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Abstract

Marine protected areas (MPAs) have been widely sstgg as a tool for fisheries
management, conservation goals and mitigationledrategative impacts of humans on
the oceans. Within MPAs, sub-areas can be considectuding Fully Protected Areas
(FPA) and Partially Protected Areas (PPA), eachwattedifferent restrictions regarding
anthropogenic activities. They can contribute t@ timcrease of abundance and

biodiversity of marine species and habitat improgetn

This study aims to observe the abundance of thepbeccrustacealBualus cranchiiat
two different depths (surface and bottom) withifiyfuand partially- protected areas of
the Arrabida Marine Park on the west coast of Ryaituin order to understand the effect
of a protected area on the abundance of this spes@nples were collected every two
weeks, from April to September 2013 at a fixed tmeain the FPA and PPA using
Standard Monitoring Units for Recruitment of FiISBMURFsS), a tool that measures
recruitment and settlement patterns in a repeat@@e helping to determine fish larval

sources and sinks.

A Three-Way ANOVA was performed to observe the txise of differences in
abundance dE. cranchiias a function of protection type (FPA and PPApthdsurface

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

The results showed that all three main factors wegeificant. Higher abundances are
associated with FPA with about 77 % of the totahber of individuals oE. cranchii
present. With respect to depth 88 % of the indialdwere found on the bottom. The
highest larval abundance was recorded in Julyesgmting 77 % of the total individuals
analyzed in this study. Additionally, there wasigngicant interaction of time with

protection level indicating that there were diffe&r&eends along time in each area.

Overall, MPAs can be viewed as a valuable tool totget species abundance and
diversity, yet they should not be considered asa $olution as other large-scale effects
and subsequent community changes in coastal aragsiso influence the abundance

and distribution of marine species.

Key Words: MPA, Arrabida Marine Park, Decapod crustaceans, Eualuanchii,
SMURFs



Resumo

As areas marinhas protegidas (AMP) tém sido fortgensugeridas como ferramenta
para gestdo de pescas, conservagao e atenuacawpaetas negativos criados pelo
Homem nos oceanos. Dentro delas, outras sub-aoeesnpser estabelecidas, as Areas
Totalmente Protegidas (ATP) e as Areas Parcialnferitegidas (APP), cada uma com
diferentes restricbes no que diz respeito a aetiled antropogénicas. Estas areas podem
contribuir para o0 aumento de abundancia e biodo@ds de espécies marinhas, e

também melhorar os seus habitats.

Este estudo focou-se na observacdo da abundandiatrdbuicdo de espécies de
crustaceos decapodes, dando especial atencdocedspalus cranchii por ter sido a
mais abundante. Esta foi analisada em duas prafades diferentes (superficie e fundo),
em ambas as areas, totalmente e parcialmente jplagéego Parque Marinho da Arrabida,
na costa Oeste de Portugal continental, com otantle compreender o efeito de uma
area marinha protegida na abundancia desta esp&cemostragem foi feita bi-
semanalmente de Abril a Setembro de 2013, num gomaa ATP e APP do parque
marinho, conBtandard Monitoring Units for Recruitment of FI@MURFS), um método
gque mede os padrbes de recrutamento de formadepet@uxilia na determinacao de

fontes larvares de peixes.

O teste de analise de variancia foi usado pararedosa existéncia de diferencas na
abundéancia d&. cranchii nas amostras recolhidas. Foram consideradofau#&ses, o

nivel de proteccao da area (ATP e APP), a profaadidjunto ao fundo e a superficie) e
o tempo (Abril, Julho e Setembro). Para além dowfas principais foram consideradas

todas as interacdes possiveis.

Todos os factores principais considerados mostraearsignificativos. Verificou-se uma
maior abundancia na ATP, com cerca de 77 % deiohads amostrados, podendo esta
diferenca estar relacionada com o menor impactaldastividades antropogénicas. No
que diz respeito a profundidade, 88 % do totdt deranchiiamostrados encontraram-se
junto ao fundo, o que pode dever-se ao facto degiacie ser bentonica. Durante os
meses de amostragem, o maior pico de abundané&aadanchiifoi registado em Julho,
representado por 77 % do total de individuos.
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Adicionalmente, verificou-se uma interacao sigmifica entre o tempo e o nivel de
proteccdo no que respeita a abundanci&.deranchiisugerindo-se que a abundancia
desta espécie ndo apresentou a mesma tendénci@aéep cada uma das areas.

Em suma, as AMP podem ser vistas como uma valesanienta mas ainda assim néo
devem ser consideradas como a Unica solucao, umgueepodem existir outros efeitos
a grande escala e subsequentes mudancas em codasnilda areas costeiras que podem

influenciar a distribuicdo e abundéncia de espéuminhas.

Palavras-Chave: AMP, Parque Marinho da Arrabida, Crustaceos decapodaeslis
cranchii, SMURFs.
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1. Introduction

Coastal Zones

Coastal areas are highly impacted by human soameci activities and human-induced
changes that can threaten coastal ecosystems {f@egnililliman 1995; R. K. Turner,
S. Subak 1996) through pollution, overexploitat@fnliving marine resources, habitat
degradation and destruction and climate changddidat al. 2006; Halperret al. 2008;
Jackson 2008). Such changes impact many habitgsjes and span over different
trophic levels (Lubchencet al.2003; Browman & Stergiou 2004). Since marine neser
are believed to protect all species and habitats fpotentially harmful human activities,
they are considered a crucial tool for ecosystesettananagement and may offer good
prospects for the attenuation of some of the thréwdt affect coastal systems (Waoein
al. 2006).

Marine reserves are an important subdivision ofiMaProtected Areas (MPAS) and they
are defined as ‘areas of the ocean completely gexidrom all extractive and destructive
activities, except activities necessary for momigior research (Lubchenet al. 2003).

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

other influences on populations and ecosystemsetieeket al. 2008).

Marine Protected Areas (MPAS)

MPAs have been frequently mentioned as a benetmwhlfor a multiplicity of fisheries
management problems connected with the mainterareeloited stocks, improvement
of fisheries yields, conservation of biodiversitydaother societal goals (Costaretaal.
1998; Murawski 2007; Roberét al. 2001; Fieldet al. 2006; Gerbeet al. 2003). MPAs
often aim at protecting entire communities and gsigsns through the limitation or total
exclusion of human activities (Fraschedti al. 2011). Different MPAs differ in their
regulations and their value for conservation vagelstantially, based on the level of
protection defined (Morat al. 2006; Lester & Halpern 2008).

The creation of an MPA can lead to improvementiérecosystem such as the restoration
of habitats and fish stocks (Horta & Costh al. 2013). The level of stakeholder



participation in a MPA management is positivelyretated with the biological gains
obtained (Pollnac & Crawford 2000).

Thus, the development of solutions to resolve smmaomic concerns arising from the
implementation of an MPA, should be a central piyoreven 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 achievedatrantrol and influence in terms of
shaping marine assemblages, transforming the plysiovironment where organisms
live and directly or indirectly impacting populati® and assemblages (Botsfatal.
1997; Vitouseket al. 1997). The past few decades have withessed a mggoawareness
that fishes and invertebrates can not only be s@vdepleted, but also be threatened with

extinction through overexploitation (e.g. Paatyal. 1998).

Furthermore, fisheries have an impact on non-tageties and habitat, interfering with
the food web structure and species interactionsi{Mliet al. 2001), affecting the marine
systems globally over historical times (Myers & Wo2003; Pandolfet al.2003). Thus,
human activities in the marine environment mustdmognized as an important factor
which directly influences species dynamics andrexdly triggers effects that change the

structure of whole assemblages (Charles & WilsddB20

Within MPAs, human activities are strongly reguthtby the implementation of
restrictions and these areas can serve as coiiesl t9 evaluate human impacts on
populations and whole assemblages. Research sttmhesaring marine reserves with
contiguous areas having no fishing (e.g. Halpsral. 2008) or reduced fishing levels
(e.g. Jennings & Polunin 1996) have demonstratatidbntrolling fisheries in general
result in greater abundance, biomass, average $iveyand a higher diversity of coastal
marine species. These effects vary with life his®and exploitation levels of the species.
Follow up studies, after the implementation of MPAsund that species targeted by
fishermen reach larger sizes or occupy higher toopévels near marine reserves
(Mosquereet al. 2000; Micheliet al. 2004).

Greater effects are expected when fishing pregsurgh before protection (Michedit
al. 2004; Tetreault & Ambrose 2007; Lesttral. 2009), and the scale of those effects is
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coupled to species composition, size, trophic lew@bility, habitat dependence and
commercial value (Pelletiat al.2008; Claudegt al. 2010).

MPAs are, at the present time, one of the most @iamtools to integrate conservation
with fisheries management and are being implememgetally (Schmidt 1997),
especially in coastal zones exposed to human peegkimousin 1995). In mainland
Portugal, the Arrabida MPA (created by Decree-L&W6221/76) was one of the first
marine protected areas and its main goals aredsepre coastal biodiversity and to
provide a tool for fisheries management. Expectatcanes include: recovery of
habitats, promotion of scientific research, encganaent of environmental awareness
and education, promote nature oriented tourism sunstainable development, and
promote economic and cultural regional activitieshsas the traditional longline fishery
(Goncalveset al. 2002).

These goals may enhance commercial stocks andhbweigg areas can benefit from
adults’ migration (Goriet al. 2008) or larvae spillover of a vast range of magpecies
(Pelcet al. 2010).

Decapod crustacean larvae

There is no group of living animals or plants tltk$plays such a vast range of
morphologic diversity as the Crustaceans (Martiib&vis 2001). It is estimated that,
among Metazoa, the crustaceans are the fourth diestse group. Amongst them,
decapods have been subjected to innumerous stluke® the economic importance of
many species (Martin & Davis 2001), and their intpoce as food for many fishery

resources (dos Santos 1999)

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

cycle: a planktonic larval phase coupled with athienadult phase (e.g. Anger 2001).
The pelagic larva may differ from the juvenile adult in morphology and habits and is
part of the meroplankton. During their planktonie Istage it can pass through many
larval stages whose complexity varies among spespending from hours to years in the
pelagic environment before joining the parentalyaton after settlement (Anger 2001).
Decapod crustacean larvae can constitute up to @@ e total zooplankton (Anger

2001; McConaugha 1992), underlining their protagomble, not only as prey of
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carnivorous species, but also as consumers of sizallplankton (Anger 2001). The
feeding behavior of decapod crustacean larvaelladggends on the species and larval
stage. They can be detritivores, herbivores, cara&y and omnivores (Le Vast al.
2001), however phytoplankton is considered onénefrhost important sources of food
for these larvae (Anger 2001), especially in théiedarval stages (Emmerson 1984). In
addition, polychaetes, mollusk larvae, cladoceraopepods and echinoderms larvae
serve as potential food sources for decapods (A2@@t).

Descriptions of decapod larval communities arérstie for most places around the world
(Brandaoet al. 2013; Landeiraet al. 2012). Nearshore communities, in estuarine or
coastal waters, which represent more accessibkystams and hence can be monitored
with less cost, are usually characterized with eu$oon the spatial and temporal
distribution of decapod larvae (Torresal.2014). There has been widespread interest in
explaining variations in larval supply rates, espc in productive shelf areas (e.g.
Queirogeet al.2007). Larvae from decapod species associatedtmatbontinental shelf
and slope tend to have a wide spatial offshoreibligton, while those from coastal and
nearshore areas are usually found much closeetodéast (e.g. Dos Santesal. 2008;
Miller & Morgan 2013).

The planktonic larval phase represents the mosobitapt period within the species life
cycle, because mobile larvae can be transported §everal meters to hundreds of
kilometers, genetically connecting distant regi@demingueset al.2010). The extent of
vertical larval distribution and migration changkging larval ontogeny (e.g. Zeldis &
Jillett 1982; Shanks 1986, 1995) and is relevauetermine retention over the shelf and
eventual recruitment (e.g. Shanks & Brink 2005teAthe planktonic phase, the larvae
have to return to the appropriate habitat for setént (Abell6 & Guerao 1999; Shanks
1998).

Recruitment

Recruitment can be defined as the reposition oathat population with the input of new
individuals, as a result of the reproduction anowgh processes (Queirogaal. 2007).
Although recruitment is not completely understoibds known that the transition of an

individual decapod to the sea floor during settletrie generally irreversible, meaning



that the ‘decision’ of where and when to settleriscial and larvae are known to use a
range of environmental cues that help them to ah@osuitable place to settle (Crisp
1974). These impulses can be of a chemical nasueh(as certain compounds released
by conspecifics or a favored food source) or phalsstimuli (including the sound of
waves, light intensity or substratum roughnessijs(Ct974; Koehl & Hadfield 2010).

A second feature, typical for marine larvae, ist ttheey tend to develop through a
precompetenperiod, during which they often feed and grow brg thought to be
incapable of settling and complete metamorpho$iis; ehich the attaitompetencéo
settle under appropriate conditions (Hadfietdal. 2001; Jackson & Strathmann 1981).
Although theprecompetenperiod tends not to be clearly defined, it is assd that the
selective advantage of therecompetentperiod is to ensure that the individual is
sufficiently well developed to survive and prospertthe sea floor (Jackson & Strathmann
1981). Larval recruitment is influenced by larvartsport to suitable habitats by Ocean
currents, which can be facilitated by winds andennal waves (Shanks 1985).
Recruitment success depends on the number of lamdguveniles that survive the
planktonic phase (McConaugha 1992; Sandifer 19%%) are transported to the
settlement sites (Caddy 1986).

Decapod crustaceans are a suitable group for stgdiie interaction of recruitment
processes, habitat selection and post-larval nityrtdlue to their mobility, complex life

cycles and population dynamics (Squires 1990). Bszaf their abundance and high
taxonomic and trophic diversity, they play a magoological role in the dynamics of

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

The knowledge and taxonomic identification of thieval development stages of a species
are important requirements to study larval ecoldgghavior, dispersion and recruitment
(Anger 2006).

Aim of the study

This study is the first of its kind, as it aimsdmmpare the abundance and distribution of
a decapod crustacean species in the MPA of thebidadarine Park on the west coast
of Portugal, among two differently protected arehs, Fully Protected Area (FPA) and
the Partially Protected Area (PPA). The individuaisthe species oEualus cranchii



where chosen as a model. Sampling took place imtrehs of April, July and September
of 2013, at the two sites (FPA and PPA) and atdifferent depths, in order to understand
the effects of the Marine Protected Area in bothgeral and spatial distribution patterns
of this species.

The main issues to investigate were:

(1) Whether the abundance Bf cranchiiincreases within the Fully Protected Area,
where anthropogenic activities are prohibited;

(2) Whether the abundance of the species is retatether factors such as depth;

(3) HowE. cranchiiabundance varies throughout the sampling periodlation to each

protected area and depth.



2. Materials & Methods

Study site

The Arrabida MPA (Portugal) was created by Decraerln® 622176 in 1998 but
management measures were only published sevenlgeanslt is considered an area of
high marine biodiversity, including numerous comamty important species (Costd

al. 2013). The coast along Arrdbida has been the sthiggense and varied human use
for many decades (Carneiro 2011). The MPA has & wape of objectives concerning
both conservation and fisheries management: toepresbiodiversity and recover
overexploited resources; to recover habitats; tonmte scientific research; to encourage
environmental awareness and education; to suppogtgssive adaptation of the general
rules of effluent emission; to promote nature deen tourism and sustainable
development and to promote economic and culturgional activities such as the
traditional longline fishery (Goncalves al.2002). Protected from the dominant northern
winds, the coastline is characterized by high rockfys alternated by sheltered bays
(Ribeiro 2004). It is worth pointing out that theoast is located near the large
metropolitan area of Lisbon which makes it highlgaeptible to intense pressures from
leisure and economic activities. Some of these muatdivities, including fisheries and
tourism, are of high local importance, both sogialhd economically (Horta & Costd

al. 2013).

The Arrabida MPA management plan imposes limitsrasttictions to various activities,
namely to the local small-scale fisheries whichehavhigh socio-economic importance
in the area (Batistet al.2011). Dredging, trawling, discards, hand-collegtiishing and
capture of any marine organism using scuba-divemdy gre not allowed.

The management plan was approved in August 2005mauttiple areas with different
levels of protection have been designated (Figa f)ily-protected area (FPA) totaling 4
km?; four partially-protected areas (PPA) totaling kh?, and three buffer areas (BA)
encompassing 28 KmThe FPA is a no-take, no-go area, except forarese monitoring
and educational purposes. In the PPAs, artisaslainfyj using traps and jigs is allowed
but no extractive recreational activities (i.e. lamg) are permitted (Horta & Cost al.
2013).
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— Buffer areas; PPA — Partially protected areag\ FFFully-protected area (divided in FPA1 and FRA2

to the transitory phase of the management planeémehtation) (Hortat al. 2013).

Sampling design and data collection

Sampling was undertaken prior to this study asgfatlarger campaign in the framework

of the Matrix project (PTDC/MAR/115226/2009), with the ebtive ofunderstanding

connectivity patterns in temperate reef fish comitnesm

The samples were taken during the months of Ajpuily and September of 2013 in the
Fully Protected Area (FPA) and Partially Protectegda (PPA) of the Arrdbida Marine

Park, Portugal (38°26'18.92"N, 9°02'12.11"W) (R2g At both sites four replicates of
Standard Monitoring Units for Recruitment of FISMURFs) were deployed below the

surface, located about 20 m apatrt.
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Figure 2. Map of Arrdbida MPA with the location of the colted sites (Modified from: Maria Kleir

The SMURFs consisted of a cylindrically rolled gremuter gardening fence filled with
plastic snow to create substrate, designed acaptdi‘immann (2004). The SMURFs
were placed 100 m off-shore from the nearest raelef, each one attached along a
vertical mooring line, one approximately 2-3 m lvekhe surface and one on the seafloor

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

SMUREFs in the water column were collected every waeks by scuba-divers using a
Benthic Ichthyofaunal Net for Coral/Kelp environne(BINCKE) (Ammann 2004). For

benthic SMURFs a glove oil anesthetic solution g@syed into the artificial substrate
and after this the SMURF was shaken above a cwoltenet (1 mm mesh size). Onboard,
SMURFs were rinsed over the net to remove concealgdals before they were put back

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

Some samples were lost, at both sites and depibgpdsabotage or strong currents.

Laboratorial procedures

Decapods collected in the SMURFs were counted @auaitified to the infraorder level
using a stereomicroscope LEICA S8APO. After sortithg decapod crustaceans were
kept in 80 % ethanol. Since caridean shrimps weeentost abundant animals in the

samples, a second identification of the individdalthe lowest taxonomic level possible
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was made, according to the adequate taxonomical fegardere 1971; dos Santos &
Gonzalez-Gordillo 2004). Individuals that could betidentified due to damages (caused

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

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

Eualus cranchiwas chosen as the study targeted species once fowad to be the most

abundant species in the samples (Annex I).

The individuals of this species are around 2.2 atal iength (Zariquiey-Alvarez 1968).

The coloration varies, generally they are semigpanent with red, yellow, orange or
black chromatophores spread on the thoracic appesidnd body. The ventral region of
the carapace has a dark-red coloration and occdbjian dark-green color (Calado &

Narciso 2002).

Sexual maturity is reached when the length of Hragace reaches 3.3 mm (Zariquiey-
Alvarez 1968). Females are ovigerous from MarctDaxember (Zariquiey-Alvarez
1968) and produce eggs of about 0.39 x 0.52 mml&rkial phase is constituted by nine
zoea and one decapodid (Lebour 1936).

E. cranchiican be found in the oriental region of the NorthaAtic Ocean and in the
Mediterranean basin (Lagardére 1975; Zariquiey-fdzd 968). The speciésgenerally
benthonic, being found under rocks, in holes obétween algae and seagrass beds.
Individuals are usually present in the intertidahe up to a depth of 40 m, however this

species also can be found in depths of 130 m (N£9@6).

Data analysis

Statistical analysis was done using Microsoft Ex2@1l3 and the software RStudio
(Version 3.1.0.). Data were log transformed fl@gin order to homogenize the variance.
Subsequently a Three-Way ANOVA with all possibléemactions was performed and
significance was considered fptvalues< 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 theesL565 were the juveniles or adults of
Eualus cranchii representing 59 % of the total individuals caket Other species

belonging to the infraorder Caridea (caridean spsjmwere collected as well as the
infraorders Brachyura (crabs, n=205), Achelatagiets, n=137) and Anomura (hermit
crabs, n=80). These groups represented respec&ebp, 8 %, 5 % and 3 % of the
collected samples. The total individuals of theanfder Caridea, including. cranchii,

represented 84 % of the collected individuals (Big.

84% E. cranchii (59 %)

B Caridea ®Brachyura Achelata BAnomura

Figure 3. Percentage of the collected individuals regardiagrtinfraorder. . cranchii

belongs to the infraorder Caridea, being represgri® % of 84 % of Caridea).

The Three-Way ANOVA showed that all main factorgevsignificant. The abundance
of E. cranchiiwas significantly greater in July, relative to Amnd Septemberp(<
0.0001, Table 1). Figure 4 shows a significantlgager abundance in the month of July,
with a total of 1204 individuals, followed by theonth of September, where 232
individuals were collected and finally, the monfmApril with a total of 129 individuals.
The mean number of specimens in each month isdtetidy red dots in the figure: April
(mean=16.125), July (mean=150.5) and Septembemx@28a.
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Figure 4. Total abundance @&. cranchiicollected in the fully- and partially- protecteckas,

per each month.

SecondlyE. cranchiihad a significantly higher abundance in the FRatire to the PPA
(p =0.0004, Table 1). Figure 5 shows the abundah&e cranchiiin the FPA (n=1204)

compared to the PPA (n=361).
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Figure 5. Total abundance . cranchiicollected in the fully (FPA) - and — partially

(PPA) protected areas, among all months.
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Regarding depthk. cranchiishowed a significantly greater abundance at thotmg
with a total of 1375 individuals, while at the sagé only 190 individuals were collected
(Fig. 6) (p < 0.0001, Table 1).

Total of E. cranchii by Depth

E. cranch

Mo of E. cranchii

Bottom Surface
Depth

Fiaure 6. Total abundance (E. cranchi collected at the surface and bottom. amona all h&

The interaction of time and protection level wasoaignificantp = 0.002, Table 1). The
FPA was characterized by a higher abundancg&.aoranchiiin the months of July
(n=990) and September (n=181), while in April tHi"Rvas the one who presented more
individuals (n=96; Fig. 7). The lowest number oflividuals was found in the FPA in
April (n=33; Fig. 7). When relating the abundant& ocranchiiin each area to the month
of sampling, April showed to have a significanthyvier abundance in the FPA (n=33)
than in the PPA (n=96), followed by July with theatest abundance in the FPA (n=990)
and PPA (n=214) and finally September with the gnreabundance in the FPA (n=181)
than in the PPA (n=51) (Fig. 7).
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Total of E. cranchiiby Month and Area
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Month related with Protected Area

Figure 7. Total abundance &. cranchiicollected per each month, related with each fully-
and partiall- protected area. FPA (Fully Protected Area), PPAt{®by Protected Area

The comparison between the protected areas relatoiéferent depths showed that both
areas where characterized by a significantly grealbeindance oE. cranchii at the
bottom. However, the FPA that had more individwlshis depth (n=1032) than in the
PPA (n=343) (Fig. 8). The Three-Way ANOVA test ralel that there were no
significant differences within the effect of theéaraction between area and depth on the
abundance dE. cranchii(p = 0.0368, Table 1).
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Figure 8. Total abundance d&. cranchiicollected in the fully- and partially- protectetas,
related with the two different depths (bottom andace). FPA (Fully Protected Area), PPA

The effect of the interactions between months aquthdin the abundance Bf cranchii
were not significant differentp(= 0.4538, Table 1) and the same occurred with the

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

Table 1 Effects of Months, Area and Depth on the abundaf&. cranchii.Values were compared by a
Three-Way ANOVA test.

Eualus cranchiabundance

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
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4. Discussion

An important objective in marine ecology studieshis understanding of the population
dynamics of organisms with complex life cycles sastdecapods. This study represents
the first known attempt to describe the distribntiof a decapod crustacedayalus
cranchii,in a Marine Protected Area, the Arrabida MarinekP&ince no study has been
conducted on recruitment processes of this speaigslable studies, of well-studied
crustacean species from other marine regions, lgerewed and comparisons were made
about possible similarities or patterns in the @feof protection for this group of

crustaceans.

The highest larval abundance in this study wasrdszbin July, represented by 77 % of
the total individuals sampled, followed by Septembaed the lowest abundance was
found in April. The results of this study showedrsficant differences irkE. cranchii
abundance throughout the three months sampledoédtn in S&o Torpes bay (Paula
1987), Gulf of Marseille (Bourdillon-Casanova & ditoume 1960) and the Adriatic Sea
(Kurian 1956),E. cranchiilarvae are present throughout all the year. Aystoyg dos
Santos (1999) observed the presence of the lamvae Zoeal stages and one decapodid)
practically all-year, with higher peaks of abundant March/April and June/July in the
Portuguese coast. We can assumeBEhatanchiijuveniles collected in July may be the
recruits of the larvae hatched in April that alnp@dmpleted their larval development,
considering the long larval series in this specde@aong carideans the larvae hatch as a
shrimp-like zoea form that passes through a vaiahimber of stages, nine in the
particular case dE. cranchii and gradually acquire the characteristics ofdébeapodid

phase. The same happens with the transition frendélcapodid to the juvenile.

It is important to consider the temporal dispabégween the start of the larval production
and subsequent settlement and recruitment in ddcgpecies, as observed in the crab
Carcinus maenage.g. Marta-Almeidaet al. 2006). The results of this study may have
been inconsistent due to the possible inadequatheoSMURFs to estimate abundance
(Amaral & Paula 2007). Although the collectors diot show a great species diversity,
collector testing is only practical at times ofingettlement intensity, since at other times
results may be unreliable due to high variabilitycatch numbers (Phillipst al. 2001)
have proven that artificial settlement substra@s strongly interfere with the natural

substrate (Paulat al. 2006). Despite all limitations, we assume thatsfae bias will
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only affect the estimation of absolute abundana# \@a consider that differences in
abundance obtained with the same collectors represal variations with respect to the
tested factors. In other words, the trends are idered valid and independent of
SMURFs introduced bias.

Since there are no before-after control impact (BAdata about this species for the
Arrabida Marine Park, it is interesting to comp#re abundance of this species within
both fully- and partially- protected areas, in artfeinvestigate the possible effects of the
different protection regimes on the abundande. afanchii Halpern (2013) showed that,
on average, the abundance of invertebrates in a¥d®Mearly the triple when compared
to the values in the unprotected areas. Howeves,ithportant to remember that these
values vary considerably and cannot be used toghitealv a specific marine reserve will
affect particular organisms and communities. AHartstudy within an MPA, in the
southern UK, revealed that the abundance of thegaan lobster within the FPA
increased by 127% showing levels five times highan near and far control areas. This
fact is relevant, since higher larval abundancesi@ses recruitment and consequently the
adult stock (Molanekt al. 2013).

Although in both cases the FPA had significant {pesieffects on decapods, these results
cannot be generalized and used to predict possibteomes in other reserves as
additional factors such as habitat type, larval@gppand size and age of the MPA may
affect the success of FPAs (Claudeal. 2008). On the contrary, a review by Plarés
al. (2000) about the Mediterranean littoral fish aegesal lobster species from other
marine regions, concluded that recruitment sudossde MPAs is likely to be negatively
affected by the MPA status because predators are atmundant and will reduce the
survival of recruits. It is concluded that whethecruitment in MPAs would be favored
or not will depend on: self-recruitment of the gated population, level of increase of

larval supply within the MPA, and extent of nurseapbitats inside the MPA.

Regarding the two depth levels considered, 88 %h@totalE. cranchiispecies settled
at the bottom. These results may be a consequénttee ecology ofE. cranchii, a
benthonic species usually living under rocks, ideBoand between seagrass beds
(D’'Udekem d'Acoz 1999). The findings can also bkatesl with the daily vertical
migrations performed by the larvae. Several studigsaled that decapod larvae tend to
perform diel vertical migrations, ascending to shieface after sunset and returning to the
bottom at sunrise (e.g. Dos Sanénsl. 2008). In this study sampling was always done
17



during the day, thus the obtained results are aor@ance with the referred migration
pattern. Diel vertical migrations present sevedsamtages such as predation avoidance,
better feeding conditions and reduction of physjastress (Thorp & Covich 2009) and
keep larvae in water column zones which maximizeirtisurvival, dispersion and
colonization to new habitats (Cronin & Forward 1P86urthermore, the settling
decapodid will have access to benthic food soumoescustom habits, and thus, does not
depend on the plankton alone (Anger 2001).

The effect of the interaction between time and llgpt the abundance Bf cranchiiwas

not significant, and the same applies for the ation between protection level and depth
and the interaction between time, protection leve depth. This suggests time changes
showed the same trend with depth, and that highendances were consistently found

on the bottom for both protection levels.

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

may influence, either directly or indirectly, thev@lopment and survival of larvae and
recruits (e.g. Anger 2001; Katsaros & Buettner 1986llo 1997). As emphasized by

Stockhausen (2000) for the Caribbean spiny lobsten the simplest current regimes
can create a spatially structured environment whiées become differentially connected
through larval movements and flows. Some locatioag receive more larvae than others
and certain sites may be more important to poparapersistence than others. Since
currents can create a spatially structured woxldnen the absence of variation in habitat
quality, different locations may have differentvawith respect to both conservation and

resource management (Gaimtsl. 2003).

In this study the environmental factors were n&emminto account. Nevertheless, the
study areas were quite close and the samples Ww&amed at similar depths and distances
from the coast and no major differences in cir¢atapatterns or current intensity were
expected, at least to the extent of significantfgaing the comparison of abundances
with respect to the tested factors. Santinho (2069¢aled that the abundanceEf
cranchii larvae in Cascais Bay did not show any correlatwith environmental

conditions such as temperature, salinity, lightmsity and dissolvedO

As previously mentioned, sampling was undertakéor po this study as part of a larger
campaign, with the purpose of collecting fish-lavacruits with SMURFs (Standard

Monitoring Units for Recruitment of Fish), artifadi settlement substrates that were
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created to monitor recruitment of temperate coasteky fish along the Californian
shoreline (Ammann 2004). This method proved to fieient when sampling rockfish
recruits settling to kelp forests. However, thécgghcy of SMURFs has never been tested
for decapod crustacean species. The results ofsthidy suggest that SMURFs are
appropriate for sampling adults and juveniles cakicrustaceans, but their adequacy to
sample recruits was not proven. The absence afiteaould also be the result of low
sample resolution in terms of the space coveredilamdesults from this study suggest
that it may be an inappropriate method for thigpse, since the samples did not show a
great species diversity. Additionally, SMURFs dmt nollect recruits, but juveniles and
adults instead. Although other sampling strategiese not evaluated in this work, and
no control methodology was used, it is hypothesitteat the sampled habitats were
suitable for juveniles and adults, though this ageof habitat may have been due to low

sampling resolution at the small spatial scaleléBat al.2006).

A potential reason for the occurrence of decapastacean species in the artificial
structures is possibly linked to the search fougefand to their carnivorous and/or
detritivorous feeding behavior (Gaudéncio & Cal2@07). Some of these species show
relatively little active swimming behavior, whicheans they may search for shelter in
cobbles and crevices near the artificial struct{ifallaset al. 2006). Some species
recorded in the artificial structure were carniwr@G&audéncio & Cabral 2007) or
scavengers (Dolbetat al. 2006) which possibly migrated from the surroundarga,
being attracted by higher food availability. Alefe observations agree with the fact that
any artificial structure produces a discontinuitgpecies abundance by providing a hard
substrate that alters the initial state, thus orgahe conditions for the establishment of

new ecosystems (Terlizet al.2008; Manoukiaret al. 2010).

One potential problem of the use of passive callscto catch crustaceans is that larval
densities on artificial settlement substrates (A88Y not reflect real settlement densities
since larvae that are not competent to settle tiag t the collectors. If many larvae
adhere to the ASS only temporarily, estimates pfalaabundance can also be biased
since the rate of emigration may vary in time apdce as a result of light conditions,
tidal phase, or prevailing larval density on thélezior. The possibility that the ASS may
simulate a transitional substrate for post-larvag farely been reflected in other studies
(Goodrichet al. 1989; Olmi lll et al. 1990) and has never been investigated. Similarly,
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the potential problem of predation on collectord htle discussion and, as far as it is

known, was never assessed.

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

information on recruitment. High losses of shorabsrwere found in ASS that were
immersed longer than 12 h and the losses increagbhdncreasing immersion time in

Gullmarsfjord (Western Sweden). These results sstghat the association of larvae to
the ASS may be completely temporary and after aydefl less than 24h all shrimps may
had left the ASS. Thus, ASSs used for periods Iptigegn 12 h do not yield a useful

integrated estimate of shrimp larval supply (Mols&aNennhage 2001).

Overall, coastal zones around the world represemakatat for many benthic marine
species with a dispersive larval phase. The studth@r populations is particularly
difficult because of generally poor information aeding basic aspects of distribution,
abundance and fate of their larvae. A better unaleding of factors affecting the
demography of these organisms is not just of sfiemelevance, but is also important
when considering that many of these species dnerainportant commercially or serve

as prey for species with a commercial value (TudR@&singham 2000).

Improved sampling methods, with a better coveragespace and time and the
introduction of control sites, is crucial to enhanthe knowledge oE. cranchiis
abundance and distribution Arrdbida MPA, in order to better evaluate thepaut of

FPASs on this species.

Future research

Given the present data limitations, further expentation with a more intense sampling
effort is necessary in order to build a solid das#to understand the abundance pattern
of E. cranchiiand the importance of MPA. Such studies should pitevide information

on other species of commercial interest known o the region, such as the spiny

lobster,Palinurus elephas

The usefulness of artificial structures to studyruément needs a better evaluation, since
the imitation of natural settlement conditions m@guire adaptations to different
environmental conditions. Moreover, detailed knalgle about the recruitment of this

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

biodiversity.

Due to time restrictions only a subset of the aldéd samples was analyzed and therefore
future studies should focus on analyzing the remgisamples. Other important areas of
research are the understanding of the mechanistasval transport (biotic and abiotic
factors), attempting to link larval supply, settkemb and juvenile recruitment, as well as
to understand habitat connectivity, oceanographaracteristics, species life histories,

environmental requirements and mobility patterns.

Conclusion

This study aimed to describe the distribution abhdnalance oE. cranchiiwithin the
protection effects of Arrdbida MPA. The presenchkigh numbers of juveniles and adults
of this species widened the focus of the researamctude the juvenile and adult phases.

The following could be concluded:

- The highest abundance Bf cranchiiwas found within the FPA, possibly due to
the restrictions on anthropogenic activities, iatiitg that these areas may be useful
for enhancement of reproduction and recruitment.

- 88 % of the totaE. cranchiiindividuals settled at the bottom which may beatex
to the fact that thigs a benthonic species. Vertical migrations coaftuence this
result as well, since all samples were collectedhduhe day and decapod larvae
tend to descend to the seabed at sunrise.

- The highest peak dE. cranchiiabundance was recorded in July, and it can be
assumed thd. cranchiijuveniles collected in July may be the recruittheflarvae
hatched in April that completed their larval deysteent.

The usefulness of SMURFs to quantify the recruitimeihdecapod crustacean, by
measuring the abundance of larvae or post-lanaestttle on the bottom needs further

evaluation.
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Appendix

Annex |. Abundance of other infraorders sampled in the SM&JRFeach partially (PPA) - and fully
(FPA) - protected areas, during the experienceogdeHiere the speci€s cranchiiis not included in the

infraorder Caridea.

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 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 -

32



