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ABSTRACT. – There is increasing evidence that some of the spatial variation in characteristics of local
assemblages of reef fish can be explained by variation in the measurable features of the habitat. In lagoons
at Moorea, French Polynesia, the coral, Porites rus forms large, structurally complex patch reefs with surface
branches and numerous holes and interior cavities. We conducted visual surveys of the fishes associated
with a set of 66 P. rus patch reefs and recorded the microhabitat (branch, crevice, interior cavity, water
column, etc.) where each fish occurred. In total, 119 species of fish from 25 families were observed in 17
pre-specified microhabitats. The families displayed a range of patterns of occurrence among the microhabitats
with some (e.g., Gobiidae, Scorpaenidae) restricted to only a few types, while others (e.g., Apogonidae,
Labridae) occurred in a variety of microhabitat types. Similarly, some microhabitats were numerically
dominated by individuals within a single family (e.g., Apogonidae in crevices) and other microhabitats (e.g.,
branches, cavities) were occupied by individuals from numerous families. Knowledge of patterns of
microhabitat use can provide useful predictive insight into likely alterations in the composition and structure
of coral associated fishes resulting from changes in coral structure that can occur via growth, mortality and/
or damage.
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INTRODUCTION

Assemblages of reef fish can vary greatly in composition,
species richness and abundance over very small spatial scales
and an understanding of the mechanisms underlying this
spatial variation has been a focal point of ecological studies
in marine systems. Numerous studies have explored
relationships between abundance of fish and the quality or
quantity of their habitats, with mixed results. The strongest
positive associations have been found for species with narrow
habitat requirements sampled at very small spatial scales
(Syms, 1995; Munday, 2000; Holbrook et al., 2002a, 2002b).
The effect of various structural aspects of habitat on fish
assemblages has also been examined and in some cases, the
degree of structural complexity has been a good predictor of
abundance or diversity of fish (Gladfelter & Gladfelter, 1978;
Gladfelter et al., 1980; Roberts & Ormond, 1987; Hixon &
Beets, 1993; Ormond et al., 1996; Freidlander & Parrish,
1998; Jones & Syms, 1998; Holbrook et al., 2002a; Nanami
& Nishihira, 2004). It has been argued that shelter habitats
such as crevices, holes and branched coral provide critical
refuge space for fish and thus positively affect the fish

assemblage. Several experimental studies have verified the
importance of this functional aspect of habitat structure
(Beukers & Jones, 1998; Nemeth, 1998; Gratwicke & Speight,
2005; Juncker et al., 2005).

Coral reefs are subjected to a variety of natural and human-
induced disturbances, some of which can greatly impact the
abundance of key foundational species, as well as the
structural characteristics of the reef. Different species of coral
and types of physical habitat structure vary in their
vulnerability to environmental perturbations, potentially
resulting in a differential loss of certain microhabitats
following disturbance to the reef. Clearly, knowledge of the
effects of habitat features on fish assemblages could provide
valuable insight into the potential consequences of temporal
variation in reef habitats that can result from environmental
disturbances.

Previously, we explored relationships between habitat
structure and assemblages of reef-associated fishes on patch
reefs comprised of the coral, Porites rus in lagoons of Moorea,
French Polynesia (Holbrook et al., 2002a, 2002b). Variation
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in potential shelter space (e.g., amount of live surface area,
number of holes and quantity of interior cavity space) in the
patch reefs accounted for over half of the spatial variation in
species richness and total abundance of fish among the patch
reefs (Holbrook et al., 2002a). Furthermore, abundance of
fish at the family level varied among reefs that had different
combinations of key shelter microhabitats (Holbrook et al.,
2002b). Here, we investigate variation in use of a set of 17
defined microhabitats within P. rus patch reefs by 25 families
of fish. We present the observed patterns of microhabitat use
and explore potential causes underlying the observed variation
in these patterns.

MATERIALS AND METHODS

Fieldwork was conducted in lagoons on the North side of
Moorea, French Polynesia (17o30'S 149o50'W) (for a general
description of lagoons, see Galzin & Pointier, 1985). A barrier
reef surrounds the island and encloses lagoons ranging from
0.8 to 1.3 km in width and about 5 to 7 m mean water depth.
The lagoon bottom is a mosaic of patch reefs, coral rubble
and sand. Over 600 marine fish species were reported by
Randall (1985) from the Society Islands in French Polynesia
and Galzin (1987) noted 280 species on a single transect that
stretched from the fringing reef to the reef slope on the North
side of Moorea. A total of 100 species have been observed in
close association with patch reefs formed by the coral, Porites
rus that were situated in the lagoon on the North shore of the
island (Holbrook et al., 2002a).

In this study, we surveyed the fishes observed in close
association with a collection of 66 patch reefs formed by
Porites rus (Poritidae; Veron, 1986, 2000) from six sites
between Opunohu Bay and Point Aroa during July and August
of 2002 (for a description of sites, see Holbrook et al., 2002a).
At each site, all of the P. rus patch reefs (up to a maximum
of 10) within a 50 m × 75 m area were sampled. Two divers
using SCUBA first approached each patch reef from opposite
sides to minimize the chances of fishes associated with the
exterior surfaces of the patch reefs escaping unnoticed. Both
divers remained approximately 3 m away from a reef until
all fishes associated with eight arbitrarily defined exterior
microhabitats (water column immediately above the patch
reef; on the top, side and bottom of the patch reef; in branches
on the top, side and bottom; the sand/reef interface) had been
counted. Following the completion of these counts, divers
then approached each reef and used handheld flashlights to
identify and enumerate all fishes within an additional nine
arbitrarily defined interior microhabitats [in a hole at the top,
side and bottom of the patch reef; in a crevice; in the water
column of an interior cavity; on the floor of an interior cavity;
under a ledge; in a damselfish turf garden; associated with
another species of coral (Pocillopora spp., Montipora spp.,
Porites lobata) attached to the patch reef]. Holes were defined
as indentations in the coral surface less than 10 cm in diameter
and up to 25 cm deep; crevices were shallow fissures. Interior
cavities were defined as large interior spaces greater than 10
cm in diameter and more than 25 cm deep. Holes and crevices
were shallower than cavities and as a result had higher light
levels.

Individual fish that were initially observed to be associated
with exterior microhabitats were not included in counts of
individuals associated with interior microhabitats if those
individuals were judged to have altered their microhabitat
use in response to the presence of the divers. As patch reefs
differed in size and therefore total volume, the time spent by
both divers in surveying each patch reef varied with the
overall size of the individual reef (range: 5 - 35 minutes).
Hence, the total time spent on each reef was approximately
constant on a per patch reef volume basis. All counts were
made over two consecutive days during daylight hours
between 0800 and 1600 hours. Daily counts were averaged
across the two days for each species to yield a mean count
for each species/microhabitat combination observed on an
individual P. rus patch reef. These data were then summed
over all individual patch reefs at a site and used to calculate
the proportion of the individuals of each species and family
that occurred in the defined microhabitats, as well as the
number of different microhabitats used by each family within
a given site. A family was considered to use a microhabitat
if at least 5% of the total observed individuals within that
family occurred there. All analyses that we present here were
performed on the proportion of individuals or species within
a family utilizing each microhabitat averaged across the six
sampling sites.

To explore relationships among the families of fish and the
range of microhabitats used, we first regressed the total
number of different microhabitats used by each family against
the total number of species in that family observed during
our surveys. Our second analysis considered only families
represented by 20 or more individuals to provide greater
confidence in the pattern of estimated microhabitat use. The
number of different microhabitats used by a family was
regressed against the number of individuals in the surveys.
All regression analyses were performed using SAS statistical
analysis software (SAS version 9.1, SAS Institute Inc., USA)

We used nonmetric, multidimensional scaling (NMS)
techniques to explore patterns of microhabitat use among
families and to look for redundancies within our a priori
categorizations of microhabitat types. First developed by
Shepard (1962a, 1962b) and later refined by Kruskal (1964),
NMS provides several advantages over other commonly used
ordination techniques such as Principal Components Analysis
(PCA) or Canonical correspondence analysis (CCA) by
avoiding assumptions requiring linearity or monotonicity in
the community variables (Clarke, 1993). For all ordination
analyses, we first transformed the proportion of each
microhabitat occupied by a family or the proportion of all
individuals utilizing each microhabitat type within each
family using an arcsine squareroot transformation. Families
with an average of less than 5 individuals observed (when
summed across all microhabitat types and locations) were
dropped from our analyses so as not to create false
associations based on rarity (McCune & Grace, 2002).
Nonmetric, multidimensional scaling was performed on the
resulting transformed data in either family or microhabitat
space using the Bray-Curtis measure of dissimilarity (Bray
& Curtis, 1957) and the methods of Kruskal (1964) and
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Mather (1976) as implemented in the NMS procedure of the
software package PC Ord version 4.34 (MJM Software, USA)
(for a thorough description of the implementation, see
McCune & Grace, 2002). To determine the appropriate
dimensionality for use in each ordination, we first performed
40 ordinations using the data obtained from our surveys and
random starting configurations in models varying in
dimensionality from 1 to 6. The best model solution for each
dimensionality was identified as the model that out of 40 runs
produced a stable solution (standard deviation in stress values
over last 15 iterations < 0.0001) and possessed the lowest
stress value. We determined the final model dimensionality
by comparing the stress values of the best solutions for models
of dimensions 1 through 6 with results obtained from a
randomization test employing 50 Monte Carlo runs for each
dimension. Beginning with a 1-dimensional solution, we
considered additional dimensions useful if they reduced the
final stress value in the ordination of our survey data by 5 or
more (on a scale of 100) and had a final stress value that was
lower than those obtained in 95% of the randomized runs.
The final ordination was then obtained by specifying the
appropriate number of dimensions and re-running the analysis

Table 1. Percentage occurrence within each microhabitat type for each family.

Family Mean No. Percentage Occurrence (Number of Species)

(Number of Species) of Fish Water Top Side Bottom Branches Branches Branches Sand/Coral
Observed Column Top Side Bottom Interface

Acanthuridae (13) 931.0 3.2 (7) 12.9 (8) 22.7 (10) 10.7 (9) 3.4 (4) 3.8 (7) 0.9 (3) 1.7 (5)

Apogonidae (9) 4,121.5 0.5 (3) 11.2 (3) 20.2 (4) 8.5 (5) 0.4 (2) 5.0 (5) 4.8 (6) 5.3 (4)

Balistidae (4) 65.5 7.6 (3) 20.6 (4) 14.5 (3) 3.1 (2) - - - 0.8 (1)

Blennidae (1) 1.0 50.0 (1) 50.0 (1) - - - - - -

Chaetodontidae (10) 147.0 - 17.7 (9) 26.2 (9) 6.1 (3) 8.2 (2) 10.9 (3) 2.7 (2) 4.4 (2)

Cirrhitidae (1) 7.5 - 20.0 (1) 13.3 (1) - 26.7 (1) 26.7 (1) - -

Caesionidae (1) 1.0 - - - 100.0 (1) - - - -

Gobiidae (3) 202.0 - - - 0.5 (1) - - - 90.1 (3)

Holocentridae (12) 605.5 3.3 (2) 5.4 (8) 17.4 (5) 4.3 (3) 4.0 (7) 10.7 (6) 0.2 (2) 0.1 (1)

Labridae (16) 590.5 7.1 (5) 25.2 (12) 16.7 (13) 7.4 (11) 6.2 (5) 7.9 (3) 1.9 (3) 15.7 (8)

Lethrinidae (2) 13.5 37.0 (2) 37.0 (1) 25.9 (2) - - - - -

Lutjanidae (1) 2.5 - - - 60.0 (1) - - - 40.0 (1)

Microdesmidae (1) 1.5 33.3 (1) 66.7 (1) - - - - - -

Mullidae (3) 26.5 1.9 (1) 24.5 (2) 20.8 (3) 17.0 (1) - 1.9 (1) - 20.8 (1)

Ostraciidae (2) 3.0 - 16.7 (1) 33.3 (1) - - - - -

Pinguipedidae (1) 5.5 - - - - - - - 81.8 (1)

Pomacanthidae (4) 210.5 0.5 (1) 15.4 (4) 19.7 (4) 3.8 (3) 12.8 (4) 10.7 (2) 3.6 (3) 0.2 (1)

Pomacentridae (15) 8,247.5 29.6 (10) 13.2 (14) 15.0 (10) 0.9 (10) 15.1 (10) 21.0 (10) 1.7 (9) 0.2 (3)

Scaridae (3) 150.0 4.3 (2) 28.7 (3) 32.3 (3) 10.0 (2) 3.0 (1) 7.3 (2) - 9.0 (20)

Scorpaenidae (3) 5.5 - - - 9.1 (1) - - - -

Serranidae (7) 108.0 30.6 (4) 12.0 (4) 4.2 (3) 3.7 (3) 10.6 (3) 10.2 (2) - 0.5 (1)

Syngnathidae (1) 5.5 - 9.1 (1) - - - - - -

Synodontidae (2) 10.5 - 14.3 (2) 14.3 (2) 4.8 (1) - - - 52.4 (2)

Tetradontidae (3) 20.0 - 5.0 (1) 45.0 (1) 10.0 (1) - 5.0 (1) - 7.5 (1)

Zanclidae (1) 2.0 25.0 (1) 50.0 (1) 25.0 (1) - - - - -

using the best and most stable solution for that dimensionality
as the starting configuration.

RESULTS

A total of 119 species of fish from 25 families was observed
during the sampling of the 66 patch reefs (Table 1). The
number of individuals from each family ranged widely (1 to
8,247; total number in survey = 15,484.5), as did the number
of species (range 1 to 16). Fewer than five total individuals
were observed in six families (Blennidae, Caesionidae,
Lutjanidae, Microdesmidae, Ostraciidae and Zanclidae) and
these families were not used in the ordination analyses.

Families showed variable patterns of microhabitat occurrence
(Fig. 1), with the number of different microhabitats used by
individuals in a family ranging from 1 to 16. Not surprisingly,
several families (e.g., Gobiidae, Scorpaenidae) were restricted
to only a few microhabitat types, while others (e.g.,
Apogonidae, Balistidae, Holocentridae, Labridae) occurred
in a large variety of microhabitats. One potential mechanism
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Table 1. (continued)

Family
Percentage Occurrence (Number of Species)

(Number of Species)
Ledge Crevice Hole Hole Hole Floor of H

2
0 Column Damselfish Associated

Top Side Bottom Cavity of Cavity  Turf  Coral

Acanthuridae (13) 2.9 (7) - 0.1 (1) 0.4 (3) 27.3 (5) - 10.2 (8) - 0.1 (1)

Apogonidae (9) 19.8 (8) 7.3 (3) 0.1 (4) 3.5 (6) 1.0 (6) - 9.7 (8) 2.5 (3) 0.1 (1)

Balistidae (4) 3.1 (1) 0.8 (1) 9.2 (2) 18.3 (1) 10.7 (2) 1.5 (1) 9.9 (1) - -

Blennidae (1) - - - - - - - - -

Chaetodontidae (10) 8.5 (5) 1.0 (2) 0.3 (1) 2.7 (3) - - 9.9 (6) - 1.4 (2)

Cirrhitidae (1) - - - - - - - - 13.3 (1)

Caesionidae (1) - - - - - - - - -

Gobiidae (3) 9.4 (2) - - - - - - - -

Holocentridae (12) 10.6 (7) 0.3 (3) 6.8 (8) 18.9 (11) 0.9 (4) - 16.8 (11) - -

Labridae (16) 4.6 (8) 0.2 (2) 0.2 (2) 1.2 (6) - - 2.0 (9) 3.6 (2) 0.2 (1)

Lethrinidae (2) - - - - - - - - -

Lutjanidae (1) - - - - - - - - -

Microdesmidae (1) - - - - - - - - -

Mullidae (3) 3.8 (1) - - - - - 3.8 (1) 5.7 (1) -

Ostraciidae (2) 16.7 (1) - - 16.7 (1) - - - 16.7 (1) -

Pinguipedidae (1) 18.2 (1) - - - - - - - -

Pomacanthidae (4) 7.8 (3) 0.5 (1) 3.1 (3) 17.8 (3) 1.4 (1) - 2.4 (2) 0.2 (1) -

Pomacentridae (15) 0.4 (7) 0.1 (2) 0.1 (4) 0.6 (2) 0.0 (1) 0.1 (1) 0.0 (1) 1.4 (4) 0.5 (4)

Scaridae (3) 1.3 (2) - - - - - 3.7 (2) 0.3 (1) -

Scorpaenidae (3) 81.8 (3) - - - 9.1 (1) - - - -

Serranidae (7) 6.9 (4) 0.5 (1) 0.9 (2) 3.7 (2) 1.8 (1) 10.6 (5) 2.8 (3) 0.9 (1) -

Syngnathidae (1) - - - - - - - 90.9 (1) -

Synodontidae (2) 4.8 (1) - - - - 4.8 (1) - 4.8 (1) -

Tetradontidae (3) 25.0 (2) - - - - - 2.5 (1) - -

Zanclidae (1) - - - - - - - - -

underlying these differences in microhabitat occurrence is
variation among the families in species richness. When
data from all 25 families observed during our surveys
were considered, there was a significant positive relationship
(F1,23 = 38.49, P < 0.0001) between the number of observed
species within a family and the number of different
microhabitats used by those families (Fig. 2A). This
relationship was particularly marked for families containing
less than 10 species observed in association with P. rus.
Interestingly, the pattern of microhabitat use did not appear
to be related to the number of individuals within each family
enumerated during the survey. For the 13 families with at
least 20 observed individuals, there was no significant
relationship (F1,11 = 0.01, P = 0.9244) between the number of
microhabitats used and the number of individuals in the family
(Fig. 2B).

There was substantial variation among the microhabitats in
the number and composition of families they contained.
Several microhabitats (other species of live coral associated
with P. rus, floors of interior cavities) hosted only a few
families (4 to 6), while others (under ledges, the sand-coral

interface) were used by as many as 16 of the 25 families
observed in our surveys (Fig. 3). Further, there was a wide
range of variation in the degree of numerical dominance by
a family within a given microhabitat. For example, although
16 families occurred under ledges, one family (Apogonidae)
accounted for more than 75% of the total individuals seen.
Similarly, pomacentrids comprised 82% of the fish that were
enumerated on associated colonies of Pocillopora spp. and
on Porites lobata.

The survey data also illustrated that the location of a
microhabitat on a patch reef can influence which families
predominate. For example, holes located on the top of the P.
rus colony were dominated by Holocentridae, while holes at
the bottom near the substrate contained mostly Acanthuridae
(Fig. 3). Similarly, Pomacentridae dominated in the branches
located on the top and sides of the coral (comprising 88%
and 81% of all individuals enumerated in these habitats,
respectively), but were much less common in branches near
the bottom (38%), where individuals of the Family
Apogonidae were the most abundant (53%) (Table 1).
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Fig. 1. Porites rus microhabitat use by selected families. Microhabitat types that make up less than 5% of the total have been combined into
the category “Other”. Numbers in parentheses refer to the number of combined microhabitat types.
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Fig. 2. (A) The relationship between the number of species observed
within each of the 25 families and the number of microhabitats
occupied by that family. (B) The relationship between the number
of individuals observed within each family and the number of
microhabitats occupied by that family. Families with less than 25
individuals were excluded from the analysis.

The results of the ordination analyses indicate the presence
of strong structure within the assemblage of families observed
using the microhabitats contained within colonies of P. rus.
A three-dimensional solution proved to be the most
appropriate model ordinating the average percentages of each
family within microhabitat space (mean stress of original data
with dimensionality of 3 = 9.194, result of Monte Carlo
randomization test for three-dimensional solution P = 0.0196,
final ordination stress = 8.47 after 70 iterations utilizing a
stability criterion of 0.00001) and the three axes together
contained 87% of the information present in the original data
space. Bi-plots using these three ordination axes (Fig. 4A)
show good separation between the 19 families used in the
ordination and suggest that, in aggregate, each family used a
unique combination of the microhabitat types available within
P. rus.

The ordination of microhabitats also indicated the presence
of structure within the survey data based on the assemblage
of families using each microhabitat type. In this case, a two-
dimensional solution proved to be the most appropriate model
describing microhabitat use within family space (mean stress
of original data with dimensionality of 2 = 13.186, result of
Monte Carlo randomization test for two-dimensional solution
P = 0.0196, final ordination stress = 9.75 after 143 iterations
utilizing a stability criterion of 0.00001) and together, the
two axes represented 90% of the information contained in

the original data space. Further, these results suggest that only
two pairs of our arbitrarily defined microhabitats [the top (T)
and side (S) of the patch reef and the top branches (BT) and
side branches (BS)] consisted of redundant classifications as
indicated by overlapping microhabitats in Figure 4B.

DISCUSSION

Understanding the factors underlying the distribution and
abundance of coral reef fishes and the structure of their
assemblages has been the focus of numerous studies in recent
decades. Coral reef fish assemblages pose a particular
challenge because they are typically extremely diverse and
have relatively low abundance on a per species basis, even
over very small spatial scales. (e.g., Sale & Dybdahl, 1975;
Gladfelter et al., 1980). Despite this, there is increasing
evidence that variation in habitat features of continuous as
well as patch reefs can account for substantial variation in
the spatial patterns of associated fish assemblages, particularly
with respect to species richness and overall abundance
(Munday, 2000; Syms & Jones, 2000; Holbrook et al., 2000,
2002a, 2002b; Jones et al., 2004).

While there is growing evidence that habitat features can
influence local assemblages of coral reef fishes, less is known
about how assemblage structure changes as particular
microhabitat features vary temporally. Such knowledge is of
great interest because coral reefs experience a variety of short-
term (e.g., coral bleaching, storms, predator outbreaks) and
long-term (e.g., climate variation) disturbances that affect both
the distribution and abundance of corals and thus, the supply
of microhabitats available to fish (Connell et al., 1997, 2004;
Hughes & Connell, 1999). Several studies have explored
responses of fish assemblages to natural disturbances that alter
reef habitats (e.g., Galzin, 1987; Jones & Syms, 1998; Sano,
2000, 2001; Cheal et al., 2002; Adjeroud et al., 2002; Jones
et al., 2004), revealing mixed responses. For example,
following declines in overall cover of live coral, some groups
appeared unaffected, others declined in abundance and some
even increased in abundance (Jones & Syms, 1998; Jones et
al., 2004). These results do not appear to be wholly dependent
on whether the members of an affected group are obligate
coralivores. They suggest that it may be important to separate
the effects of a decline in live coral cover from other potential
effects of disturbances, such as alteration of reef structural
complexity and availability of other microhabitats that are
not directly associated with living coral. Growing expectation
that climate forcing may result in declines in diversity and
abundance of corals underscores the need to predict possible
effects of these losses on fish assemblages. Clearly, a more
complete understanding of how fish use microhabitats created
by or associated with live coral will be needed to accomplish
this goal.

Species of the coral, Porites are one of the most important
structure-producing components in lagoons at our study site.
When they become large, patch reefs formed by Porites
support a high diversity and abundance of fish (Holbrook et
al., 2002a, 2002b). One reason for this is the structurally
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Fig. 3. The use of selected Porites rus microhabitats by the 25 families. Families that make up less than 5% of the total have been combined
into the category “Other”. Numbers in parentheses refer to the number of combined families.
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Fig. 4. (A) Plots of family positions along the three ordination axes obtained when families were ordinated in microhabitat space. Numbers
in parentheses along each axis refer to the percentage variation in the original data space explained by each axis. Only families that had at
least five individuals observed during the surveys were used. Ac = Acanthuridae; Ap = Apogonidae; Ba = Balistidae; Ch = Chaetodontidae;
Ci = Cirrhitidae; Go = Gobiidae; Ho = Holocentridae; La = Labridae; Le = Lethrinidae; Mu = Mullidae; Pi = Pinguipedidae; Pc = Pomacanthidae;
Pm = Pomacentridae; Sc = Scaridae; Sp = Scorpaenidae; Se = Serranidae; Sy = Syngnathidae; Sn = Synodontidae; Te = Tetradontidae. (B)
Plots of microhabitat positions along the two ordination axes obtained when microhabitats were ordinated in family space. Numbers in
parentheses along each axis refer to the percentage variation in the original data space explained by each axis. Only families that had at least
five individuals observed during the surveys were used. H

2
O = Water column; T = Top of bommie; S = Side of bommie; B = Bottom of

bommie; BT = Branches at top of bommie; BS = Branches along side of bommie; BB = Branches along bottom of bommie; SC = Sand/coral
interface; L = Ledge; C = Crevice; HT = Hole at top of bommie; HS = Hole along side of bommie; HB = Hole at bottom of bommie; CF
= Cavity floor; CW = Cavity water column; DT = Damselfish turf; OC = Other associated coral species.
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complex nature of patch reefs made of P. rus. They contain
a rich variety of microhabitats that are occupied by a wide
range of fish taxa. In fact, our results suggest that for the
majority of families with species that were observed in
association with P. rus patch reefs, the greater the number of
microhabitats present on a reef, the greater the number of
species from that family that were observed in the associated
assemblage. When some of these microhabitats were absent,
for example on patch reefs formed by P. lobata, both the
abundance and species richness of fish are lower than on reefs
formed by similarly sized P. rus (Holbrook et al., 2002b).

The results of this current study reveal that families of fish
differ greatly in the range and types of microhabitats used on
P. rus patch reefs. This information allows predictions to be
made about the potential effects of environmental disturbance.
Families with the smallest range of microhabitat use might
be more vulnerable than those with broader microhabitat use,
especially if those microhabitats are themselves more
vulnerable to disturbances. For example, large proportions
of both Pomacentridae and Cirrhitidae were observed in the
branches and adjacent water column of P. rus. Coral branches
are easily broken off during storms, resulting in the
disappearance of that microhabitat. By contrast, some
microhabitats, such as the interior cavity of the coral or the
sand-coral interface, are much less likely to be lost, unless
the disturbance is very extreme. Hence, taxa that use these
might not decline in abundance, unless the disturbance is
catastrophic. Such differential responses to the effects of a
disturbance due to patterns of microhabitat use might help
explain the mixed results of studies that have assessed
responses of fish assemblages to temporal variation in coral
cover. This is also consistent with the results of a six-year
study on reefs in Kimbe Bay, Papua New Guinea by Jones et
al. (2004). Their findings showed that as the branching corals
died off, there were substantial declines in species of fish
that occupied these corals, compared to fish that occupied
other reef microhabitats.

ACKNOWLEDGMENTS

We thank K. Seydel and J. Lape for outstanding assistance
in the field. N. Davies and S. Holloway who provided
additional logistical help. We gratefully acknowledge the
support of the National Science Foundation (Grants OCE 99-
10677, OCE 04-17412), the W. M. Keck Foundation and the
Gordon and Betty Moore Foundation. This is Contribution
No. 124 of the UC Berkeley Gump Research Station.

LITERATURE CITED

Adjeroud, M., D. Augustin, R. Galzin & B. Salvat, 2002. Natural
disturbances and interannual variability of coral reef
communities on the outer slope of Tiahura (Moorea, French
Polynesia): 1991-1997. Marine Ecology Progress Series, 237:
121-131.

Beukers, J. S. & G. P. Jones, 1998. Habitat complexity modifies the
impact of piscivores on a coral reef fish population. Oecologia,
114: 50-59.

Bray, J. R. & J. T. Curtis, 1957. An ordination of the upland forest
communities in southern Wisconsin. Ecological Monographs,
27: 325-349.

Cheal, A. J., G. Coleman, S. Delean, I. Miller, K. Osborne & H.
Sweatman, 2002. Responses of coral and fish assemblages to a
severe but short-lived tropical cyclone on the Great Barrier Reef,
Australia. Coral Reefs, 21: 131-142.

Clarke, K. R., 1993. Non-parametric multivariate analysis of changes
in community structure. Australian Journal of Ecology, 18: 117-
143.

Connell, J. H., T. P. Hughes & C. C. Wallace, 1997. A 30-year
study of coral abundance, recruitment, and disturbance at several
scales in space and time. Ecological Monographs, 67: 461-488.

Connell, J. H., T. P. Hughes, C. C. Wallace, J. E. Tanner, K. E.
Harms & A. Kerr, 2004. A long-term study of competition and
diversity of corals. Ecological Monographs, 74: 179-210.

Friedlander, A. M. & J. D. Parrish, 1998. Habitat characteristics
affecting fish assemblages on a Hawaiian coral reef. Journal of
Experimental Marine Biology and Ecology, 224: 1-30.

Galzin, R., 1987. Structure of fish communities of French Polynesian
coral reefs. I. Spatial scales. Marine Ecology Progress Series,
41: 137-145.

Galzin, R. & P. Pointier, 1985. Moorea Island, Society Archipelago.
Proceedings 5th International Coral Reef Congress, Tahiti, 1:
73-101.

Gladfelter, W. B. & E. H. Gladfelter, 1978. Fish community structure
as a function of habitat structure on West Indian patch reefs.
Revista de Biologia Tropical, 26: 65-84.

Gladfelter, W. B., J. C. Ogden & E. H. Gladfelter, 1980. Similarity
and diversity among coral reef fish communities: a comparison
between tropical Western Atlantic (Virgin Islands) and Tropical
Central Pacific (Marshall Islands) patch reefs. Ecology, 61: 1156-
1168.

Gratwicke, B. & M. R. Speight, 2005. The relationship between
fish species richness, abundance and habitat complexity in a
range of shallow tropical marine habitats. Journal of Fish
Biology, 66: 650-667.

Hixon, M. S. & J. P. Beets, 1993. Predation, prey refuges, and the
structure of coral reef fish assemblages. Ecological Monographs,
63: 77-101.

Holbrook, S. J., G. E. Forrester & R. J. Schmitt, 2000. Spatial patterns
in abundance of a damselfish reflect availability of suitable
habitat. Oecologia, 122: 109-120.

Holbrook, S. J., A. J. Brooks & R. J. Schmitt, 2002a. Variation in
structural attributes of patch-forming corals and patterns of
abundance of associated fishes. Marine and Freshwater
Research, 53: 1045-1053.

Holbrook, S. J., A. J. Brooks & R. J. Schmitt, 2002b. Predictability
of fish assemblages on coral patch reefs. Marine and Freshwater
Research, 53: 181-188.

Hughes, T. P. & J. H. Connell, 1999. Multiple stressors on coral
reefs: a long-term perspective. Limnology and Oceanography,
44: 932-940.

Jones, G. P. & C. Syms, 1998. Disturbance, habitat structure and
the ecology of fishes on coral reefs. Australian Journal of
Ecology, 23: 287-297.

Jones, G. P., M. I. McCormick, M. Srinivasan & J. V. Eagle, 2004.
Coral decline threatens fish biodiversity in marine reserves.
Proceedings of the National Academy of Sciences, 101: 8251-
8253.



254

Brooks et al.: Microhabitat use by fishes

Juncker, M., L. Wantiez, D. Lecchini & R. Galzin, 2005. Effects of
habitat on the behavior and mortality of juveniles of Chromis
viridis. Cybium, 29: 3-12.

Kruskal, J. B., 1964. Nonmetric multidimensional scaling: a
numerical method. Psychometrika, 29: 115-129.

Mather, P. M., 1976. Computational Methods of Multivariate
Analysis in Physical Geography. J. Wiley & Sons, London. 532
pp.

McCune, B. & J. B. Grace, 2002. Analysis of Ecological
Communities. MjM Software Design, Gleneden Beach. 300 pp.

Munday, P. L., 2000. Interactions between habitat use and patterns
of abundance in coral-dwelling fishes of the genus Gobiodon.
Environmental Biology of Fishes, 58: 355-369.

Nanami, A. & M. Nishihira, 2004. Microhabitat association and
temporal stability in reef fish assemblages on massive Porites
microatolls. Ichthyological Research, 51: 165-171.

Nemeth, R. S., 1998. The effect of natural variation in substrate
architecture on the survival of juvenile bicolor damselfish.
Environmental Biology of Fishes, 53: 129-141.

Ormond, R. F. G., J. M. Roberts & R. Q. Jan, 1996. Behavioural
differences in microhabitat use by damselfishes
(Pomacentridae): implications for reef fish biodiversity. Journal
of Experimental Marine Biology and Ecology, 202: 85-95.

Randall, J. E., 1985. Fishes. Proceedings 5th International Coral
Reef Congress, Tahiti, 1: 462-481.

Roberts, C. M. & R. F. G. Ormond, 1987. Habitat complexity and
coral reef fish diversity and abundance on Red Sea fringing reefs.
Marine Ecology Progress Series, 41: 1-8.

Sale, P. F. & R. Dybdahl, 1975. Determinants of community
structure for coral reef fishes in an experimental habitat. Ecology,
56: 1343-1355.

Sano, M., 2000. Stability of reef fish assemblages: responses to coral
recovery after catastrophic predation by Acanthaster planci.
Marine Ecology Progress Series, 198: 121-130.

Sano, M., 2001. Short-term responses of fishes to macroalgal
overgrowth on coral rubble on a degraded reef at Iriomote Island,
Japan. Bulletin of Marine Science, 68: 543-556.

Shepard, R. N., 1962a. The analysis of proximities:
Multidimensional scaling with an unknown distance function.
I. Psychometrika, 27: 125-139.

Shepard, R. N., 1962b. The analysis of proximities:
Multidimensional scaling with an unknown distance function.
II. Psychometrika, 27: 219-246.

Syms, C., 1995. Multi-scale analysis of habitat association in a guild
of blennoid fishes. Marine Ecology Progress Series, 125: 31-
43.

Syms, C. & G. P. Jones, 2000. Disturbance, habitat structure, and
the dynamics of a coral-reef fish community. Ecology, 81: 2714-
2729.

Veron, J. E. N., 1986. Corals of Australia and the Indo-Pacific.
University of Hawaii Press, Honolulu. 644 pp.

Veron, J. E. N., 2000. Corals of the World. Volume 3. Australian
Institute of Marine Science, Townsville. 463 pp.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


