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a b s t r a c t
The usefulness of partial marine protected areas (MPA) that implement some form of ﬁsheriesmanagement regulations, but do not ban ﬁshing and the take of ﬁsh entirely, has been questioned due
its perceived limited conservation beneﬁts. Here, we provide empirical data demonstrating ﬁsh conservation beneﬁts of partial MPA when the stocks in question are mainly exploited by recreational angling.
We studied a multi-species recreational ﬁshery from the Balearic Islands (Mediterranean Sea) comparing
three kinds of spatially close managed areas. The implementation of a partial MPA decreased the ﬁshing
pressure attracted, and the protected areas hosted greater abundances and larger-sized ﬁsh compared to
areas of open access. Possibly the greatest conservation beneﬁt of partial MPA resulted from the reduced
ﬁshing effort attracted, likely as a result of aversion of anglers to use areas where some form of management is affecting the recreational experience. In addition, the constraints on artisanal ﬁshing may also
have contributed to the conservation beneﬁts we found. Depending on the right social and ecological
context, partial MPA may therefore work as expected. Our study is observational and therefore causeand-effect cannot be conclusively provided. However, our positive data suggest that more empirical data
from other recreational ﬁsheries and stocks should be collected before discarding the use of partial MPA
in terms of providing a suitable compromise between conservation objectives and securing access to
resources.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
It is commonly appreciated that commercial ﬁshing exerts considerable pressures on marine ecosystems and that preventing
overexploitation demands sophisticated management systems to
control excessive ﬁshing mortality (Worm et al., 2009). Somewhat
less appreciated is the fact that in many coastal areas recreational
ﬁshing exploitation is intense, which may exert similar or even
higher ﬁshing mortality rates relative to commercial ﬁsheries on
selected species desired by recreational anglers (Coleman et al.,
2004b; Figueira and Coleman, 2010; Lewin et al., 2006). Therefore,
managing recreational ﬁshing mortality in marine environments
with a view to maintain ﬁsh population abundance, biomass, size
structure and species diversity is warranted in many areas of the
world (Coleman et al., 2004b; Fujitani et al., 2012; Ihde et al.,
2011).
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Fisheries managers have a wide range of tools available to direct
ﬁshing mortality and the size classes of ﬁsh taken by recreational
anglers. Despite ongoing scientiﬁc uncertainty as to their effectiveness and their potential to increase overall ﬁsh stocks, one effective
means of conserving ﬁsh stocks in the face of intensive commercial and recreational ﬁshing mortality may be the implementation
of no-take marine reserves (Bohnsack, 2000; Fenberg et al., 2012;
Halpern and Warner, 2002; Roberts et al., 2001; Tetreault and
Ambrose, 2007). However, such measures often create stakeholders
conﬂict because access to valued ecosystems, localities and stocks
are prohibited or heavily curtailed (Coleman et al., 2004a; Cox
et al., 2003; Granek et al., 2008; Salz and Loomis, 2005). Therefore,
marine recreational ﬁsheries managers may be inclined to implement less strict management alternatives using a mix of various
more traditional regulatory measures such as size-based harvest
limits, daily or weekly bag limits, annual quotas and partial season
closures rather than implementing total effort controls (Cox et al.,
2002; Ihde et al., 2011). However, the effectiveness of such tools
is questionable if the total ﬁshing effort, hence ﬁshing mortality, is
not curtailed (Cox et al., 2003; Lynch, 2006; Fujitani et al., 2012).
Also, implementation of total catch-and-release policies may not
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solve the issue of overexploitation if release mortalities and effort
remains high (Bartholomew and Bohnsack, 2005; Coggins et al.,
2007).
One way of assessing the potential conservation beneﬁts of
“mixed-regulation” systems constitutes comparatively studying
partial marine protected areas (pMPA), where ﬁshing mortality
is partly constrained but some ﬁshing effort and restricted catch
retention still allowed (Denny and Babcock, 2004; Guidetti et al.,
2010). A range of recent studies have questioned the usefulness of
pMPAs suggesting limited or no conservation beneﬁts on exploited
ﬁsh stocks (Denny and Babcock, 2004; Di Franco et al., 2009;
Fujitani et al., 2012; Shears et al., 2006). However, some empirical
studies indicated the potential conservation beneﬁts of pMPAs for
recreational angling (Bohnsack, 2011). Contrasting the ﬁsh community structure and effort attracted to speciﬁc pMPA in a recreational
angling ﬁshery constitutes an interesting opportunity to understand the potential use of pMPA for managing recreational ﬁsheries
(Lynch, 2006; Fujitani et al., 2012).
The Mediterranean Sea offer suitable conditions to investigate
the impact of pMPAs on small-bodied coastal ﬁsh communities
exploited mainly by recreational ﬁsheries (Coll et al., 2010). Three
reasons play a role. First, the coastal zones of the Mediterranean
Sea are intensively populated and highly developed for tourism.
Hence, from a management perspective trade-offs exist between
offering protection to marine habitat through full closure to ﬁsheries and maintenance of access to resources to large numbers
of small-scale commercial and recreational ﬁsheries (Di Franco
et al., 2009; Forcada et al., 2009; Guidetti et al., 2010; Lloret et al.,
2008a; Morales-Nin et al., 2005, 2010). Second, the importance
of marine recreational angling ﬁsheries is increasingly recognized
in the Mediterranean Sea (e.g., Gianguzza et al., 2006; Gordoa,
2009; Lloret et al., 2008b; Morales-Nin et al., 2005), and these ﬁsheries often target different near-shore ﬁsh species of small body
size relative to small-scale commercial or artisanal coastal ﬁsheries (Stergiou et al., 2006). To help understanding the impact of
recreational angling in coastal marine ﬁsh communities, there is a
need to systematically assess the impact of various management
approaches on small-bodied multi-species ﬁsh communities in the
Mediterranean Sea. Finally and the third reason, in the Mediterranean Sea there exist a variety of spatially restricted coastal areas
that range in level of management from full closure to open-access
(e.g., Di Franco et al., 2009; Gianguzza et al., 2006; Guidetti et al.,
2010). Despite their usually small size (Francour et al., 2001), such
areas may offer protection to small-bodies species with highly
restrictive spatial distribution offering an ideal situation of complete protection of the individual’s home ranges (Botsford et al.,
2003).
The objective of the present study was to contrast the coastal
ﬁsh community along shallow seagrass meadows in spatially close
locations in the Balearic Islands (Mediterranean Sea) that differ
by the degree of ﬁsheries management actions but are not fully
closed to ﬁshing (pMPAs). Some of the species of interest in the
present study, such as Serranus scriba, have not shown declines in
abundance and biomass with increasing coastal ﬁshing pressure
outside the Mediterranean (Canary Islands) because they may
beneﬁt from competitive release by the removal of large-bodied
top predators (e.g., Epinephelus marginatus, Tuya et al., 2006). These
ﬁndings contrast with other reports from the Mediterranean Sea,
including the Balearic Islands (Cardona et al., 2007; Morales-Nin
et al., 2005), that suggest recreational angling can be substantial
on the coastal ﬁsh community and may accordingly change abundance, biomass and size structure of the ﬁsh community (Lester
et al., 2009). If this is the case, we would expect that some level
of protection offered to ﬁsh through various management tools
such as size-based harvest limits, bag limits and temporal closure
should be reﬂected in increased abundance, biomass and size
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Fig. 1. Map showing the three sampling areas corresponding to the three different
levels of management: low level of management (LLM), high level of management
(HLM) and very high level of management (VHLM). Sampling areas were buffered
by a 1 km radius to estimate recreational ﬁshing effort. The grated area delimits the
partial marine protected area (pMPA) of Palma Bay (Mallorca Island, NW Mediterranean). Black circles show the position of the recreational boats identiﬁed within
each sampling area.

structure relative to ecologically similar areas without any form of
management intervention and open to recreational and/or commercial ﬁshing effort. We test this prediction using a comparative
assessment approach across various ecologically similar localities.
The study was designed to assess ﬁsh species using experimental
hook-and-line ﬁshing that mimicked local ﬁshing tactics employed
by the boat recreational anglers in the Balearic Islands. Such methods mainly target small-bodied coastal ﬁsh species along seagrass
of Posidonia oceanica that are not strongly targeted by small-scale
commercial ﬁsheries such as the small serranid, S. scriba, the labrid,
Coris julis or the sparid, Diplodus annularis (Cardona et al., 2007),
which are the most frequent species captured by local anglers in
the study area (Morales-Nin et al., 2005).
2. Materials and methods
2.1. Study site and sampling method
The present study was conducted in 2008 and took place within
the MPA of Palma Bay and adjacent areas, southern Majorca Island
(Western Mediterranean, N39 28 E2 43, and Fig. 1). This MPA is
relatively small (∼24 km2 ) and extends from the coastline to the
30 m isobath. Fishing activities have been regulated since 1982
albeit not enforced until the late 90’s through permanent monitoring by speciﬁc MPA-guards. For the purpose of the present study,
three experimental “treatments” with different degree of ﬁsh stock
protection offered by ﬁsheries-management actions were selected
in close proximity to each other to control for a potential habitat
structure effect unrelated to management regulations.
Experimental areas were selected following three criteria. First,
sampling areas presented the same bottom characteristics with
seagrass beds dominated by P. oceanica seagrass and similar depths
(≈10 m). However, it is known that the spatial bottom characteristics at small scales in relation to P. oceanica cover are highly variable,
which could affect the ﬁsh abundance it hosts (Moranta et al., 2006).
Thus, prior to sampling a conﬁrmative habitat assessment was carried out to test whether the coverage of P. oceanica was similar in
the selected treatment areas. To that end, P. oceanica cover was
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Table 1
Estimated (Markov Chain Monte Carlo (MCMC) mean), lower and upper 95% highest posterior density intervals (HPD) and the P-value (Pr(>|t|)) of the Generalized
Lineal Mixed Models (GLMM) ﬁtted to test differences on Posidonia oceanica coverage among experimental areas: low level of management (LLM), high level of
management (HLM) and very high level of management (VHLM).
MCMC mean
Intercept
Treatment (HLM)
Treatment (VHLM)

75.02
7.44
−5.02

HDP 95%
lower

HDP 95%
upper

Pr(>|t|)

35.88
−0.99
−14.33

114.89
17.15
−4.08

<0.001
0.11
0.28

measured using a customized prototype of a non-invasive drop
camera system (Model Subcam, Albatros Marine Technologies S.L.,
Esporles, Spain). The system allowed us to obtain vertical images at
the same distance from the sea-bottom covering an area of 0.9 m2 .
A total of 5 photos were taken (3–5 m apart) in two different areas
per management treatment (n = 10 per experimental area, n = 30 in
total). Each photo was quantitatively examined in terms of coverage percentage of P. oceanica by two readers using the methodology
proposed by Cabanellas-Reboredo et al. (2010). Brieﬂy, P. oceanica
coverage data were expressed as the Covering Index (CI) using the
Braun–Blanquet’s scale of the coefﬁcient of abundance-dominance:
+ (negligible presence), 1 (<5% of surface covered), 2 (5–24% of
surface covered), 3 (25–49% of surface covered), 4 (50–75% of surface covered) and 5 (>75% of surface covered). Then, a generalized
linear mixed-effect model (GLMM, Zuur et al., 2009) was ﬁtted
considering the CI of P. oceanica as response variable, experimental treatment (i.e., level of management) as ﬁxed factor, and area
and reader were considered as random factors. Results conﬁrmed
a non-signiﬁcant treatment effect on the coverage of P. oceanica
(Table 1), and we thus assumed all areas to be comparable across
the management units in terms of habitat present.
Secondly, the distance between experimental areas was
selected following the spatial behavioural patterns of the most
common species and sizes sampled. Most of species present and
of value to local recreational anglers are hermaphrodites with a
limited home range, in most cases lower than 1 km2 in its adult
stages (e.g., S. scriba: March et al., 2010, C. julis: Palmer et al., 2011,
D. annularis: March et al., 2011, Serranus cabrilla: Alós et al., 2011,
Diplodus vulgaris: Alós et al., 2012). The distance among areas was
determined so as to not allow substantial movement of individuals
among areas during the year sampled. Thus, sampling areas were
considered far enough apart to allow an unbiased comparison without being inﬂuenced by migration, and we therefore considered
sampling areas as independent (Westera et al., 2003).
Thirdly, experimental areas were chosen to correspond with
varying levels of ﬁsheries management. In the ﬁrst experimental area (named “low level of management, LLM”) management
of ﬁsheries was based on the common rules for all open access
areas in the Balearic Islands (Fig. 1). In relation to boat-angling
these involved: daily bag limits (5 kg of any ﬁsh species), gear limits
(two rods with maximum of 3 hooks each), and minimum legal size
(total length) for some species: Boops boops (110 mm), D. annularis
(120 mm), Pagellus erythrinus (150 mm), Trachurus mediterraneus
(150 mm), D. vulgaris (180 mm), Diplodus sargus (230 mm) and
Pagrus pagrus (180 mm). Moreover, in this area recreational ﬁshing
tournaments are allowed (see details in Morales-Nin et al., 2010).
The two other experimental areas were selected in the buffer area
of the pMPA of Palma Bay (Fig. 1). In the ﬁrst one (named “high
level of management, HLM”) in addition to the common regulations for the open access mentioned above the following rules were
in effect: recreational ﬁshing is banned on 3 work-days a week,
there is a minimum hook size (7 mm gape) and all tournaments are
banned. Moreover, some species have an additional minimum legal
size: Labrus merula (310 mm) and Labrus virids (350 mm). Finally,

Table 2
Number of boats and anglers (mean and standard deviation) recorded over 70
visual censuses to assess ﬁshing effort at each sampling site: low level of management (LLM), high level of management (HLM) and very high level of management
(VHLM). Note the opposite pattern among the ﬁshing effort and the management
intervention.

LLM
HLM
VHLM

Boats effort (boats km2 )

Anglers effort (anglers km2 )

0.52 ± 1.7
0.1 ± 0.45
0.07 ± 0.5

0.97 ± 3.0
0.31 ± 1.4
0.14 ± 1.0

the third sampling area (named “very high level of management,
VHLM”) differed from the HLM because it was located in an area
where artisanal ﬁsheries are additionally managed with a temporal
closure during part of the year (1/10–30/06).
As indicator of ﬁshing pressure, recreational boats in a buffer
of 1 km of radius per each sampling area were censed. A total of
70 visual censuses from boat were carried out in each sampling
area. In each visual census, the position, the ﬁshing method, the
number of anglers and the date and hour were registered for each
boat. The mean of boats and anglers per km2 showed that, as to
be expected, the LLM treatment was visited by a higher number of
boats and anglers relative to the other two areas (Table 2). Due to
lack of monitoring data, it is unknown whether the two areas with
currently lower visitations rates were visited more often prior to
installation of the management scheme.
To assess ﬁsh community structure of species targeted by the
recreational ﬁshing in each of the three experimental areas (buffers
of 1 km of radius in each area), relative abundance and ﬁsh size
structure was enumerated using controlled experimental angling
sessions as per previous research (Alós et al., 2009; Cerdà et al.,
2010; Grixti et al., 2007). Angling session units (i.e., samples)
consisted of continuous gear-controlled ﬁshing by a single angler
for 30 min from an anchored boat made in a random place of each
experimental area. Two volunteer anglers with similar levels of
experience were selected as experimental samplers. Sampling sessions were standardized, and the same gear was used in all of the
sessions. All hooks were baited with similar size pieces of shrimp
(Penaeus vannamei) covering the whole hook surface as described
in Alós et al. (2009). Captured ﬁsh were identiﬁed and measured
for total length (nearest mm). All ﬁsh caught during the angling
sessions were maintained in two different aerated pounds (i.e., one
per angler) until sampling. Due the expected low mortality rates
(e.g., Alós et al., 2009; Veiga et al., 2011) all ﬁsh were released.
The three experimental areas (LLM, HLM and VHLM) were sampled three times throughout one year (winter, spring and summer).
For each season-area, two different sampling days were carried out,
realizing four angling sessions per angler in each level of management protection. Thus, the experimental design was overall fully
balanced in relation to angling sessions (n = 4), angler (2 categories),
day (2 categories), season (3 categories) and level of management
(3 categories) with a total of 144 angling sessions and more than
1700 individual ﬁsh sampled.
2.2. Data analysis
Two main groups of statistical analyses were carried out for the
purposes of the study: (1) multivariate analyses to test for changes
in the species-speciﬁc patterns of abundance (ﬁsh sampled per
30 min) across management intervention, and (2) univariate analyses to test for changes in the ﬁsh sizes in the most frequent species
sampled (i.e., C. julis, D. annularis and S. scriba, which are the most
frequent species caught by the recreational anglers) across management intervention. In all analyses the effect of angler and sampling
day was controlled and considered as co-variates.
In the ﬁrst group of analysis, multivariate analyses were
focused on testing the relationship between the ﬁsh community

In total, 1711 ﬁshes belonging to 21 different species and 8 families were sampled (Table 3). The most frequent family was the
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27.27
22.62
8.49
30.23
12.76
17.51
47.21
19.20
6.25
55.77
6.78
–
5.51
28.28
57.98
86.97
–
–
–
–

s.d.
mean

130.54
150.34
141.64
119
182.58
127
261.86
180.60
131.69
90.89
273.33
192
195
170.33
307
381
165.50
–
–
262
–
2.34
3.39
1.65
0.20
0.92
0.58
0.71
0.77
0.54
0.49
0.24
0.45
0.14
0.24
0.20
0.20
0.20
0
0
0.14
0
2.23
5.31
1.56
0.04
0.54
0.21
0.15
0.21
0.27
0.19
0.06
0.08
0.02
0.06
0.04
0.04
0.04
0
0
0.02
0
107
255
75
2
26
10
7
10
13
9
3
4
1
3
2
2
2
0
0
1
0
13.68
26.27
19.93
8.29
53.57
30.83
–
17.04
–
60.10
45.53
–
–
–
–
–
–
–
–
–
–
120.45
140.91
150.04
140.20
196.50
163.50
–
146.40
–
129.50
273
–
186
–
–
–
–
110
121
–
–
4.33
3.50
2.44
0.52
0.28
0.52
0
0.37
0.00
0.20
0.29
0
0.14
0
0
0
0
0.14
0.14
0
0
5.43
2.53
1.65
1.41
0.14
0.24
0.50
0.14
0
0
0
0
0.14
0
0
0
0
0
0
0
0.14

117.44
129.73
145.33
192.89
192
183.67
190
145
–
–
–
–
140
–
–
–
–
–
–
–
127

14.60
25.29
20.70
36.54
–
40.50
35.01
–
–
–
–
–
–
–
–
–
–
–
–
–
–

255
202
133
8
4
8
0
5
0
2
2
0
1
0
0
0
0
1
1
0
0

5.31
4.21
2.77
0.17
0.08
0.17
0
0.10
0.00
0.04
0.04
0
0.02
0
0
0
0
0.02
0.02
0
0

mean
mean
mean

5.92
2.54
1.90
0.81
0.02
0.06
0.29
0.02
0
0
0
0
0.02
0
0
0
0
0
0
0
0.02
284
122
91
39
1
3
14
1
0
0
0
0
1
0
0
0
0
0
0
0
1

Fish size

s.d.
mean

Abundance
n
n
Fish size

mean

s.d.
Abundance

s.d.
n

Abundance

s.d.

Fish size

s.d.

VHLM
HLM

91

–, no ﬁsh caught.

3.1. Descriptive information

Diplodus annularis
Serranus scriba
Coris julis
Boops boops
Diplodus vulgaris
Symphodus tinca
Trachurus mediterraneus
Spondyliosoma cantharus
Serranus cabrilla
Chromis chromis
Labrus merula
Diplodus sargus
Oblada melanura
Thalassoma pavo
Labrus virids
Pagellus erythrinus
Spicara maena
Synodus saurus
Scorpaena porcus
Pagrus pagrus
Symphodus mediterraneaus

3. Results

LLM

composition in terms of species abundance and the ﬁxed effect of
interest (i.e., level of management). For this analysis, a response
matrix (species-speciﬁc abundance) was built using 144 rows representing 144 sampling sessions, and a speciﬁc number of columns
for species. Species with frequency of occurrence less than 2% were
pooled over all angling sessions and were considered occasional
or rare and not considered further in the analysis. Additionally,
an explanatory variables matrix was built with the management
intervention, season, day and angler as dummy variables. In the
analysis process, we ﬁrst described the observed patterns by using
Principal Components Analysis (PCA). Then, inferential analyses
were completed using Redundancy Analyses (RDA) (Legendre and
Gallagher, 2001) to estimate how much variation in the response
matrix was attributed to the explanatory variables. We selected
RDA instead Canonical Correspondence Analysis because this ordination method is more appropriate when species turnover is not
very large (ter Braak and Smilauer, 2002).
The strategy adopted here for model building was model-based
for the variables of little direct interest (considered co-variates)
and their effects were removed before testing for the effect of
the variable our interest (i.e., management intervention). The
ratio between the variability (inertia in the multivariate jargon)
explained by the model and the residual inertia was used to test
the signiﬁcance of the model using Monte Carlo simulations. When
signiﬁcant differences were detected (i.e., level of management and
season), a similarity percentage analysis (SIMPER) was carried out
between pairwise factors to evaluate which species contributed to
dissimilarity both within and between groups (Clarke and Gorley,
2001). SIMPER was based on breaking down the Bray–Curtis dissimilarity between two samples into contributions for each species
(denoted as ı̄i ). ı̄i /s.d. was used as a useful indicator of how consistently a species contributed to ı̄i across all pairs of samples. Thus,
large values of ı̄i /s.d. indicated that this species not only greatly
contributed to the dissimilarity between two groups but it also
did so consistently in inter-comparisons of all samples in the two
groups (Clarke and Gorley, 2001).
In the second group of analysis, generalized linear mixed-effects
(GLMM) models were used to test the relationships between the
response variable ﬁsh size and a number of explanatory variables
(Zuur et al., 2009). Management intervention (LLM vs. HLM vs.
VHLM), season (winter vs. spring vs. summer) and its interactions
were considered as ﬁxed factors, while day and angler were considered random factors.
The effect of a ﬁxed factor was eventually included in the
minimum adequate model following a forward step-by-step (by
comparing the model with and without the factor trough ANOVA)
following the approach proposed by Zuur et al. (2009). Residual
distributions were examined for normality by visual inspection of
residual histograms, normal QQ plots, and adequate transformation (log-transformed) was applied in the cases where normality
assumptions were violated. Homoscedasticity was also examined
using box-plots and ﬁtted-residuals. A ˛ value of 0.05 was chosen
as the critical level for rejection of the null hypotheses for all analyses. Multivariate analysis was performed using CANOCO 4.5, and
the results were visualized with the extension CanoDraw for Windows, and SIMPER was performed using version 6.1.5 of the PRIMER
software. GLMMs were ﬁtted using the lme4 library from the R data
analysis software package (http://www.r-project.org/).

Table 3
Mean and the standard deviation (s.d.) of the species-speciﬁc abundance (ﬁsh sampled per 30 min) and ﬁsh sizes (total length in mm) calculated for each level of ﬁsheries management: low level of management (LLM), high level
of management (HLM) and very high level of management (VHLM).
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Fig. 2. Bi-plot of the two ﬁrst axes of the Principal Components Analysis (PCA)
performed to assess any patterns of variance between samples (ﬁshing sessions)
and species-speciﬁc ﬁsh abundance. The values in brackets show the cumulative
percentage of variance explained by each main component. Samples are grouped
according to season and visualized as black circles (winter), dark grey circles (spring)
and light grey circles (summer) and each species is projected as a vector.

Sparidae (43.9%), followed by the Serranidae (34.6%) and Labridae (19.4%). The other less frequent families encountered were:
Carangidae (1.2%), Pomacentridae (0.6%), Centracanthidae (0.1%),
Synodontidae (0.1%) and Scorpaenidae (0.1%). At species-speciﬁc
levels, 89.1% of individuals captured by number were accounted
by three species: D. annularis (37.8%), S. scriba (33.8%) and C. julis
(17.5%, Table 3). Of all species sampled, 10 species (47.6%) were
observed in the LLM area (Table 3). In HLM area, a total of 12
species (57.1%) were observed while the highest percentage (85.7%)
of species occurrence in this study was in the VHLM area with a total
of 18 species sampled (Table 3).

Fig. 3. Bi-plot representing the two ﬁrst axis of the Partial Redundancy Analysis
(pRDA) performed to test the effect of season on species-speciﬁc ﬁsh abundance.
The value in brackets shows the percentage of the variance explained by the ﬁrst
axis (variable tested). Each species is projected by a vector, and the angles between
species are proportional to the co-variation between their abundances. The triangles
are at the centroid of each category, and species abundance of the seasonal effect for
each species can be approximated by projecting the triangles on the species arrow
(and its prolongation).

abundance and species diversity increased with the level of management intervention with the VHLM area being most species-rich
(Fig. 4). The results of SIMPER were in full agreement with those
obtained by pRDAs, and S. scriba and D. annularis were the most
important contributors to seasonal and between managementtreatments dissimilarity (Table 4). Finally, the effect of potentially
confounding variables in the experimental angling was analysed
revealing that some modest variability in species-speciﬁc abundance was related to the day of sampling (7.8% of the total
variance explained, pRDA, after 999 unrestricted permutations, Fratio = 5.21, P-value < 0.01), but there was no angler effect (1.6% of

3.2. Variance in species-speciﬁc abundance across areas
Multivariate analysis to test the relationship between the
species-speciﬁc abundance composition and the explanatory variables included 13 species: D. annularis, S. scriba, C. julis, B. boops,
D. vulgaris, Symphodus tinca, T. mediterraneus, Spondyliosoma cantharus, S. cabrilla, Chromis chromis, L. merula, D. sargus and Oblada
melanura. The two ﬁrst components of the principal component
analysis (PCA) explained 86.3% of the total sample variability
(Fig. 2). The PCA showed aggregation in function of the explanatory variables suggesting that variance could be explained by the
explanatory variable matrix (Fig. 2). This visual interpretation was
conﬁrmed by the formal variance partitioning test using the full
redundancy analysis (RDA), and the pool of explanatory variables
signiﬁcantly affected the species-speciﬁc composition (RDA, after
999 unrestricted permutations, F-ratio = 10.72, P-value < 0.01). Season explained 57.4% of the total variance within the model, which
exerted a highly signiﬁcant effect on the species-composition
(pRDA, after 999 unrestricted permutations, F-ratio = 18.3, Pvalue < 0.001 and Fig. 3).
The variable of interest (i.e., management intervention)
explained 33.2% of the total variance in species-speciﬁc abundance,
which was also highly signiﬁcant (pRDA, after 999 unrestricted
permutations, F-ratio = 10.5, P-value < 0.001 and Fig. 4). The effect
of level of management resulted from the fact species-speciﬁc

Fig. 4. Bi-plot representing the two ﬁrst axis of the Partial Redundancy Analysis
(pRDA) to test for the effect of management intervention on the species-speciﬁc
ﬁsh abundance. The centroid of each category (low level of management (LLM),
high level of management (HLM) and very high level of management (VHLM)) are
projected as triangles.
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Table 4
Results of the SIMPER to analyse dissimilarity between the three seasons sampled and the three level of ﬁsheries management. The species are ordered by decreasing
contribution. ı̄i corresponds to the average of dissimilarity between groups, ı̄i (%) to the contribution of each species to the average dissimilarity, and (s.d.) is the standard
deviation.
Winter vs. spring (ı̄i = 56.42)
Species

ı̄i (%)

Winter vs. summer (ı̄i = 57.72)
ı̄i (s.d.)

Results of SIMPER analyses for factor season
25.11
1.3
S. scriba
23.99
1.23
D. annularis
16
1.2
C. julis
B. boops
8.82
0.69
D. vulgaris
4.4
0.54
4.07
0.54
S. tinca
LLM vs. VHLM (ı̄i = 45.08)
Species

Spring vs. summer (ı̄i = 37.29)

Species

ı̄i (%)

ı̄i (s.d.)

Species

ı̄i (%)

ı̄i (s.d.)

S. scriba
D. annularis
C. julis
D. vulgaris
S. tinca
B. boops

30.77
27.37
15.75
5.1
4.1
3.95

1.44
1.33
1.19
0.58
0.52
0.48

D. annularis
S. scriba
C. julis
B. boops
D. vulgaris
T. mediterraneaus

26.1
20.91
17.69
9.42
6.12
4.91

1.24
1.14
1.24
0.69
0.55
0.56

LLM vs. HLM (ı̄i = 55.13)
ı̄i (%)

ı̄i (s.d.)

Results of SIMPER analyses for factor area
27.79
1.07
D. annularis
26.22
1.14
S. scriba
19.7
0.88
C. julis
11.16
0.74
B. boops
4.88
0.59
T. mediterraneaus
S. tinca
3.04
0.41

HLM vs. VHLM (ı̄i = 49.2)

Species

ı̄i (%)

ı̄i (s.d.)

Species

ı̄i (%)

ı̄i (s.d.)

D. annularis
S. scriba
C. julis
B. boops
D. vulgaris
T. mediterraneaus

24.36
23.1
14.41
8.47
6.56
5.11

1.35
1.16
1.15
0.72
0.65
0.57

D. annularis
S. scriba
C. julis
D. vulgaris
S. tinca
S. cabrilla

24.88
23.19
17.92
7.49
4.52
3.9

1.29
1
1.2
0.68
0.48
0.51

the total variance explained, pRDA, after 999 unrestricted permutations, F-ratio = 1.01, P-value = 0.408).
3.3. Variance in ﬁsh size of D. annularis, S. scriba and C. julis
across area
The degree of management in a given area also strongly affected
the sizes of the dominant species (Table 3). In terms of D. annularis, level of management was signiﬁcantly related to size of
ﬁsh encountered by hook and line sampling (ANOVA; 2 = 43.56;
P < 0.001), but this effect was dependent on the interaction with
season (ANOVA; 2 = 14.56; P < 0.05). The signiﬁcance of the interaction between area and season was caused by stronger effects in
winter (Table 3). Overall, the size of D. annularis increased with
increasing protection levels offered in a given area (Fig. 5). Similar results were obtained in the case of S. scriba where the effect of
level of management was also highly signiﬁcant (ANOVA; 2 = 44.1;
P < 0.001). In this case, both the season (ANOVA; 2 = 0.75; P = 0.688)
and the interaction of management × season were not signiﬁcant
(ANOVA; 2 = 10.1; P = 0.123). Again, signiﬁcantly larger ﬁsh were
found in areas offering higher degree of management intervention (Fig. 5). Finally, in the case of C. julis the level of management
was also positively related to size of ﬁsh captured (ANOVA;
2 = 7.24; P < 0.05), and season (ANOVA; 2 = 0.41; P = 0.816) while
the interaction term (ANOVA; 2 = 3.96; P = 0.682) was not found
statistically signiﬁcant (Table 3 and Fig. 2).
4. Discussion
Partial MPA (pMPA) have been questioned due its assumed
limited conservation beneﬁts to protect exploited ﬁsh stocks, particular in relation to intensive commercial exploitation (Denny and
Babcock, 2004; Di Franco et al., 2009; Shears et al., 2006). Here,
we contrasted the coastal ﬁsh community composition and assembly structure predominantly exploited by recreational angling
in spatially close locations that differed by degree of ﬁsheriesmanagement tools implemented in each of the area. Contrary to
most previous literature reports cited above in the context of
intensive commercial or artisanal ﬁsheries, we found a number
of conservation beneﬁts in terms of abundance of certain species
and size of ﬁsh in pMPA for species predominantly targeted by
anglers (i.e., S. scriba, C. julis and D. annularis). Possibly the greatest

conservation beneﬁt in our study resulted from the reduced ﬁshing
effort attracted to pMPA, likely as a result of aversion of anglers to
use areas where some form of management is affecting the recreational experience (Beardmore et al., 2011; Fujitani et al., 2012;
Shears et al., 2006). We are unsure whether the reduced use of the
pMPA found in the present study is long-term or only a short-term
effect, with a rebound of effort happening in the future as shown
elsewhere by Fujitani et al. (2012). At present state, however, the
more intensively managed pMPA attracted much less ﬁshing effort
than the open access areas, which likely contributed to the conservation values of such area (Lynch, 2006).
Our data suggest that for the management of recreational
angling in coastal areas pMPA might be a suitable tool, which will
likely exert its effect through a combination of effort displacement
to non-protected areas and altered ﬁshing mortality or selectivity due to size-based harvest tools and other regulations in pMPA.
Moreover, as we found the greatest CPUE and species diversity
in the area temporally closed to artisanal ﬁshing, it is likely that
the constraints on these ﬁsheries also contributed to the conservation effects of pMPA in our study. Because many of the species
we included in our study are not core target species of artisanal
ﬁsheries, the beneﬁcial conservation effects of pMPA is contingent
on the total angling effort in a particular region because excessive
ﬁshing effort can negate any potential conservation beneﬁts offered
by any protected area that is still accessible to recreational anglers
(Cox et al., 2003; Fujitani et al., 2012). Therefore, our results must
always be interpreted in light of the lower angling effort the pMPA
areas attracted, which might constitute the main pathway by which
our pMPA exerted its effect on conservation of the small-bodied
coastal ﬁsh community (Lynch, 2006; Fujitani et al., 2012).
It is unclear whether the effort reduction we observed was
an effect of the implementation of regulations or whether other
reasons played a role. It is known from freshwater ﬁsheries that regulations affect the attractiveness of a ﬁshery to anglers (e.g., Beard
et al., 2003; Beardmore et al., 2011; Dorow et al., 2010; Johnston
et al., 2010, 2011), and Fujitani et al. (2012) showed effort displacements to the implementation of marine protected areas in the in
the Gulf of California, Mexico. We thus similarly expect that the
regulations present in the pMPA might have contributed to the conservation values of these areas by displacing angling effort to open
access areas. Because anglers move to areas with higher catch rates,
over time the spatial effort relocation should act to standardize
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Fig. 5. Box-plot of ﬁsh size (total length in mm) for Coris julis (n = 299), Diplodus annularis (n = 646) and Serranus scriba (n = 579) sampled in each sampling area (low level of
management (LLM), high level of management (HLM) and very high level of management (VHLM)). Boxes represent the 25th and 75th percentiles, median, and inter-quartile
range (IQR), while the whiskers represent the lowest datum within 1.5 IQR of the lower quartile, and the highest datum within 1.5IQR of the upper quartile. Circles represent
outlier values.

catch rates among areas if ﬁsher’s spatial area choice is exclusively
driven by catch rate expectations (Lynch, 2006; Parkinson et al.,
2004). However, because we still found among-area variance in
catch rates, it is likely that anglers did not move as the ideal free
distribution (Matsumura et al., 2010). This is likely because anglers
also consider the regulations in place and other non-catch related
attributes when deciding for or against certain ﬁsheries (Hunt et al.,
2011; Johnston et al., 2010, 2011). This agrees with the fact that a
range of factors provide utility to anglers, not just catch rate alone
(Johnston et al., 2011). Therefore, it is likely that management intervention displaced ﬁshing effort in our study.
Conservation beneﬁts we found in relation to the management
areas were mainly due the high and signiﬁcant percentage of the
variability of the abundances of D. annularis, S. scriba and C. julis
across areas. These three most frequent species studied have the
peculiarity that are practically only targeted by recreational anglers
(Morales-Nin et al., 2005). In fact, these three species were practically absent in the landings of commercial and artisanal ﬁsheries
from the local auction as evidenced by the landing list from the
Fisheries Department from the Balearic Islands (Alós, personal
observation) as well as in the catch composition of the trammel
net in the Western Mediterranean (Stergiou et al., 2006). Moreover, due the limited size of these species (e.g., C. julis) they are
rarely by-catch by the artisanal ﬁshing ﬂeet in the region (Alós, personal observation). This contrasts with the other previous studies
on pMPA where the target species investigated were both targeted
by recreational and artisanal or small-scale commercial ﬁsheries
jointly (Di Franco et al., 2009; Guidetti et al., 2010; Shears et al.,
2006).
However, we also detected beneﬁts of pMPA in terms of abundance for other species, which are also targeted by the artisanal
ﬁshery (i.e., B. boops, D. vulgaris, S. tinca, T. mediterraneus, S. cantharus, S. cabrilla, C. chromis, L. merula, D. sargus and O. melanura).
Thus, our exploration and ﬁnding of greater CPUE and species
diversity in the VHLM area that was closed to artisanal ﬁshing for
some period of the year also suggested some impact of commercial
ﬁshing on the species community examined. Because the only difference to the HLM area was the temporary ban on artisanal ﬁshing,
a combination of further angling effort reduction and lack of artisanal target species might have jointly contributed to the results.
Although cause-and-effect is difﬁcult to claim form our comparative ﬁeld study, the close proximity of the study areas and our
attempts to standardize the habitat structures across areas provided weight to the idea that the pMPA was related for the observed
ﬁsh abundance differences.
Not only abundance, but also ﬁsh sizes of the three most
frequently encountered species were related to the level of management. We found larger ﬁsh in the more restrictively managed

areas suggesting an impact of ﬁshing in the open access areas. One
of the most important beneﬁts of MPAs to marine coastal species is
that they allow biomass to increase due to larger ﬁsh seeking refuge
(Lester et al., 2009). Due to peculiarities of the hook’s selectivity,
recreational gear in our study areas usually captures larger individuals of D. annularis, S. scriba and C. julis (Cerdà et al., 2010). Thus, ﬁsh
size should be a good indicator of ﬁshing pressure, and ﬁsh should
be smaller in areas that are more heavily ﬁshed (Lester et al., 2009).
Our ﬁndings agree with these predictions. In fact, many studies
involving small-scale commercial ﬁsheries from the Mediterranean
showed that surviving individuals of exploited species are on average larger in no-take MPA than in open access areas (Lester et al.,
2009). A demographic truncation effect towards on average smaller
and younger ﬁsh is a typical result of intensive recreational and
commercial ﬁshing (Lewin et al., 2006). We added to this literature
by implicating that pMPA may exert similar effects on small-bodied
coastal ﬁsh predominantly targeted by anglers, but as elaborated
above artisanal ﬁshing also played a role.
Comparative ﬁeld studies where cause-and-effect is impossible to evaluate with certainty because there is no data prior to the
implementation of the pMPA, have difﬁculties to directly link the
results to the management. Moreover, studies based in catch rates
and other ﬁshery-dependent data as index of abundance can generate biased conclusion due to the selective properties of ﬁshing.
For example, if the behaviour has a role in the vulnerability of ﬁsh
to be harvested, ﬁshery-dependent data can generate an underestimation of the ﬁsh abundance due the exploited population is
dominated by non-vulnerable individuals (Biro and Dingemanse,
2009). Despite these limitations, our results still allow deriving
some tentative management implications to provide useful information for the managers. The somewhat more restrictive, but not
fully effort-banned management in pMPA involving regulations on
minimum hooks sizes, minimum-size limits and temporal closure
of artisanal ﬁshing may be sufﬁcient to protect coastal ﬁshing communities from severe size truncation and strong biomass declines,
in particular if regulations also limit or even displace ﬁshing effort
to open access areas. The limited capacity of movement of the
small-bodied species suggests that a higher numbers of old and
large individuals could be maintained inside the pMPA if these
areas are larger than the species’ home range as was the case in
our study (Alós et al., 2011). This could produce a considerable
increase in the reproductive potential of the population owing to
the high reproduction potential of old and large ﬁsh (Birkeland and
Dayton, 2005) and maybe also have spill over effects to surrounding
areas (Botsford et al., 2009). Hence, for recreational angling targeting small coastal ﬁsh, pMPA may offer a needed level protection
to avoid local depletion (in terms of abundance), especially protecting large individuals, without constraining ﬁshing effort directly.
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This will likely enhance the acceptability of the tools by anglers.
Further research considering other pMPA in higher intensity ﬁsheries are recommended to more generally assess the usefulness of
this management tool for coastal recreational ﬁsheries that target
small-bodied, low mobility ﬁsh species for harvest.
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