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Abstract Local patterns of adult distribution in organ-
isms that disperse young as pelagic larvae can be de-
termined at the time of recruitment through habitat
selection or, shortly thereafter, through post-recruit-
ment processes such as di�erential juvenile survivorship
and interspeci®c competition. This study addresses the
importance of habitat selection by recruits in establish-
ing the local pattern of adult distribution in two
sympatric Caribbean damsel®sh species, Stegastes
dorsopunicans and S. planifrons. Both species inhabit
shallow reefs but show little overlap in their distribu-
tion; S. dorsopunicans predominates in the reef crest and
S. planifrons occurs primarily on the reef slope. Fur-
thermore, S. dorsopunicans is associated with rocky
substrate, while S. planifrons occupies live coral. The
substrate cover follows a similar pattern with coral
being much less common on the reef crest than on the
reef slope. Monitoring recruitment every other day in
reciprocal removal experiments and arti®cial reefs indi-
cates that the observed pattern of local adult distribu-
tion is a product of habitat selection for both species.
The presence or absence of conspeci®cs did not in¯uence
recruitment patterns for either species. Stegastes dorso-
punicans recruited primarily to shallow, rocky areas,
appearing to cue on both substratum type and depth.
Stegastes planifrons recruited exclusively to coral sub-
stratum independent of depth. These results indicate
that local adult patterns of distribution can be explained
by habitat selection at recruitment, and that substrate
type and depth may be important cues.
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Introduction

The population dynamics of species with open popula-
tions, such as many nearshore marine organisms which
possess a planktonic larval stage, has received much
attention over the last decade (Roughgarden et al. 1985,
1988; Victor 1986; Underwood and Fairweather 1989;
Gaines 1992). Variable recruitment can in¯uence the
patterns and processes of local community structure.
For example, an abundant supply of larvae can increase
population density and consequently the intensity of
biological interactions (e.g., competition and predation)
within the community, whereas a limited supply of lar-
vae may have the opposite e�ect (Pacala and Silander
1985; Roughgarden et al. 1988; Pacala 1989). Thus, local
patterns of adult distribution in marine organisms which
disperse primarily during a larval stage will be estab-
lished either at settlement through habitat selection, or
thereafter through processes such as di�erential preda-
tion, competition, and/or habitat selection through
migration (Raimondi 1991).

It is important to distinguish between settlement and
recruitment since these two events give complementary,
but di�erent insights into the processes structuring
communities. Settlement is the initial establishment of
larvae onto the substratum. Recruitment, on the other
hand, is the ®rst record of the settled larvae (sensu
Keough and Downes 1982). While a settler's age is zero,
the age of a recruit can vary from hours (Raimondi
1991) to months (Doherty and Fowler 1994). A pattern
of distribution and abundance described at settlement
re¯ects only larval processes; if it is described at re-
cruitment, it also includes the e�ects of post-settlement
processes.

As in many marine organisms, the life cycle of most
coral reef ®shes involves a dispersive planktonic larval
phase (Sale 1980). Hence, abundance and distribution
patterns of ®shes on the reef can be determined by both
settlement and post-settlement processes. Much atten-
tion has been given to post-settlement processes. In the
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past, competition was considered to be the major pro-
cess structuring ®sh communities (references in Sale
1980). Predation has received attention more recently
(Hixon 1991). The focus on recruitment has been di-
rected primarily to its role in regulating the abundance
of ®sh populations (Doherty and Williams 1988; Do-
herty 1991). Little attention has been paid to its function
in the establishment of local patterns of distribution; for
example, through habitat selection.

Habitat selection, the active choice of a living site by
an individual, may limit the distribution of species yet
allow potentially competing individuals or species to
coexist. Habitat selection may occur at settlement or
anytime thereafter. Because recruitment patterns pro-
vide a static snapshot of a perhaps dynamic process,
they can be used to study habitat selection at settlement,
provided recruitment is censused frequently.

Many coral reef ®shes disperse only during the
planktonic phase assuming a sedentary, sometimes
territorial existence soon after settlement. Numerous
studies on coral reef ®sh have revealed the importance of
habitat characteristics to ®sh survivorship and growth,
for example, di�erent reefs (Aldenhoven 1986), depths
(Jones 1986; Shapiro 1987; Wellington 1992), densities
(Jones 1987; Forrester 1995; Hixon and Beets 1993) and
substrata (Jones 1988; Booth 1992; Wellington 1992).
These results indicate that there should be strong selec-
tive pressure for ®sh to choose the proper habitat at, or
soon after, settlement. In fact, many studies have shown
habitat selection in reef ®shes (Shulman et al. 1983;
Sweatman 1983; Holbrook and Schmitt 1988; Carr 1991;
Levin 1991; Booth 1992; Wellington 1992; Danilowicz
1996). Some ®sh species have been shown to cue on
habitat complexity (Carr 1991; Levin 1991), as well as on
abundance of predators (Shulman et al. 1983), conspe-
ci®cs and congeners (Sweatman 1985, 1988; Booth
1992), or speci®c substrata (Sale 1971; Marliave 1977;
Danilowicz 1996). Few studies, however, have attempted
to relate habitat selection to community structure
(Wellington 1992). Habitat selection at, or soon after,
settlement may determine local adult patterns of dis-
tribution. Wellington (1992) showed that Stegastes
leucostictus and S. variabilis settlement was con®ned to
conspeci®c adult habitats.

In the present study, I monitored early recruitment of
S. dorsopunicans (Poey) and S. planifrons (Cuvier) to
assess whether or not recruits select their habitat based
on conspeci®cs, congeners, substratum and depth. I
speci®cally addressed the importance of recruitment
processes in establishing local patterns of adult distri-
bution.

Methods

Study species

Damsel®shes (Pomacentridae) represent one of the largest families
of ®shes inhabiting tropical reefs, and are numerically and

functionally important members of coral reef ®sh communities.
Damsel®shes of the genus Stegastes are relatively small territorial
®sh (Itzkowitz 1977; Robertson et al. 1981, Robertson 1984). These
territories are utilized for food, shelter, and nesting (Thresher
1976). Most adult damsel®shes grow a dense algal mat within their
territories from which they feed. They control the species compo-
sition of these algal turfs, and defend them against other herbivores
such as ®sh and sea urchins (Myrberg and Thresher 1974; Thresher
1976). In order to provide substratum for this algal mat, some adult
damsel®shes may kill live coral within their territories, thus, af-
fecting the benthic algal and coral communities (Brawley and Adey
1977; Kaufman 1977; Lobel 1980; Williams 1980; Robertson et al.
1981; Wellington 1982; Hixon and Brosto� 1983; Foster 1987;
Knowlton et al. 1990). Their territories also serve as shelter, con-
taining holes or crevices where the ®sh hide from predators. These
shelters are defended against other diurnal ®shes (Robertson and
Sheldon 1979). Finally, all damsel®shes lay benthic eggs. Females
deposit eggs inside the male territory, and males aerate the nest and
defend it against piscivores until hatching (Thresher 1984).

Several studies have shown habitat partitioning among dam-
sel®sh species (Itzkowitz 1977; Williams 1978; Waldner and Rob-
ertson 1980; Robertson 1984; Wellington 1992). Six species of the
genus Stegastes occur on Caribbean reefs: S. diencaeus, S. dorso-
punicans, S. leucostictus, S. partitus, S. planifrons, and S. variabilis.
The two species chosen for this study (three-spot damsel®sh,
S. planifrons, and dusky damsel®sh, S. dorsopunicans) are common
throughout the Caribbean and easily distinguishable on the basis of
their coloration both as juveniles and adults. The depth range of
S. planifrons is broader including both shallow and deep reefs, and
S. dorsopunicans inhabits shallow reefs (0.5±5 m). Even on shallow
reefs, however, these two species show little overlap in their
distribution (Waldner and Robertson 1980; Robertson 1984). The
extent of the overlap seems to be related to the steepness of the
transition between the reef crest and the reef slope (personal ob-
servation). Thus, these two damsel®shes provide an ideal system to
examine the recruitment and post-recruitment processes establish-
ing local adult distributions.

Study site

The study was carried out at the Smithsonian Tropical Research
Institute ®eld station in the San Blas Comarca, Panama. Shallow
reefs in this area are dominated by Millepora complanata on the
crest and Agaricia spp. on the slope, with Porites porites, P. furcata,
P. astreoides and Montastraea spp. also being common.

The study area was composed of four shallow (0.5±5 m) patch
reefs at Punta de San Blas (Fig. 1) di�ering in coral cover, wave
action, etc. These reefs are separated from each other by 100±400 m
of sand which minimizes the possibility of ®sh migration between
reefs. Thus, individual reefs were considered independent repli-
cates. Stegastes planifrons and S. dorsopunicans are the most
common damsel®shes on these reefs. The other relatively common
damsel®sh is Microspathodon chrysurus which is larger than both
Stegastes species and occupies shallow Millepora colonies. Its ter-
ritories are superimposed on Stegastes territories (Robertson 1984).
Microspathodon chrysurus seems to use its size-based dominance to
preempt food from its cohabitants; and in doing so, reduces the
growth rate of S. dorsopunicans but does not appear to a�ect their
distribution patterns (Robertson 1984).

Patterns of adult abundance and distribution

To determine the patterns of adult abundance and distribution in
the study area, four 1-m-wide transects were run from the center to
the edge of each reef (6±11.4 m). I recorded depth and substratum
every 10 cm, as well as the extent of the reef crest and the reef slope.
All ®sh found defending territories within 0.5 m on either side of
the transect were counted. These numbers were converted to den-
sities (individuals/m2) using the area covered by each transect.
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Habitat selection and local patterns of distribution

To test the null hypothesis that there is no habitat selection at
recruitment, three treatments were applied to each reef: a control
and two reciprocal removal treatments (SDR, S. dorsopunicans
removal and SPR, S. planifrons removal). Each treatment occupied
a 50-m2 area on the reef and was separated from the next treatment
by at least 7 m. Each 50-m2 area was divided equally into two
zones: the reef crest and the reef slope. Furthermore, I categorized
available substrata within these zones as either coral (living colo-
nies) or rock (dead corals). Prior to the collection of recruitment
data, I removed ®sh using microspears and quinaldine anaesthetic.
Because conspeci®cs from immediate adjacent areas tend to invade
vacated territories (e.g., Waldner and Robertson 1980), subsequent
removals were necessary to maintain the treatments. Immigrants
were removed at least once a month with an overall removal e�-
ciency of 85±90% (Fig. 2).

I monitored recruitment over the entire 50-m2 area for each
treatment every other day for 5 months. To facilitate the sampling,
I further divided the areas into 1.5-m2 quadrats. The location of
recruits, along with their associated substratum, were recorded.

Cues to habitat selection

Di�erences in recruitment among treatments (presence or absence
of conspeci®cs or potential competitors), between zones (crest or
slope), and between substrata (coral or rock) were used to identify

potential settlement cues. The role of priority e�ects (i.e., the e�ect
of conspeci®c/congener presence on habitat selection) was investi-
gated by following recruitment into removal sites. Depth and
substratum-speci®c cues were examined by comparing recruitment
along a depth gradient and in di�erent types of substrata, respec-
tively.

Finally, to separate substratum- from depth-e�ects, two small
(3±5 m2) arti®cial reefs were established on each experimental reef,
outside the study areas: one on the reef crest, at about 1 m depth
(shallow treatment) and the other 2 m from the reef edge, at about
4 m depth (deep treatment). Rocks and living coral (Agaricia spp.
and Millepora spp.) were used to build the arti®cial reefs. The area
covered by each type of substratum was calculated (approximately
70±80% rock and 20±30% coral). Surveys for recruits were made
every other day for 1.5 months. All recruits found were removed
with the use of anaesthetic (quinaldine) and hand nets after making
a note of the substratum they were found in.

Statistical analyses

For each area (treatment) within a reef, I estimated the proportion
of coral and rock in each of the 1.5-m2 quadrats. These estimates
were then added and the total cover (in m2) of coral and rock for
each zone on the reef was calculated (Table 1).

For the statistical analyses, the numbers of recruits were con-
verted to numbers per unit area of substratum. Recruit densities
were analyzed with a mixed factorial ANOVA, where reefs con-
stitute the replication factor (random), and treatment, zone and
substratum are ®xed factors (Wilkinson 1991). The substratum
factor was excluded from the S. planifrons analysis since all
individuals recruited to a single substratum type. Each removal
treatment was also tested individually against the control to par-
tition the e�ects of presence or absence of conspeci®cs and cong-
eners on recruitment. Stegastes dorsopunicans recruitment densities

Fig. 1 Partial map of the San Blas Comarca showing the location of
the four study reefs (A, B, C, and D). Punta de San Blas is the
northern end of the Comarca. The current runs along a north-south
direction during most of the year with a few days during the summer
months (July-August) running in the opposite direction
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were also tested with a mixed factorial ANCOVA using percentage
cover of substratum as a covariate. This was done to control for the
natural variation in substratum cover among treatments and zones.
In the arti®cial reefs experiment, the numbers of recruits were also
converted to numbers per unit area of substratum and analyzed
using a Student's t-test (Wilkinson 1991).

The statistical power of the di�erent tests was assessed by cal-
culating the standard deviation of the standardized population
means (f). Tables were used to obtain the power of the dependent
factors and interactions resulting from a three way analysis of
variance (Cohen 1969). For the t-test, power was derived using
SigmaStat (Jandel 1994).

Results

Patterns of adult abundance and distribution

Results from the 1-m-wide transects show that adult S.
dorsopunicans inhabit the reef crest while adult S. plan-
ifrons occupy the reef edge and slope (Fig. 3). At the
interface between the reef crest and slope the distribu-
tion of these two species overlaps and they are found at
comparable densities (0.6 individuals/m2). Although a
few individuals reside in the opposite reef zone, these
represent less than 20% of the preferred-zone densities
(Fig. 3). Besides occupying di�erent reef zones, these
species seem to be identi®ed with unlike substrata, for
example adults of S. dorsopunicans preferentially occupy
rock, whereas S. planifrons inhabit living coral.

Habitat selection and local patterns of distribution

Neither S. dorsopunicans nor S. planifrons showed ran-
dom patterns of recruitment in control plots. Each
species recruited in signi®cantly higher densities to the
zones of the reef typically inhabited by their conspeci®cs
(Table 2). Recruits of S. dorsopunicans dominated the
reef crest, whereas recruits of S. planifrons were most
abundant on the reef slope (Fig. 3).

Cues to habitat selection

Recruit densities did not di�er signi®cantly among the
three treatments in either species (Fig. 4). While
S. planifrons recruit densities were 15% lower in the SPR
than in the control treatment, those of S. dorsopunicans
were only 3% lower in the SDR than in the control
treatment. Moreover, the pattern observed between reef
zones in the controls versus the removal treatments did
not di�er (Fig. 5). Recruitment to the two substrata,
however, was signi®cantly di�erent for both species.
While recruits of S. dorsopunicans preferred rock over
coral, S. planifrons recruited exclusively to coral (Fig. 6).

Results from the mixed factorial ANOVA for
S. planifrons showed the treatment e�ect to be non-
signi®cant while the zone e�ect was highly signi®cant
(Table 2). The power for the treatment, however, was
very low (25%) indicating that the probability of de-
tecting a real e�ect of conspeci®cs was low. The analyses
of variance testing for di�erences between the control
and removals (SPR and SDR) independently gave the
same results: non-signi®cant treatment e�ects and sig-
ni®cant zone e�ect. The power for the treatment was
again low (23%).

The results for S. dorsopunicans are similar. The
mixed factorial ANOVA indicates non-signi®cant
treatment e�ect and signi®cant zone, substratum, and
zone ´ substratum interaction e�ects (Table 2). An
analysis of covariance controlled for the e�ects of nat-

Fig. 2 E�ciency of adult removals in experimental areas. Density of
adults (individuals/m2) over time in the three treatments: Control,
Stegastes dorsopunicans removal (SDR), and S. planifrons removal
(SPR). Densities were estimated approximately halfway between
removals. Bars represent SEs (n � 4)
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ural variation in substratum cover. Although the as-
sumption of homogeneity of slopes was not met, the test
was run since these discrepancies are thought to have
a conservative e�ect (i.e., smaller type I error) on the
ANCOVA F-test (Huitema 1980). The ANCOVA re-
sults agree with the ANOVA in showing non-signi®cant
treatment e�ects and signi®cant zone e�ects; however,
the substratum covariate was not signi®cant.

In the arti®cial reefs experiment, S. dorsopunicans
recruited exclusively to rocky substratum and S. planif-
rons to coral colonies. Even though S. planifrons
recruited preferentially to deep rather than to shallow
areas, the di�erence was non-signi®cant (P � 0.550).
The power of the test in this comparison, however, was
quite low (5%). Stegastes dorsopunicans recruited
signi®cantly more to the shallow areas (P � 0.014)
(Fig. 7).

Discussion

Habitat selection and local patterns of distribution

There are numerous studies dealing with the impor-
tance of recruitment processes in determining abun-
dances of adult populations in marine organisms (e.g.,
Sale 1977; Findley and Findley 1985; Gaines et al.

Table 1 Total substratum cover in all four reefs divided by reef
zone and treatment (m2). I estimated the proportions of each
substratum (e.g., Agaricia, Millepora, rock, sponge, algae) in each
1.5-m2 quadrat. These proportions were converted to areas (m2)
and summed over each zone to obtain the total cover. All the coral

species were added to produce a single estimate of coral. The last
two columns separate coral cover into Agaricia spp. and the other
coral species. Values are added across treatments within a reef.
(Treatments: CON control, SDR Stegastes dorsopunicans removal,
SPR S. planifrons removal)

Reef a Reef zone Substratum

Coral Rock Agaricia Other

CON SDR SPR CON SDR SPR

A Crest 9.94 13.50 12.25 14.42 15.24 15.61 13.70 21.99
Slope 9.39 12.26 14.79 10.15 10.57 4.74 18.67 17.77

B Crest 18.34 2.27 12.28 12.74 20.40 14.19 5.58 27.31
Slope 13.18 13.24 16.68 2.39 1.54 7.07 37.16 15.94

C Crest 6.95 10.40 9.98 21.61 12.70 13.36 9.43 17.90
Slope 12.31 12.15 16.39 1.55 8.33 5.27 24.18 16.67

D Crest 22.54 18.70 19.05 8.54 9.20 6.83 16.90 43.39
Slope 14.38 12.97 12.20 0.62 5.15 12.05 21.97 17.58

a See Fig. 1

Fig. 3 Typical pro®le of study reefs beginning at the middle of the
reef crest (0 m) to the sand edge. Shaded area depicts the interface
between the two zones (crest and slope). Bar graphs illustrate the
distribution of adults and recruits in the two reef zones. Adult densities
were obtained from four 1-m-wide transects run vertically along each
experimental reef. All ®sh found within 1 m of a transect line were
counted and density subsequently calculated based on transect length
(6±11.4 m). Both species were found in equal densities in the interface
zone (�0.6 ®sh/m2). Recruit densities were obtained by documenting
recruitment every other day during ®ve months in the control plots,
and dividing the number of recruits by the area. (SD Stegastes
dorsopunicans, SP S. planifrons). Error bars represent SEs (n � 4)
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1985; Victor 1986; Doherty and Williams 1988;
Roughgarden et al. 1988; Underwood and Fairweather
1989; Jones 1990; Stoner 1990; Olafsson et al. 1994). In
contrast, little attention has been paid to the impor-
tance of recruit behavior as a mechanism determining
local adult distributions (Connell 1985; Butman 1987;
Raimondi 1991; Wellington 1992). Local distributions
have been related more to post-recruitment processes
such as predation, migration, and competition (Wil-
liams 1991).

I found that both S. dorsopunicans and S. planifrons
display non-random recruitment patterns (Fig. 3). Both
species recruit in higher numbers to the adult habitat,
thereby establishing the local patterns of distribution

Fig. 4 Mean densities of S. dorsopunicans and S. planifrons recruits in
controls, SDR, and SPR treatments. Recruit densities were based on
number of recruits over 5 months of sampling. Bars represent SEs.
Treatments did not di�er signi®cantly for either species (P > 0.4)
(n � 4)

Table 2 Results of mixed factorial analyses of variance for the
e�ects of treatment (control, S. dorsopunicans removal, and S.
planifrons removal), zone (crest and slope), and substratum (coral
and rock) on recruitment of S. dorsopunicans and S. planifrons
(n = 4)

Source df SS F ratio P b

A S. dorsopunicans

Reef 3 1.096 0.625 0.625
Treatment 2 0.611 0.676 0.544 0.75
Zone 1 28.872 515.57 0.000
Substratum 1 28.751 103.794 0.002
Treatment ´ Zone 2 0.338 0.210 0.816 0.93
Treatment ´ Substratum 2 1.225 2.063 0.208 0.25
Zone ´ Substratum 1 19.098 116.450 0.002
Treatment ´ Zone ´
Substratum

2 0.991 0.847 0.474

B S. planifrons

Reef 3 4.256 0.264 0.850
Treatment 2 1.350 0.858 0.470 0.75
Zone 1 35.062 71.119 0.003
Treatment ´ Zone 2 0.534 0.170 0.848 0.94

Fig. 5 Mean densities of S. dorsopunicans and S. planifrons recruits
on the reef crest (shallow) and reef slope (deep) by treatment. Recruit
densities were based on number of recruits over 5 months of sampling.
Bars represent SEs. Recruitment to the reef zones di�ered signi®cantly
in both species (P < 0.001) (n � 4)
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observed for adult conspeci®cs on the reef. Similarly,
Wellington (1992) observed that the distribution of two
other congeners, S. leucostictus and S. variabilis, in St.
Croix (United States Virgin Islands) was established by
recruits. Habitat selection may be a common process
structuring coral reef ®sh communities (Sale 1971;
Sweatman 1983, 1985, 1988; Sale et al. 1984; Booth
1992; Tolimieri 1995; Danilowicz 1996) and may ac-
count for the habitat partitioning observed in some coral
reef ®shes (e.g., Itzkowitz 1977; Robertson and Lassig
1980; Waldner and Robertson 1980; Anderson et al.
1981; Findley and Findley 1985).

Cues to habitat selection

Even if larvae have evolved the ability to select where
they settle, what proximate cues allow them to ®nd the
right habitat? The literature regarding metamorphosis

and settlement cues ranges from ecological studies
looking at habitat complexity (Carr 1991; Levin 1991),
di�erent substrata (Marliave 1977; Sale et al. 1984;
Victor 1986; Danilowicz 1996), and species interactions
(Sweatman 1985, 1988), to chemical studies striving to
identify the precise molecules involved in the process
(Murata et al. 1986; Morse 1990; Pawlik 1992;
Rodriguez et al. 1993).

In this study, S. planifrons showed a strong substra-
tum preference by recruiting exclusively to living coral,
independent of depth (Fig. 6). The signi®cant zone fac-
tor, however, indicates that substratum and zone may
have a joint e�ect, such that, substratum speci®c cues
cannot be separated from depth e�ects. This result might
seem surprising given the little di�erence found in coral
cover between zones (Table 1). However, coral sub-
stratum combines all species of coral into one category
when, in reality, most S. planifrons (93%) recruited to
Agaricia spp. which is more common on the reef slope

Fig. 7 Mean densities of S. dorsopunicans and S. planifrons recruits in
the shallow (reef crest) and deep (reef edge) arti®cial reefs.
Recruitment was documented every other day for 1.5 months.
S. dorsopunicans recruited exclusively to rocks and signi®cantly more
to shallow areas (t-test, P < 0.05). S. planifrons recruited solely to
coral at both depths (t-test, P > 0.5). Bars represent SEs (n � 4)

Fig. 6 Mean densities of S. dorsopunicans and S. planifrons recruits in
the two substrata (coral-living and rock-dead) by reef zone. Recruit
densities were based on number of recruits over 5 months of sampling.
Bars represent standard errors. Both species showed highly signi®cant
substratum preferences (P < 0.001) (n � 4)
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(Table 1). Millepora spp. and Porites spp. are the other
major coral taxa and account for the majority of coral
substratum found on the reef crest (Table 1). The fact
that 93% of S. planifrons recruited to Agaricia spp.,
together with the non-signi®cant results from the arti®-
cial reef experiment indicate that depth alone may play
only a minor role in this species' habitat selection
(Table 2, Fig. 7). Although S. planifrons recruits in
larger numbers to the deeper zone, it may be simply
selecting for the more abundant preferred live coral
habitat (Table 1). Stegastes dorsopunicans, on the other
hand, seems to be cueing more strongly on depth than
substratum. While S. dorsopunicans prefers rocky sub-
stratum, it recruited signi®cantly more to shallow areas
in the arti®cial reefs experiment, even though the ap-
propriate substratum was available at both depths. Also,
results of the analysis of covariance indicated that the
covariate (substratum) was not signi®cant. If true, the
observed signi®cant zone ´ substratum interaction can
be interpreted as an artifact of higher recruitment to
shallower areas: on the reef crest (shallow), S. dorso-
punicans recruits in large numbers preferentially to rocky
substratum while, on the slope (deep), recruitment levels
are so low that di�erences between substrata could not
be detected (Table 2, Fig. 6).

It is possible that larvae may cue on something other
than substratum. Both Sweatman (1985) and Booth
(1992) showed that larvae responded to residents' cues
by settling preferentially with conspeci®cs and/or con-
geners. Settling near conspeci®cs can clearly be advan-
tageous in locating both appropriate substratum and
mates for reproduction. At the same time, however,
there may be negative e�ects on growth and survival due
to intra- and/or interspeci®c competition. Jones (1987)
found that growth and maturation time were inversely
related to the density of conspeci®cs (juveniles and
adults at di�erent time periods). Schmitt and Holbrook
(1996), on the other hand, found no e�ect on juvenile
survivorship at low conspeci®c densities, but a negative
e�ect at higher densities. Therefore, the role of conspe-
ci®cs as recruitment cues may be species-speci®c. The
role of conspeci®cs in a�ecting recruitment was ad-
dressed here by examining recruitment in the absence of
both adults and juveniles. While the results of the sta-
tistical tests were nonsigni®cant, the power to detect
di�erences was also very low (Table 2). Nonetheless,
there was a clear trend of fewer S. planifrons recruits in
the absence of conspeci®cs than there was for S. dorso-
punicans (Fig. 4). Even though cueing on established
conspeci®cs might be advantageous as outlined above, it
might not be so if the species exhibit ontogenetic shifts in
habitat use. In Honduras, Lirman (1994) found that
juveniles and adults of S. planifrons have non-overlap-
ping distributions. Although not the case in San Blas,
Lirman's observation might indicate cueing on absence
of conspeci®cs if non-overlapping distributions are
common in other places.

Fish are thought to settle at night to avoid predators
(Victor 1986; Booth 1991) and so it has been postulated

that they may rely on olfactory rather than visual cues to
locate appropriate habitat (Murata et al. 1986; Sweat-
man 1988; Danilowicz 1996; Elliot et al. 1995). Settle-
ment, however, may be a passive process, a result of
potential spatial di�erences in larval supply. It is possi-
ble that ®sh settle randomly and subsequently migrate
and/or incur di�erential mortality. To distinguish be-
tween habitat selection by settlers versus recruits, one
needs to observe the actual process of settlement. Re-
cruitment in this study was observed soon after settle-
ment (5±48 h) and recruits were never observed to move
far from their original location. Even if settlers migrated
immediately after arriving on to the reef, this would still
®t the de®nition of habitat selection at recruitment since
it would imply that recruits are actively seeking the
appropriate microhabitat. On the other hand, if the
observed patterns result from di�erential survivorship,
this de®nition would fail since neither settlers nor re-
cruits would play an active role in the establishment of
local adult distribution patterns. However, di�erential
mortality would have to be extremely common and oc-
cur at very high rates to alter the settlement patterns
over such a short period of time.

In this study, both species appear to establish local
adult patterns of distribution during early recruitment.
However, these species use di�erent cues and the selec-
tive forces operating on the evolution of habitat selec-
tion may also vary between them. It appears, however,
that substratum and depth are more important than
presence of conspeci®cs. Therefore, it is plausible that
habitat-speci®c requirements may ultimately drive the
evolution of habitat selection in this system.
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