete terri-
torial resources. For territorial striped parrotfish,
however, spatial and temporal variation in both
resource abundance and usage is probably regu-
lated more by the foraging behavior of dominants
than by intrinsic environmental features (as in
other group territorial systems, e.g., Bradbury and
Vehrencamp 1976; Macdonald 1983; Carr and
Macdonald 1986). Thus, for these fish, the ability
of a dominant to influence the behavior of another
group member plays an important role in reducing
the costs that an additional individual represents.
In conclusion, it is the apparent interplay of
increased benefits and reduced costs to dominant
individuals that has led to the development of
group territorial behavior among striped parrot-
fish. The results reported here demonstrate that,
in the presence of subordinates, dominant fish de-
fend their territory less often, spend more time
feeding, and have priority of access to many of
the resources contained within the defended area.
In contrast, group living apparently reduces the
food intake of subordinate striped parrotfish, yet
they remain within groups. This is présumably due,
as in other group territorial systems, to the costs
associated with life outside of territories and, per-
haps, to the potential future benefits gained after
ascending to a position of higher rank within a
group. Ultimately, it is the ability of one individual
to dominate over another that contributes to the
economic defensibility of striped parrotfish group
territories, and this has led to the formation of
stable territorial groups in the absence of kin-selec-
tion and without the elaborate patterns of coopera-
tive behavior that characterize so many other
group territorial systems. This result should en-
courage further studies on the role that individual
differences play in the evolutionary development
and maintenance of group territorial behavior.
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