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Abstract :   
 
For data-limited stocks (DLS), professional fishing data can be used as a potential source of information, 
especially in the absence of appropriate scientific survey, to understand abundance evolution under realistic 
hypothesis on resource catchability. This work focuses on a data-filtering approach, the selected fishing effort 
must reflect vessel activity that is least dependent on their technical characteristics and as stable as possible 
over time. The variable of interest is landing by fishing sequence (landing for a given gear, gear mesh, day and 
ICES statistical rectangle) called LPUE. In order to account for the abundance of the species, it was necessary 
to consider the discards. The method thus proceeds in 4 steps: (i) focus on LPUE variability and causes' 
prioritization; (ii) cluster definition to obtain a typology of vessels; (iii) average LPUE per cluster analysis; (iv) 
consideration of gear mesh classes and seasonal variations (quarters). This approach is outlined for the Striped 
red mullet of the Bay of Biscay that is currently in DLS category 5. Two reference fleets are thereby proposed: 
firstly the otter trawlers composed of small vessels (7.9–15.8 m) with a gauge of 2–43.9 grt, an engine power 
between 44 and 256 kW and a gear mesh of 70–79 mm; secondly the set gillnetters, which are defined by 
medium-sized vessels (8.2–14.8 m, 2–30.2 grt, 70–331 kW) whose gear mesh is either 50–59 mm (2nd and 
3rd quarters), 60–69 mm (2nd quarter) or greater than 90 mm (2nd quarter). LPUEs of these fleets show a 
downward trend, significant in two out of four cases which may reflect a deterioration of the status of the Striped 
red mullet stock. 

Highlights 

► Data-filtering method maximizing usefulness of biological, catch, regulation data. ► Fishermen involvement 
to assess impact of regulation changes on indicators. ► Potential high bias induced by discards when using 
LPUE as proxy of abundance. ► For Striped red mullet, decreasing tendency of LPUEs over the study period. 

Keywords : data-limited stock, commercial data, discards, LPUE, professional knowledge, data filtering 
 
 

 

 

https://doi.org/10.1016/j.csr.2019.06.004
https://archimer.ifremer.fr/doc/00503/61495/
http://archimer.ifremer.fr/
mailto:Nathalie.Caill.Milly@ifremer.fr


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 Introduction 39 

The Common Fisheries Policy (EC 2371/2002), the Johannesburg 2002 World Summit on Sustainable 40 

Development, the 1995 United Nations Fish Stocks Agreement and the European plan for moving to 41 

maximum sustainable yield (COM (2006) 360 final) are all policy commitments that guide fisheries 42 

management decisions in EU waters. For biological resources within European fisheries, stock 43 

assessments are thereby required to provide information on the status of stocks in relation to 44 

maximum sustainable yield (MSY) objectives. These are established both in terms of stock abundance 45 

and fishing mortality rate for each individual stock (Le Quesne et al., 2013). Such targets are 46 

achievable for data-rich stocks even if they are not always easily attained. They are a challenge for 47 

data-limited stocks (DLS). These stocks lack analytical assessment and are currently the main focus of 48 

assessment methods development within the framework of the International Council for the 49 

Exploration of the Sea (ICES). The Workshop on the Development of Quantitative Assessment 50 

Methodologies (WKLIFE) is a working group which focuses on life-history traits, exploitation 51 

characteristics, and other relevant parameters. In the Northeast Atlantic European waters about half 52 

of all landings (by weight and value) under exclusive European management are taken from data-53 

deficient unassessed stocks (Le Quesne et al., 2013). 54 

Various reasons can lead to stock being considered as data-limited or data-deficient. This could be 55 

because there are uncertainties about the biology of the stock, limited data collection and reporting 56 

(lack of or unreliable data on catches, incomplete surveys and/or poor sampling regarding biological 57 

parameters, etc.) or limited human resources to develop and apply appropriate assessment models 58 

respecting the scientific advisory process (ICES, 2016; Le Quesne et al., 2013). For such stocks, a 59 

variety of stock assessment methods and management procedures are available. An important step 60 

forward came about in 2012 when ICES implemented the DLS framework to provide quantitative 61 

catch advice not only for data-rich stocks but also for data-limited stocks (O'Brien, 2016). Individual 62 

stocks are classified among six stock categories defined using available knowledge; categories 2 to 6 63 
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relate to DLS data categories (ICES, 2016, O’Brien, 2013). The category and the management 64 

strategies agreed upon by relevant management bodies define the advice rule to be applied on 65 

fishing possibilities. 66 

In order to improve assessment and to classify an individual stock into a lower category, catch 67 

information is of paramount importance. Especially in the absence of appropriate scientific survey, 68 

professional fishing data can be potentially used, under realistic hypothesis on resource catchability, 69 

as a source of information to understand abundance evolution. This requires the identification of 70 

reference fleets for which catches per unit effort (CPUE) are studied. A source of bias when 71 

identifying a derived index of abundance from fisheries rates can come from the available 72 

commercial data. The best solution would be to work on catch data (to calculate catch per unit of 73 

effort - CPUE) but for many fisheries only landing data (landing per unit effort - LPUE) are available in 74 

reality. It is therefore important to understand which factors occur and explain the variability of the 75 

commercial catch and landing rates. 76 

Several factors may influence specific rates for a given species: on the one hand, the spatiotemporal 77 

characteristics such as year, month and statistical rectangle; on the other hand, technical 78 

characteristics of the vessels (primarily length, power, gauge) and characteristics of the gears (more 79 

often mesh and length). The former characteristics are more closely related to the biological cycle of 80 

the species (migration, concentration, feeding activity influencing availability of resources). The latter 81 

characteristics however are more strongly linkedto human activities (fishermen choices or regulation 82 

enforcement). In addition, strategy, fishing skill of fishermen, commercial and/or regulatory aspects 83 

may also influence spatiotemporal distribution of the catch rates (Hilborn and Walters, 1992). 84 

Maunder et al. (2006) provide details on sources of problems when using CPUE data as proxy of 85 

abundance. 86 

To investigate those influences and to find a way to reduce them when choosing the fleet of interest 87 

and a catch rate, a design-based approach relying on data-filtering (Shearer, 2000) can be 88 
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implemented. With regards to potential species, the Striped red mullet is a good candidate for the 89 

reasons which we shall set out bellow. 90 

The Striped red mullet (Mullus surmuletus) - also named Surmullet - is a benthic species with a 91 

distribution along the European coasts from the Strait of Gibraltar in the south to the south of 92 

Norway and north of Scotland including the Faroe Islands (Davis and Edward, 1988; Gibson and Robb, 93 

1997; Quéro and Vayne, 1997). For the North-East Atlantic, areas of management have been 94 

identified using otolith shape and their degree of continuity regarding geographic sectors (Benzinou 95 

et al., 2013). Individualization of stocks in Western Europe advanced by ICES concerns the Bay of 96 

Biscay, the waters bordering the Iberian Peninsula as well as the Celtic Sea, namely for Striped red 97 

mullet in Subareas and Divisions 6, 7a-c, e-k, 8, and 9a (and identified by ICES with the following 98 

stock code: Mur.27.67a-ce-k89a) - see Figure 1. This stock is part of the DLS, currently classified in 99 

category 5 (ICES, 2016); it is a stock for which only landing data are available. The advice rule on 100 

fishing possibilities has hence been based on the precautionary approach since 2012. For 2013 and 101 

2014, ICES recommended reducing landings by 20% compared to 2009-2011. In the absence of new 102 

information on stock biomass or exploitation level, the precautionary buffer was applied again in 103 

2017 (ICES, 2017). It led to landing advice of a maximum of 1,600 tonnes for 2018, 2019, and 2020. 104 

As long as no supporting information clearly indicates that the current level of exploitation is 105 

inappropriate for the stock, this approach will be repeated (ICES rules). However, this stock is part of 106 

the top 15 landed species by value for South-western waters, a region of Northeast Atlantic 107 

European waters (Le Quesne et al., 2013). 108 

 109 
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 110 

Figure 1. Stock distribution of Striped red mullet (Mur.27.67a-ce-k89a) and retained spatial selection 111 

for the present study. Sources: ICES, ESRI. 112 

The purpose of this study is to propose a data filtering approach to select relevant fleet or fleets 113 

whose LPUE can account for abundance. The proposed method consists of four steps and is thus 114 

enumerated for Striped red mullet stock in Subareas and Divisions 6, 7a-c, e-k, 8, and 9a. The 115 

approach integrates a valorisation of fishermen's expertise thanks to a specialised working group 116 

associating scientists and fishermen representatives. 117 

 118 
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2 Material and methods 119 

2.1 Identification of potential fleets of interest regarding landings by country 120 

and gears 121 

Landings regarding this stock are primarily taken from ICES Subareas 7 and 8; Subarea 8 being the 122 

main contributor. In the last three years, France accounts for two-thirds of landings (ICES, 2017), 123 

ahead of Spain, Portugal, UK and the Netherlands. The Surmullet is one species among a set of 124 

benthic (demersal) species targeted by the French fleet. Inputs are largely dominated by bottom 125 

trawls, gillnets and seines (Danish); these three combinations of gear accounted for 98% of the 126 

landings (for which a gear is specified) over the 2000-2015 period (Caill-Milly et al., 2017). Bottom 127 

trawls are basically single-vessel otter trawls and otter twin trawls. Trawls were largely predominant 128 

until the mid-2000s. For gillnets, set gillnets (anchored) make up the majority of this category with- 129 

to a lesser extent- trammel nets. For Danish seines, landings have been recorded from 2008 onwards 130 

and, since 2011, these landings have been even higher than those obtained with nets (Appendix A). 131 

According to this landing information, five French fleets are identified as potentially of interest: fleets 132 

using otter bottom trawl (OTB); otter twin trawl (OTT); set gillnets (GNS); trammel nets (GTR) and 133 

Danish seine (SDN). We must stipulate that only French data will be used in the analysis. 134 

2.2 Integration of stakeholder knowledge vs scientific knowledge 135 

From the very beginning of the process analysing how fleets of interest are currently selected, a 136 

working group associating professionals (producer organisations, regional and national fisheries 137 

committees, Association du Grand Littoral Atlantique) and scientists (Ifremer and University of Pau & 138 

Pays de l'Adour) was set up. Its role was to discuss the available data and their limits, to identify the 139 

variability sources of the studied variables and to collectively define the thresholds applied. 140 
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2.3 Initial data collection, description and quality 141 

Data on catches by commercial fishing fall under two categories: landing and discards data. For these 142 

data, the statistical units are the fishing sequences for each vessel. These fishing sequences are 143 

defined by the combination of the day, the gear, the gear mesh size and the statistical rectangle. 144 

Landing data are validated, consolidated and qualified sets of production and effort data provided by 145 

a cross validation algorithm (named SACROIS) for fisheries statistics (Demanèche et al., 2013; 146 

http://sih.ifremer.fr/Description-des-donnees/Les-donnees-estimees/SACROIS). This tool meets the 147 

EU requirement stipulated by article 145 of the EU implementing regulation (EC Reg. 404/2011). 148 

SACROIS data are considered as the most comprehensive for reporting French vessel activity and 149 

their inputs (landings). They have been available since 2000 and were extracted over the 2000-2015 150 

period. For Surmullet, it represents 1,179,531 fishing sequences. Each line contains the amount of 151 

Surmullet landing per fishing sequence and per vessel. It constitutes therefore a quantification of 152 

landing per unit effort (LPUE).  153 

Discards data originate from the “Observation on board fishing vessels” programme (hereby referred 154 

to as the OBSMER French programme; Cornou et al., 2015). It is a collection of on-board catch data; 155 

they are therefore sampling data whereas SACROIS data are considered as exhaustive. This national 156 

programme enables observation at sea in the fishing areas of the part kept to be sold (landings) and 157 

the part not retained on board (discards) as well as the gears used in situ. Therefore, for each fishing 158 

operation, we have information about catches landed and discarded, fishing activity and effort. 159 

OBSMER data have been available since 2003 and were extracted for the 2003 - 2015 period. For 160 

Surmullet, it represents 14,950 fishing sequences. 161 

Regarding vessels, their technical characteristics may change over time due to transformations (such 162 

as remotorization, fishing gear shifts, etc.). To have the most precise information throughout the 163 

boats' life cycle, annual characteristics were collected from the Community Fishing Fleet Register 164 

(http://ec.europa.eu/fisheries/fleet/index.cfm). 165 
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2.4 Data preparation  166 

2.4.1 Data selection according to vessel activity, areas and time 167 

The study population was defined by activity criteria applied to the vessels and by the spatial extent 168 

of the inputs.  169 

We considered that a vessel had to be selected if its activity was equivalent to the mean of two 170 

fishing trips per month, per year (all gears combined) with the presence of Striped red mullet 171 

(initially regardless of the distribution of these fishing trips during the year).  172 

Two criteria were applied concerning the spatial extent of the inputs. The first one is related to vessel 173 

strategies. Within the geographical area defined for the Mur.27.67a-ce-k89a stock, vessels from 174 

harbours of the Bay of Biscay and those coming from outside of the bay and catching Surmullet 175 

develop different fishing strategies (Caill-Milly et al., 2017). To overcome a bias in the calculation of 176 

the LPUE that would be related to these differences, we focused the analysis on the main input area 177 

that presents consistent techniques, namely the divisions "27.8.a", "27.8.b", "27.8.c", "27.8.d", and 178 

"27.8.e". The second criterion refers to the studied species biology. We retained the statistical ICES 179 

rectangles (0.5° latitude and 1° longitude) consistent with the bathymetric distribution of Surmullet 180 

that is less than or equal to 300 m (Suquet and Person-Le Ruyet, 2001; Mahé et al., 2005) (see Figure 181 

1 presented before). 182 

Moreover, regulatory changes may affect the indicators of catches and/or landings per unit of effort 183 

(CPUE and/or LPUE). It is therefore important to identify them and limit their effects. For the 184 

Surmullet, a preliminary graphical analysis of landings by fishing trip and statistical rectangle 185 

between 2000 and 2015 showed clear trend changes in 2005 for both trawlers and netters (Appendix 186 

B). Discussions held by the working group of the project allowed this observation to be linked to the 187 

implementation of a selectivity device, later confirmed by the Council Regulation (EC) No. 188 

1288/2009. To overcome this regulatory bias, we limited the various analyses to the 2005-2015 189 
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period. Error! Reference source not found. displays the mean annual landings per statistical 190 

rectangle in the retained area (2005-2015 period; all fishing gears); Table 1 displays the mean 191 

characteristics of the retained vessels for the analysis. 192 

 193 

 

Figure 2. Mean annual landings per retained statistical rectangle (2005-2015 period; all fishing 

gears). Sources: ICES, ESRI, Sacrois data V3.3.5. 

 194 

Group of gears 
Number of 

vessels 
Length (m) Gauge (tjb) 

Engine 

power (kW) 

Years of 

service 

Otter trawls (OTB) 249 (47) 14.4 (4.3) 44.6 (44.7) 223 (123.7) 30 (10) 

Otter twin trawls 

(OTT) 
200 (40) 16.7 (3.7) 67.7 (43.6) 289.6 (103) 29 (9) 

Set gillnets (GNS) 136 (26) 10.4 (3.7) 18.4 (33.7) 125.2 (91) 31 (10) 

Trammel nets (GTR) 128 (23) 11.9 (4.2) 29 (41.5) 156.1 (101) 31 (10) 

Danish seines (SDN) 8 (5) 24.3 (5.9) 169.4 (70.9) 479.8 (89.7) 20 (11) 

Table 1. Characteristics by gear of vessels having landed Surmullet (2005-2015 period). 195 
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2.4.2  Data cleaning process, calculations on aggregations and impact 196 

assessment of discards 197 

The “cleaning” process concerned only the landing data. Three concepts for defining unappropriated 198 

data were identified: outliers pinpointed by expert opinions, data corresponding to vessels with 199 

fishing time equal to zero or not filled in and unavailable data regarding statistical rectangles.  200 

Level indicators (mean, median) and dispersal indicators (interquartile range IQR, variance Var, 201 

standard deviation StD, and coefficient of variation CV) of the LPUE were calculated and displayed in 202 

columns using the following aggregation: year, month, rectangle, vessel registration, vessel length, 203 

vessel power, vessel tonnage, gear and gear mesh size (grouped in mesh class). Each information per 204 

individual vessel are conserved in this way. For discards, the calculated column parameters are the 205 

mean, the median and the standard deviation of the catches and the discards. The aggregation used 206 

was: year, month, rectangle and gear. For the latter, the level of aggregation is not as precise 207 

because it is based on a limited number of observations related to sampling. In addition, the total 208 

number of fishing sequences and the number of sequences only with Surmullet were also added, as 209 

well as the total weight of the fishing trip and added to the dataset in columns.  210 

In our case study, the amount of Surmullet landing per fishing sequence and per vessel is potentially 211 

considered as a proxy of relative abundance. It is therefore essential to ensure, in advance, that the 212 

discards do not affect the variables studied. An analysis was thus conducted for each of the five 213 

identified French fleets (OTB, OTT, GNS, GTR and SDN) to evaluate the discards proportion and their 214 

characteristics. Different criteria were analysed simultaneously: the availability of a sufficient number 215 

of observations, the proportion of discards mean by month and by year from the number of total 216 

sequences carried out, the stability of this level over time and the size composition of the discards 217 

(N.B. there is no minimum catch size for Surmullet but a minimal commercial landing weight at 40 218 

grams (EC Regulation No. 2406/96) that amounts to a total length of around 18 cm). This preliminary 219 

work allows us to retain the gears that could be used to define the reference fleets. 220 
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2.5 Analytical process of landing data to select a representative fleet 221 

The objectives of the study is to identify a derived index of abundance from fisheries rates. To select 222 

the fleet(s) of interest, the approach deployed consist of a four-step based data exploration using 223 

data mining tools and visualization techniques. This approach is applied to each of the potential 224 

fleets of interest (OTB, OTT, GNS, GTR and SDN). 225 

2.5.1 Step 1: identification of the factors influencing LPUE level and 226 

dispersion 227 

This first step focused on evaluating the different sources of variability of the LPUEs. It is based on 228 

the analysis of links between the variables of interest characterizing the LPUEs, the vessel 229 

characteristics and activity (length, gauge, engine power, gear mesh class), and the spatiotemporal 230 

factors (year, month, statistical rectangle). It is also a question of prioritizing each effect. Two 231 

statistical approaches were conducted on the same dataset. The first approach looked for linear links 232 

using a normalized principal components analysis (NPCA) (see Error! Reference source not found. for 233 

parametrization details) completed by the assessment of the discriminating power of each variable 234 

(Kruskal-Wallis test on the first component of the NPCA). The second one looked for other links (non-235 

linear) and investigated possible interactions between explanatory variables using conditional 236 

regression trees. This analysis enables rules to be found, thereby giving the values of a target variable 237 

(here the log-transformed LPUE) from a set of explanatory variables (the previous active variables 238 

used for NPCA – see Error! Reference source not found.). The obtained rules can be displayed 239 

graphically using a binary tree (De’ath and Fabricius, 2000). The branches of the tree diagram are 240 

determined by the splitting rules (maximization of the homogeneity of the two resulting groups with 241 

respect to the response variable) (Prasad et al., 2006). Each node characterised a relevant variable 242 

allowing the value of this response variable to be divided. For each one, the mean response, the 243 

median response and the number of occurrences are detailed. A conditional tree performs a 244 

statistical test at each node using a p-value (see sections 3.2 and 3.3). 245 
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 246 

Type Variables Status Abbreviation 

Level indicators 

of LPUE* 

Mean Active Moy 

Median Med 

Dispersal 

indicators of 

LPUE* 

Variance Var 

Standard deviation StD 

Interquartile range IQR 

Coefficient of variation CV 

Technical 

characteristics of 

vessels and gears 

Length Loa 

Gauge Ton_Ref 

Engine power Power_Main 

Gear mesh Maillage 

Gear mesh class Classes 

Landing 

characteristics 

Surmullet weight Pds_MUR 

Total weight Pds_Tot 

Fishing sequences Number of sequences with Surmullet Nb_SqP_MUR 

Total number of sequences Nb_SqP_Tot 

Time Month Supple-

mentary 

Mois 

Year Année 

Space Statistical rectangles Rectangle 

Table 2. Variables used to parametrize the NPCA. 247 

2.5.2 Step 2: focus on those involved, vessel typology according to technical 248 

characteristics 249 

The objective of this step was to perform a vessel typology with the most homogeneous technical 250 

characteristics (length, power, gauge) possible (over the period) within each group (cluster) and the 251 

most heterogeneous possible from one cluster to another using Hierarchical Aggregation Clustering 252 

(HAC with Ward aggregation criterion and Euclidean distance). The number of clusters was chosen 253 

arbitrarily according to the visual cut of the dendrogram while avoiding too low numbers of vessels 254 

per cluster. The monthly LPUEs means were then calculated for each cluster.  255 
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2.5.3 Step 3: selection of the most meaningful cluster using a multicriteria 256 

approach 257 

A list of mandatory and optional conditions was established to identify the relevance of each cluster 258 

according to expert advice (Table 3) as we commonly do in operational research for decision-making 259 

support. The mandatory criteria referred to the possibility of undertaking statistical inferences, 260 

having a time series length consistent with the species' biology and selecting vessels displaying a 261 

sufficient LPUE. Fulfilling those conditions was necessary but not sufficient, that is why we added 262 

optional criteria which concern biological aspects (spatial and seasonal).  263 

 264 

Type  Characteristics Condition Why? 

M
a

n
d

a
to

ry
 

Number of vessels  > 30  To have sufficient statistical units for 

classical statistical inferences 

Length of the 

LPUEs time series 

in the Bay of Biscay 

> 11 years  

 

Greater than the maximum longevity 

known for Striped red mullet (ICES, 

2012; Quéro and Vayne, 1997) 

Minimum level of 

LPUE 

> 5 kg  It was considered that the monthly 

mean value of the LPUE must be at 

least the median value of the LPUEs 

O
p

ti
o

n
a

l 

Seasonal signal of 

the LPUEs 

Amplitude with weak interannual 

variability 

Moderate variability of the periodicity 

To be representative of the biological 

signal of abundance 

Spatial availability 

of the LPUEs 

Activity available in the North and in 

the South of the Bay of Biscay  

To consider as much as possible the 

entire range of Surmullet in this area 

Table 3. Mandatory and optional conditions. 265 

Optional criteria are not quantitative. Therefore to facilitate the selection process, a points system 266 

was applied using three-levels coding: 1 - lack of correspondence to the criteria, 2 - medium 267 

correspondence, 3 - strong correspondence. The sum of all the scores provided the final unique index 268 

according to the entire optional criteria. Based upon the review of average LPUEs per cluster (in the 269 

entire, in the north and in the south of the Bay of Biscay), the notations were proposed by the 270 

scientists and subsequently validated during the working group associating the professionals. 271 
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Applying these conditions to the clusters obtained in § 2.5.2 allows us to preselect or not, one or 272 

more potential candidate clusters to be the reference fleet for each of the gears. 273 

2.5.4 Step 4: final refinement of the reference fleet and temporal window to 274 

consider LPUEs as proxy of abundance 275 

To refine the selection process, the representativeness of the gear meshes characteristics was 276 

computed for each selected cluster and the following criteria were considered: the 277 

representativeness of the landing levels of the whole cluster, continuity of use and a sufficient 278 

number of uses. One or more cluster/gear mesh class combinations were thus retained. To identify 279 

possible more relevant periods to reflect abundance, the monthly means of LPUEs over the 2005 to 280 

2015 period for each combination were computed associated with their corresponding confidence 281 

intervals. If a clear fishing period was identified (and confirmed during the working group associating 282 

fishermen), only the LPUEs data for this period were selected. This filtering over the fishing season 283 

avoids a bias related to the seasonal variability of the fishery (Laurec and Le Gall, 1975 in Girard et al., 284 

2000). 285 

The whole process is presented in Figure 3. 286 

 287 
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Figure 3. Retained approach for the identification of reference fleets from the LPUE study. 288 

For the identified fleets, the trend of the monthly LPUEs is considered as reflecting changes in 289 

Surmullet abundance and the slope of the regression line is tested. Calculations were carried out 290 

under R Software, using the packages: “FactoMineR” for the NPCA and HAC, “rpart” for the 291 

regression trees. 292 

3 Results 293 

3.1 Preliminary study to evaluate discards impacts 294 

For the five selected gears a priori (OTB, OTT, GNS, GTR and SDN), we have enough discards data to 295 

decide on the importance of them (Appendix C). The Danish seines time series sea observations 296 

started in 2012 so we cannot consider a gear that moreover has only been used since 2010. For otter 297 
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trawlers and set gillnets the numbers of observations and their position within the year are 298 

significant. However, the distribution of the OBSMER data along the 2003-2015 period reveals better 299 

coverage of the fishing activity since 2009. This change corresponds to the decision taken by the 300 

Ministry of Agriculture and Fisheries to intensify the observations aboard ships. Consequently, the 301 

analysis is truncated to the 2009-2015 period for the four remaining gears (Appendix D). Otter 302 

bottom trawls (OTB), Otter twin trawls (OTT) and Set gillnets (GNS) show low discards of fishes above 303 

the commercial weight (essentially less than 3% on average for OTB; less than 1% for OTT; less than 304 

5% for GNS). Regarding Trammel nets (GTR), the discard rates are regularly higher than 15% 305 

(whether per year or per month). For trawlers, the phenomenon seems stationary over the period 306 

(except in December when this rate reaches 11% for OTB). For gillnetters, the monthly average is 307 

characterized by higher values for January and November. GTR shows a peak in March (40% on 308 

average).  309 

The analytical process of analysing landing data was therefore applied to OTB, OTT and GNS. For OTT, 310 

a mandatory condition was not fulfilled (Step 4 - LPUEs below the set threshold value from 2012 311 

onwards). Consequently, only results for OTB and GNS are presented (detailed for OTB, less detailed 312 

for GNS). They potentially allow us to propose LPUEs as abundance proxy, but only for fishes above 313 

the commercial weight - 40 gr. 314 

3.2 Results for otter bottom trawls (OTB) 315 

3.2.1 Step 1: identify the factors influencing LPUE 316 

The sum of the two dimensions of the NPCA is equal to 81%, thus clearly accounting for the 317 

variability of the LPUEs and their associated indicators of level and dispersion. However, it does not 318 

highlight linear relationships between the LPUE levels, their variability indicators and the technical 319 

characteristics of the vessels (Figure 4). Dim1 combines most of the indicators of level and dispersion 320 

revealing correlation between level characteristics of LPUE and dispersion ones: the variance is high 321 
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if the level of LPUE is high. This dimension shows a size effect and to characterize it, the Kruskal-322 

Wallis test confirms that statistical rectangle, month, year and gear mesh classes are significant 323 

discriminant variables. 324 

 325 

 

Figure 4. Correlation circle for OTB using the first two dimensions. 326 

In order to evaluate the effect of technical characteristics to account for LPUE levels, a conditional 327 

regression tree was used, considering values of log10moy to be explained and technical 328 

characteristics as input variables (Figure 5). The highest LPUEs (bold values in the table in Error! 329 

Reference source not found.) are associated with vessels of which:  330 

• Rule 1: the engine power is greater than 405 kW when associated with a gear whose mesh is 331 

less than 79 mm; 332 

• Rule 2: the engine power is between 129 and 405 kW, and gear has a mesh less than 70 mm; 333 

• Rule 3: the vessel length is less than or equal to 11.95 m and the gear associated with a gear 334 

mesh equal to or less than 80 mm. 335 
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Figure 5. Conditional regression tree on log10Moy (standardized LPUE) with technical characteristics (the 

values in columns correspond to the values of each node). 

 336 

3.2.2 Step 2: vessel typology 337 

Implementation of HAC on the technical characteristics of the vessels allows for three distinct 338 

clusters to be distinguished (characteristics displayed in Table 4). Small vessels (between 7.9 and 15.8 339 

m) with a small gauge between 2 and 43.9 grt, and an engine power between 44 and 256 kW define 340 

cluster 1. Cluster 2 is composed of large vessels (between 16.5 and 37.2 m), with a gauge between 58 341 

and 361 grt and an engine power between 261 and 1080 kW. Cluster 3 is characterized by medium-342 

sized vessels (between 14.1 and 20.3 m), with a gauge between 29.5 and 115.8 grt and an engine 343 

power between 200 and 351 kW. 344 

 345 

Cluster Vessel length (m) Gauge (grt) Engine power (kW) 

Code Number Min  Mean  Max  Min  Mean Max  Min  Mean Max  

1 299 7.9 11.3 15.8 2 15.9 43.9 44 140.9 256 

2 151 16.5 21.0 37.2 58 114.5 361 261 398.7 1080 

3 138 14.1 15.9 20.3 29.5 48.6 115.8 200 275.4 351 

Total 588          

Table 4. Values of technical characteristics per cluster. 346 
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3.2.3 Step 3: cluster selection 347 

For each cluster, changes in landing average calculated by month and by year are shown in Figure 6. 348 

Cluster 2 presents a high variability at the end of the period. For clusters 1 and cluster 3, the 349 

variability decreases during the studied period as well as the average landings of Surmullet. At the 350 

end of the period, cluster 1 displays low variability and low average landings. Conversely, cluster 3, 351 

which has a higher landing average, maintains some cyclicality in the levels of the LPUEs. 352 

 353 

 

Figure 6. Average LPUEs per cluster for Surmullet in the Bay of Biscay. 354 

To consider spatial availability of the LPUEs, the optional multi-criteria selection method focuses on 355 

what happens in the north and in the south of the Bay of Biscay (see Appendix E). The activity of the 356 

three clusters are present in both areas even if it is less true for cluster 2. Clusters 2 and 3 show high 357 

variability on average with an increase in the north for cluster 2 and a decrease in the south for 358 

cluster 3 at the end of the period. Cluster 1 is characterized by a slightly decreasing variability over 359 

time. 360 
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Considering Figure 6 and Appendix E, all mandatory criteria are completed for the 3 OTB clusters. 361 

Table 5 summarizes the results following the application of the optional conditions on the data 362 

series. Although the results are close, this point system allows us to propose cluster 1 for OTB. 363 

 364 

Multi-criteria selection methoMulti-criteria selection method Gear: OTB 

Level of obligation Vessel typology (technical characteristics) Cluster 1 Cluster 2 Cluster 3 

Optional 

Stable seasonal signal (both in amplitude and periodicity) 

during the series 
1/3 1/3 1/3 

Activity present in N and S of the Bay of Biscay 3/3 2/3 3/3 

Moderate seasonal variability 3/3 2/3 2/3 

Notation 7/9 5/9 6/9 

Proposed ranking 1 3 2 

Table 5. Classification of clusters for OTB. 365 

3.2.4 Step 4: final refinement of the reference fleet 366 

The monthly evolution of the LPUEs for each of the gear mesh classes used for cluster 1 - OTB is 367 

shown in appendix F. The 70-79 mm mesh class is by far the most represented class for this cluster at 368 

around 85%. We therefore focus, henceforth, on the LPUE cluster 1 - OTB - mesh 70-79 mm. For this 369 

gear mesh size of interest, the average LPUEs oscillate between 10 and 20 kg per unit of effort 370 

according to the month. They are the strongest between May and October (Figure 7).  371 

 372 

 

Figure 7. Average LPUEs per month over the 2005 to 2015 period for cluster 1 - OTB - 70 - 79 mm. 373 
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Based on these characteristics, working throughout the year on this fleet is proposed. For cluster 1 - 374 

OTB with a 70 - 79 mm gear mesh size, the evolution of its use over time and of the LPUEs for the 375 

whole Bay of Biscay are considered. The number of uses of the mesh 70 - 79 mm for OTB cluster 1 376 

shows a slight decrease during the study period; however, this decrease is not significant. LPUE also 377 

decreases over the period of study but significantly so in this case (Figure 8). 378 

 379 

  

Figure 8. Number of uses and levels of associated LPUEs for the Bay of Biscay - OTB - cluster 1- mesh 380 

class 70 - 79 mm. 381 

3.3 Results for GNS 382 

As for OTB, the same process was applied to GNS data. Its leads to the identification of 3 candidate 383 

vessel clusters (Table 6). 384 

 385 

Cluster Vessel length (m) Gauge (grt) Engine power main (kW) 

Code Number Min  Mean  Max  Min  Mean Max  Min  Mean Max  

1 136 4.2 7.7 9.7 0.6 4.0 39 4 62 110 

2 137 8.2 10.8 14.8 2 11.8 30.2 70 147 331 

3 37 12.0 19.2 30.3 12 105.4 195 152 321 558 

Total 310          

Table 6. Values of technical characteristics per cluster. 386 

For each cluster, evolutions in monthly and annual landing averages are shown in Figure 9. According 387 

to Figure 9 and Appendix G, all mandatory criteria are fulfilled for clusters 1 and 2. Cluster 3 is 388 

excluded at this stage since it displays an inadequate length of the time series in the Bay of Biscay. 389 
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Figure 9. Average LPUEs per cluster for Surmullet in the Bay of Biscay. 

Table 7 summarizes the results following the application of optional conditions on the data series. 390 

 391 

Multi-criteria selection method Gear: GNS 

Level of obligation Vessel typology (technical characteristics) Cluster 1 Cluster 2 Cluster 3 

Optional 

Stable seasonal signal (both in amplitude and periodicity) 

during the series 
1/3 2/3 

Excluded 

Activity present in N and S of the Bay of Biscay 2/3 3/3 

Moderate seasonal variability 3/3 2/3 

Notation 6/9 7/9 

 Proposed ranking 2 1 

Table 7. Classification of clusters for GNS. 392 

Although the results are tight, this point system enables cluster 2 to be proposed for GNS. Appendix 393 

H shows the monthly evolution of the LPUEs for each gear mesh class used for cluster 2 – GNS. We 394 

focused on the most commonly used gear mesh classes (50 - 59 mm, 60 - 69 mm and higher than 90 395 

mm) to refine the characteristics of the reference fleet. All of them are relevant for GNS according to 396 

several criteria: sufficient level of LPUE, presence over a long period, representativeness of the 397 

cluster, many uses and limited confidence interval. The relevant period was defined according to the 398 

average LPUEs per month over the series 2005 to 2015 for each class: quarters 2 and 3 for 50 - 59 399 

mm gear mesh, quarter 2 for the two others (Figure 10 to Figure 12). 400 
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Figure 10. Average LPUEs per month over the series 2005 to 2015 for cluster 2 - GNS - 50 - 59 mm. 

 

Figure 11. Average LPUEs per month over the series 2005 to 2015 for cluster 2 – GNS - 60 - 69 mm. 

 

Figure 12. Average LPUEs per month over the series 2005 to 2015 for cluster 2 - GNS - greater than 

90 mm. 
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For each of these combinations mesh / quarter of cluster 2 - GNS, the evolution of their use over 401 

time and of their LPUEs for the entire Bay of Biscay is considered (Figure 13 to Figure 16). Gear 402 

meshes 50 - 59 mm and 60 - 69 mm have their use levels that decrease significantly for the second 403 

quarter. For the gear mesh 60 - 69 mm, this decrease is in conjunction with a significant decrease of 404 

the LPUEs over the period. For the other couples of gear mesh classes / quarter, the numbers of uses 405 

and the LPUEs seem to decrease but it is not significant. 406 

 407 

   

Figure 13. Number of uses and levels of associated mean LPUEs for the Bay of Biscay - 2nd quarter - 408 

GNS - cluster 2 - gear mesh class 50 - 59 mm. 409 

 410 

  

Figure 14. Number of uses and levels of associated mean LPUEs for the Bay of Biscay – 3rd quarter - 411 

GNS - cluster 2 - gear mesh class 50 - 59 mm. 412 

 413 

p-value* = 0.01713 
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Figure 15. Number of uses and levels of associated mean LPUEs for the Bay of Biscay - 2nd quarter - 414 

GNS - cluster 2 - gear mesh class 60 - 69 mm. 415 

 416 

  

Figure 16. Number of uses and levels of associated mean LPUEs for the Bay of Biscay - 2nd quarter - 417 

GNS - cluster 2 - gear mesh class higher than 90 mm. 418 

Starting with 5 potential fleets of interest (OTB, OTT, GNS, GTR, SDN), the analyses of the discards 419 

and the analytical process of the landing data lead us to propose two reference fleets: OTB and GNS 420 

defined by technical characteristics of the vessels, mesh class and, in the case of GNS, with temporal 421 

selection. 422 

 423 
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4 Discussion 424 

4.1 Various origins of bias identified and choices to overcome them 425 

One of the first sources of difficulties experienced when working on commercial fisheries data is 426 

linked to the nature of the available data. Most of the time, only landing data are available. That 427 

necessitates being well versed in the conditions under which the catches are made and, in particular, 428 

the possible effects of discards when landing based abundance indices are considered. For some 429 

species, discards can be assumed to be virtually absent (Guijarro et al., 2009; Sbrana et al., 2006). For 430 

others it is not the case (Lorance and Dupouy, 2001); discarding of marketable fish may bias CPUE 431 

(Quirijns et al., 2008). These two variables are often assimilated (García-Rodríguez et al., 2006; 432 

Quirijns et al., 2008) for small scales fisheries (e.g. Surmullet, octopus) and yet, this simplification 433 

may result in additional uncertainty. That is why we undertook a preliminary study of the discards 434 

using OBSMER data. This information, based on sampling of fishing trips, displays very low and stable 435 

percentages of discards with restricted confidence intervals for trawlers. For netters, only gillnetters 436 

presented satisfactory results (low and stable releases except in January and November). Trammel 437 

netters and Danish seiners were eliminated at this point. For the former, percentages of discards 438 

were not only high in certain months but also presented an important range of confidence intervals 439 

throughout the year. They are far from negligible and induce too high a level of uncertainty in any 440 

relative index of abundance from landings. For the latter, its exclusion comes from a lack of observed 441 

quantified data while important discards have been noted, notably on small individuals at the 442 

beginning of the implementation of the technique (Léauté et al., 2018).  443 

Another source of known bias is related to catchability modifications (Laurec and Le Guen, 1981). 444 

Fish stock or fleet dynamics contribute in how catchability changes over time and various studies 445 

have already focused on these aspects (Kendrick et Bentley, 2010; Maunder et al., 2006; Paloheimo 446 

and Dickie, 1964; Rose and Kulka, 1999). This simple basic relationship between catchability and 447 

abundance is particularly affected when fishes aggregate (Maunder et al., 2006). No such behaviour 448 
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is described for Surmullet (Caill-Milly et al., 2017). This does not preclude taking into account the 449 

ecology of the species when the spatial extent of the study area was fixed. Only the statistical ICES 450 

rectangles consistent with the bathymetric distribution of Striped red mullet that is less than or equal 451 

to 300 m (Mahé et al., 2005, Suquet and Person-Le Ruyet, 2001) were selected. Another aspect is 452 

that catchability of a species can be greatly affected when a fleet changes its targeting practice from 453 

one species to another. It also often increases over time as the efficiency of the fleet increases 454 

(Maunder et al., 2006). Due to strategies, Bourdaud et al. (2017) suggest that fishermen target rather 455 

than sample fish densities. Lorance and Dupouy (2001) highlighted a possible effect of the fishing 456 

strategy on the amount of effort expended on species due to the accuracy of the catch and effort 457 

data available (statistical rectangles versus trawl hauls). Cooperation between vessels targeting the 458 

same species can increase their ability to locate areas of high abundance and thereby increase the 459 

CPUEs of each vessel (Hilborn and Walters, 1992). We consider this is not the case for the retained 460 

gears. Surmullet is part of a set of sought-after demersal species (but not specifically targeted) both 461 

for trawlers and for netters, mainly for its high commercial value. It would certainly have been 462 

different if Danish seiner had been selected because the implementation of this type of seine 463 

appeared in the late 2000s (Léauté et al., 2018).  464 

Distinguishing between causes related to fleet dynamics and management measures is not always 465 

obvious. However, in some cases, the relationship is highlighted and management measures can 466 

clearly interfere with the studied indices (Maunder et al., 2006). We detected clear changes in the 467 

trend of landings per fishing trip in 2005 for trawlers and netters. Discussions with professional 468 

fishermen and their representatives associated with this work enabled these observations to be 469 

linked to the implementation of a selectivity device confirmed later by the Council Regulation (EC) 470 

(No 1288/2009). To overcome this regulatory bias, we focused the analysis on the 2005-2015 period. 471 

For many fisheries, a quota consumption effect is also described (Maunder et al., 2006; Quirijns et 472 

al., 2008). This is not the case here seeing as Striped red mullet is not a quota species at this stage. 473 
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4.2 Main factors influencing LPUEs 474 

We chose to undertake a data filtering approach and not a classic statistical analysis on all of the 475 

data. While GLMs have been used since the 1980's, they exhibit limitations in the relationship 476 

between the CPUE and the explanatory variables as they are relative to linear relationships. In a 477 

generally nonlinear world, analyses should account for relationships that are more complicated. 478 

General additive models, neural networks and regression trees are for example more general in their 479 

functional forms than GLMs (Hinton and Maunder, 2003). Habitat based models use in addition 480 

analytical reasoning to define this functional form of the relationship between CPUE and the 481 

explanatory variables (Hinton and Nakano, 1996 in Hinton and Maunder, 2003). 482 

Both NPCA and regression trees highlighted the strong concomitance between spatiotemporal 483 

variables and LPUEs (level, variability). Such results were expected and are widely recognised in the 484 

literature (Denis et al., 2002; Gladston et al., 2018; Goodyear, 2003; Zhang et al., 2015). For OTB, it is 485 

more pronounced regarding spatial considerations, the south being characterized by higher LPUEs. 486 

However when clusters are considered, the differences are less obvious. Caill-Milly et al. (2017) 487 

described a level of landing per statistical rectangle strong enough along the whole coast (especially 488 

corresponding to depths of less than 100 m) which would indicate that it makes sense to keep 489 

information from the Bay of Biscay and not to make any spatial restrictions when selecting the fleets. 490 

For GNS, important differences are detected regarding spatial considerations but they concern three 491 

statistical rectangles. They were too sparse to lead to spatial selection. In contrast, monthly 492 

differences appear important and are indeed confirmed at the cluster level. This instigated the 493 

application of a time filter for this gear. Such selection is applied for gill nets catches in lakes 494 

(Lauridsen et al., 2008); it seems less common for trawlers. 495 

Once those spatiotemporal variables had been removed, non-linear links between LPUEs and 496 

characteristics of the vessels and of the gears appeared. For OTB, it concerns gear mesh size and 497 

engine power. Such a result is concordant with what Rijnsdorp et al. (2000) already demonstrated, in 498 
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that CPUE of beam trawlers is strongly affected by the engine power of the vessel. For GNS, it 499 

concerns gear mesh, length and tonnage of the vessel. Again, these results are consistent with work 500 

done by Kalaycı and Yeşilçiçek (2014) and Marchal et al. (2006). 501 

Abundance series in general showed high variability. Some aspects can be attributed to the use of 502 

various gear meshes and that is why optional criteria were applied to limit the variability in the LPUE 503 

data (for both otter trawlers and set gillnetters). For set gillnetters, the activity is seasonal. 504 

Fishermen tend to target other species the rest of the year; in fact they use nets that are not suitable 505 

for catching Striped red mullet. 506 

4.3 An original approach in line with ICES expectations regarding DLS 507 

The approach we implemented is different from most work on CPUE (or LPUE) in that it relies on a 508 

collaborative approach that associated scientists and fishermen to better identify the sources of 509 

variability of the studied variables and define the thresholds applied. This association contributes to 510 

maximising usefulness of the available data for this stock. This was the case in particular for the 511 

validation of the minimum level of LPUE, the coherent grouping of the gear meshes regarding 512 

management measures, the validation of seasonal selections, but also professional practices, the 513 

identification of regulations concomitant to trend changes in the dataset or the removal of some 514 

gears from the analysis. Such beneficial relationships between scientists and fishermen were 515 

described by Wilson (1999). They also contribute to a common ground in the course of discussions 516 

between fishermen, fisheries managers and scientists on the state of the stock (Quirijns et al., 2008). 517 

It is also innovative because it proposes prior consideration of the impact of discards on landings, 518 

which are in most cases the only real data available to study catches. However, discarding practices 519 

on which information is often limited can be of concern when using CPUE or LPUE as proxy of 520 

abundance (Rijnsdorp et al., 2007). The original aspect of the approach is also based on ecology or 521 

life-history considerations which can potentially have an important impact on the studied variables 522 

(Figueiredo et al., 2013; Laurec and Le Gall, 1975). All these data were used in a complementary way. 523 
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It is a possible response to what is expected from ICES for DLS, which is, valuing all the available data 524 

to improve knowledge on the stock status (Le Quesne et al., 2013). We make use of the wealth of 525 

various information available (e.g. biology, population dynamics, and total catches) as recommended 526 

by Maunder et al. (2006). Decisions on how to improve management of data-deficient stocks need to 527 

be balanced with practical considerations (ICES, 2012). Indeed, particularly for DLS, it requires a 528 

continuous balance between improving data collection and reporting, refining assessment methods 529 

adapted to limited data, and developing robust management control rules (ICES, 2012). 530 

Other approaches have been developed recently to overcome the aforementioned issues. It is 531 

particularly the case of the simultaneous implementation of commercial fishing data (CPUE) and 532 

PRCF (partial rate correlation function) to see contributions of endogenous and exogenous factors 533 

(Vazquez-Prada, 2014). Bourdaud et al. (2017) and Kristensen et al. (2014) also proposed combined 534 

valorisations of commercial fisheries data and scientific surveys data. This work contributes at its 535 

respective level to one of the objectives of ICES that is increasing the number of DLS European 536 

Atlantic waters with quantitative catch advice (Le Quesne et al., 2013). For Surmullet, they reduce 537 

somewhat the gap regarding knowledge between this studied stock and the one found in Subarea 4 538 

(North Sea), Divisions 7.d (Eastern English Channel) and 3.a (Skagerrak, Kattegat). A considerable 539 

research effort has been conducted for almost fifteen years on these particular divisions (Mahé et al., 540 

2005; Mahé et al., 2013). 541 

For the Striped red mullet in Subareas and Divisions 6, 7a-c, e-k, 8, and 9a, the target category is 542 

category 4 (ICES, 2013). The two selected fleets can provide a solution to emerge from the current 543 

situation (applying the precautionary buffer) and use catch information to evaluate whether the 544 

stock is fished sustainably or whether a reduction in catches or landings is required to achieve 545 

sustainability. In this case, the landing reduction recommended by ICES in 2017 was adapted to the 546 

situation, as the retained abundance indicators appear to decrease significantly in two out of four 547 
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cases over the period. Nevertheless, in the absence of any existing measures to limit catches, this 548 

recommendation may not be followed in reality. 549 

 550 

5 Conclusions 551 

This study considered the factors affecting landing rates (LPUE) of M. Surmuletus Bay of Biscay 552 

French fisheries over an eleven-year period and enabled us to determine the relative contribution of 553 

fleet technical characteristics (vessels and gears) and intra- and inter-annual variation. It led to the 554 

identification of two reference fleets. Firstly the trawlers composed by small vessels (7.9 - 15.8 m) 555 

with a gauge of 2 to 43.9 grt, an engine power between 44 and 256 kW and a gear mesh of 70 – 79 556 

mm; secondly the gillnetters, which are defined by medium-sized vessels (8.2 - 14.8 m, 2 - 30.2 grt, 557 

70 - 331 kW) whose gear mesh is either 50 – 59 mm (2nd and 3rd quarters), 60 – 69 mm (2nd 558 

quarter) or greater than 90 mm (2nd quarter). LPUE of these fleets show a downward trend, 559 

significant in two out of four cases that may reflect deterioration in the status of the Striped red 560 

mullet stock. 561 

The complementary use of various sources of data (fisheries data, ecological considerations, 562 

professional knowledge) is a solution for selecting reference fleet. A filtering approach could be 563 

implemented on other DLS-whiting and pollack for instance. We can state that this study approach is 564 

both innovative and can be applied more generally. 565 

Since it is considered that the retained LPUEs are proxy of abundance, they can also be used to 566 

detect spatiotemporal variability of abundance in relation to environmental forcing, especially those 567 

that can be linked to climate change. For such a purpose, the use of GLM or other statistical models 568 

(taking into account their predictive power) will be very useful and are currently being tested using 569 

the knowledge ascertained in this paper. 570 
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Appendix 728 

Appendix A 729 

 

Figure A.1. Evolution of total landings from 2000 to 2015 by groups of gears (Sacrois data). Gear 730 

representing less than 0.5 tonnes per year over the period is not specified but grouped under "other" 731 

(translated from Caill-Milly et al., 2017). 732 
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Appendix B 734 

 

Figure B.1: Landings by fishing sequence and statistical rectangle (2000 - 2015) for Trawlers 735 

 

Figure B.2: Landings by fishing sequence and statistical rectangle (2000 - 2015) for Gillnetters 736 
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Appendix C 738 

Discards data (Summary of the number of trip sequences (Obsmer) for the 4 selected gears) 739 

 740 

Years JA FE MA AP MA JU JY AU SE OC NO DE Total 

2004       3  5    8 

2005    1 2 7     5 10 25 

2006   1 1  1      6 9 

2007         1 7 3  11 

2008         2 8 5  15 

2009     5 4 4 3 4 1  2 23 

2010 2  1 2 5 2 5 10 10 10 4 1 52 

2011 13 3  2 9 7 7 9 11 12 3  76 

2012 2 1   4 3  6 13 4 4 3 40 

2013  2  1 6 6 3 7 6 1 3 2 37 

2014 2 1  1 3 10 3 7 7  5 5 44 

2015 4 2 3 2 2 5 7 1 3 3 4  36 

Figure C.1. Number of trip sequences per month and year for OTB 741 

 742 

Years JA FE MA AP MA JU JY AU SE OC NO DE Total 

2004 1 2 1 2        3 9 

2005 1 1  1 1 7 9 1 6 5 19 4 55 

2006 1 1 3 2 3 12 3  7 8 5  45 

2007  1 5  1 6 10  11 8  13 55 

2008 5  1 1 1 1 2   3  2 16 

2009    6 12 3 4   1 2 9 37 

2010 6 10 6 4 14 8 7 5 1 4  6 71 

2011 3 2 3 1 4 3 7  1  3 3 30 

2012 2   3 2 7 7   7 3 5 36 

2013 11 2 6 1 6 18 7 2 1 4 3 6 67 

2014 6 1 2 2 12 6 6 1  3  4 43 

2015 6 5 5 14 16 14  5  1  6 72 

Figure C.2. Number of trip sequences per month and year for OTT 743 
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 745 

Years JA FE MA AP MA JU JY AU SE OC NO DE Total 
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Figure C.3. Number of trip sequences per month and year for GNS 746 

 747 

Years JA FE MA AP MA JU JY AU SE OC NO DE Total 

2004       2    4  6 

2005      1       1 

2006         1 1   2 

2007   2      6    8 

2008  3 1 4 6    3 6 5 5 33 

2009 2 7 2 3 3 4 2   2 2  27 

2010 3 2 2 1 6 5 1  12 15 2 2 51 

2011 1 4 3 4 2 1 2 2 1 4 1  25 

2012 3   2 3  1  2 2 1 1 15 

2013  10   2 1 1  1 1   16 

2014     6  5 6 6 8 14  45 

2015 2 1 1 4 3   4 3 4 8 2 32 

Figure C.4. Number of trip sequences per month and year for GTR 748 
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Appendix D 750 

Discards analyses 751 

OTB 752 

 

Figure D.1. Discard mean for all the series for OTB (2009-2015) per year in % 753 

 

Figure D.2. Discard mean for all the series for OTB (2009-2015) per month in % 754 
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Figure D.3. Discard mean for all the series for OTT (2009-2015) per year in % 757 
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Figure D.4. Discard mean for all the series for OTT (2009-2015) per month in % 759 

GNS 760 

 

Figure D.5. Discard mean for all the series for GNS (2009-2015) per year in % 761 

 762 
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Figure D.6. Discard mean for all the series for GNS (2009-2015) per month in % 763 

GTR 764 

 

Figure D.7. Discard mean for all the series for GTR (2009-2015) per year in % 765 

 766 
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Figure D.8. Discard mean for all the series for GTR (2009-2015) per month in % 767 

SDN 768 

 

Figure D.9. Discard mean for all the series for SDN (2011-2015) per year in % 769 

 770 

 

Figure D.10. Discard mean for all the series for SDN (2011-2015) per month in % 771 
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Appendix E 773 

 774 

 

Figure E.1. Average LPUEs per cluster for Surmullet in the north of Bay of Biscay. 775 

 776 

 

Figure E.2. Average LPUEs per cluster for Surmullet in the south of Bay of Biscay. 777 

 778 
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Appendix F 780 

 781 

 782 

Figure F.1. Evolution of LPUEs mean by years and months for the different gear mesh classes for 783 

cluster 1 - OTB in the Bay of Biscay  784 
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Appendix G 786 

 787 

 

Figure G.1. Average LPUEs per cluster for Surmullet in northern Bay of Biscay. 

 

Figure G.2. Average LPUEs per cluster for Surmullet in southern Bay of Biscay. 

 788 
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Appendix H 790 

 791 

 792 

Figure H.1. Evolution of LPUEs mean by years and months for the different gear mesh classes for 793 

cluster 2 - GNS in the Bay of Biscay 794 
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Highlights 

Data-filtering method maximizing usefulness of biological, catch, regulation data 

Fishermen involvement to assess impact of regulation changes on indicators 

Potential high bias induced by discards when using LPUE as proxy of abundance 

For Striped red mullet, decreasing tendency of LPUEs over the study period 

 


