


Abstract Recent publications have shown that a considerable proportion of the landings in the
Mediterranean are constituted of illegal individuals with length below their minimum landing size
(MCRS, former MLS) and of even more immature individuals that have not reached their length at
first maturity (Lm) and thus were not able to spawn even once, stressing the inadequacy of the actual
fisheries management measures applying in the Mediterranean and their unefficiency to protect the
fish stocks. In this study, the ecological and economical effects of 4 different inner panel mesh sizes
of trammel nets in artisanal fisheries in Zakynthos island (Ionian Sea, Greece) were investigated.
The length compositions of the landings were thus compared to Lm and MCRS with respect to the
different mesh sizes, and differences in catch rate, income and species compostition were also
tested. The high percentages of individuals under Lm in every mesh sizes indicated that the stocks
are facing a strong growth overfishing and that the current management measures are not able to
maintain the stocks at a sustainable level. We also demonstrated that the 21mm mesh size showed
significantly higher percentage of undersized individuals than every other mesh sizes, and
significantly lower catch rate and income. This mesh size should thus be bannished from the
fisheries if we are to set management plans that are both ecologically and economically sustainable.
Our findings should finally help setting up future management plans for the MPA of the National
Marine Park of Zakynthos, that aim to be ecologically and socio-economically sustainable, through
a combination of efficient and meaningful technical measures and ecosystem-based approaches.

***



1. Introduction

Small-scale artisanal fisheries generally refers to the small-capital exploitation of marine
biological resources near the coast, using a large number of gears and providing landings to the
markets for local consumption or export (Farrugio et al., 1993 ; Papaconstantinou & Farrugio,
2000, Tzanatos et al., 2005; FAO 2005). Small scale fisheries are usually considered to be more
sustainable than large scale ones (Jacquet & Pauly, 2008) while in the Mediterranean they present a
high sociocultural value (Farrugio et al., 1993; Matić-Skoko et al., 2011). In the later region, small
scale fisheries constitutes an  important part of the total fishing activity, providing in some countries
more than the half of the whole fisheries production and total income (Tzanatos et al., 2005; 2006).
Moreover, the Mediterranean small-scale fishing sector is characterised by a great diversity of
fishing gears and techniques, a large variety of species targeted as well as a high spatio-temporal
variation of the fishing pressure, as a result of fishermen effort to maximize their catches and profits
(Stergiou et al., 2009 ; Tzanatos et al., 2005). 

Nowadays, there is no doubt that fishing stocks are rapidly declining worldwide (Pauly et al.,
2002) and hence there is an urgent need to monitor and regulate the fishing activity in order to
ensure the sustainability of both the fishing stock and the fishing sector. However, small-scale
fisheries management in the Mediterranean is rather ineffective, since it is based on effort control
and technical restrictions that are not necessarily in line with scientific findings (Lleonart &
Maynou, 2003; Stergiou et al., 2004; Stergiou et al., 2009), whereas enforcement is costly and
problematic to implement. Papaconstantinou & Farrugio (2000) also stressed that effort limitation,
when applied, is not based on a formal resource assessment and that provisions concerning
technical measures like minimum mesh-size regulation and limitation on minimum size of certain
species can be arbitrary and are usually lower than the recommendations from the scientific
community.

There is growing evidence that single-species management measures by themselves are not
sufficient in protecting the fish stocks and they should be complemented with other measures, like
the location and implementation of Marine Protected Areas (MPAs) (e.g. Bohnsack, 2000 ; Froese
et al., 2008 ; Guidetti et al., 2010; Matić-Skoko et al., 2010). MPAs, and especially those that are
including no–take reserves, can be considered as an integrated fisheries management tool that has
the potential to restore the declining fish stocks, enhance the local fishing yields and ensure the
sustainability of the fishing sector, while protecting and conserving marine biodiversity and habitat
quality at the same time (e.g. Francour et al., 2001; Goñi et al., 2008; Harmelin-Vivien et al., 2008;
Mosquera et al., 2000; Polunin, 2002). In this respect, MPAs are in line with Ecosystem Based
Fisheries Management objectives that single-species technical measures are not able to reach,
provided that they designed, managed and enforced properly (Brodziak & Link, 2002; Fenberg et
al., 2012; Gislason et al., 2000; Polunin, 2002; Stergiou, 2002).

Establishment of Minimum legal Landing Size of the exploited stocks (MLS) has been long used
as an explicit measure against overfishing in the framework of single - species fisheries
management (e.g. EU Regulation 1967/2006). However, in order for MLS to be ecologically
meaningful and efficient, it should take into account the life-history parameters of the involved
species, with size at maturity (i.e. Lm: the mean length at which individuals of a population become
sexually mature and are thus able to spawn for the first time) (Froese & Binohlan, 2000; Tsikliras &
Stergiou, 2013) being probably one of the most fundamental ones. In this respect, MLS should be
equal or even be slightly higher than Lm in the framework of a more precautionary approach (Froese
& Pauly, 2014; Stergiou et al., 2009,). In the recent reform of the European Union common
fisheries policy (CFP), MLS has been replaced by Minimum Conservation Reference Sizes (MCRS:
‘the size of a living marine aquatic species taking into account maturity, as established by Union
law, below which restrictions or incentives apply that aim to avoid capture through fishing activity’,
EU Regulation 1380/2013). However, no fundamental change in the size limits has been adopted
and therefore MLS and MCRS remained the same, while minimum landing size is not yet available
for many species. This is especially relevant for the Mediterranean stocks, as the size limitations are



mainly based on Atlantic stocks measurements whereas most of the Mediterranean counterparts are
smaller in size (Tzanatos et al., 2008 ; Stergiou et al., 2009), and for which, most of the size
limitations are under the corresponding Lm (see Stergiou et al., 2004, 2009; Tsikliras & Stergiou,
2013).

In the framework of the systematic monitoring of small scale artisanal fisheries in the Southern
Ionian Sea, including the MPA of the National Marine Park of Zakynthos (N.M.P.Z.), and also
taking into account that trammel nets is the most frequently employed fishing gear in small-scale
fisheries in the Southern Europe (Tzanatos et al., 2005; Erzini et al., 2006), the present study aims
to detect whether there are differences in catches, species composition and profits of small scale
artisanal trammel net fishing when different inner panel mesh sizes are compared. In addition, given
that recent publications have demonstrated that a considerable amount of the landings in the
Mediterranean Sea were below Lm and MCRS (former MLS) (e.g. Stergiou et al. 2004; 2009), the
length composition of the catches was compared against Lm and MCRS with respect to the different
mesh sizes of the trammel nets. The results of this study, which are including both ecological and
economical aspects, will contribute to the better understanding of the impacts of small scale
trammel net fisheries as well as to the development of good fishing practices towards the
sustainable management of the fishing activity, especially when MPAs are considered.

2. Materials and Methods

2.1. Study area and sampling surveys

The study area is located around the coastal zone off Zakynthos Island (Southern Ionian Sea,
Eastern Mediterranean) (Figure 1), including the MPA of NMPZ. Sampling was carried from
November of 2012 until May of 2014 onboard small scale artisanal fishing vessels operating with
trammel nets. Sampling took place in traditional fishing grounds used for decades by local artisanal
fisheries and which are composed by mixed types of habitats (i.e., combination of Posidonia
oceanica beds, reefs, and soft bottoms). During the 35 fishing trips, sampling frequency and
location was random, following fishers fishing habits whereas the inner mesh size of the sampled
trammel nets ranged from 21mm to 36mm (knot to knot) (i.e., 21, 22, 26, 28, 30 and 36mm).
However, due to the preference of the local fishermen for particular mesh sizes, the obtained data
from the 22mm and 30mm ones were insufficient and thus excluded from the analysis. Thus, a total
of 63800m of trammel nets and 448 hours of effective fishing (i.e., time that the nets remained
immersed into the water) at depths ranging from 5 to 35m were incorporated in data analysis. 

During the onboard data collection, catch and fishing effort were recorded alongside with
location, depth, date, mesh size of the net for each fishing set and current price of each species in
the local market. All the collected individuals were identified to species, counted, weighted (wet
weight in gr) and measured (total length -TL- in cm). The fishing effort was recorded through the
length of the net (in m) and the fishing duration, i.e. the duration for which the net was immerged
(in h).

2.2. Data handling and Statistical Analyses

Catch (in biomass in g), effort (in net length x fishing duration, m x h) and length composition
(TL in cm) data were analysed to detect whether: (a) species composition, (b) percentage of
undersized individuals (Lm and MCRS) in the total catch and for 8 commercially important species
for local fisheries, and (c) averaged CPUE (calculated as: g/(mxh) for each species in each mesh
size which was then summed and weighted by the number of fishing sets corresponding to the
respective mesh size) and income per unit of effort (IPUE) (calculated as: mean market price in
€/kg of each species multiplied by its respective CPUE) of the total catch, were changing between



the different mesh sizes. 
The MCRS values were taken from the most recent European and Greek legislation, depending

on which one applies the most for each species, i.e. the EU Regulation No 1380/2013 and the FEK
1012B/11-12-1995 respectively (Table 1). The Lm values and their standard errors were directly
taken from Stergiou et al. (2009) when applicable, or calculated from the mean asymptotic length
(L∞, which is the mean length individuals of a population would reach if they were able to grow
indefinitely) of the closest to Ionian Sea available stocks (i.e. the geographically closest stocks from
Ionian Sea) given in Stergiou & Karachle (2006) for Greek waters or calculated from all the
Mediterranean records in the electronic database FishBase (Froese & Pauly, 2014 ;
www.fishbase.org), using the empirical relationship between these two parameters found in Froese
and Binohlan (2000) :

log(Lm) = 0.8979*[log(L∞)]-0.0782
r2 = 0.888 ; SE = 0.127

when L∞ values were not available, they were estimated from the mean maximum length (Lmax) of
Mediterranean stocks records, as close as possible to Zakynthos island, found in various sources
(i.e.,mainly peer-reviewed publications but also grey literature like technical reports, and electronic
database) using the equation of their empirical relationship for Greek stocks as cited in Stergiou &
Karachle (2006) :

L∞ = 1.6013+1.0575*Lmax

r2 = 0.99 ; SE = 0.016

Species that were exclusively caught in 22mm and 30mm mesh sizes (i.e., Dicentrarchus labrax,
Epinephelus marginatus, Labrus mixtus and Symphodus ocellatus), were excluded from the
analyses whereas information concerning MCRS and Lm was gathered for the other 58 fish species.
(Table 1 and Table 2, respectively). 

Univariate permutational one way ANOVA (called hereafter PERMANOVA) based on Euclidean
distance (Anderson, 2001) was employed in order to detect significant differences of the examined
parameters with respect to the different mesh sizes. 

In order to detect the overlap in the catch composition between the compared mesh sizes, a
matrix of species CPUE by mesh size (including replication) was constructed based on the forth
root transformed CPUE data so as to down weight the effect of the dominant species (Field et al.,
1982). This matrix was then converted to a triangular similarity matrix through the calculation of
the Bray–Curtis similarity (Bray & Curtis, 1957) coefficient values between every pair of the
sampled mesh sizes. Non-metric Multidimensional Scaling (MDS) ordination plot was further
employed to visualize the emerged patterns. One-way multivariate permutational analysis of
variance (PERMANOVA) (Anderson, 2001a) based on Bray – Curtis similarity index derived from
the fourth rooted transformed CPUE data was employed to detect significant differences in the
catch composition between the different mesh sizes.

Finally, 8 species were chosen for further analysis following certain criteria: a) commercial
importance in artisanal fisheries, b) their contribution to the total collected biomass (their combined
biomass contribution representing 34.5% of the total species landings and about 48% of the total
fish landings) and c) their presence in every mesh size counting for the study. For these 8 species,
Wilcoxon signed-ranked test (Zar, 1984) was used so as to detect if the median size of the fished
individuals for each species significantly departs from the corresponding Lm value within each of
the sampled mesh sizes.

Statistical analyses were performed by means of PRIMER 6 + PERMANOVA (Anderson et al.,
2008) and SPSS v20 (IBM, 2012) software.



3. Results

3.1. Species Number, CPUE, IPUE, Lm and MCRS

A total of 1936 individuals belonging to 63 species (58 fish species, 3 Cephalopods and 2 species
of Crustacean) were caught during the fishing trips (Appendix 1). The most abundant species were
Sepia officinalis (13.3%), Scorpaena scrofa (8.6%), Siganus luridus (8.1%), Mullus surmuletus
(8%), Symphodus tinca (7.6%) and Scorpaena porcus (7%) accounting for more than 50% of the
total catches. On the other hand, Sepia officinalis (20.8%), Scorpaena scrofa (10.7%), Sparisoma
cretense (6.3%), Phycis phycis (4.4%), Mullus surmuletus (4.4%) and Symphodus tinca (4.3%)
covered more than 50% of the total exported biomass.

In terms of number of species, the 26mm mesh size caught the most species (n=47) followed by
21mm (n=42), 28mm and 36mm ones (n=28 and n=25 respectively). However, PERMANOVA
results indicated that there were no statistically significant differences in the average number of
species caught between the compared mesh sizes (Table 3, Fig. 2). With respect to community
CPUE, the 36mm mesh size presented the highest average value and the 21mm the lowest one (Fig.
3). The PERMANOVA results suggested that the average CPUE values differed significantly when
the different mesh sizes are compared (Table 3). Pair–wise tests further indicated that the latter
differences were mainly attributed to the comparison of 36mm mesh size with the 21mm and 26mm
ones (p<0.05 in both cases). Considering the IPUE, no significant differences were detected
between the compared mesh sizes (Table 3), with the only exception of the pair-wise comparison
between 21mm and 36mm mesh sizes (p<0.05).

Overall, 40 fish species (covering 92.2% and 94.6% of the total fished biomass and abundance,
respectively) presented at least one individual with TL lower than Lm whereas for the remaining 14
ones all the collected individuals were beyond their respective Lm value. The percentages of
individuals for which the total length was smaller than Lm were rather high, reaching at least 50%
for 29 out of the 54 species encountered in the analyses within all mesh sizes. The mean percentage
of individuals under Lm (averaged across all undersized species) was gradually declining from
21mm mesh size samples (66.1%) to the 28mm ones (16.9%) followed by an increase for the case
of the 36mm (40.3%) (Fig. 4). The former pattern was further confirmed by the results obtained
from PERMANOVA test, since significant differences were evident when the different mesh sizes
were compared (Table 3) (Pair–wise test results: p<0.05 in all cases except for the comparisons
between 26 and 36mm mesh sizes). Considering MCRS, 7 species (covering 9.2% and 14.3% of the
total fished biomass and abundance, respectively) were found to have at least one individual below
MCRS. The mean percentage of individuals with total length below MCRS (averaged across all
undersized species) ranged from 77.2% to 17.9% for 21mm and 36mm mesh sizes, respectively
(Fig. 5). PERMANOVA test results indicated that there were significant differences in percentage of
individuals with total length below MCRS when the different mesh sizes are compared (Table 3).
The former differences were mainly induced by the comparison of the 21mm mesh size with the
rest ones (Pair–wise test results: p<0.05 for the reported cases).  

3.2. Catch composition structure per mesh size

MDS ordination plot suggested a pattern of separation of 21mm and 36mm mesh sizes with the
remaining ones (Fig. 6). In this respect, three main groups of similar catch composition can be
distinguished: the first includes the 21mm mesh size, the second gathers the mesh sizes of 26 and
28mm whereas the third incorporates the 36mm mesh size. The former grouping of catch
composition with respect to the mesh size was further confirmed by the results of PERMANOVA
(Table 3). 



3.3. Selected Species 

The percentages of individuals with TL lower than Lm per mesh size for 8 species are presented
in Figure 7 and Table 4. These percentages represent the number of individuals with length lower
than Lm per mesh size as well as the range of the TL in cm for each species. The total percentages of
undersized individuals (i.e., for all mesh sizes) were generally very high for the selected species,
exceeding 80% of the total catch, except for Sparisoma cretense, for which the total undersized
individuals calculated to 47.5%. The results of the Wicoxon tests showed that all the selected
species, presented median size values significantly smaller than their respective Lm, Lm–SE and
Lm+SE when the 21mm mesh size is considered (Table 5). The mesh size of 26mm seemed to be the
threshold under which Mullus surmuletus, Sparisoma cretense and Scorpaena porcus presented
significantly lower median size than their respective Lm, Lm–SE and Lm+SE values. On the other
hand, for Phycis phycis the latter threshold seemed to be the 28mm mesh size whereas for the rest
of the species lower than Lm sizes are found in the 36mm nets (Table 4, 5).
 Only two species (i.e., Diplodus sargus and Pagrus pagrus) had individuals below their MCRS,
with percentages ranging from 66.7% for 21mm mesh size, to 2.1% for 36mm, while the total
individuals under MCRS on the total catch represented 83.3% for Diplodus sargus and 39.3% for
Pagrus pagrus. The mean percentages of individuals under MCRS for the total 8 species per mesh
size ranged from 10.6% for 21mm, to 0.3% for 36mm, with a total mean percentage for every mesh
size of 15.3% (Table 4).

4. Discussion

In the Mediterranean, fisheries are generally strongly multispecies and this is especially true for
the artisanal fisheries that use a high variety of techniques and occure in diverse habitat that allow
them to catch a very wide range of species. The high number of species caught in this study (59
species in total) showed that this is also true in Zakynthos and supports the « balanced
exploitation » characteristic of small-scale fisheries, having a smaller impact on evenness and
species richness of the community than more species selective fisheries (Lloret et al., 2012).
However, this also stresses the need of a strong biological knowledge for these numerous species
and for the Mediterranean populations in general in order to implement effective managment
measures, since a lack of informations on the exploited species may underestimate the impact of
fishing activities on the species itself, but also on the entire communities and coastal ressources (see
Lloret et al., 2012). Hence, proper scientific studies on species biological parameters like spawning
periods, fecundity, reproductive strategies, spwaning and nursery grounds, etc., should be conducted
prior to implementation and enforcement of any managment measures, and especially in the
Mediterranean, where fisheries management is generally based on single-species approach
(Tsikliras & Stergiou, 2013).

Among biological parameters that should be considered prior to any fisheries managment
measures, length at maturity (Lm) is also one of the most important since it is relatively easy to
obtain through empirical relationships with other species life traits involving body length, which is
ofently and easily recorded, and since it is a good predictor of vulnerability of the exploited species
to fishing (Tsikliras & Stergiou, 2013). Moreover, overexploitation of immature individuals that
have not reach Lm may lead to the growth overfishing of the stock and may have detrimental
consequences on future recruitment, stocks, communities and ecosystems conservation, and thus on
their supported fisheries (Froese & Pauly, 2014 ; Jennings et al., 1999 ; Stergiou et al., 2009). For
that matter, Stergiou et al. (2007) stressed the role of growth overfishing combined with the
modernisation of the fishing fleet, to explain the persistent decline of the Greek demersal fish stocks
for the last 20 years. The results of this study showed that the overall proportion of individuals
caught under their size at maturity was really high, reaching more than the half of the catch for



44.4% of all fish species caught (24 on a total of 54 species), ranging from 0 to 100% depending on
the species and with a mean percentage of 46.6% for all fish species. In other words, the mean
proportion of individuals that were not able to reach their sexual maturity and thus not able to
spawn even once represented almost 50% of the total catch (taking into account every species
caught in all mesh sizes). Among these species, some of the most commercially important and
dominant species in term of landings in artisanal fisheries of Zakynthos presented also very high
percentages of undersized individuals, reaching 84.2%, 91.7% and even 96.4% for Mullus
surmuletus, Diplodus sargus and Pagrus pagrus respectively, 3 very important species in the
market, and 86.1% for Scorpaena scrofa, the dominant species in term of abundance and biomass in
the total catch. These results, agreeing and renforcing the same conclusions about overexploitation
of immature individuals in the same area presented in Stergiou et al. (2009) and Dimitriadis et al.
(2013), illustrate the mass removal of immature individuals and stress the strong growth overfishing
occuring in small-scale fisheries in Zakynthos.

Besides, these results demonstrated also the shortcomings of the current legislation on MCRS, as
it was emphasized by Stergiou et al. (2009). The main and first objective of setting minimum
landing size measures in fisheries managment is indeed to avoid the growth overfishing by the
removal of immature fish (Froese & Pauly, 2014), and thus should be always harmonized with the
life-history of the species, and especially with Lm, being at least equal or even slightly bigger,
regardless of species and stocks, allowing the individuals to spawn and avoiding the decline of the
stocks (Froese & Pauly, 2014 ; Stergiou et al., 2009 ; Tsikliras & Stergiou, 2013). However, despite
the fact that the practice of minimum landing sizes for the Mediterranean fisheries is not new
(European Commission, 1994. (EC) No.1926/94) and has been recently re-established (the name
changing notably from Minimum Landing Size to Minimum Conservation Reference Size) through
the EU Regulation No. 1380/2013, the values have not changed since 1996 and are for most of them
below the respective Lm of the species, when only mimimum landing size exist, which the case for
very few species in the Mediterranean (Stergiou et al., 2009 ; Tsikliras & Stergiou, 2013 ; Tzanatos
et al., 2008). Indeed, on the total of 58 fish species caught during the sampling operations of this
study, only 17 have minimum landing size through the different legislation applying (i.e., FEK
25A/26-1-1954, EC No. 1967/2006 and EC No. 1380/2013), and only 6 of them are presenting
minimum landing size beyond their Lm, which are Diplodus annularis, Diplodus sargus, Diplodus
vulgaris, Epinephelus costae, Lithognathus mormyrus and Pagellus bogaraveo. Thus, the minimum
landing sizes being way below their respecitve Lm for the great majority of the species, our results
showed very low percentages of illegal catch for the total landings, where not even one individual
was below its legal size limit for 87% of the species accounted (47 of 54 species), and with a total
mean of only 9.5% of the total catch being illegal. In the contrary, the percentages of illegal catches
were high for all the species with a legal size bigger than their respective Lm, ranging from 62.8%
for Diplodus vulgaris, to 100% for Epinephelus costae and Pagellus bogaraveo. This showed
clearly that very few species are benefiting from the MCRS measure and also demonstrated, in the
one hand, the actual ecological inefficiency of this measure since most of the MCRS values were
below their respective Lm, and in the other hand, its pratctical inadequacy, since every illegal
catches were caught with completely legal means in term of localisation (closed areas, distance
from the coast, depth), period of the year (temporal closure) and above all, gear used (mesh sizes)
(Stergiou et al., 2009). Hence, for the actual fisheries managment schemes, there is a need of a shift
and an expand of the minimum landing size values for all targeted species, that are based on sound
ecological parameters like Lm. Also, as Tsikliras & Stergiou (2013) advocated, fisheries managment
based on minimum landing sizes should be dynamic and stock specific, since key parameters like
Lm can vary in space (i.e., between stocks or populations) and time (evolutionary response to
overfishing or environmental change), and since the level of compliance with size limit regulations
depends on the type of fisheries (i.e., artisanal, semi-industrial, industrial), the type and number of
targeted species, and finally the type of fishing gear used and its selectivity.

On this latter matter, our study aimed to find any pattern and differences in catch and revenue
with respect to different inner mesh sizes of trammel nets, and also to compare the compliance of



these mesh sizes with Lm and MCRS. Indeed, for improved management and conservation
measures, and given the importance of static gears and especially of trammel nets in small-scale
fisheries in the Mediterranean, a better understanding of the impact of different gears or mesh sizes
is vital (Erzini et al., 2006). Several studies have shown that inner panel mesh sizes have generally
significant effect on size selectivity and catch rate, with modal length generally increasing and
number of specimen caught declining with the mesh size (e.g. Erzini et al., 2006 ; Stergiou et al.,
2006). Our results confirmed a general pattern between the mesh sizes, since the species
composition analysis showed significant difference within mesh sizes, involving that different mesh
size caught different species. However, if the mean species number were declining with bigger
mesh sizes, these differences were not significant according to the statistical tests. Rather than in
specimens abundance, we also investigated the distribution of specimens biomass per mesh sizes
through the analysis of the CPUEs. A clear increase in mean CPUE was noted in respect with mesh
sizes, but the mesh size effect was negligible between the small mesh sizes (i.e., 21mm, 26mm and
28mm) and between the two biggest mesh sizes (i.e., 28mm and 36mm) but significant comparing
the two smallest 21mm and 26mm with the biggest 36mm. This result seems to contradict the
reduction of catch rate with mesh size assumption, since bigger mesh sizes caught per se less
specimens (28mm and 36mm represented only 15.5% and 14.9% of the total landings,
respectively), but generally of bigger size and weight, making, in our case, the catch rate in terms of
biomass and effort significantly bigger for the 36mm than the smaller ones.

The income a fisherman will get from his fishing session depends greatly on the market trends
and on his catch species composition, some species being more valuable than others, and length-
weight composition, where individuals of larger size and weight attain generally higher prices and
represent production forgone (Jennings et al., 1999 ; Stergiou et al., 2009). Nevertheless, this was
not confirmed in our study since the higher incomes per unit of effort that were found in bigger
mesh sizes were not significant. The only non-negligible increase in revenue was found between
21mm and 36mm mesh size. 

Finally, the level of compliance of each mesh sizes with Lm and MCRS showed that there was
indeed a reduction of mean percentage of immature and undersized individuals caught as inner
panel mesh size increased. A significant increase in the percentage of individuals under Lm between
28mm and 36mm mesh size was yet noticed (with a value of immature individuals in 36mm
comparable to the one in 26mm) and could be attributed to the difference in catch species
composition of this latter mesh size, 36mm catching larger species with higher values of Lm, and
fishing location, since 36mm was used by only one fishing vessel that was fishing in specific
locations. Thus, the 28mm mesh size caught in our case significantly less immature individuals than
any other mesh size. The reduction in mean percentage of individuals under MCRS was constant
with respect of mesh sizes, however, analysis clearly showed that only the 21mm mesh size caught
significantly higher percentages of illegal individuals. 

These different results emphasized the difficulty of finding a good and effective compromise
between mesh sizes in terms of catch efficiency and income maximisation in the one hand, and
ecological and legal concerns with protection of juveniles and respect of minimum landing size, in
the other hand. Hence, while 36mm inner panel mesh size seemed to significantly maximise the
catch rate but not the profit, it also showed a significant increase in proportion of immature
individuals caught, where 28mm should in this case be preferred. However, in every cases, 21mm
mesh size proved to be innapropriate, showing significantly higher percentages of individuals under
Lm and MCRS than any other mesh sizes, and significantly lower catch rate and profit. Therefore,
according to this present study, the banishment of the 21mm mesh size of the artisanal fisheries
could be an interesting option for single-species managment in order to reduce the growth
overfishing by the mass removal of immature individuals, without actually impacting the yield and
the income of the fishermen.

The actual single-species management measures that apply in the Mediterranean are facing some
ecological and practical problems, given the strong multi-species and multi-gear characteristic of its
fisheries. The very small number of existing minimum landing sizes, their ecological inadequacy,



the variability of life-history parameters like Lm between the numerous species and the difficulty of
the monitoring and the enforcement of such measures, especially in small-scale fisheries, are some
of the many argument that are now questionning the efficiency of these actual fisheries managment
schemes (e.g., Bohnsack, 2000 ; Tzanatos et al., 2008 ; Stergiou et al., 2004). The combination of
these technical measures with others ecosystem-based approaches like implementation of MPAs and
no-take zones is now rather advocated (e.g., Froese et al., 2008 ; Guidetti et al., 2010 ; Stergiou et
al., 2009). Hence, the precise technical measures like minimum landing size can potentially provide
some community and ecosystem benefits and are valuable tools when they are applied to many
species and are combined with other measures, and their effectiveness depends on their effective
enforcement (which is easier to do in MPAs), but also on the compliance of the fishermen
(Bohnsack, 2000). This latter point seems for that matter to grow in importance in the scientific and
MPAs managers community, who emphasize the benefits of an adaptative co-managing approach
involving MPA's stakholders, scientists and fishermen (see Guidetti & Claudet, 2010 and Guidetti
et al., 2010). It has thus been pointed out that not only the use of MPAs in combination with
technical measures are more than compatible, but also that a partial protection of coastal areas
together with a co-management plan may greatly benefit both ecosystems and fishermen (Guidetti
& Claudet, 2010 ; Guidetti et al., 2010). Guidetti & Claudet (2010) put even forward that involving
fishermen in the management plan could represent a necessity in the success of fisheries
managment, since it increases their compliance to the managment schemes and the likelihood they
will respond positvely to no-take zones and alleviates their skepticism towards scientists and MPAs
managers and is an essential attribute of a proper managment scheme that should embrace all
ecological, economical and socio-cultural aspects. 

The results of the present study contributes to a better understanding of the effect of small-scale
fisheries on the fish stocks in Zakynthos, and an insight of the effectiveness of the actual fisheries
management measures. Along with the promising co-managment approach cited above, these
results should also help in building future management plans for the MPA of the National Marine
Park of Zakynthos that aim to be ecologically and socio-economically sustainable. These future
management plans should notably include (1) the implementation of a year-round no-take zone, in
order notably to respond to the strong growth overfishing that is occuring, (2) the development of a
co-management protocol that sets a number of technical measures in aggrement with the local
fishermen, like the banishment of the 21mm mesh size, the implementation of certain quotas and
minimum landing size and the application of temporal and/or spatial closures, and finally (3) a
systematic and consistent monitoring and enforcement, along with the promotion of an active
participation and cooperation of the local community through the raising of awareness on the
potential benefits of the MPA, that could ultimately improve the attitudes, the perceptions and the
compliance regarding the MPA and its regulations.
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 of the departing values of the median size of the individuals caught in different mesh sizes 
from their length at maturity (Lm), Lm-SE and Lm+SE. 

Species Mesh Size -SE +SE

Diplodus sargus 21mm (-) p<0.0001* (-) p<0.0001* (-) p<0.0001*
26mm (-) p<0.027* (ns) (-) p<0.009*
28mm
36mm

Mullus surmuletus 21mm (-) p<0.0001* (-) p<0.0001* (-) p<0.0001*
26mm (ns) (ns) (ns)
28mm (+) p<0.016* (+) p<0.016* (ns)
36mm (+) p<0.020* (+) p<0.012* (+) p<0.017*

Pagrus pagrus 21mm (-) p<0.028* (-) p<0.028* (-) p<0.028*
26mm (-) p<0.023* (-) p<0.023* (-) p<0.023*
28mm (ns) (ns) (ns)
36mm (-) p<0.042* (-) p<0.042* (-) p<0.042*

Phycis phycis 21mm (-) p<0.005* (-) p<0.007* (-) p<0.005*
26mm (-) p<0.012* (-) p<0.017* (-) p<0.012*
28mm (ns) (ns) (-) p<0.035*
36mm (ns) (ns) (ns)

Scorpaena porcus 21mm (-) p<0.0001* (-) p<0.0001* (-) p<0.0001*
26mm (+) p<0.011* (+) p<0.011* (+) p<0.038*
28mm (+) p<0.005* (+) p<0.005* (+) p<0.007*
36mm (ns) (ns) (ns)

Scorpaena scrofa 21mm (-) p<0.0001* (-) p<0.0001* (-) p<0.0001*
26mm (-) p<0.001* ns (-) p<0.0001*
28mm (-) p<0.0001* (-) p<0.0001* (-) p<0.0001*
36mm (-) p<0.015* (ns) (-) p<0.001*

Sparisoma cretense 21mm (-) p<0.0001* (-) p<0.0001* (-) p<0.0001*
26mm (+) p<0.039* (+) p<0.003* (ns)
28mm (+) p<0.0001* (+) p<0.0001* (+) p<0.003*
36mm (ns) (ns) (ns)

Spondyliosoma cantharus 21mm (-) p<0.005*
26mm (-) p<0.017*
28mm (-) p<0.050*
36mm (-) p<0.008*

(-) indicates that the median size of individuals were significantly smaller than Lm, +/-SE. 
(+) indicates that median size of individuals was significantly bigger than Lm, +/-SE. 
(ns) indicates non-significant values.

Table 5. Results of the Wilcoxon signed-rank test for 8 species showing the significances
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Appendix

Species name Common name

Auxis rochei Bullet tuna
Bogue

Bothus podas Wide-eyed flounder
Chelidonichthys lucerna Tub gurnard

Mediterranean rainbow wrasse
Dactylopterus volitans Flying gurnard

Common stingray
Dentex dentex Common dentex

Sea bass
Annular seabream

Diplodus puntazzo White seabream
Diplodus sargus Sharpsnout seabream

Two-banded seabream
Gold-blotched grouper
Dusky grouper

Euthynnus alletteratus Little tunny
Brown wrasse
Cuckoo wrasse
Green wrasse

Lithognathus mormyrus Sand steenbras
Loligo vulgaris European squid
Merluccius merluccius Hake

Common grey mullet
Mullus barbatus Striped mullet

Red mullet
Mediterranean moray
Saddled seabream
Common octopus

Pagellus bogaraveo Blackspot seabream
Common pandora
Red porgy

Palinurus elephas European spiny lobster
Forkbeard

Raja asterias Mediterranean starry ray
Brown ray
Salema
Brown meagre
Small red scorpionfish

Scorpaena porcus Black scorpionfish
Red scorpionfish

Scyllarides latus Mediterranean slipper lobster
Common cuttlefish
Greater amberjack
Comber
Brown comber
Painted comber
Dusky spinefoot
Common sole

Sparisoma cretense Parrotfish
Sparus aurata Gilthead seabream

European barracuda
Spicara maena Blotched picarel
Spicara smaris Picarel
Spondyliosoma cantharus Black seabream

Axillary wrasse
Ocellated wrasse
Peacock wrasse
Atlantic lizardfish

Trachinus draco Greater weever
Trachinus radiatus Starry weever

Streaked gurnard
Stargazer
John dory

Appendix 1. Species list of 35 fishing sets in Zakynthos Island, 2012-2014

Boops boops 

Coris julis 

Dasyatis pastinaca 

Dicentrarchus labrax 
Diplodus annularis 

Diplodus vulgaris 
Epinephelus costae 
Epinephelus marginatus 

Labrus merula 
Labrus mixtus 
Labrus viridis 

Mugil cephalus 

Mullus surmuletus 
Muraena helena 
Oblada melanura 
Octopus vulgaris 

Pagellus erythrinus 
Pagrus pagrus 

Phycis phycis  

Raja miraletus 
Sarpa salpa 
Sciaena umbra 
Scorpaena notata 

Scorpaena scrofa 

Sepia officinalis 
Seriola dumerili 
Serranus cabrilla 
Serranus hepatus 
Serranus scriba 
Siganus luridus 
Solea solea 

Sphyraena sphyraena 

Symphodus mediterraneus 
Symphodus ocellatus  
Symphodus tinca 
Synodus saurus 

Trigloporus lastoviza 
Uranoscopus scaber 
Zeus faber 


