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Many studies have shown that the processes of colonization of newmarine substrata, from settlement to recruit-
ment, can leave long and lasting signals on the richness, composition and general structure of natural epifaunal
assemblages. Systematic descriptions of temporal variability in patterns of richness and structure of recruits are
scarce, partly because of logistical difficulties of working with multispecies assemblages of recruits. Here we
quantify temporal variation in recruit richness, composition and structure of a rich cnidarian assemblage in
southeastern Brazil, and evaluate the effect of microhabitat type and time of submersion on these patterns. We
conclude that hydrozoan (the prevailing cnidarians in this assemblage) species richness occurs in a temporally
bimodal pattern, with the majority of species divided between year-round recruiting species and temporally in-
frequently, non-seasonal species. This pattern does not depend on the species local abundance, and suggests that
local species richness may be better estimated by increasing sampling efforts over time. Moreover, time since
substrate submersion had no effect on species richness, but influences species composition, suggesting constant
changes in the assemblage instead of accumulation of species through time. Finally, microhabitat variation, mea-
sured as differences between sheltered and exposed surfaces, despite influencing species' abundances, was not
important for species richness.
andez).
© 2014 Elsevier B.V. All rights reserved.
1. Introduction

One of the primary determinants of the local number of species
observed in marine epifaunal communities is the colonization and
early survival of propagules. These will be a function of the species
found within dispersal distance of the new surface that becomes avail-
able (Navarrete, 2007; Palardy and Witman, 2011, 2014). Species rich-
ness can and will be modulated by species interactions and differential
mortality of later stages, but successful colonization, i.e. recruitment, is
required to become part of the local assemblage and, in many systems,
this recruitment process can leave a long-lasting signal in the diversity
and relative abundance of species of the adult epifaunal community
(Bertness et al., 2001; Caro et al., 2010; Hubbell, 1997; Palardy and
Witman, 2011, 2014; Sutherland, 1981). Since propagules of all species
are not equally abundant over space and time (e.g. Benedetti-Cecchi
et al., 2003; Crowder and Figueira, 2006; Nandakumar, 1996; Navarrete
et al., 2008; Santelices, 1990; Sutherland and Karlson, 1977), it is of
great importance to characterize and better understand the processes
underling variability in species richness and composition of recruiting
propagules and its influence on adult community structure in marine
systems.

High temporal variability in the species composition, richness and
overall arrival rates of new recruits to benthic communities character-
izes most benthic epifaunal communities (Caffey, 1985; Caro et al.,
2010; Palardy and Witman, 2011; Sutherland, 1981; Watson et al.,
2011). One of the explanations for these temporal changes is variation
in sea surface temperature (Clarke, 2009), which interacts with annual
cycles of adult reproduction and larval release, causing variability in
larval availability of different species at any given time (Coma et al.,
2000; Cowen and Sponaugle, 2009; Flores and Negreiros-Fransozo,
1998). Temporal variation in richness and composition of recruits can
also be driven by variation in patterns of circulation, larval dispersal
and cross-shelf transport to shore since most of these mechanisms dif-
ferentially affect larvae of different species (e.g. Narváez et al., 2006;
Watson et al., 2011). Changes in turbulence and local flows over scales
of centimeters to few meters can also determine whether larvae of a
given species can actually reach the settling surface, with consequent
effects on richness and composition of the settler assemblage (Palardy
and Witman, 2014; Pineda et al., 2010). Moreover, since settlement
in most invertebrate species is the result of active larval selection and
the existence of chemical cues from previous settlement events and
biofilms (Butman, 1987; Hadfield, 2011; Jenkins, 2005; Keough and
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Fig. 1. Study site (A) and monthly mean sea surface temperature (+daily range) during
the study (B) in the São Sebastião Channel (Brazil).
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Downes, 1982), temporal variation in these chemical signals can deter-
minewhich species successfully colonize a surface. All of these process-
es can cause temporal variation in the structure and richness of the
settling larval assemblage.

After settlement, differential early mortality will further modify the
structure of the recruit community found on the surface (Gosselin and
Qian, 1997). Therefore, factors affecting early mortality (e.g. substrate
heterogeneity, substrate temperature) can further modulate the struc-
ture of the recruit assemblage. As time after settlement increases, the
more important these pos-settlement factors of mortality become.
Indeed, studies on artificial panels find that community development
varies relative to both time of submersion (Bram et al., 2005) and colo-
nization success (Keough and Downes, 1982). Interactions between
different taxa comprising the local community may have consequences
from larval settlement to adult survival (Osman and Whitlatch, 1995;
Osman et al., 1989). Competition for space may limit the arrival of new
recruits to an established community (Jackson, 1977), while concurrent-
ly, post mortality may free space for settlement by new species which
may gradually replace existing ones (Minchinton and Scheibling, 1993).
Thus, community composition and patterns of species abundance of the
recruit and early juvenile stages of epifaunal communities is inexorably
related to the time that the surface remains submerged. Herewe evaluate
whether there are characteristic patterns of temporal variation in rich-
ness, species composition and relative abundance of cnidarian species
that recruit to highly diverse epifaunal communities of subtropical
Brazil, and how these patterns change with time since the substrate
was submerged and first colonized by new arrivals.

Cnidarians have complex life cycles that usually comprise two main
stages: polyp (generally benthic) and medusa (generally planktonic),
which sometimes include reduced, derived phases (Marques and
Collins, 2004). Hydrozoan cnidarians are the commonest taxa on recruit-
ment panels along Brazilian shores and opportunistic settlement (Calder,
1991b; Migotto et al., 2001) allows them to colonize a variety of habitats
and substrates (Gili and Hughes, 1995). Hydrozoan have different
modes of sexual (planula and actinula larvae) and asexual (buds, frus-
tules or colony fragments) propagation (Gili and Hughes, 1995). There-
fore, rapid larval settlement from the plankton and rapid asexual initial
growth of colonies help explain why they quickly show on bare sub-
strates and over other organisms (Boero, 1984; Migotto et al., 2001).
It is also common to see some hydroids that develop into relatively
large and robust colonies, which can then resist settlement and over-
growth by other sessile invertebrates, such as sponges, tunicates, and
bryozoans (Migotto et al., 2001). Seasonal variation in abundance of hy-
droids has been associated with activity–quiescence cycles (Bavestrello
et al., 2006), recruitment (Migotto et al., 2001), and reproduction (Gili
and Hughes, 1995), and fluctuations often follow sudden changes
in sea surface temperature (Calder, 1990; Migotto et al., 2001). Most
studies on cnidarian seasonality have focused on one or few common
species (Bavestrello et al., 2006; Calder, 1990; Migotto et al., 2001),
while temporal variation in assemblage structure, including richness
and relative commonness and rarity in time and space has not been
amply reported.

Since no previous information exists in this system, our aim here is
to evaluate simple hypotheses regarding richness and composition of
cnidarian assemblages as they recruit to new surfaces and change over
time. Using settling panels replaced every 3 mo we examined whether
the total number of species observed after 2 years is primarily the result
of different species recruiting over time (high temporal Beta diversity,
Anderson et al., 2011), or whether a large fraction of all species is avail-
able at any given point in time. The latter means that there is a compar-
atively low species turnover in time and that studies could estimate
cnidarian species richness for the region by increasing sample size a
single time. It also implies relatively low seasonality in richness and re-
cruitment of most species, but comparatively high species turnover
frommonth tomonth. Comparisonswith plates submerged throughout
the year allowed us to test whether total richness is the result of species
(passively) accumulating on the panels through the year, or whether
significantly higher extinctions occurred as species settle and grow in
the plates, as expected for instance, if competitive exclusion is impor-
tant on the plates.

Since the spatial distribution of marine organisms is predicted to be
bimodal, with abundant and widely distributed core species, and rare
and patchily distributed satellite species (Hanski, 1982), we evaluate
whether such a core–satellite pattern characterize the cnidarian recruit
assemblage in terms of temporal persistence and spatial occupation, as
it might be expected from the dependency of species distributions also
on sampling time interval (Magurran, 2007). We hypothesized that
1) the long-term (yearly) and typically high hydrozoan species richness
is the result of accumulation of species recruiting on different times of
the year; 2) the structure (composition and abundance) of the assem-
blage changes over time; 3) microhabitat (sheltered or exposed plates)
influence the cnidarian recruit assemblage structure; and 4) the struc-
ture of the cnidarian assemblage after one year converges to a more
homogeneous configuration, different than all recruitment events, as
observed for instance in rocky shore communities (Caro et al., 2010).
2. Material and methods

2.1. Study site

The study was carried out at the Ilhabela Yacht Club (hereafter
Ilhabela), in the São Sebastião Channel (SSC) in southeastern Brazil
(23°46′S, 45°25′W). The yacht club is near the São Sebastião harbor,
which has been in operation since 1963 (Porto de São Sebastião,
2012). The climate is subtropical with warm and rainy summers and
cool and dry winters. The 22 km long and 1.9 to 7.2 kmwide SSC sepa-
rates the continent from the island (Castro et al., 2008, Fig. 1a).
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The channel is influenced by the Coastal Water mass, occasionally the
South Atlantic CentralWatermass from late spring to summer and rare-
ly the Tropical Water mass in autumn (Castro et al., 2008). Daily mean
sea temperature was obtained at 0.5 m deep at the marine biology cen-
ter Centro de Biologia Marinha (CEBIMar) located on the continental
shore of SSC and 9 km from the Ilhabela Yacht Club.

2.2. Temporal variation in recruitment

Recruitment of benthic cnidarian propagules was measured on sets
of black experimental test panels conformed by two polyethylene
square plates (12 × 12 cm each, 144 cm2 area) parallel to each other
and held together with a PVC tube to form ‘sandwich’ with a 2 cm gap
between plates. Thus, the experimental panels provided two exposed
(outer) surfaces and two sheltered (inner surfaces) within the gap.
Inner surfaces were protected from direct solar radiation and from
potential large predators, and probably altered hydrodynamics as
compared to outer surfaces. Between February 2010 and February
2012, 15 experimental units (30 plates) were deployed 5–20 m apart
hanging down from a floating pier at ~2 m depth. Panels were sub-
merged simultaneously and retrieved and replaced with clean ones
every three months (see Appendix A for specific dates), totaling eight
3-mo intervals and 240 samples.

To evaluate differences in species composition, richness and relative
abundances between plates submerged for 3mo and the resultant com-
munity after a full year, 15 additional units (30 panels) were deployed
in February 2010 and then again in February 2011 and retrieved a
year later (February 2011 and 2012, respectively).

Cnidarians were identified based on descriptions in the literature
(Calder, 1988, 1991a, 1997; Marques, 2001; Migotto, 1996) and only
those species identified and those characterized as distinct morphotypes
were included in the analysis. Individuals were counted on one exposed
(outer) and one sheltered (inner) surface chosen at random from each
experimental unit on each time period. Estimates of surface cover were
obtained with the aid of a 1 × 1 cm grid that completely covered the
plate surface. Following Migotto et al. (2001), each of the 144 squares
in the grid was ranked in the following categories: zero (absent),
1 (~25%), 2 (~50%), 3 (~75%), and 4 (100% of the square covered).
Total cover per panel was then simply estimated as the sum of the cat-
egorical values of all squares (Dethier et al., 1993) and then expressed
as percentage of the 144 cm2 plate surface.

2.3. Statistical analysis

To provide robust estimates of local richness we used the Jackknife2
estimator implemented in PRIMER v6 (Clarke and Gorley, 2006), which
weights in the number of rare species in the total richness (Colwell and
Coddington, 1994). To quantify the role of species turnover on temporal
changes of species richness we calculated: a) the proportion of the total
number of species – observed over the entire two years of the study –

that represented the subset of species observed on a single 3mo period,
(i.e., if only two species from a total of 10 appear in a single period, a 0.2
proportion represents this subset of species), b) the proportion of
species that changed (those newly encountered or lost) between con-
secutive periods, i.e., temporal turnover of species (Anderson et al.,
2011), c) the proportion of species with different temporal persistence
over the study period (i.e. percentage of time in which a species was
observed over the study period, from12.5% to 100%), and d) the propor-
tion of species with different abundances (average cover per panel over
the periods each species occur).While these measures are not indepen-
dent from each other, they quantify different dynamic aspects of species
richness in this assemblage.

To test whether population abundance was positively correlated
with temporal persistence, we assessed the relationship between
long-term average cover per panel of each species (across all sampling
observations, but not including absences) and their temporal frequency.
Since the relationship was non-linear but showed a characteristic trian-
gular spread (see the Results section), we tested whether the shape of
the spread between cover of each species and their temporal frequency
was significantly different from randomby randomizing the data 10,000
times using EcoSim v7.71 (Gotelli and Entsminger, 2012). Following the
core–satellitemodel proposed byHanski (1982), and extending it to en-
compass both, time and space, we evaluated whether the distributions
of temporal persistence and of abundances were bimodal. We defined
the species present in all periods and abundant (N0.03 mean cover) as
‘core’ species, species present in all periods but with average cover
less than 0.1% as ‘satellite’ species, and those found in only one sampling
period and with low cover (≤0.1%) as ‘rare’ species. Cutoff values were
established for convenience since there is no general convention for this
classification. Therefore, we could identify species with extremely low
or high temporal and spatial occurrences.

To compare the structure, including composition and abundance
of cnidarian assemblages between sampling periods and between
inner (sheltered) and outer (exposed) panel surfaces, a permuta-
tional multivariate analysis of variance (PERMANOVA; Anderson,
2001) was conducted on cover data with 9999 permutations of resid-
uals under a reducedmodel. A dummyvariablewas added to thematrix
before measuring Bray–Curtis similarities because of the undefined
similarities between samples without cnidarian species (Clarke and
Gorley, 2006). This analysis considered “Time” (random; 8 levels;
with contrasts: first versus second year) and “Surface” (fixed; 2 levels:
inner and outer surface; crossed with Time) as factors, with 15 replicates
per combination. Differences in homogeneity of multivariate dispersion
(Anderson, 2006) between periods were evaluated by PERMDISP
pairwise tests (Anderson et al., 2008) based on 9999 permutations.

Non-metric multidimensional scaling (nMDS, Clarke, 1993) was
used to provide an ordination of samples in the species space and visu-
ally evaluate separation between sampling periods and the type of sur-
face. Sampleswithout specieswere removed from thenMDSordination.
Since it may be difficult to visualize the separation among periods in
ordinations with too many samples and categories, we also calculated
the centroid of each period (using the principal coordinate axis from
the Bray–Curtis similarities) and used nMDS ordination to visualize
the multivariate distance among these centroids (Anderson et al.,
2008).

To characterize any bias of species for one or another surface condi-
tion (inner, outer) we calculated the strength of association between
abundance and surface condition, using the point-biserial correlation
coefficient (De Cáceres and Legendre, 2009) implemented in R (R Core
Team, 2012). This correlation is calculated for each species indepen-
dently, so the pattern observed for one species is independent of the
patterns of other species (De Cáceres and Legendre, 2009). Presences in-
side and absences outside a given group contribute to the strength of
the association (De Cáceres and Legendre, 2009). Additionally, average
richness and average cover (across all species) were compared between
outer and inner surfaces for 3-mo periods using a two-way ANOVAwith
factors “Time” (random; 8 levels) and “Surface” (fixed; 2 levels). Cover
data were arcsin square root transformed to meet homoscedasticity.

To compare species richness per panel observed in 3-month inter-
vals versus yearly submersion, – pooling outer and inner surfaces –

we constructed frequency histograms of the number of species per
panel for 3-month and yearly submersions for each year separately. A
two-way ANOVA was used to compare mean species richness between
“Submersion Time” (fixed; 2 levels: 3 mo, 1 year) and “Year” (fixed;
2 levels: 2011, 2012) — the two years are considered as fixed, since
we cannot make inferences about other years. To determine whether
the yearly-submerged panels contained fewer species than expected
by the simple accumulation of species observed over all four sets of
3-mo panels in each year, we constructed sample-based rarefaction
curves by permutation (Gotelli and Colwell, 2001) for each year and
submersion time (3mo and yearly) and compared total number of spe-
cies at a fixed sample size of 30 panels.



Fig. 2. Number of species observed in 3 mo sampling periods and the proportion that it
represents from the total richness observed during the 2 year study (A) and species turn-
over between successive sampling periods as a proportion of the total number of species
(B) at Ilhabela (Brazil).
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Using a separate PERMANOVA and nMDS ordination we compared
the structure of the assemblages observed in 1-yr panels against 3-mo
panels considering factors “Submersion Time” (fixed; 2 levels: 3 mo,
1 year) and “Year” (fixed; 2 levels: 2011, 2012).

All multivariate analyses were performed in PRIMER v6 (Clarke
and Gorley, 2006) and PERMANOVA v1.0.5 (Anderson et al., 2008)
using Bray–Curtis similarities for cover. Similar weights were applied
for all species after fourth root transforming their cover (Clarke and
Warwick, 2001).

3. Results

3.1. Sea temperature

Sea temperature ranged between 18.3 °C and 28.8 °C in the SSC dur-
ing the sampling period, with a moderate seasonal signal (Fig. 1b).
Mean summer sea temperature reached around 25–26 °C both years,
while mean winter sea temperature dropped to about 21 °C (Fig. 1b).
Mean sea temperature was similar during both years of study.

3.2. Temporal patterns of species richness and turnover

A total of 34 cnidarian taxa (32 hydroids and 2 small, rare anem-
ones) were found in the 3-mo samples over the two years of observa-
tions in Ilhabela. The rarefaction curve did not reach an asymptote
(Appendix B), suggesting that despite the large sample size of panels
(n = 240) and time observations (8 different occasions over 2 years),
there are no signs of species saturation. The Jackknife2 estimate was
47 cnidarian species, which is 38% more than the number observed,
but the estimate must be interpreted with caution because of lack of
saturation.

With one exception, species richness on any 3 mo sampling period,
represented between 44% and 59% of the total richness observed over
the two-years. In other words, nearly half the total richness recorded
for the area can be observed in a single 3 mo period. The exception
was in August 2010 when richness was greater than 76% of the total
richness (Fig. 2a), i.e. less than 24% of all species ever recorded during
the study were absent on this particular sampling period. The impor-
tance of species turnover from one sampling period to the next varied
over time, but it was usually less than 30% of the total richness, with
the greatest turnover between the months of May and August in both
years (Fig. 2b). The species responsible for the large turnovers were
not the same in both years. Only three of them (Bimeria vestita Wright,
1859, Eudendrium carneum Clarke, 1882 and Zyzzyzus warreni Calder,
1988) showed seasonal pattern and, therefore, the larger turnovers be-
tween May and August are not due to species seasonality.

A clear bimodal pattern of temporal persistence of species (frequen-
cies at which a species was observed through the study) characterized
the assemblage (Fig. 3a), with a large fraction of species (N30%) found
in only one sampling period, and another large fraction (29%) found
in all periods sampled. The remaining species were intermediate in fre-
quencies of occurrence (persistence) over time (Fig. 3a). In contrast,
species abundances were unequally distributed between rare and com-
mon species— there were many rare species (71% of the cnidarian spe-
cies covered less than 0.005 of the panel area) and just one common
species (Fig. 3b). Species infrequently found over time were also less
abundant and the most abundant species tended to be persistently
found over time (Fig. 3c) but species with low overall abundance
could be either rarely found (just one time) or be found in virtually all
sampling periods (Fig. 3c). This relationship between abundance and
temporal persistence formed a surface that was not random (10,000
iterations, p = 0.0013), but rather significantly ‘triangular’, which
suggests the existence of constraints. The extremes of the triangular
distribution had one core species (Obelia dichotoma (Linnaeus, 1758)),
one satellite (Turritopsis nutriculaMcCrady, 1857) and nine rare species
(Table 1, Fig. 3c). Finally, 11 species (32% of the total) were found on
only one or two panels during the entire experiment (Appendix C).

3.3. Temporal and microhabitat variation in assemblage structure

The structure (composition and abundance) of the cnidarian assem-
blage was significantly different among sampling periods (Pseudo-F =
12.7680; P(perm) = 0.0001). Assemblage structures obtained in the
3-mo periods during the first year of the study were different than
those observed in 3 -mo periods during the second year (Pseudo-F =
3.3942; P(perm) = 0.0064). Differences in dispersions in assemblage
structure did not explain the differences among the sampling periods
(PERMDISP, Appendix D). Inner and outer surfaces were also signifi-
cantly different (Pseudo-F = 8.0800; P(perm) = 0.0024), and the
difference was independent of the sampling period (Interaction
Pseudo-F = 0.7463; P(perm) = 0.8564).

Although assemblage structure was different among sampling pe-
riods and between the microhabitat surfaces, a considerable overlap
was found in the multivariate species space (Fig. 4a, c). Centroids for
the assemblage structure in all periods were relatively dispersed
(Fig. 4b), and those of assemblages in similar time periods but in differ-
ent years, tended to be closer (yet still different) than those in different
time periods.

Interestingly, similar total richness was found for outer and inner
surfaces, 29 and 30 species respectively, and mean richness per panel
(species density) per period was the same for both surfaces (p =
0.0783) but cnidarian total abundance on 3-mo panels was significantly
different between the two habitat surfaces (p= 0.0001); the outer sur-
face had an average of 67% total cover, while the inner surface averaged
33% cover. Six species were associatedwith outer surfaces (Table 2), but
no species were associated with the inner surface. Three rare species
were exclusively found on outer surfaces, and five on inner surfaces
(Appendix E).
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Fig. 3. Percentage of species observed at varying frequencies during the 2 year study, from
one (12.5%) to eight (100.0%) sampling periods (A), percentage of species observed at vary-
ing average covers on plates (B) and relationship between average cover and the time fre-
quency at which a species was found at Ilhabela (Brazil), from February 2010 to February
2012 (C). The red dot is the core species Obelia dichotoma, green is the satellite species
Turritopsis nutricula and in blue are nine rare species.

Table 1
Species and morphospecies recorded from February 2010–2012 at Ilhabela (Brazil), their
respective temporal frequencies and average proportion of cover on 3-month samples.

Species Temporal frequency Average cover

Bougainvillia muscus (Allman, 1863) 1.000 0.0076

Clytia cf. gracilis (M. Sars, 1851) 1.000 0.0047

Clytia linearis (Thornely, 1900) 1.000 0.0067

Eudendrium caraiuru Marques & Oliveira, 2003 1.000 0.0067

Halecium bermudense Congdon, 1907 1.000 0.0143

Halopteris alternata (Nutting, 1900) 1.000 0.0134

Lafoeina amirantensis (Millard & Bouillon, 1973) 1.000 0.0040

Obelia bidentata Clark, 1875 1.000 0.0080

Obelia dichotoma (Linnaeus, 1758) 1.000 0.0325

Turritopsis nutricula McCrady, 1857 1.000 0.0008

Ectopleura crocea (L. Agassiz, 1862) 0.875 0.0117

Filellum sp. 0.875 0.0011

Bimeria vestita Wright, 1859 0.750 0.0009

Halecium tenellum Hincks, 1861 0.750 0.0010

Sertularella tenella (Alder, 1856) 0.750 0.0015

Actiniaria indet.7 0.500 0.0005

Coryne sp. 0.500 0.0012

Pennaria disticha Goldfuss, 1820 0.500 0.0028

Corydendrium parasiticum (Linnaeus, 1767) 0.375 0.0076

Diphasia digitalis (Busk, 1852) 0.375 0.0002

Eudendrium carneum Clarke, 1882 0.375 0.0011

Halecium dyssymetrum Billard, 1929 0.250 0.0001

Plumularia cf. strictocarpa Pictet, 1893 0.250 0.0002

Zyzzyzus warreni Calder, 1988 0.250 0.0009

Actiniaria indet.8 0.125 0.0024

Clytia cf. stolonifera Blackburn, 1938 0.125 0.0004

Haleciidae indet.1 0.125 0.0004

Haleciidae indet.2 0.125 0.0002

Lafoea sp. 0.125 0.0003

Monotheca margaretta Nutting, 1900 0.125 0.0001

Pandeidae indet.1 0.125 0.0001

Parawrightia robusta Warren, 1908 0.125 0.0002

Sertularia marginata (Kirchenpauer, 1864) 0.125 0.0001

Zanclea sp. 0.125 0.0001

Campanulinidae indet.1 a

Cladocoryne floccosa Rotch, 1871 a

a species found only in annual samples 

Species categories are core (red), satellite (green) and rare (blue).
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3.4. Assemblage structure after one year of submersion

Two taxa on the annual samples were never observed in the 3-mo
samples, totaling 36 species in all panels in both years. The total
number of species per panel after one year of submersion was within
the range observed in the corresponding 3-mo periods for both years
(F = 0.1300; p = 0.7184, Fig. 5a–d). In contrast, richness per panel
in both 3-mo samples and 1-year panels, was different between years
(F = 4.0690; p = 0.0446) and the differences observed between
3-mo and yearly submerged panels were independent of the year
examined (Interaction F= 1.3640; p= 0.2438). The number of species
observed in 3-mo periods was the same as that observed in one year
panels, after standardizing by sampling effort (Fig. 5e–h, vertical
lines). In other words, the larger total number of species in 3-mo panels
appears to result from the larger sample size, rather than to a reduction
of species in yearly-submerged panels due to, for instance, increased
extinctions.

While richness was similar in 3-mo and yearly submerged panels,
composition and abundance (structure) of species in the cnidarian as-
semblages were significantly different (PERMANOVA, Pseudo-F =
7.0953; P(perm) = 0.0001), and the difference was independent of
the year of the study (Pseudo-F = 0.9506; P(perm) = 0.4383). Even
though the structure in annual samples was significantly different
from that in the 3-mo submersion, the former fell well within the mul-
tivariate space defined by the structure of all 3-mo samples (Fig. 6a),
and the centroids of annual panels were close to the respective 3-mo
samples retrieved at the same moment (Fig. 6b).

4. Discussion

The 32 hydrozoans in the São Sebastião Channel described here rep-
resent 32% of benthic hydrozoans historically recorded in the compara-
tively well studied state of São Paulo, Brazil (Migotto et al., 2001, 2002).
Anthozoans, on the other hand, were not well represented in our exper-
imental plates, with only two species observed in the two years of the
55 species recorded for the state (Silveira andMorandini, 2011). There-
fore our analyses and interpretations pertain primarily to the hydrozoan
assemblage. Our results show that the richness found in 2 years of ex-
periment is a balanced consequence of two factors: many species capa-
ble of recruiting year round, and moderate species temporal turnover,
because of a large fraction of temporally rare (infrequent) species in
this assemblage. Total richness in 1-yr panels is not a consequence of

image of Fig.�3
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Fig. 4. nMDS plots showing differences in the assemblages of cnidarians among the
eight sampling periods (A), distances among the centroids for the different time periods
(B) and differences in the cnidarian assemblages between inner and outer surfaces
(C) at Ilhabela (Brazil), from February 2010 to February 2012. A, B: Solid symbols = first
year; hollow symbols = second year. Blue triangle = May; purple square = August; red
circle = November; green triangle = February. C: Solid orange symbol = outer surfaces;
hollow blue symbol = inner surfaces. The line in (B) connects subsequent periods
chronologically.
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species accumulating through time since richness in 1-yr panels is
similar to 3-mo panels. We found a bimodal pattern for species tempo-
ral persistence, with most species divided between rare and abundant
species in time, showing that diversity depends on the time sampling
interval.
Table 2
Species associatedwith outer surfaces foundwith the point-biserial correlation coefficient
test in eight 3-month periods at Ilhabela (Brazil), from February 2010 to February 2012
(the inner surface had no associations).

Species Stat. p-Value

Ectopleura crocea 0.161 0.004
Eudendrium caraiuru 0.139 0.032
Halecium bermudense 0.170 0.008
Lafoeina amirantensis 0.154 0.026
Obelia dichotoma 0.256 0.001
Obelia bidentata 0.234 0.001
Through extensive sampling over time, we were able to better char-
acterize richness in the São Sebastião Channel, not because of strong
seasonality, but because staggering samples over time captured many
of the temporally infrequent species. It is unlikely that increasing sam-
ple size at any single timewould achieve similar results. This is because
of the bimodal time pattern for species distribution,wheremost species
were either present in all time periods or in only one. Although the bi-
modal core–satellite model was proposed to explain space occupation
(Hanski, 1982), our data suggest that it may also apply to occupation
over time (Magurran, 2007). Thus, richness in this assemblage is domi-
nated by a set of species capable of recruiting year round, which con-
form the core of the assemblage, and a large number of temporally
rare species, emphasizing the importance of the time component of
recruitment as a contributor of species richness and of maintenance of
diversity in the assemblage. These findings support our hypotheses
that the many factors affecting larval settlement and successful recruit-
ment over time would result in moderate to high temporal turnover in
assemblage structure.

In contrast, a bimodal pattern was not found when examining spa-
tial occupancy. Many species were rare (along the rare-satellite gradi-
ent) and very few were extremely abundant (one core, in this case).
We could not identify a set of core species, as shown in other assem-
blages (McGill et al., 2007). The combined temporal and spatial distribu-
tions resulted in a triangular pattern, in which spatially rare species
are found at a variety of temporal frequencies, but spatially abundant
species are found throughout the year. O. dichotoma was the only core
species, abundant and common over time. This species is a cosmopoli-
tan hydrozoan found on a variety of substrates, both in harbors and nat-
ural habitats (Cornelius, 1995; Gaonkar et al., 2010; Megina et al., 2013;
Millard, 1975; Orejas et al., 2013; Ruiz et al., 2000). It is considered inva-
sive in some regions, such as Australia (Wyatt et al., 2005), and it can
inhibit recruitment of some invertebrates (Standing, 1976). Although
low in abundance, the satellite species T. nutricula appeared in all
periods, even though a previous experiment found it to be restricted
to certain time periods in the SSC (as inferred from 1–2 mo test panels,
Migotto et al., 2001). It is possible that T. nutricula is changing its local
abundance over time because in the study by Migotto et al. (2001) in
the same location this species had a greater total annual cover than
O. dichotoma. Shifts in local abundance through time are predicted in
the core–satellite model (Hanski, 1982), but further studies are needed
to determine as to what extent differences between studies could be
related to the different lengths of panel submersion employed in
experiments.

Variation in species composition followed temperature seasonality,
with the greatest species turnover following the decline in sea surface
temperature between May and August of each year. Yet, most species
responsible for large turnover were not the same both years, which sug-
gest that temporal changes in richness may not be due to the seasonal
occurrence of the species. We did not observe a similar high turnover
of species in the cold to warm water seasonal transition. The structure
of the assemblage (considering composition and abundance) was not
seasonal either, but instead varied among all 3-mo periods, as well as
between the two years of the study.

Surprisingly, although greater abundance was found on the outer
surfaces of the 3-mo panels, species richness was the same for inner
and outer surfaces, which suggests that, over the range observed
in the study, increased space occupation, does not lead to increased spe-
cies extinctions (or reduced colonization). Greater abundance on outer
surfaces is probably due to a combination of differential initial growth of
colonies, naturalmortality patterns and differential predation pressures
(Keough and Downes, 1982). Indeed, different regimes of water flow
dynamics over the surfaces may have reduced feeding rates for suspen-
sion feeders on the inner surfaces (Gili andHughes, 1995), leading to re-
duced growth and/or increased mortality. Although some species were
exclusive or prevalent to one or another surface, species composition
was very similar, suggesting that differences found in multivariate



Fig. 5. Species richness per panel found in 3-month sampling periods (A, C) and annual panels (B, D) for the first (A, B) and the second (C, D) years of the study. Sample-based rarefaction
curves for the first year of 3-month periods (E) and annual panels (F), and second year of 3-month periods (G) and annual panels (H) at Ilhabela (Brazil), from February 2010 to February
2012. Vertical lines in E and G indicate richness at the same sample size as annual samples.
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structure between inner and outer surfaces are probably due to different
abundances. Our results suggest that predation by meso- and macro-
predators on the outer surfaces of suspended plates is of lesser impor-
tance for the structure of hydrozoan assemblage but further studies
should evaluate predation effects on natural substrate.

Although richness per panel and total richness for 3-mo and yearly
panels were the same, their assemblage structures were different.
Fig. 6. nMDS plots showing differences in the cnidarian assemblage between the eight 3-mont
sampling periods (B) at Ilhabela (Brazil), from February 2010 to February 2012. Solid symbols=
red circle = November; green triangle = February; black diamond = 1-year sample. The line
Thus, limited recruitment of new propagule arrivals to the established
yearly assemblage may not be supported. It is more likely that species
composition was changing in this assemblage throughout the year,
with post-settlement mortality in some species thereby opening space
for others (Sutherland and Karlson, 1977). Moreover, there was no con-
vergence of year-old assemblages to a common structure in comparison
to 3 mo recruitment plates, unlike the pattern observed, for instance, in
h samplings and the two annual samplings (A) and distances among each centroid of the
first year; hollow symbols= second year. Blue triangle=May; purple square= August;
in (B) connects sequential points in time (but not the two annual points).

image of Fig.�5
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rocky shores of temperate Chilean coast (Caro et al., 2010). Thus, yearly
species composition on panels may be the result of several processes
taking place. Indeed, they aremost similar to 3-mo samples that were re-
trieved at the same time and place. This, therefore, supports the hypoth-
esis that subtropical fouling assemblages are not directional, but rather
simply keep changing with recruitment chance events (Sutherland and
Karlson, 1977), and with a moderate role of species competitive or facil-
itative interactions.

In summary, hydrozoan species richness is largelymodulated by two
types of species, those capable of recruiting to new surfaces year round,
and those that for reasons that we do not yet understand, colonize new
surface only sporadically andwithout strong seasonality. This strong bi-
modal temporal pattern of occurrence is not associated with local eco-
logical success of species, as measured by spatial occupancy of the
substrate. Therefore, ecological studies must consider that increasing
sampling effort at any one time would not increase species representa-
tion as much as increasing temporal effort. Since seasonality in the sys-
tem was weak, sampling effort would be better off when placed
throughout the year. Moreover, the increasing time of submersion of
settlement plates does not improve species representation, as the num-
ber of species does not accumulate over time. Finally, although impor-
tant for species abundances, microhabitat differences, a factor
commonly considered critical in studies of epifaunal assemblages and
represented here by sheltered versus exposed surfaces, can onlyweakly
influence species composition and does not affect species richness at all.
Further studies are needed to examine in detail the role of species inter-
actions in the diversity of these assemblages, but our results suggest
that they play a moderate role at best. These patterns in hydroids,
which were by far the majority of cnidarians, should be tested in other
taxa and in other regions to examine the generality of our conclusions.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jembe.2014.06.015.
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