Tropical Oceanography
Revista on line

Recife vol. 44

n.2

158-171 2016

C.D.U. 551.46:57(26) CDD. 551.4605
ISSN: 1679-3013

SUBSTRATE ASSOCIATION AND PATTERNS OF MICROHABITAT USE BY FISHES
AT FERNANDO DE NORONHA ARCHIPELAGO (BRAZIL)

Paulo R. MEDEIROS!%*
Ana Maria A. MEDEIROS?
Ricardo S. ROSA?

ABSTRACT

The present study tested the degree
of substrate association of five common
species and their patterns of non-random
preferences to benthic categories. Benthic
estimates were made on four sites at the
Fernando de Noronha Archipelago, and
using focal observations we determined
substrate preferences of each species
testing whether the observed patterns
were different than randomly expected.
Mobile species showed random substrate
preferences, whereas site-attached and

territorial species showed somewhat
distinguished patterns. Differences in
substrate preferences of these two
groups are likely to be an effect of
contrasting foraging strategies.
Nevertheless, even mobile species spent
over 80% of their time within up to 30
cm above the substrate, suggesting that
substrate plays an important role on their
life histories, possibly offering protection
sites against predators.
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RESUMO

O presente estudo avaliou o grau de
associacdo ao substrato de cinco espécies
comuns e seus padrées ndo-randémicos
de preferéncia por categorias bénticas.
Estimativas foram realizadas em quatro
areas no Arquipélago Fernando de
Noronha, e utilizando observacdes focais
nos determinamos a preferéncia por
substrato de cada espécie testando se os
padroes observados foram diferentes do
esperado aleatoriamente. Espécies
moveis apresentaram preferéncias
aleatdrias, enquanto espécies de fundo e

territoriais mostraram padrdes distintos.
Diferencas na preferéncia por substrato
desses dois grupos sao provavelmente
um efeito de estratégias de forrageio
contrastantes. No entanto, até mesmo
espécies moveis passaram mais que 80%
do tempo proxima ao substrato (até 30

cm), sugerindo que o0 substrato
desempenha um importante papel na
historia de vida desses peixes,
possivelmente oferecendo protecao

contra predadores.
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INTRODUGAO

Fishes rely on the reef substrate for two main purposes: shelter and food
(FRIEDLANDER and PARRISH, 1998). Shelter, whether permanent or temporary, is
important as protection and reproduction sites, whereas food, albeit seemingly important
only to herbivores, bottom-feeders and invertebrate pickers, which feed directly on the
bottom, is also important to piscivores, since fish prey are abundant near the substrate.
Given that associations to the substrate are supposedly stronger at sites with high
structural complexity (CARPENTER et al., 1981; ALMANY, 2004) and high benthic
diversity (BELL and GALZIN, 1984; CHABANET et al., 1997), a scarcity of fishes is
expected at sites with low complexity and low benthic diversity. Although this pattern
seems to be generally accepted, it seems not to be universal for all species. For example,
invertebrate pickers, such as haemulids, are most common in non-complex sandy
bottoms (MEDEIROS et al., 2011).

Due to the importance of substrate to fishes, competition for space and resources is
usually high, and variations in substrate topography and benthic composition have also
been correlated to differences in fish density (see GRATWICKE and SPEIGHT, 2005).
Furthermore, given that higher competition is expected amongst ecologically similar
species (EAGLE et al., 2001), sites with high species richness tend to show higher
degrees of niche specialization.

Given that sedentary and site-attached species have limited movement during adult
stages, it is expected that these species be located in close association to their preferred
food items. On the other hand, mobile species are expected to dislocate to areas with
their preferred food items only during foraging periods. Further, specialized feeders (e.g.
herbivores or invertebrate pickers) are most likely to be affected by food limitation within
a particular area, and for these species, being located nearby their preferred food may be
vital, whereas the plasticity of omnivores allows them to associate to several types of
substrates.

Since the majority of studies evaluating patterns of microhabitat use have been
conducted at high-diversity sites, mostly in the Caribbean and Indo-Pacific regions (e.g.
HIXON, 1991; LETOURNEUR, 1992; GROSSMAN et al., 1997; BELLWOOD et al., 2002), it
is not certain whether the above mentioned patterns remain at sites with relative lower
diversity, such as those in the South Atlantic. In fact, it is theoretically expected that
associations to particular substrates and niche specialization are weaker at these sites,
even for site-attached species. Nevertheless, algae-dominated sites with low coral
diversity and low fish species richness remain poorly studied. Despite their importance to
reef fish ecology, given that microhabitat preferences and differences in food
requirements are amongst the most significant factors sustaining diversity among reef
fishes (ORMOND et al., 1996), these processes remain poorly known at these sites.

In the present study we tested the degree of substrate association of five common
species with different swimming habits and food preferences, and whether associations to
particular substrate types were driven by random factors or if they revealed particular
food preferences. Thus, we initially addressed the question: does the preferred substrate
of each species correspond to their feeding preferences? Specifically, we hypothesized
that herbivores with sedentary habits would associate to algae-rich substrates more than
expected, whereas mobile omnivores were most likely to show weak associations and
random substrate use. Also, we investigated the relationships among these species and
tested whether they were grouped by habitat preferences (i.e. site-attached species
joined regardless of
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MATERIAL AND METHODS
Study sites

The study was conducted at four sites at Fernando de Noronha archipelago, a
tropical oceanic island in the Southwestern Atlantic region, 360 km off the Brazilian coast
(Fig.1). The archipelago is a marine protected area (MPA) under the Brazilian jurisdiction
where fishing is strictly prohibited. The study was conducted at four rocky reefs (depths
between 0.6 and 2 m): Sueste bay, Raquel, Atalaia and Porto beach.

Fish Preferences and Substrate Composition

Five fish species were subjects in the present study: Acanthurus chirurgus
(Acanthuridae) (roving herbivore), Malacoctenus sp. (Labrisomidae) (site-attached
omnivore), Ophioblennius trinitatis (Blennidae) (site-attached herbivore), Stegastes
rocasensis (Pomacentridae) (territorial herbivore) and Thalassoma noronhanum
(Labridae) (roving omnivore). Malacoctenus sp., formerly M. triangulatus, is currently
under investigation to be described as a new species in the Brazilian province. Albeit it
remains being frequently cited as M. triangulatus (e.g. GUIMARAES et al., 2010), the
term Malacoctenus sp. was adopted in the present study. Focal species of the present
study are amongst the most abundant fishes in the study area (SOTO, 2002) and belong
to common genera and families of reefs worldwide (HUMANN and DELOACH, 2002).
Therefore, observations made for these species may be cautiously extrapolated to,
and/or serve as comparative background of counterpart species from other reefs.

We used focal animal observations (LEHNER, 1996) to determine the degree of
association of each species to the substrate and to quantify the percentage use of each
substrate category at each site. Five minutes was spent observing each focal individual
(n = 10 per species and site), totaling 200 minutes of observation per species. During
focal observations, a randomly chosen individual was selected and the diver spent one
minute observing the individual before initiating the counts, for the fish to get
accustomed to his presence. After the 1-minute adaptation period the diver recorded the
nature of the substrate located below the head of the focal fish, swimming or immobile,
within 30 cm above the substrate (KRAJEWSKI et al., 2010) at 10-seconds intervals (i.e.
30 counts per focal individual). Substrate use by focal individuals was recorded at one of
six categories: 1) turf algae, 2) macroalgae, 3) coralline algae, 4) live coral, 5) sand, and
6) uncolonized pavement. Also, the instances in which the focal individual was located 30
cm or more above the substrate were categorized as non-associated to the substrate.
During the observation, an individual lost at any point was discarded and a new event
initiated.

Investigations were carried out during daytime between 08:00 and 16:30 from
October 14 2009 to October 28 2009. To account for possible time of day and tidal
biases, focal individuals were investigated following a determined sequence, that is, a
second focal observation on a given species was only conducted when the first focal
individuals of all other species had been conducted.

Benthic composition at each site was evaluated using photoquadrat estimations
(PRESKITT et al., 2004). At each site, ten photographs, each encompassinga 1 x 1 m2
area, were taken within the limits of the area where focal individuals were observed.
Posteriorly, each photograph was analyzed using the coral point count with Excel
extension software (CPCe 3.6) (KOHLER and GILL, 2006), where the proportion of the
same substrate categories described above was evaluated.
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Figure 1 - Location and map of study areas in Fernando de Noronha archipelago,
Southwestern Atlantic ocean.

Data Analysis

The degree of substrate association of each species was determined. To calculate
this, the proportion of associated events (i.e. those in which the individual was recorded
within up to 30 cm above the substrate) was determined relative to the total number of
events, (i.e. associated plus non-associated events). Non-associated events were those
in which the individual was recorded, swimming or immobile, at a >30 cm vertical
distance from the substrate. Subsequently, fishes were classified according to the
following arbitrary scale of substrate association: 1) <25%: very low association; 2) 25
to 50%: low association; 3) 50 to 80%: intermediate association; 4) 80 to 95%: high
association and 5) >95%: very high association.

Spatial variability in the degree of substrate association was tested for each species
individually using one-way ANOVAS with Tukey’s HSD as the post hoc test. To determine
whether substrate preferences were different than randomly expected, x2 tests were
used to compare the observed proportions of habitat association of each species to the
expected based on estimates of benthic composition done at each site. Therefore, since
fishes are most likely to associate to substrate categories with higher proportions, the x2
tests the significance of these relationships assuming their different proportions.

Also based on observed and expected values, Ivlev’s selectivity index (IVLEV, 1961)
was used to test the degree of substrate preference, with data from all sites pooled,
following the equation: E = (ri — pi)(ri + pi)?, where E is the selectivity index and ri and
pi are the relative proportions of the j category of substrate use (r) and in the
environment (p), respectively. This index ranges from -1 to 1, where positive values
indicate a preference, negative values avoidance or inaccessibility, and values close to
zero suggest an expected random substrate use.

A similarity matrix (cluster analysis) using Euclidian-distance was computed from
data of all species pooled across all sites to test the relationships among species as a
means to determine whether species grouped based on habitat or feeding preferences.
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RESULTS

A significant difference in the degree of substrate association among sites was only
detected for Acanthurus chirurgus (ANOVA; F,,, = 8.07; p < 0.001) (Fig.2). This species
showed a somewhat high degree of spatial fluctuation and was classified as having an
intermediate/high substrate association. Thalassoma noronhanum also showed some
spatial fluctuation, albeit not significant, with the lowest values of substrate association
and being classified as intermediate. Malacoctenus sp. and Ophioblennius trinitatis were
classified as having very high degrees of substrate association, whereas Stegastes
rocasensis showed high values (Fig.2).

The four sites evaluated were characterized by high percentages of turf and
macroalgae and, with the exception of Raquel, low proportions of live coral (Fig.3). In
general, small spatial variation was observed for most benthic categories among sites,
but Atalaia showed somewhat unique quantities of macroalgae.

Substrate use was significantly different than expected at random at three of the
evaluated sites for A. chirurgus (Fig.4). At Atalaia, association to turf algae was higher
than randomly expected, whereas macroalgae was used less than randomly expected.
The opposite pattern was observed at Raquel, turf algae being used less than randomly
expected and macroalgae being used more than randomly expected. Also at this site, live
coral was used less than randomly expected. At Porto the only significant difference was
for sand, which was used slightly more than randomly expected, albeit this was only
marginally significant. In general, this species showed a somewhat common substrate
use at all sites, with slight differences regarding turf algae and macroalgae (i.e. similar at
Atalaia and Sueste, and similar at Raquel and Porto).

For Malacoctenus sp., substrate use was also significantly different than expected at
random at three of the evaluated sites (Fig.5). At Atalaia, macroalgae was used less than
randomly expected and sand was used more than randomly expected. At Raquel,
coralline algae, sand and uncolonized pavement were used more than randomly
expected, whereas macroalgae and live coral were used less than randomly expected. At
Sueste, uncolonized pavement was used more than randomly expected and turf algae
and sand were used less than randomly expected. At Porto, the apparent differences in
turf algae use were not statistically significant.
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Figure 2 - Degree of substrate association of five reef fish species. Top panel shows the
index with data from all sites pooled. Bottom panel shows index separated
by site. Associations are interpreted as: very low (VL), low (L), intermediate
(I), high (H) and very high (VH). A. chi: Acanthurus chirurgus, Mal sp.:
Malacoctenus sp., O. tri: Ophioblennius trinitatis, S. roc.: Stegastes
rocasensis and T. nor.: Thalassoma noronhanum.
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Figure 3 - Relative proportions of six benthic categories at the four study sites. T. alg:
turf algae, Mac: macroalgae, C. alg: coralline algae, L. coral: live coral,
Sand: sand and U. pav: uncolonized pavement.

For O. trinitatis, substrate use was significantly different than expected at random
at two sites (Fig.6). At Atalaia, differences were due to a higher than randomly expected
use of coralline algae and a lower than randomly expected use of turf algae and sand. At
Raquel, turf algae and coralline algae were used more than randomly expected, whereas
macroalgae and live coral were used less than randomly expected.

Substrate use of S. rocasensis was significantly different than randomly expected at
all sites (Fig.7). In general, a similar substrate use was observed at all sites with turf
algae being the predominant benthic item. Thus, turf algae was used more than
randomly expected and macroalgae was used less than randomly expected at all sites.
Also, sand was used less than expected randomly at Sueste, sand was used more than
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randomly expected at Porto and uncolonized pavement was used more than randomly
expected at Porto.
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Figure 4 - Substrate use by Acanthurus chirurgus (columns) and expected values (*)
based on benthic cover estimates at the four study sites. Chi-square results
are given for each site. Benthic categories are the same as in Figure 3.
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Figure 5 - Substrate use by Malacoctenus sp. (columns) and expected values (*) based
on benthic cover estimates at the four study sites. Chi-square results are given for each
site. Benthic categories are the same as in Figure 3.

T. noronhanum was the only species in which substrate use was not significantly
different than expected at random at any of the evaluated sites (Fig.8).

With data from all sites pooled, Malacoctenus sp., O. trinitatis and S. rocasensis
associated to particular substrates more than A. chirurgus and T. noronhanum, but these
relationships were somewhat weak even for these former species. Coralline algae
(Malacoctenus sp. and O. trinitatis), uncolonized pavement (Malacoctenus sp.), turf algae
(O. trinitatis and S. rocasensis) and live coral (S. rocasensis) were the preferred
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substrates of the three former species, whereas A. chirurgus and O. trinitatis neglected
the majority of substrates (Fig.9).

Cluster analysis grouped species based on substrate preferences, with two groups
being formed (Fig.10). The first group comprised the mobile species A. chirurgus and T.
noronhanum, whereas the second grouped the site-attached Malacoctenus sp., O.
trinitatis and S. rocasensis.
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Figure 6 - Substrate use by Ophioblennius trinitatis (columns) and expected values (*)
based on benthic cover estimates at the four study sites. Chi-square results
are given for each site. Benthic categories are the same as in Figure 3.
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Figure 7 — Substrate use by Stegastes rocasensis (columns) and expected values (*)
based on benthic cover estimates at the four study sites. Chi-square results are given for
each site. Benthic categories are the same as in Figure 3.

DISCUSSION

As expected, the two site-attached species (Malacoctenus sp. and Ophioblennius
trinitatis), and the territorial pomacentrid (Stegastes rocasensis) showed stronger
associations to the substrate than the mobile species (Acanthurus chirurgus and
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Thalassoma noronhanum). In fact, these three former species were observed in close
association to the substrate (i.e. within up to 30 cm) during over 90% of the
observations, considering all sites pooled. Considering their microhabitat preferences and
the underlying effects of each particular substrate category investigated, these species
also showed stronger patterns of microhabitat preferences, whereas the two latter
species associated to these categories randomly. Cluster analysis further confirmed these
two groups, which separated by degree of substrate association and microhabitat
preferences. Given these observations, we propose that differences in substrate use are a
direct effect of two contrasting foraging strategies, discussed below.

Albeit microhabitat preferences were not very strong even for the first group,
patterns indicating non-randomness in substrate use were observed. For example, the
herbivores (O. trinitatis and S. rocasensis) showed significantly high associations to
algae, whereas the omnivore Malacoctenus sp. correlated positively to algae, but also to
uncolonized pavement and sand, substrates in which mobile invertebrates are commonly
found (FERREIRA et al., 2004). Given their sedentary habits, microhabitats used by these
fishes should be those which improve accessibility to preferred food. Therefore, these
species tend to show stronger substrate preferences than mobile fishes.
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Figure 8 - Substrate use by Thalassoma noronhanum (columns) and expected values
(*) based on benthic cover estimates at the four study sites. Chi-square results are given
for each site. Benthic categories are the same as in Figure 3.
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Figure 9 - Ivlev’'s selectivity index regarding substrate preferences of five reef fish
species with data from the four study sites pooled.
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The somewhat weak substrate preferences of the acanthurid and the labrid species
are likely to be an effect of their mobile habits. While this is an expected finding for the
plastic omnivore T. noronhanum (FRANCINI-FILHO et al., 2000), for the herbivore A.
chirurgus it would be expected that a significant budget of its time was to be spent over
turf and macroalgae substrates, which make up the greatest proportion of their diet, but
these patterns were not very consistent. Although some acanthurids show solitary and
even sporadic territorial habits during juvenile stages (ITZKOWITZ, 1974; THRESHER,
1984; FOSTER, 1985), adults form dense foraging schools, tending to show an erratic
substrate use (LAWSON et al., 1999). Therefore, the roving and erratic feeding strategies
of A. chirurgus, in addition to the high availability of algae in the study area, precluded a
non-random microhabitat use by this species. Nevertheless, schools of acanthurids were
commonly observed over algal mats in the study area feeding on the high-quality food
defended by territorial fishes, in a strategy similar to that originally reported by Foster
(1985). In sum, the somewhat arbitrary association to algae by this species seems to be
a direct effect of their random feeding, where this species does not need to allocate more
than the necessary time to feed on their preferred food.

S. roc
80 90 100 110 120
Euclidean distance

Figure 10 - Similarity matrix using Euclidian distances on the relationship among five
reef fishes based on their degree of substrate association and substrate
preferences.

Species of the two groups mentioned above were separated due to stronger and
weaker associations to the substrate, respectively and, mostly, due to differences in
substrate use. This dissociation was clearly a direct effect of their intrinsic ecological
foraging strategies. The first group showed species which rely on being permanently
associated to their preferred food. An obvious positive effect of this strategy is the low
energy cost spent during foraging, given that long dislocations are unnecessary. A trade-
off, however, is the underlying energy cost of defending food from nearby intruders
(WARNER and HOFFMAN, 1980; MEEKAN et al., 2010), a common feature of several site-
attached fishes. Contrasting to this, the second group consisted of species which spent a
great deal of time and energy erratically swimming in search of food. Fishes of this group
are most likely to be affected at sites or periods with high food limitation, unlikely to be
the case in the study area (see below), whereas sedentary fishes which defend high-
quality food from other fishes are most likely to overcome these harsh situations. In fact,
schools of roving herbivores investing on algae located within substrates defended by
territorial herbivores, as reporter above, is a strong evidence of the high-quality of their
food resources.

One remarkable finding in the present study was that the degree of habitat
association was somewhat high even for the mobile species, being strong evidence that
reef substrate is very important for all reef fish species. In fact, the two mobile species of
the present study, A. chirurgus and T. noronhanum, were observed within up to 30 cm
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above the substrate, respectively, during 80.2% and 78.9% of the observations. This
supports our affirmations that association to the substrate is not exclusively a response
to food availability, but also to other factors. For example, associations seem to be a
direct response to predation pressure, given that the crevices and irregularities of the
substrate are the most important temporary and permanent refuge sites for small fishes
(ROBERTS and ORMOND, 1987; GRATWICKE and SPEIGHT, 2005). Therefore, protection
from predators is a means of potential prey reducing encounter rates with larger,
predatory fishes and, thus, even for these randomly-selective fishes, association to the
substrate is vital.

Contrary to Caribbean and Indo-Pacific reefs, Southwestern Atlantic reefs are
characterized by low coral (CASTRO, 2003) and low fish species richness (FLOETER and
GASPARINI, 2000), but of relatively high endemism (FLOETER and GASPARINI, 2001;
MOURA, 2002). Therefore, processes determining fish species distribution and abundance
are not necessarily shared by these areas (e.g. MEDEIROS et al., 2010), with species-
specific responses to particular substrates tending to be weaker in Southwestern Atlantic
reefs. Reefs with higher species richness also tend to show higher niche specialization
(EAGLE et al., 2001) with abundance of most species being highly dependent on
particular habitat features (BROWN, 1984; GASTON et al., 1997). Therefore, one should
be able to predict density of fishes at these sites based on particular habitat preferences
and the presence of these features at a given environment. These meticulous
relationships do not conform entirely to Southwestern Atlantic reefs, where a relatively
low number of fish species and niches are observed, and generalized habits prevail over
specialized ones (FLOETER and GASPARINI, 2000; 2001; FLOETER et al., 2004), thus,
explaining the general substrate preferences observed here. Nevertheless, even for
highly site-attached specialists at high-richness sites, associations may be weaker than
expected. For example, Eagle et al. (2001) observed that habitat use differed among
three Centropyge species on a broader scale (10s to 100s of meters), but on a fine-scale
(less than few meters), associations were very low.

CONCLUSION

Spatial differences in habitat use, mostly observed for mobile species, albeit also in
a smaller extent for site-attached species, is an indication that species which depend less
upon particular substrates (i.e. mobile ones) are not affected by local variations in
substrate composition, given their random association to the substrate and the
consequential higher tolerance to substrate variation. Spatial variations in benthic
composition are less likely to affect the density of mobile species, but should play an
important role in determining populations of site-attached species with stronger habitat
preference. On the other hand, the high abundance of algae in the study area, a common
feature of most Southwestern Atlantic reefs (MEDEIROS et al., 2010), strongly suggests
that food is not a limiting factor for herbivores and omnivores of the study area, but
space and availability of crevices seem more important (MEDEIROS et al., 2011). Future
studies determining the extent of local mobility of wanderers should bring up new
information.
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