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Abstract :   
 
Marine Recreational Fishing (MRF) is growing worldwide in scientific interest, as evidenced by the 
increasing number of dedicated publications. Studies on the impacts and benefits to socio-ecosystems 
and mental health are driving this gradual awareness. In the Mediterranean, MRF is currently responsible 
for 10% of the catches though, in the context of small-scale fisheries decline, it may become dominant. 
Sustaining this activity represents a universal challenge for the future of mankind. However, the potential 
influence of anglers' heterogeneity on both the environment and the Catch Per Unit of Effort (CPUE), used 
internationally to evaluate fish harvest and as a stocks indicator, hinders MRF management. In addition, 
little data is available on onshore fishing, while the number of practitioners may increase sharply in the 
context of a socio-economic crisis, especially in marine protected areas (MPA). We conducted a year-
round survey in 2017–2018 in a French Mediterranean MPA subject to tourist flows, during which 144 
onshore anglers were polled by semi-directive interviews. We used a typology based on technical and 
socio-economic data of anglers to describe their behaviour diversity and its influence on CPUE and, more 
broadly, the marine environment in multi-species fisheries. We characterised four onshore angler profiles, 
segregated in space and time, including one identified as at risk of causing impacts. Our analyses support 
using total and per species CPUE independently of profiles to evaluate onshore MRF harvest, except for 
four species. CPUE seem based on the profiles’ skills and self-regulation which induce similar yields 
between anglers in the absence of control. This demonstrates the importance of taking into account angler 
behaviour, as each profile could react differently to management actions and highlights that CPUE could 
be used to detect the effect of changes in regulation in the framework of adaptive management. Our 
results support that MRF regulations should be simplified and homogenised at the national level and 
cooperation with fishing shops in MPA co-management should be promoted. 
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Graphical abstract 
 

 
 
 

Highlights 

► Onshore recreational fishing is booming in Mediterranean marine protected areas. ► Lack of 
knowledge on anglers' behaviours hinders sustainable management. ► 4 angler's profiles segregated in 
space and time emerge from typological analyses. ► The profiles present similar yields (stock indicator's 
proxy) except for 4 species. ► The profiles exert specific pressures requiring their inclusion in marine 
policies. 

 

Keywords : Anglers behaviour, Catch per unit of effort, Marine protected area, Participatory science, 
Recreational fisheries, Socio-ecosystems 
 
 

 

 



1. Introduction 1 

Neglected for a long time, as compared to professional fisheries, recreational fisheries (RF) are 2 

of growing interest to the scientific community (Cooke and Cowx, 2006). They are generally described 3 

as any fishing activity where the product is intended for the exclusive consumption of the angler’s 4 

family (defined by the Code rural de la pêche maritime in France, Article R921-83, 2017) and could 5 

represent up to 12% of global fish harvest (Cooke and Cowx, 2004). With nearly 220 million anglers 6 

worldwide, RF could even become dominant in coastal and marine areas, where they are still 7 

marginally studied compared to freshwater (Arlinghaus et al., 2019). Scientists and authorities 8 

increasingly recognise marine recreational fisheries (MRF) impacts on fish stocks and the environment 9 

(McPhee et al., 2002) as well as their socioeconomic importance (Pita et al., 2018). As a result, they 10 

ask for better monitoring and management of the activity, as recently promulgated by the European 11 

Union for its member states (EU Parliament Adopted Text, 2018).  12 

 13 

At this stage, the global lack of knowledge about MRF activities, particularly the heterogeneity 14 

of practitioners and their dynamics, hinders suitable management (Gordoa et al., 2019). On one hand, 15 

fishery policies are based on disputable stocks status indicators such as Catch Per Unit of Effort (CPUE), 16 

which are also used to extrapolate anglers’ harvest (Freire et al., 2020). Generalised for decades in 17 

professional fisheries, CPUE involves a direct relationship between the stock’s abundancy and the 18 

yields (DuFour et al., 2019), yet to be demonstrated for the various practicing populations in MRF. 19 

Indeed, the versatility of angler practices and behaviours may influence angling efficiency and raises 20 

the question of the validity of CPUE index in MRF (Cabanellas-Reboredo et al., 2017). We therefore 21 

hypothesise that the degree of specialisation and the fishing strategies specific to each angler influence 22 

his yields, but that the essence of behavioural variability can be summarised through typological 23 

approaches (Verdoit et al., 2003). In this case, the proportion of each cluster of individuals sharing 24 

common fishing habits (called profiles) would have to be taken into account in calculating the CPUE 25 

indicator, otherwise generating poor-reading of fish stocks changes detrimental to MRF management 26 



(Maggs et al., 2016). On the other hand, the lack of knowledge about spatio-temporal fishermen 27 

distribution (Hunt et al., 2019) hinders the implementation of efficient awareness actions and restricts 28 

communication between managers and anglers. This acts against the interests of both protagonists 29 

and limits the impact of fishing regulations such as minimum catch size on stock decline. In the context 30 

of supporting sustainable management actions, participatory monitoring is an appropriate tool to 31 

characterise fishermen population as well as impacts and expectations (Brownscombe et al., 2019). It 32 

also fosters the emergence of ecological awareness and even co-management (Danylchuk and Cooke, 33 

2011) while promoting transdisciplinary approaches and local-scale cooperation with fishermen, which 34 

often remains to be built (Symes and Hoefnagel, 2010). We therefore assume that the analysis of 35 

anglers' profiles would also provide operational guidance for RF management as their location and 36 

seasonality, as well as their knowledge, responses, and investment in the application of management 37 

measures, would be profile-dependent. 38 

 39 

This study is at the crossroads of the work initiated by Bryan (Bryan, 1977) on the impact of 40 

specialisation on catches, which we extend to the onshore socio-ecosystem, and more recent studies 41 

on the validity of CPUE’ index (Cabanellas-Reboredo et al., 2017; Ward et al., 2013). We propose an 42 

interdisciplinary approach unprecedented in France communicating local and national actions in 43 

support of RF management in the Natural Marine Park of the Gulf of Lion. We analyse a large dataset 44 

from in situ surveys to describe how the composition of the onshore fishing population and respective 45 

fishing strategies of each profile impact both the CPUE and more broadly the regional coastal socio-46 

ecosystem in multi-species fisheries. Our study benefits fisheries management by proposing a basis for 47 

co-reflection between anglers, managers and fishing shops on the implementation of a seasonal, 48 

profile-targeted adaptive management strategy of MRF. It could thus allow a better distribution of 49 

managers' efforts both for the co-reflection activity itself and later, via the evaluation of catches, 50 

between fishing activities. Our study will support the application of the French Façade Strategic 51 

Document 2021-2027 which aims in part to set up a European action plan and surveillance program 52 



for MRF. More broadly, this study could serve as a reference for the monitoring currently underway in 53 

the Mediterranean or even on a wider scale, as the Mediterranean represents a potential site of 54 

interest for a MRF workshop. The activity is indeed widely practised there (Giovos et al., 2018), likely 55 

by highly diverse anglers, from locals to seasonal fluxes of tourists bringing new fishing practices. 56 

 57 

2. Material and Methods  58 

2.1. Study area  59 

The Natural Marine Park of the Gulf of Lion (NMPGL), established in France in 2011 (www.parc-60 

marin-golfe-lion.fr), is the second largest park in the Mediterranean Sea (3000 km2) (Fig. 1). 61 

Management objectives tend to reconcile environmental protection with human usages including 62 

fisheries and tourism (Di Franco et al., 2016). Nevertheless, no fishing licenses are yet required and 63 

there are no specific rules targeting RF (apart the Mediterranean-wide minimum catch sizes) inside the 64 

NMPGL (Agence des aires marines protégées, 2014), except in the Cerbère-Banyuls Marine Reserve 65 

(CBMNR) (www.catalanes.espaces-naturels.fr) (Fig. 1). 66 

 

 

 

 

 

 

 

 

 

 

 



Fig. 1 (2-column fitting image, no color). Map of the study area indicating the position of the Natural 

Marine Park of the Gulf of Lion (NMPGL) located in the Pyrénées-Orientales department, France, 

Northwestern Mediterranean Sea. The main harbours and towns are also indicated. Shaded area 

indicates the sandy coast of the park where this study was conducted (60km stretch). 

2.2. Surveys 67 

A total of 144 outings were performed over a year (November 2017-October 2018) to describe 68 

the recreational shore fishermen population of the NMPGL’s sandy coast (Fig. 1). The dates were 69 

randomly selected. For each outing, the number of fishermen was first counted, and then over a 70 

quarter were randomly polled in 20-minutes semi-directive interviews using roving-roving methods of 71 

sampling, with positions registered by GPS (Lockwood, 2000). The questionnaire focused on a wide 72 

range of variables (almost 120) to provide the first complete description of RF in the study area, notably 73 

covering socio-economic data and fishermen habits. A second part of the questionnaire focused on the 74 

day’s fishing activity (techniques, baits type and origin, time allocated to fishing) and was completed 75 

by a biometric catch record (species identification, weight and height measurement) to evaluate yields. 76 

Over the study period, 795 fishermen were counted and 212 interviewed. 77 

 78 

2.3. Profiles description 79 

To select the variables that influenced the data set and avoid redundancies, the links between 80 

the variables were analysed. Fisher’s exact tests were performed for the variables where at least one 81 

of the modalities had a statistical headcount of less than 5, and Chi-squared tests otherwise. The 82 

resulting p-values were used to create a binomial matrix of significant relationships (linked or not) 83 

which permitted classifying the variables by Ascending Hierarchical Classification on binary matrix. 84 

After verifying the appearance of the obtained dendrogram, variables with higher weight per cluster 85 

were selected and included in the final dataset used to establish typologies. This method allowed 86 

selecting the variables with the fewest missing values while preserving the variability of topics included 87 

in the questionnaire. Fishermen profiles were then characterised by a typology involving a Multiple 88 



Correspondences Factorial Analysis followed by an Ascending Hierarchical Classification using Ward’s 89 

method (Lebart et al., 1997). To compare each of the profiles, obtained from sub-populations, to the 90 

total sample population, each variable class frequency was compared to the population frequency 91 

using Fisher’s exact tests. All the statistics were performed using R software (R Development Core 92 

Team, 2005).  93 

 94 

2.4. Comparison of yields and catches  

The respective Catch per unit of effort (namely the yields) in number of individuals (CPUE) and 95 

biomass in Weight per unit of effort (WPUE) for both per rod (number of captures or kg.rod-1.hour-1) 96 

and hook (number of captures or kg.hook-1.hour-1) were calculated per fisherman. Total CPUE and 97 

WPUE were compared between the profiles using Kruskal-Wallis non parametrical tests, as the 98 

assumption of data normality was not verified by Shapiro’s test. Nevertheless, the means and standard 99 

deviations of total and per profile CPUE and WPUE have been calculated for information purposes and 100 

to support possible comparisons. When significant, the Kruskal-Wallis tests were followed by Dunn 101 

post-hoc tests to determine which profiles differed significantly. Furthermore, CPUE and WPUE per 102 

species were compared in the same way. CPUE and WPUE were calculated for the 14 species present 103 

in the biometric sampling which were, in order of importance, the Gilthead Seabream (Sparus aurata, 104 

Sparidae), the Weever (Trachinus spp., Trachinidae), the Common cuttlefish (Sepia officinalis, 105 

Sepiidae), the Bogue (Boops boops, Sparidae), the Garfish (Belone belone, Belonidae), the Common 106 

pandora (Pagellus erythrinus, Sparidae), the Goby (Gobius sp., Gobiidae), the White seabream 107 

(Diplodus sargus, Sparidae), the Salema (Sarpa salpa, Sparidae), the Squid (Loligo vulgaris, Loliginidae), 108 

the European seabass (Dicentrarchus labrax, Moronidae), the Surmullet (Mullus surmuletus, Mullidae), 109 

the European eel (Anguilla anguilla, Anguillidae), and the Grey Mullet (Chelon labrosus, Mugilidae). 110 

 111 

3. Results 112 

3.1. Variables conserved 113 



Twenty-four variables (28.8% of the complete dataset) among 144 questionnaires were conserved 114 

in the final analysis which can be classified in five categories: “Fisherman”, “Fishing Habits”, “Technical 115 

skills”, “Daily practice” and “Perceptions and legislation knowledge”. Two other variables: “Fisherman 116 

age” and “Catch-and-release practice” were also selected to advise management actions (See 117 

attachment).  118 

 119 

3.2. Fishermen profiles 120 

3.2.1. Total shore population 121 

The shore fishing population (N=144) sampled in the NMPGL was exclusively composed of men 122 

mostly between 50 and 59 years of age (25.18%) with little (1-5 years) to intermediate (11-20 years) 123 

fishing experience (Fig. 3). It was mostly composed of pensioners (29.17%) or non-qualified workers 124 

(45.13%) who fish occasionally (less than 30 times per year) for leisure more than for catches. They 125 

preferred practicing in the morning (24.31%), in the municipalities of Canet (34.03%) or Leucate 126 

(21.53%), and especially in summer (49.31%). Most fishermen performed from dikes (49.31%), 127 

although surfcasting from the beach was also common (43.75%). They chose their fishing spot 128 

principally based on tranquillity or accessibility. Most anglers (57.37%) were locals, from the Pyrénées-129 

Orientales department, but a broad range of people from other non-neighbouring French departments 130 

(34.72%) and a few foreigners (1.39%) were also present. They practiced fishing from the shore only 131 

(73.61%), few of them owning or renting a boat. Fishermen generally used live bait (86.81%), especially 132 

expensive worms (59.72%) purchased locally, to target S. aurata (81.94%). About 29.17% of the 133 

fishermen also harvested bait, mainly crabs (54.71%), mussels (42.85%), or marine worms (45.22%). 134 

They spent on average 100 to 500 euros (55.56 %) to fish from 0 to 10 kg (63.19%) per year, although 135 

budgets allocated to fishing could reach up to 5,000 euros per year for a maximum reported catch of 136 

500 kg. In this fishery, 77.78% of fishermen were surveyed empty-handed and only 11.81% caught at 137 

least one target species. A large majority of the fishermen interviewed (73.61%) perceived a decline in 138 

fishing resources, which they linked essentially to professional fishing (51.39%) and water pollution 139 



(25%). Most of them considered RF regulations as Sufficiently strict (57.64%) or Not sufficient (15.97%). 140 

However, 60.42% of fishermen admitted that they did not know which species are protected inside 141 

the park or, for 59.72%, the minimum legal catch sizes for the main targeted species (D. labrax or S. 142 

aurata). Nevertheless, 92.25% of the interviewed fishermen also practiced catch-and-release. 143 

Among this total shore population, four different profiles were highlighted by the typologies 144 

(Fig. 2): Vacationers, Occasional Local Fishermen, Experienced Local Fishermen, and Local Lure 145 

Fishermen. We named the different profiles according to their main characteristics (Fig. 3).  146 

 147 

 Fig. 2 (2-column fitting image, color). Diagram of the obtained dendrogram (b) and the four 

clusters emerging as sufficient to describe the recreational fishing population according to the diagram 

of inertia (a). Indeed, after four classes, the inertia curve appears to reach a plateau. 



 



Fig. 3 (2-column fitting image, color). Diagram of the shared sample population characteristics (central 

circle) and specific characteristics of each recreational shore fishermen profile (outer circles) along the 

sandy coast of the Natural Marine Park of the Gulf of Lion for the period 2017-2018. The number of 

significantly different variables between the total population and the profiles is noted around the 

arrows. 

3.2.2. The Vacationers 148 

The main profile highlighted was the Vacationers, composed predominantly of fishermen from 149 

other French departments (52.63%) rather than foreigners (only 2.63%). They represented 52.77% of 150 

the sample (N=76). This profile did not differ significantly from the total population in terms of age 151 

(mostly 40-49 years) and experience (highly variable but defined by the modality 1-5 years). All socio-152 

professional categories other than students were well represented. Anglers representing this profile 153 

were characterised by their occasional, mostly summer (64.47%), practice and their attraction to sites 154 

that were less crowded and more accessible for parking (69.74%). 155 

In terms of habits, the Vacationers practiced almost exclusively from the shore, both from 156 

beaches (47.37%) and dikes (43.42%). They used bottom-fishing, generally in the morning (61.84% 157 

practiced at least then), to predominantly target S. aurata (81.58%). They differed significantly from 158 

the total population in their choice of fishing bait, preferring exogenous worms (57.89%). Bait were 159 

purchased in 86.84% of cases and represented the highest portion of their fishing budget, with a box 160 

of popular American worms costing around 6.90 euros. They were characterised by low rates of 161 

harvesting (1.32%) and of lure usage (2.63 %). In two months, they spent the equivalent of one year’s 162 

fishing budget for the other profiles (100-500 euros) to catch 0 to 10 kg per year on average (82.89%; 163 

96.05% under 20 kg/year). This profile significantly represented both the highest rate of adequacy 164 

between species targeted and caught (90.89%) and of catch-and-release practicing (95.95%), despite 165 

the Vacationers showing the lowest level of knowledge on protected species (28.95%) and minimum 166 

catch sizes (30.26%). 167 



3.2.3. The Occasional Local Fishermen 168 

The second profile highlighted, the Occasional Local Fishermen (OLF), represented 26.39% 169 

(N=38) of the total sample population. This group was composed of active men, generally working in a 170 

poorly (34.21%) or moderately qualified (21.05%) profession, often in the construction industry. They 171 

had the same age distribution as the total population (51.44±15.75, p-value: 0.97) with similar or lower 172 

fishing experience (28.95% between 6 and 10 years old). They practiced occasionally along Canet 173 

(44.74%) and Leucate (31.58%) coasts, mainly during summer (52.63%). Coming from the Pyrénées-174 

Orientales region (55.26%), but also from neighbouring French departments (18.42%), they 175 

concentrated significantly on hard substrates (65.78%) that they chose both for their tranquillity (44.74 176 

%) and for their natural settings (42.11%) with a reputation for concentrating fish. Unlike the total 177 

population, they fished at night (23.68 %) or any time they had free time (28.95%). They were also 178 

much more versatile in their fishing practice, visible in their usage of the marine space (44.74% 179 

practicing both shore fishing and spear- or boat-fishing) as well as bait selection (though still favouring 180 

the worm at 42.11%) and origin (68.43% harvesting them and 10.53% using exclusively natural bait). 181 

They were much more specialised in their targeting, 94.74% fishing for S. aurata exclusively. OLF did 182 

not differ significantly from the total population in terms of catch (0-10 kg) or annual budget (100-500 183 

euros) although an intermediate budget class (500-1,000 euros) was well represented (21.05%). 184 

Despite their high level of specialisation and their versatility, their capture rate was low (76.32% are 185 

empty-handed) and their bycatch rate high (50%).  186 

They also held the view that fishing stocks were declining (68.42%) because of professional 187 

fisheries (47.37%) and pollution (23.68%), though this profile also had the highest proportion of 188 

fishermen declaring fish populations as Increasing (7.89%) or as Stagnant (15.79%). The majority 189 

considered legislation as Sufficiently strict (60.53%) but OLF were also characterised by the highest rate 190 

who consider it Too strict (7.89%). They generally knew little about minimum catch sizes (42.11% could 191 



cite at least one) and less about protected species (63.16% could not name one), but nevertheless 192 

practiced catch-and-release at 89.19%. 193 

 194 

3.2.4. The Experienced Local Fishermen  195 

The Experienced Local Fishermen (ELF) profile represented 14.58% of the sample (N=21). As 196 

compared to the Local Lure Fishermen (see next section), it brought together the most elderly people 197 

above the age of 50 years, and was characterised by the highest rate of the modality Higher than 70 198 

years, absent in the LLF profile. This profile was defined by fishermen with average (11-20 years) to 199 

high levels of experience, practicing since childhood (51-60 years).  200 

They were mostly end-of-career actives (only 28.57% of pensioners) from all socio-professional 201 

categories. They were local (90.48%) or from bordering department (9.52%) and practiced regularly 202 

(30 to 100 times per year) or very regularly (47.62% each), year-round (80.95%), mostly from dikes 203 

(61.9%). They fished both the morning (38.10%) and evening (42.86%) and represented the only profile 204 

with individuals performing only in the afternoon (23.81%). For a majority of them (66.67%), the fishing 205 

sites were chosen based on the presence of a particular substrate or a targeted species (principally S. 206 

aurata and L. vulgaris). Similar to OLF, they were versatile in their use of marine space (38.1% of them 207 

fishing both onshore and offshore and 14.29% also practicing spear-fishing) but were more specialized 208 

in gear and bait. Indeed, ELF preferred using worms alone or in association with crustaceans (partially 209 

harvested in 71.43% of the cases) while bottom-fishing or lures, predominantly Turlutte to target 210 

cephalopods. They were also mobile, 14.29% of them applied for a fishing authorisation for the natural 211 

marine reserve of Cerbère-Banyuls located along the rocky coast (Fig. 1). Their technical knowledge 212 

was reflected in their catches (80% of targeted species), though the percentage of catch-free fishermen 213 

did not differ from other groups (76.19%). Most likely attributable to their skills, the high budget 214 

allocated to fishing (42.86% spent between 1,000 to 2,500 euros per year to fish) and their annual 215 

presence, they were the profile that declared the most captures (33.33% reported catching more than 216 



50 kg per year). Nevertheless, 48% of catches were under 20 kg per year and 23.81% were within the 217 

total population mean (0-10kg per year). 218 

As with the other profiles, they predominantly perceived that catches were decreasing. 219 

However, they were more mitigated in the role of professional fishermen (42.86%), also attributing 220 

declines to pollution (42.86%) and poaching (14.29%). They were the most aware of regulations, both 221 

in terms of minimum catch sizes (76.19%) and protected species (76.19%) and 57.14% would like the 222 

regulation to be reinforced (the majority of the rest considered it as Strict Enough). They also had 223 

similar catch-and-release rates as the Vacationers (about 95.5%). 224 

3.2.5. The Local Lure Fishermen  225 

The Local Lure Fishermen (LLF) profile differed the most from the total population, with 22 226 

variables differing significantly out of 26 (Fig.3), and represented 6.25% of the sample (N=9). The LLF 227 

were generally older and with more fishing experience. The LLF profile comprised two distinct groups 228 

of practitioners: one group being 40-49 year olds (44.44%), generally unemployed (11.11%) or 229 

practicing an intermediate profession (22.22%), with 6 to 20 years of experience (33.3%) and the other 230 

being 60-69 year olds (44.44%), pensioners, with 31 to 50 years of experience (55.55%). This profile 231 

was characterised by individuals predominantly fishing since childhood and belonging exclusively to 232 

the Pyrénées-Orientales department (100% locals). 233 

They were characterised by their regularity: 77.77% fishing more than 100 times per year, 234 

44.44% any time possible, and 11.11% sometimes twice a day, morning and evening. They fished year-235 

round exclusively from the shore, characterising daytime fishing during the autumn and winter seasons 236 

(33.33% each) and evening fishing during the summer (33.33%). They chose their sites generally for 237 

the species targeted or the substrate (77.78%). They did not harvest their baits and exclusively used 238 

lures (66.67%) or practiced surfcasting from the beach using purchased crustaceans and fishes. They 239 

generally caught a few species of strong gustatory interest such as D. labrax (44.44%), L. vulgaris 240 

(22.22%) and D. sargus (11.11%), presenting lower pressure on S. aurata (22.22%). Though some were 241 



unemployed, they spent more money in RF than the other profiles with two modalities, 100 to 500 242 

euros (33.33%) and 2,500 to 5,000 euros (33.33%), characterising the profile. They were also highly 243 

variable in their declarations of quantity of captures, with a majority reporting annual catches between 244 

0 and 10 kg (33.33%) but some claiming up to 100 kg (20%). 245 

 246 

In terms of regulation, they were an intermediate profile with the highest rate acknowledging 247 

their ignorance of the fishing regulations (11.11%) and the lowest rate of catch-and-release (still 248 

85.71%). In fact, 55.56% of the fishermen knew both the protected species and the minimum catch 249 

size. Among them, 66.67% recognised the regulation as Strict Enough whereas 11.11% preferred 250 

stronger implementation, none considering it as Too strict. Surprisingly, during the interviews, none 251 

had a catch, except fishermen with no targeted species (22.22%). They considered the fish populations 252 

to be declining (77%) mainly due to professional fishing (66.67%) and poaching (22.22%). 253 

 254 

3.3. Selectivity of catches and comparison of yields 255 

The analysis of the 144 biometric records showed a differing specific distribution of catches, with 256 

only two species, S. aurata and D. sargus shared among the four fishermen profiles. The OLF caught 257 

diversified species, some with low gustatory interest, more so than other groups and particularly more 258 

than LLF who caught few individuals and species (only 3 species).  259 

The total CPUE (all species combined) did not show any significant difference if calculated per rod 260 

(mean 0.20±0.60) or per hook (mean 0.19±0.63). The same trend was observed for WPUE. For this 261 

reason, we chose to present in Table 1 only the results of the catches per rod, generally easier to obtain 262 

by visual surveys. 263 

Comparing total CPUE and WPUE between the profiles did not show any significant differences. 264 

However, WPUE and CPUE analyses per species revealed a significant difference in yield between the 265 

profiles for four species among the 14 tested (Table 1). ELF presented a particular ability to catch 266 



cephalopods which resulted in a higher yield than other profiles for these two species. LLF had 267 

significantly higher yields for D. labrax despite catches also made by ELF. P. erythrinus’ yield was 268 

significantly higher for the OLF while they declared targeting the species in only 1.4% of cases. On the 269 

other hand, S. aurata’s yield, which was overwhelmingly targeted by three out of four profiles, and still 270 

44% by LLF, did not show any significant difference between the profiles. 271 

 

Profile 1 

Vacationers 

N=76 

52.77% 

Profile 2 

Occasional 

Local 

Fishermen 

N=38 

26.39% 

Profile 3 

Experienced 

Local 

Fishermen 

N=21 

14.58% 

Profile 4 

Local Lure 

Fishermen 

N=9 

6.25% 

Test p-value Significance 

Species caught per 

profile among the 

sample (number of 

catches) 

B. boops (6) 

S. aurata (23) 

B. belone (1) 

M. surmuletus 

(1) 

D. sargus (2) 

A. anguilla 

(1) 

S. aurata (2) 

G. sp (1) 

P. erythrinus 

(6) 

D. sargus (1) 

S. salpa (2) 

T. sp (1) 

L. vulgaris 

(3) 

S. aurata (1) 

D. labrax (1) 

C. labrosus 

(1) 

S. officinalis 

(6) 

D. labrax (1) 

B. belone (2) 

D. sargus (1) 

 

Total CPUE 

(± standard deviation) 
0.21±0.73 0.22±0.66 0.08±0.19 0.29±0.50 

Kruskal-

Wallis 
0.75 Ø 

Total WPUE 

(± standard deviation) 
0.02±0.05 0.02±0.06 0.04±0.09 0.06±0.11 

Kruskal-

Wallis 
0.73 Ø 

CPUE 

per 

species 

Loligo vulgaris 0 0 0.04±0.11 0 
Kruskal-

Wallis 

2.9e-08 

C3*** 
*** 

Dicentrarchus 

labrax 
0 0 0.01±0.06 0.04±0.13 

Kruskal-

Wallis 

Post-hoc 

Dunn 

0.02 

C4* 
* 

Pagellus 

erythrinus 
0 0.02±0.07 0 0 

Kruskal-

Wallis 

0.002 

C2** 
** 

Sepia 

officinalis 
0 0 0.22±0.68 0 

Kruskal-

Wallis 

0.0005 

C3*** 
*** 

Sparus aurata 0.04±0.17 0.01±0.09 0.005±0.03 0 

Kruskal-

Wallis 

Post-hoc 

Dunn 

0.23 Ø 

Table 1. Comparison of total and per species Catch per Unit Effort in number of captures.rod-1.h-1 

(CPUE) and in kg. rod-1.h-1 (WPUE) of the recreational fishermen profiles within the sample of the shore 

fishermen population of the sandy coast of the Natural Marine Park of the Gulf of Lion in 2017-2018. 



Significance of Kruskal-Wallis tests: Ø No significance, * : p-value<0.05, ** : p-value<0.01, *** : p-

value<0.001 

4. Discussion 272 

The four profiles from our typology generate different impacts on catch composition and the 273 

onshore socio-ecosystem according to their fishing strategy and specialisation. The population 274 

heterogeneity appears to have both an influence on the spatiotemporal distribution of effort and on 275 

the response to management measures but not on total and per species CPUE except for four species. 276 

Understanding the heterogeneity could therefore be used to guide management measures of spatial 277 

planning and resource sharing, benefitting professional fishing (Brown, 2016). Despite being identified 278 

as a promising area of research, the study of anglers populations remains at its infancy (Arlinghaus et 279 

al., 2019). Describing their heterogeneity appears to be a fundamental first step towards sustainable 280 

resource management, while understanding CPUE variation, one of the most accessible indicators for 281 

stock assessment, according to angler type is likewise crucial and understudied (Ward et al., 2016). 282 

4.1. Exploring the link between profiles and yields 283 

Our analyses seem to support that both total CPUE and WPUE can be used in onshore MRF as a 284 

relative indicator (Quinn and Deriso, 1999) for stock status independent of anglers profiles as they 285 

present similar yields. The population can therefore be considered as homogeneous when evaluating 286 

harvest and analysing CPUE trends. This result is contrary to our hypothesis and could be 287 

counterintuitive considering the strong differences between profiles as LLF and ELF seem more 288 

efficient. In fact, NMPGL’s anglers appeared to behave opportunistically, exploiting the range of 289 

species available without being specialised enough for selectivity, except LLF and ELF. The similar CPUE 290 

of ELF and LLF profiles could be due to a fine balance between their selectivity and the catchability of 291 

highly gustatory, targeted species. Given that this was a multi-species fishery, these profiles did not 292 

differ from non-selective anglers, which can compensate for a lack of knowledge in open-access 293 

fisheries or in the absence of control. That is why OLF, and more broadly Vacationers, may be good 294 



indicators of stocks status, as their CPUE may be less subject to the phenomenon of hyperstability, 295 

“the illusion of plenty” (Erisman et al., 2011), observed in specialised and selectively-sized populations 296 

(Wilson et al., 2020).  297 

The typology cross-referenced to the CPUE analysis clearly showed the importance of anglers’ 298 

specialisation, but only for 4 species (D. labrax, L. vulgaris, P. erythrinus, S. officinalis). Since 299 

management policies, particularly establishing quotas, often depend on stock-targeted management 300 

the interpretation of changes in yields for these species should be verified with regard to the degree 301 

of specialisation in anglers in situ. These profiles can be assimilated, analogous to professional fishing, 302 

as constituting different professions in the area. 303 

4.2. Ranking profiles to improve awareness 304 

 305 

Categorising NMPGL heterogeneous anglers’ population into four typical profiles with various 306 

influence on the socio-ecosystem that stand out as symptomatic of seasons and municipalities 307 

provides a framework for testing management and awareness actions addressing global or profile-308 

targeted needs.  309 

The LLF and ELF profiles were the most experienced and technical in targeting highly gustatory 310 

interest species. They were familiar with the area and specialists within their respective species range. 311 

Their selectivity, proven by low bycatch and high catch-and-release rates, and knowledge of 312 

regulations makes these profiles less of a priority for awareness actions. However, due to their large 313 

allocated budgets, they should be monitored to evaluate their impacts on the local economy and high 314 

trophic level stocks. Vacationers represented an intermediate profile for awareness and control needs 315 

with high economic value and impacts spread over different species. Their impacts should not be 316 

perceived as minimal, due to their number, yields and the influence they can therefore exert on certain 317 

stocks, particularly those of commercial interest. As a large part of the RF activity in the NMPGL 318 

depends on a small number of moving species (Kayal et al., 2020) notably caught during their breeding 319 

period and in nurseries (Cheminée et al., 2017), instilling good practices in Vacationers is all the more 320 



important. In contrast, OLF seems to be the most impactful profile. They represented empirical catch-321 

driven approaches leading to a high bycatch rate. This partially unreleased bycatch suggested an 322 

additional mortality on small individuals and low expectations in managers for increasing catch-and-323 

release rates, a controversial but widespread management measure (Arlinghaus et al., 2007). Their 324 

common practices of harvesting bait may also impact low trophic levels. The aggregation of OLF on 325 

dikes during summer makes them easier to monitor. This study validates that management must adapt 326 

to seasonal changes in fishing population (Wilson et al., 2020) and highlights the importance of 327 

operational presence during summer. Summer profiles have a similar harvest per daytrip as other 328 

season profiles yet also seem the most numerous and sensitive to management pressure, and 329 

therefore should be prioritized. 330 

 Overall, anglers’ population analysis reveals a great lack of knowledge about the fishing 331 

regulations, especially protected species. These shortcomings demonstrate the ineffectiveness of the 332 

current means deployed to reach the anglers and to convince them. Interestingly, the anglers of the 333 

NMPGL possess a certain ecological awareness and apply their own version of fisheries regulations 334 

whether or not they are familiar with them (Brownscombe et al., 2019), particularly the Vacationers 335 

and ELF. Evidence of this "self-regulation" is partly reflected in the high rate of catch-and-release for 336 

all profiles also observed in other European countries (Ferter et al., 2013). They are generally easy to 337 

reach and open to awareness campaigns with the exception of OLF. OLF were less open to discussion 338 

with managers, with a high rate considering the regulations as Too strict.  339 

4.3. Management implication and limits 340 

The success of sustainable management depends on three vectors: an anglers-centered 341 

management aimed at engaging their responsibility with respect to the resource, local operational 342 

management using traditional management tools such as seasonal closures, and a long term 343 

monitoring involving all the fishing actors to inform adaptive management (Cooke et al., 2019). The 344 

predominance of self-regulation and the low level of knowledge of the law demonstrate the need for 345 



multiscale management (Elmer et al., 2017), as MRF in the NMPGL depend on intensive national and 346 

international tourist flows. The importance of these migrating anglers highlights the partial nature of 347 

current RF management, as a major portion of Vacationers annual activity is outside the NMPGL's 348 

jurisdiction. Anglers-targeted management could be effective by seasonally increasing controls on 349 

minimum catch sizes (MCS), as requested by ELF, which would mainly be restrictive for summer 350 

dwellers. Nevertheless, the effort required is currently a barrier, as strong inclusive federations do not 351 

exist unlike freshwater (Ward et al., 2016).  352 

In addition, the low catch rates (Kayal et al., 2020) and regulatory knowledge raises the question 353 

to the relevance of introducing stricter anglers-targeted regulations for onshore MRF in areas heavily 354 

subjected to tourists. The catch difficulty along the shore associated with a consumption-oriented MRF 355 

(Cooke et al., 2018), though no anglers reported economic needs, casts doubts on the efficiency of 356 

quotas or licenses in the absence of strict control. These measures are all the more difficult to put in 357 

place since local shore anglers do not approve of them (Tunca et al., 2016). 358 

Too little or over-complication of regulation can lead to the collapse of societal population’s 359 

organisation, which would be detrimental to the socio-ecosystem. Here, the fact that the majority of 360 

anglers are witnessing a decline in stocks and are trying to manage themselves in spite of lacking 361 

regulatory knowledge underscores the opportunity and the importance of firstly homogenising and 362 

simplifying the current fishing regulations, at least on a national scale. This could facilitate the 363 

adherence and the appropriation of populations to simple management measures such as catch-and-364 

release even if the MCS have to be revised upwards. Furthermore, raising awareness should be 365 

primarily carried out upstream, in departments where the populations originate. Few people imagine 366 

that each angler in France catches the equivalent of 10kg per year (Herfaut et al., 2013), which 367 

contributes to the 47 billion fish caught annually worldwide (Cooke and Cowx, 2004). Thus, the national 368 

level should provide a common legislative and educational framework, placing sustainable RF practices 369 



on an equal footing with consumption. These actions could provide the psychological tools (Arlinghaus 370 

et al., 2019) and incentive-based approaches (Grafton et al., 2006) necessary to preserve resources. 371 

In addition to anglers-targeted actions, local adaptations involving the entire fabric of actors to 372 

prevent impacts and adapt fishing strategies upstream must be deployed (Martin and Pope, 2011). As 373 

most of the bait were purchased locally, implementing agreements with the commercial sector on 374 

available minimum hook sizes or a list of banned high-performance bait could increase selectivity 375 

and/or lower the yield of anglers (Alós et al., 2009). These measures would be easy for managers to 376 

implement and monitor and, through analysing sales, provide a proxy for the state of health of the 377 

activity or detect changes in the fishing population. 378 

Typological approaches allow spatio-temporal profile-targeting management actions, particularly 379 

relevant for species whose yields stand out as profile-dependent. In addition, estimating specific 380 

strategies’ potential for adaptation theoretically allows the anticipation of the anglers’ responses to 381 

the proposed management measures (Arlinghaus et al., 2019). For example, because of their 382 

selectivity, LLF and ELF do not seem to fish to their maximum capacity and should be monitored as 383 

they could adapt to fishing evolutions (e.g. stock decrease). The comparative study of profiles’ CPUE 384 

could potentially serve as an indicator of the efficiency of management measures as profiles may differ 385 

in terms of adaptability.  386 

These multi-scale approaches are all the more important as they allow upstream control of anglers’ 387 

flow and accompanies the change in practice for future generations, reviving the role of educational 388 

MPA (Elmer et al., 2017). This approach could prove to be of priority interest in the context of a socio-389 

economic crisis where it seems fundamental preserve the nature of RF (e.g. anticipating overfishing or 390 

poaching) and its benefits, especially on mental health (Cooke et al., 2018). 391 

4.4 Towards a generalisation of profiling? 392 

While there are many descriptions of fishing populations based on a large number of socio-393 

economic parameters, they are often single-factorial, focus on freshwater and vary in analysis used, 394 



thus limiting comparisons at national, Mediterranean and international levels. However, some signs 395 

reinforce the hypothesis of a common trend at the north-western Mediterranean level and perhaps at 396 

broader scales. For example, squid’s catches stand out in our study as a trait of skilled anglers, which 397 

is shared with the Adriatic Sea (Cabanellas-Reboredo et al., 2017). As the profiles seem to be defined 398 

by specialisation towards one or a range of species and fishing centrality to lifestyle, it seems consistent 399 

that they could be generalised at least on a scale for which the species are common. At international 400 

scales, anglers profiles in the NMPGL present interesting similarities with those of American freshwater 401 

lakes, especially with the trout fishermen population (Bryan, 1977). Indeed, the four profiles of the 402 

study, described according to a specialisation continuum, seem sufficient to also capture the 403 

complexity of the NMPGL anglers’ population. While other studies recognise 3 profiles (e.g. Beardmore 404 

et al., 2013), the democratisation of lures induces in our analysis the appearance of a fourth class 405 

among the experienced likely to evolve rapidly. Furthermore, the socio-economic variables emerging 406 

in the classification are close to those found by other authors (e.g. Graefe, 1981). Surprisingly, it is the 407 

variables linked to the bait (choice and origin) that emerge here as structuring the clusters. The fact 408 

that similar profiles emerge from similar variables suggests two hypotheses, one of a certain temporal 409 

stability, though their proportions can vary between sites or years, and the other that these profiles 410 

could be generalised to developed countries where RF do not present a subsistence fishery. This is 411 

particularly possible since techniques used within the NMPGL were by the way nationally and 412 

internationally shared (Font et al., 2012; Herfaut et al., 2013). Practices seem to be globalised by the 413 

commercial flows of equipment and bait, but also by tourism fluxes. Indeed, the NMPGL is under the 414 

influence of strong national tourist flows as the rest of the Mediterranean and the world (Freire et al., 415 

2020). 416 

These results could presuppose that the Mediterranean could be a model RF study, as it 417 

concentrates international issues on a smaller scale. Moreover, in addition to the profiles’ similarities, 418 

the analysis of Mediterranean RF highlights common trends with the international studies, e.g. catch 419 

rates, since RF is estimated to be responsible for 10% of total catches in the Mediterranean (WWF, 420 



2018) and 12% internationally (Cooke and Cowx, 2004). Promoting similar analysis protocols appears 421 

necessary as inter-site comparisons is fundamental for validating hypotheses.  422 

 423 

5. Conclusion 424 

Our study provides the first integrative vision of the onshore RF practising population in the French 425 

NW Mediterranean, highlighting the importance of the activity for local economy. It presents an 426 

opening for reflection on the interconnection of typological and fisheries management approaches 427 

and highlights international similarities between angler profiles. It also underscores the importance of 428 

classification approaches along the specialisation gradient, which seems particularly suited to 429 

management and yield analysis. Our study also further supports the use of total shore CPUE and WPUE 430 

in RF to evaluate stock status independent of profiles in the study area, but shows that this would need 431 

to be standardised for the four species with yields influenced by anglers strategies. Participatory 432 

monitoring permitted evaluating the current state of angler awareness and presents a pre-requisite 433 

for a shift towards public engagement. Acquiring data through the cooperation of non-federated 434 

anglers will increase the inclusion of their perspective in management workshops and benefit to 435 

anglers and professional fishermen by preventing conflicts suspected in our analysis. Finally, our 436 

typological analysis underlines the importance of bait choice and origin in the profiles’ construction. 437 

Moving forward, it seems essential to characterise RF impacts on low marine trophic levels. Bait 438 

collection in RF may be of greater environmental impact than on exploitation of stocks as compared 439 

to professional fisheries. In the long term, it would be interesting to monitor the evolution of anglers 440 

profiles, to detect changes in behaviours, especially after implementing new regulations or in the 441 

context of ongoing socio-economical crisis. 442 
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