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Recruitment is a fundamental step upon which all subsequent interactions within a

community occur. We explored how the attenuation of physical conditions by seaweed

plots comprised of either Chondracanthus canaliculatus, Pyropia perforata, Sylvetia

compressa or a mixed aggregation, at varying densities (average 1,199, 816, and

408 in. m−2), affected recruitment of seaweeds and microphytobenthic organisms in

the understory, and if physical factors modulate their abundance and distribution. We

outplanted macroscopic seaweeds in the intertidal and measured changes in understory

irradiance, particle retention, and bulk water flow. Both factors influenced physical

conditions below the canopy. However, only canopy density had a significant effect on

recruitment. The low-density canopy treatments had a greater abundance of seaweed

recruits, with the opposite found for microphytobenthic organisms. The recruitment

processes of seaweeds and microphytobenthic organisms, however, appeared to be

independent of each other and were not due to competition. We conclude that it is

crucial to consider microscale biological interactions, which are rarely addressed when

assessing recruitment processes of benthic primary producers.

Keywords: bioengineers, rocky intertidal, seaweed spores, sporophytes, understory settlement

INTRODUCTION

Abiotic factors can affect both the distribution and abundance of organisms, thus modulating
community structure (Crain and Bertness, 2006). In a recent contribution, Umanzor et al.
(2017) explored how different seaweed aggregations influenced the abundance and distribution
of understory microphytobenthic (MPB) organisms (benthic diatoms and cyanobacteria) on an
exposed rocky intertidal. Results showed that the settlement of microphytobenthic organisms was
modulated by the interaction between the species composition and the density of the seaweed
aggregations, with branched morphologies at higher densities having higher particle retention
and greater abundance of MPB organisms underneath their canopies. Authors also reported
recruitment (here defined as early post- settlement sensu Vadas et al., 1992) of seaweeds, although
there was no further analysis on recruitment patterns of seaweed spores across the treatments.
Therefore, in this contribution, we repeated the experiment assessing the effect that macroscopic
seaweeds as ecosystem engineers had on the recruitment of the microscopic stages of seaweeds
(spores, gametophytes, and early sporophytes).We then evaluated the factors that could be affecting
the patterns of distribution and abundance of seaweed recruits underneath manipulated canopies
in the intertidal compared to MPB settlement.
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Positive interactions and stress attenuation can play an
important role in determining the establishment and survival
of seaweed recruits (Bertness et al., 1999; Choi and Norton,
2005; Bennett and Wernberg, 2014). Overall, recruitment is
the key process upon which all subsequent interactions within
a community will occur. As such, variations in successful
recruitment events can substantially influence the dynamics of
adult populations (Woodin, 1991; Vadas et al., 1992). Evidence
shows that there are multiple factors, both inherent and external
to the species, that can influence successful settlement and
recruitment of early stages. Inherent factors can include the
number of propagules produced, growth rates and size of settling
cells, germination and spore viability, and even the strength of
adhesion by early propagules (Vadas et al., 1992).

On the other hand, external factors such as particle movement
resulting in sedimentation, siltation, scour or increased turbidity
might affect early settlers by either preventing or enhancing
their survival. On the Great Barrier Reef, for example,
increased sedimentation has significantly decreased the rates of
recruitment, survival, growth, and regeneration of Sargassum sp.
(Umar et al., 1998). Also, in a laboratory experiment, Watanabe
et al. (2016) found that the adhesion rate of spores and the
gametophyte survival and growth rates of Eisenia sp. (now
Ecklonia) declined noticeably with increasing sedimentation
rates. Particle movement resulting in complete burial or sand
scour can, however, also have a positive outcome for some algal
species such as Rhodomela, Penicillus, and Halimeda, allowing
their colonization of areas where other species would not thrive
(Hurd et al., 2014).

Moreover, substrate properties such as its topography and
stability can also greatly enhance or reduce successful seaweed
recruitment. In a controlled experiment, Callow et al. (2002)
tested how varying microtopographies affected the settlement
of Enteromorpha sp. spores. They found that lower profile
topographies significantly reduced the abundance of settled
spores. Contrarily, Schumacher et al. (2007) found that smooth
surfaces enhanced spore settlement of Ulva sp. In fact, Linskens
(1966) reported that algae propagules will either settle on smooth
or rugose surfaces, depending on the species. Coupled with the
substrate properties, water motion is another factor that has long
been studied as critical in influencing settlement and survival of
seaweed propagules (Vadas et al., 1992). Seaweed zygotes use a
range of adhesive mechanisms for attachment, allowing them to
either thrive in low or high wave-energy environments. Through
field and laboratory experiments, Taylor and Schiel (2003)
demonstrated that the “stickability” of Durvillaea antarctica
zygotes allowed the species to attach immediately and firmly to
surfaces exposed to different wave regimes, resulting in high rates
of survival when compared to zygotes of Hormosira banksii and
Cystophora torulosa.

For intertidal seaweeds, desiccation stress due to aerial
exposure can also cause increased mortality of early stages.
Brawley and Johnson (1991) showed that without the protection
against water loss provided by parental canopies, a large
percentage of seaweed early settlers would inevitably die.
However, pre-existing canopies can also represent a stressful
biotic force, which can also potentially influence recruitment
success. Canopies can cause shading, sweep propagules away

or prevent settlement entirely, outcompete them for space and
nutrients, or cause chemical interferences (Sousa, 1979;McCourt,
1984; Brawley and Johnson, 1991), that in the short term will
trigger high mortality rates of potential new settlers. Evidence
for canopy inhibition of early-post settlement or recruitment has
been recorded in succession and reproductive ecology studies in
the intertidal zone, with overall recruitment increasing due to the
attrition of canopy cover (Sousa, 1979; Robertson, 1987).

Together, seaweed aggregations and microphytobenthic
biofilms can interact directly or indirectly by modifying
biophysical parameters (Fong et al., 1993; Hardison et al., 2013),
and thus a influence the recruitment of associated organisms.
For example, Hardison et al. (2013) measured the independent
and interactive effect that both the MPB and benthic macroalgae
can have on the quality and quantity of sediment organic
matter (SOM). They concluded that while the MPB increased
the SOM liability, benthic macroalgae tend to decrease it.
They also found that both groups influenced bacterial build-
up that could have a further effect on hypoxia events, sulfide
accumulation, mineralization or denitrification of shallow water
systems. Bacterial build up can also be important in determining
the abundance and distribution of a variety of organisms, as for
many benthic invertebrates, larval settlement occurs in response
to bacterial cues (Freckelton et al., 2017).

Despite the many contributions related to seaweed
recruitment in the intertidal zone, few studies have
simultaneously explored the recruitment and development
of seaweeds and the MPB. In part, this could be attributed to
the difficulty in obtaining in situ measurements from organisms
of such small size, but also could be due to the complexity of
characterizing the microenvironment they inhabit. However,
because seaweed recruits and MPB colonize similar areas,
we expect the abundance of their early stages to be limited
or enhanced by the same physical factors. Consequently,
we tested the following hypotheses: (1) seaweed recruitment
shows a similar abundance and distribution underneath
intertidal canopies of different species and densities and (2)
seaweed recruitment follows the same pattern of distribution
as the microphytobenthos underneath seaweed canopies.
We constructed experimental quadrats consisting of Pyropia
perforata (Agardh, 1883), Silvetia compressa (Agardh, 1848),
Chondracanthus canaliculatus (Harvey, 1840), and a mixed
assemblage comprised of the former three, at three densities. We
then determined if seaweed recruitment was correlated to the
attenuation of bulk water flow, particle transport, and irradiance
driven by the experimental canopies.

MATERIALS AND METHODS

Study Site
Experiments were conducted for a 15-day period on a rocky shore
in Baja California (31◦ 51′ 41.6′′ N and 116◦ 39′ 58.1′′ W) during
spring (2016) when the selected seaweeds (C. canaliculatus,
Silvetia compressa, and P. perforata) were abundant. These
species were selected because they are among the most common
species in local intertidal sites, often forming dense beds or
patches. This area has a semidiurnal tidal cycle with two low
tides and two high tides of different heights per day (Umanzor
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FIGURE 1 | Experimental design comprising 48 randomly distributed quadrats including either Chondracanthus canaliculatus (C), Silvetia compressa (S), Pyropia

perforata (P), or the mixed assemblage (M) at a given density: high (h), medium (m), low (l), or control (CTRL). Quadrats were assembled with ropes cultured with

fragments of the selected seaweeds.

TABLE 1 | Plaster bar erosion, irradiance, particle retention, and abundance of

microphytobenthic organisms and microscopic stages of seaweeds based on

species composition, density, and their interaction, using a two-factor crossed

ANOVA.

df treatments

(df error)

F p

BULK WATER FLOW

Species composition 3 (32) 1.5 NS

Density 3 (32) 297 <0.001

Interaction 9 (32) 1.2 NS

IRRADIANCE

Species composition 3 (32) 9.3 <0.001

Density 3 (32) 16.8 <0.001

Interaction 9 (32) 1.3 NS

PARTICLE RETENTION

Species composition 3 (32) 8.6 <0.001

Density 3 (32) 46.4 <0.001

Interaction 9 (32) 2.3 <0.05

MICROPHYTOBENTHOS

Species composition 3 (32) 1.9 NS

Density 3 (32) 63.4 <0.001

Interaction 9 (32) 2.2 NS

SEAWEED MICROSCOPIC STAGES

Species composition 3 (32) 0.6 NS

Density 3 (32) 8.6 <0.001

Interaction 9 (32) 1.7 NS

et al., 2017). The experimental quadrats were fixed in the mid-
intertidal zone, where seaweeds are generally abundant, but in
a clear section allowing us to minimize effects caused by natural
stands of seaweed. All quadrats remained submerged during high
tides and the less extreme low tides.

Targeted Seaweeds
Chondracanthus canaliculatus is a corticated red alga, abundant
from the mid to low rocky intertidal zones in Baja California.
Although the species is perennial, it is particularly abundant

during spring and summer when growth peaks (García-Lepe
et al., 1997). The fucoid Silvetia compressa is a leathery
brown alga, abundant in the upper and mid intertidal. It is
a perennial species, which produces eggs ranging from 80
to 100µm, showing peak recruitment periods throughout the
year (Johnson and Brawley, 1998). Finally, P. perforata is a
foliose red algae, abundant in the upper and mid intertidal,
with peak abundance during spring and summer (Zertuche-
González et al., 2000). In Baja California, the macroscopic
stages of P. perforata can persist throughout the year. Both
red algae can produce spores larger than 20µM (Knight and
Nelson, 1999; Maggs and Callow, 2003; Avila et al., 2011). At
the time of the experiment, at least 50% of all blades were
reproductive.

Experimental Design
To determine the effect that different canopies had on the
recruitment of seaweeds compared to recruitment of MPB
cells, we installed experimental quadrats in the intertidal zone.
Quadrats consisted of monocultures of the selected species or a
mixed tri-culture (including all three species) at three densities
each. We assembled each quadrat using seaweed fragments of
approximately 10 cm in lenght collected from the intertidal zone.
Densities were assigned based on the maximum density of these
species per square meter on a nearby rocky shore, quantified
in situ before sample collection. In addition, control treatments
with no algae were included. Quadrats were checked daily,
and seaweeds showing any damage were immediately replaced
by fresh ones to maintain the appropriate density for each
treatment.

As each treatment included three replicates, the design
comprised 48 quadrats total (Figure 1), following an orthogonal
approach (Underwood, 1997). Quadrats consisted of 30 x
30 cm steel frames covered with plastic netting to which
seaweeds and data collection devices were attached. Quadrats
were individually secured to the intertidal using 2.5 kg lead
weights. Settlement slides, particle collectors, light meters, and
plaster cylinders were fixed underneath the canopy in each
quadrat.
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Physical Variable Sampling
Relative measurements of light levels were obtained using light

meters (ONSET
TM

computer corp., Ma, USA) attached below the
canopies and programmed to record every 15min for a 7-day
period. We calculated particle retention below the canopies by
dry weight differences of two synthetic fiber pads (25 × 75mm,
initial weight 1.362 ± 0.003 g) per quadrat. Pads were collected
after a 48 h period underneath the canopies. After collection,
fiber pads were oven dried at 70◦C for 60 h and then weighed
three times (Sartorius, Germany± 0.0001 g) to obtain the average
weight per day per quadrat. A proxy measure of the relative
bulk water flow underneath the canopies was acquired using the
dissolution of plaster. Two cylindrical plaster bars (1 × 8 cm,
initial weight 10.422 ± 0.005) were installed per quadrat and
subsequently removed after 48 h. The bars were then oven dried
at 70◦C for 72 h before weighing them three times to obtain an
average per quadrat. The difference in dry weight before and after
deployment allows a relative estimate of bulk water flow based on
the dissolution of plaster in a given area over a standardized time
when compared to a control with no water motion (Komatsu and
Kawai, 1992).

Microscopic Seaweed and
Microphytobenthic Recruitment
To assess recruitment by seaweed microscopic stages and the
microphytobenthos, a transparent polycarbonate slide (25 × 75
× 3mm) was fixed underneath every canopy treatment and
collected after a 15-day period. After collection, slides were
placed individually in Petri dishes containing filtered (1µM)

seawater and immediately fixed with Lugol’s solution (1%) for
direct cell counting at 400x with an inverted microscope (Zeiss
AxioObserver, Germany). We divided each slide into 10 equally
sized sections from which a photograph was taken. We used all
photographs for recruitment quantification and identification.
For seaweed recruitment, we considered spores, gametophytes,
and early sporophytes, regardless of size. When possible, we
further classified them as red, brown or green. For the MPB,
we only considered cells bigger than 20µm because we could
not photograph smaller cells with enough detail to ensure their
correct identification.

Data Analysis
Density (high, medium, low, and control) and species
composition (S. compressa, C. canaliculatus, P. perforata,
and mixed culture) were considered categorical and
independent factors. Natural log transformations were
conducted as required to satisfy the assumptions (Underwood,
1997). Normality (Shapiro-Wilk test), independence of
variables (Durvin-Watson test) and homogeneity of
variances (Cochran’s test) were confirmed per factor and
level.

The iterative effect of the two categorical factors on bulk
water flow, particle retention, irradiance, and seaweed and MPB
recruitment was used in an ANOVA by least mean squares
at an alpha value of 0.05. Post-hoc (Tukey test) comparisons
were conducted where differences were found. Also, simple
and multiple regressions were performed to identify which
environmental factor or combined factors resulted in significant

TABLE 2 | Measures of plaster bars final weight, irradiance, and particle retention as a function of species composition, density and their interaction.

Level of factor Level of factor Plaster bar final weight

(g)

Irradiance

(µm quanta m−2 s−1)

Particle retention

(g m−2)

Mean ± S.E. Mean ± S.E. Mean ± S.E.

C. canaliculatus 110.2 13.8

P. perforata 131.9 17.8

S. compressa 74.5 18.5

Mixed culture 135.6 12.7

High 9.2 0.05 62.3 13.2

Medium 9.2 0.04 84.8 10.3

Low 8.2 0.05 132.9 12.4

C. canaliculatus High 2341.8 142.2

C. canaliculatus Medium 1263.4 93.6

C. canaliculatus Low 720.6 133.7

P. perforata High 1161.8 56.1

P. perforata Medium 842.7 161.7

P. perforata Low 506.8 92.8

S. compressa High 2323.2 67.5

S. compressa Medium 1548.7 158.7

S. compressa Low 618.5 139.2

Mixed culture High 1472.3 65.6

Mixed culture Medium 999.2 94.9

Mixed culture Low 621.5 108.0

Control 7.3 0.06 272.2 9.7 662.4 63.1
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predictors of the abundance of both groups and to determine if
any correlation existed between them. Outputs and raw data of
the variables measured in this manuscript are available through
the figshare repository (http://figshare.com), doi: 10.6084/m9.
figshare.5797137.

RESULTS

Overall, the differences in the ability of the canopies to attenuate
intertidal physical conditions seemed to influence the abundance
of seaweed recruitment underneath the canopies directly.
In general, higher abundances of seaweed recruits occurred
underneath canopy treatments with the least attenuated physical
conditions, whereas the MPB showed the lowest abundance
under these conditions.

Algal species and canopy density influenced the measured
physical parameters below the canopies. There was no significant
effect of species composition on water bulk flow. There was,
however, a significant effect of density on water flow (p < 0.001;
Table 1). Plaster bars underneath the high and medium density
treatments had significantly lower dissolution than the low
density and control treatments (Tukey p < 0.001), suggesting
there was significantly less bulk water flow underneath the
canopies of higher densities (Table 2).

Furthermore, there was no significant interaction effect
between species and density on the attenuation of irradiance
below the canopies, yet there was an effect driven separately by
each factor (p < 0.001; Table 1). The species Silvetia compressa
and overall the high and medium density treatments attenuated
irradiance the most (Tukey p < 0.05; Table 2). There was also a
significant interaction between species composition and density
on particle retention below the canopy (p < 0.05 Table 1).
Synthetic fiber pads below the S. compressa and C. canaliculatus
canopies at high densities retained more particles than other
treatments (Tukey p < 0.001; Table 2).

On the other hand, only density treatments showed a
significant effect on the abundance of seaweed and MPB
recruitment underneath the canopies (p < 0.001, Table 1).
However, both groups had contrasting distributions. Diatoms
were abundant underneath higher density treatments (Figure 2),
while seaweed recruits were abundant underneath lower density
treatments (Figure 3).

Early sporophytes of brown seaweeds were the most abundant
seaweed microscopic stage found and often grew close to one
another. Red algal spores were second in abundance and showed
a more isolated distribution, with few to no other seaweeds or
microphytobenthic organisms settled next to them (Figure 4).
Conversely, benthic diatoms were the dominant organism within
the MPB with Cocconeis spp. representing 89% of the settlers
and often forming biofilm mats. Fewer representatives of other
benthic diatoms, such as Navicula sp. (10%), Climacosphenia sp.
(<1%), and cyanobacteria, such as Chroococcus sp. (<1%), were
present at lower abundances (Figure 5).

Surprisingly, none of the physical factors used in the
regression analyses explained the variability in the abundance
of seaweed recruits (Table 3) (r2 = 0.047, p = NS). However,

FIGURE 2 | Abundance of microphytobenthic organisms settled underneath

the experimental canopies. Mean values ± one standard error.

FIGURE 3 | Abundance of microscopic stages of seaweeds settled

underneath the canopy treatments. Mean values ± one standard error.

the regression analyses did show that particle retention by the
seaweed canopy aggregations explained 64% of the variability
in the abundance of MPB cells in the understory (n = 48,
p < 0.001).

DISCUSSION

Overall, our results indicate that the attenuation of physical
factors driven by macroscopic seaweeds influences the
abundance and distribution of seaweed and MPB recruits
differently. We found a greater abundance of MPB cells
underneath the most attenuated canopies and a greater
abundance of seaweed settlers underneath the least attenuated
canopies. In contrast to the MPB, particle retention did not
appear to affect seaweed recruitment significantly. Moreover,
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FIGURE 4 | Microscopic stages of seaweeds settled underneath the canopies. (A) Spore of red seaweed and (B) sporophyte of brown seaweed.

FIGURE 5 | Microphytobenthic organisms settled underneath the canopies. (A) Cocconeis sp., (B) Navicula sp., (C) Chroococcus sp., and (D) Climacosphenia sp.

no relationship with the physical factors measured herein
explained the abundance of seaweed recruits. We neither find
any relationship between the distribution patterns of MPB
cells and seaweed recruits. The distribution and abundance
patterns might suggest competition for space, light or nutrients,
due to their apparently inverse, but not significantly related
distribution, however no relationship was found to evidence
this. Huang and Boney (1984) experimentally demonstrated
that although MPB cells can outcompete juvenile brown

and red seaweeds, both groups could also coexist with no
competition between them, which seems to be the case in our
study.

At least 50% of the blades in our experimental quadrats
were fertile during the study period, coinciding with the
reproductive periods described for these species in the region
(Pacheco-Ruiz et al., 1989; García-Lepe et al., 1997; Johnson
and Brawley, 1998; Zertuche-González et al., 2000). Many of
the germlings or spores measured in this study could have
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TABLE 3 | Regression summary for the recruitment of seaweed microscopic

stages (p = NS) and microphytobenthic cells (r2 = 0.64, p < 0.001) and

underneath the canopy.

Beta S.E. B S.E. t(44) p

SEAWEED MICROSCOPIC STAGES

Particle retention −0.19 0.20 −5.09 5.23 −0.9 NS

Bulk water flow −0.08 0.19 −0.96 2.13 −0.4 NS

Irradiance 0.03 0.19 0.0004 0.003 0.1 NS

MICROPHYTOBENTHOS

Particle retention 0.62 0.12 271.70 55.39 4.9 <0.001

Bulk water flow 0.07 0.12 13.460 22.57 0.5 NS

Irradiance −0.17 0.12 −0.047 0.03 −1.4 NS

resulted from self-seeding in our quadrats, which might be
related to the relatively high abundance of brown and red
seaweed microscopic stages underneath the canopies. The non-
motile eggs of the fucoid seaweeds are within the largest
reproductive cells among seaweeds. Although spores released
from our outplants might sink relatively faster into the water
than the MPB (Okuda and Neushul, 1981), thus facilitating
colonization of available substrate, many could have been lost
to mortality (Santelices, 1990; Hurd et al., 2014) or could have
been impeded from settling by the high canopy densities of
our treatments. In fact, a number of studies have reported
settlement of recruits to be inhibited by previously established
seaweeds; either due to the physical barrier thalli represent
(McCourt, 1984), a sweeping effect (Fletcher and Callow,
1992; Johnson and Brawley, 1998), or by particular traits of
the canopies (Brawley and Johnson, 1991). C. canaliculatus,
for example, can form dense mats that can trap enough
sediment which prevents subsequent settlement by algal spores
(Sousa, 1979; Sousa et al., 1981). Moreover, studies show that
seaweed recruits also respond to the chemical properties of the
microenvironment. For instance, flagellated spores can detect
and respond to a variety of inorganic and organic nutrients,
swimming toward or away from microhabitats with nutrients
at concentrations that enhance or inhibit growth (Amsler
et al., 1992; Maggs and Callow, 2003; Hurd et al., 2014). It
is possible that inhibitory cues by our experimental canopies
could have deterred green motile spores from settling, therefore
explaining their relatively low abundance in our experimental
treatments.

Early colonizers play a key role in ecology because
they can modify the physicochemical conditions of their
environment. In turn, they can furthermodulate settlement
of other organisms (Dobretsov, 2008; Orvain et al., 2015).
In fact, benthic diatoms are among the first algae to settle
on new substrate, and it is suggested that they may affect
the settlement of later successional organisms (Amsler et al.,
1992). Research shows that together, the MPB and bacteria
can form biofilms that can influence the adhesion of seaweed
spores by modifying the chemical characteristics of the
settlement surface (Callow and Callow, 2006; Ma et al.,
2010). This effect, however, is not always consistent, as the
strength of adhesion depends on the species of seaweeds

tested, their stage of development and the physicochemical
properties of the substrate (Mieszkin et al., 2013). Although
this study was repeated a year later, similarly to Umanzor
et al. (2017), we found that diatoms of the genus Cocconeis
almost solely colonized all understories. This result provides
further evidence of the relevance of particle retention for
the settlement of benthic organisms, as particle transport and
deposition significantly influence their establishment, survival,
and development (Eckman and Duggins, 1991; Morrow and
Carpenter, 2008). Even though we only considered diatoms and
cyanobacteria within these films, bacteria were also most likely
abundant.

It is possible that MPB organisms were already attached
to the seaweed canopies as epiphytes, and that the transfer
to the seabed occurred directly underneath the high-density
treatments. In contrast to seaweed propagules, the MPB can
grow exponentially and cover a large area in a relatively
short time, from a few founding cells (Blanchard et al.,
2001), facilitating rapid colonization of new substrate. Such
developmental and colonization attributes could have resulted
in the differences in the abundance and distribution of the
MPB and seaweed recruits measured underneath the canopies.
It is also possible that grazers could have influenced the
recruitment process of both the MPB and seaweed microscopic
stages. Experimental studies show that grazers and filter feeders
can ingest and digest algal spores, affecting the pattern of
dispersal and settlement on rocky shores (Buschmann and
Santelices, 1897; Eckman and Duggins, 1991). Also, Coleman
et al. (2006) showed that limpet grazers affected diversity and
biomass of intertidal seaweeds across a latitudinal gradient.
However, in this study, we did not witness any grazers on our
settlement slides. Nonetheless, our experiment did not consider
any exclusion caging, therefore, selective feeding underneath
the treatment canopies could have potentially influenced the
outcome of the experiment, though we do believe this to be
unlikely.

We conclude that although both seaweed microscopic
stages and MPB cells inhabit similar microhabitats, microscale
processes appear to affect their recruitment in different ways.
As shown here, the presence of macroscopic seaweeds can
greatly influence the settlement and distribution of a variety of
benthic organisms. Microscale changes promoted by seaweeds
with different morphologies and at different densities can have
profound effects on the settlement of associated organisms
and these effects could trigger changes at a larger scale that
should not be underestimated. Although intertidal seaweed
aggregations seem to modulate a contrasting response in
understory microphytobenthic and seaweed recruitment,
more experimental work considering longer periods and
control environments is required to determine the reciprocal
effects that the MPB and seaweed microscopic stages might
have on each other. Determining the identity of the recruits
and if there is an effect by bacterial films and chemical cues
is also recommended. Complex interactions in intertidal
dynamics, the small size of the target organisms, and the
characteristics of the microenvironment they inhabit all make
it difficult to obtain in situ measurements of the potential
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feedback loops between seaweeds and microphytobenthic
communities. Nonetheless, the interactions between seaweed
aggregations and other benthic microorganisms need further
focus as the ecological effects driven by changes in the
recruitment of primary producers can have significant
further consequences on the dynamics of the overall
ecosystem.
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