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ORIGINAL ARTICLE

Contrasting patterns of amphipod dispersion in a seagrass meadow between
day and night: consistency through a lunar cycle

Sara Garcia-Sanz®, Pablo G. Navarro®, Lydia Png-Gonzalez® and Fernando Tuya®

Universidad de Las Palmas de Gran Canaria, Gran Canaria, Spain; bViceconsejerl’a de Medioambiente, Gobierno de Canarias, Gran Canaria,
Spain

ABSTRACT ARTICLE HISTORY
Changes in light intensity, typically over the course of a day, affect the dispersion of aquatic Received 29 December 2014
organisms at short temporal scales. Amphipods, for example, have strong behavioural Accepted 1 July 2015
responses to light conditions. In this study, we used amphipod assemblages inhabiting a Published online 29 October

Cymodocea nodosa seagrass meadow on the east coast of Gran Canaria Island (eastern
Atlantic) to test whether short-term dispersion of seagrass-associated amphipods differed
between day and night, testing the consistency throughout an entire lunar cycle. Replicated
artificial seagrass units were deployed, and subsequently retrieved, during the day (from 8:00
am to 18:00 pm) and the night (from 18:00 pm to 8:00 am) on three consecutive days within
each of the four moon phases of a complete lunar cycle. We collected 13,467 amphipods
corresponding to 32 species and 17 families. Significantly larger abundances of amphipods
were collected during the night through the entire moon cycle. The total abundance of
amphipods was also affected by the moon phases; under full moon, larger abundances of
amphipods dispersed into the artificial seagrass units followed by the third quarter, the new
moon and the first quarter. The species density of amphipods per unit followed the same
pattern. In conclusion, the short-term dispersion of amphipods living in a seagrass meadow
was considerably greater during the night than the day, while dispersion of amphipods was
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more intense under full moon.

Introduction

Seagrass meadows are among the most productive
marine habitats, supporting paramount ecosystem
goods and services, which have promoted their
inclusion in a range of international conservation
frameworks, for example the EU 92/43/CEE Habitats
Directive (Hemminga & Duarte 2000). Of particular
relevance, seagrasses provide a key habitat for the
settlement and recruitment of coastal macrofauna
(Orth & van Montfrans 1987; Heck et al. 1997; Guidetti
& Bussotti 2000; Verdiell-Cubedo et al. 2007; Espino
et al. 2011; Herrera et al. 2014) in tropical and temper-
ate latitudes. Seagrass meadows provide abundant
food resources and protection from predators, both
of which are likely to result in more juveniles reaching
the adult stage (Heck et al. 2003). Seagrass meadows
have been reported as habitats with higher densities
of post-larvae and juvenile animals than adjacent unve-
getated habitats (Heck et al. 1997, 2003).

Colonization of benthic habitats by a potential pool
of colonizers depends on multiple factors, such as the

physical structure of the habitat (Srinivasan 2003;
Garcia-Sanz et al. 2012) and sensory signs (Gardner
et al. 2005) related to the occurrence of conspecifics
inhabiting the same habitat (Lecchini 2005; Wright
et al. 2005). In turn, the intensity of colonization in
whatever habitat, in terms of the identity and abun-
dance of new colonizers, may change at a range of
spatial and temporal scales. At small temporal scales,
differences between day and night may affect coloniza-
tion processes (Blackmon & Eggleston 2001). Changes
in light intensity, typically over the course of a day,
can affect water column densities and the dispersion
of aquatic organisms (Morgan 1996; Queiroga &
Blanton 2004). For example, some invertebrates
emerge during well-illuminated nights under the full
moon, while other invertebrates do the opposite to
avoid nocturnal predators (Alldredge & King 1985).
Nocturnal dispersion aims at minimizing intense
predation (Morgan 1987), favouring the dispersion of
organisms during periods of less-intense predation
(Morgan & Anastasia 2008). Light intensity is important
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because decreases in brightness can reduce the
capture rate by visual predators, and many visual pre-
dators are not active at night (Benfield & Minello
1996; Clark et al. 2003). Differences in light intensity
not only occur between day and night; for example,
the transparency of the seawater may be decreased
by strong winds and waves, subsequently affecting
emergence and dispersal patterns of invertebrates
(Saigusa 2001). In this context, variation in the magni-
tude of dispersion and subsequent colonization of
any habitat through lunar cycles may also be expected
because of the different light intensities associated
with each moon phase.

Most invertebrates disperse at some stage of their
life cycles. Species without a pelagic larval stage (e.g.
amphipods) are expected to disperse as adults and
subadults (Norderhaug et al. 2002). Amphipods also
have strong behavioural responses to light conditions
(Anokhina 2006), so different dispersion patterns of
adults under scenarios of varying light intensity may
be expected, for example through moon phases.

Previous studies have used artificial collectors (e.g.
artificial seagrass units, ASUs) to study dispersion and
colonization patterns of benthic invertebrates at a
range of spatial and temporal scales (Norderhaug
et al. 2002; Smith & Rule 2002; Rule & Smith 2005;
Garcia-Sanz et al. 2012, 2014a, 2014b, 2014c). These
artificial substrates provide a great opportunity to test
for specific models of faunal dispersion/colonization
in different types of coastal habitats, such as seagrass
meadows (Garcia-Sanz et al. 2012). For example, the
usefulness of these ASUs to attract most epifaunal
elements inhabiting Cymodocea nodosa (Ucria) Ascher-
son seagrass meadows has been demonstrated
recently (Gartner et al. 2013).

The seagrass C. nodosa is distributed across the
Mediterranean Sea and the adjacent eastern Atlantic,
including Madeira and the Canaries (Reyes et al. 1995;
Barbera et al. 2005; Tuya et al. 2013). Seagrass
meadows dominated by C. nodosa support diverse
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macrofaunal assemblages, including invertebrate and
fish assemblages (Tuya et al. 2001, 2006, 2014a;
Espino et al. 2011). Faunistically, C. nodosa meadows
are dominated by small epifaunal crustaceans (Png-
Gonzalez et al. 2014), amphipods in particular, which
are conspicuous faunal elements of temperate seagrass
meadows (Sanchez-Jerez et al. 2000; Vazquez-Luis et al.
2008, 2009). Amphipods have varying feeding modes
according to food availability, which may affect their
feeding structures, in particular, the mouthparts and
associated appendages. Two main groups of amphi-
pods, epifaunal and infaunal, can be found in seagrass
meadows. The first group occupies seagrass leaves and
stems, mainly consuming epiphytes and diatoms. The
second group consists of tube-building amphipods,
mainly inhabiting fine sediments among seagrass
roots and rhizomes (Vazquez-Luis et al. 2008, 2009).
In this study, we used ASUs to test whether dispersion
of amphipods on a seagrass meadow differed between
day and night, testing the consistency throughout an
entire lunar cycle. Hence, the magnitude of coloniza-
tion into ASUs was used as a proxy for dispersion at
small temporal scales.

Materials and methods
Study site and sampling design

This study was carried out on the east coast of Gran
Canaria, at Playa del Cabrén (27°52/14.43"N, 15°
23'00.31”W, Figure 1). In this study area, coastal circula-
tion is predominantly driven by semidiurnal tides (Riera
et al. 2015). The tidal range typically varies between 2
and 3 m. Wind-driven circulation also occurs, although
its contribution to the overall coastal circulation is
minor compared to tidal influences (Riera et al. 2015).
Predictability in coastal circulation is constrained by
the geomorphological attributes of the coast.

Four ASUs, cushion-shaped leaf-like units accord-
ing to Garcia-Sanz et al. (2012) (Figure 2), were
deployed, and subsequently retrieved, during day

15°

'

S

Figure 1. Location of the study area in the eastern Atlantic and the study site in Gran Canaria, Canary Islands, Spain.
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Figure 2. Artificial substrate, a cushion-shaped leaf-like unit, on
the seagrass meadow.

(from 8:00 am to 18:00 pm) and night (from 18:00 pm
to 8:00 am) on three consecutive days within each of
the four moon phases of a complete lunar cycle. This
type of ASU has been demonstrated to attract amphi-
pods in the study region (Garcia-Sanz et al. 2012).
Sampling dates were (March-April 2013): 10, 11 and
12 (immediately before new moon, hereafter new
moon), 18, 19 and 20 (first quarter), 26, 27 and 28
(immediately before the full moon, hereafter full
moon), and 2, 3 and 4 (third quarter). In total, 96
ASUs were deployed (four ASUs per day/night
during three consecutive days and per moon phase
=4x3x4=48 ASUs per day and 48 ASUs per night).

ASUs consisted of a plastic mesh frame (50 cm?, 2
cm diameter mesh size) folded as a cushion, to which
artificial leaves (green plastic raffia, 35 cm long and
10 mm wide) were attached about every 4 cm (Figure
2). Raffia is positively buoyant underwater and so
floats upright. A total of 75 cm? of concealment garden-
ing mesh (< 1 mm diameter) was included inside, creat-
ing small holes and shelters (Garcia-Sanz et al. 2012).
ASUs were anchored with iron rods (about 50 cm
long) and were in contact with the sediment. ASUs
were deployed by SCUBA divers at 7-9 m depth and
were fixed on a homogeneous Cymodocea nodosa sea-
grass meadow. Each ASU was placed about 5-7 m from
the adjacent ASU. During retrieval, each ASU was
removed by SCUBA divers by carefully enclosing each
unit within a cloth bag. The bags were immediately
transported to the laboratory, where each ASU was
cleaned with freshwater and all amphipods retained
by a 0.5mm mesh sieve were preserved in 70%
ethanol for further taxonomic identification. Amphi-
pods were identified to species level whenever possible
by means of a binocular microscope.

Data analysis

Differences in the abundance of the eight dominant
amphipod taxa (94.9% of the total amphipod assem-
blage) and in the species density of amphipods
(which ignored taxa identified only to genus),
between day and night through moon phases were
tested by means of three-way, permutation-based ana-
lyses of variance (ANOVAs), based on Euclidean dis-
tances calculated from square root-transformed data.
In all cases, the models incorporated the factors:
‘Moon phase’ (fixed-factor with four levels), ‘day
versus night’ (fixed-factor with two levels, orthogonal
to ‘Moon phase’) and ‘Day’ (random factor with levels
nested within ‘Moon phase’). Pairwise comparisons
(via 4999 permutations) were used to resolve differ-
ences between levels of fixed factors, whenever appro-
priate. The significance level of pairwise comparisons
were established at the 0.01 level (instead of the con-
ventional 0.05) to avoid increasing a type | error rate
(Underwood, 1991). The R package (version 3.1.2) was
used for all ANOVA:s.

Results

We collected 13,467 amphipods during the study, and
identified 37 taxa, 32 of them to species level and five
to genus level, encompassing 17 families. The most
abundant species were Apherusa chiereghinii Gior-
dani-Soika, 1949 (6248 individuals), Apherusa bispinosa
(Bate, 1857) (3500 individuals), Ischyrocerus inexpecta-
tus Ruffo, 1959 (2119 individuals), Dexamine spinosa
(Montagu, 1813) (284 individuals), Ericthonius puncta-
tus (Bate, 1857) (227 individuals), Phtisica marina
Slabber, 1769 (145 individuals), Nototropis swammer-
damei (Milne-Edwards, 1830) (143 individuals) and
Aora gracilis (Bate, 1857) (115 individuals) (Table SI,
supplementary material). The total abundance of
amphipods on the ASUs differed significantly
between day and night (Figure 3a; three-way
ANOVA: ‘Day vs. Night, P=0.001, Table I); higher
abundances of amphipods were collected during the
night. The total abundance of amphipods also differed
significantly between the moon phases (Figure 3a;
three-way ANOVA: ‘Moon phase’, P=0.001, Table I);
larger abundances were detected just before the full
moon, followed by the third quarter, the new moon
and the first quarter. The species density per ASU of
amphipods followed the same pattern: larger species
densities were detected during the night than the
day, and larger species densities were observed just
before the full moon, followed by the third quarter,
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Figure 3. (a) Mean abundance (+ SE) and (b) mean species density (+ SE) of amphipods per ASU collected during the day and night

at each moon phase.

the new moon and the first quarter (Figure 3b; three-
way ANOVA: ‘Day vs. Night' and ‘Moon phase’, P=
0.001, Table ).

A range of amphipod species (A. chiereghinii,
. inexpectatus, E. punctatus, P. marina and
N. swammerdamei) dispersing into artificial ASUs had
larger abundances under the full moon, followed by
the first quarter, the new moon and the third quarter
(Figure 4; Table I; pairwise comparisons). Dexamine

spinosa had the largest abundances during the third
quarter and the lowest abundances during the new
moon (Figure 4; Table [; pairwise comparisons). Aora
gracilis showed the highest abundances during the
first quarter and the lowest abundances under the
new moon (Figure 4; Table I; pairwise comparisons).
Apherusa bispinosa was the only species that lacked sig-
nificant differences between moon phases (Table |;
pairwise comparisons).
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Table I. Results of three-way ANOVAs testing for differences in the total abundance, species density and individual abundances of
the most conspicuous amphipod species between moon phases (Fm = full moon, Tq = third quarter, Nm = new moon, Fq = first
quarter), and day vs. nightlight hours. The amount of variation accumulated by each factor is indicated through the variance
components (expressed in %). Pairwise comparisons are included.

Variance
df MS F P components Pairwise comparisons
Total abundance
Moon phase 3 2511.30 20.01 0.001 18.05 Fm>Tq>Nm > Fq
Day vs. Night 1 22975 104.14 0.001 3939 Night > Day
Day (Moon phase) 8 125.50 1.46 0.142 4,04
Moon phase x Day vs. Night 3 685.39 31 0.031 11.26
Day vs. Night x Day (Moon phase) 8 220.60 2.56 0.005 10.49
Residual 72 85.93 16.77
Species density
Moon phase 3 422.02 17.37 0.001 21.24 Fm>Tq>Nm > Fq
Day vs. Night 1 3646.61 163.78 0.001 4533 Night > Day
Day (Moon phase) 8 24.28 0.89 0.530 0
Moon phase x Day vs. Night 3 39.64 1.78 0.196 6.28
Day vs. Night x Day (Moon phase) 8 22.26 0.82 0.594 0
Residual 72 27.08 27.15
Apherusa chiereghinii Giordani-Soika, 1949
Moon phase 3 1826.20 8.96 0.003 14.67 Fm>Fq>Nm>Tq
Day vs. Night 1 25072 98.44 0.001 40.57 Night > Day
Day (Moon phase) 8 203.62 1.93 0.033 6.25
Moon phase X Day vs. Night 3 578.48 227 0.103 9.27
Day vs. Night x Day (Moon phase) 8 254.68 241 0.005 10.91
Residual 72 105.49 18.33
Apherusa bispinosa (Bate, 1857)
Moon phase 3 997.22 33.29 0.065 11.62
Day vs. Night 1 16691 54.98 0.001 39.82 Night > Day
Day (Moon phase) 8 299.54 239 0.013 10.06
Moon phase x Day vs. Night 3 26441 0.87 0.534 0
Day vs. Night x Day (Moon phase) 8 303.55 242 0.012 14.39
Residual 72 125.23 2411
Ischyrocerus inexpectatus Ruffo, 1959
Moon phase 3 201.81 66.03 0.001 34.16 Fm>Fq>Nm>Tq
Day vs. Night 1 162.67 69.44 0.001 21.69 Night > Day
Day (Moon phase) 8 3.05 0.64 0.741 0
Moon phase X Day vs. Night 3 30.82 13.16 0.001 18.28
Day vs. Night x Day (Moon phase) 8 234 0.49 0.868 0
Residual 72 4.75 25.87
Dexamine spinosa (Montagu, 1813)
Moon phase 3 7.89 3.54 0.021 15.51 Tgq>Fg>Fm>Nm
Day vs. Night 1 21.01 2493 0.001 20.67 Night > Day
Day (Moon phase) 8 2.22 4.46 0.001 14.82
Moon phase X Day vs. Night 3 430 5.11 0.027 17.13
Day vs. Night x Day (Moon phase) 8 0.84 1.68 0.114 9.35
Residual 72 0.49 22.52
Ericthonius punctatus (Bate, 1857)
Moon phase 3 14.21 34.26 0.001 29.07 Fm>Fq>Nm>Tq
Day vs. Night 1 19.78 29.43 0.001 24.19 Night > Day
Day (Moon phase) 8 0.41 0.65 0.719 0
Moon phase X Day vs. Night 3 1.93 2.88 0.103 12.46
Day vs. Night x Day (Moon phase) 8 0.67 1.06 0.398 3.75
Residual 72 0.63 30.53
Phtisica marina Slabber, 1769
Moon phase 3 7.59 21.63 0.002 2732 Fm>Fq>Nm>Tq
Day vs. Night 1 23.59 50.07 0.001 34.52 Night > Day
Day (Moon phase) 8 0.35 0.93 0.501 0
Moon phase X Day vs. Night 3 0.46 0.99 0.440 0
Day vs. Night x Day (Moon phase) 8 0.47 1.25 0.286 7.63
Residual 72 0.37 30.53
Nototropis swammerdamei (Milne Edwards, 1830)
Moon phase 3 1.73 4.15 0.055 9.43 Fm>Fq>Nm>Tq
Day vs. Night 1 47.63 118.21 0.001 39.87 Night > Day
Day (Moon phase) 8 0.41 1.42 0.199 5.04
Moon phase x Day vs. Night 3 2.61 6.47 0.015 17.24
Day vs. Night x Day (Moon phase) 8 0.41 1.37 0.221 6.67
Residual 72 0.29 21.75
Aora gracilis
Moon phase 3 2.77 4.61 0.054 15.59 Fm>Fq>Tq>Nm
Day vs. Night 1 12.84 34.99 0.001 2641 Night > Day
Day (Moon phase) 8 0.61 0.91 0.513 0
Moon phase x Day vs. Night 3 1.48 4.05 0.051 15.82
Day vs. Night x Day (Moon phase) 8 0.36 0.55 0.821 0
Residual 72 0.65 4218
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Discussion

Our results have demonstrated substantial differences
in the dispersion of seagrass-associated amphipods,
here quantified in terms of the abundance and
species density of colonizing organisms into ASUs,
between day and night through four successive
moon phases. Larger abundances and species densities
of amphipods were found colonizing ASUs during the
night, which is consistent with previous studies in sea-
grass meadows in other parts of the world (Edgar 1992;
Sanchez-Jerez et al. 1999; Brooks & Bell, 2001). This
outcome is connected to the typical activity of amphi-
pods, which mostly remain inactive during daylight
hours, where they remain attached to seagrasses,
algae and stones (Oishi & Saigusa 1999). This behaviour
is most likely an attempt to reduce the predatory
pressure throughout the daytime and at the same
time minimize competition in the use of trophic
resources within the habitat, seagrass meadows in
our case study (Sanchez-Jerez et al. 1999). In general,
patterns of amphipod dispersion between the day
and night were consistent under different moonlight
(moon phases), which reinforces the idea of the
varying dispersion of amphipods between day and
night. Such a contrasting pattern between the day
and night reinforces the idea of the helpfulness of
ASUs to study faunal dispersion. Of course, our study
was limited to one seagrass meadow and one month,
which limits our capacity to extrapolate our results to
other circumstances. Concurrently, ASUs should not
be deployed on a long-term basis to avoid confound-
ing short-term dispersion of fauna with long-term com-
munity succession of artificial substrates.

Our study showed that there were lunar influences
on patterns of abundance of organisms colonizing
ASUs. Several studies have shown the relationship
between lunar phases and the settlement/recruitment
of invertebrates into the benthic system (Quinn & Kojis
1997; Butler et al. 2005). Many studies have concluded
that less light promotes the arrival of new settlers
because of decreased predation (Little 1977; Olafsson
et al. 1994; Acosta et al. 1997; Blackmon & Eggleston
2001; Butler et al. 2005; Anokhina 2006). However, in
our study, the largest abundances and species den-
sities of amphipods were detected at night just
before the full moon. These results differ from those
obtained by Alldredge & King (1980), who observed
that demersal zooplankton exhibited significant avoid-
ance of moonlight over two consecutive years. Such a
discrepancy indicates that generalizations across differ-
ent ecosystems may not be appropriate, and that there

are differences in the dispersion of nearshore invert-
ebrates from system to system.

Some studies have hypothesized that the small-
scale dispersion and colonization processes of
benthic invertebrates, in addition to being influenced
by differences in light intensity between day and
night and the moon phases, may also be influenced
by tides. The magnitude of tides (i.e. tidal currents)
and the moon phases are, of course, unambiguously
connected (McDowall 1969; Saigusa & Oishi 2000). As
a result, it is difficult to disentangle the putative
effects of varying light intensity and current intensity
under different moon phases. This synchrony seems
to be stronger in intertidal or estuarine environments
than in subtidal zones (Saigusa et al. 2000), where
benthic organisms show a well-demarcated nocturnal
rhythm (Saigusa et al. 2003), as we have demonstrated
here. Dispersion of invertebrates at small spatial scales
may, however, be related to mating processes (Saigusa
et al. 2003). It is thus plausible that increased dispersion
under the full moon is associated with increased
mating activity, although we lack data to separate
this process from increased dispersion associated
with increased tidal currents under a full moon.

Some taxonomic elements of the assemblage of
amphipods inhabiting Cymodocea nodosa meadows
of the study region (Png-Gonzalez et al. 2014) were
absent in the deployed ASUs of this study. For
example, the caprellid Mantacaprella macaronensis
Vazquez-Luis, Guerra-Garcia, Carvalho & Png-Gonzalez,
2013 was very abundant in some C. nodosa meadows
from Gran Canaria Island in November 2011, but
much less so in October 2012. In contrast, the species
Apherusa chiereghinii and A. bispinosa were rare in the
study by Png-Gonzalez et al. (2014). Differences in the
spatial location of both studies, in addition to variation
in the temporal window encompassed by both studies,
most likely explain these discrepancies. A range of eco-
logical factors could be associated with spatial and
temporal variation. The varying structure of seagrass
meadows, for example in terms of the number and
extension of seagrass patches, and the abundance of
predators (fish assemblages in particular) may be rel-
evant contributors to these differences (Tuya et al.
2014b). It is worth noting, moreover, that certain
species may have restricted dispersion capacities and
might have not moved to the new, artificial habitats
(i.e. the ASUs). In any case, it is important to highlight
that over and above this variation, we have observed
that some species were present in both studies. For
example, the gammarid Dexamine spinosa was
observed in our study and that by Png-Gonzalez et al.
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(2014). This free-living herbivorous amphipod is very
common within vegetated canopies in the shallow sub-
tidal zone of temperate and subtropical Atlantic lati-
tudes, including the Mediterranean (Lincoln 1979;
Ruffo 1982), but also on sandy bottoms with abundant
detritus (Conradi & Lépez-Gonzédlez 1999). In the
present study, the gammarid Nototropis swammerda-
mei was the only species collected with exclusive noc-
turnal activity according to Ruffo (1982). Although we
found a few individuals, the negative influence of
light on dispersion (Macquart-Moulin 1968) s
suggested by the larger number of individuals disper-
sing at night, which was particularly accentuated
under the full moon. This species mainly lives in fine
sediments with low mud content, but it also occurs in
sandy deposits and among algal and seagrass canopies
(Lincoln 1979). Apherusa chiereghinii and A. bispinosa,
belonging to the family Calliopiidae, were the most
abundant amphipods of our study, and were mainly
found at night. Both species live in fine algae in
shallow waters (Ruffo 1982); species of the genus
Apherusa have been demonstrated to be fast-coloniz-
ing amphipods in artificial substrata (Norderhaug
et al. 2002). As with the previous gammarids, ischyro-
cerids, such as Ischyrocerus inexpectatus and Ericthonius
punctatus, were mainly recorded during the night.
I. inexpectatus can be found in relatively exposed con-
ditions with active water movement (Ruffo 1989).
Ericthonius punctatus is generally found among algae,
phanerogams, hydrozoans, etc, including areas of
high detritus accumulation, and is associated with
man-made installations (Ruffo 1982). Aora gracilis was
found in low abundances through the lunar cycle,
especially during the day relative to the night, with a
clear maximum under the first quarter phase. Finally,
the caprellid Phtisica marina was mainly captured
during the night. In general, caprellid species have
been reported to occur on many substrata (Guerra-
Garcia 2001), often associated with seagrasses, e.g.
Posidonia meadows (Ruffo 1993).

In conclusion, short-term dispersion of amphipods
living in seagrass meadow was considerably greater
during the night than the day, which was consistent
through an entire moon cycle.
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