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ABSTRACT - The spatial distribution of fauna associated to marine macroalgae has mostly
been investigated considering a horizontal plane. However, the macroalgal substrates can
present a three-dimensional structure. In this sense, investigating how the associated fauna
varies throughout a vertical plane can contribute to understanding the distribution of these
organisms. The brown macroalga Sargassum presents a vertical stratification along its thallus
and harbors an amphipod fauna with a variety of feeding habits. In this work, we tested
if the amphipod assemblage varies along different portions of the Sargassum thallus. We
collected whole Sargassum stenophyllum thalli, as well as isolated basal and distal portions,
from a rocky shore located on the north coast of Sao Paulo, in southeastern Brazil. The
composition of amphipod families varied according to the Sargassum portion and the
families Corophiidae, Caprellidae and Hyalidae accounted for most of the differences.
Moreover, the basal portion of Sargassum had a higher diversity of amphipod families than
the distal one, which may be related to differences regarding habitat complexity (herein,
measured as algal biomass) between these portions. Detritivores (such as Corophiidae)
were more associated to the basal portion and herbivores to the distal portion (Hyalidae) or
along the whole Sargassum thallus (Ampithoidae). The variation of amphipod assemblage
along Sargassum thallus seems to result from the interaction between the fauna natural
history and the differences in conditions and physical structure along the algal thallus. In
this sense, the vertical stratification of Sargassum can add another source of variation to the

spatial distribution of associated fauna.
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INTRODUCTION

Studies concerning species distribution involve
the description of patterns and their underlying
processes. Describing the spatial distribution of
species contributes to understanding ecological
processes (e.g. interactions between organisms
or with their environment) in a scale-dependent

context (Wiens, 1989). In benthic environments,
biological substrates provide habitat for other
organisms and, as a result, they can have an
important role on the composition of benthic
communities (Coull and Wells, 1983; Castilla ez
al., 2004; Koivisto and Westerbom, 2010). The
spatial distribution of the fauna associated to
macroalgae has been reported mainly considering
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a horizontal plane (Kelaher ez 4/., 2001; Tanaka
and Leite, 2003). However, the macroalgal
substrate can present a three-dimensional structure
(Christie et al., 2007; Hirst, 2007). In this sense,
exploring the composition of associated fauna in
a vertical plane can contribute to understand the
distribution of these organisms (Hirst, 2007).

The variation throughout the physical
structure of algal substrates can result in a variety
of microhabitats used by different species (Rossi
et al., 2000; Fraschetti et al., 2006; Christie et al.,
2007; Hirst, 2007). As an example, in kelp forests
of Laminaria hyperborea (Gunn.) Foslie, 1884
a straight thallus algae, a vertical stratification
has been found, which is represented by the
differences regarding conditions (e.g. currents,
sediment accumulation) and structures (lamina,
holdfast and stipes) along this substrate (Eckman
et al., 1989; Christie et al., 2007). As a result, such
vertical stratification can affect the distribution
of associated fauna (Christie ez a/., 2007; Hirst,
2007). In this sense, the differences between parts
from the same biological substrate can add another
source of variation to the spatial distribution of
the associated fauna (Fraschetti ez /., 20006).

On rocky shores of tropical and subtropical
systems, Sargassum species compose an important
fraction of the algae community (Eston ez al.,
1986; DPaula, 1988). The Sargassum thallus
contains a holdfast, a stipe, lateral branches and
leaflets (Joly, 1967). Throughout the Sargassum
thallus, conditions and physical structure can
change, resulting in a vertical stratification. The
holdfast, at its basal portion, allows the fixation of
sessile organisms (e.g. sponges) that can function
as a second biological substrate for mobile fauna
(Leite et al, 2007). In addition, the amount of
branches, which can shelter the fauna, is higher at
the basal portion than the distal portion. Finally,
the basal portion seems to be more protected from
the action of waves, as suggested for other straight
stem algae species (Fraschetti ez al., 2006; Christie
et al., 2007).

Sargassum provides shelter for a diversity of
small invertebrates. Among its associated fauna,
the amphipods present high abundance and species
richness (Tanaka and Leite, 2003; Jacobucci et al.,
2009), making them especially sensitive to changes
in the spatial physical structure of the substrates.
The amphipod assemblage associated to Sargassum
presents distinct behavior and feeding habits

(herbivores, predators and detritivores) (Barnard
and Karaman, 1991; Guerra-Garcia et al., 2014)
that can promote changes in the species community
regarding their use of microhabitats. In this study,
we tested if the amphipod assemblage varies along
different portions of the Sargassum thallus.

MATERIAL AND METHODS

The study was conducted at Cigarras Beach, in
the State of Sio Paulo, southeastern Brazil (S
23°43°42.78"W 45°23’52.43”). In this area, the
northern rocky shore is mainly composed of large
boulders, which are predominantly dominated
by Sargassum stenophyllum Martius, 1828 in
the subtidal zone. The Sargassum fronds have
approximately 30 cm of height and compose dense
patches. We performed our sampling in the spring
(October 2013), when most of the amphipods
associated to Sargassum occur (Tanaka and Leite,
2003; Jacobucci et al., 2009).

To evaluate the association between the
amphipod composition and each Sargassum
portion, we randomly collected submerged
samples (0.5 - 1.0 m deep) from the basal and
distal portions of the Sargassum thallus. For each
portion of the thallus, we collected six replicates.
We collected the samples underwater and stored
them in voile bags of mesh size 0.2 mm for
the fauna contention. For the distal portion,
approximately half the length of the thallus,
corresponding to the top portion, was involved
in a bag. To assure sampling independence, the
other half was discarded. Similarly, for the basal
portions, the holdfasts were involved in bags
before detachment from the rocks, and the distal
portions were discarded. For the description of the
amphipod fauna associated to S. stenophyllum, we
took the whole thallus as samples (n = 6).

At the laboratory, the samples were frozen and
then washed with fresh water to remove the fauna.
These organisms were preserved in alcohol 70%
and the amphipods were identified to the family
level. We identified up to the families because
the feeding habits are usually shared at this level,
including the amphipod species commonly found
in Sargassum in the studied region (Barnard and
Karaman, 1991; Guerra-Garcia et al., 2014). The
macroalgae were dried at 70 °C for 24 hours and
weighed to estimate the density of amphipods.
The dry weight of Sargassum (biomass) was used
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as a measure of habitat complexity of each portion
(McCoy and Bell, 1991). Moreover, from the
amphipod density, we calculated the diversity
of amphipod families for each portion using the
Shannon-Wiener index.

The family composition for distal and basal
portion of Sargassum was compared using a
PERMANOVA approach (Anderson, 2001). In
order to balance the contribution of frequent
and rare groups (Anderson, 2001), the amphipod
density was log-transformed (log(X + 1)), and then
it was used to build a similarity matrix using the
Bray-Curtis distance. This matrix was tested with
a PERMANOVA with 9999 permutations. Based
on the same matrix, we performed a PERMDISP
(9999 permutations) in order to check the
homogeneity of multivariate dispersions. Non-
Metric  Multidimensional ~ Scaling  (nMDS)
ordination was used to visually compare the
basal and distal portions. To verify the families
that most contributed to the dissimilarities
between the Sargassum portions, we performed
a SIMPER analysis. Moreover, we classified
families according to their predominant feeding
habits (herbivores, detritivores and predators)
(Barnard and Karaman, 1991; Guerra-Garcia et
al., 2014). Finally, to compare amphipod diversity
and Sargassum biomass between basal and distal
portions, we used Students ¢ test for independent
samples.

RESULTS

We collected 5237 amphipods associated to
Sargassum stenophyllum, representing 11 amphipod
families (Tab. 1). Among these families Hyalidae,
Caprellidae, Corophiidae, Maeridae, Ampithoidae
and Amphilochidae were the most abundant. The
portion of the Sargassum thallus was determinant
for the composition of amphipod families
(PERMANOVA, F |~ = 3.480, = 0.021). This
result is supported by the nMDS ordination (Fig.
1). We did not observe differences in variability
among groups (PERMDISP, F<1,10) = 0.077, P =
0.80). The families with most contribution to
the dissimilarities between the portions were
Corophiidae (24.54%), Caprellidae (20.34%)
and Hyalidae (18.53%) (SIMPER). The family
Corophiidae was more abundant in the basal
portion, while Caprellidae and Hyalidae were
more abundant in the distal portion (Tab. 1).

The basal portion of Sargassum had a higher
diversity (H’) of amphipod families (1.02 + 0.30)
than the distal one (0.56 + 0.14) (Student’s # test; ¢
=3.35,df =10, P=0.012). Six families were found
in the distal portion, and the families Hyalidae
and Caprellidae exhibited the higher densities.
For the basal portion, Hyalidae, Caprellidae and
Corophiidae had the largest densities among the
eleven represented families. All families found in
the basal or the distal portions were also found
in the whole thallus samples, except Leucothoidae
that was present in only one basal sample.
Regarding the feeding habits, the detritivores
were predominant in the base and herbivores in
the distal portion (Tab. 1). We could not find
consistent information about the feeding habits of
Eusiridae. Finally, the basal portion of Sargassum
had a higher biomass (6.75 + 2.71 g) than the
distal one (2.90 + 1.57 g) (Student’s # test; ¢ =
3.01, df = 10, P = 0.017).

DiscussioN

Odur results provide evidence that the composition
of amphipods varies throughout the Sargassum
thallus and this pattern may be related to the
feeding habits of these animals. Despite the
limitations of this work concerning time and
spatial sampling, we are confident that the results
allow a consistent discussion since the families of
amphipods found here are frequently associated to
Sargassum in this region (Tanaka and Leite, 2003;
Jacobucci et al., 2009). Moreover, considering
these amphipod families have a wide distribution
(Barnard and Karaman, 1991), we point out the
patterns found in our study may be observed in
other areas with straight thallus algae.

The composition of the algae-associated
fauna may be related to habitat complexity.
The algal structural complexity can influence
factors related to the fauna occurrence, such as
water flow (Dean and Connell, 1987), space
for establishment (Hacker and Steneck, 1990)
and protection from predation (Zamzow ez
al., 2010). A single alga can present portions
with differences regarding physical structures,
affecting the composition of the associated fauna
(Fraschetti et al., 2006; Christie et al., 2007). The
basal portion of Sargassum has more branches and
higher structural complexity (herein, measured
as biomass) than the distal portion, offering more
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Table 1. Mean density (ind/g of dry algae) (+ standard error) of the amphipod families associated to different portions of the Sargassum

stenophyllum thallus. H = herbivore; D = detritivore; P = predator.

Basal portion

Distal portion

0.92 (+ 0.31) 1.02 (£ 0.61)
20.57 (+ 3.09) 70.31 (+ 22.26)
5.03 (+ 1.19) 24.87 (+ 16.29)
5.70 (+ 2.74) 0.19 (+ 0.13)
0.10 (+ 0.10)

0.46 (+ 0.31)

0.02 (+ 0.02)

0.62 (+ 0.32) 1.37 (+ 0.98)
0.02 ( 0.02)

0.37 (£ 0.17) 0.46 (+ 0.39)
0.02 (£ 0.02)

Feeding Family Whole thallus
H Ampithoidae 0.82 (+ 0.16)
H Hyalidae 24.80 (+ 5.36)
D Caprellidae 13.17 (+ 5.90)
D Corophiidae 2.40 (+ 1.90)
D Lysianassidae 0.08 (z 0.08)
D Maeridae 0.01 (+ 0.01)
D Podoceridae 0.10 (+ 0.10)
D/P Amphilochidae 0.75 (+ 0.45)
D/P Leucothoidae ---
D/P Stenothoidae 0.93 (+ 0.48)
Eusiridae 0.08 (+ 0.08)
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Figure 1. Non-Metric Multidimensional Scaling (nMDS)
ordination of the composition of amphipod families associated to
distal (solid circles) and basal (open circles) portions of Sargassum
stenophyllum. Stress = 0.09.

space for the establishment of the associated
fauna. Also, the holdfast is colonized by sessile
organisms, which can function as a second
biological substrate for mobile species (Leite ez
al., 2007). An increase in habitat complexity of
a biological substrate (e.g. biomass, surface area)
is often related to an increase of fauna diversity
(Dean and Connell, 1987), thus it is reasonable
to expect a higher variety of microhabitats in the
basal portion of Sargassum. Our results concur
with this expectation, as we found a higher
diversity of the amphipod fauna in the basal
portion. Moreover, we did not find differences in
variability among species composition from basal
and distal portions, so any dissimilarity between
these groups is probably due to difference in
location (Anderson, 2005).

Natural history aspects, such as behavior and
feeding habits, can influence the occurrence
of amphipods in macroalgae (Tanaka and
Leite, 2003; Jacobucci et al, 2009). The basal
portion of Sargassum may be less subject to the
action of waves (Rossi et al., 2000; Fraschetti ez
al., 2006) and because of the proximity to the
physical substrate and the weak currents, it may
accumulate a larger amount of particles (e.g.
sediments and detritus), as observed in kelp
forests by Eckman ez al. (1989). The detritivore
families, Corophiidae, Maeridae, Lysianassidae
and Podoceridae, were mainly associated to
the Sargassum base, which presents favourable
conditions for the accumulation of sediments
and detritus. Christie ez 2/ (2007) observed a
similar pattern related to the distribution of
amphipods associated to Laminaria hyperborea on
the coast of Norway. In contrast, Amphilochidae
and Stenothoidae did not show clear differences
along the Sargassum thallus. These families are
represented by amphipods with detritivore and
predatory feeding habits (Guerra-Garcia et al.,
2014) and, as a result, they may be less dependent
on the detritus accumulated at the basal portion
of Sargassum. Furthermore, Caprellidae (mainly
composed by detritivore species) was denser in
the distal portion of Sargassum. It is worth noting
that Caprellidae present morphological structures
adapted to feed on suspended particles in the
water column (Myers and Lowry, 2003), which
may explain their higher density in the distal
portion, as observed in other macroalgal systems
(Hirst, 2007).

Regarding herbivores, the family Hyalidae
showed higher density in the distal portion of
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Sargassum. Contrarily to detritivores, this group is
less dependent on the accumulation of particles at
the Sargassum base. Moreover, the distal portion
may represent a less competitive habitat for space,
since most groups of amphipods were associated
to the basal portion. Interspecific competition can
be an important factor structuring the associated
fauna community (Edgar, 1990), making the
occupation of the distal portion favorable for the
success of Hyalidae individuals. Furthermore,
younger tissues (at the distal portion) of Sargassum
can be more palatable than older tissues (at the
basal portion) for herbivorous amphipods (Taylor
et al., 2002), which can affect the distribution of
Hyalidae along the algal thallus. In contrast, the
other herbivorous family, Ampithoidae, did not
show any difference regarding its distribution
along the Sargassum thallus. Such results concur
with the general pattern for herbivorous epifauna
along a vertical gradient on macroalgae observed
by Hirst (2007), which suggested it may be
related to the generalist feeding habit of marine
mesoherbivores (Poore ez al., 2008), although
there are some exceptions (Hay ez 4/., 1990; Poore
and Steinberg 1999). Furthermore, we point
out that the species of Ampithoidae often build
domiciles on the algae using algal pieces and other
materials (Conlan, 1982). In this sense, other algal
properties related to the building of domiciles (e.g.
blade size and quantity) not evaluated in our study
may affect the distribution of Ampithoidae along
the Sargassum thallus.

Our study showed the composition of
amphipod families is influenced by the vertical
stratification of Sargassum thallus and, as a result,
different parts of the thallus may support distinct
assemblages. Such variation may result from
the interaction between the natural history of
the fauna and the differences in conditions and
physical structure along the algal thallus. These
findings contribute towards a growing body
of studies (e.g. Fraschetti ez al., 2006; Christie
et al., 2007; Hirst, 2007) that point out the
vertical stratification of a macroalgal substrate
can add another source of variation to the
spatial distribution of associated fauna. In this
sense, considering this approach together with
the investigation at different spatial scales (e.g.
shores, plots and boulders) may be valuable to
describe patterns and infer processes regarding
the distribution of associated fauna.
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