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Abstract  

Spatial patterns of intertidal peracarids associated to the alga Corallina elongata, 

were studied along the whole Iberian Peninsula. A total of 28215 specimens were 

collected, comprising 78 different species (57 amphipods, 16 isopods, 4 tanaids and 1 

cumacean), most of them with Atlantic-Mediterranean distribution (60%) and only 9% 

of Mediterranean endemics. Gammarids were dominant in abundance and number of 

species, representing more than 70% of the total peracarids. The most common species 

collected during the present study were the caprellid Caprella penantis, the gammarids 

Hyale schmidti, Hyale stebbingi, Jassa cf. falcata and Stenothoe monoculoides, the 

isopod Ischyromene lacazei and the tanaid Tanais dulongii. Caprellids and tanaidaceans 

presented their highest populations in the stations of the Strait of Gibraltar whereas 

isopods were more abundant in Atlantic stations. Univariate analyses did not reflected 

differences in number of species, abundance and Shannon-Wiener diversity between 

Mediterranean and Atlantic. However, cluster analyses and Whittaker index, as measure 

of ß-diversity, showed a different species composition between Mediterranean and 

Atlantic and a replacement of species along the coast, especially at the Strait of 

Gibraltar. The turnover mainly affected to species of the same genera, probably related 

with sympatric speciation. CCA and BIO-ENV analyses showed high correlations 

between environmental measures (especially conductivity) and peracarid distribution. 

Mediterranean species tolerated higher values of conductivity and temperature, while 

Atlantic species were associated to stations with higher oxygen concentrations. 
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Introduction 

 

Understanding assemblages of organisms is based on the quantitative description of 

patterns of distribution and abundance of species (Andrew and Mapstone 1987, 

Underwood et al. 2000), which has  become one of the main challenges that studies on 

biogeography have to face nowadays (Pereira et al. 2006). The borders in an ecological 

level are often attributed to climatic conditions (Repasky 1991; Wardell-Johnson and 

Roberts, 1993) or antagonistic relationships of competition and predation (Hersteinsson 

and McDonald 1992). Likewise, food selection and habitat complexity may also play an 

important role in distribution and abundance of marine organisms (Duffy and Hay 1991; 

Edgar and Robertson 1992). 

 Crustaceans exhibit one of the highest ranges of morphological diversity (Martin 

and Davis 2001). And of these, it is believed that approximately 40 percent of all 

belongs to the group Peracarida (Kaestner 1980). Most peracarids are bottom-dwelling 

animals, either infaunal or epifaunal; they have a wide variety of feeding habits, i.e. 

surface deposit feeding, filter feeding, carnivory, omnivory and even foraminiferivory 

(Gudmundsson et al. 2000; De Broyer et al. 2004; Riisgard and Schotge, 2007; Krapp et 

al. 2008; Guerra-García and Tierno de Figueroa 2009) and changes in food supply may 

influence the distribution of the species and the diversity patterns in the benthic 

environment. Furthermore, peracarids are being studied as bioindicators, since they 

have shown to be good indicators of environmental changes (Conradi and López-

González 2001Guerra-García and García-Gómez 2001; Ohji et al. 2002; Guerra-García 

and García-Gómez 2004; Dauvin and Ruellet 2007; Guerra-García et al. 2009a).  

 Given that this group lacks pelagic larvae and their capacities for long-distance 

movement are limited in adults, the studies on biogeography focused on this group have 

been numerous in recent years (e.g. Chavanich and Wilson 2000; Thiel 2002; 

Castellanos et al. 2003; De Broyer et al. 2003; Chiesa et al. 2005; Winfield et al., 2006; 

Myers and Lowry, 2009). Nevertheless, research has not been so intensive in the Iberian 

Peninsula and the knowledge in this field is still fragmentary (Bellan-Santini & Ruffo 

1998; Guerra-García et al. 2009c,d) and mainly focused on the Strait of Gibraltar 

(Conradi et al. 2001; Castelló and Carballo 2001; Guerra-García and Takeuchi 2002). 

However, there has been a slight increase on the interest of this region during the last 

decade (e.g. Ballesteros 1998; Cruz et al. 2003; Pereira et al. 2006; Guerra-García et al. 

in press). The Iberian Peninsula is located in the southwest of Europe and is the 
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westernmost of the three major southern European peninsulas. Its coasts are washed by 

the Mediterranean on the eastern side and Atlantic on the northern and western side, 

converging at the Strait of Gibraltar. 

 Corallina elongata (J. Ellis & Solander, 1786) (hereafter C. elongata) is a 

macroalga belonging to the family Corallinaceae (Rhodophyta). This species is widely 

distributed, occurring not only all along Mediterranean (Flores-Moya et al. 1989; Conde 

et al. 1996; Bárbara and Cremades 1996; Babbini and Bressan, 1997) and Atlantic 

(Guiry 1977; Neto 1994; Araujo et al. 2009), where it has been extensively reported, but 

also in the Pacific (Abbott 1999; Lee 2008). It is a whitish-pink to reddish-lilac calcified 

algae, with articulated fronds and fish-bone-like arrangement. Its axis is compressed and 

repeatedly pinnate from discoid base. Coralline algae can be considered as ecosystem 

engineers, since they can modify the environment by providing shelter from desiccation 

stress, wave action and predation, enriching biodiversity within its structure (Jones et al. 

1994, Daleo et al. 2006). In extreme environments, intertidal coralline algal turfs 

ameliorate hard physical conditions, allowing the presence of many fauna that otherwise 

would not dwell at this level (Bertness et al. 2006). Corallina elongata was selected in 

this study since it is one of the dominant macroalgae along the intertidal ecosystems of 

the whole Iberian Peninsula (Pérez-Cirera and Maldonado 1982; Rodriguez-Prieto et al. 

1997; Guerra-García et al. 2006) and it was present in all sampling stations selected for 

the present work. Studies on biogeography of macrofauna associated with Corallina 

worldwide are scarce (Dommasnes 1969; Fernández and Niell 1987; Bitar 1984; 

Ballesteros 1988; Kelaher et al. 2001; Kelaher 2002; Kelaher and Castill 2002; Kelaher 

et al. 2003; Bertness et al. 2006; Bussell et al. 2007; Liuzzi and López-Gappa 2008; 

Guerra-García et al. 2009b), especially in the Iberian Peninsula. 

 The main aim of this study was to demarcate the distribution and abundance 

patterns of benthic peracarids associated with the alga C. elongata in the intertidal zone 

along the whole coast of the Iberian Peninsula, and explore the relationship with some 

environmental variables such as oxygen concentration, turbidity, temperature, pH and 

conductivity 

 

 

Material and methods 
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The present study encompassed the whole coasts of the Iberian Peninsula (Spain and 

Portugal) (Fig. 1). Nineteen stations were selected in order to cover the greatest range of 

natural environmental conditions (Figure 1). We chose relatively undisturbed enclaves 

with low human pressure to avoid the effect of anthropogenic influence on the natural 

biogeographical and ecological patterns of species.  

Sampling was conducted in summer 2008 (June, July and August). The 

following environmental parameters were measured “in situ” at each sampling site: 

water temperature, pH, conductivity, dissolved oxygen and turbidity. Temperature and 

oxygen concentration were measured with an oxymeter CRISON OXI 45; pH and 

conductivity were measured using a conductivimeter-pHmeter CRISON MM40,  and 

finally turbidity was measured in nephelometric turbidy units (ntu) using a turbidimeter 

WTW 335 IR. The seaweed C. elongata was selected as substrate and three replicates 

(quadrats 20 x 20cm) were sampled in each station. Corallina elongata was distributed 

along the low intertidal level and sublittoral in most of stations and the intertidal belt 

was selected for this study. The surface was scrapped and the seaweed and associated 

fauna were collected. The samples were fixed in ethanol 80%, brought to laboratory and 

sieved using a mesh size of 0.5 mm. Peracarid crustaceans were sorted and identified to 

species level. Volume of C. elongata of each replicate was estimated as the difference 

between the initial and final volume when placed into a graduated cylinder with a fixed 

amount of water (see Pereira et al. 2006). Dry weight was also measured (after 24 hours 

at 70ºC). To estimate the cover of C. elongata in each locality, we used five random 

quadrats of 50 x 50 cm subdivided with thick fishing line into 25 square units of 10 x 10 

cm. The presence/absence of the species was recorded for each unit and data were 

expressed as cover percentage (mean ± SD of the 5 replicates). 

Species richness (S), abundance (N), Shannon-Wiener diversity (H’) (Shannon 

and Weaver 1963) and Pielou’s evenness (J) (Pielou 1966) were measured for each 

station. Possible differences in these parameters between Mediterranean and Atlantic 

stations were tested by one-way ANOVA, after verifying normality using the 

Kolmogorov-Smirnov test and the homogeneity of variances using the Levene test. To 

explore the species replacement along the Atlantic and Mediterranean gradients, the 

Whittaker index (Whittaker 1972) was calculated as measure of ß-diversity. The 

affinities among stations based on peracarid data were measured through cluster 

analysis using UPGMA method, based on the Bray-Curtis similarity index. The 

relationships between environmental measures and peracarid assemblages were studied 
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by Canonical Correspondence Analysis (CCA) and BIO-ENV. Multivariate analyses 

were carried out using the PRIMER package (Clarke and Gorley 2001) and the PC-

ORD programme (McCune and Mefford 1997), whereas for univariate analyses the 

SPSS programme was used.   

 Species were classified in geographical distribution groups (see also López de la 

Cuadra and García-Gómez 1994; Conradi and López-González 1999; Guerra-García et 

al. 2009b). For the present study, five groups were considered: I (Endemic 

Mediterranean), II (Atlantic and Mediterranean), III (Atlantic, absent in Mediterranean) 

IV (Atlantic, Mediterranean and Indo-Pacific) and V (Cosmopolitan) 

 

 

Results 

 

Abiotic data and abundance patterns of C. elongata   

Regarding the measures taken for the environmental parameters, it was observed that 

the Mediterranean stations showed higher values of temperature and conductivity, as 

well as lower values of oxygen concentration and turbidity than the stations along the 

Atlantic coast (Fig. 2). Oppositely, pH remained rather unalterable amongst the 

surveyed sites, with an average of 8.16, ranging from 8 (station 6) to 8.33 (station 10). 

Furthermore it was also seen that temperature was negatively correlated with oxygen 

(r=-0.69, p<0.01) and turbidity (r=-0.54, p<0.05) and positively with conductivity 

(r=0.73, p<0.01). Station 6 showed abnormal characteristics when compared with the 

rest of the stations, with the maximum value of turbidity and minimum value of 

conductivity and temperature.  

 When focusing on the abundance patterns of C. elongata, the data obtained 

showed a negative correlation between cover of the seaweed and seawater temperature 

(r=-0.491, p<0.05); thus, cover of C. elongata on Mediterranean stations was in general 

below  30%, while cover on the Atlantic stations was closer to 50% (Fig. 3). Biomass, 

however, did not show significant difference between the Mediterranean and Atlantic, 

ranging approximately from 500 to 1500 g/m
2
. Therefore, although Mediterranean 

intertidal was characterised by lower cover percentages of C. elongata, the patches in 

which the alga was present showed a similar biomass to Atlantic stations. Furthermore, 

values of volume of C. elongata were significantly correlated with dry weight (r=0.95, 

p<0.001, n=19). 
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Peracarid assemblages 

A total of 28215 specimens were sorted and examined, out of which more than 87% 

were crustaceans of the superorder Peracarida, followed in importance by molluscs and 

annelids. In this study 78 different species of peracarids were identified: 57 species of 

amphipods, 16 isopods, 4 tanaids and 1 cumacean (Table 1). Gammarids were the 

dominant group  in the majority of stations, representing more than 70% of the total 

peracarids and 61% of  the total macrofauna on average, except on stations 7 (Playa 

Azul) and 11 (Tarifa) where isopods and caprellids were respectively the dominant 

groups. The most common species collected during the present study were the caprellid 

Caprella penantis, the gammarids Hyale schmidtii, Hyale stebbingi, Jassa cf. falcata, 

Parajassa pelagica, and Stenothoe monoculoides, the isopod Ischyromene lacazei and 

the tanaid Tanais dulongii. Gammarids did not show any particular preference for either 

Atlantic or Mediterranean, being equally distributed along the whole Peninsula, whereas 

caprellids and tanaidaceans presented their highest populations in the stations of the 

Strait of Gibraltar, and isopods were more abundant in Atlantic stations (Fig. 4). 

 In connection with the descriptive parameters, the number of species per station 

ranged from 15 (station 9) to 38 (station 8) (Fig. 5). The highest abundances were 

measured in the Atlantic stations 2, 6 and 8. Anyway, no significant differences of 

species richness, abundance and Shannon diversity were found between Mediterranean 

and Atlantic. Only the Pielou index was significantly higher in the Mediterranean 

(F=5.3, p<0.05). The Whittaker index, measured between contiguous stations, showed 

higher values around the Strait of Gibraltar, indicating that the highest replacement of 

species corresponded to this area (Fig. 6) 

 When examining the cluster based on Bray-Curtis similarity, two main groups 

can be differentiated. One group included stations 1-8 (Atlantic) and the other one 

clustered stations 9-19 (Mediterranean and Strait of Gibraltar together) (Fig. 7). Figure 

8 and table 2 show the results of the Canonical Correspondence Analysis (CCA). First 

axis, which absorbed 17.9% of total variance, was significantly correlated with 

temperature, conductivity, turbidity and oxygen, whereas the second axis mainly 

correlated with the algal cover. Species such as the gammarids Ampelisca unidentata, 

Elasmopus vachoni, Ampithoe riedli, Jassa ocia or Elasmopus rapax, isopods such 

Gnathia sp, or tanaids such as Synapseudes shinoi were associated with stations 

characterised by higher temperature and conductivity. Caprella penantis, Idotea species, 
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Gammaropsis maculata, Gammarellus homari, Hyale pontica among others were found 

in oxygenate waters with high levels of turbidity. The highest correlation in the BIO-

ENV was measured for conductivity (r=0.55, p<0.05) as unique variable, which was the 

best to explain peracarid distribution. All the remaining combinations of variables 

showed lower correlation values. 

 The classification of species in geographical distribution groups (Fig. 9, Table 1) 

shows that most species have an Atlantic- Mediterranean distribution (60%). Only the 

gammarids Gammarellus homari and Peltocoxa damnoniensis, and the isopod Idotea 

granulosa are restricted to the Atlantic. In connection with the endemic species, only 

the species Ampithoe riedli, Jassa cadetta, Lembos spiniventris, Stenothoe dollfusi, 

Cumella limicola, and Dynamene torelliae were Mediterranean endemisms.  

 

 

Discussion 

 

The peracarid crustaceans constitute the dominant group of epiphytic macrofauna in the 

intertidal region (Guerra-García et al. in press) and are useful as bioindicators (e.g. 

Conradi et al. 1997; Sánchez-Moyano and García-Gómez 1998; Guerra-García and 

García-Gómez 2001; Ohji et al. 2002; Dauvin and Ruellet 2007). On the other hand, C. 

elongata is one of the most important algae in the intertidal ecosystems (Pérez-Cicera 

and Maldonado 1982; Guerra-García et al. 2006). Consequently, the study of the 

peracarids associated to C. elongata in the Iberian Peninsula is especially relevant.  

 The most relevant aspect of this study lies on the faunistic contribution: seventy 

eight species of peracarids have been identified during the present study, most of them 

widely distributed along the Atlantic and Mediterranean, and patterns of abundance 

along the whole Iberian Peninsula are also included (see Table 1). The percentages of 

Mediterranean endemics were very low (9%). These results agree with Guerra-García et 

al. (2009b) which studied the peracarids associated to C. elongata in the Strait of 

Gibraltar and found 40 species in the 25 selected stations. In the present study we found 

42 species in the 3 stations located in the Strait of Gibraltar (see stations 10, 11 y 12 in 

Fig. 1) with similar biogeographical distribution. The percentage of Mediterranean 

endemics is very low (3-5% for the Strait and 9% if we consider the whole Iberian 

Peninsula) when compared to other studies (see Bellan-Santini and Ruffo 1998; Conradi 

and López-González 1999; Guerra-García and Takeuchi 2002). The low number of 
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Mediterranean endemics found for peracarids associated to C. elongata (see also 

Guerra-García et al. 2009b) contrast with the 37% of endemic amphipods reported by 

Bellan-Santini and Ruffo (1998), even higher than the 26.6%  calculated by Fredj et al. 

(1992) for all the Mediterranean fauna as a whole. Conradi and López-González (1999) 

also reported a high endemic benthic Gammaridea fauna (18.3% endemics) from 

Algeciras Bay (Iberian side of the Strait of Gibraltar). Guerra-García et al. (2009b) 

explained this low endemicity on the basis of the distribution of C. elongata, which is 

an unspecific substrate widely distributed along the Atlantic and Mediterranean 

intertidal ecosystems. The peracarid fauna associated to this alga seems to have a low 

endemic component but a high percentage of lessepsian species (group IV) due to 

colonization in progress by Indo-Pacific elements via the Suez Canal (Por 1971).  

 Multivariate analyses based on peracarid abundance clearly showed two groups 

of stations (Mediterranean versus Atlantic) with stations of the Strait of Gibraltar 

clustered together with Mediterranean stations. This pattern was also obtained for the 

caprellid community associated to the seaweed Stypocaulon scoparium (see Guerra-

García et al. 2009d) so the present study also reflects that the fauna of the Strait of 

Gibraltar seems to be more similar to the Mediterranean than to the Atlantic. In any 

case, along the Iberian Peninsula, the Strait is the area with higher rates of species 

replacement or turnover, as measured by the Whittaker index in the present study. 

 Among the physicochemical parameters, hydrodinamism and sedimentation rate 

are reported in literature as two of the most relevant factors to structure marine 

communities (Moore 1972; Dodds 1991, Gibbons 1998), together with temperature, 

conductivity, availability of food, predation and habitat structure (Duffy and Hay 2000; 

Dauby et al. 2001). In the present study, according to the CCA and BIO-ENV, 

conductivity was the variable which better explained peracarid distribution along the 

Iberian Peninsula. Mediterranean is characterised by higher conductivity and 

temperature and lower values of dissolved oxygen and turbidity. Tanaids showed 

preferences for Mediterranean stations while isopods were more abundant in Atlantic 

stations. Amphipods did not show a clear general pattern as a group, since different 

species showed distinct distribution pattern. The unusual conditions measured in station 

6 (low conductivity and oxygen and high turbidity) could be related to rivers influence 

discharging fresh water. These conditions seem to be excellent for some species, such as 

Parajassa pelagica. On the other hand, species of the genus Hyale were the most 
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abundant in the present study. In fact, the genus Hyale is well adapted to life among 

algae of the higher littoral levels (Tararam et al., 1986; Baldinger and Gable, 1995).  

 In the present study, although there were no significant differences in the 

number of species and Shannon diversity between Atlantic and Mediterranean stations, 

some species are substituted by others along the Atlantic-Mediterranean axis. Most of 

the substitution events affect species of the same genera, probably related to sympatric 

speciation. Some examples are the substitution of the species Jassa falcata (Atlantic) by 

J. cadetta (Mediterranean), Apherusa jurinei (Atlantic) by A. mediterranea 

(Mediterranean), Ampithoe helleri (Atlantic) by A. riedli (Mediterranean) or Stenothoe 

monoculoides (Atlantic) by S. tergestina (Mediterranean). Nevertheless, there are other 

factors that could also affect, such as competition or facilitation among species. For 

example, Viejo and Arrontes (1992) showed that the feeding activity of the isopod 

Dynamene bidentata was beneficial for the amphipod Hyale nilsonii, by providing 

suitable feeding surface on Fucus vesiculosus. A similar interaction seems to occur also 

in Tarifa Island between H. perieri, D. bidentata and the alga F. spiralis (Guerra-García 

et al. unpublished data). On the other hand, the higher Pielou index measured in the 

Mediterranean is probably due to high abundance values of some species in Atlantic 

stations such as Caprella penantis, Jassa falcata and Parajassa pelagica. 

 During the last decade, changes in the species distribution in marine ecosystems 

due to the climatic change are increasing (Francour et al. 1994; Walther et al. 2002, 

Macdonald et al. 2005; Harley et al. 2006; Barber et al. 2008). Further studies are 

necessary to explore if observed patterns of the peracarid species are strictly 

consequence of natural factors or are already affected by the climatic change.  

 

 

Acknowledgements. Financial support of this work was provided by the Ministerio de 

Educación y Ciencia (Project CGL2007-60044/BOS) co-financed by FEDER funds, 

and by the Consejería de Innovación, Ciencia y Empresa, Junta de Andalucía (Project 

P07-RNM-02524). Special thanks to J. Corzo, M.P. Cabezas and E. Baeza-Rojano for 

their collaboration during the sampling programme and to J.E. Sánchez-Moyano for his 

assistance in species identification. 

 

 

 

 



 

 10 

References 

 

Abbott IA (1999) Marine red algae of the Hawaiian Islands. Bishop Museum Press. pp. 

xv + 477pp 

 

Andrew NL, Mapstone BD (1987). Sampling and the description of spatial pattern in 

marine ecology. Ann. Rev Oceanogr Mar Biol 25: 39–90 

 

Araujo R, Bárbara I, Tibaldo M, Berecibar E, Tapia PD, Pereira R, Santos R, Pinto IS 

(2009). Checklist of benthic marine algae and cyanobacteria of northern Portugal. 

Bot Mar 52: 24-46 

 

Babbini L, Bressan G (1997). Recensement de Corallinacées de la Mer Méditerranée et 

considérations phytogéographiques. Bibliot Phycol 103: 1-421 

 

Baldinger AJ, Gable MF (1995) The occurrence of amphipods and other peracarid 

crustaceans in the rocky littoral zone of Bermuda. Polskie Arch Hydrobiol 42: 

431-439 

 

Ballesteros E (1988) Composición y estructura de la comunidad infralitoral de 

Corallina elongata Ellis y Solander, 1786, de la Costa Brava (Mediterráneo 

occidental). Inv Pesq 52 (1): 135-151 

 

Ballesteros E, Pérez M, Zabala M (1984) Aproximación al conocimiento de las 

comunidades algales de la zona infralitoral superior de la costa catalana. Collect 

Bot 15: 69-100 

 

Bárbara I, Cremades J (1996). Seaweeds of the Ría de A Coruña (NW Iberian 

Peninsula, Spain). Bot Mar 39: 371-388 

 

Barber DG, Lukovich JV, Keogak J, Baryluk S, Fortier L, Henry GHR (2008) The 

changing climate of the Arctic. Arctic 61 (Suppl 1):7–26 

 

Bellan-Santini D, Ruffo S (1998) Faunistics and zoogeography. In: Ruffo S (ed) The 

Amphipoda of the Mediterranean. Meémoires d l’Institut Oceéanographique, 

Monaco 13, pp 895–911 

 

Bertness MD, Crain CM, Silliman BR, Bazterrica MC, Reyna MV, Hidalgo F, Farina 

JK (2006) The community structure of western Atlantic Patagonian rocky shores. 

Ecol Monogr 76:439–460 

 

Bitar GA (1984) Contribution to qualitative and quantitative studies of the 

macrozoobenthos from a community of Corallina mediterranea (Areschoug) 

established on the Moroccan Atlantic coast (Temara area). Actes de l'Institut 

Agronomique et Veterinaire Hassan 2. Revue Scientifique et Technique 

Multidisciplinaire. v. 4(1) pp. 181-190 

 

Bussell JA, Lucas IAN, Seed R (2007) Patterns in the invertebrate assemblage 

associated with Corallina officinalis in tide pools. J Mar Biol Assoc UK 87: 383–

388 



 

 11 

 

Castellanos C, Hernández-Vega S, Junoy J (2003) Isópodos marinos (Crustacea: 

Isopoda) de las islas Chafarinas (Mediterráneo occidental) Bol Inst Esp Oceanog 

19 (1-4) 219-233 

 

Castelló J, Carballo JL (2001) Isopod fauna, excluding Epicaridea, from the Strait of 

Gibraltar and nearby areas (Southern Iberian Peninsula). Sci Mar 65: 221–241 

 

Chavanich S, Wilson K (2000) Rocky intertidal zonation of Gammaridean Amphipods 

in Long island sound, Connecticut. Crustaceana 73: 835-846 

 

Chiesa IL,  Alonso GM, Zelaya DG (2005) Species richness and faunistic affinities of 

the Gammaridea and Corophiidea (Amphipoda) from shallow waters of southern 

Tierra del Fuego, Argentina: preliminary results. Sci Mar 69 (Suppl. 2): 167-174 

 

Clarke KR, Gorley RN (2001) Primer (Plymouth Routines in Multivariate Ecological 

Research) v5: User Manual /Tutorial. PRIMER-E Ltd., Plymouth. 

 

Conde F, Flores-Moya A, Soto J, Altamirano M, Sánchez A (1996) Check-list of 

Andalusia (S. Spain) seaweeds. III. Rhodophyceae. Acta Bot Malacitana 21: 7-33 

 

Conradi M, López-González PJ (1999) The benthic Gammaridea (Crustacea, 

Amphipoda) fauna of Algeciras Bay (Strait of Gibraltar): distributional ecology 

and some biogeographical considerations. Helgol Mar Res 53: 2–8 

 

Conradi M, López-González JC (2001) Relationships between environmental variables 

and the abundance of peracarid fauna in Algeciras Bay (Southern Iberian 

Peninsula). Cien Mar 27: 481-500 

 

Conradi M, López-González PJ, García-Gómez JC (1997) The amphipod community as 

a bioindicator in Algeciras Bay (Southern Iberian Peninsula) based on a spatio-

temporal distribution. PSZNI Mar Ecol 18 (2): 97–111 

 

Cruz S, Gamito S, Marques JC (2003) Spatial distribution of peracarids in the intertidal 

zone of the Ria Formosa (Portugal). Crustaceana 76 (4): 411-431 

 

Daleo P, Escapa M., Alberti J, Iribarne O (2006) Negative effects of an autogenic 

ecosystem engineer: interactions between coralline turf and an ephemeral green 

alga. Mar Ecol Prog Ser 315: 67–73 

 

Dauby P, Scailteur Y, De Broyer C (2001) Trophic diversity within the eastern Weddell 

Sea amphipod community. Hydrobiology 443:69–86 

 

Dauvin JC, Ruellet T (2007) Polychaete/amphipod ratio revisited. Mar Pollut Bull 55: 

215–224 

 

De Broyer C, Jazdzerski K, Dauby P (2003) Biodiversity patterns in the Southern 

Ocean: lessons from Crustacea, 8th SCAR International Biology Symposium 201-

214 

 



 

 12 

Dodds WK (1991) Community interactions between the filamentous alga Cladophora 

glomerata (L.) Kuetzing, its epiphytes, and epiphyte grazers. Oecologia 85: 572–

580 

 

Dommasnes A (1969) On the fauna of Corallina officinalis L. in Western Norway. 

Sarsia 38: 71-86. 

 

 Duffy JE., Hay M.E. (1991) Food and shelter as determinants of food choice by a 

herbivorous marine amphipod. Ecology 72: 1286-1298 

 

Edgar GJ, Robertson AI (1992) The influence of seagrass structure on the distribution 

and abundance of mobile epifauna: pattern and process in a Western Australia 

Amphibolis bed. J Exp Mar Biol Ecol 160: 13-31 

 

Fernández JA, Niell FX (1987) Estudios estructurales del horizonte de Corallina 

elongata Ellis y Sol. en el sistema intermareal de Punta Carnero (Algeciras, 

Cádiz). Cuad Marisq 11:411 

 

Flores-Moya A, Vera-Gonzalez JJ, Conde F (1989). Contribución a la corología de las 

macroalgas marinas bentónicas del litoral Malagueño. I Acta Bot Malacitana 14: 

199-201 

 

Francour P, Boudouresque CF, Harmelin JG, Harmelin-Vivien ML, Quignard JP (1994) 

Are the Mediterranean waters becoming warmer? Information from biological 

indicators. Mar Pollut Bull 28 : 523–526 

 

Fredj G, Bellan-Santini D, Meinardi M. (1992) État des connaissances sur la faune 

marine méditerranéenne. Bulletin de l’Institut Oce´anographique, Monaco 9: 133–

145. 

 

Gibbons MJ (1988) The impact of sediment accumulations, relative habitat complexity 

and elevation on rocky shore meiofauna. J Exp Mar Biol Ecol 122: 225–241 

 

Gudmundsson G, von Schmalensee M, Svavarsson J (2000) Are foraminifers (Protozoa) 

important food for small isopods (Crustacea) in the deep-sea? Deep sea Res I 47: 

2093–210 

 

Guerra-García JM, García-Gómez JC (2001) The Spatial Distribution of Caprellidea 

(Crustacea: Amphipoda): A Stress Bioindicator in Ceuta (Nort Africa, Gibraltar 

Area). PSZNI Mar Ecol 22: 357-367 

 

Guerra-García JM, Takeuchi I (2002) The Caprellidea (Crustacea: Amphipoda) from 

Ceuta, North Africa, with the description of three species of Caprella, a key to the 

species of Caprella, and biogeographical discussion. J Nat Hist 36: 675-713 

 

Guerra-García JM, García-Gómez JC (2004) Crustacean assemblages and sediment 

pollution in an exceptional case study: a harbour with two opposing entrances. 

Crustaceana 77: 353-370. 

 



 

 13 

Guerra-García JM, Tierno de Figueroa JM (2009) What do Caprellids (Crustacea: 

Amphipoda) feed on?  Mar Biol 156 (9): 1881-1890 

 

Guerra-García JM, Maestre MJ, González AR, García-Gómez JC (2006) Assessing a 

quick monitoring method using rocky intertidal communities as a bioindicador: a 

multivariate approach in Algeciras Bay. Environ Monitor Assessm 116: 345-361 

 

Guerra-García JM, Baeza-Rojano E, Cabezas MP, Díaz-Pavón JJ, Pacios I, García-

Gómez JC (2009a) The amphipods Caprella penantis and Hyale schmidtii as 

biomonitors of trace metal contamination in intertidal ecosystems of Algeciras 

Bay, Southern Spain. Mar Pollut Bull 58: 765-786 

 

Guerra-García JM, Cabezas P, Baeza-Rojano E, Espinosa F, García-Gómez JC (2009b) 

Is the north side of the Strait of Gibraltar more diverse than the south side? A case 

study using the intertidal peracarids (Crustacea: Malacostraca) associated to the 

seaweed Corallina elongata. J Mar Biol Assoc UK 89: 387-397 

 

Guerra-García JM, Ros M, Sánchez JA (2009c) Isopods, tanaids and cumaceans 

(Crustacea, Peracarida) associated to the seaweed Stypocaulon scoparium in the 

Iberian Peninsula. Zoologica Baetica 20: 35-48 

 

Guerra-García JM, Sánchez JA, Ros M (2009d) Distributional and ecological patterns 

of caprellids (Crustacea: Amphipoda) associated with the seaweed Stypocaulon 

scoparium in the Iberian Peninsula. Mar Biod Rec 2:1-8 

 

Guerra-García JM, Sánchez JA, Ros M, Baeza-Rojano E, Cabezas MP, Corzo J.(In 

press) Macrofauna asociada al alga Stypocaulon scoparium en el Estrecho de 

Gibraltar y comparación con el resto de la Península Ibérica. Almoraima 

 

Guiry MD (1977). Notes on Irish marine algae 1. New records from the westWaterford 

coast. Irish Naturalists' Journal 19: 80-85 

 

Harley CDG, Hughes AR, Hultgren KM, Miner BG, Sorte CJB, Thornber CS, 

Rodriguez LF, Tomanek L, Williams SL (2006) The impacts of climate change in 

coastal marine systems. Ecol Lett 9:228–241 

 

Hersteinsson P, McDonald DW (1992) Interspecific competition and the geographical 

distribution of red and artic foxes (Vulpes vulpes and Alopex lagopus). Oikos 64: 

505-515 

 

Jones CG, Lawton JH, Shachak M (1994) Organisms as ecosystem engineers. Oikos 

69:373–386 

 

Kaestner A (1980). Invertebrate zoology, Robert E. Krieger Publishing Co 3: 1-523 

 

Kelaher BP (2002). Influence of physical characteristics of coralline turf on associated 

macrofaunal assemblages. Mar Ecol Prog Ser 232:141–148 

 



 

 14 

Kelaher BP, Castilla JC (2002) Habitat characteristics influence macrofaunal 

communities in coralline turf more than mesoscale coastal upwelling on the coast 

of Northern Chile. Est Coast Shelf Sce 63(1-2): 155-165   

 

Kelaher BP, Chapman MG, Underwood AJ (2001) Spatial patterns of diverse 

macrofaunal assemblages in coralline turf and their associations with 

environmental variables. J Mar Biol Assoc UK 81: 917–930 

 

Kelaher BP, Underwood AJ, Chapman MG (2003) Experimental transplantations of 

coralline algal turf to demonstrate causes of differences in macrofauna at different 

tidal heights. J Exp Mar Biol Ecol 282:23–41 

 

Krapp RH, Berge J, Flores H, Gulliksen B., Werner I (2008) Sympagic occurrence of 

eusirid and lysianassoid amphipods under Antarctic pack ice. Deep Sea Res II 55: 

1015–1023 

 

Lee Y (2008) Marine algae of Jeju. Seoul: Academy Publication pp. [i]-xvi, 1-177. 

 

Liuzzi MG, López-Gappa J (2008) Macrofaunal assemblages associated with coralline 

turf: species turnover and changes in structure at different spatial scales. Mar Ecol 

Prog Ser 363: 147–156 

 

López de la Cuadra CM, García-Gómez JC (1994) Zoogeographical study of the 

Cheilostomatida from the Straits of Gibraltar. Biology and Paleobiology of 

bryozoans. Denmark, Olsen and Olsen. 

 

Macdonald RW, Harner T, Fyfe J (2005) Recent climate change in the Arctic and its 

impact on contaminant pathways and interpretation of temporal trend data. Sci 

Total Environ 342: 5–86 

 

McCune B, Mefford MJ (1997) PC-ORD. Multivariate Analysis of Ecological Data. 

MJM Software Design, 77 pp 

 

Moore PG (1972) Particulate matter in the sublittoral zone of an exposed coast and its 

ecological significance with special reference to the fauna inhabiting kelp 

holdfasts. J Exp Mar Biol Ecol 10: 59–80 

 

Myers AA, Lowry JK (2009) The biogeography of Indo-West Pacific tropical 

amphipods with particular reference to Australia Zootaxa 2260: 109-127 

 

Neto AI (1994). Checklist of the benthic marine macroalgae of the Azores. 

Arquipélago. Ciências Biológicas e Marinhas 12: 15-34 

 

Ohji M, Takeuchi I, Takahashi S, Tanabe S, Miyazaki N (2002) Differences in the acute 

toxicities of tributylin between the Caprellidea and the Gammaridea (Crustacea: 

Amphipoda). Mar Pollut Bull 44: 16-24 

 

Pereira SG, Lima FP, Queiroz NC, Ribeiro PA, Santos AM (2006) Biogeographic 

patterns of intertidal macroinvertebrates and their association with macroalgae 

distribution along the Portuguese coast. Hydrobiologia 555: 185–192  



 

 15 

 

Pérez-Cirera JL., Maldonado JL (1982) Principales tipos de vegetación bentónica y su 

zonación en el litoral comprendido entre las rías de Camariñas y de Corme y Lage 

(Costa de Camelle, La Coruña). Collectanea Botanica 13(2): 893-910 

 

Repasky RR (1991) Temperature and the northern distribution of wintering birds 

Ecology 72: 2274-2285 

 

Riisgard HU, Schotge P (2007) Surface deposit feeding versus filter feeding in the 

amphipod Corophium volutator. Mar Biol Res 3: 421–427  

 

Sánchez-Moyano JE, García-Gómez JC (1998) The arthropod community, especially 

crustacean, as a bioindicator in Algeciras Bay (Southern Spain) based on a spatial 

distribution. J Coast Res 14: 1119-1133 

 

Tararam AS, Wakabara Y, Leite PP (1986) Vertical distribution of amphipods living on 

algae of brazilian intertidal rocky shores. Crustaceana 51: 183-187 

 

Thiel M (2002) The zoogeography of algae-associated peracarids along the Pacific coast 

of Chile. J Biog 29: 999-1008 

 

Underwood AJ, Chapman MG, Connell SD (2000). Observations in ecology: you can’t 

make progress on processes without understanding the patterns. J Exp Mar Biol 

Ecol 250: 97–115 

 

Viejo RM, Arrontes J (1992) Interactions between mesograzers inhabiting Fucus 

vesiculosus in northern Spain. J Exp Mar Biol Ecol 162: 97-111 

 

Walther GR, Post E, Convey P, Menzel A, Parmesan C, Beebee TJ, Fromentin JM, 

Hoegh-Guldberg O., Bairlein F (2002) Ecological responses to recent climate 

change. Nature 416: 389–395 

 

Wardell-Johnson G, Roberts JD (1993) Biogeographic barriers in a subdued landscape: 

the distribution of the Geocrina rosea (Anura: Myobatrachidae) complex in south-

western Australia. J Biogeog 20: 95-108 

 

Winfield I, Escobar-Briones E, Morrone JJ (2006) Updated checklist and identification 

of areas of endemism of benthic amphipods (Caprellidea and Gammaridea) from 

offshore habitats in the SW Gulf of Mexico. Sci Mar 70 1: 99-108 

 

Whittaker RH (1972) Evolution and meaurement of species diversity. Taxon 21: 213-

251 

 

 

 

 

 

 

 

 



 

 16 

Figure legends 

 

Figure 1. Study area showing the sampling station. Ogella (1), Oyambre (2), Cetarea 

(3), Baleo (4), Cabo Silleiro (5), Labruge (6), Playa Azul (7), Vale dos Homens (8), 

Castelo (9), Bolonia (10), Isla de Tarifa (11), Torreguadiaro (12), Cerro Gordo-

Herradura (13), Cabo de Gata (14), Cala del tío Ximo (15), Benicassim-Oropesa (16), 

Torrent del Pi (17), Cala de Sant Françesc (18), L’Estartit (19). 

 

Figure 2. Abiotic variables measured in each station (Mean ± SD). 

 

Figure 3. Cover percentage and biomass of C. elongata (Mean ± SD) in each station. 

 

Figure 4. Abundance patterns of the peracarids  associated with C. elongata.  

 

Figure 5. Descriptive parameters of the peracarid community measured in each station. 

Number of species is measured per station (considering the three replicates). 

Abundance, Shannon diversity and Pielou evenness are mean ± SD of the three 

replicates 

 

Figure 6. Whittaker index measured between pairs of contiguous stations. 

 

Figure 7. Cluster analysis based on the peracarid composition of each station. 

 

Figure 8. Graph representation of the stations and caprellid species with respect to the 

first two axes of the Canonical Correspondence Analysis (CCA). 

 

Figure 9. Percentage of species in the zoogeographical groups considered. I (Endemic 

Mediterranean), II (Atlantic and Mediterranean), III (Atlantic, absent in Mediterranean) 

IV (Atlantic, Mediterranean and Indo-Pacific) and V (Cosmopolitan). 

 

Table 2. Summary of the results of the CCA analysis. *p<0.05, **p<0.01, ***p<0.001. 

See also Fig. 8.  

 

   Axis 1 Axis 2 Axis 3 

Eigenvalue 0.63 0.41 0.29 

Percentage of species variance 17.9 11.5 8.1 

Correlation with environmental variables    

  Temperature (ºC) -0.71*** -0.66** 0.55* 

  pH - -  - 

  Oxygen (mg/l) -0.79***  -0.56**  - 

  Conductivity (mS/cm)  0.86*** -  0.6**  

  Turbidity (ntu) -0.70*** - - 

  C. elongata cover (%) - -0.87***  - 
 


