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a  b  s  t  r  a  c  t

Marine  protected  areas  (MPAs)  have  been  widely  recognized  as a  tool  to achieve  both  fisheries  manage-
ment  and  conservation  goals.  Simultaneously  achieving  these  multiple  goals  is difficult  due  to conflicts
between  conservation  (often  long-term)  and  economic  (often  short-term)  objectives.  MPA implementa-
tion  often  includes  additional  control  measures  on fisheries  (e.g.  vessel  size  restrictions,  gear  exclusion,
catch  controls)  that in  the  short-term  may  have  impacts  on  local  fishers’  communities.  Thus,  monitoring
fisheries  catches  before,  during  and  after  MPA  implementation  is  essential  to document  changes  in  fish-
eries activities  and  to evaluate  the  impact  of  MPAs  in fishers’  communities.  Remarkably,  in contrast  with
standard  fisheries-independent  biological  surveys,  these  data  are  rarely  measured  at appropriate  spatial
scales  following  MPA  implementation.  Here,  the  effects  of  MPA  implementation  on  local  fisheries  are
assessed  in  a temperate  MPA  (Arrábida  Marine  Park,  Portugal),  using  fisheries  monitoring  methods  com-
bining  spatial  distribution  of fishing  effort,  on-board  observations  and  official  landings  statistics  at  scales
appropriate  to  the  Marine  Park.  Fisheries  spatial  distribution,  fishing  effort,  on-board  data  collection  and
official  landings  registered  for  the  same  vessels  over  time  were  analysed  between  2004  and  2010.  The
applicability  and  reliability  of using  landings  statistics  alone  was  tested  (i.e.  when  no  sampling  data  are
available)  and  we conclude  that  landings  data  alone  only  allow  the  identification  of  general  patterns.  The
combination  of  landings  information  (which  is  known  to be  unreliable  in many  coastal  communities)
with  other  methods,  provides  an  effective  tool  to evaluate  fisheries  dynamics  in response  to  MPA  imple-
mentation.  As  resources  for monitoring  socio-ecological  responses  to MPAs  are frequently  scarce,  the  use
of  landings  data  calibrated  with  fisheries  information  (from  vessels,  gear  distribution  and  on-board  data)
is a valuable  tool  applicable  to  many  worldwide  coastal  small-scale  fisheries.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Introduction

In recent decades coastal ecosystems have faced increasing
anthropogenic pressures and the need to implement efficient man-
agement measures to reduce (or reverse) widespread declines in
marine species, habitats and ecosystems has become widely recog-
nised (Halpern et al., 2008; Lotze et al., 2006; Palumbi et al., 2008;
Rice et al., 2012; Ruckelshaus et al., 2008). Globally, human com-
munities and economies depend on marine resources to satisfy
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their needs on recreational, aesthetic, and economic dimensions,
but also, importantly for food security and health. The way  marine
ecosystems have historically been managed has led to overfishing
or depletion of many fish stocks (Halpern et al., 2008).

Ecosystem-based management (EBM) is recognized as the most
appropriate approach to maintaining ecosystem structure and
function (Claudet, 2011; Frid et al., 2005; Jennings and Kaiser, 1998;
Murawski, 2000). However, its implementation is challenging,
since ecosystems are complex and dynamic. Ecosystem assessment
often requires an enormous amount of data using multidisciplinary
approaches, which can be incompatible with limited availability
of human and financial resources (Claudet, 2011). Marine Pro-
tected Areas (MPAs) became a mainstream management tool for
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a variety of management problems, with goals such as the sustain-
able management of exploited stocks and biodiversity conservation
(Costanza et al., 1998; Field et al., 2006; Gerber et al., 2003; Halpern,
2003; Murawski, 2007; Roberts et al., 2001). MPAs can also con-
tribute to the protection of essential habitats (e.g. spawning and
nursery grounds) (Gell and Roberts, 2003; Nagelkerken et al., 2012),
reduction in fishing mortality (Grüss et al., 2011; Mesnildrey et al.,
2013) and provision of benefits to local fisheries by increasing
catches in adjacent areas through spillover effects (Goñi et al., 2008;
Goñi et al., 2010; Halpern et al., 2010; Harmelin-Vivien et al., 2008;
Harrison et al., 2012; Roberts et al., 2001).

MPAs are often located in coastal areas where human activi-
ties (both extractive and non-extractive) are intense and ecosystem
functions and services are thus under multiple pressures. They
usually include some types of management measures aimed at reg-
ulating fisheries (e.g. no-take areas, gear exclusion, catch and/or
effort control), that may  have impacts on local fishing communi-
ties, particularly if not implemented together with other policies
to compensate fishermen (Batista et al., 2011; Lester and Halpern,
2008; Mascia et al., 2010; Rees et al., 2013). Hence, MPA  imple-
mentation is frequently accompanied by opposition from fishers
(Christie, 2004; Rice et al., 2012), which can put the MPAs’ objec-
tives at risk (Pollnac et al., 2001). Compliance by users, including
fishers, acceptance of MPA  rules, cooperation in monitoring and
management processes and adequate enforcement are critical
components to MPA  success (Claudet and Guidetti, 2010; Guidetti
et al., 2008). When fishers recognize benefits from MPAs, they are
more likely to accept the various regulations, leading to a greater
chance of the MPAs meeting their goals (McClanahan et al., 2005,
2014). However, measurement of ‘success’ can be challenging due
to the difficulty in establishing adequate monitoring processes that
account for temporal and spatial variability in a large variety of pos-
sible responses. Measuring success is further compromised by a
widespread lack of data from the period before MPA  establishment
(Horta e Costa et al., 2013c). Monitoring fisheries catch-per-unit-
of-fishing effort before, during and after MPA  implementation
is essential not only to understanding the ecological responses
of marine populations but also to evaluating the socio-economic
impacts on fishers’ communities. Interestingly, programs to mon-
itor socio-economic responses to MPAs are rare compared with
those directed at ecological responses, despite their interdepen-
dence. It has been suggested that monitoring fisheries (e.g. catches
and effort) is costly to implement and to maintain during long-
time frames, resulting in gaps in our knowledge of MPA  impacts
(both positive and negative) on fisheries (Mesnildrey et al., 2013).
Coastal artisanal fisheries can be particularly difficult to accurately
monitor due to the inherent diversity of artisanal fishing gears and
techniques. Past assessments have been based primarily on the
number of boats or the number of fishers, potentially obscuring
evaluation of the actual fishing pressure on the resource (Garcia
et al., 2008). For example, for static gears such as traps, both the
number and the length of sets in a given area can vary greatly
among individual fishers and boats. While important, these data
are rarely available. Finally, the reliability of catch statistics from
these artisanal fisheries is also questionable since it is usually based
on officially registered landings which are rarely validated by sys-
tematic observer programs or calibrated with sampling at sea and
during landing (Tzanatos et al., 2013). As a consequence, a high
percentage of catches are not being accounted for in small scale
fisheries (e.g. Batista et al., 2009). Yet, these are precisely the fish-
eries for which MPAs are promoted.

Adequate use of monitoring information may  contribute to effi-
cient management measures to promote the fulfilment of MPA
goals, including the minimization of social and economic impacts
and the improvement of benefits to local fishers’ communities. In
this context, efforts have been developed worldwide to improve

the availability and accuracy of data for management. For example,
the implementation of volunteer monitoring projects where fish-
ers actively participate are becoming common around the world,
and can play a role in achieving higher rates of MPA  acceptance and
success (Danielsen et al., 2005; Lloret et al., 2012). Moreover, some
studies have been focused on the development of methods based on
the integration of existing data from different sources with the aim
of optimizing the utility of existing data for fisheries management
(e.g. Tzanatos et al., 2013).

The aim of this study was  to design, implement and test the
efficiency of a fisheries monitoring scheme at a coastal temper-
ate MPA  (the Arrábida Marine Park, Portugal), that combines data
from fine-scale spatial distribution of fishing effort, on-board sam-
pling and official landings. Our approach was used to evaluate the
impact of protection measures on local fisheries, by assessing how
landings and revenues changed with MPA  implementation. We  also
tested the accuracy of using landings statistics alone (i.e. a common
scenario in MPA  assessments in the context of artisanal fisheries).
In addition, the influence of season and fishing effort in overall
captures were characterized using a modelling approach to test
the relevance of including these factors into fisheries monitoring
methods, namely to develop models for the calibration of official
landings statistics. Our results provide some of the first indications
of the response of artisanal fisheries to MPAs and we  suggest that
the approach developed here can be applied to many coastal MPAs
worldwide and also be adapted for other types of coastal fisheries
monitoring and management programs.

2. Methods

2.1. Study area

The study was conducted in a coastal multiple-use MPA, the
Arrábida Marine Park (AMP), adjacent to a terrestrial nature park
(Fig. 1). The marine park extends along 38 km of coast (53 km2),
faces mainly south and is protected from prevailing north and
northwest winds and waves, allowing for year-round human activi-
ties. Very nearshore subtidal habitats (approximately 0-10 m deep)
are dominated by complex rocky reefs and outcrops resulting from
the erosion of coastal calcareous cliffs. Adjacent to the reef, moving
away from the cliffs, habitat is primarily sand, gradually giving way
to fine sand and mud  as depth increases. This region is an impor-
tant biodiversity hotspot, with more than 1100 species identified
(Henriques et al., 1999; Horta e Costa et al., 2013a). There is a small
fishing town, Sesimbra, in the middle of the park, which has a long
fishing tradition and is currently also a tourist area.

The AMP  was created in 1998 but the management plan was only
approved in 2005, defining eight zones subject to three protection
levels: a fully-protected area (FPA: 4 km2), four partially-protected
areas (PPAs: 21 km2) and three buffer areas (BAs: 28 km2). The
AMP  objectives are broad: preserve marine biodiversity, recover
habitats and promote scientific research, enhance environmental
awareness and education, allow for sustainable nature oriented
tourism, achieve sustainable development, and support regional
economic and cultural activities, such as the traditional “hook and
line” fishery (i.e. small-scale handlines, longlines, jigs). The AMP
management plan defines limits and protection measures for var-
ious activities, in order to protect the local small-scale fisheries
that have high local socio-economic importance. Thus, trawling,
dredging, purse-seining and spearfishing are forbidden in the entire
AMP  and only vessels less than 7 m in length are allowed to oper-
ate in the park. There were 89, 79 and 77 vessels licensed to fish
in the AMP  in 2007, 2008 and 2009, respectively. These vessels
are multigear; all have longline licenses and 35–40% of them also
have licenses for traps and nets. Discarding in the AMP  is also not
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Fig. 1. Map  of the Arrábida Marine Park (AMP) with location, bathymetry lines and zoning implemented by the management plan. Zoning: PPA: partially-protected area;
BA:  buffer area; FPA: fully-protected area. Location of the on-board surveys for traps (black squares) and trammel nets (grey squares) are also shown.

Table 1
Fishing effort sampling phases and periods, number of samples collected and indication of protection zones implemented by period (cells in grey).

Sampling phases Sampling periods Number of samples MPA  zones implemented

FPA1 FPA2 PPA1 PPA2,3,4 BAs

Before April–November’04 7

Implementation
Year 1
(March–August’07)

15 a

Year 2
(September’07–February’08)

14 a a

Year 3
(November’08–August’09)

16 a

After September–December’09 6

a: Implemented with PPA regulations.

allowed. Furthermore, commercial fishing licenses are only allot-
ted to vessels registered in the fishing port inside the park and are
renewed annually if active. In the partially-protected areas, only
traps and jigs are allowed and only beyond 200 m offshore. In the
fully-protected area, human presence is not allowed (some excep-
tions are authorized, for example for scientific research). Since
this is a traditional fishing region, the different protection mea-
sures were implemented sequentially during a four year transition
period, with all the BAs, the PPA1 and half of the FPA (with PPA reg-
ulations) established in mid-2006, and all the PPAs and the second
half of the FPA (with PPAs regulations) in mid-2007. The first half
of the FPA started with FPA regulations in mid-2008 and full imple-
mentation of the management plan was achieved in mid-2009 with
the second half of the FPA (see Horta e Costa et al., 2013a for details).

The fishing gear and targets that are primarily used in the AMP
are: traps mainly targeting octopus, Octopus vulgaris Cuvier, 1797;
trammel nets which target species such as soles, Solea senegalensis
Kaup, 1858 and Solea solea (Linnaeus, 1758) and cuttlefish, Sepia
officinalis Linnaeus, 1758; longlines which target mostly Sparidae;
and jigs used to catch cephalopods (O. vulgaris, S. officinalis and
squid Loligo vulgaris Lamarck, 1798). Most vessels using longlines
and jigs are less than 4 m total length and are operated by a single

fisher, while traps and nets are used from vessels that are 5–7 m
length and usually operated by two fishers (Batista, 2007; Horta e
Costa et al., 2013a).

2.2. Data collection

2.2.1. Fishing effort assessment
The buoys of static gear (traps and nets) deployed within the

marine park limits were surveyed and identified in all areas south of
the Espichel Cape, through zigzag transects by boat (Horta e Costa
et al., 2013a,c). The entire study area was sampled on each sam-
pling day, and the location of buoys was  marked using a Global
Positioning System (GPS). We  recorded the type of fishing gear and
the name of the vessel from each buoy (mandated by Portuguese
legislation).

Sampling was  carried out in five periods; ‘before’, during
‘implementation’ (three periods: year 1, 2 and 3) and ‘after’ the
implementation of the management plan. Different periods had dif-
ferent protection measures (Table 1). In the analysis we focussed
on trap and trammel net fisheries since they were identified as
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Table 2
Technical characteristics of fishing gears sampled in on board surveys. Average, standard deviation and mode of depth, number of traps or nets total length, soak time and
number of set hauled per day.

Fishery Depth (m)  N. traps/ nets total length (m)  set−1 Fishing time (h) Sets day−1

Traps Av. (Std) 35.5 (26.4) 45.8 (8.3) 115.4 (100.8) 6.5 (2.1)
Mode 16.0 40.0 48.0 8.0

Trammel
nets

Av.  (Std) 34.4 (27.5) 806.9 (272.1) 24.9 (6.2) 2.5 (0.6)
Mode 17.0 1000.0 24.0 3.0

the most important and abundant in the study area, and we could
accurately assess their position by buoy surveys.

2.2.2. Official landings data
Fisheries landing data were obtained from the Portuguese

“Direç ão Geral de Recursos Naturais, Seguranç a e Serviç os Marí-
timos”. The dataset quantified daily landings (biomass and average
price) per species for all vessels fishing in the AMP  between 2004
and 2010, as well as vessel characteristics (age, length, fishing
licenses). Vessels accounting for 97% of total buoys (according to our
fishing effort assessment) were considered as those continuously
fishing in the AMP  in each period and were used in our analyses of
landings. Although these vessels also fished in the boundary areas,
most of their catches were probably from the AMP  and their land-
ings were considered as a good measure of landings from the AMP.
Furthermore, interviews of local fishers were performed to further
clarify landings data.

Five species were excluded from the analysis due to known
inconsistencies in landings (Bogue Boops boops (Linnaeus, 1758),
green crab, Carcinus maenas (Linnaeus, 1758), Atlantic horse mack-
erel Trachurus trachurus (Linnaeus, 1758), blue jack mackerel
Trachurus picturatus (Bowdich, 1825) and Atlantic chub mack-
erel Scomber colias Gmelin, 1789). In addition, landings of some
species were not discriminated at the species level: Solea spp. land-
ings include S. solea and S. senegalensis, and Raja spp. landings
include undulate ray, Raja undulata Lacepède, 1802, blond ray, Raja
brachyura Lafont, 1871, thornback ray, Raja clavata Linnaeus, 1758,
spotted ray, Raja montagui Fowler, 1910, sandy ray, Leucoraja cir-
cularis (Couch, 1838), cuckoo ray, Leurcoraja naevus (Müller and
Henle, 1841) and other species of genus Raja.

2.2.3. Fisheries on-board sampling
Sampling of fishing effort and catches was carried out on-board

commercial vessels fishing primarily with trammel nets and traps
in the AMP  and nearby areas. These vessels also used other gear
types at particular times or for short periods. Vessels operating with
jigs were also common in the AMP  (Horta e Costa et al., 2013a,c),
however, their small size did not allow on-board observations and
thus they were not included in the study. Surveys were performed
on five vessels with similar characteristics between May  2007 and
April 2008 in a total of 35 fishing trips regularly distributed in time
to account for possible seasonality (16 trips for traps – 3 in Year 1
and 13 in Year 2; 19 for trammel nets – all samples from Year 2).
Vessels were chosen based on their fishing area (identified from our
fishing effort assessment) with the aim of distributing our sampling
across the study area (Fig. 1). Willingness of fishers to participate
in the study was also taken into account. The fishing gear used had
similar characteristics. Traps were made of an iron or steel frame
with a hard plastic net stretched around it (mesh size: 3 cm,  trap
dimensions: 50 cm × 30 cm × 20 cm). Each trap has a bait holder
and a funnel shaped opening. Scomber colias and C. maenas were the
most used baits in traps, and sometimes B. boops, T. trachurus and
sardine Sardina pilchardus (Walbaum, 1792) were also added. All
bait species were dead, except C. maenas. Traps were set from 24 h
to several consecutive days, attached to a mainline (Table 2). Tram-
mel  nets were composed of 3 panels, made of polyethylene, with an

inner panel with 100 mm  stretched mesh (the minimum allowed by
Portuguese legislation) with ca. 50 mesh high and two outer panels
with 600 mm stretched mesh with 3–4 mesh high (Table 2).

Generally, fishing trips were conducted separately for nets and
traps (with the exception of five trips where both gears were used).
In each survey (i.e. fishing trip sampled), two researchers accompa-
nied one full-day fishing trip (ca. 6–8 h). For each set we  measured:
length of nets, number of traps or nets, haul location, depth, fishing
time (total immersion time) and type of bait (for traps). Catches
were separated by the fishers into specimens for selling, for their
own  consumption or for discarding. Discards are usually promptly
thrown back to the sea and were further separated for the purpose
of this study; some individuals were discarded alive (mostly small
O. vulgaris and Raja spp.) and the remaining (dead) discards were
preserved on ice and brought to the laboratory. All individuals were
identified, measured (total length to the nearest mm)  and weighed
(with a dynamometer, to the nearest 5 g) on-board or at the labo-
ratory. A total of 5521 traps (grouped into 102 sets) and 930 nets
(grouped into 48 sets) were surveyed.

2.3. Data analysis

2.3.1. Fishing effort assessment
Buoy density (buoys km−2) was calculated to assess fishing

effort: for the total AMP  and per protection zone, for the total of
the five periods, and per fishing gear (traps and trammel nets) using
ArcGIS 10.0 (ESRI, 2011). Data from the fisheries on-board surveys
were used to calculate the average number of traps and the average
length of nets per set. Analyses of variance (ANOVA for parametric
data and Kruskal–Wallis for non-parametric data) were performed
to test differences in fishing effort between: periods (independently
of protection zone and also in each zone), zones (independently of
the period). Tukey and Dunn post hoc tests were done respectively
when applicable. Statistica 12 software (Statsoft, 2013) was used.

2.3.2. Official landings
We  estimated the relative importance of species landed by

each vessel in our on-board sampling per time period to evalu-
ate the accuracy of official landings for the studied periods and
area. To avoid potentially confounding seasonality, we considered
data from an entire year (Before: 2004; Year 1: September 2006
to August 2007; Year 2: September 2007 to August 2008; Year 3:
September 2008 to August 2009; After: September 2009 to August
2010). Aggregation of data per period allowed us to compare a
full year’s landings under the same protection measures. Averaged
monthly landings and revenues per vessel were also calculated.

To analyse trends in species landings across periods, landings
per unit of effort (LPUE, kg vessel−1 day−1) were calculated per
period for the group of species representing 95% of total landings
(only data for the months sampled in the fishing effort assess-
ment surveys were considered). Total revenue per unit effort (RPUE,
C-- vessel−1 day−1) was also estimated.

To analyse the relation between official landings and our sam-
pled fishing effort, we  calculated landings per gear unit (LPGU) that
accounted for the average number of fishing gears set (obtained in
our fishing effort assessment; kg day−1 trap−1; kg day−1 1000 m of
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nets−1). LPGU was calculated for O. vulgaris (for traps) and the soles
(Solea spp.) and S. officinalis—for nets) per period. For each period,
we included landings on the days when fishing effort surveys were
conducted and we excluded buoys where vessels’ identification
was not visible. A preliminary assessment of the seasonality of land-
ings was performed (seasons were defined based on landings trends
and species biology) but no significant differences among seasons
were found (ANOVA, p-value < 0.05). The exception was  S. officinalis,
which had almost no landings between June and October. ANOVA
and Kruskal–Wallis tests were performed to analyse statistical sig-
nificance of differences found in LPGU between periods.

2.3.3. Fisheries catches from on-board sampling
Mean, standard deviation and mode of the number of traps per

set, total length of each net, number of sets per day, depth and
fishing time (immersion time) were calculated. Data obtained dur-
ing survey trips were analysed to calculate total catch, portion of
catch for selling and for self-consumption and discards per species
(in biomass), separately per fishing gear. The primary reasons for
discards were also assessed (i.e. species with no commercial value,
damaged or undersized individuals).

2.3.4. Comparisons between official landings and catches from
on-board sampling

Unreported catches (catches retained but not sold at official fish
auction plus catches discarded) were estimated by comparing data
from surveys with official landings from the same day and same
vessels using the most important species (O. vulgaris in the trap fish-
ery and Solea spp., European hake Merluccius merluccius (Linnaeus,
1758) and Raja spp. in the trammel net fishery). When available,
species LPUE from official landings data (kg vessel−1 day−1) was
compared with catch per unit effort from on-board observations
(CPUE, kg vessel−1 day−1), considering the same vessel, species and
day.

2.3.5. Effect of effort and season on catches
To understand which factors influence the total catch of com-

mercial species at the AMP, generalized linear models (GLMs) were
run relating the response variable total catch (from the on-board
sampling) to the covariates season or month (categorical), the num-
ber of traps or total net length and mean water depth (numerical).
This approach is useful to identify whether these factors should be
included in future monitoring plans and to estimate calibration fac-
tors to correct official landings data. Separate models were fit for
the most frequently caught species per fishing gear: O. vulgaris for
traps fishery; and S. officinalis, Solea spp., M.  merluccius and Rajidae
for the trammel net fishery. Distribution resulted in residuals which
approximated those expected under a normal distribution for all
models. ANOVAs were conducted for each model to sequentially
test the significance of the covariates considered. An assumption
of GLMs is independence between samples and this was guaran-
teed in our sampling design. Different crews from different vessels
may  have distinct fishing strategies which could influence total
catches, therefore, we included the effect of individual vessel in
models as a random variable (Coelho, 2007). Generalized linear
mixed models (GLMM)  are extensions of GLM and allow for fixed
and random effects whilst handling non-normal data (Bolker et al.,
2009). GLMMs  were run using the model characteristics selected
above for the GLMs but including vessel as a random effect (package
lme4 1.0–5, R software).

For each model, AIC (Akaike Information Criterion; (Akaike,
1974)) and R2 (Nagelkerke’s coefficient of determination;
(Nagelkerke, 1991)) were calculated and used for model compari-
son and selection. The R2 was modified for the GLMMs  following
the method described by Nakagawa et al. (2013). The marginal
R2 (i.e. variance explained by fixed factors) was compared to the

Fig. 2. Density of (a) traps and (b) nets by protection zones at the Arrábida Marine
Park throughout the different periods of the implementation of the management
plan: Before, Year 1, Year 2, Year 3 and After. Dotted lines: no conservation mea-
sures are implemented; dashed lines: conservation measures of FPA are partially
implemented; full lines: conservation measures are fully implemented.

conditional R2 (i.e. variance explained by fixed and random factors)
for each GLMM tested. When the random effect of the vessel had
approximately zero variance, and the conditional R2 was equal to
the marginal R2, we  assumed there was no among-vessel variance
in the response variable and based model selection on the GLM.
All these analyses were conducted in the R 3.02 software (R
Development Core Team, 2012).

3. Results

3.1. Fishing effort assessment

Fishing effort varied over time and patterns depended on
specific protection zone and gear type (Fig. 2a). Generally, trap
density increased over time but the specific pattern of increase
differed among protection zones (Fig. 2a). Trap density in PPA2,
PPA3 and BA2 increased continuously whereas trap density in FPA
increased between Before and Year 2 when the FPA was func-
tioning as a partially-protected area (where traps are allowed
beyond 200 m from shore) and then decreased after year 2 when
the FPA was fully implemented as a no-take zone. Effort in PPA4
decreased markedly after year 1 when this area became a partially-
protection zone. The variation across time periods was statistically
significant with analyses of variance in each of the protection
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Fig. 3. Relative importance (%) of species in the overall landings at the Sesimbra port during the periods of the implementation of the management plan: before, years 1, 2,
3  and after. Averaged monthly biomass (kg) landed per vessel and respective standard deviation are also represented.

Fig. 4. Landings per unit of effort (kg day−1 vessel−1) at the Sesimbra port for the most landed species during the periods of the implementation of the management plan:
before,  year 1, 2, 3 and after. Also shown are the most captured species during on-board observations (only available for year 1 for species from trammel nets fishery and for
years  1 and 2 for O. vulgaris), captures recorded by fishers to sell (kg day−1 vessel−1). (a) O. vulgaris (b) S. officinalis, Solea spp.; (c) Raja spp., M.  merluccius and (d) A. regius, S.
aurata,  H. didactylus, D. cuneata and M.  helena.

zones (p-value < 0.05; df = 4; PPA2 − F = 17.35; PPA3 − F = 11.71;
PPA4 − F = 18.68; FPA − F = 11.40; BA1 − H = 24.92; BA2 − F = 19.13).
There were also significant differences in the overall trap density
both between periods (p-value < 0.05; df = 4; F = 12.84) and between
zones (p-value <0.05; df = 5; H = 200.97). Post-hoc tests showed that
trap density was significantly lower in periods Before and in Year
1 than in subsequent periods and that protection zones FPA, BA2
and PPA4 had significantly lower trap densities than PPA2 and
PPA3.

Temporal patterns of net density in the trammel net fishery
were almost the opposite of those of the trap fishery, with a steep
decrease in trammel net density over the study period (Fig. 2b). The
analyses of variance showed significant differences in fishing effort
between periods (p-value <0.05; df = 4; F = 3.17) and also between
zones (p-value <0.05; df = 5; H = 164.95). Post-hoc tests showed a
decrease between Before and Year 1. BA2 had the highest den-
sity of nets in all periods, and was significantly different from the
remaining zones. The analyses showed decreasing trends across
zones with the exception of an increase in net density in PPA2
between Before and Year 1 and in BA2 between Year 1 and Year

2. Statistical tests performed on net density for each zone sepa-
rately only detected significant difference in PPA4 (p-value <0.05;
df = 4; H = 14.67), with significantly higher densities in Year 2 when
compared to the following periods.

3.2. Official landings

Total landings of vessels operating in the AMP  increased over
time both in weight and overall revenue (Table A1). The number
of vessels continuously fishing with nets and traps in the AMP
decreased between the Before (22 vessels) and After (18 vessels)
periods. Total revenue per unit of effort (RPUE = D vessel−1 day−1),
estimated through landings data, increased over the studied time
frame (Table A.1).

Although there was  some variability in the relative importance
of species landed, average monthly landings per vessel (in biomass)
generally mirrored the pattern of total landings, increasing over the
study period (Fig. 3). Approximately 160 taxa were landed, but 95%
of total landings (in biomass) were comprised of only 10 taxa (Fig. 3
and Table A.1). Octopus vulgaris was  the most landed species in all
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periods, accounting for between 71.7% (Year 1) and 86.5% (Year 3) of
total landings. Total catches of species targeted by the trammel net
fishery (S. officinalis, Raja spp. and Solea spp.) generally decreased
between the Before and After periods (Fig. 3). Trends observed for
LPUE were generally similar to those of total biomass landed per
species (Fig. 4a–d).

Eight of the 10 most landed taxa (all except for Halobatrachus
dydactilus and Muraena helena)  plus European seabass, Dicentrar-
chus labrax (Linnaeus, 1758), were responsible for 95% of total
revenue (Table A.1). Octopus vulgaris was the valuable species in
terms of total revenue, followed by gilthead seabream Sparus aurata
Linnaeus (1758), Solea spp. and S. officinallis,  respectively (Table
A.1).

Octopus vulgaris LPGU increased over the study period with a sig-
nificant difference between the Before and After periods (p-value
<0.05) (Fig. 5). Solea spp. did not show significant differences among
periods. Sepia officinalis LPGU was relatively constant between
Before and Year 3, with a maximum in the After period although
no significant differences in LPGU among periods were detected.

3.3. Fisheries on-board sampling

3.3.1. Trap fishery
During trap sampling 41 taxa (36 species identified at species

level and some individuals grouped at higher taxonomic levels)
were identified. Of the biomass caught 78% was sold, 13% was
discarded and the remaining was retained by fishers for personal
consumption. The target species for this fishery, O. vulgaris, rep-
resented 91% of total catch. Halobatrachus didactylus (Bloch and
Schneider, 1801), Holothuroidea and Scorpaena notata Rafinesque
(1810) were the next most-caught taxa, although with low relative
importance. Several economically valuable species were caught,
but they accounted for low biomass (e.g. S. officinalis, Necora puber
(Linnaeus, 1767)). For O. vulgaris, 93% of biomass caught was
retained (8.5% of which was for fishers own consumption) and
the remaining was discarded mostly alive due to being under-
weight (Table B1). Undersized individuals were much abundant in
nearshore zones (within 200 m offshore) than offshore and conse-
quently discards of undersized individuals were higher nearshore
(ca. 8 individuals 100 traps−1 within 200 m offshore and 0.4 indi-
viduals. 100 traps−1 in offshore area).

3.3.2. Trammel net fishery
Approximately 80 taxa were identified in the trammel net fish-

ery but 15 species comprised 80% of total biomass caught (Table
C1). From the biomass caught, 44% was for sale, 34% was dis-
carded and 22% was for fishers’ own consumption. Target species
were Solea spp. (mainly S. senegalensis and S. solea) and S. offici-
nalis, which represented 30% of total biomass caught (6.9%, 4.5%
and 19.1%, respectively) and 65% of total biomass sold. A high
percentage of several other species (e.g. Raja spp., M. merluccius,
grey triggerfish, Balistes capriscus Gmelin, 1789, O. vulgaris) was
retained. Among those species, Raja spp. had a high relative impor-
tance among total captures for sale (13.5% of the total biomass sold)
and B. capriscus and M. merluccius were most likely to be retained
for self-consumption (20.1% and 13.9% of total catches for personal
consumption, respectively). Scomber colias and various inverte-
brates were the most discarded species (S. colias: 42.7% of total
discards). In general, catches directed to fishers’ self-consumption
had low market value (due to species characteristics, small size
or scarce number of individuals caught from a given species). Low
market value or damaged condition were the major reasons for
discards.

Fig. 5. Octopus vulgaris (a), Solea spp. (b) and Sepia officinalis (c) average landings per
gear unit (LPGU), (a) kg day−1 trap−1; (b, c) kg day−1. 1000 m of nets−1,  and standard
error at the Sesimbra port throughout the different periods of the implementation
of  the management plan: before, years 1, 2, 3 and after.

3.4. Comparisons between official landings and catches from
on-board sampling

Targeted and high value bycatch species (e.g. Raja spp.) showed
the highest correspondence between landed (landings data) and
caught (from on-board sampling) biomass. Not surprisingly, both
these groups were high in both. Other species had relatively lower
on-board catches than those recorded in official landings (e.g. M.
merluccius, M. helena, wedge sole Dicologlossa cuneata (Moreau,
1881)). Despite high relative importance in landings, two  species,
meagre Argyrosomus regius (Asso, 1801) and S. aurata, were never
observed during on-board surveys as these species are caught dur-
ing short periods by longlines. Some vessels fish with longlines
sporadically or within short time-frames each year and this activity
was not captured in our on-board program.

Our analysis of official landings from the trap fishery on the
same days and vessels as on-board sampling showed that there
were no registered landings for approximately 68.8% of the fish-
ing trips observed despite the fact that in every sampled trip there
were catches separated on-board for sale. An average of 72.2%
of O. vulgaris caught (not including discards) per day was not
reported in official fish auctions and corresponding official statis-
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tics. CPUE (kg vessel−1 day−1) calculated for O. vulgaris separated
on-board for sale by the fishers was on average more than twice
as high as LPUE (kg vessel−1 day−1). Furthermore, besides O. vul-
garis, among all catches recorded during on-board observations,
only black seabream, Spondyliosoma cantharus (Linnaeus, 1758) and
S. officinalis were reported in official landings (ca. 20% and 64% of
total catches were delivered at official fish auction, respectively).

For the trammel net fishery, no landings were registered for
approximately 16% of fishing trips in which catches were recorded
on-board. The highest levels of unreported catches were for Solea
spp., S. officinalis and Raja spp. (45.9%, 36.6% and 75.3%, respec-
tively). CPUE of target species (Solea spp., S. officinalis) in trammel
nets were much higher than LPUE (Fig. 4b). For M.  merluccius
there were no reported landings, although 15% of catches were
recorded on-board as being for sale (67% of catches were for own
consumption and 18% were discarded). In addition, there were
records of landings for 13 more taxa, but several inconsistencies
were identified: (i) species landed, but not caught during on-board
observations (e.g. 127 kg of T. trachurus in two different days; 137 kg
of S. colias in one day); (ii) species caught but landed under a
wider taxonomic category or incorrect species designation (e.g.
Lepidorhombus boscii landed under a category that can include
the genus Citharus and Lepidorhombus; sometimes species from
genus Raja were landed with incorrect species or Raja spp.); (iii)
non-targeted species recorded with lower biomass than observed
on-board and with lower frequency than caught (e.g. B. capriscus,
tub gurnard Chelidonichthys lucerna (Linnaeus, 1758)).

3.5. Effect of effort and season on catches

The best model selected for the total catch of O. vulgaris (GLMM)
targeted by the trap fishery explained 72.10% of total variability
(Table 3). Both fishing effort and season (fixed factors) significantly
influenced O. vulgaris total catch and 7.11% of variability was due to
a random factor (vessel). Catches of this species generally increased
with number of traps, until a plateau in the number of traps was
reached. Octopus catches were much higher in late winter/spring
than in summer (Table 3 and Fig. 6a).

Two models were selected for catches from the trammel net
fishery, one using S. officinalis and the other using the sum of
the most-caught species. The best model for S. officinalis (GLMM)
explained 82.80% of total variability (Table 3 and Fig. 6b). There
was no clear relationship between the total amount of S. officinalis
caught and fishing effort as total catches only increased with the
increase of net length below a low value above which an additional
increase in net length did not increase catches. Despite this there
are numerous zero catches, likely related to season which had a
strong influence on catch. Catches were highest in autumn/winter
(S1) and spring (S2). The random factor individual vessel also
influenced S. officinalis captures (Table 3). In contrast, the model
obtained for the most caught fishes in trammel nets (i.e. both target
and relevant bycatch species) explained a small percentage of total
variance (10.75%). In that GLM, only month was significant, with
higher catches generally observed during cold months (Table 3 and
Fig. 6c).

4. Discussion

4.1. Fishery redistribution and reporting

The assessment of catches (and consequently revenues) is a
potential key tool to evaluate impacts (both positive and negative)
of MPAs to local fisheries, fishers’ successful adaptation and the
effects of protection on fished species. The combination of methods
used in this study to assess and monitor fisheries catches in differ-

Fig. 6. Relationship of fishing effort (number of traps vessel−1 day−1 or total length
(m)  of nets sampled vessel−1 day−1) and season or month on Octopus vulgaris (a),
Sepia officinalis (b) and a group of fish species (c) catches observed during on-board
sampling of vessels fishing in Arrábida Marine Park with traps and trammel nets.
Seasons considered were S1: February–April; S2: August, September, December (a)
and  S1: November–February; S2: March, April; S3: August, September (b).

ent phases over the establishment of an MPA  is, to our knowledge,
a novel approach and has a strong potential for application in other
systems.

Fishing catch and effort assessments of artisanal fisheries are
essential to calibrate official reported commercial landings. Fish-
ing effort analyses revealed that, as expected, some fishing grounds
became inaccessible to particular fisheries after MPA  implemen-
tation. In the case of Arrábida (AMP), approximately half of the
park is off-limits to very nearshore traps and jigs (up to 200m from
shore) and to trammel net fisheries, as discussed in a recent work
describing the spatial adaptations of fisheries in response to this
MPA  (Horta e Costa et al., 2013a). In the current study, changes in
fishing effort (both spatial and temporal) resulted in an increase in
the number of traps within AMP, suggesting that this fishing gear
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Table  3
Results of the best models obtained – generalized linear (GLM) and mixed (GLMM)  models – testing captures from onboard samples, from traps and trammel nets fisheries,
in  relation to the best set of explanatory variables selected: fishing effort – number of traps – Ntraps – or trammel nets – Nnets (continuous variable); season or month
(O.  vulgaris: February–April; S2: August, September, December; S. officinalis: S1: November–February; S2: March, April; S3: August, September (b); fish species: month).
Species considered were Octopus vulgaris, Sepia officinalis and the trammel nets most targeted fish species (Solea senegalensis, Solea solea, Merluccius merluccius, Raja clavata,
Raja  undulata, Raja alba, Raja montagui and Raja brachyura). The% of variance explained is given by the R2. In the GLMMs  the random variable is the vessel (random effects).
Estimated degrees of freedom (edf), statistical tests Chisq (for GLMM), F-statistics (for GLM) and corresponding p-values are indicated. Significant values are in bold. Marginal
(i.e.  variance explained by fixed factors) and conditional (i.e. variance explained by fixed and random factors) variances are shown for GLMMs.

Fishing gear
(model)
species

Explanatory
variables

Df Chisq/F-statistics p-value % of variance
explained (R2)

Traps
(GLMM)
O. vulgaris

Ntraps
Season

1
1

19.57
10.92

p < 0.001
p < 0.001

Marginal: 64.99
Conditional: 72.10

Trammel nets
(GLMM)
S. officinalis

Nnets
Season

1
2

4.12
19.46

p < 0.05
p < 0.001

Marginal: 49.20
Conditional: 82.80

Trammel nets
(GLM)
Fish species

Nnets
Month

1
7

0.50
2.55

p < 0.05
p < 0.05

10.75

sustained most of the fishers’ adaptation to AMP  regulations. How-
ever, net density decreased even in the area where they are still
allowed, suggesting that AMP  rules were not the only factor lead-
ing to the decreased use of trammel nets. The re-direction of fishing
effort from finfish (caught mostly by nets) to cephalopods (caught
mostly by traps) that we observed in AMP  has also been observed
at national level (Moreno et al., 2014; Pilar-Fonseca et al., 2014)
and has been suggested to result from a decline in national demer-
sal finfish stocks. In the AMP, however, it is possible the remaining
areas where nets were allowed are simply too small to support such
fishing and thus fishers changed from nets to traps, which can be
fished even in small areas.

Several factors may  influence shifts in the use of fishing gears
in small-scale coastal artisanal fisheries occurring inside marine
protected areas, such as the one studied here. These include: (i)
changes in the abundance of target species due to environmen-
tal conditions, reserve effects and/or excessive fishery pressure
(e.g. our observed increase in O. vulgaris and decrease in trammel
nets target species such Solea spp., S. officinalis), (ii) market driven
factors (e.g. increase in market demand and higher prices for O.
vulgaris); (iii) loss of fishing grounds; (iv) competition for “fishing
space” (usually nets occupy larger areas than traps). Independent
of specific factors and their interactions, the multigear and multi-
species nature of local artisanal fisheries confers an advantage in
response to spatial limitations since other options, such as moving
to distant fishing grounds far from home port are less viable due to
technical limitations (e.g. vessels small size and low power) (Lédée
et al., 2012).

Our observed differences between actual on-board catches and
subsequent reported landings are common in artisanal fisheries
worldwide. Many studies have documented the high prevalence
of unreported catches (Batista et al., 2009; Coll et al., 2014; Pauly
et al., 2014). If we assume that official landing statistics will always
be inaccurate, then only by creating means to estimate realistic lev-
els of bycatch and the level of other unreported catches can we hope
to improve fisheries management of these important artisanal fish-
eries (Ainsworth and Pitcher, 2005; Alverson et al., 1994; Tsagarakis
et al., 2013). Accurate estimation is also key for effective MPA  man-
agement and monitoring and usually requires the cooperation of
local fishers.

In the present study, the ranking of target species abundance
in catches and landings was similar despite differences in absolute
abundance. Species other than those that are targeted, in particu-
lar the skates, were found to be economically important for local
fisheries. However, despite the economic importance to the fish-
ery, the landings data for these non-targeted species was even less

reliable than for the target species, many are simply not reported.
Reasons for non-reporting appear to be related to economic and
socio-cultural issues such as (i) captures sold outside the fishing
docks (the only legal channel for sales) often are of higher eco-
nomic value since there are no middlemen and fishers avoid paying
taxes; (ii) culturally, fishers used to keep some fish to sell (or give)
to their neighbours and (iii) sometimes the quantities caught per
species are very small and thus have low demand by middlemen
in fishing docks, thus fishers opt to reserve these captures to sell
(or give) or for their own  consumption. To the authors knowledge
these types of situations occur at the national level, although with
very variable patterns and rates, depending of several factors such
as the region and the fishery’s m (a is a group of fishing operations
targeting a specific assemblage of species, using a specific gear, dur-
ing a precise period of the year and/or within the specific area), but
see Batista et al. (2009) for a brief discussion on this.

Official landings did not account for discarded species or those
that were typically retained for fishers’ own consumption, and
therefore do not reflect the true catches of the fishery (Ainsworth
and Pitcher, 2005; Alverson et al., 1994; Batista et al., 2009). Some
species (e.g. M. merluccius,  H. dydactilus)  were important both in
landings and in on-board catches but were mostly discarded or
kept for fishers’ own consumption, while others were important in
landings but were not observed in on-board catches (e.g. S. aurata,
A. regius,  D. cuneata). There are a variety of possible explanations for
this: (i) landings could be from catches made by other larger ves-
sels (fishing with gill and trammel nets or longlines) and recorded
as being from AMP  vessels (e.g. M. merluccius,  D. cuneata) (e.g. due
to the need to report at least 100 days of catches to renew the
licence); (ii) species could be caught and landed by vessels fishing
in the AMP  but using non-licenced or other less used gears, since
vessels have licenses for several fishing gears (e.g. longlines) which
they only seldom use; (iii) landed species were not correctly identi-
fied (e.g. D. cuneata due to morphological similarity with Solea spp.).
All these factors may  explain the differences found between land-
ings and on-board observations. Official landings were also a poor
proxy of fishing effort since no landings were reported for most
fishing days. Thus on-board observations and number or length of
fishing gears set per day would be more appropriate measures of
fishing effort to monitor these coastal fisheries.

4.2. Individual species responses

The analyses of the observed trends in landings of the most
important target species are indicative of the impact MPAs are
having on local fisheries since, in theory, this group of species
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are responsible for most of fishers’ incomes. This type of assess-
ment is a simplification of reality, as there are many factors other
than MPA  implementation that can influence captures (and their
economic value), such as independent, market-driven factors and
natural environmental variability. However, the integration of the
results obtained here with conclusions obtained in other studies
can support some of the present observations as discussed below.

The increase in LPGU of O. vulgaris during the study, although
not statistically significant, suggests that protection measures may
have contributed to some recovery in abundance and/or size of
this species within the AMP. Horta e Costa et al. (2013b) found
more O. vulgaris in highly protected zones (FPA and PPAs) than in
control zones, suggesting that protection can benefit the fishery
outside these areas if spillover events occur. Also, overall catches
of small individuals probably diminished with AMP  implementa-
tion due to exclusion of fishing within 200 m from shore in PPAs,
and the prohibition of spearfishing and other limitations on recre-
ational fisheries inside the park. In fact, these limitations have been
shown to benefit small-scale commercial fisheries in multiple use
MPAs (Cooke and Cowx, 2004; Rocklin et al., 2011). Nevertheless,
since O. vulgaris recruitment and year class strength are known to
be strongly influenced by environmental factors, such as salinity
and water temperature (Lourenç o et al., 2012; Moreno et al., 2014),
we expect those factors to affect population abundance over long
time frames. This hypothesis is also supported by the GLM results
since the factor “season” was significant for catch.

S. officinalis also showed an increasing trend in LPGU in the
After period which could be a sign of positive effects of the imple-
mentation of the AMP. However, the small size of the no-take
area together with the short life cycle and rapid growth of this
species (Dunn, 1999; Neves et al., 2009) make it unlikely that pro-
tection alone played a major role in the observed trends. In fact,
our models and those of others (Abecasis et al., 2013) indicated
that environmental factors (season) were an important driver of S.
officinalis catches. The protected area may, however, contribute to
a decrease in fishing mortality of mature individuals before breed-
ing, as S. officinalis individuals use this coastal area before entering
the nearby Sado estuary to spawn (Abecasis et al., 2013; Neves
et al., 2009). These authors also suggested that larger individuals
can spawn in the adjacent coastal areas of this estuary, including
areas within AMP boundaries, which could improve the positive
effects of the reserve. Again, as found for O. vulgaris, environmental
conditions are likely to contribute more strongly (and over a longer
time-frame) to recruitment success and population trends, since
the growth of juveniles is extremely dependent on environmental
conditions (Dunn, 1999; Koueta and Boucaud-Camou, 2003).

Solea spp. LPGU was similar from Before to After periods with
no significant differences through time. In any case, benefits for the
Solea spp. fishery due to protection effects, if occurring, are unlikely
to be detected through landings data per se since high levels of unre-
ported catches obscure any possible sign of protection effects. The
lower fishing pressure on these exploited species should likely pro-
mote high adult biomass and abundance in the “no-nets” area (PPA
and FPA). For instance, Claudet et al. (2010) in a study considering
several temperate reserves of Southern Europe found significant
increases in density of exploited fish species inside reserves. In
addition, these authors showed responses increased with time
since protection and with the size of the no-take zone (Babcock
et al., 2010; Claudet et al., 2008). However, in a recent study by
Abecasis et al. (2014) no significant changes in mean abundance
or biomass of S. senegalensis attributable to AMP  protection levels
were found, as also discussed in Halpern (2003) for other MPAs.
Hence, overall predictions about the contribution of the study area
to an increase in surrounding fisheries are premature. The small
size of the reserve (see e.g. Claudet et al., 2008; Palumbi, 2003)
and the fact that key parts of these species life-cycle do not occur

inside the park make it unlikely that AMP  will be a key to the sus-
tainability of some of these species stocks. Nonetheless, the quality
and availability of known nursery grounds in the nearby estuaries
may  be an important key component to take into consideration in
conservation efforts of species such as Solea spp., S. officinalis, and
other finfish (Tanner et al., 2013; Vasconcelos et al., 2011). The GLM
detected the importance of fishing effort to explain the amount of
Solea spp. catches, as expected, but season was also a significant fac-
tor which reflects the importance of species ecology in the observed
trends.

Besides the above discussion on individual responses to protec-
tion, the reserve contribution to enhance the biomass available to
fish (outside no-fishing areas) may  be offset by the increase of fish-
ing effort in some PPAs and BAs bordering the no-take reserve (and
potentially outside the AMP  borders) through “dispersal imbal-
ance” phenomena (Abesamis and Russ, 2005 Walters et al., 2007).
Thus, fishing effort occurring outside AMP  boundaries should also
be included in future monitoring plans in order to assess whether
“fishing the line” can be affecting eventual spillover effects.

4.3. Conclusions

Here we  show that vessels fishing inside the AMP  apparently
did not suffer a decrease in revenues during the study period as
could have been initially expected due to the implementation of
fisheries restrictions (Batista et al., 2011). Fishers apparently com-
pensated for losses in some target species (such as S. officinalis
and Solea spp.) with increases in the use of additional gear types
targeted to other species (such as traps and with a consequent
increase in O. vulgaris catches). While these results are encour-
aging, it is not clear if the current levels of resource exploitation
are sustainable and if other factors might be influencing inter-
pretation of landing trends as discussed by Horta e Costa et al.
(2013b). For instance, the applied statistical models highlighted the
seasonal variability in catches and the significant influence of envi-
ronmental factors. Thus, a better understanding of the influence of
environmental conditions, species life history characteristics and
even fishers’ behaviour would allow for more accurate conclusions
about the importance of these factors in both captures and rev-
enues. Nonetheless, to integrate the contribution of each factor,
longer and more complete data series on catches (as well as data
on fishing effort) are essential.

The manner in which protection measures in AMP  may  benefit
some of the target species of coastal fisheries is still an open ques-
tion, even if early reserve effects have been shown for finfish and
some invertebrates (Horta e Costa et al., 2013b). In addition, effects
on fisheries due to spillover or larval export processes (Gell and
Roberts, 2003) are still unknown. Overall, the small size of the no-
take zone, the high fishing effort observed in the area, the infancy
of this park and challenges with enforcement of regulations likely
all contribute to the lack of a clear signal in the recovery of coastal
fisheries.

Despite the short duration of the on-board sampling we
documented high levels of unreported catches and the large incon-
sistencies in official landings when compared with sampling-based
data. This issue is likely a common feature to many coastal MPAs
(Lescrauwaet et al., 2013) and will to be addressed to allow more
accurate data on fisheries captures. A longer time series of on-board
observations would allow a higher confidence in the estimated
correction factors since several features could influence the level
of inconsistency in official statistics (e.g. economic, cultural, sea-
sonal, fishers behaviours). Thus, landings data could be a useful
and cost-effective tool for MPA  monitoring but only when cali-
brated by on-board sampling of catches and fishing effort collected
over extended periods (to include seasonal variability), and by com-
bining these data sources with accurate correction factors through
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the application of modelling approaches. Longer sampling datasets
would also allow for a better fit of the models applied here, or
enable the use of fishing effort (number of traps and net’s length) to
estimate global catches of target species. Efforts to include fishers
in MPA  monitoring and increasing their awareness to the impor-
tance of reliable datasets could be advantageous since it would
potentially provide higher data reliability and/ or complementary
information (Leleu et al., 2014; Roman et al., 2011) with reduced
costs.

The approach described here of combining fishing effort, on-
board data collection and official landings proved to be an effective
tool for monitoring small-scale artisanal fisheries in MPAs. How-
ever, in most cases official landings are the only datasets available.
In order to be able to use these data reliably one needs to assume
that biases are consistent over time (e.g. the relative importance of
unreported catches among years are constant), allowing the quan-
tification of general patterns and trends in putative catches and
revenues. In addition, knowledge of fishers’ behaviours and per-
ceptions, and the socio-ecological system under study are essential.
Understanding these general trends may  help in the early detection
of unsustainable exploitation practices thus allowing managers to
implement more efficient or preventive monitoring and manage-
ment measures.

Overall, landings data for coastal artisanal fisheries worldwide
are very scarce, and usually unreliable and biased. When using
these data to monitor or evaluate the effectiveness of MPA develop-
ing effective methodological approaches, such as the one presented
in the current study, which seek to measure and account for the
biases in the data will be essential.
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effect’ within a temperate marine protected area in the north-eastern Atlantic
(Arrábida Marine Park, Portugal). Mar. Ecol. Prog. Ser. 481, 11–24.

Horta e Costa, B., Gonç alves, L., Gonç alves, E.J., 2013c. site fidelity and
spatio-temporal distribution of artisanal fisheries before the implementation
of  a temperate multiple-use marine protected area. Fish. Res. 148, 27–37.

Jennings, S., Kaiser, M.J., 1998. The effects of fishing on marine ecosystems. Adv.
Mar. Biol. 34, 201–352.

Koueta, N., Boucaud-Camou, E., 2003. Combined effects of photoperiod and feeding
frequency on survival and growth of juvenile cuttlefish Sepia officinalis L. in
experimental rearing. J. Exp. Mar. Biol. Ecol. 296, 215–226.

Lédée, E.J.I., Sutton, S.G., Tobin, R.C., De Freitas, D.M., 2012. Responses and
adaptation strategies of commercial and charter fishers to zoning changes in
the Great Barrier Reef Marine Park. Mar. Policy 36, 226–234.

Leleu, K., Pelletier, D., Charbonnel, E., Letourneur, Y., Alban, F., Bachet, F.,
Boudouresque, C.F., 2014. Métiers, effort and catches of a Mediterranean
small-scale coastal fishery: the case of the Côte Bleue Marine Park. Fish. Res.
154, 93–101.

Lescrauwaet, A.-K., Torreele, E., Vincx, M.,  Polet, H., Mees, J., 2013. Invisible catch: a
century of bycatch and unreported removals in sea fisheries, Belgium
1929–2010. Fish. Res. 147, 161–174.

Lester, S.E., Halpern, B.S., 2008. Biological responses in marine no-take reserves
versus partially protected areas. Mar. Ecol. Prog. Ser. 367, 49–56.
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