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AsstrRacT.—Examining the relationship between habitat characteristics and utilization patterns by herbivo-
rous fishes on coral reefs will add to our understanding of the factors that influence the abundance and distri-
bution of this important group. The abundances of parrotfishes (Scaridae) and surgeonfishes (Acanthuridae)
on fore-reef habitats were sampled along an inshore-offshore gradient to provide for within reef and cross-
shelf comparisons in relation to the environmental parameters of depth and topographic relief. Temporally
replicated visual surveys were conducted along permanent belt transects (100m? at three depth intervals
(3, 10, 15 m) to obtain data on fish species density and lengths, which were used to calculate biomass. The
roving herbivorous fish assemblage was dominated by three species of parrotfishes (Scarus iseri, Sparisoma
aurofrenatum and S. viride) and three surgeonfishes (Acanthurus bahianus, A. chirurgus and A. coerulus).
Overall the biomass of both families was highest at 3m compared to 10 or 15m (p<0.05). However, the rela-
tive decrease in biomass across depths for both families was greatest at inshore reefs where water transpar-
ency is lowest. The mean biomass for both families differed between inner and mid-shelf reefs at 10 and 15
m (p<0.05) but not at 3m. Fish biomass was correlated to reef topographic relief at 3m for parrotfishes (p<0.05)
and at all three depth intervals for surgeonfishes (p<0.05). Overall patterns of herbivore biomass across the
shelf reflect differences in light penetration, suggesting that fish may be responding to algal productivity.
Thus, within fore-reef habitats along a cross-shelf gradient water transparency and topographic relief may

interact to structure biomass patterns.
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INTRODUCTION

Algal grazing by reef fishes is an impor-
tant ecological process with practical signif-
icance to the management and conservation
of coral reefs (Mumby et al. 2006, Hughes
et al. 2007). The process of herbivory has
been shown to play a key role in structuring
the benthic community on coral reefs (Hixon
and Brostoff 1996; Smith et al. 2001; Belliveau
and Paul 2002). In areas of high grazing on
benthic algae, the algal assemblage is domi-
nated by crustose coraline algae with
cropped algal turfs (Littler et al. 2006). This
affects the interaction between macroalgae
and corals, particularly in enhancing coral
recruitment, and is seen as a fundamental
determinant of coral reef resilience (Mumby
et al. 2007).

Fishes from the family Acanthuridae (sur-
geonfishes) and Scaridae (parrotfishes) are
important herbivores on Caribbean coral

reefs in terms of biomass (Lewis and
Wainwright 1985) and are found com-
monly on fore-reef habitats from 1 to 30 m.
Surgeonfishes and parrotfishes are com-
monly harvested with fish traps, nets, and
spears in the Caribbean (Munro 1983). High
fishing intensity has led to a reduction in
abundance and mean size in these groups,
and in some locations has been correlated
with increased macroalgal cover (Williams
and Polunin 2001). Understanding the dis-
tribution of the herbivorous fish assemblage
is important because the consequences of
grazing depend in part on spatial abun-
dance patterns (Mumby et al. 2006, Paddack
et al. 2006).

The abundance and distribution of her-
bivorous coral reef fishes can vary spatially
along a cross-shelf gradient, by depth and
among the different habitats within a reef.
On the Great Barrier Reef the abundance,
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at the family level, of surgeonfishes and
parrotfishes was higher on offshore reefs
compared to near shore reefs (Russ 1984a,
Gust et al. 2001). Within a reef, studies have
shown that the highest densities of roving
herbivorous fishes are often found on the
shallow fore-reef and reef crest (Russ 1984b,
Lewis and Wainright 1985, Fox and
Bellwood 2007, Hoey & Bellwood 2008).
This pattern may be related to food avail-
ability and quality since the biomass of
roving herbivores has been found to be pos-
itively correlated to algal productivity (Russ
2003). The topographic relief of reef habitat
is also a major factor in structuring fish
communities (Friedlander and Parrish 1998)
since fish benefit from abundant reef crev-
ices to escape predation. Yet, this relation-
ship has typically been studied across a
wide variety of habitats, from relatively flat
sand and algal plains to emergent coral
reefs. Little work, has investigated what
role rugosity plays in structuring fish distri-
butions on finer, within habitat scales.

It is clear that roving herbivorous fishes
are not randomly distributed over coral reefs
and that spatial patterns may be related
to preferences in habitat characteristics in
order to meet requirements for feeding and
refuge. This study examines the importance
of depth, cross-shelf reef position and topo-
graphic relief in structuring the distribution
of roving herbivorous fishes in Southwest
Puerto Rico. The study focuses on topo-
graphic relief only within the fore reef habi-
tat on coral reefs, and examines trends
across multiple species within the surgeon-
fishes and parrotfishes. The resulting spatial
and depth related patterns are then used to
infer underlying processes structuring her-
bivorous fish distributions and community
structure on fore-reef habitats.

METHODS

The density of parrotfishes and surgeon-
fishes was quantified at six reef sites strati-
fied into inner-shelf (3) and mid-shelf reefs
(3) to allow for within reef (across depths)
and among reef (cross-shelf) comparisons
(Figure. 1). The study was conducted on the
fringing coral reefs off of La Parguera,
Puerto Rico (N 17° 58.3", W 67° 02.6").

A water quality gradient generally exists
from inshore to offshore with inner shelf
reefs having higher turbidity resulting
from local land-based runoff and upstream
sources that are carried by the alongshore
current. Published values for water trans-
parency (K, ,,.) at the study reefs were used
to relate water quality to cross-shelf reef
position (Table 1, Bejarano Rodriguez 2006).
The study sites were located on the fore-
reef along a series of emergent reefs that
occur from 1 to 5 km offshore and rise
from surrounding unconsolidated bottom
at 15-18 meters depth. The general fore-
reef profile slopes gently from the surface
to ~6 m where the slope becomes steeper
down to the reef base.

To determine fish abundance, visual sur-
veys were conducted using SCUBA along
belt transects measuring 25 x 4m. At each
study reef three depth intervals were
selected: 3 (3-5m), 10 (8-10m), and 15
(12-15m). Three replicate transects were
established per depth interval and perma-
nently marked with rebar stakes for
repeated sampling of the same reef area.
Transects were sampled four times per year,
corresponding to the four seasons, from 2004
to 2007. All surgeonfishes and parrotfishes
within transects were counted, identified
to species and their fork length estimated
visually. Prior to beginning surveys the
observers were trained in estimating fish
fork lengths underwater using wooden
fish models (Rooker and Recksiek 1992).
Topographic relief was sampled once along
10 m of all transects with the chain method
to calculate a rugosity index. A light chain
was draped loosely over the bottom follow-
ing the topography. The rugosity index is
expressed as the ratio of the chain distance
to the linear distance.

Fish length data were used to calculate
mean sizes, and biomass was derived uti-
lizing published parameters for length-
weight relationships (Bohnsack and Harper
1988). Data were analyzed for differ-
ences across depth intervals and between
inner and mid-shelf reef strata at the fam-
ily level. Homoscedasticity of the data was
tested with Levene’s test. The fish density
and biomass data did not meet assump-
tions of equal variance even after log and
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F1G. 1. Map of the study area showing the 6 study reefs, which are divided into two cross-shelf strata for pur-
poses of analyses: inner-shelf (Romero, Enrique, Pelotas) and mid-shelf (Turrumote, Media Luna, San Cristobal).

TaBLE 1. Reef sites with cross-shelf strata designa-
tion, minimum distance from mainland shoreline and
light extinction coefficient. Extinction coefficients from
Bejarrano Rodriguez (2006).

Offshore Light Extinction

Distance Coefficient
Reef Site  Shelf Strata ~ (km) (Mean K, )
Romero Inner-shelf 1.2 0.19
Enrique Inner-shelf 1.8 0.20
Pelotas Inner-shelf 15 0.19
Turrumote Mid-shelf 3.8 0.17
Media Luna  Mid-shelf 4.0 0.17
San Cristobal Mid-shelf 3.1 0.16

square-root transformations. Therefore the
non-parametric Kruskal-Wallis test with
the multiple comparisons of mean ranks
routine was used to test for significant dif-
ferences across depth intervals. The Mann-
Whitney test was used to compare between
inner and mid-shelf strata within each of
the three depth intervals. Since data did not

meet parametric assumptions the Spearman
rank correlation was used to examine the
relationship between fish abundance and
rugosity. All tests were implemented using
Statistica (2005) software. Annual and sea-
sonal patterns in the abundance data were
examined as part of another study and no
temporal patterns were evident at the fam-
ily or species level.

REsULTS

The roving herbivorous fish assemblage
on fore-reef habitats in La Parguera is pre-
dominantly made up of three species from
the surgeonfish family (Acanthuridae) and
eight species from the parrotfish family
(Scaridae). The surgeonfishes are repre-
sented by Acanthurus bahianus, A. chirurqus
and A. coerulus with the latter having the
highest frequency of occurrence. The parrot-
fishes are numerically dominated by Scarus
iseri, Sparisoma aurofrenatum and S. viride
with S.seri having the highest overall
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density for parrotfish. Other species of par-
rotfish were present in the samples but in
low abundances, and therefore they were
not included in species level analyses.
Overall the densities of both families pooled
within reef position and across depth inter-
vals were slightly higher on mid-shelf reefs
(surgeonfishes: 9.4 verse 10.9 fish/100m? for
inner and mid-shelf respectively, parrot-
fishes: 19.7 verse 23.4 fish/100m? for inner
and mid-shelf respectively).

The abundances of parrotfishes and sur-
geonfishes were distinctly structured in
relation to depth on the fore-reef habitat.
The overriding pattern is a maximum in
density and biomass on the shallow fore-
reef with lower abundances deeper on the
reef (Figure 2). Pooling across all reef sites
the mean biomass of both families for the 3m
interval was significantly higher than at the 10
and 15m intervals which did not differ signifi-
cantly (K-W multiple comparisons p<0.05).
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F1G.2. Mean (+ SE) Biomass of (a) surgeonfishes and
(b) parrotfishes by depth interval for the two cross-
shelf reef strata. Asterisks (*) represent significant dif-
ferences for comparison between reef position within a
depth interval (Mann-Whitney test, p<0.05, n=108).

A greater relative difference in biomass was
observed between the 3 m interval and the
other two depth intervals for the surgeon-
fishes than for the parrotfishes (Figure 2).
Comparing the biomass of both families
within depth intervals and between inner-
shelf and mid-shelf reefs revealed that the
general trend of decreasing abundances with
depth varies between the two reef strata. The
overall pattern of higher biomass at 3m than
at 10 and 15m was not the same between
inner and mid-shelf reefs. The decline in
biomass of fish across the depth gradient
was of a greater magnitude at the inner shelf
reefs when compared to the mid shelf reefs
(Figure 2). At the 3 m depth interval the
mean biomass for both families did not dif-
fer significantly between inner and mid-shelf
reef groupings. However, for both the 10 and
15m depth intervals the biomass of both sur-
geonfishes and parrotfishes was significantly
higher on mid-shelf reefs than inner-shelf
reefs (Mann-Whitney test, p<0.01).
Individual species exhibited varying
degrees of deviation from the general trend
of decreasing biomass with depth seen at
the family level when pooling all reefs. The
three species of surgeonfish all showed
highest densities at 3m with a decrease at
10 and 15m (K-W multiple comparisons
p<0.01, Figure 3). One species of parrotfish,
Scarus iseri exhibited a significant decline in
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Fic. 3. Mean (+ SE) density of most common sur-
geonfishes (top row) and parrotfishes (bottom row) by
depth interval pooled across all reefs. Letters represent
groupings of non-significant differences provided by
Kruskal-Wallis multiple comparison routine (p<0.05,
n=216).
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density when comparing the 3m to the
10m depth interval but the 15m interval was
not significantly different from the 3 or
10m intervals (K-W multiple comparisons
p<0.01, Figure 3). The decrease in density
with depth for Sparisoma aurofrenatum and
S. viride was of a lesser magnitude although
still evident.

The mean biomass of either family was
not significantly correlated to rugosity
when pooling all reefs and depth intervals
(Spearman Rank Order Correlation = 0.22
for surgeonfishes and 0.07 for parrotfishes).
However, when grouping the data at the
individual depth intervals rugosity was
positively correlated to the biomass of both
surgeonfishes and parrotfishes at the 3 m
interval (Spearman=0.59 and 0.57 respec-
tively, p<0.05) but only to surgeonfishes at
the 10 and 15 m intervals (Spearman=0.68
and 0.67 respectively, p<0.05, Figure 4).

DiscussioNn

Understanding fish distribution patterns
in relation to habitat characteristics will pro-
vide insight into the processes involved in
structuring the fish assemblages across the
seascape. The general pattern of highest
abundances of roving herbivores on the
shallow fore-reef (Lewis and Wainright
1985, Russ 1984b, Fox and Bellwood 2007,
Hoey & Bellwood 2008) was also observed
in this study indicating that depth is an
important descriptor in the distribution of
roving herbivores on the fore-reef. Due to
large sample size we were able to detect
similar but distinct patterns at the species
level, even with the high variability typical
of visual survey counts of reef fish. Our
results also show that the relative intensity
of the depth related effect varied by species,
so the family level response to depth will
depend on the relative abundance and pro-
portions of the species present.

The difference in the depth related pat-
tern between the two families may be due
to the predominance of surgeonfishes to
form large schools. These schools are most
common in shallow fore-reef areas (unpub-
lished data), which may reflect a feeding
strategy to overcome the high density
of territorial damselfish by overwhelming
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FiG. 4. Correlation between the rugosity index and
the mean biomass of (a) surgeonfishes and (b) parrot-
fishes for the three depth intervals. The p-values are
from Spearman Rank Correlation. The mean biomass
for each of the fixed transects within each depth at
each reef is based on the mean of 12 transects sampled
across the 3 year period.

their ability to defend their territories.
Parrotfishes seem to have a slightly differ-
ent strategy in that, while also forming
schools to feed in shallow areas, number of
fish per school is lower (unpublished data),
and proportionally more fish were found
deeper compared to sugeonfishes.

It is likely that the physical changes in
depth are not affecting the fishes directly,
but rather they are responding to some
environmental factor that co-varies with
depth. The most compelling evidence is that
productivity of the algal turf assemblage in
shallow habitats correlates positively with
the biomass of roving herbivorous fishes
(Russ 2003). The usefulness of grouping
abundances at higher taxonomic or trophic
groupings has been demonstrated previ-
ously where the pooled biomass of all spe-
cies of parrotfish and surgeonfish was
inversely correlated to algal cover (Williams
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and Polunin 2001). Also, the total biomass
of herbivores was used to examine patterns
in this assemblage within and among reefs
(Wismer et al. 2009).

Although the cross-shelf scale of this
study (1-4 km) is limited in an absolute
sense compared to previous works from
the Great Barrier Reef (5-50km), the cross
shelf differences in environmental param-
eters from open ocean to coastal fringe are
the same and should result in even steeper
spatial gradients. Cross-shelf variability
in community structure similar to that
observed on the Great Barrier Reef has pre-
viously been documented for La Parguera
(Kimmel 1985). In the present study the her-
bivorous fish assemblage also exhibited a
cross-shelf response to reef position that was
evident within the overall depth related pat-
tern. Inner-shelf reefs had relatively lower
abundances of both surgeonfishes and par-
rotfishes on the deeper fore-reef compared
to mid-shelf reefs, while shallower areas
were similar throughout.

Herbivorous fish biomass has been shown
to correlate positively with algal turf pro-
ductivity (Russ 2003), fish may be selecting
for areas that have higher food quality. One
important factor affecting algal productiv-
ity is the availability of light. Clifton (1995)
showed spatial differences in turbidity to
affect algal turf productivity, with corre-
sponding differences in parrotfish growth
and fecundity. In La Parguera, existing data
on light availability (Bejarano Rodriguez
2006) show that cross-shelf reef position is
related to reef water quality, with inshore
reefs having higher coefficients of extinc-
tion (Table 1). This is consistent with inner-
shelf reefs generally having higher turbidity
(unpublished data). Turbidity and light dif-
ferences would be expected to cause differ-
ences in the algal productivity (Clifton 1995,
Klumpp and McKinnon 1989). The differ-
ences in herbivore biomass at 10 and 15m
between inner and mid-shelf strata is seen
as a result of fish responding to lower algal
productivity in the inshore reefs. Since the
amount of light reaching the reef surface
may affect benthic primary productivity,
water transparency has the potential to
influence the algal resources available to
herbivorous fishes and thus affect their

distribution. This was demonstrated in La
Parguera, where the extinction coefficient of
light was directly correlated to the den-
sity and abundance of herbivorous fishes
(Bejarano-Rodriguez 2006).

Topographic relief can influence the dis-
tribution of herbivorous fish over reef habi-
tat (Friedlander and Parrish 1998), but
separating this factor from depth effects is
difficult because they can often co-vary. In
this study rugosity was not correlated to fish
biomass when samples from all depths were
included in the analysis. When separated
into discrete depth intervals the confound-
ing effects were minimized and this revealed
that habitat areas of high topographic relief
are positively correlated with biomass.
These results indicate that over the entire
fore-reef slope roving herbivorous fishes
may be responding more strongly to depth
related habitat conditions, such as light level
or productivity, than to topographic relief.

In this study, surgeonfishes and parrot-
fishes did not utilize the entire fore reef hab-
itat equally but instead showed preference
for certain habitat characteristics within the
fore-reef habitat. The reefs in this study pro-
vide a continuous topographically complex
habitat patch that extends from the surface
to 15m wherein fish can select for optimum
habitat characteristics. If herbivores are able
to choose optimum habitat in terms of
depth, water quality and topographic relief,
their distribution patterns and resulting
ecological impacts may be related to the
spatial mosaic of these characteristics.
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