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Abstract 

Marine protected areas (MPAs) have been widely suggested as a tool for fisheries 

management, conservation goals and mitigation of other negative impacts of humans on 

the oceans. Within MPAs, sub-areas can be considered including Fully Protected Areas 

(FPA) and Partially Protected Areas (PPA), each one with different restrictions regarding 

anthropogenic activities. They can contribute to the increase of abundance and 

biodiversity of marine species and habitat improvement.  

This study aims to observe the abundance of the decapod crustacean Eualus cranchii at 

two different depths (surface and bottom) within fully- and partially- protected areas of 

the Arrábida Marine Park on the west coast of Portugal, in order to understand the effect 

of a protected area on the abundance of this species. Samples were collected every two 

weeks, from April to September 2013 at a fixed location in the FPA and PPA using 

Standard Monitoring Units for Recruitment of Fish (SMURFs), a tool that measures 

recruitment and settlement patterns in a repeatable way, helping to determine fish larval 

sources and sinks.  

A Three-Way ANOVA was performed to observe the existence of differences in 

abundance of E. cranchii as a function of protection type (FPA and PPA), depth (surface 

and bottom) and time (April, July and September). All level interactions were considered. 

The results showed that all three main factors were significant. Higher abundances are 

associated with FPA with about 77 % of the total number of individuals of E. cranchii 

present. With respect to depth 88 % of the individuals were found on the bottom. The 

highest larval abundance was recorded in July, representing 77 % of the total individuals 

analyzed in this study. Additionally, there was a significant interaction of time with 

protection level indicating that there were different trends along time in each area.  

Overall, MPAs can be viewed as a valuable tool to protect species abundance and 

diversity, yet they should not be considered as a final solution as other large-scale effects 

and subsequent community changes in coastal areas may also influence the abundance 

and distribution of marine species. 

 

Key Words: MPA, Arrábida Marine Park, Decapod crustaceans, Eualus cranchii, 

SMURFs 
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Resumo 

As áreas marinhas protegidas (AMP) têm sido fortemente sugeridas como ferramenta 

para gestão de pescas, conservação e atenuação de impactos negativos criados pelo 

Homem nos oceanos. Dentro delas, outras sub-áreas podem ser estabelecidas, as Áreas 

Totalmente Protegidas (ATP) e as Áreas Parcialmente Protegidas (APP), cada uma com 

diferentes restrições no que diz respeito a actividades antropogénicas. Estas áreas podem 

contribuir para o aumento de abundância e biodiversidade de espécies marinhas, e 

também melhorar os seus habitats.  

Este estudo focou-se na observação da abundância e distribuição de espécies de 

crustáceos decápodes, dando especial atenção à espécie Eualus cranchii, por ter sido a 

mais abundante. Esta foi analisada em duas profundidades diferentes (superfície e fundo), 

em ambas as áreas, totalmente e parcialmente protegidas, no Parque Marinho da Arrábida, 

na costa Oeste de Portugal continental, com o intuito de compreender o efeito de uma 

área marinha protegida na abundância desta espécie. A amostragem foi feita bi-

semanalmente de Abril a Setembro de 2013, num ponto fixo da ATP e APP do parque 

marinho, com Standard Monitoring Units for Recruitment of Fish (SMURFs), um método 

que mede os padrões de recrutamento de forma repetida e auxilia na determinação de 

fontes larvares de peixes.  

O teste de análise de variância foi usado para observar a existência de diferenças na 

abundância de E. cranchii, nas amostras recolhidas. Foram considerados três factores, o 

nível de protecção da área (ATP e APP), a profundidade (junto ao fundo e à superfície) e 

o tempo (Abril, Julho e Setembro). Para além dos factores principais foram consideradas 

todas as interações possíveis.  

Todos os factores principais considerados mostraram ser significativos. Verificou-se uma 

maior abundância na ATP, com cerca de 77 % de indivíduos amostrados, podendo esta 

diferença estar relacionada com o menor impacto das de actividades antropogénicas. No 

que diz respeito à profundidade, 88 % do total de E. cranchii amostrados encontraram-se 

junto ao fundo, o que pode dever-se ao facto desta espécie ser bentónica. Durante os 

meses de amostragem, o maior pico de abundância de E. cranchii foi registado em Julho, 

representado por 77 % do total de indivíduos. 
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Adicionalmente, verificou-se uma interação significativa entre o tempo e o nível de 

protecção no que respeita à abundância de E. cranchii sugerindo-se que a abundância 

desta espécie não apresentou a mesma tendência temporal em cada uma das áreas.  

Em suma, as AMP podem ser vistas como uma valiosa ferramenta mas ainda assim não 

devem ser consideradas como a única solução, uma vez que podem existir outros efeitos 

a grande escala e subsequentes mudanças em comunidades das áreas costeiras que podem 

influenciar a distribuição e abundância de espécies marinhas.  

 

Palavras-Chave: AMP, Parque Marinho da Arrábida, Crustáceos decápodes, Eualus 

cranchii, SMURFs. 
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1. Introduction 

Coastal Zones 

Coastal areas are highly impacted by human socioeconomic activities and human-induced 

changes that can threaten coastal ecosystems (Pernetta & Milliman 1995; R. K. Turner, 

S. Subak 1996) through pollution, overexploitation of living marine resources, habitat 

degradation and destruction and climate change (Harley et al. 2006; Halpern et al. 2008; 

Jackson 2008). Such changes impact many habitats, species and span over different 

trophic levels (Lubchenco et al. 2003; Browman & Stergiou 2004). Since marine reserves 

are believed to protect all species and habitats from potentially harmful human activities, 

they are considered a crucial tool for ecosystem-based management and may offer good 

prospects for the attenuation of some of the threats that affect coastal systems (Worm et 

al. 2006).  

Marine reserves are an important subdivision of Marine Protected Areas (MPAs) and they 

are defined as ‘areas of the ocean completely protected from all extractive and destructive 

activities, except activities necessary for monitoring or research (Lubchenco et al. 2003). 

Marine reserves can, in the long term, become control areas for the effects of fishing and 

other influences on populations and ecosystems (Pelletier et al. 2008). 

 

Marine Protected Areas (MPAs) 

MPAs have been frequently mentioned as a beneficial tool for a multiplicity of fisheries 

management problems connected with the maintenance of exploited stocks, improvement 

of fisheries yields, conservation of biodiversity and other societal goals (Costanza et al. 

1998; Murawski 2007; Roberts et al. 2001; Field et al. 2006; Gerber et al. 2003). MPAs 

often aim at protecting entire communities and ecosystems through the limitation or total 

exclusion of human activities (Fraschetti et al. 2011). Different MPAs differ in their 

regulations and their value for conservation varies substantially, based on the level of 

protection defined (Mora et al. 2006; Lester & Halpern 2008). 

The creation of an MPA can lead to improvements in the ecosystem such as the restoration 

of habitats and fish stocks (Horta & Costa et al. 2013). The level of stakeholder 
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participation in a MPA management is positively correlated with the biological gains 

obtained (Pollnac & Crawford 2000). 

Thus, the development of solutions to resolve socioeconomic concerns arising from the 

implementation of an MPA, should be a central priority, even if the benefits from the 

MPA occur in the long-term (Charles & Wilson 2008).  

 

MPAs and human activities 

It has become clear that humans have achieved crucial control and influence in terms of 

shaping marine assemblages, transforming the physical environment where organisms 

live and directly or indirectly impacting populations and assemblages (Botsford et al. 

1997; Vitousek et al. 1997). The past few decades have witnessed a growing awareness 

that fishes and invertebrates can not only be severely depleted, but also be threatened with 

extinction through overexploitation (e.g. Pauly et al. 1998). 

Furthermore, fisheries have an impact on non-target species and habitat, interfering with 

the food web structure and species interactions (Micheli et al. 2001), affecting the marine 

systems globally over historical times (Myers & Worm 2003; Pandolfi et al. 2003). Thus, 

human activities in the marine environment must be recognized as an important factor 

which directly influences species dynamics and indirectly triggers effects that change the 

structure of whole assemblages (Charles & Wilson 2008).  

Within MPAs, human activities are strongly regulated by the implementation of 

restrictions and these areas can serve as control sites to evaluate human impacts on 

populations and whole assemblages. Research studies comparing marine reserves with 

contiguous areas having no fishing (e.g. Halpern et al. 2008) or reduced fishing levels 

(e.g. Jennings & Polunin 1996) have demonstrated that controlling fisheries in general 

result in greater abundance, biomass, average body size and a higher diversity of coastal 

marine species. These effects vary with life histories and exploitation levels of the species. 

Follow up studies, after the implementation of MPAs, found that species targeted by 

fishermen reach larger sizes or occupy higher trophic levels near marine reserves 

(Mosquera et al. 2000; Micheli et al. 2004). 

Greater effects are expected when fishing pressure is high before protection (Micheli et 

al. 2004; Tetreault & Ambrose 2007; Lester et al. 2009), and the scale of those effects is 
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coupled to species composition, size, trophic level, mobility, habitat dependence and 

commercial value (Pelletier et al. 2008; Claudet et al. 2010).  

MPAs are, at the present time, one of the most promising tools to integrate conservation 

with fisheries management and are being implemented globally (Schmidt 1997), 

especially in coastal zones exposed to human pressure (Limousin 1995). In mainland 

Portugal, the Arrábida MPA (created by Decree-Law nº 6221/76) was one of the first 

marine protected areas and its main goals are to preserve coastal biodiversity and to 

provide a tool for fisheries management. Expected outcomes include: recovery of 

habitats, promotion of scientific research, encouragement of environmental awareness 

and education, promote nature oriented tourism and sustainable development, and 

promote economic and cultural regional activities such as the traditional longline fishery 

(Gonçalves et al. 2002).  

These goals may enhance commercial stocks and neighboring areas can benefit from 

adults’ migration (Goñi et al. 2008) or larvae spillover of a vast range of marine species 

(Pelc et al. 2010). 

 

Decapod crustacean larvae  

There is no group of living animals or plants that displays such a vast range of 

morphologic diversity as the Crustaceans (Martin & Davis 2001). It is estimated that, 

among Metazoa, the crustaceans are the fourth most diverse group. Amongst them, 

decapods have been subjected to innumerous studies due to the economic importance of 

many species (Martin & Davis 2001), and their importance as food for many fishery 

resources (dos Santos 1999).  

The majority of marine decapod species have a complex life history with a biphasic life 

cycle: a planktonic larval phase coupled with a benthic adult phase (e.g. Anger 2001). 

The pelagic larva may differ from the juvenile and adult in morphology and habits and is 

part of the meroplankton. During their planktonic life stage it can pass through many 

larval stages whose complexity varies among species, spending from hours to years in the 

pelagic environment before joining the parental population after settlement (Anger 2001). 

Decapod crustacean larvae can constitute up to 90 % of the total zooplankton (Anger 

2001; McConaugha 1992), underlining their protagonist role, not only as prey of 
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carnivorous species, but also as consumers of small size plankton (Anger 2001). The 

feeding behavior of decapod crustacean larvae largely depends on the species and larval 

stage. They can be detritivores, herbivores, carnivores and omnivores (Le Vay et al. 

2001), however phytoplankton is considered one of the most important sources of food 

for these larvae (Anger 2001), especially in the earlier larval stages (Emmerson 1984). In 

addition, polychaetes, mollusk larvae, cladocerans, copepods and echinoderms larvae 

serve as potential food sources for decapods (Anger 2001).  

Descriptions of decapod larval communities are still rare for most places around the world 

(Brandao et al. 2013; Landeira et al. 2012). Nearshore communities, in estuarine or 

coastal waters, which represent more accessible ecosystems and hence can be monitored 

with less cost, are usually characterized with a focus on the spatial and temporal 

distribution of decapod larvae (Torres et al. 2014). There has been widespread interest in 

explaining variations in larval supply rates, especially in productive shelf areas (e.g. 

Queiroga et al. 2007). Larvae from decapod species associated with the continental shelf 

and slope tend to have a wide spatial offshore distribution, while those from coastal and 

nearshore areas are usually found much closer to the coast (e.g. Dos Santos et al. 2008; 

Miller & Morgan 2013).  

The planktonic larval phase represents the most important period within the species life 

cycle, because mobile larvae can be transported from several meters to hundreds of 

kilometers, genetically connecting distant regions (Domingues et al. 2010). The extent of 

vertical larval distribution and migration changes during larval ontogeny (e.g. Zeldis & 

Jillett 1982; Shanks 1986, 1995) and is relevant to determine retention over the shelf and 

eventual recruitment (e.g. Shanks & Brink 2005). After the planktonic phase, the larvae 

have to return to the appropriate habitat for settlement (Abelló & Guerao 1999; Shanks 

1998). 

 

Recruitment  

Recruitment can be defined as the reposition of the adult population with the input of new 

individuals, as a result of the reproduction and growth processes (Queiroga et al. 2007). 

Although recruitment is not completely understood, it is known that the transition of an 

individual decapod to the sea floor during settlement is generally irreversible, meaning 
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that the ‘decision’ of where and when to settle is crucial and larvae are known to use a 

range of environmental cues that help them to choose a suitable place to settle (Crisp 

1974). These impulses can be of a chemical nature (such as certain compounds released 

by conspecifics or a favored food source) or physical stimuli (including the sound of 

waves, light intensity or substratum roughness) (Crisp 1974; Koehl & Hadfield 2010). 

A second feature, typical for marine larvae, is that they tend to develop through a 

precompetent period, during which they often feed and grow but are thought to be 

incapable of settling and complete metamorphosis, after which the attain competence to 

settle under appropriate conditions (Hadfield et al. 2001; Jackson & Strathmann 1981). 

Although the precompetent period tends not to be clearly defined, it is assumed that the 

selective advantage of the precompetent period is to ensure that the individual is 

sufficiently well developed to survive and prosper on the sea floor (Jackson & Strathmann 

1981). Larval recruitment is influenced by larval transport to suitable habitats by 0cean 

currents, which can be facilitated by winds and internal waves (Shanks 1985). 

Recruitment success depends on the number of larvae and juveniles that survive the 

planktonic phase (McConaugha 1992; Sandifer 1975) and are transported to the 

settlement sites (Caddy 1986).  

Decapod crustaceans are a suitable group for studying the interaction of recruitment 

processes, habitat selection and post-larval mortality, due to their mobility, complex life 

cycles and population dynamics (Squires 1990). Because of their abundance and high 

taxonomic and trophic diversity, they play a major ecological role in the dynamics of 

coastal benthic ecosystems (e.g. Ingle & Clark 2008).  

The knowledge and taxonomic identification of the larval development stages of a species 

are important requirements to study larval ecology, behavior, dispersion and recruitment 

(Anger 2006).  

 

Aim of the study 

This study is the first of its kind, as it aims to compare the abundance and distribution of 

a decapod crustacean species in the MPA of the Arrábida Marine Park on the west coast 

of Portugal, among two differently protected areas, the Fully Protected Area (FPA) and 

the Partially Protected Area (PPA). The individuals of the species of Eualus cranchii 
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where chosen as a model. Sampling took place in the months of April, July and September 

of 2013, at the two sites (FPA and PPA) and at two different depths, in order to understand 

the effects of the Marine Protected Area in both temporal and spatial distribution patterns 

of this species. 

The main issues to investigate were: 

(1) Whether the abundance of E. cranchii increases within the Fully Protected Area, 

where anthropogenic activities are prohibited; 

(2) Whether the abundance of the species is related to other factors such as depth; 

(3) How E. cranchii abundance varies throughout the sampling period in relation to each 

protected area and depth. 
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2. Materials & Methods 

Study site 

The Arrábida MPA (Portugal) was created by Decree-Law nº 622176 in 1998 but 

management measures were only published seven years later. It is considered an area of 

high marine biodiversity, including numerous commercially important species (Costa et 

al. 2013). The coast along Arrábida has been the stage of intense and varied human use 

for many decades (Carneiro 2011). The MPA has a wide scope of objectives concerning 

both conservation and fisheries management: to preserve biodiversity and recover 

overexploited resources; to recover habitats; to promote scientific research; to encourage 

environmental awareness and education; to support progressive adaptation of the general 

rules of effluent emission; to promote nature oriented tourism and sustainable 

development and to promote economic and cultural regional activities such as the 

traditional longline fishery (Gonçalves et al. 2002). Protected from the dominant northern 

winds, the coastline is characterized by high rocky cliffs alternated by sheltered bays 

(Ribeiro 2004). It is worth pointing out that this coast is located near the large 

metropolitan area of Lisbon which makes it highly susceptible to intense pressures from 

leisure and economic activities. Some of these human activities, including fisheries and 

tourism, are of high local importance, both socially and economically (Horta & Costa et 

al. 2013). 

The Arrábida MPA management plan imposes limits and restrictions to various activities, 

namely to the local small-scale fisheries which have a high socio-economic importance 

in the area (Batista et al. 2011). Dredging, trawling, discards, hand-collecting fishing and 

capture of any marine organism using scuba-diving gear are not allowed.  

The management plan was approved in August 2005 and multiple areas with different 

levels of protection have been designated (Fig. 1): a fully-protected area (FPA) totaling 4 

km2; four partially-protected areas (PPA) totaling 21 km2; and three buffer areas (BA) 

encompassing 28 km2. The FPA is a no-take, no-go area, except for research, monitoring 

and educational purposes. In the PPAs, artisanal fishing using traps and jigs is allowed 

but no extractive recreational activities (i.e. angling) are permitted (Horta & Costa et al. 

2013). 
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Sampling design and data collection 

Sampling was undertaken prior to this study as part of a larger campaign in the framework 

of the Matrix project (PTDC/MAR/115226/2009), with the objective of understanding 

connectivity patterns in temperate reef fish communities. 

The samples were taken during the months of April, July and September of 2013 in the 

Fully Protected Area (FPA) and Partially Protected Area (PPA) of the Arrábida Marine 

Park, Portugal (38º26'18.92''N, 9º02'12.11''W) (Fig. 2). At both sites four replicates of 

Standard Monitoring Units for Recruitment of Fish (SMURFs) were deployed below the 

surface, located about 20 m apart. 

 

Figure 1. Map of the Arrábida Marine Park with zonation implemented by the management plan. Zoning: BA 

– Buffer areas; PPA – Partially protected areas, FPA – Fully-protected area (divided in FPA1 and FPA2 due 

to the transitory phase of the management plan implementation) (Horta et al. 2013). 
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The SMURFs consisted of a cylindrically rolled green outer gardening fence filled with 

plastic snow to create substrate, designed according to Ammann (2004). The SMURFs 

were placed 100 m off-shore from the nearest rocky reef, each one attached along a 

vertical mooring line, one approximately 2-3 m below the surface and one on the seafloor 

at 14 m depth (with a tidal range of 3 m).  

SMURFs in the water column were collected every two weeks by scuba-divers using a 

Benthic Ichthyofaunal Net for Coral/Kelp environments (BINCKE) (Ammann 2004). For 

benthic SMURFs a glove oil anesthetic solution was sprayed into the artificial substrate 

and after this the SMURF was shaken above a collecting net (1 mm mesh size). Onboard, 

SMURFs were rinsed over the net to remove concealed animals before they were put back 

in the water. The samples were stored in 80% ethanol. 

Some samples were lost, at both sites and depths, due to sabotage or strong currents.  

 

Laboratorial procedures 

Decapods collected in the SMURFs were counted and identified to the infraorder level 

using a stereomicroscope LEICA S8AP0. After sorting, the decapod crustaceans were 

kept in 80 % ethanol. Since caridean shrimps were the most abundant animals in the 

samples, a second identification of the individuals to the lowest taxonomic level possible 

Figure 2. Map of Arrábida MPA with the location of the collected sites (Modified from: Maria Klein). 
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was made, according to the adequate taxonomical keys (Lagardère 1971; dos Santos & 

González-Gordillo 2004). Individuals that could not be identified due to damages (caused 

by the collecting method, smashing, etc.) were registered as non-identified (n.i.). 

 

Eualus cranchii (Leach, 1817 [in Leach, 1815-1875])  

Eualus cranchii was chosen as the study targeted species once it was found to be the most 

abundant species in the samples (Annex I).  

The individuals of this species are around 2.2 cm total length (Zariquiey-Álvarez 1968). 

The coloration varies, generally they are semi-transparent with red, yellow, orange or 

black chromatophores spread on the thoracic appendices and body. The ventral region of 

the carapace has a dark-red coloration and occasionally a dark-green color (Calado & 

Narciso 2002). 

Sexual maturity is reached when the length of the carapace reaches 3.3 mm (Zariquiey-

Álvarez 1968). Females are ovigerous from March to December (Zariquiey-Álvarez 

1968) and produce eggs of about 0.39 x 0.52 mm. The larval phase is constituted by nine 

zoea and one decapodid (Lebour 1936).  

E. cranchii can be found in the oriental region of the North Atlantic Ocean and in the 

Mediterranean basin (Lagardère 1975; Zariquiey-Álvarez 1968). The species is generally 

benthonic, being found under rocks, in holes or in between algae and seagrass beds. 

Individuals are usually present in the intertidal zone up to a depth of 40 m, however this 

species also can be found in depths of 130 m (Neves 1990). 

 

Data analysis  

Statistical analysis was done using Microsoft Excel 2013 and the software RStudio 

(Version 3.1.0.). Data were log transformed (logx+1) in order to homogenize the variance. 

Subsequently a Three-Way ANOVA with all possible interactions was performed and 

significance was considered for p-values < 0.01. For significant factors, the levels were 

compared using orthogonal contrast. 
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3. Results 

A total of 2651 individual were identified. Of these, 1565 were the juveniles or adults of 

Eualus cranchii, representing 59 % of the total individuals collected. Other species 

belonging to the infraorder Caridea (caridean shrimps) were collected as well as the 

infraorders Brachyura (crabs, n=205), Achelata (lobsters, n=137) and Anomura (hermit 

crabs, n=80). These groups represented respectively 25 %, 8 %, 5 % and 3 % of the 

collected samples. The total individuals of the infraorder Caridea, including E. cranchii, 

represented 84 % of the collected individuals (Fig. 3).  

 

 

The Three-Way ANOVA showed that all main factors were significant. The abundance 

of E. cranchii was significantly greater in July, relative to April and September (p < 

0.0001, Table 1). Figure 4 shows a significantly greater abundance in the month of July, 

with a total of 1204 individuals, followed by the month of September, where 232 

individuals were collected and finally, the month of April with a total of 129 individuals. 

The mean number of specimens in each month is indicated by red dots in the figure: April 

(mean=16.125), July (mean=150.5) and September (mean=29).  

 

Figure 3. Percentage of the collected individuals regarding their infraorder. (E. cranchii 

belongs to the infraorder Caridea, being representing 59 % of 84 % of Caridea). 
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Secondly, E. cranchii had a significantly higher abundance in the FPA relative to the PPA 

(p = 0.0004, Table 1). Figure 5 shows the abundance of E. cranchii in the FPA (n=1204) 

compared to the PPA (n=361).  

 

 

 

 Figure 4. Total abundance of E. cranchii collected in the fully- and partially- protected areas, 

per each month. 

Figure 5. Total abundance of E. cranchii collected in the fully (FPA) - and – partially 

(PPA) protected areas, among all months. 
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Regarding depth, E. cranchii showed a significantly greater abundance at the bottom, 

with a total of 1375 individuals, while at the surface only 190 individuals were collected 

(Fig. 6) (p < 0.0001, Table 1). 

 

 

The interaction of time and protection level was also significant (p = 0.002, Table 1). The 

FPA was characterized by a higher abundance of E. cranchii in the months of July 

(n=990) and September (n=181), while in April the PPA was the one who presented more 

individuals (n=96; Fig. 7). The lowest number of individuals was found in the FPA in 

April (n=33; Fig. 7). When relating the abundance of E. cranchii in each area to the month 

of sampling, April showed to have a significantly lower abundance in the FPA (n=33) 

than in the PPA (n=96), followed by July with the greatest abundance in the FPA (n=990) 

and PPA (n=214) and finally September with the greater abundance in the FPA (n=181) 

than in the PPA (n=51) (Fig. 7).  

 

 

Figure 6. Total abundance of E. cranchii collected at the surface and bottom, among all months. 
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The comparison between the protected areas relative to different depths showed that both 

areas where characterized by a significantly greater abundance of E. cranchii at the 

bottom. However, the FPA that had more individuals at this depth (n=1032) than in the 

PPA (n=343) (Fig. 8). The Three-Way ANOVA test revealed that there were no 

significant differences within the effect of the interaction between area and depth on the 

abundance of E. cranchii (p = 0.0368, Table 1). 

Figure 7. Total abundance of E. cranchii collected per each month, related with each fully- 

and partially- protected area. FPA (Fully Protected Area), PPA (Partially Protected Area). 
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The effect of the interactions between months and depth in the abundance of E. cranchii 

were not significant different (p = 0.4538, Table 1) and the same occurred with the 

interaction between month, area and depth (p = 0.2369, Table 1). 

 

Table 1. Effects of Months, Area and Depth on the abundance of E. cranchii. Values were compared by a 

Three-Way ANOVA test. 

 Eualus cranchii abundance 

df F P-value 

Months 2 42.76 <0.0001 

Area 1 24.02 0.0004 

Months*Area 2 10.02 0.0028 

Depth 1 118.21 <0.0001 

Months*Depth 2 0.84 0.4538 

Area*Depth 1 5.51 0.0368 

Months*Area*Depth 2 1.63 0.2369 

  

Figure 8. Total abundance of E. cranchii collected in the fully- and partially- protected areas, 

related with the two different depths (bottom and surface). FPA (Fully Protected Area), PPA 

(Partially Protected Area). 
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4. Discussion  

An important objective in marine ecology studies is the understanding of the population 

dynamics of organisms with complex life cycles such as decapods. This study represents 

the first known attempt to describe the distribution of a decapod crustacean, Eualus 

cranchii, in a Marine Protected Area, the Arrábida Marine Park. Since no study has been 

conducted on recruitment processes of this species, available studies, of well-studied 

crustacean species from other marine regions, were reviewed and comparisons were made 

about possible similarities or patterns in the effects of protection for this group of 

crustaceans.  

The highest larval abundance in this study was recorded in July, represented by 77 % of 

the total individuals sampled, followed by September and the lowest abundance was 

found in April. The results of this study showed significant differences in E. cranchii 

abundance throughout the three months sampled. Although, in São Torpes bay (Paula 

1987), Gulf of Marseille (Bourdillon-Casanova & d’Endoume 1960) and the Adriatic Sea 

(Kurian 1956), E. cranchii larvae are present throughout all the year. A study by dos 

Santos (1999) observed the presence of the larvae (nine zoeal stages and one decapodid) 

practically all-year, with higher peaks of abundance in March/April and June/July in the 

Portuguese coast. We can assume that E. cranchii juveniles collected in July may be the 

recruits of the larvae hatched in April that already completed their larval development, 

considering the long larval series in this species. Among carideans the larvae hatch as a 

shrimp-like zoea form that passes through a variable number of stages, nine in the 

particular case of E. cranchii, and gradually acquire the characteristics of the decapodid 

phase. The same happens with the transition from the decapodid to the juvenile.  

It is important to consider the temporal disparity between the start of the larval production 

and subsequent settlement and recruitment in decapod species, as observed in the crab 

Carcinus maenas (e.g. Marta-Almeida et al. 2006). The results of this study may have 

been inconsistent due to the possible inadequacy of the  SMURFs to estimate abundance 

(Amaral & Paula 2007). Although the collectors did not show a great species diversity, 

collector testing is only practical at times of high settlement intensity, since at other times 

results may be unreliable due to high variability in catch numbers (Phillips et al. 2001) 

have proven that artificial settlement substrates can strongly interfere with the natural 

substrate (Paula et al. 2006). Despite all limitations, we assume that possible bias will 
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only affect the estimation of absolute abundance and we consider that differences in 

abundance obtained with the same collectors represent real variations with respect to the 

tested factors. In other words, the trends are considered valid and independent of 

SMURFs introduced bias. 

Since there are no before-after control impact (BACI) data about this species for the 

Arrábida Marine Park, it is interesting to compare the abundance of this species within 

both fully- and partially- protected areas, in order to investigate the possible effects of the 

different protection regimes on the abundance of E. cranchii. Halpern (2013) showed that, 

on average, the abundance of invertebrates in a FPA was nearly the triple when compared 

to the values in the unprotected areas. However, it is important to remember that these 

values vary considerably and cannot be used to predict how a specific marine reserve will 

affect particular organisms and communities. A further study within an MPA, in the 

southern UK, revealed that the abundance of the European lobster within the FPA 

increased by 127% showing levels five times higher than near and far control areas. This 

fact is relevant, since higher larval abundance increases recruitment and consequently the 

adult stock (Moland et al. 2013). 

Although in both cases the FPA had significant positive effects on decapods, these results 

cannot be generalized and used to predict possible outcomes in other reserves as 

additional factors such as habitat type, larval ecology and size and age of the MPA may 

affect the success of FPAs (Claudet et al. 2008). On the contrary, a review by Planes et 

al. (2000) about the Mediterranean littoral fish and several lobster species from other 

marine regions, concluded that recruitment success inside MPAs is likely to be negatively 

affected by the MPA status because predators are more abundant and will reduce the 

survival of recruits. It is concluded that whether recruitment in MPAs would be favored 

or not will depend on: self-recruitment of the protected population, level of increase of 

larval supply within the MPA, and extent of nursery habitats inside the MPA.  

Regarding the two depth levels considered, 88 % of the total E. cranchii species settled 

at the bottom. These results may be a consequence of the ecology of E. cranchii, a 

benthonic species usually living under rocks, in holes and between seagrass beds 

(D’Udekem d'Acoz 1999). The findings can also be related with the daily vertical 

migrations performed by the larvae. Several studies revealed that decapod larvae tend to 

perform diel vertical migrations, ascending to the surface after sunset and returning to the 

bottom at sunrise (e.g. Dos Santos et al. 2008). In this study sampling was always done 
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during the day, thus the obtained results are in accordance with the referred migration 

pattern. Diel vertical migrations present several advantages such as predation avoidance, 

better feeding conditions and reduction of physiologic stress (Thorp & Covich 2009) and 

keep larvae in water column zones which maximize their survival, dispersion and 

colonization to new habitats (Cronin & Forward 1986). Furthermore, the settling 

decapodid will have access to benthic food sources and custom habits, and thus, does not 

depend on the plankton alone (Anger 2001). 

The effect of the interaction between time and depth on the abundance of E. cranchii was 

not significant, and the same applies for the interaction between protection level and depth 

and the interaction between time, protection level and depth. This suggests time changes 

showed the same trend with depth, and that higher abundances were consistently found 

on the bottom for both protection levels.  

Recruitment is influenced by larval flow and several factors come into action. Currents 

may influence, either directly or indirectly, the development and survival of larvae and 

recruits (e.g. Anger 2001; Katsaros & Buettner 1969; Bello 1997). As emphasized by 

Stockhausen (2000) for the Caribbean spiny lobster, even the simplest current regimes 

can create a spatially structured environment where sites become differentially connected 

through larval movements and flows. Some locations may receive more larvae than others 

and certain sites may be more important to population persistence than others. Since 

currents can create a spatially structured world, even in the absence of variation in habitat 

quality, different locations may have different value with respect to both conservation and 

resource management (Gaines et al. 2003).  

In this study the environmental factors were not taken into account. Nevertheless, the 

study areas were quite close and the samples were obtained at similar depths and distances 

from the coast and no major differences in circulation patterns or current intensity were 

expected, at least to the extent of significantly affecting the comparison of abundances 

with respect to the tested factors. Santinho (2009) revealed that the abundance of E. 

cranchii larvae in Cascais Bay did not show any correlation with environmental 

conditions such as temperature, salinity, light intensity and dissolved O2.  

As previously mentioned, sampling was undertaken prior to this study as part of a larger 

campaign, with the purpose of collecting fish-larvae recruits with SMURFs (Standard 

Monitoring Units for Recruitment of Fish), artificial settlement substrates that were 
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created to monitor recruitment of temperate coastal rocky fish along the Californian 

shoreline (Ammann 2004). This method proved to be efficient when sampling rockfish 

recruits settling to kelp forests. However, the efficiency of SMURFs has never been tested 

for decapod crustacean species. The results of this study suggest that SMURFs are 

appropriate for sampling adults and juveniles of small crustaceans, but their adequacy to 

sample recruits was not proven. The absence of recruits could also be the result of low 

sample resolution in terms of the space covered and the results from this study suggest 

that it may be an inappropriate method for this purpose, since the samples did not show a 

great species diversity. Additionally, SMURFs did not collect recruits, but juveniles and 

adults instead. Although other sampling strategies were not evaluated in this work, and 

no control methodology was used, it is hypothesized that the sampled habitats were 

suitable for juveniles and adults, though this overlap of habitat may have been due to low 

sampling resolution at the small spatial scale (Pallas et al. 2006).  

A potential reason for the occurrence of decapod crustacean species in the artificial 

structures is possibly linked to the search for refuge and to their carnivorous and/or 

detritivorous feeding behavior (Gaudêncio & Cabral 2007). Some of these species show 

relatively little active swimming behavior, which means they may search for shelter in 

cobbles and crevices near the artificial structure (Pallas et al. 2006). Some species 

recorded in the artificial structure were carnivores (Gaudêncio & Cabral 2007) or 

scavengers (Dolbeth et al. 2006) which possibly migrated from the surrounding area, 

being attracted by higher food availability. All these observations agree with the fact that 

any artificial structure produces a discontinuity of species abundance by providing a hard 

substrate that alters the initial state, thus creating the conditions for the establishment of 

new ecosystems (Terlizzi et al. 2008; Manoukian et al. 2010). 

One potential problem of the use of passive collectors to catch crustaceans is that larval 

densities on artificial settlement substrates (ASS) may not reflect real settlement densities 

since larvae that are not competent to settle can cling to the collectors. If many larvae 

adhere to the ASS only temporarily, estimates of larval abundance can also be biased 

since the rate of emigration may vary in time and space as a result of light conditions, 

tidal phase, or prevailing larval density on the collector. The possibility that the ASS may 

simulate a transitional substrate for post-larvae has rarely been reflected in other studies 

(Goodrich et al. 1989; Olmi III et al. 1990) and has never been investigated. Similarly, 
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the potential problem of predation on collectors had little discussion and, as far as it is 

known, was never assessed.  

Furthermore, the SMURFs were submerged for 14 days which may be too long to obtain 

information on recruitment. High losses of shore crabs were found in ASS that were 

immersed longer than 12 h and the losses increased with increasing immersion time in 

Gullmarsfjord (Western Sweden). These results suggest that the association of larvae to 

the ASS may be completely temporary and after a delay of less than 24h all shrimps may 

had left the ASS. Thus, ASSs used for periods longer than 12 h do not yield a useful 

integrated estimate of shrimp larval supply (Moksnes & Wennhage 2001).  

Overall, coastal zones around the world represent a habitat for many benthic marine 

species with a dispersive larval phase. The study of their populations is particularly 

difficult because of generally poor information regarding basic aspects of distribution, 

abundance and fate of their larvae. A better understanding of factors affecting the 

demography of these organisms is not just of scientific relevance, but is also important 

when considering that many of these species are either important commercially or serve 

as prey for species with a commercial value (Tuck & Possingham 2000).  

Improved sampling methods, with a better coverage in space and time and the 

introduction of control sites, is crucial to enhance the knowledge of E. cranchii’s 

abundance and distribution in Arrábida MPA, in order to better evaluate the impact of 

FPAs on this species.  

 

Future research 

Given the present data limitations, further experimentation with a more intense sampling 

effort is necessary in order to build a solid database to understand the abundance pattern 

of E. cranchii and the importance of MPA. Such studies should also provide information 

on other species of commercial interest known to occur in the region, such as the spiny 

lobster, Palinurus elephas.  

The usefulness of artificial structures to study recruitment needs a better evaluation, since 

the imitation of natural settlement conditions may require adaptations to different 

environmental conditions. Moreover, detailed knowledge about the recruitment of this 

taxon is extremely important for assessing the effectiveness of man-made ASSs in 
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enhancing recruitment and serving as a tool for conservation and promotion of 

biodiversity. 

Due to time restrictions only a subset of the available samples was analyzed and therefore 

future studies should focus on analyzing the remaining samples. Other important areas of 

research are the understanding of the mechanisms of larval transport (biotic and abiotic 

factors), attempting to link larval supply, settlement and juvenile recruitment, as well as 

to understand habitat connectivity, oceanographic characteristics, species life histories, 

environmental requirements and mobility patterns. 

 

Conclusion 

This study aimed to describe the distribution and abundance of E. cranchii within the 

protection effects of Arrábida MPA. The presence of high numbers of juveniles and adults 

of this species widened the focus of the research to include the juvenile and adult phases. 

The following could be concluded: 

- The highest abundance of E. cranchii was found within the FPA, possibly due to 

the restrictions on anthropogenic activities, indicating that these areas may be useful 

for enhancement of reproduction and recruitment.  

- 88 % of the total E. cranchii individuals settled at the bottom which may be related 

to the fact that this is a benthonic species. Vertical migrations could influence this 

result as well, since all samples were collected during the day and decapod larvae 

tend to descend to the seabed at sunrise.  

- The highest peak of E. cranchii abundance was recorded in July, and it can be 

assumed that E. cranchii juveniles collected in July may be the recruits of the larvae 

hatched in April that completed their larval development.  

The usefulness of SMURFs to quantify the recruitment of decapod crustacean, by 

measuring the abundance of larvae or post-larvae that settle on the bottom needs further 

evaluation. 
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Infraorder Abundance 
Sample Caridae Brachyura Achelata Anomura Protected Area 
25 Apr 56 23 0 0 TPA 
25 Apr 11 7 0 0 TPA 
25 Apr 35 0 4 0 PPA 
 25 Apr 27 18 0 8 PPA 
25 Apr 37 1 6 0 TPA 
25 Apr 19 4 0 1 TPA 
25 Apr 10 7 11 0 PPA 
25 Apr 17 5 0 2 PPA 
30 Jul 30 9 8 0 TPA 
30 Jul 11 2 0 9 TPA 
30 Jul 20 29 5 0 PPA 
30 Jul 26 1 0 0 PPA 
30 Jul 16 13 12 4 TPA 
30 Jul 67 21 3 1 TPA 
30 Jul 44 3 0 0 PPA 
30 Jul 36 0 3 0 PPA 
23 Sep 26 38 0 7 TPA 
23 Sep 37 0 0 0 TPA 
23 Sep 48 1 23 0 PPA 
23 Sep 13 0 0 32 PPA 
23 Sep 35 9 50 0 TPA 
23 Sep 26 0 0 11 TPA 
23 Sep 17 14 12 5 PPA 
23 Sep 0 0 0 0 PPA 
Total 664 205 137 80 - 

Annex I. Abundance of other infraorders sampled in the SMURFs in each partially (PPA) - and fully 

(FPA) - protected areas, during the experience period. Here the species E. cranchii is not included in the 

infraorder Caridea. 

 


