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Abstract

Asparagopsis taxiformis is a rhodophycean species composed of six genetic lineages, one of which is considered a relevant inva-
sive component of Mediterranean flora. This study describes seasonal changes in the structure and biomass of the native commu-
nity associated with 4. taxiformis on the coast of Granada (southern Spain). The native community was represented by 18 Rhodo-
phyta, 3 Chlorophyta, and 4 Ochrophyta species. Biomass was dominated by A. taxiformis and Halopteris filicina. In January, A.
taxiformis represented only 16% of the whole community biomass, but 2 months later, more than 90% of the community biomass
was formed by the invasive species. During the study period, species richness, the Shannon diversity index, and species evenness
showed low and generally stable values. Given that 4. taxiformis gametophytes are present throughout the year, they likely pose a
constant stress to the development of the native community. This survey provides baseline information on the macroalgal commu-

nity structure, which may be useful to further studies on the actual impact of the invasive lineage of A. taxiformis

Keywords: Alboran Sea, Biomass, Evenness, Invasive, Gametophyte, Shannon index, Species richness.

Introduction

Successful programs for the management of biolog-
ical invasions should rely on accurate knowledge of the
biology of the invasive species. The impact and effects of
non-indigenous species on biodiversity cannot be gener-
alized, and they vary greatly depending on the composi-
tion and structural complexity of the recipient community
and the ecology of the invader (Sakai ef al., 2001; PySek
et al., 2012). Even though assessing the effect of invasive
species on native communities and monitoring their con-
servation status is a complex task, it can lead to savings
in both time and money over the long term.

In general, biological invasions are detrimental to
native communities because of the decrease in diversi-
ty and consequent alteration of native trophic networks
(Simberloff et al., 2013; Maggi et al., 2015). In the case
of invasive macroalgae, these effects are magnified due
to their role as the base of the trophic networks and as
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ecosystem engineers (Boudouresque & Verlaque, 2010).
Furthermore, once they are established, their impact is
believed to be irreversible (Streftaris & Zenetos, 2006).

Over the last two decades, studies have investigated
the effects of several invasive macroalgae in marine envi-
ronments (see the review by Williams & Smith, 2007, and
the meta-analysis by Maggi et al., 2015). Several of these
studies have described the effects of invasive seaweeds
on native macroalgal assemblages in the Mediterranean
Sea. These include Caulerpa cylindracea Sonder (Piazzi
et al., 2001) and Caulerpa taxifolia (M. Vahl) C. Agardh
(Verlaque & Fritayre, 1994; Balata et al., 2004), and the
filamentous thodophyta Womersleyella setacea (Hollen-
berg) R. E. Norris, Acrothamnion preissi (Sonder) E. M.
Wollaston (Piazzi & Cinelli, 2000) and Lophocladia lal-
lemandii (Montagne) F. Schmitz (Cebrian & Ballesteros,
2010; Marba et al., 2014).

Asparagopsis taxiformis (Delile) Trevisian de Saint
Leon is one of the nine species listed as invasive in the
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Mediterranean Sea (Bordalba & Duarte, 2010). This spe-
cies is characterized by the alternation of erect gameto-
phytes (n, GMP) up to 26 cm in length, with filamentous
tetrasporophytes (2n, TSP) that form pompom-like struc-
tures and live free floating or entangled in benthic algae.
These filaments are born from microscopic carposporo-
phytes (2n) that remain attached to the GMP. Studies on
the genetic composition of worldwide populations have
shown that A. taxiformis is a species complex composed
of six cryptic lineages (Andreakis et al., 2007, 2016;
Dijoux et al., 2014) with different geographical distri-
butions. Only two of these lineages have invasive char-
acteristics (Andreakis et al., 2007; Bolton et al., 2011).
Recent studies have shown that these cryptic lineages
present different morphological (Zanolla et al., 2014) and
photosynthetic characteristics (Zanolla et al., 2015). In
the Mediterranean basin, lineage 2 (IL2) is regarded as
invasive. These populations are thought to have an In-
do-Pacific origin and are the result of multiple introduc-
tion events (Andreakis et al., 2007). In 2008, Altamirano
et al. reported both life stages on Andalusian coasts, and
confirmed its invasive status in the area (in the sense sug-
gested by Boudouresque & Verlaque, 2010).

A. taxiformis is already included in several govern-
mental management programs, such as the “Mediterra-
nean Action Plan” of the United Nations Environmental
Programme, the Spanish “Monitoring Marine Invasive
Species in Mediterranean Marine Protected Areas”, or
more recently, the “European Framework Directive on
Marine Strategy”, which incorporated this species in the
“Black List of Marine Invasive Species” (Streftaris &
Zenetos, 2006; Bordalba & Quesada, 2010; Otero et al.,
2013). However, it is striking that there is no informa-
tion of the effects of this invasive species on the native
community in the Mediterranean Sea or elsewhere (but
see Streftaris & Zenetos 2006 & Tamburello ez al., 2013).

The main objective of the present study was to anal-
yse the structure of the native macroalgal community
in a southern Spanish locality in an area invaded by A.
taxiformis over a period of one year. The community
structure and its temporal variability were described and
assessed using the Shannon index, species richness, and
species evenness.

Material and Methods
Study site and sampling design

Asparagopsis taxiformis colonizes Andalusian coasts
(southern Spain) forming dense belts at a depth of 1 m to
17 m (Altamirano et al. 2008; present study). We studied
a population located in Marina del Este, Granada (Spain,
36°43°N, 3°43°W), a 400-m semiexposed coast inhabit-
ed by A. taxiformis on rocky substrate at a depth of 1 to
12 m. All observations and samplings were conducted by
SCUBA diving at a depth of 9.5 m between January and
November 2011. The genetic linecage of the population
was corroborated using the cox2-3 intergenic spacer, as
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previously described by Andreakis et al. (2004).

We determined the minimum sampling area using 40
x 40-cm quadrats subdivided into 10 x 10-cm squares (n
= 3) and increased the sampling area through iteration
of contiguous squares. The minimum area was obtained
when no statistical differences were found in biomass,
species richness (S) and diversity (H’) when increasing
the sampling area (Cain & Castro, 1959). A 25 x 25-cm
area was obtained and used for routine quantitative sam-
pling. We randomly sampled replicates at least 7 m apart,
ensuring that the same area was not sampled in subse-
quent months. The number of replicates was determined
and considered as significantly representative using the
Elliot formula with p = 0.2%. When using three replicates
to represent the population, this value indicates that the
associated error is lower than 20% and can be accepted
(Plante & Le Loeuftf, 1982).

Sample sorting and data analysis

In each sampling we recorded the presence of GMP
and TSP. However, most of the biomass comprised GMP
due to the scarce and discontinuous presence of TSP. All
algal material from the 25 x 25-cm quadrats was scraped,
brought to the laboratory for sorting into species level
and dried in an oven at 60°C for 48 h to obtain its dry
weight (DW). Using these data, species richness (S)
was determined as the number of identified taxa. The
Shannon-Weaver diversity index (H’) and Evenness (J)
(Krebs, 1999) were also determined. When calculating
these indexes 4. taxiformis was excluded from the input
data.

A one-way ANOVA was used to analyse variations in
H, S and J over time, given that the sampling procedure
ensured independent replicate quadrats. The association
between the all-species biomass and A. taxiformis was
estimated using the Pearson correlation coefficient. Sta-
tistical analyses were performed using Sigmaplot soft-
ware (Systat Software Inc., version 11.0).

Results

Over the study period, 25 macroalgal taxa (18
Rhodophyta, 3 Chlorophyta, and 4 Ochrophyta, see Ap-
pendix 1) were identified at Marina del Este. Of these,
22 were identified up to species level. Table 1 shows
their temporal variation in distribution and biomass.

We observed that gametophytes of A. faxiformis in-
habited rocky substrate at a bathymetric depth of 0 m to
12 m over the entire study period (Fig. 1). In contrast,
the presence of tetrasporophytes was only recorded in
June, September and November (Table 1). Genetic sur-
veillance revealed that all gametophytes and tetrasporo-
phytes sampled corresponded to lineage 2.

With the exception of A. taxiformis, the three most
frequent and abundant species were Halopteris filici-
na, Peyssonnelia squamaria and Dictyota dichotoma,
which were present almost in every sampling (Table 1).
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Table 1: Temporal variation in species distribution and biomass (SD) (gDW m™) in areas invaded by 4. taxiformis.

Year 2011
Species/Month 01 02 03 04 05 06 07 08 09 1
+ +
A. ciliolatum
+ + +
A. hubbsii
5.8 49.4 67.5 56.5 113.6 95.8 42.5 19.4 90.3 84.0
A. taxiformis (0.4) (11.6) (3.6) (6.2) (453) (19.7) (6.5 (10.2) (35.5) (49.9)
+ +
C. tetragonum
+
C. ustulatus
+ +
C. codii
+
Ceramium sp.
+ +
C.officinalis
F. hillebrandii + + +
G. spathulatum +
G. pusillum +
J. rubens + + + + +
M. lichenoides + + 176.56
(10.3)
O. simpliciusculus +
P. squamaria + 1.5 6.8 + 8.2 + + + 21.3
(0.6) (6.1) (2.0) (18.5)
P, cartilagineum + + + + + + +
Polysiphonia sp. +
R. pseudopalmata + + + + + + +
S. coronopifolius +
C. laetevirens +
C. prolifera +
C. effusum +
C. sinuosa +
D. dichotoma + + + +
Dictyota sp. + +
H. filicina 42.6 + 2.0 2.8 16.4 + + 7.3 36.3 +
(1.5) (2.3) 29 @13.1n 9.1) (25.0
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+: indicates biomass < 0.5 gDW m
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Fig. 1: Asparagopsis taxiformis lineage 2 at Marina del Este, Granada, Spain. Scale bar: 0.5 m.

Mesophyllum lichenoides, Rhodymenia pseudopalmata,
and Corallina officinalis were the second most frequent
taxa.

Asparagopsis taxiformis alone comprised more than
90% of the total biomass sampled in March and Decem-
ber 2011 (Fig. 2). However, although Halopteris filicina
typically accounted for 3% to 21% of total biomass, this
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figure rose to 62% in January. The remaining species
sampled formed a minority group. Appendix 1 contains
a list of these species and Table 1 shows their seasonal-
ity. Their contribution to biomass typically ranged from
0% to 8%, except for the increase observed in Septem-
ber (28%; see Fig. 2). The most abundant species within
this minority group was M. lichenoides.
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Fig. 2: Biomass percentage (%) over the study period of Asparagopsis taxiformis (black), Halopteris filicina (dark grey), and the
other species (light grey) listed in Appendix 1. Time indicates months (January-November 2011).
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A significant negative correlation was found between
the biomass of A. taxiformis 1L2 and H. filicina (R =
-0.35; n=27; P = 0.032), but no covariation was found
between the biomass of the invasive taxon and the group
formed by the remaining species (R = 0.20; n =27; P =
0.413).

The most significant decrease in S was recorded in
February. This figure was 82% lower than that record-
ed in May, whereas no differences were observed in the
other months (F: 3.37; df: 8; P <.05; see Fig. 3). In June,
July, and November, A. taxiformis was the only species
whose biomass was more than 0.05 gDW m; thus, a
value of zero was obtained for H’and J. These indexes
had significantly higher values in April, May, and Sep-
tember, but did not reach significance in the remaining
months (ANOVA output for diversity values: F: 6.58;
df: 8; P < .05; ANOVA output for evenness values: F:
3.24; P <.005; see Fig. 3).

Discussion

This study is the first attempt to quantify yearly chang-
es in the structure and biomass of the native community
associated with the introduced species Asparagopsis tax-
iformis.

The native community at Marina del Este presented
characteristics that are commonly observed in communi-
ties strongly affected by invasive organisms. Low species
richness and diversity values, combined with the con-
tinuous presence of the invader -which typically formed
more than 50% of the total algal biomass- indicate that
A. taxiformis IL2 likely impoverishes the communities in
which it settles.

In general, the bulk of the biomass in the macroalgal
assemblage was always distributed between A. taxiformis
and Halopteris filicina. The latter species is one of the
most abundant and widely distributed algal species on
Mediterranean coasts (Seoane-Camba, 1965). Analytical-
ly, its unbalanced proportion is explicit in the low values
of evenness estimated.

The significant negative correlation found between the
biomass of A. taxiformis 1L2 and H. filicina could be due
to the negative impact of this invasive species on H. filici-
na. Future studies could address the various mechanisms
hypothesised to underlie this negative correlation. These
mechanisms include: a) the presence of the invader pre-
cluding the development of H. filicina; and b) allelophat-
ic substances from A. taxiformis inhibiting the growth of
H. filicina. This process may be similar to the manner
in which Caulerpa taxifolia inhibits the productivity of
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Fig. 3: Temporal variation in species richness (§), Shannon-Weaver diversity index (H’), and evenness (J) of the macroalgal
community in areas invaded by A. faxiformis. Values are expressed as means + SD (n = 3). Different letters denote significant
differences (P < 0.05). Time is designated as month/year (January-November 2011).
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some species of autochthonous algae (Ferrer et al., 1997).
It is noteworthy that H. filicina and A. taxiformis simul-
taneously reach their peak biomass score in June (Zanol-
la, preliminary data). However, in this month, species
richness in areas dominated by H. filicina (but where A.
taxiformis was present) was double that estimated for ar-
eas dominated by A. taxiformis. Thus, a low number of
species was observed when A. taxiformis was dominant,
but not when H. filicina was dominant, suggesting that
A. taxiformis has a negative impact on the native com-
munity. Spatial differences between assemblages can be
ruled out as affecting the obtained results, because sam-
pling was conducted in areas within the same bathymet-
ric range and on identical types of substrate. Depth is the
most important factor affecting community composition
in Marina del Este (Cebrian & Ballesteros, 2004). Thus,
algal assemblages at a given depth and on the same type
of substrate are homogeneous (personal observation).
Further support for the hypothesis of a possible negative
effect of A. taxiformis on the native assemblage is sug-
gested by the decrease of between 5 to 7 species in this
study when compared to the catalogue of flora described
by Cebrian & Ballesteros (2004) at the same bathymetric
range (8-10 m) when A. taxiformis was absent.

Another feature of the native community structure is
that species richness (S) and diversity (H’) barely change
over the year, suggesting that there is no seasonal replace-
ment of species in Marina del Este. This feature may be
related to the weak environmental gradients to which the
area is exposed (Zanolla et al., 2017a). It is noteworthy
that diversity (and thus evenness) values dropped to zero
in the months when A. faxiformis 1L2 reached its highest
biomass scores.

Species richness (composition) and species evenness
(dominance) influence the temporal and spatial variabil-
ity of community properties and compositional stability,
thus influencing the probability of the community being
invaded (Wilsey & Potvin, 2000; Smith ef al., 2004). The
dominance structure of natural assemblages is altered
by species introduction and invasion by exotic species,
which often show an initial dominance (Williams &
Smith, 2007). The literature is replete with cases in which
successful invasions result from exotic species with eco-
logical traits that are different from and similar to those of
the dominant native species (Symstad, 2000; Fargione et
al., 2003). Our study was similar to the latter case, given
that A. taxiformis and H. filicina belong to the same func-
tional and structural group, and that a negative correla-
tion was found between the presence of A. faxiformis and
the abundance of H. filicina. Nevertheless, manipulative
studies with the two species (additive and substitutive
design) should be conducted to identify any emergent ef-
fects between them.

The study area has experienced a high anthropogen-
ic impact (Sedano et al., 2014). A leisure port had been
built by the end of the 1970s, which in turn increased ur-
ban growth during the 1980s. Marina del Este beach was
created as a result of this coastal urban development. In
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addition, Asparagopsis armata Harvey has been report-
ed as an invasive species in Andalusian coastlines since
1965 (Seoane-Camba, 1965). This species inhabits the in-
fralitoral zone of Marina del Este (Garcia Jiménez et al.,
1996). A study of macroalgal assemblages at the study
site in 1997 found that A. armata was the most abundant
seaweed at depths of 0 m to 5 m, but did not find 4. tax-
iformis (Cebrian & Ballesteros, 2004). In combination
with the results of the study by Altamirano (1999), who
reported the first record of A. faxiformis in the Alboran
Sea (i.e., in the Chafarinas Islands), the foregoing infor-
mation could provide the timeline and route of the in-
vasion of A4. taxiformis IL2 in the Alboran Sea. We sug-
gest that the invasive process began somewhere in the
eastern to central Mediterranean Sea and moved westerly
after 1997. A. armata is currently confined to a depth of
1 m to 3 m, where both invasive species are sympatric.
It has even been replaced by A. taxiformis in several An-
dalusian locations (personal observation). However, A.
armata was not found during the present study, which
may be due to the complete turnover of this invasive spe-
cies by A. taxiformis. Thus, processes such as invasional
meltdown (Simberloff & Von Holle, 1999), plus a high-
ly altered recipient ecosystem (i.e., unbalanced species
composition, poor species richness) may have facilitat-
ed the settlement of A. taxiformis IL2 in the region. All
these factors have been extensively cited as facilitators
of macroalgal invasions (Occhipinti-Ambrogi, 2007; An-
dreakis & Schaffelke, 2012), to which should be added
the intrinsic characteristics of the invader, such as broad
phenotypic plasticity (Zanolla et al., 2015), effective veg-
etative propagation mechanisms (Zanolla et al., 2017a),
the production of novel genetic variants through sexual
reproduction (Zanolla et al., 2017b) and genetic charac-
teristics that have rapid adaptive and expansive potential
(Zanolla et al., 2018).

The coastlines of southern Spain define the northern
limit of the Alboran Sea, which is one of the most biodi-
verse marine areas of Europe and North Africa (Garcia
Raso et al., 2010). The EU has recently included this area
within the Special Areas of Conservation ES6140016
(Order 369/2015, 4™ August, Boletin Oficial de la Jun-
ta de Andalucia, 2015). Taking into account the results
of the present study, we recommend the development of
management programs to eradicate this invasive species
or to control the use of ballast water in this area.
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Appendix 1. Macroalgal species found in Marina del Este during the study period.

Species

Rhodophyta

Chlorophyta

Ochrophyta

Acrosorium ciliolatum (Harvey) Kylin

Antithamnion hubbsii E.Y. Dawson

Asparagopsis taxiformis (Delile) Trevisan de Saint Leon
Callithamnion tetragonum (Withering) S.F. Gray
Caulacanthus ustulatus (Mertens ex Turner) Kiitzing
Ceramium codii (H. Richards) Mazoyer

Ceramium sp.

Corallina officinalis Linnaeus

Falkenbergia hillebrandii (Bornet) Falkenberg

Gelidium spathulatum (Kiitzing) Bornet

Gelidium pusillum (Stackhouse) Le Jolis

Jania rubens (Linnaeus) J.V. Lamouroux

Mesophyllum lichenoides (J. Ellis) Lemoine
Ophidocladus simpliciusculus (P.L. Crouan & H.M. Crouan) Falkenberg
Peyssonnelia squamaria (S.G. Gmelin) Decaisne
Plocamium cartilagineum (Linnaeus) P.S. Dixon
Polysiphonia sp.

Rhodymenia pseudopalmata (J.V. Lamouroux) P.C. Silva

Sphaerococcus coronopifolius Stackhouse

Cladophora laetevirens (Dillwyn) Kiitzing
Cladophora prolifera (Roth) Kiitzing
Codium effusum (Rafinesque) Delile

Colpomenia sinuosa (Mertens ex Roth) Derbés & Solier
Dictyota dichotoma (Hudson) J.V. Lamouroux

Dictyota sp.

Halopteris filicina (Grateloup) Kiitzing
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