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Abstract 

Non-indigenous species are a recognized worldwide threat to biodiversity, to the 
economy and even to human health. Hence, analysis of principal descriptors of 
their occurrence is pivotal to set reliable conservation strategies and appropriate 
management. In this paper, we have reported the first record in the Marchica 
lagoon (Southern Alboran Sea) of the invasive Caprella scaura Templeton, 1836, 
an amphipod species likely native to the Indian Ocean and now recorded worldwide. 
Caprella scaura is widely distributed in the lagoon, and its abundance fluctuated 
between 3 and 337 ind./m². The species is well established in the Marchica lagoon 
and spreads over various ranges of depth (0.4 to 7.7 m), water temperature (14.21–
28.97 °C), salinity (32.28–38.04) and substrates (bare and vegetated). This clearly 
confirms its large plasticity and highly invasive behaviour. The species has been 
introduced to the Marchica lagoon most likely via shipping activity. The recent 
settlement of three well established invasive species in the Marchica lagoon 
(Bursatella leachii Blainville, 1817, Callinectes sapidus Rathbun, 1896 and Caprella 
scaura) reveals that this coastal ecosystem is at risk of biological invasions and has 
to be monitored regularly in order to evaluate potential ecological impacts on the 
ecosystem. 
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Introduction 

Non-indigenous species (NIS) and subsequent biological invasions are 
considered to be one of the major threats to biodiversity (Doherty et al. 2016) 
and ecosystem services at the global scale (Pejchar and Mooney 2009). 

The Mediterranean Sea has been characterized as a marine biodiversity 
hotspot (Coll et al. 2010) but also by hosting the highest known number of 
NIS of any other sea (Edelist et al. 2013; Zenetos et al. 2017; Bonanno and 
Orlando‐Bonaca 2019). According to recent estimates, more than 820 
multicellular NIS have been introduced to the Mediterranean Sea (Zenetos 
et al. 2017), with increasing abundance in many Mediterranean countries 
(Galil et al. 2018). Due to the spread of NIS and the threats they pose, 
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analysis of principal descriptors of their occurrence is pivotal to set reliable 
conservation strategies and appropriate management (Corriero et al. 2016; 
Ojaveer et al. 2018). 

In the Mediterranean basin as a whole, the Ecosystem Approach (EcAp) 
is the guiding principle to the Mediterranean Action Plan (MAP) 
Programme of Work and all policy implementation and development 
undertaken under the auspices of the Barcelona Convention. At their 19th 
Ordinary Meeting (Athens, Greece, 9–12 February 2016), the Contracting 
Parties to the Barcelona Convention adopted a novel and ambitious 
Integrated Monitoring and Assessment Programme and related 
Assessment Criteria (IMAP) with the ultimate objective of achieving the 
Good Environmental Status (GES) through the elaborated 11 Ecological 
Objectives (EO) and their respective common indicators. NIS are treated as 
a distinct Ecological Objective (EO2) of GES in the context of IMAP: 
“Non-indigenous species introduced by human activities are at levels that 
do not adversely alter the ecosystem”. The Common indicator of OE2 is 
based on “Trends in abundance, temporal occurrence, and spatial distribution 
of non-indigenous species, particularly invasive non-indigenous species, 
notably in risk areas (EO2, in relation to the main vectors and pathways of 
spreading of such species in the water column and seabed, as 
appropriate)”. Therefore, accurate and comprehensive information on NIS 
occurrence and distribution is crucial for Mediterranean countries to fulfil 
the needs of the IMAP requirements. 

Caprella scaura Templeton, 1836 is a very aggressive caprellid species 
(Lim and Alexander 1986; Schulz and Alexander 2001) and a highly 
efficient disperser (Ros et al. 2015). Possibly native to the Indian Ocean, the 
species was long believed to be recorded for the first time in the 
Mediterranean Sea in the Venice lagoon (Italy) in 1994 (Sconfietti and 
Danesi 1996; Mizzan 1999). However, the re-examination of old samples 
collected in 1989–1990 in the Mar Piccolo di Taranto (Ionian Sea, Italy) 
showed that C. scaura was already well established there, and therefore, its 
introduction to the Mediterranean Sea should be dated back accordingly 
(Scipione 2015). Here, we report the first and extended record of Caprella 
scaura in the Marchica lagoon on the southern part of the Alboran Sea. 

Materials and methods 

Study area 

The Marchica lagoon (Figure 1) is one of the largest coastal lagoons in the 
Mediterranean basin, with an area of over 115 km2, and a maximum depth 
of 8 m. It is separated from the sea by a narrow sandbar (25 km long), with 
an average width between 300 and 400 m, but it reaches approximately 2 km 
at its southeastern part. The lagoon is connected to the sea through the 
artificial Bocana inlet opened artificially in 2011 (300 m wide and 6 m deep). 
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Figure 1. Map showing the geographical position of the Marchica lagoon and the sampling 
design (stations 1 to 28). Star symbols indicate stations where C. scaura was recorded. 

 
Figure 2. Lateral view (x15) of Caprella scaura (Templeton, 1836) from the Marchica lagoon: male (A), female (B) (Photos by 
Abdellatif Bayed). 

Sample collection 

Samples were collected from a total of 28 stations. At each station, three 
replicate collections were sampled seasonally (February: Winter, May: 
Spring, August: Summer and November: Autumn 2015) using a Van Veen 
grab (sampling surface of 0.1 m²). An additional sample of sediment was 
taken for granulometric analysis. Water salinity and temperature were 
measured in situ with a HANNA portable multiparameter. 

The identification of Caprella scaura (Figure 2) was based on morphological 
descriptions provided by Templeton (1836), Guerra-García (2003) and 
Krapp et al. (2006). The characteristics used are: (1) cephalon of both sexes 
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with anteriorly directed spine, (2) basis of gnathopod 2, as well as 
pereonites 1 and 2 elongated in males, (3) dorsal processes in pereonites, 
without ventral spine in females (Figure 2). The abundance of the species 
per station was expressed as the total number of individuals per m² 
(Ind./m²). 

Literature analysis 

Extensive study of published data on C. scaura records in the 
Mediterranean was also conducted to determine the current distribution of 
this species in the Mediterranean. For mapping the temporal distribution 
of C. scaura, the data were divided into decades: before 2000, 2001–2010, 
and 2011–present. Regarding the date of finding (year), we refer to the first 
collection / observation date (when reported) and not the publication date. 
In cases where it was impossible to clarify the first collection / observation 
date, we noted that the species was found before the publication date. 

Data analysis 

Data were processed using Statistica software (StatSoft, Inc.). Correlations 
between abundance of C. scaura and the abiotic parameters (temperature, 
salinity, depth and % mud) were conducted using the Pearson coefficient. 
To test whether the mean abundance of C. scaura was similar across 
habitats and seasons, a two-way Analysis of Variance (ANOVA) was 
performed with the following factors: “Habitat” with two levels (bare 
habitat and vegetated habitat) and “Season” with four levels (winter, spring, 
summer and autumn). Prior to ANOVA, data were log(xi+1)−transformed 
(xi = abundance of C. scaura). Normality was assumed and homogeneity of 
variance was tested with the Cochran’s C-test. 

Results and discussion 

Caprella scaura showed a large distribution in the Marchica lagoon (Figure 1). 
A total of 1427 individuals of C. scaura were collected from 16 of the 28 
stations in the sampling area during the whole study period with frequency 
of occurrence fluctuating between 14% in Spring and 36% in Summer 
(Supplementary material Table S1). Mean abundance per season varied 
between 9 and 16 Ind./m² (Figure 3) with no significant effect of season nor 
of habitat type (ANOVA, p > 0.05). Moreover, the abundance of the species 
showed no significant relationship with abiotic parameters (temperature, 
salinity, depth and % Mud) (Pearson coefficient, p > 0.05). The species is 
well established in the Marchica lagoon and spread over various range of 
depth (0.4 to 7.7 m), water temperature (14.21–28.97 °C), salinity (32.28–
38.04) and substrates (bare and vegetated) (Table S2). This clearly confirms 
the invasiveness of the species and its capacity to spread over various 
environmental conditions (Lim and Alexander 1986; Schulz and Alexander 
2001; Ros et al. 2015). 
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Figure 3. Seasonal variation in mean abundance (± SD) of Caprella scaura in the Marchica lagoon 
during 2015. 

 
Figure 4. Records of Caprella scaura in the Mediterranean Sea. Green circles indicate the most recent sites (after 2010) where the 
species has been found. Yellow circles indicate the localities registered between 2000–2010, and red circles represent records 
occurred before 2000. For details see Supplementary material (Table S3). 

Caprella scaura has successfully spread along Mediterranean countries 
in a short time period. Up-to-day, C. scaura is confirmed and well 
established in 10 out of the 21 Mediterranean countries (Figure 4; Table S3). 
In the southern Mediterranean coasts, the species was recorded only in two 
countries: 1) Morocco in Marina Smir (Ros et al. 2014) and recently in the 
Marchica lagoon (Present study), 2) Tunisia in Boughrara lagoon (Ben 
Souissi et al. 2010), El Bibane lagoon (Ben Souissi et al. 2010), Tunis lagoon 
(Ounifi Ben Amor et al. 2017), Bizerte lagoon (Chebaane et al. 2018; 
Khammassi et al. 2019) and Monastir Bay (Chebaane et al. 2019). The 
differences in the distribution pattern of C. scaura between the northern 
and the southern Mediterranean coasts have to be treated with caution. 
They are most probably linked to the evident lack of scientific data and 
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production in several southern regions of the Mediterranean basin (Coll et 
al. 2010). In the Marchica lagoon, knowledge on peracarids is scarce and 
old (Guélorget et al. 1987; Zine 1989; Menioui and Zine 1995; Boussalwa et 
al. 2000). In this context, this study has not only extended the known 
distribution range of C. scaura in the Alboran Sea and the north-eastern 
coast of Morocco, but also increased knowledge on amphipod diversity in 
Morocco. 

At the Mediterranean scale, C. scaura was found in 77% of the records 
on man-made substrates in harbours and marinas, 16% in coastal lagoons, 
and 7% in fishing farms (Table S3). This supports the fact that shipping is 
the main vector for both the primary introduction and the secondary 
spread of NIS, via ballast water or biofouling (Ruiz et al. 2000; Streftaris et 
al. 2005). In our case, the presence of yachting marina of Atalayoun inside 
the Marchica lagoon, as well as artisanal fishing harbours, suggests that its 
expansion is most likely facilitated by shipping activity through biofouling 
and in a lesser concern ballast water (Bakır and Katağan 2011; Ros et al. 
2013). Moreover, the surrounding harbours and marinas, such as the Beni 
Ansar harbour and the Melilla marina, could act as a potential source of 
individuals to the Marchica lagoon. 

Marinas represent high-risk sites for both primary introduction and 
secondary stepping-stone invasion events (Murray et al. 2011; Ashton et al. 
2014; Ferrario et al. 2017). The recreational marinas represent an 
important entry points for NIS in the Mediterranean, and, at a certain rate 
of incoming / outgoing traffic, these may act as significant hubs for the 
transfer of NIS to other localities (Ulman et al. 2019). 

With regard to artificial structures, NIS have been reported to prefer 
them to natural surfaces (Arenas et al. 2006). Artificial substrates are 
abundant in port areas, where environmental stress due to pollution and to 
salinity and temperature fluctuations, among other causes, results in 
formation of wide bare patches that are suitable for NIS settlement (Arenas 
et al. 2006; Mineur et al. 2012; Geraldi et al. 2014). In the Marchica lagoon, 
Caprella scaura was found on natural habitats corresponding to different 
types of substrates, associated, when vegetated, to seagrass beds and algae. 
This revealed the higher invasive potential and the large plasticity of the 
species to spread in the Mediterranean Sea. The expansion success of this 
NIS could be aided by their high densities, fecundity and growth rates 
(Martinez and Adarraga 2008; Guerra-García et al. 2011; Baeza-Rojano et 
al. 2013), wide physiological tolerances (Cockman and Albone 1987), and 
their ability to attach to boats hulls (Cook et al. 2007). 

Establishing national NIS lists and understanding their pathways of 
introduction, impacts, and control options is essential for efficient 
prevention, detection, and management of bioinvasions (Katsanevakis et 
al. 2015), especially within the framework of the recent invasive species 
policies, both at the Mediterranean scale (IMAP) and at the European scale 
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under the Marine Strategy Framework Directive (MSFD) (Servello et al. 
2019). Up-to-now, three NIS have been recently recorded and are well 
established in the Marchica lagoon. These are the Mollusc Bursatella 
leachii Blainville, 1817 (Selfati et al. 2017), the blue crab Callinectes sapidus 
Rathbun, 1896 (Oussellam and Bazairi 2018 in Chartosia et al. 2018) and 
the Amphipod Caprella scaura (present study). Their recent settlement in 
the Marchica lagoon reveals that this coastal ecosystem is at risk of 
biological invasions and should be monitored regularly in order to evaluate 
the impact of these invasive species on the ecosystem. 
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