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1.  INTRODUCTION

Macroalgal bed ecosystems are one of the most
important ecosystems in coastal areas, supporting
various ecological functions and/or ecosystem ser -
vices (Costanza et al. 1997) such as providing exten-
sive amounts of primary production, protection from
waves, and complex habitats for a diverse array of
marine organisms including many commercial spe-
cies (Steneck et al. 2002, Graham et al. 2007, de Juan

et al. 2015). Furthermore, canopy-forming macro-
algae host a diverse and abundant fauna of epiben-
thic invertebrates by providing shelter and forage
(Wikström & Kautsky 2007, Tait & Schiel 2011, Fil-
bee-Dexter et al. 2016, Olafsson 2016). These epi -
benthic invertebrates are known to have strong pos-
itive effects on macroalgal productivity by removing
competitive epiphytes as well as negative effects
through consumption of the host algae (Duffy 1990,
Mancinelli & Rossi 2001, Kamermans et al. 2002).
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ABSTRACT: Epibenthic invertebrate assemblages in macroalgal beds generally show remarkable
seasonal fluctuations in abundance and species composition, reflecting macroalgal host growth
and defoliation. Notably, they often drastically decrease during macroalgal host defoliation.
Though this reduction has been explained in terms of dispersal away from the macroalgal bed in
relation to macroalgal host defoliation, this hypothesis has not previously been experimentally
detailed. We conducted a field experiment using an imitation of Sargassum that was set 1 m away
from a Sargassum yezoense bed to examine whether the epibenthic gammarids disperse away
from the Sargassum bed as a result of Sargassum defoliation. The imitations were replaced
monthly throughout the Sargassum defoliation season; subsequently, gammarids associated with
the imitation (assumed as migrants from the Sargassum beds) as well as the gammarids that
occurred in the Sargassum bed were investigated. Seasonal patterns of gammarid abundance in
the Sargassum bed and their dispersal to the imitations were found to be quite different among
gammarid species. In particular, 2 dominant gammarids, the suspension-feeding Jassa morinoi
and Podocerus sp., drastically decreased in the Sargassum bed and coincidently increased in the
imitations during the Sargassum defoliation season, indicating their defoliation-associated dis -
persal from the Sargassum bed. This is the first field experimental study demonstrating the
 defoliation-associated dispersal of epibenthic invertebrates in macroalgal beds. The dispersal is
likely caused by a reduction of habitat space and quality due to thalli defoliation. Since many
macroalgae show seasonal growth and defoliation, the concept of defoliation-associated dispersal
is potentially applicable to various macroalgal species.
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They also play a major role in transferring energy in
food webs as primary consumers and act as prey for
higher consu mers (Pinnegar et al. 2000, Stål et al.
2007, Aumack et al. 2017). Epibenthic invertebrates
are, therefore, an essential component for under-
standing macroalgal bed ecosystems.

Temperate macroalgal beds generally show clear
seasonal growth and defoliation, leading to seasonal
changes in biomass and morphology (e.g. Sideman &
Mathieson 1983, Pickering et al. 1990, Gillespie &
Critchley 1999). Reflecting this algal phenology, the
abundance and species composition of the epi -
benthic assemblage also show a remarkable sea-
sonal fluc tuation (Edgar 1983, Takeuchi et al. 1987,
1990, Russo 1989, Taylor 1998a, Garcia et al. 2019).
Notably, epibenthic invertebrates have been repor -
ted to drastically decrease during macroalgal host
defoliation (e.g. Mukai 1971, Kodama et al. 2020,
Leite et al. 2021).

The seasonal decrease of epibenthic invertebrates
in macroalgal beds has been discussed in several
studies and explained by the following 2 possibili-
ties: (1) they die and get mainly eaten by predators,
and/or (2) they migrate from the macroalgal bed
(Choat & Kingett 1982, Aoki 1988, Ta keuchi et al.
1990, Edgar & Aoki 1993, Taylor 1998a, Kodama et
al. 2020). Of these 2 possibilities, the effects of pre-
dation on epibenthic assemblages have been tested
in some previous studies using ca ging experiments
(predator exclusion experiments) (Choat & Kingett
1982, Aoki 1988, Kennelly 1991, Edgar & Aoki
1993). On the other hand, dispersal of epibenthic
invertebrates has been inferred from in direct cir-
cumstantial evidence but has not been experi-
mentally detailed. The relationship between the
seasonal decrease of epibenthic invertebrates in
macroalgal beds and their dispersal remains poorly
understood.

The purpose of this study was to confirm that epi -
benthic invertebrates disperse away from macroalgal
beds as a result of macroalgal defoliation. To this pur-
pose, we examined the gammaridean amphi pods
associated with a macroalgal bed of Sargassum
yezoense in Otsuchi Bay, Japan. Epibenthic inverte-
brates in macroalgal beds are commonly dominated
by gammaridean amphipods in both abundance and
richness (Tararam & Wakabara 1981, Taylor & Cole
1994, Taylor 1998a,b, Tanaka & Leite 2003, Jaco -
bucci et al. 2009), and members of the genus Sargas-
sum are one of the dominant macroalgae forming
algal beds in shallow tropical to temperate waters
(Hanisak & Samuel 1987, Mattio et al. 2008, Mattio &
Payri 2011). As we previously found that the gam-

marid assemblage associated with the S. yezoense
bed in Otsuchi Bay showed a clear and rapid de -
crease during the algal defoliation season (Kodama
et al. 2020), the S. yezoense beds and associated
gammarids were considered a good model system to
study the seasonal dispersal of epibenthic inverte-
brates during macroalgal host defoliation.

S. yezoense has a characteristic defoliation pattern
from July to October (Fig. 1). The following describes
the typical defoliation pattern of S. yezoense in
Otsuchi Bay. (1) In July, defoliation starts with the
loss of some leaves from the branches. (2) In August
to September, all the leaves and branches are lost,
and only the main axis remains attached to the
 holdfast; at the same time, newly developing thalli
also occur. (3) In October, old defoliating thalli
are completely lost, and new thalli appear (Kodama
et al. 2020). During this defoliation, some dominant
gammarid species in the Sargassum bed show a
strong reduction in abundance, leading to a rapid
and drastic change in the gammarid assemblage
structure (Kodama et al. 2020). It is very likely that
these gammarids migrate away from the Sargassum
bed in this period. Gammarids as well as many other
peracarids, do not have a diapause or larval phase and
thus always require suitable habitat to be available.
Therefore, it is important to understand how they
adapt to the almost disappearance of their habitat
during Sargassum defoliation.

Experiments using macroalgal imitations have
often been used for evaluating the importance of var-
ious aspects of habitat quality, such as depth, height,
size, complexity, structure, or food value (e.g. Nor -
derhaug et al. 2002, Hauser et al. 2006, Rule & Smith
2007, Cacabelos et al. 2010, Hansen et al. 2011,
Bueno et al. 2020). The imitation method is also
effec tive for evaluating some aspects of the mobility
of epibenthic invertebrates including dispersal (Virn-
stein & Curran 1986, Edgar 1991, Norderhaug et al.
2002). In the present study, we conducted a field
experiment using an imitation of Sargassum to detect
seasonal gammarid dispersal from a Sargassum bed
as well as to examine the synchronization of gam-
marid decrease in the Sargassum bed and their dis-
persal during the defoliation season.

2.  MATERIALS AND METHODS

2.1.  Field sampling

This study was conducted at a subtidal rocky reef
at Akahama in Otsuchi Bay, Iwate, northeastern



Japan (Fig. 2A; 39° 21’ 00” N, 141° 56’ 10” E) from
June to October 2020, during the defoliation season
of S. yezoense, July to September (Kodama et al.
2020). Field samplings were conducted monthly
using SCUBA from June to October 2020. Six qua -
drats (10 × 10 cm) were haphazardly set in a macro-
algal bed of S. yezoense that formed on the subtidal
rocky reef (<4 m deep). In each quadrat, individual
thalli of S. yezoense were cut with scissors at just
above the holdfast and put into a 0.6 mm meshed net
bag.

2.2.  Field experiments using algal imitation

The field experiment was carried out at the edge of
the Sargassum bed (Fig. 2B) using imitation macro-
phyte aquarium ornaments made of poly pro pylene
with a height of about 20 cm (JAN 4972547028464,
GEX) as algal imitations of Sargassum and attached
to concrete blocks (Fig. 2C). Six algal imitations were
placed about 1.0 m away from the edge of the Sar-
gassum bed in June 2020 and attached to concrete
blocks (Fig. 2D). Since the thalli length of S. yezoense
is always shorter than 1.0 m year-round (Kodama et
al. 2020), gammarids on the Sargassum bed cannot
directly move by crawling from the Sargassum bed to
the algal imitation, meaning that they cannot reach
the imitations unless they leave the Sargassum bed
(either by swimming or crawling across the sea bed).
If the gammarids that de creased in the Sargassum
bed were to disperse to outside of the Sargassum
bed, then they could settle on the neighboring algal
imitation. Furthermore, viewed from the imitations,
there was only a Sargassum bed on the shoreward
side and only sandy bottom substrate without any
algal beds on the offshore side (Fig. 2D). Therefore,
the majority of gammarids that occurred on the imi-
tations were assumed to be migrants from the adja-
cent Sargassum bed.

All the imitations were replaced monthly from
July to October 2020. Each imitation was gently
detached from the concrete block and immediately
put into a 0.6 mm meshed net bag, and a new
imitation was attached to the concrete block. In
this article, these imitation samples are referred
as the ‘setting month–collecting month’ sample.
For example, Jun−Jul sample means that the imi-
tation  sample was set in June and collected in
July. Two imitations were lost in September, prob-
ably due to strong water movements associated
with waves. Thus, the Aug− Sep sample includes
only 4 replicates.
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Fig. 1. Seasonal change in a Sargassum yezoense bed in
Otsuchi Bay, Japan. (A) Early July, the season with most
abundant foliage (photo: Kenta Nakamoto): thalli are long
with many leaves. (B) September, defoliation season (photo:
Masafumi Kodama): all leaves and branches are lost, and
only the main axis remains attached to the holdfast. (C)
December, post-defoliation season (photo: Taka yuki Kanki):
all old thalli are lost and replaced by newly occurred 

short thalli



Mar Ecol Prog Ser 681: 117–128, 2022

2.3.  Processing of samples and statistical analysis

In gammarids, egg hatching, as well as early
growth of juveniles, takes place in the brood pouch
of females (Lincoln 1979, Borowsky 1980, Dick et
al. 1998, 2002, Bellan-Santini 2015). Accordingly,
newly hatched small juveniles found on the imita-
tions were thought to have hatched after their par-
ents had settled on the imitations. Hence, newly
hatched small juveniles on the imitations would not
fully represent emigrants from the Sargassum bed.
Therefore, small gammarid individuals were ex clu -
ded from the statistical analyses, and we targeted
relatively large individuals. All the samples were
sieved through a 1.0 mm mesh to remove newly
hatched small juveniles; gammarids left on the
mesh were identified to the lowest possible taxon.
Alhough the systematics of the order Amphi poda

have been recently revised, in the present study
we use the term ‘gammarids’ to mean members of
the historical suborder Gammaroidea (see Kodama
et al. 2020).

In each sample of the Sargassum bed, all the S. ye -
zoense left on the mesh were collected, from which
10 thalli were haphazardly selected and their lengths
measured. Since 6 samples of the Sargassum bed
were obtained for each month, 60 thalli were mea -
sured for each month except for September. Because
Sargassum samples consisted of old defoliating thalli
and newly developed thalli in September, both 10 old
defoliating thalli and 10 newly developed thalli were
haphazardly selected and their lengths measured in
September; thus, 120 thalli (60 old and 60 new thalli)
were measured in September. Because it was not
possible to dry all the algal samples due to the capac-
ity limitation of our drying room, S. yezo ense biomass
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Fig. 2. (A) Study area in Otsuchi Bay, Iwate, Japan. (B) Study site for field experiment: dark gray with black line indicates land
and shoreline; light gray indicates rocky bottom; white with dots indicates sandy bottom; shaded area indicates Sargassum
yezoense bed; study site indicates the edge area of the S. yezoense bed where the algal imitations were set. (C) Algal imitations 

and concrete block used in the field experiment. (D) Algal imitations set about 1.0 m from the edge of the S. yezoense bed



was calculated for each sample by the following
 procedure. The total wet weight of S. ye zoense was
measured with an accuracy of 0.001 g for each
monthly sample. After that, the wet weight of a par-
tial algal sample (about 1/4 of total algal sample) was
measured with an accuracy of 0.001 g, and the partial
algal sample was dried at 60°C for at least 48 h. The
dry weight (DW) of a partial algal sample was meas-
ured with an accuracy of 0.001 g. The biomass of S.
yezoense (g DW 100 cm−2) was calculated from the
total wet weight and the ratio of DW to wet weight of
the partial algal sample.

Gammarid abundances per quadrat (Abundarea: ind.
100 cm−2) and per Sargassum biomass (AbundDW: ind.
g−1 DW) in the Sargassum bed as well as those per al-
gal imitation (Abundimit: ind. imitation−1) were calcu-
lated for all the gammarid taxa. To analyze fluctuations
of gammarid Abundarea, AbundDW, and Abundimit in
the 4 most dominant species, the effect of the sampling
month was assessed by a generalized additive model
(GAM) using the ‘mgcv’ package (Wood 2017) in R
version 3.5.1. Negative binomial distributions with log
link functions were used in the GAM for  Abundarea

and Abundimit. Gaussian distributions with identity
link functions were used in the GAM for AbundDW. In
all the GAMs, sampling month data were transformed
as the num ber of elapsed months from the first sam-
pling and thus treated as a discrete data set (not cate -
gorical data). In addition, the effect of Sargassum bio-
mass on gammarid Abundarea was assessed by a
generalized linear model (GLM) using the MASS
package (Venables & Ripley 2002). The data for all
months were pooled, and negative binomial distribu-
tions with log link functions were used in this GLM.

3.  RESULTS

Sargassum yezoense biomass increased from June
to July and decreased from July to September (Fig.
3A). Similarly, thalli length increased from June to
July and decreased from July to September (Fig. 3B).
Algal bodies of S. yezoense defoliated from July to
September. Newly developed thalli were found in
September and October.

A total of 3406 and 6550 individuals of gammarids
were collected from the Sargassum bed samples and
imitation samples, respectively. The most dominant
species in the Sargassum bed was Jassa morinoi,
which comprised 34.9% of total gammarid individu-
als, followed by Ericthonius pugnax (20.6%), Sunam-
phitoe spp. (15.7%), and Podocerus sp. (12.1%).
These species, except for Sunamphitoe spp., were

also abundant in the imitation samples; J. morinoi
9.7%; E. pugnax, 37.3%; Sunamphitoe spp., 0.3%;
and Po do cerus sp., 18.2%. In addition, Gammaropsis
japonica were also abundant (14.2%) in the imitation
samples. Seasonal patterns of Abundarea, AbundDW,
and Abundimit for the total gammarids  collected in this
study are summarized in Fig. 4.  Abundarea peaked in
July but decreased during the Sargassum defoliation
season, whereas AbundDW increased during the defo-
liation season due to the reduction of Sargassum bio-
mass. The most dominant species in the Sargassum
bed was J. morinoi in June and July but was subse-
quently replaced by E. pugnax during and after Sar-
gassum defoliation. Abundimit was highest in the defo-
liation season rather than the non-defoliation season.

Seasonal changes of Abundarea, AbundDW, and
Abundimit of the 4 dominant gammarid taxa, J. mori-
noi, Podocerus sp., Sunamphitoe spp., and E. pugnax,
as well as their GAM fitted lines show quite different
patterns among species (Fig. 5). Among them, J. mo -
rinoi and Podocerus sp. showed a relatively similar
pattern (Fig. 5A,B). Their Abundarea in the Sargassum
bed increased from June to July and decreased from
July to August or September, clearly corresponding
with the increase and decrease in Sargassum biomass
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Fig. 3. Changes in (A) biomass and (B) length of Sargassum 
yezoense thalli. Error bars show SD
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and thalli length. The correlation between Abundarea

and Sargassum biomass was also supported by the
GLM (Fig. 6A,B). However, seasonal patterns of
abundance per algal biomass (AbundDW) differed be-
tween J. morinoi and Podocerus sp. Gammarids found
on algal imitations (Abundimit) in the Sargassum defo-
liation season, i.e. Jul−Aug and/or Aug−Sep samples,
were abundant compared to those found in the non-
defoliation season, i.e. Jun− Jul or Sep−Oct samples.

Abundarea and AbundDW of Sunamphitoe spp.
(Fig. 5C) also showed similar patterns to those of
Podocerus sp. Their Abundarea increased from June
to July and decreased from July to September, coin-
ciding with the increase and decrease in Sargassum
biomass and thalli length. The correlation between
Abundarea and Sargassum biomass was also sup-
ported by the GLM (Fig. 6C). In the imitation sam-
ples (Abundimit), however, they were rarely found
throughout the study period.

E. pugnax showed fluctuation and dispersal pat-
terns different from the other 3 species (Fig. 5D). In

the Sargassum bed, Abundarea of E. pugnax in -
creased from June to July but did not decrease or
even increased during the algal defoliation season.
The correlation was also not supported between
 Abundarea of E. pugnax and Sargassum biomass by
the GLM (Fig. 6D). Moreover, their AbundDW in -
creased during the defoliation season due to the re -
duction of Sargassum biomass in this season. On the
algal imitation, they increased from the Jun−Jul to
Aug−Sep samples and had high abundances even in
the post-defoliation season.

4.  DISCUSSION

Jassa morinoi and Podocerus sp. showed drastic
decreases in Abundarea in the Sargassum bed with
algal  defoliation; at the same time individuals that
occurred on the neighboring algal imitations, which
were assumed to be an indicator of gammarid disper-
sal from the Sargassum bed, significantly in crea sed.
This result strongly suggests that the gammarids that
decreased in the algal bed dispersed away from the
bed. This is the first experimental field study demon-
strating a dispersal of epibenthic invertebrates with
ma cro algal host defoliation.

Another dominant taxon, Sunamphitoe spp., also
decreased Abundarea in the Sargassum bed with algal
defoliation but was not found in the imitations. This
can be explained by 2 possible processes: (1) they
died in the Sargassum bed during its defoliation
 season and did not disperse from the algal bed,
and/or (2) they dispersed from the Sargassum bed
but did not settle on the algal imitations. Since
Sunamphitoe are known to be herbivorous (Poore et
al. 2008) and also known to build their nests by
rolling up algal leaves (Cerda et al. 2010), the algal
imitations made of polypropylene were probably an
unsuitable habitat for them. Therefore, the latter
hypothesis is thought to be more likely, though fur-
ther experiments are needed to  verify this.

Ericthonius pugnax kept both its abundance and
dispersal at high levels throughout the study period.
Abundarea was found to be at a high level even dur-
ing algal host defoliation and also was not correlated
with Sargassum biomass. AbundDW showed a clear
in crease according to the reduction of Sargassum
biomass. These results suggest that Sargassum bio-
mass as well as defoliation had only a limited effect
on the abundance of E. pugnax, probably explained
by its colony-dwelling life form. It is known to build
large colonies that are made of congregations of
nests of many individuals (Ariyama 2009). The
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Fig. 4. Changes in total abundances and species composi-
tion of gammarids. (A) Gammarids per area in Sargassum
beds; (B) gammarids per Sargassum dry weight in Sargas-
sum beds; (C) dispersed gammarids found on Sargassum

imitations. Error bars show SD
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Fig. 5. Change in abundance of the 4
dominant gammarid species in Sar-
gassum beds and Sargassum imita-
tions. Upper panels: abundance per
area in Sargassum beds; middle pan-
els: abundance per Sargassum dry
weight in Sargassum beds; lower
panels: abundance of gammarids as-
sociated with Sargassum imitations.
(A) Jassa morinoi; (B) Podo cerus sp.;
(C) Sunamphitoe spp.; (D) Erictho-
nius pugnax. Boxes represent the
lower and upper quartiles. Black
bold line in each box indicates the
median. Whiskers indicate minimum
and maximum values excluding out-
liers, while black dots represent out-
liers. Values outside 1.5 times the in-
terquartile range above the upper
quartile and below the lower quartile
are shown as outliers. Red solid and
broken lines indicate the generalized
additive model (GAM) fitted line
and 95% confidence (±2 SE). The
lines were drawn when the effect of
sampling month was found to be
significant in the GAM (p < 0.05)
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colonies of E. pugnax were found around relatively
low positions on Sargassum thalli near the holdfast;
moreover, they were found to remain even after
defoliation of the Sargassum thallus at the present
study site (Fig. 7), which would maintain the high
abundance and high dispersal of E. pugnax during
(and even after) the Sargassum defoliation season.

Gammaropsis japonica was rarely found in the Sar-
gassum bed; however, it was unexpectedly found in
high abundance in the Aug−Sep imitation sample
(Fig. 4). Kodama et al. (2020) reported that G. japon-
ica was one of the most dominant gammarid species
in the understory strata (among holdfasts) of the Sar-
gassum bed but rarely found in the canopy strata
(among algal thalli) at Akahama in Otsuchi Bay, the
same location as the study site of this study. Thus, in
the present study, G. japonica that occurred in the
algal imitation was thought to have migrated from
the understory strata of the neighboring Sargassum
bed, though the understory was not investigated in
the present study.

The defoliation-related dispersal ob served in this
study is thought to have been caused by a reduction
of habitable space as well as a decrease in habitat
quality. Macroalgal defoliation generally re du ces the

habitable space for epibenthic inver-
tebrates by reducing their biomass
and surface area and therefore can
promote the dispersal of epi benthic
in vertebrates. In the present study,
Abundarea of Podo cerus sp. and
Sunamphitoe spp. in the Sargassum
de foliation season decreased; how-
ever, AbundDW remained at high lev-
els or even increased in the defoliation
season. These results may indicate a
process of their accumulation (sensu
Jacobucci et al. 2009), with more indi-
viduals occupying less available space
in the defoliating thalli. This accu -
mulation probably facilitated compe -
tition for habitable space among
gamma rids, and thus smaller and/or
weaker individuals were forced to dis-
perse (e.g. density-dependent disper-
sal; Franz 1989, Franz & Mohamed
1989, Wilson 1989, Tanaka & Leite
2004, Kumagai 2006). Accordingly,
these results suggest that the reduc-
tion of Podocerus sp. and Sunamphi-
toe spp. per area as well as the in -
crease of dispersal in Podocerus sp.
were caused by the limitation of their

habitable space. In contrast, both Abundarea and
AbundDW of J. morinoi greatly decreased from July to
August, indicating that the reduction in Abundarea

was not explained only by the limitation of habitable
space. One possibility leading to the reduction of
J. morinoi Abundarea and AbundDW is the reduction
in habitat quality in this season. The defoliation of
Sargassum yezoense re duced not only the habitable
space but also the habitat complexity for the epiben-
thic invertebrates by loss of leaves from the thalli
(Kodama et al. 2020). Since the complexity of the
algal body has various positive effects on epibenthic
inhabitants, such as providing shelter, trapping more
detritus, and providing larger surface area per bio-
mass (Coull & Wells 1983, Hicks 1985, Gibbons 1988,
Hixon & Menge 1991, Diehl 1992, Carvalho et al.
2018), defoliation is considered to reduce the habitat
quality of Sargassum thalli and can therefore pro-
mote the dispersal of epibenthic in vertebrates. The
different patterns of AbundDW among gammarid spe-
cies suggests different responses to the change of
habitat quality including the loss of microhabitats
such as algal leaves. This would be explained by dif-
ferences in their habitat quality requirements and/or
requirement for specific microhabitats among the
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Fig. 6. Abundance per area of 4 dominant gammarid species in Sargassum
beds, in relation to Sargassum biomass. (A) Jassa morinoi; (B) Podocerus sp.;
(C) Sunamphitoe spp.; (D) Ericthonius pugnax. Symbols indicate sampling
months. Red broken line indicates generalized linear model (GLM) fitted line.
The lines were drawn when the effect of Sargassum biomass on gammarid 

abundance per area was found to be significant in the GLM (p < 0.05)
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different gammarid species (e.g. Hacker & Steneck
1990, Beermann & Franke 2012). Hence, this result
also suggests that the change of habitat quality in
algal beds affects the dispersal of various epi benthic
species in different ways.

In the present study and in Ko dama et al. (2020),
the abundance of the dominant species J. morinoi,
Sun amphitoe spp. and Podo cerus sp., was strongly re -
duced in Sargassum beds during the Sargassum de-
foliation season. Notably, however, their abundance
did not reach a level of zero; they continued to occur
year-round in the Sargassum beds though their abun-
dance was quite low in some seasons, especially the
defoliation season and post- defoliation season in the
Sargassum bed (Kodama et al. 2020). This suggests
that when the Sargassum defoliates, the ha bitable
space indeed strongly reduces but does not become a
completely unsuitable habitat for the gammarids. The
small number of survived gammarids breed and con-
tribute to an increase in the population size in corre-
lation with Sargassum growth by the next  summer.

Microcosm experiments conducted in a seagrass
bed of the genus Amphibolis showed that abun-
dances of epibenthic invertebrates drastically de -
creased in response to the declines of epiphytic algal
production, and the reductions of their abundance
were suggested to be due to emigration rather than
death by predation or starvation (Edgar 1990). In the
present study, defoliation-related dispersal was at
least detected in some species; however, the effects
of predation or starvation on gammarid reduction in
the Sargassum bed were not evaluated.

Another important question that arises from our
results is where the gammarids moved to and settled
after they dispersed from the macroalgal bed. Some
species of gammarids have been suggested to have
the ability for long-distance dispersal (discussed
below) and show selective settlement onto their pre-
ferred habitat(s) (Poore & Steinberg 1999, Poore
2004, Bueno et al. 2020). The algal imitation used in
the present study could be an adequate habitat for
some gammarid species to settle but may not be a
suitable habitat for the herbivorous Sunamphitoe
spp. Since each gammarid species would settle onto
its own preferred habitat(s), the places where each
gammarid species settled after they dispersed from
the macroalgal bed are probably strongly dependent
on how far they could disperse and what kind of
habitats occur in the area to which they moved.

Some gammarid species were unexpectedly found
among the algal imitation samples although very few
were collected from the neighboring Sargassum bed
at the time. For example, J. morinoi almost disap-
peared from the Sargassum bed by August; never-
theless, they still occurred in Aug−Sep and Sep−Oct
samples of the algal imitation. These results suggest
that these gammarids on the imitation may have
come from habitats other than the neighboring Sar-
gassum bed. Some gammarids have been suggested
to have a long-distance dispersal ability by using cur-
rents, rafting, or even a typhoon event (e.g. Thiel &
Gutow 2005, Kumagai 2006, Havermans et al. 2007,
Navarro-Barranco et al. 2020). Havermans et al.
(2007) suggested from laboratory experiments that
adult J. herdmani can exhibit long-distance dispersal
by using tidal or surface currents and tolerance for a
long period of starvation. In our field experiment, the
gammarids unexpectedly found on the algal imita-
tions may have originated from sources 100s of m or
even several km away. The results of the present
study, however, still indicate that some species of
gammarids dispersed from the Sargassum bed and
moved to different habitats in the algal defoliation
season, since our experimental design successfully
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Fig. 7. Colony of Ericthonius pugnax in September, after the
defoliation season (A) built near the holdfast of Sargassum

beds; (B) magnified
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detected the gammarid decrease in the Sargassum
bed and the coincident increase in the imitation.

In conclusion, the present study highlights the
 defoliation-associated dispersal of epibenthic gam-
marids from a macroalgal bed. Defoliation- associated
dispersal could be caused by the reduction of habit-
able space and habitat quality due to thalli defoliation,
though the patterns of reductions and dispersal were
found to depend largely on the epi benthic species,
probably due to differences of their feeding behavior
and microhabitat use. Since many kinds of macro-
algae generally show seasonal growth and defoliation,
the concept of defoliation-associated dispersal of in-
habitants is expected to be applicable to a wide range
of macroalgal species. The dispersal has important
consequences not only for the population dynamics of
certain species but also for epibenthic assemblage dy-
namics, habitat connectivities, and even ecosystem
functions in aquatic environments (Edgar 1990, Hans-
son 1991, Ronce 2007, Little et al. 2019, White et al.
2019). For further understanding, the concept of defo-
liation-associated dispersal should also be examined
in other types of macroalgal beds.
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