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Assessing the unassessed
marine recreational fishery in
the Eastern Cantabrian coast

Eneko Bachiller*, Maria Korta, Maria Mateo,
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AZTI, Sustainable Fisheries Management, Basque Research and Technology Alliance (BRTA),
Sukarrieta, Spain

Within the first attempt to assess marine recreational fisheries (MRF) along the
coastal villages of the Basque Country (Eastern Cantabrian Sea), off-site surveys
were carried out from 2015 to 2019 to estimate captures of the main targeted
species by shore fishing, boat fishing and spearfishing. Phone calls got better
response rates (>50%) than email questionnaires (<25%). Spearfishing
population was smaller (1000 licenses, <2% of total MRF effort) and younger,
whereas boat fishers (5000 licenses, 9% MRF effort) were generally older and
more experienced. Shore fishing was the most extended MRF activity (50000
licenses, 90% of MRF effort), showing wider age and experience ranges. Boat
fishing targeting albacore in summer was the main MRF activity interacting with
regional commercial small-scale fishery. Squids were also important for both
shore and boat fishing, followed by seabass, the main target species for shore
anglers. Despite surveys were primarily designed to gather information about
these three species, they also evidenced, moreover with clear underestimation
bias, frequent captures of generally unassessed species, such as sargo-bream
(Diplodus spp.), gilthead seabream (Sparus aurata), common dentex (Dentex
dentex), red mullet (Mullus surmuletus) or scorpionfish (Scorpaena spp.).
Fishers with more experience, as well as spearfishers in general, captured a
wider diversity of species, but individual fishers were more specialized (i.e.,
showing less variation between trips). Our off-site survey assessment highlights
the importance of incorporating multispecies sampling schemes to develop
future MRF assessment criteria, within a context of an ecosystem approach that
should also consider potential interactions with commercial small-
scale fishery.
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1 Introduction

Marine recreational fisheries (MRF) are defined as
“fishing of aquatic animals (mainly fish) that do not
constitute the individual’s primary resource to meet basic
nutritional needs and are not generally sold or otherwise
traded on export, domestic or black markets” (FAO, 2012).
This activity is one of the most frequent leisure activities in
coastal zones worldwide, and it involves large number of
people and consequently high levels of fishing effort (Cowx
and Arlinghaus, 2008; Hyder et al., 2017b; Hyder et al., 2020;
Radford et al., 2018). In the case of Europe, participation has
shown to be high, with significant social and economic
benefits, but also has impacts on some fish stocks (Hyder
et al., 2017b; Hyder et al., 2017a). Recent research has shown
that in Europe there are around 8.7 million people engaged in
MRE, fishing for almost 78 million days, and spending about
€5.9 billion each year (Hyder et al., 2017b). This creates a total
economic impact of €10.5 billion per year and supports
almost 100,000 jobs across Europe (Hyder et al., 2017b).
Recreational removals (kept fish plus post release mortality)
can be significant for some species representing between 2-
43% of the total catch (Radford et al., 2018) and recreational
fishing also has environmental impacts (Lewin et al., 2019).
The importance of proper management is covered under the
Common Fisheries Policy (CFP) (EU, 2013) where it states
that “recreational fisheries can have a significant impact on
fish resources and Member States should, therefore, ensure that
they are conducted in a manner that is compatible with the
objectives of the CFP”.

However, knowledge of the MRF activity is scarce and this
leads to the fact that governance of MRF is lacking, and it is not
embedded in the marine management and policy process of
many countries (Pita et al., 2017; Hyder et al., 2020). For EU
countries, there has been a legal requirement from the European
Commission to collect annual recreational catches for salmon
and bluefin tuna under the Data Collection Framework (DCF)
since 2001 (EU, 2001). For the Atlantic region, the list of
required species increased in subsequent regulations (EU,
2008a; EU, 2010; EU, 2016; EU, 2021), including estimates of
catches and releases for Atlantic cod (Gadus morhua), European
seabass (Dicentrarchus labrax), European eel (Anguilla anguilla),
Atlantic salmon (Salmo salar), pollack (Pollachius pollachius),
elasmobranchs and for all highly migratory species, e.g., tuna
species assessed by the International Commission for the
Conservation of Atlantic Tunas (ICCAT). For the first time
Member States are urged to implement multispecies sampling
schemes that enable catch quantities to be estimated for certain
stocks that were selected at regional level, in accordance with the
relevant end user needs (EU, 2021).

A second mechanism for data collection of recreational
fishery in Europe is the Control Regulation that specifies
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recreational fisheries are conducted in a manner compatible
with the CFP and that recreational catches of stocks subject to
recovery plans must be monitored on vessels registered in
each country (EU, 2011). There has been limited data
collected on MRF despite these requirements, mainly due to
the challenges of delivering robust surveys and the varied and
dispersed nature of MRF. In addition, there are relevant EU
directives such as the Marine Strategy Framework Directive
(MSFD) (EU, 2008b), The Maritime Spatial Planning
Directive (EU, 2014; EU, 2022) where the objectives are to
protect more effectively the marine environment across
Europe in the case of the former, and to manage the use of
the European seas and oceans coherently to ensure that
human activities take place in an efficient, safe and
sustainable way in the case of the latter. Therefore, despite
these legal requirements, in many European countries the
data collection programs on MRF are still a pending issue
(Hyder et al., 2020). In Spain, Gordoa et al. (2019) and Dedeu
etal. (2019) carried out recently the first assessment of marine
recreational fishing at a national scale. Before that, MRF
studies had been performed at a smaller scale by some
Autonomous Communities (AC), which are the
administrative bodies responsible for MRF management in
the inshore waters (Morales-Nin et al., 2005; Lloret et al.,
2008a; Lloret et al., 2008b; Garcia-Florez et al., 2012; Ruiz
et al., 2014; Zarauz et al., 2015). These studies allowed a first
characterisation of the biological and socio-economic
importance of MRF in these regions. However, there is not
a national data collection programme set up to answer the
requirements of the new EU Multiannual Program (EUMAP)
for data collection, which establishes the data requirements to
be collected, the list of mandatory surveys in each sea basin
and the thresholds to collect data. The data requirements for
MREF are included under one of these legal acts: Commission
Delegated Decision (EU) 2021/1167 of 27 April 2021,
establishing the multiannual Union Program for the
collection and management of biological environmental,
technical, and socioeconomic data in the fisheries and
aquaculture sectors. On the other hand, sampling schemes
have considered selected species individually, which
implicitly assumed independent distributions among
species. In fact, species distributions are correlated with
each other, driven by either biotic interactions or
environmental variables (Zhang et al., 2020 and references
therein). Therefore, in order to successfully manage these
fisheries, it is essential to perform a detailed assessment of the
critical gaps in the scientific knowledge (Pita et al., 2020), e.g.,
pointing towards multispecies sampling schemes for MRF.
The situation in the coastal region of the Basque Country
(Figure 1), as in the rest of the Spanish coastal regions, is quite
similar to other EU countries in relation to the knowledge of the
activity of the MRF (Pita et al, 2020). The first study on the
establishment of a systematic data collection system on MRF in
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Area of study where recreational fishing activity data was collected. Red box in the upper left small map indicates the zoomed region of the Bay
of Biscay presented in the main panel. The most important harbors are indicated within the map. Grey lines represent the 200m (the closest to

the shore, visible in both maps), 500m and 1000m isobaths.

this region was carried out in 2012-2013 (Ruiz et al,, 2014) to
provide the first estimates of seabass catches in response to
EUMAP requirements, using different off-site methods such as
telephone and email surveys (Zarauz et al., 2015). This study
allowed comparing estimates obtained through the different
sampling methods as well as evaluating the suitability of the
different methodologies, but also potentially related biases. The
results from Zarauz et al. (2015) made it possible to establish, for
the first time in the Basque Country, a routine collection system
using off-site methods, which has been in place since 2015.

In this study we analyse data collected between 2015-2019
under the established routinary sampling programme. We
characterize the profile of marine recreational fishers and we
provide 5-year catch estimates for seabass (D. labrax), albacore
(Thunus alalunga) and squids (Loligo spp.) for the first time.
Although the surveys were initially designed to gather
information about these three species, they could also be used
to estimate the minimum abundance of other target species of
MREF in the Basque Country, evidencing the relevance of
additional species groups not reported previously for this
activity, which highlights the need of multispecies sampling
schemes able to capture the variability of the catch profile
of MRF.

2 Materials and methods
2.1 Data collection: Off-site surveys

The study area was the Basque coastline, which extends
176 km in the Southeast corner of the Bay of Biscay (Figure 1).
The management of recreational fishing depends on the Basque
Government, who issues recreational fishing licenses that are
mandatory for anglers and spearfishers older than 16 years and
are valid to be used all over the Spanish coast. There are two
types of licenses: one for surface fishing (shore and boat fishing)
and one for spearfishing. The first one is renewed every 5 years,
and the second one, annually. Additionally, for boat fishing, boat
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owners should register their boats in a specific census. For the
purposes of this study, only the licenses of fishers living in the
Basque Country were considered.

To collect data from different recreational fishing activities,
off-site surveys were carried out from 2015 to 2019, both by
email and through phone calls. In the first four years, surveys
were conducted in July and January, collecting information from
the corresponding previous semesters. In 2019 three surveys
were conducted, one every three months, i.e., in May, September
and December. A company was subcontracted to carry out the
telephone surveys. The e-mail surveys were directly done using
SurveyMonkey (www.surveymonkey.com). In 2017, only email
surveys were performed, due to logistical problems. Sampling
was stopped at the end of 2019 because of restrictions due to de
personal data protection regulation (BOE, 2018), which requires
the license application system to be changed to gather the
explicit consent of the fishers.

Our sampling frame considered only licenses from fishers
living in the Basque Country. The study population for shore
and spear fishing was defined by the list of licensed anglers and
spearfishers respectively, which, according to Basque
regulations, is mandatory for recreational fishers older than 16
years (Eusko Jaurlaritza, 2000).The population of boat fishing
was based on the list of fishers owning a license and having a
vessel registered in the boat census. The contact information
available in the license census was not complete. Namely, for
surface licenses, an average of 35% fishers provided their
telephone, and 27% their email; an average of 56% and 55% of
spearfishers’ phone and emails were available, respectively. The
sampling frames for shore and spearfishing were constructed
using the contact information available in the corresponding
license census. The sampling frame for boat fishing was built
with the contact information of fishers owning a license and
having a vessel registered in the boat census. Therefore, only
boat owners were targeted, i.e., not licensed boat fishers without
their own boat.

For phone sampling, the fishers were randomly selected
from each sampling frame. The target number of surveys
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completed was set in 400. When no phone answer was obtained
in a household, at least four attempts were done at different
times of the day before considering that sample as a non-
response. For email surveys, all available e-mails were used to
send the questionnaire. A second email was sent to the fishers
that did not reply to the questionnaire at the first round.
According to that, the whole sampling frame is defined as the
available phone numbers and emails. The gross sample accounts
for the number of fishers contacted out of the sampling frame.
The net sample is the number of available samples after
accounting for sample loss (e.g., invalid contact information).
This way, the response rate was calculated as the number of fully
responding questionnaires divided by the gross sample, so only
fishers that received the survey request were considered.

All surveys fall in the category of recall surveys, in which
interviewers are asked about an event performed in the past. To
minimize the non-response during the survey, 300€ were raffled
among all participants. Both email and phone surveys were
based on the same questionnaires aiming to collect information
about fisher’s profile (i.e., age and years of experience) and
fishing activities. Regarding the latter, fishers were asked about
their fishing mode, fishing location, fishing effort (i.e., number of
days of each reported fishing activity during the surveyed
period) and catch information. Fishers were first asked to
report captures (i.e., total number and, if possible, total
weight) of seabass, squids and albacore. Captures of sea bass
and albacore were needed to answer the requirements of the
DCEF (EU, 20105 EU, 2016; EU, 2021). Squids were included in
the surveys because their relevance in the Basque MRF (Ruiz
et al,, 2014; Palas et al.,, 2017). Captures of other species were
reported as additional information, but often qualitatively, as
part of an open field regarding ‘other captured species’ within
the questionnaires. Although both retained and released capture
information was requested, the reported information of released
fish was almost null and therefore only data of retained fish will
be considered in this study. Boat owners were asked to report the
total catch and effort performed from their vessel, which may
correspond to several fishers; however, and since such
information was not available, it was assumed that all the
fishing activity of each vessel corresponded to its owner.

2.2 Data analysis

2.2.1 Response rates and fishers’ profiles

To characterize the coverage of the Basque recreational
fishing community, response rates were assessed in terms of
percentages (Table SO1), by survey type (i.e., email vs phone
calls), year (2015-2019), period (month ranges), and fishing
mode (shore fishing, boat fishing, spearfishing).

The recreational fisher’s profile was assessed by age, fishing
experience (in years) and fishing effort (fishing days) of those
who responded to different surveys, for each fishing mode.
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A t-test was applied to test for differences on response rates
between survey sources (phone vs email).

2.2.2 Fishing effort

Fishing effort was assessed with the total fishing days
declared by each fisher. To check whether estimated total
fishing effort varied depending on fishing mode and years,
two-way ANOVA (F test) was applied.

2.2.3 Catch estimates based on abundance and
weight of captured species

Questionnaires collected species’ catch information from
fishers practicing each recreational fishing mode. Each fisher
reported detailed information about captured numbers of
seabass, albacore or (especially) squids; for such species,
weight was also occasionally reported. For all other captured
species, the total number was often unspecified, and the
information was sometimes limited to singular (i.e., 1
individual) vs plural (i.e., at least 2 individuals) capture
reports. To ease later interpretation of results, the following 16
species groups were defined: tunids (i.e., Thunnus alalunga,
Sarda sarda, Katsuwonus pelamis, Auxis spp.), squids (Loligo
spp.), seabass (D. labrax), sargo-breams Diplodus spp. (D. sargus,
D. vulgaris, D. puntazzo and D. cervinus), Scomber spp. (Atlantic
mackerel, S. scombrus, and Atlantic Chub mackerel, S. colias),
Trachurus spp. (T. trachurus and T. mediterraneus), gilthead
seabream (Sparus aurata), Lithognathus mormyrus, Pagellus spp.
(P. bogaraveo, P. erythrinus and P. acarne), common dentex
(Dentex dentex), scorpionfish Scorpaena spp. (S. porcus, S.
notata and S. scrofa), Mullus surmuletus, Conger conger, other
fish species (Solea solea, Platichthys flesus, Scophthalmus spp.,
Lepidorhombus spp., Dicologlossa cuneata, Coris julis, Serranus
cabrilla, Balistes capriscus, Triglidae fam., Labrus spp.
(L. bergylta, L. mixtus), Trachinus draco, Beryx decadactylus,
Trisopterus luscus, Helicolenus dactylopterus, Zeus faber, Boops
boops, Umbrina spp. (U. cirrosa, U. canariensis), Argyrosomus
regius, Oblada melanura, Spondyliosoma cantharus, Mugil
spp., Belone belone, Pagrus pagrus, Brama brama, Sarpa salpa,
Merluccius merluccius, Pollachius pollachius and Micromesistius
poutassou), swordfish, sharks and rays (Xiphias gladius,
Scyliorhinus canicula, Galeus melastomus and Raja spp.),
and other species (Anguilla anguilla, Maja squinado and
Palaemon spp.).

The total catch of seabass, tunids and squid was estimated using
the Horvitz & Thompson estimator and assuming simple random
sampling (Lumley, 2011; ICES, 2012) for each fishing mode:

. ¢ N
C= 2?:0;1 = ;E?:oci
where N is size of the study population, C is the estimated
total catch, ¢; is the catch reported by the surveyed fishers, and 7;
is the probability of including unit i in a sample of size n. In the
case of simple random sampling, 7 equals §.

frontiersin.org


https://doi.org/10.3389/fmars.2022.975089
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Bachiller et al.

For other species, the minimum catch abundance was
assessed. For weight estimates, data was considered from
reports when available, and re-calculated from abundances
and mean weights for surveys not providing weight
information. Catch estimates were extrapolated for each
fishing mode, according to the covered sampling frame and
assuming simple random sampling (see details in Lumley, 2020).
Given that both phone and email surveys extrapolated captures
to the total fishers’ numbers from census, the mean catches
between the two methods were considered for further analyses.

In addition, we used two-way ANOV As (F tests) to evaluate
variables affecting the estimated total catches. Fishing mode,
years, number of fishers, response rates and estimated fishing
effort (total fishing days) were used as explanatory variables,
whereas the estimated total catch (kg) was used as the response.
Akaike’s information criterion (AIC) was applied to get the most
parsimonious model.

2.2.4 Variation in captured
species composition

First, we used multinomial logistic regression models
(iterated 2500 times) with reported data (i.e., absolute catch
abundances) to evaluate variables affecting the captured species
composition. Year, fisher’s age and fishing experience, fishing
mode and fishing effort were used as explanatory variables and
multivariate species compositional data (i.e., species abundance
composition matrix) was used as the response. Since preliminary
data exploration recommended in Zuur et al. (2010) determined
a high collinearity between age and experience, we kept
experience and dropped age for the multivariate analyses.

Several authors concern about the use of count data in
recreational fishery reports, given that high amount of zero
values are common (Taylor et al, 2011) and may ignore
overdispersed data (Zuur et al., 2009; Carlos-Junior et al,
2020; Stoklosa et al., 2022 and references therein).
Accordingly, we also determined significant variables affecting
the species composition, fitting a zero inflated negative binomial
model (iterated 999 times) with the species occurrence as
response variable, as proposed by Solow and Smith (2010); i.e.,
0 representing absence of species, 1 representing singletons (true
single individuals), and 2 representing two or more (Solow and
Smith, 2010; Stoklosa et al., 2022).

The variation in captured species composition was then
assessed in detail, in terms of beta-diversity, comparing the
fishing modes first, and different experience ranges (defined as <5
years, 5-30 and >30 years) in a second analysis. Following the
approach proposed by Baselga (2010); Baselga (2012), we used
captured species’ presence-absence data to compute the monotonic
transformation (Chao et al, 2012) of beta-diversity — Serensen
dissimilarity index (Bsor) and its partition into two additive
components, accounting for pure spatial turnover and nestedness.
The turnover component is species replacement, consists of the
substitution of species in an individual fisher’s captures by different
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species in captures of the other fishers, and is measured as the
Simpson-based dissimilarity component (). The nestedness-
resultant dissimilarity component (Bygs) is species loss (or gain),
which implies the elimination (or addition) of species in only one
individual fisher, as leads to the poorest assemblage being a strict
subset of the richest one Baselga (2010); Baselga (2012).

2.3 Software and statistical packages

We used R software v.2.4.0 (R Core Team, 2021) for all
analyses and graphical representations, using especially package
ggplot2 v.3.2.1 (Wickham, 2009) for figures. Catch estimates
were calculated using ‘svyby’ and ‘svytotal’ functions from survey
package v.4.0 (Lumley, 2020). We fitted multinomial regressions
using ‘multinom’ function in nnet package (Venables and Ripley,
2002), and zero inflated negative binomial models using
‘zeroinfl’ function in package pscl (Zeileis et al., 2008). For the
beta-diversity analysis, we used the betapart package v1.5.6
(Baselga and Orme, 2012) and in particular, the ‘betapart.core’
function to compute and plot captured species dissimilarity,
turnover, and nestedness components.

3 Results
3.1 Response rates and fishers' profiles

The study population (number of fishers), sampling frame
(contact information available), the gross sample (phone calls
and emails sent), lost and refused calls, number of answers
obtained and response rates per fishing mode and year, are
presented as Supplementary Material (Supplementary
Table SO1).

According to the census, the number of active fishing
licenses during the sampling period was around 50000, 5000
and 1000 for shore fishing, boat fishing and spearfishing,
respectively (Supplementary Table S01). With both phone and
email survey methods around 50% of spearfishers and <20% of
shore and boat fishers were contacted.

Although the contacted numbers varied during the study
period, both for email and phone calls, the aimed 400
responses were achieved in most of the sampling years and
fishing modes (Figure 2). Such response numbers were higher
in surveys made by phone in all modes, spearfishers showing
relatively higher response numbers than shore fishers and
boat fishers (Figure 2). When accounting for the email survey,
the response numbers were lower in all modes, with especially
few answers from boat fishers in all years (Figure 2;
Supplementary Table S01).

Accordingly, the response rate was significantly higher (t-
test, p < 0.05) for phone calls (57-68%, Table 1) than for emails
(13-24%, Table 1). While the response rate of phone surveys was
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similar for the three fishing modes, in relation to the total license
numbers, spearfishers showed relatively higher response rates
than the boat and shore fishers (Table 1; Supplementary Table
S01). The response rates obtained especially from phone surveys
increased during the last two years, i.e., 2018 - 2019 (Figure 2;
Supplementary Table SO1).

Regarding the age of fishers based on both phone and email
survey responses, most of responses were obtained from 30-50
year old fishers until 2017, and even from older fishers (40-60
years old) in the last two years (Figure 3). In any case, age-range
differences were more due to fishing modes than to any inter-
annual trends. Boat fishers showed an older age-range in
comparison with shore fishers and spearfishers, with even
clearer differences on email surveys. Spearfishers presented a
slightly younger and narrower age-range, whereas higher
abundances were observed in all age ranges of shore fishers,
going from 1 year up to 80 (Figure 3).

In all fishing modes, fishers with experience ranging from 1 to
10 years were the most abundant, dropping as the number of years
of experience increased. The main drop was for fishers with >40

years of experience in shore fishing, whereas the number of spear
fishers declined when considering >10 years of experience,
suggesting an overall shorter experience degree than for fishers in
the other two modes. Number of boat fishers also declined as the
degree of experience increased but such a decline was smoother
than in other modes (Figure 4).

3.2 Fishing effort

Estimated total fishing effort varied significantly depending on
fishing mode but not between years (two-way ANOVA; year: F =
1923, df. = 4, p = 0.2; fishing mode: F = 492.87, df. = 2, p <0.001;
year*mode interaction: F = 0.62, d.f = 8, p = 0.57). Shore fishers
exerted by far much higher fishing effort, followed by boat fishers
and spearfishers (Supplementary Figure S01), the latter accounting
for <2% of the total estimated recreational fishing effort.

In accordance with age distribution, fishers reporting the highest
fishing effort (ie., those who declared a higher number of fishing
days per corresponding surveyed period) were the shore fishers from

TABLE 1 Means ( + SD, Standard Deviation) of the number of fishers (i.e., licenses), conducted surveys (i.e., gross sample) by phone and email
during the sampling period (2015 — 2019), and of the total response rates obtained (absolute numbers and percentages), for each fishing mode.

Fishing licenses Phone Email
Surveys Response Rate (%) Surveys Response Rate (%)
Shore fishing 49668 + 3041 808 + 352 57 £ 19 9340 + 2409 13+ 12
Boat fishing 5223 + 657 727 + 247 59 + 22 561 + 152 18+9
Spearfishing 1189 + 188 504 + 76 68 + 19 264 + 94 24+ 18

Frontiers in Marine Science

06

frontiersin.org


https://doi.org/10.3389/fmars.2022.975089
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Bachiller et al.

10.3389/fmars.2022.975089

B shore

boat . spear

2015

2016

2017

2018

100+

I]
! MiMa lw"h .i.lﬂi ||!hlﬂ-“ﬂ' --

ﬁ I Mi

||Illnu

|
. Jﬂl\| l:

suoyq

“ |

IWIWN m
| \.n

i

dh

A A

udll!!.u

[rews

IJ|I

FIGURE 3

fishing, boat fishing, spearfishing).

50

Age (yeaxs)

Age distribution of fishers that provided information on phone and email surveys from 2015 to 2019, for each of the fishing modes (shore

40 to 50 years old, boat fishers from 50 to 70 years old, and
spearfishers from 30 to 40 years old (Supplementary Figure S02).
Number of fishing days reported were significantly different between
phone and email surveys during different years (two-way ANOVA;
year: F = 9879, df. = 4, p < 0.001; source: F = 402.39, d.f = 1,p <
0.001; year*source interaction: F = 245.78, d.f. = 1, p < 0.001).

3.3 Catch estimates

The estimated total catch differed significantly depending on
the fishing mode and on its interaction with response rates (two-
way ANOVA; fishing mode: F = 14.78, d.f. = 2, p <0.001;
response rate: F =0.98, d.f. = 1, p = 0.33; mode*response rate
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interaction: F =2.46, d.f. = 2, p < 0.1), whereas ‘sampling year’,
‘number of fishers’ and ‘fishing effort’ were not significant
explanatory variables based on the AIC. However, we
decided to assess the following catch estimates analysis
keeping the sampling years separately to check for suggested
temporal trends.

Squids caught from shore and boats were by far the most
abundant captures in numbers in almost all sampling years,
whereas most of the total catch weight was due to captures of
tunids from boats. In terms of total weight, tunid landings were
estimated between 68 t and 358 t, depending on the year
(showing the minimum and maximum landings in 2015 and
2019, respectively; Figure 5). Squid landings ranged from 89 t to
156 t, and were within similar ranges as seabass estimates, the
main target species for shore fishers, ranging from 71 t to
147 t (Figure 5).

In terms of percentages by fishing modes (Figure 6), squids
were around one third of captures in numbers in shore fishing
and more than the half in boat fishing; together with seabass and
sargo-breams (Diplodus spp.) in shore fishing, and with tunids in
boat fishing, they comprised >75% of the total catches in
numbers. In contrast, in terms of weight, seabass and
seabreams were the half of the total shore fishing catches in
weight, whereas tunids were by far the most important in boat
fishing (>70% of the total catch), followed by squids in the two
fishing modes. For spearfishing, seabass and seabreams were the
most important captured species both in numbers and weight

10.3389/fmars.2022.975089

(>50%), with a wide variety of additional species (e.g., congers,
scorpionfish, gilthead seabreams) completing the targeted
species (Figure 6).

3.4 Variation in captured
species composition

Species composition data (i.e., absolute reported catch
values) were first analyzed using logistic multinomial
regressions. AIC tests showed that in addition to the fishing
mode (standardized null model, AIC, 357437), the consecutive
incorporation of the variables ‘sampling year’ (AIC,,ycar
352452), ‘years of experience’ (AIC,yearsexperience 351418) and
‘fishing effort’ (AIC,,year+experience+efiort 343810) resulted in the
last option as the most parsimonious model.

The negative binomial model (Zuur et al., 2009; Stoklosa
etal., 2022) also showed that occurrence density of species varied
significantly by fishing mode, fishing effort, sampling year and
experience; the zero inflated negative binomial model showed
that both fishing mode and sampling effort were significant
variables predicting excessive non-occurrences (i.e., zero
values) (Table 2).

Regarding the variations in captured species composition
(beta-diversity), shore-fishing and spearfishing showed the
highest and the lowest individual variations in species
composition, respectively (i.e., Sorensen dissimilarity index
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Mean values of estimated catches (i.e., between phone and email surveys, see Methods section), in terms of abundance (numbers) and weight
(kg), for the main species groups caught by each fishing mode (i.e., shore fishing, boat fishing, spearfishing) during the sampling years (2015-
2019). Grey "*" denotes minimum abundance, based on additional notes from fishers (see Methods section).
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Bsor> Figure 7A). The lower beta diversity in spearfishing was
primarily explained by the turnover component, which defined
spearfishing as the most different fishing mode in terms of
captured species composition due to a lower species
alternating in comparison with boat and shore fishing (i.e.,
Simpson dissimilarity Sspv, Figure 7B). Shore and boat fishing
modes had a similar species loss (i.e., prey richness), in contrast
with higher richness variation observed in spearfishing (i.e.,
nestedness component fygs, Figure 7C).

When comparing variations in captured species composition
(Bsor) caught by fishers with different experience ranges, it was
mostly the same for all groups, the most experienced fishers (i.e., >30
years’ experience) showing a bit lower individual variations in species
composition (Supplementary Figure S03A). The captured species
composition was most variable for amateur fishers (ie., <5 years’

experience), due to a higher species replacement (fsp) in
comparison with fishers with longer experience (Supplementary
Figure S03B). The nestedness component (Bygs) showed a similar
species loss among different levels of experience, suggesting lower
species richness in the catch of fishers with shorter experience
(Supplementary Figure S03C).

4 Discussion
4.1 Survey assessment
From the total number of contacted fishers, within

reasonable ranges compared with previous surveys in other
areas (Herfault et al., 2013; Rocklin et al., 2014; Hyder et al,,

TABLE 2 Summary statistics of the zero inflated negative binomial model fitted to species occurrence compositional data as response variable.

Response variable: Spp occurrence

Count model coefficients

Z1 model coefficients

Estimate
(Intercept) -0.170
Mode 0.114
Year 0.003
Experience -0.013
Fishing effort 0.003
Log (theta) 16.72

SE

0.03
0.01
0.0006
0.006
0.0004
1.717

P Estimate SE P
o 1.524 0.04 o
o 0251 0.01 o
o 0.0001 0.0007 ns
* -0.008 0.007 ns
o -0.004 0.0004 o

Estimates for count model (i.e., negative binomial with log link) and zero inflated (ZI) model (i.e., binomial with logit link) are presented. SE is the Standard Error. Significance of

explanatory variables are defined as: *** p<0.001; * p<0.05; ns: non-significant.
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2017b), response rates obtained were higher in phone surveys,
despite the emails contacting a larger sample of the fishing
population. Such better responses obtained by phone could be
interpreted in terms of bias risk due to non-responses, as avid
fishers are more likely to answer than fishers reporting zero
catches (Tarrant and Manfredo, 1993; Tarrant et al., 1993;
National Research Council, 2006). In our study, non-responses
in phone surveys were more due to erroneous phone numbers
rather than to people refusing to answer, which were less than
10%, in accordance with first surveys in the region in the last
decade (Zarauz et al., 2015). This way, and although the increase
of phone survey refusals observed with time might probably be
related with survey fatigue (National Research Council, 2006),
the response rates increased with time in all fishing modes, due
to a better depuration when preparing the phone numbers lists.
In contrast, it might be easier for less avid fishers not to respond
to email surveys, lead either by little interest to provide
information about their own catches, moreover filling forms
manually. As a conclusion, we can say that phone surveys were
less likely to be influenced by non-response bias than
email surveys.

Besides, only retained species were reported, and therefore
information about released species was almost null, suggesting
that in future questionnaires a dedicated section and/or a special
sampling effort should be incorporated to characterize the catch-
and-release activity.

Concerning the sampling frame, the proportion of fishers
providing contact information when getting the license
increased over time (Table SO01, Supplementary Material),
probably due to improvements in the webpage of the
corresponding administration that aimed to encourage fishers
to fill in such information and to quality check that provided
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information. Accordingly, and given that we do not expect any
significant bias related with fishers who did not provide their
contact information, the increase in number of contacts also
represented an increase in the quality of the sampling frame, as a
larger proportion of the fishing population would be covered.
However, there is potential bias due to the lack of information
about the fishing activity carried out by the non-licensed fraction
of the population. In fact, Gordoa et al. (2019) estimated that the
5% of fishers in Spain did not have a license, and that percentage
would be even higher when considering fishers younger than 16
years old, who are not required to have such licenses (Eusko
Jaurlaritza, 2000).

Still, it is not clear whether the amount and quality of the
provided information is more related with survey method (e.g.,
time spent with each survey) or avidity (and therefore interest)
of fishers’ community. In fact, considering fishing effort as an
approximation of avidity, estimates would be affected by year or
source (i.e., phone vs email). Most of the responses were
obtained from 30-50 year old fishers, which is in accordance
with that observed throughout different regions of Spain by
Dedeu et al. (2019). However, fulfilling email surveys might have
been harder for older fishing population, which might skew the
use of age distribution for different fishing modes based on
survey responses. In any case, differences between responses
from different fishing modes might be more related with fisher’s
age (e.g., spearfishing population is generally younger than boat
fishers’ population), experience, and interest, rather than with
the survey methodology (National Research Council, 2006;
Rocklin et al., 2014). According to that, both survey methods
seem to be useful, although questionnaires should be re-defined
to get more detailed information about (1) all captured species
and (2) fishing effort, which might consider some additional
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variables such as the number of hooks per fisher or the number
of fishers per boat, ignored in actual surveys.

Regarding catch estimates, data was more detailed in
directed questionnaires by phone (i.e., surveys oriented to get
estimates for seabass, tunids, squids), whereas the information
regarding other captured species was much more extended on
email surveys. This might be because fishers spent longer time
thinking and filling the forms this way and were therefore more
eager to include written information rather than providing
extended information by phone. However, estimates of ‘other
species’, written in open fields as ‘additional information’ and
often qualitatively, resulted in underestimation biases. This was
assessed here considering minimum catch estimates, which, in
any case, showed conservative information about captured
species not previously reported for MRF in the region.
Nonetheless, adding more species in questionnaires also
resulted in high amounts reported zero catches, which might
indicate either real zeros or absence of information (e.g., Solow
and Smith, 2010; Stoklosa et al., 2022). In fact, fishing mode and
effort significantly affected the zero inflation in species
composition, according to our results. Such zero-inflation bias
might therefore be potentially related also with the fishers’
profile, considering the degree of detail of the information
provided by fishers from different modes and with different
degree of experience, especially for those captures defined as
‘other species’.

The main sources of bias in our probabilistic approach based
on random selection of licenses to survey, might be associated
with (1) undercoverage of the sampling frame, (2) previously
mentioned non-responses (<10% for phone surveys), (3) the
potential recall bias, (4) the non-licensed fraction of fishers from
which no information could be obtained. Table 3 summarizes
the generalized sources of bias, their potential consequences and
suggested improvements that might be considered for future
surveys. In this sense, while non-responses and potential recall
bias could potentially be related to the fishers’ profile (e.g.,
avidity, age, experience, or interest when providing data),

10.3389/fmars.2022.975089

other sources would be more due to logistic and/or budget
limitations. In fact, in our study only retained species were
reported so that data regarding released captures was not
available for further analyses. On the other hand, the different
sampling effort when conducting different surveys throughout
our sampling period (e.g., no phone surveys could be made in
2017; in 2019 three sampling periods were defined contrasting
with two periods considered during previous years) might also
have affected final estimates. Besides, the lower response rates
obtained by email which, at the same time, were filled by more
avid fishers, might also suggest that further research is needed to
determine the uncertainty and errors derived from different
surveying methodologies, especially concerning catch estimates.

4.2 Basque MRF characterization

4.2.1 Fishers’ profiles and fishing effort

The age range of the population in shore fishing was the
highest, ranging from the youngest to the oldest fishers, since
angling is always the most accessible recreational fishing mode.
This was also well reflected in terms of fishing experience, which,
in accordance with Papadopoulos et al. (2022), was relatively
shorter for spearfishers. Those were generally younger than boat
fishers, which in contrast, were older and had a higher degree of
fishing experience (Vitale et al., 2021; Papadopoulos et al., 2022).
However, most of fishers showed experiences ranging from 1 to
10 years in all fishing modes, which seems reasonable
considering that most of the people that gets the fishing
license goes fishing sporadically of in certain seasons of the
year (e.g., during summer vacations). Given that age distribution
of fishers was stable for the three fishing modes through years,
we might not expect any relevant behavioral change in
recreational fishing population in a near future.

The avidity of fishers was well reflected in the fishing effort,
which varied depending on fishing mode. In accordance with
general trends shore fishers, more in numbers and with more

TABLE 3 Summary of the main sources of bias in MRF surveys, potential consequences and suggested improvements that might be considered

for future research.

Source of bias for effort
and catch estimates

Description

Potential Survey Suggested survey
consequences method improvements
affected

Undercoverage of sampling frame  Contact details from all fishers not available

or uncomplete
Non-responses Catch and effort from less avid fishers is lost

Recall bias Difficulty to remember past fishing catch

data

Non-licensed fraction Information from unlicensed fishers and <16

year old fishers is unavailable

Frontiers in Marine Science

Uncertainty on sample
representativeness

Overestimated effort and
catch estimates

Overestimated catch
estimates

Underestimated effort
and catch estimates

11

Phone & Email

Email > phone

Phone > Email

Phone & Email

Make contact information
mandatory for all licensed fishers

Communication campaign

Reduce recall period
On-site surveys

Apps

Surveys made for the whole
population.

On-site surveys
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variable profiles, summed much higher fishing effort than boat
fishers and spearfishers (Pita et al., 2018), the latter exerting <2%
of the total recreational fishing effort during the sampling period.
However, and similar to that observed, for instance, in northern
Europe (van der Hammen et al., 2016), most fishers were active
few days a year, whereas the most avid fishers were much less
in numbers.

4.2.2 Catch estimates and captured
species composition

This is the first study providing results of a 5-year sampling
program of MRF in the Basque Country, answering to the DCF
requirements in terms of annual catch estimates of seabass and
albacore in the region (EU, 2016). Additionally, and despite they
are not included as mandatory species in catch-reporting
regulations, the same time series is provided for squids, given
their importance especially for fishers in charge of small
recreational boats that are designed for such purpose.

However, our estimates are skewed due to different bias
identified, such as non-response, recall, quality of species’
information and the sampling coverage. For instance, given
that reported catches were extrapolated to the whole
recreational population (i.e., total number of licenses), and
despite both reported (real) zeros and non-response-derived
zero inflation (Carlos-Junior et al., 2020; Stoklosa et al., 2022),
it might be reasonable to think that, for instance, not all
recreational vessels exert fishing effort on tunids. This way
and considering that recreational tuna fishery seems to be
specialized, more dedicated surveys would be required to get
better estimates that might be then compared with landings
from commercial small-scale fishery, which could be the
fishing sector that might present relevant potential
interactions with MRF (Pascual-Fernandez et al., 2015). In
the same way, most of squid landings are known to be under-
reported by commercial fishery, which might also make it
difficult to determine this kind of interaction. Therefore,
catch estimates are treated for relative comparisons between
fishing modes, but could not be used to compare with landings
from the commercial fishery. In the same way, the bias caused
by dedicated questionnaires asking about albacore, squids and
seabass suggests that relative comparisons should only be
applied between these species.

Focusing on the three species targeted in our surveys, in
terms of total landings, tunids were the most important species
in MRF, all captured from boats and therefore by more
experienced (and relatively older) fishers. Except the results
from year 2015, which showed very low weights, the mean
catch estimates for tunids ranged from 200 to 360 t (Figure 5),
which, considering that are mostly due to albacore catches, are
in line with catches estimated for this species by Ruiz et al.
(2014) and Dedeu et al. (2019). Squids were the most abundant
in numbers for both shore and especially boat fishing, and the
second most important species for MRF in terms of landed
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weights. Estimated catches for the period of study ranged from
89 to 160 t, which is comparable with the weight calculated by
Ruiz et al. (2014) but lower than those estimated by Dedeu et al.
(2019) for the same region. Sea bass catches in the period of
study ranged between 71 and 147 t, in accordance with
previous results obtained in the area by Ruiz et al. (2014)
and Zarauz et al. (2015) but being smaller than estimates from
Dedeu et al. (2019).

On the other hand, additional capture information
evidenced that many other species were often targeted by
recreational fishers, as shown by minimum catch estimates.
Shore fishers varied targeted species between trips more than
boat and spearfishers but showed less species richness in each
trip. This might be related with less experienced fishers, who
might spend less time fishing by trip and have less success when
capturing large amounts of different species. This way, in
addition to the already assessed seabass, captures of sargo-
breams (Diplodus spp.), gilthead seabream (Sparus aurata),
common dentex (Dentex dentex) might also be relevant. In
fact, considering their economic importance (Lloret et al,
2018), some dedicated shore fishing activity might be
expected, which could derive in potential interactions with
commercial small-scale fishery, the only fishing sector that
brings such species into the local market (Lloret et al., 2018).
Also, Atlantic mackerel (Scomber scombrus) might get some
interest from shore fishers, especially in spring when this species
gets closer to the coast (Uriarte and Lucio, 2001) allowing
relatively important captures in short time. Despite the
potential competition with commercial fishery is still open to
discussion (i.e., due to the relatively low total landings in
comparison with commercial catches), this might attract both
avid and other fishers with a wide range of experience or age,
that would be interested in shore fishing only during the
corresponding season. The dedicated seasonal fishing activity
(e.g., for sargo-breams and mackerel) might also explain the
significant relationship found between captures and presence-
absence capture probability with the fishing effort (i.e., fishing
days). Captures of scorpionfish (Scorpaena spp.) might be
related with anglers that search rocky areas not so accessible
to everyone, which might suggest profiles with some degree
of experience.

Regarding boat fishers, the variation in species composition
was close to that observed for shore fishers, probably because the
most important captured species (i.e., aside from albacore,
seabass, and squids) were mackerel —which might also be
concentrated in certain periods in spring (Gonzalez-Alvarez
et al., 2016)- and scorpionfish —appreciated species captured
in rocky areas.

Spearfishers, much less in numbers in comparison with
other fishing modes (Sbragaglia et al,, 2021), showed the
highest differences, with lower species alternation between
trips, but different spearfishers targeting different specific fish
groups. In addition to seabass, minimum catch estimates for
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sargo-breams were close to the 25% of the total catch in weight,
which suggests that the real catch of this species by the whole
spearfishing community might be important (Pita and Freire,
2016). Other important species targeted by spearfishers would be
scorpionfish and conger, not so frequent but important in terms
of weight. In this sense, spearfishers might be the most selective
recreational fishers (Sbragaglia et al., 2021).

4.3 Conclusive remarks and future steps

This study shows evidence that not only tunids, squids and
seabass are important but also other assessed (e.g., mackerel
caught by shore and boat fishers) or unassessed species (e.g.,
sargo-breams, gilthead seabreams or common dentex caught by
shore fishers and spearfishers) are commonly caught and might
be relevant in terms of total landings. However, an improved re-
definition of the sampling frame by each fishing mode and
perhaps even by each fishery —based on target species (e.g., boat
fishing targeting tunids, MRF targeting mackerel in spring,
etc.)-, as well as dedicated sampling to collect information
about all captured species, are required to get useful estimates.
Results suggest that captures of certain species might be
important, but further research is needed to determine the
potential consequences of such an interaction with local
commercial small-scale fisheries, which also exert certain
fishing effort to those unassessed but still commercially
important species.

This goes in line with the recent inclusion of statistically
robust multispecies sampling schemes for MRF in the DCF
(EU, 2021) which had been recommended repeatedly (Hyder
et al., 2017a). This modification of the DCF is relevant, as
recreational fishers are not required to register their activity,
and the DCEF is presently the main tool to collect information
for this fishery. Historically, scientific assessments of marine
fish stocks in Europe have been focused on the impacts caused
by commercial fisheries and these have become the main
target for data collection. Consequently, the impact of MRF
has been underestimated and reduced to a limited list of
species (ICES, 2020). With the inclusion of multispecies
sampling schemes for MRF, it will be possible to obtain
data on the overall impact of this activity in marine
fish stocks.

In this sense, in addition to off-site surveys,
questionnaires filled on-site allow getting better estimates of
fishing effort (resolution in hours), captures (including fish
length distribution and qualified identification) and detailed
information about the fishing location and/or conditions
(weather, tides, interactions with other fishing activities,
etc.). Furthermore, the use and implementation of novel
technologies such as smartphones application (apps) for
data collection will also improve the collection of MRF data
and their knowledge (Skov et al., 2021) for retained and
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released species, both required to feed models to get reliable
recreational fishing effort estimates. Angler apps are
potentially valuable source of conventional and novel data
that are both frequent and extensive, and an opportunity to
engage anglers through data sharing and citizen science
(Venturelli et al., 2017). However, repeated surveys might
cause less interest from fishers (vs. feeling of being
controlled), so especially considering future on-site surveys
in small villages, a balance between off-site and onsite surveys
might be achieved.

Future MRF survey designs should therefore have to deal
with getting the balance right between survey cost, precision, and
accuracy, to get better catch estimates of both assessed and
unassessed species that might be comparable with catches from
commercial small-scale fishery in potential future scenarios with
increased MRF activities (Freire et al., 2020).
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