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Social media may provide information for monitoring recreational fisheries, but several
caveats prevent operationalization. Specifically, the fraction and profile of recreational
fishers sharing their catches is not known. Our aim was to advance the monitoring
capacities of recreational fishing using social media data. We collected data with
onsite (face-to-face) survey and online (emails) questionnaires to characterize marine
recreational fishers sharing catches on digital platforms (“sharers”) along with other
demographic or fishing information. In the online survey we found that 38% of
recreational fishers share their catches using digital platforms (including the private
messaging platform WhatsApp), but such proportion dropped to 12% when considering
only public or semi-public social media (Instagram was the most commonly used
platform, followed by Facebook, YouTube, and Twitter). A similar pattern was found
with the online questionnaire where sharers represented 37% of recreational fishers
(including WhatsApp), while such proportion dropped to 21% when considering only
public or semi-public social media. In general, sharers were more avid (24 and 35 yearly
fishing trips for onsite and online survey, respectively) compared to non-sharers (18 and
31 yearly fishing trips). Sharers also spent more money on each fishing trip (on average
26 and 31 euro for onsite and online survey, respectively) than non-sharers (on average
21 and 28 euro for onsite and online survey, respectively), but they had similar chances
of catching something. However, for fishers with catches, the harvest per unit effort of
sharers was higher than that of non-sharers (0.4 and 0.5 kg/h with respect to 0.3 and
0.4 kg/h, for onsite and online survey, respectively). Moreover, recreational fishers that
caught trophy, iconic, or emblematic species were more inclined to share their catches.
This study represents an important advancement for integrating social media data into
the monitoring of recreational fishing.

Keywords: social media, digital data, avidity, expenditure, recreational fishing, Spain, Mediterranean Sea

INTRODUCTION

Recreational fisheries represent an important component of global fisheries (Cooke and Cowx,
2004; Arlinghaus et al., 2019), as worldwide recreational fishers represent more than 5 times the
number of professional fishers (Bank, 2012; Arlinghaus et al., 2019). For example, European marine
recreational fishers are estimated to add up to 8.7 million (1.6% of the total population); they take
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an estimated 77.6 million fishing trips per year and spend
€5.9 billion annually (Hyder et al., 2018). Despite their
relevance, recreational fisheries have historically lacked robust
data collection systems. Most common monitoring approaches
for recreational fisheries are on-site surveys (e.g., face-to-face
interviews) or off-site methods such as mail, telephone, or e-mail
questionnaires (Pollock et al., 1994; Peramos and Andersens,
2016). However, these methods are generally expensive, time-
consuming, and often limited in space and time. The digital
transformation of societies offers novel alternative monitoring
methods such as smartphone applications, which are gaining
increasing attention as recreational fishing monitoring tools
(Venturelli et al., 2017; Skov et al., 2021).

In recent years, several studies have found uses for data
mining on digital platforms to inform about recreational fisheries
(Shiffman et al., 2017; Giovos et al., 2018; Monkman et al.,
2018; Giglio et al., 2020; Sbragaglia et al., 2020). For example,
data mined on YouTube allowed finding that recreational fishing
catches in Mediterranean EU countries target similar species, and
that potential differences are mainly related to the use of different
fishing techniques (Giovos et al., 2018). Similarly, Sbragaglia
et al. (2020), showed that data mined on YouTube can reveal
differences in harvesting patterns and social dimensions between
recreational spearfishers and anglers. Although data mining
on digital social platforms has been considered a promising
method for monitoring recreational fishing (Brownscombe et al.,
2019), there are several caveats and limitations that prevent the
operationalization of these methodologies (Jarić et al., 2020).
We designed this study to address some of these limitations
and to contribute to the integration and operationalization of
monitoring recreational fishing using social media data.

The main current limitation for monitoring recreational
fishing catches using data from social media is that the proportion
of recreational fishers sharing their catches on digital platforms
is unknown; consequently, extrapolations to whole recreational
fishers’ populations are unadvisable. Moreover, it is crucial to
understand whether recreational fishers who share their catches
on social media differ in their demographic parameters and
fishing characteristics from those who do not share their catches.
For example, recreational fishers sharing their catches on social
media are expected to be younger than those who do not share
them, because social media users are younger than non-social
media users (Anderson and Center, 2018). In terms of fishing
modalities, recreational spearfishers could share more frequently
on social media, since their catches usually generate more social
engagement (Sbragaglia et al., 2020). Moreover, recreational
fishers that share their activity on social media can also be
expected to be more avid (i.e., they spend much of their spare
time fishing; Griffiths et al., 2013; Rocklin et al., 2014). Similarly,
specialized anglers are more prone to appear in traditional media
such as magazines (Ditton et al., 1992), a trend that could be
replicated in some measure by social media users. It is also
conceivable that fishers who share on social media may spend
more money on their activity due to their higher avidity and
degree of specialization. Finally, recreational fishers who share
their catches on social media could be more specialized in fishing
trophy, iconic, or emblematic species because these posts could

receive higher engagement by followers (Sbragaglia et al., 2020).
Data mined from social media therefore cannot be used as a
robust monitoring tool until the subset of recreational fishers
sharing their catches are adequately profiled. The aim of this
work is to fill this knowledge gap by providing instrumental
information to advance monitoring capacities of recreational
fishing using social media.

To do so, we used data from an ongoing monitoring
program in Catalonia (north-western Mediterranean Sea, Spain).
In particular, we used data collected during onsite (face-to-
face interviews) and on-line questionnaires (sent by e-mail)
to estimate the proportion of recreational fishers sharing their
catches on different digital platforms in relation with other
information such as age, fishing modality, avidity, catch per unit
effort, economic expenditure, and species caught.

MATERIALS AND METHODS

Data used for this study were provided by the Catalan Institute
of Research for Ocean Governance (ICATMAR) that recently
began a comprehensive marine recreational fishing monitoring
program that includes data collection from on-site surveys
conducted along the Catalan coast (north-western Mediterranean
Sea, Spain), and from online questionnaires that were sent
to license holders. The two methods are used in parallel to
minimize data quality issues following previous knowledge on
methodological strengths and shortcomings (Pollock et al., 1994;
Andersens, 2010; Zarauz et al., 2015; Peramos and Andersens,
2016; Lewin et al., 2021). The combined methodology was first
tried in a pilot test conducted in 2019 (ICATMAR, 2021) and was
expanded in 2020 to become a long-term monitoring system.

Data collected from both the online and onsite surveys
were provided voluntarily by respondents and were stored in a
database subjected to the EU 2016/679 personal data protection
regulation. Data obtained from both surveys are anonymous;
online questionnaires specifically could not track back the license
user responding the survey.

Onsite Surveys
The data presented here represent 84 days of onsite sampling
from January to December 2020. The sampling effort was
spatially distributed according to the subdivision of the Catalan
coast into 11 zones (Figure 1). The sample plan distributed
effort equally across seasons and zones, but in several cases re-
programming was made due to COVID-19 restrictions, which
were in place from March 14th until June 1st (see Supplementary
Table 2 and Supplementary Text 1). Sampling days within the
seasons were semi-randomized (attributing a 70% chance to
weekends and holidays and a 30% chance to weekdays). The
sampled segments within the zones were chosen according to
fisher frequency in order to maximize responses according to
previous knowledge (ICATMAR, 2021). Three different types of
sampling approaches were conducted: access point surveys (at
ports) and roving creel surveys (on foot and on motorboat).
Port samplings were designed to obtain responses from boat
fishers and spearfishers who initiate the activity from a boat.
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FIGURE 1 | Area of study (Catalonia, NW Spain; left) and sample size obtained from each of the 11 surveyed zones (right).

The ports within each zone with highest marine recreational
fishing activity were selected according to previous knowledge
(ICATMAR, 2021). Sampling outings lasted 6 h and were
conducted around noon, which is the time most recreational
fishers come back to port. Land and motorboat samplings
interviewed shore fishers and spearfishers during their activity.
Land surveys were conducted in specific zones (Figure 1), by
scanning segments by car or other vehicles in search for shore
recreational fishing activity; fishers were identified, approached
by foot and interviewed on the spot. Samplings lasted 6 h and
were conducted at peak frequency times (noon and midnight;
ICATMAR, 2021). Motorboat samplings were conducted only
during daytime peak activity (from 09:00 to 15:00; ICATMAR,
2021). Spearfishers were approached and interviewed in situ.
Shore fishing was sampled by disembarking near the fishing
spot and interviewing fishers on land. Of the two seasonal
sampling days programmed per zone, one was conducted in
a port, and one was done either by foot or by motorboat
depending on the segment’s accessibility (see whole 2020 survey
sampling and COVID-19 re-programming in Supplementary
Text 1). Surveyors were expert marine recreational fishers with
knowledge about the sector and experience in identifying target
species. Questions included information on fishing modality,
social profile (age and gender), use of digital platforms to share
catches (Facebook, Instagram, WhatsApp, YouTube, and others),
number of fishing trips during the past 12 months (hereafter
referred to as “avidity”) and hours spent fishing, economic
expenditure (on bait and gear, boat fuel, meals, accommodation,
and port services), and catches (species identified, measured, and
weighted; Table 1).

Online Questionnaires
The data presented here are the results of a total 37,057 online
questionnaires sent from the 25th of August 2020 to the 5th of
April 2021. The survey was sent by personal e-mail to recreational

fishers that pursued a license, which is required to practice
recreational fishing in Catalonia. The questionnaire was sent
each month to at about 4000 unique e-mails that were randomly
sampled from the license registry.

The survey software used was the Qualtrics XM platform,
which includes logic features such as branching, question skips,
and carrying forward selected options. This allowed presenting
respondents only those questions and question options that
were relevant to them. The application was responsive to PCs,
smartphones, and tablets and to the major operating systems
(Microsoft, Android, iOS, and Ubuntu). Questionnaires were
unipersonal and could only be answered by the recipient IP
address; they could be paused and retaken within a 2-week
period, and were available in Catalan, Spanish, English, and
French. The questionnaire addressed the same topics as the
onsite survey, with some differences in question format or
presentation (Table 1): the use of digital platforms allowed
responding multiple options; a specific question asked if the last
fishing outing was well remembered, after which economic recall
expenditure estimates were requested (transportation, meals,
and accommodation were requested in aggregate form); catches
were also recalled from the past outing, including number
of individuals caught and total weight harvested per species
according to a precompiled list (Supplementary Table 1).

Data Analysis
The data collected were screened for quality control. Online
questionnaires are particularly vulnerable to response errors, and
their quality control consisted in the identification of unrealistic
outliers (e.g., expenses of thousands of euros in daily usage
fishing gear and transportation, or catches weighing only a few
grams) due to question misunderstandings, miss-clicks, or values
outside of maximum and minimum known weights for each
species. Questions of both the online and the onsite surveys
involving personal estimations received a special treatment in
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TABLE 1 | A schematic representation of the information collected during the onsite and online surveys.

Topic Onsite survey Online questionnaire

Fishing modality Modality practiced at the time of interview (shore fishing, boat
fishing, or spearfishing)

Modalities practiced (shore fishing, boat fishing, and spearfishing),
of which a main modality is requested. Following questions only
address the specified main modality

Social profile Age Age

Gender Gender

Use of digital platforms to
share catches

Main digital platforms used to share catches (unique choice
response. Options included Facebook, Instagram, WhatsApp,
YouTube, and “others”)

Digital platforms used to share catches (a multiple choice checkbox
list was provided. Options included Facebook, Instagram, Twitter,
WhatsApp, YouTube, fishing apps, and “others”)

Fishing activity Fishing trips during the past 12 months Fishing trips during the past 12 months

Hours spent fishing at the moment of the interview Estimated fishing hours during the last fishing trip*

Economic expenditure Outing expenses on fishing bait and gear, boat fuel, transportation,
meals, accommodation, and port services

Expenses recalled from the last outing on fishing bait and gear, boat
fuel, and “others” (which aggregates transportation, meals,
accommodation, and port services)

Catches Each individual caught and retained was identified, measured, and
weighted

Harvest per species during the last fishing outing. Forty-two species
options were provided (see Supplementary Table 1)

*Indicates questions that were only presented if respondents answered affirmatively to the scanning question “do you remember your last fishing outing well?”

order to mechanically eliminate highly unrealistic values: for
the recall question asking about the number of days fished
during the past 12 months, we removed the upper 5% values
(many of which chose the maximum possible value). For the
questions on economic expenditure, we removed both the
upper and lower 5% values (many respondents unrealistically
declared not spending any money at all, or reported spending
thousands of euros on a single trip). For the harvest per unit
effort (HPUE), we removed the upper 5% values of the online
questionnaires data, since online results were personal estimates
and therefore highly subjected to recall and perception biases;
the HPUE results of the onsite survey were deemed reliable,
since catches were directly weighted by the surveyors. Data
from the onsite and online surveys were presented separately
in order to highlight different patterns emerging from each
monitoring method. Recreational fishers were subdivided into
three modalities: shore anglers, boat anglers, and spearfishers
(note that anglers include shore and boat fishers but not
spearfishers). HPUE was calculated for each respondent by
dividing the total daily catch by the hours spent fishing. Data
related to fishers’ age and economic expenditure were analyzed
using linear models and, when needed, we transformed the
response variable by finding the exponent (lambda), which made
the values of the response variable as normally distributed as
possible with a power transformation. When needed, differences
in the proportions were analyzed using a two-tailed z-test. Avidity
was analyzed using generalized linear models with a negative
binomial distribution to account for over-dispersion of count
data (Bliss and Fisher, 1953; Gardner et al., 1995). Finally,
HPUE was analyzed as a semicontinuous variable by first using
a generalized linear model with a binomial distribution with
“probit” link to model binary transformed data (i.e., catch or not-
catch; Boulton and Williford, 2018). Then, HPUE different from
zero were modeled with liner models as described above. In all the
cases we used a 95% confidence interval. We ran all the analyses
in R (version 3.5.01).

1https://www.r-project.org/

RESULTS

During the onsite survey, we interviewed a total 1047 recreational
fishers (625 shore anglers; 273 boat anglers; 149 spearfishers,
Figure 2A; overall 3% were females). After applying data quality
control, we retained 4687 online questionnaires (13% response
rate; 3226 shore anglers; 1002 boat anglers; 459 spearfishers;
Figure 2B; overall 5% were females). Results of the onsite
survey revealed a significant (F2,1043 = 47.89; p < 0.001;
inlet Figure 2A) effect of fishing modality on the age of
recreational fishers. Recreational spearfishers were significantly
younger (p < 0.001; median = 37 years) than boat anglers
(median = 53 years) and shore anglers (median = 48 years; inlet
Figure 2A). Moreover, boat anglers were also significantly older
than shore anglers (p < 0.001; inlet Figure 2A). Similarly, results
of online questionnaires revealed a significant (F2,4385 = 71.93;
p < 0.001; inlet Figure 2B) effect of fishing modality on the
age of recreational fishers. Specifically, boat anglers were older
(median = 51 years) than both spearfishers (median = 45 years)
and shore anglers (median = 44 years; inlet Figure 2B).

We found a similar proportion of fishers sharing their catches
on digital platforms (hereinafter referred to as “sharers,” which
includes WhatsApp) for the onsite (38%) and online (37%)
surveys (inlets in Figures 3A,B). Moreover, we showed similar
patterns in the proportion of sharers within each modality (from
35 to 38%; Figures 3C,D), except for recreational spearfishers
in the onsite survey, for which the proportion was of 50%
(Figure 3C). The proportion of recreational fishers sharing their
catches dropped to 12% for the onsite survey and to 21%
for the online questionnaire when only considering public or
semi-public social media platforms (like Instagram, Facebook,
YouTube, and Twitter, Table 2). In terms of the different digital
platforms used, we found the following results (note that onsite
surveys collected the preferred digital platform, while the online
questionnaire allowed choosing multiple digital platforms; see
section “Materials and Methods” for more details). In the onsite
survey (Figure 3A), the preferred digital platform was the
messaging service WhatsApp (26% of total surveyed fishers; 67%
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FIGURE 2 | Total number of recreational fishers interviewed during the onsite survey (main plot in A) and that replied to the online survey (main plot in B) for each of
the three main fishing modalities. Age distributions are presented in the inlets of both panels (A,B). In the onsite survey (A), the median ages of spearfishers, shore
anglers, and boat anglers were 37, 48, and 53 years, respectively. In the online questionnaire (B), the median ages of spearfishers, shore anglers, and boat anglers
were 45, 44, and 51 years, respectively.

of sharers), followed by Instagram (8% of total; 22% of sharers),
Facebook (4% of total; 11% of sharers), and YouTube (<1%;
only two responses). None of the onsite respondents declared
using “other” platforms. In the online survey (Figure 3B), the
most used digital platform was WhatsApp (24% of total; 50% of
sharers), followed by Instagram (11% of total; 23% of sharers),
Facebook (9% of total; 19% of sharers), Fishing apps (2% of total;
4% of sharers), YouTube (<1% of total; 2% of sharers), and others
including Twitter (1% of total, 2% of sharers). Interestingly, we
found overall similar patterns in the use of digital platforms
among the different modalities (Figures 3E,F). The most notable
difference was found for recreational spearfishers in the online
questionnaire, in which they significantly used more YouTube
(6% of sharers) than shore anglers (1%; χ2 = 26.7; p < 0.001) and
boat anglers (2%; χ2 = 8.8; p < 0.01; Figure 3F).

Regarding recreational fishers’ age related to their sharing
activity, we found similar results both in the onsite and
online surveys. In the onsite survey, sharers were significantly
younger (F1,1044 = 108.7; p < 0.001; median = 41 years)
than non-sharers (median = 53 years; inlet Figure 4A).
Sharers were also significantly younger (F1,4386 = 97.8;
p < 0.001; median = 43 years) than non-sharers in the
online questionnaire (median = 47 years; Figure 4B), but the age
difference was reduced.

Regarding avidity, both surveys found that sharers took a
significantly higher amount of yearly fishing outings with respect
to non-sharers [onsite: Rate Ratio = 0.12 (0.02–0.21); χ2 = 6.30;
p < 0.05; inlet Figure 5A; online: Rate Ratio = 0.27 (0.22–0.32);
χ2 = 98.73; p < 0.001; inlet Figure 5B]. Results from the onsite
survey did not show significant effects relating digital platforms
and avidity (χ2 = 3.46; p = 0.326; Figure 5A), whereas in the
online questionnaire, we found a significant effect of the different
digital platforms (χ2 = 35.74; p < 0.001; Figure 5B). In particular,

sharers who use mainly Fishing Apps were significantly more
avid than those mainly sharing on WhatsApp [Rate Ratio = 0.34
(0.61–0.07); p < 0.01; Figure 5B]. WhatsApp also showed a
significantly lower pattern of avidity compared to Instagram
[Rate Ratio = 0.15 (0.29–0.02); p < 0.05; Figure 5B] and YouTube
[Rate Ratio = 0.55 (0.13–0.97); p < 0.01; Figure 5B].

Regarding economic expenditures, for both onsite and online
surveys, we found that sharers spent significantly more money
than non-sharers (onsite: F1,918 = 33.97; p < 0.001; inlet of
Figure 6A; online: F1,2791 = 24.78; p < 0.001; inlet of Figure 6B).
Still, expenses were consistent within different digital platform
users in both the onsite (F3,348 = 0.37; p = 0.773; Figure 6A) and
the online surveys (F6,1567 = 1.14; p = 0.336; Figure 6B).

Concerning the HPUE (kg harvested per fishing hour), we
found that sharers did not have different chances to catch
something than non-sharers (onsite: Z = 0.69; p = 0.492;
Figure 7A; online: Z = 1.75; p = 0.080; Figure 7B). When we
only considered HPUE different from zero, we found that sharers
had a higher HPUE than non-sharers (onsite: F1,516 = 15.62;
p < 0.001; Figure 7A; online: F1,473 = 4.02; p ≤ 0.05). However,
no significant differences in HPUE were found when considering
the different digital platforms used to share catches, neither for
the onsite (F2,199 = 0.34; p = 0.714; Figure 7A), nor for the online
surveys (F6,355 = 0.87; p = 0.517; Figure 7B).

Finally, regarding the most frequent species caught, we
found similar overall patterns in both survey methods. The
most frequently caught species were the gilthead seabream
(Sparus aurata; 14% for sharers and 10% for non-sharers in
the onsite survey; 18% for sharers and 19% for non-sharers
in the online questionnaire), followed by the white seabream
(Diplodus sargus) or Diplodus spp. (13.3% for sharers and
9% for non-sharers in the onsite survey; 13% of sharers and
14% of non-sharers in the online questionnaire; Figure 8).
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FIGURE 3 | Percentage of sharers using different digital platforms (A for onsite and B for online surveys). The inlets in (A,B) represent the total proportion of sharers
and non-sharers. Proportion of sharers for each fishing modality (C for onsite and D for online surveys). Use of different digital platforms for each fishing modality (E
for onsite and F for online surveys).

However, there were some differences that are worth mentioning:
In the onsite survey, the greater amberjack (Seriola dumerili)
and the common dentex (Dentex dentex) were caught more
frequently by sharers (Figure 8B), while these species did
not appear among the most frequently caught in the online
questionnaire (Figure 8D).

DISCUSSION

Our study indicates that a consistent 35–38% of recreational
fishers shared their catches on digital platforms (including the
private messaging WhatsApp). Such percentage drops (12% in
the onsite survey and 21% in the online questionnaire, Table 2)
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TABLE 2 | Percentage of recreational fishers sharing and not sharing their catches
on digital platforms for online and onsite survey respondents.

Digital platforms Onsite Online*

Private
Not sharing 62%

88
% 63%

87
%

WhatsApp 26% 24%

Public/semi-public

Instagram 8%

12%

11%

21%
Facebook 4% 9%

YouTube <1% <1%

Twitter – <1%

Unclassified
Others – <1%

2%
Fishing Apps – 2%

Digital platforms are classified as “private” or “public/semi-public,” except for
Fishing Apps, which remain “unclassified” due to the variety of social/non-social
functionalities they offer (while some are notoriously social, others offer mainly
functions for private use).
*Online total sum is higher than 100% since the questionnaire allowed more than
one digital platform to be chosen.

when only public or semi-public social media are considered
(e.g., Instagram, Facebook, YouTube, and Twitter). Patterns of
platform usage were considerably uniform between modalities
for both surveying methods; Instagram being the most common
social media used, followed by Facebook and YouTube, with
some key differences standing out for spearfishers (see below).
Our results suggest that the profile of recreational fishers sharing
their catches on digital platforms is characterized by higher
avidity and economic expenditures than non-sharers, but they
had similar chances of catching something than non-sharers.
However, when they did catch something, HPUE of sharers was
higher than that of non-sharers. Moreover, recreational fishers
who tend to catch trophy, iconic, or emblematic species were
more inclined to sharing catches on digital platforms. Our results
also highlighted important differences between onsite and online
surveys; these are expected due to their intrinsic biases (Lewin
et al., 2021), each of which are discussed in detail for all the
variables analyzed. Specific biases that may be important for the
interpretation of the results of the different surveys are identified,
as well as those related to the validity and use of data mined from
digital platforms.

The private messaging service WhatsApp was the most used
digital platform, both according to the onsite and the online
surveys. This highlights that recreational fishers are willing to
use smartphones to share their catches, but they mostly prioritize
private digital environments. Social media had a much lower use
in both survey methods. The most striking difference we observed
was that sharers were younger in the onsite survey, while such
age difference almost disappeared in the online questionnaire.
This suggests that older recreational fishers were less likely
to respond to the online questionnaire. Moreover, we found
that spearfishers surveyed onsite used digital platforms more
frequently than anglers, something not observed in the online
questionnaire. The reason behind this could be related to the fact
that they were younger, on average, which is in accordance with
the fact that social media users are younger than non-social media
users (Anderson and Center, 2018). Moreover, we observed

age differences in the use of specific social media platforms in
both survey methods; for example, sharers using Instagram were
younger (median = 35 and 36 for onsite and online surveys,
respectively) than those using Facebook (median = 43 for both
surveys). However, some interesting differences emerged from
the online questionnaire; specifically, the social media YouTube
seemed more popular among spearfishers than anglers. The main
reason for this could be related to the fact that videos could be
more effective in triggering enhanced appreciation for fishing
skills and athletic performance for spearfishing than for shore
and boat angling (Sbragaglia et al., 2020). Therefore, a potential
interesting topic for future research is related to characterize
whether recreational anglers and spearfishers differ in sharing
photos and video content of social media.

Recreational fishers sharing catches on digital platforms were
more involved in the activity in terms of avidity (i.e., time spent
fishing in the last 12 months) in both survey methods. This
confirms and quantifies the non-random representation of data
mined from digital platforms that have been already suggested
for recreational fishing apps, which are likely to suffer from
representation issues causing avidity bias (Jiorle et al., 2016;
Venturelli et al., 2017; Skov et al., 2021). The most interesting
result is that, according to the online questionnaire, fishers
sharing catches on public social media such as YouTube and
Instagram showed higher avidity patterns than those sharing
catches on the private messaging service WhatsApp (the same
is also true for Fishing Apps). These findings suggest a certain
showcasing effect, which would either be increasing avid fishers’
willingness to share their catches, or causing fishers who wish
to display their catches to become more involved. Differences
in terms of avidity among fishers using the different digital
platforms have not been detected in the onsite survey. This was
probably due to our onsite avidity question type, which could
not be optimal to reveal such potential differences: onsite survey
interviewees were asked to indicate the main digital platform
used with a unique choice, while recreational fishers were able
to indicate multiple choices in the online questionnaire.

Sharers were also likely to spend more money than non-
sharers. Even though this result is consistent for both survey
methods, we did not detect significant differences between the
different digital platforms. The main reason could be related
to the fact that we only considered expenses associated to the
latest fishing trip, which included consumable bait and gear, boat
fuel, transportation, meals, accommodation, and port services;
however, other long-term expenses, such as fishing equipment
and accessories, boat maintenance, or fishing-related holidays
could show different patterns. The results of both survey methods
indicated no significant differences in the chances of catching
something between sharers and non-sharers. However, when
sharers did catch something, their HPUE was higher than that of
non-sharers, which could be related to catch showcasing effects
and targeted species, as highlighted in the following section.

The results of the onsite survey highlighted that recreational
fishers sharing their activity on digital platforms caught more
frequently trophy, iconic, or emblematic species such as the
greater amberjack (S. dumerili) and the common dentex
(D. dentex). Such information may be extremely relevant to refine
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FIGURE 4 | Age distribution of sharers and non-sharers (inlets) for different digital platforms (A for onsite and B for online surveys). In the onsite survey (A), the
median age of non-sharers was 53 years; for sharers median age was 41 years (Instagram: N = 86, 35 years; YouTube: N = 2, 39 years; Facebook: N = 43,
42 years; and WhatsApp: N = 267, 42 years). In the online questionnaire (B), the median age of non-sharers was 47; for sharers, the median age was 43 (Instagram:
N = 509, 36 years; YouTube: N = 40, 42 years; Fishing Apps: N = 97, 43 years; Facebook: N = 421, 43 years; Twitter: N = 21, 47 years; and other platforms:
N = 29, 45 years).

FIGURE 5 | Boxplots of the days spent fishing by recreational fishers during the past 12 months (A for onsite and B for online surveys; inlets), and by each digital
platform used (main plots). In the onsite survey (A), non-sharers spent, on average, 30 days fishing during the past 12 months, while sharers spent 35 days on
average (WhatsApp: N = 255, 30 days; Instagram: N = 75, 35 days; Facebook: N = 40, 38 days; and YouTube: N = 2, 40 days). In the online questionnaire (B),
non-sharers spent an average 13 days fishing during the last 12 months, while sharers averaged 20 days of activity (Twitter: N = 21, 16 days; other platforms: N = 29,
21 days; Facebook: N = 421, 21 days; Instagram: N = 509, 23 days; Fishing Apps: N = 97, 31 days; and YouTube: N = 40, 41 days). Boxplots represent the median
(bold centreline), the 25th (top of the box) and 75th percentile (bottom of the box). Significant differences are reported as follow: ∗∗∗p < 0.001; ∗∗p < 0.01; ∗p < 0.05.

the interpretation of some recent studies that used social media
data for characterizing recreational fisheries in the Mediterranean
Sea. For example, in a recent study, Giovos et al. (2018), provided
the percentage of occurrence of S. dumerili and D. dentex using
YouTube videos, while (Sbragaglia et al., 2020) characterized
Italian recreational fishing of D. dentex on YouTube. Our study
suggests that the abovementioned studies should be interpreted
with caution, as some species may be overrepresented in the
catches of social media users. By contrast, the results of the online
questionnaires did not show major differences in terms of catch

composition. However, this result is highly liable to recall and
perception biases (see below), which could be large enough to
muffle potential existing differences. Some species such as the
gilthead seabream (S. aurata) and seabreams (Diplodus spp.)
were among the most frequently caught species in both surveys,
independently of whether recreational fishers were sharing their
catches or not. These species have been confirmed to be among
the most frequently caught species by recreational fishers in
the area of study (Dedeu et al., 2019; ICATMAR, 2021). It is
worth mentioning that the differences in species composition
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FIGURE 6 | Boxplots comparing total expenditure during the past fishing trip for sharers and non-sharers (inlets), and according to the different platform used to
share, from the onsite (A) and the online (B) surveys. In the onsite survey (A), daily expenditure of non-sharers averaged 21 euro, while it was 26 euro for sharers
(YouTube: N = 1, 20 euro; WhatsApp: N = 241, 26 euro; Instagram: N = 74, 26 euro; and Facebook: N = 36, 28 euro). In the online questionnaire (B), the
expenditure of non-sharers was, on average, 28 euro, while it was 31 euro for sharers (Instagram: N = 354 and Twitter: N = 14, mean = 32 euro; WhatsApp: N = 797
and other platforms: N = 19, mean = 33 euro; Fishing Apps: N = 70, mean = 35 euro; and Facebook: N = 290, mean = 36 euro and YouTube: N = 30, mean = 40
euro). Boxplots represent the median (bold centreline), the 25th (top of the box) and 75th percentile (bottom of the box). Significant differences are reported as follow:
∗∗∗p < 0.001.

FIGURE 7 | Barplots describing the percentage of fishers that harvested something (“something”) or did not harvest (“nothing”) according to the sharing activity [left
inlet for both onsite (A) and online (B) surveys]. Boxplots represent kg of fish harvested per hour (HPUE) for sharers and non-sharers (inlet to the right), and
according to the type of digital platform used to share (main plot). In the onsite survey (A), the percentage of fishers that harvested something was 49% for sharers
and 51% non-sharers, while for those that did not harvest was 51% for sharers and 49% for non-sharers. Recreational fishers that caught something showed that
average HPUE for sharers was 0.5 kg/h, while for non-sharers was 0.4 kg/h. In the online questionnaire (B), the percentage of fishers that harvested something was
49% for sharers and 44% non-sharers, while for those that did not harvest was 51% for sharers and 56% for non-sharers. Recreational fishers that caught
something showed that average HPUE for sharers was 0.4 kg/h, while for non-sharers was 0.3 kg/h. Boxplots represent the median (bold centreline), the 25th (top
of the box) and 75th percentile (bottom of the box).

among the onsite and online survey could be related to implicit
methodological biases as recently highlighted in other studies
(Lewin et al., 2021). Therefore, our results suggest that data mined
on social media could prove useful to monitor recreational fishing
catches of the most frequent targeted species such as the gilthead
seabream (S. aurata).

There are some aspects that must be remarked regarding
the interpretation of our results. Firstly, the two sampling

methods used are affected by different sources of bias. The
online questionnaires were affected by well-known biases of
recall and perception (Lyle et al., 2002; Dillman, 2011; Jones
and Pollock, 2013; Lewin et al., 2021), as well as coverage-bias
(only recreational fishers in possession of a license could receive
the online questionnaire), and self-recruitment, as surveys
were voluntary (Andersens, 2009). These biases have likely
interfered with fishing avidity, HPUE estimations, economic
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FIGURE 8 | Frequency distribution of the most caught species by recreational fishers during their last fishing trip, according to their sharing habits on digital
platforms (A,C for non-sharers, B,D for sharers), and according to the different digital platforms used to share (inlets of panels C,D), for the onsite (A,B), and the
online surveys (C,D).

expenditure and catches. Specifically, self-recruitment could also
have caused a bias toward younger respondents with higher
rate of engagement in online digital platforms, as respondents
would have already overcome a digital barrier when acceding
to answer the survey (Wallen et al., 2016). Moreover, we found
that the response rate in the online questionnaire was 13%. This
is similar to previous studies (10%; Zarauz et al., 2015), but
it should be noted that at about 30% of license holders that
received the questionnaire only practiced freshwater recreational
fishing (ICATMAR, 2021), which means that the response rate
of marine recreational fishers is likely underestimated. Onsite
surveys would not be subjected to coverage or self-selection
biases, and could more effectively represent the digital platform
use of the local recreational fisher population. Nevertheless, it
is important to highlight that onsite surveys intrinsically over-
represent highly avid fishers, due to probability of encounter
(the more you go fishing the more likely it is that you will
be interviewed; e.g., Board and Council, 2006; Hindsley et al.,
2011), which could potentially cause an over-estimation of digital
platform users. Additionally, social media users could potentially
over-represent catches from urbanized regions, an issue that has
already been found for fishing apps, which are biased toward
high-density coastal areas (Jiorle et al., 2016). Moreover, these
biases could in turn over-represent users from particular spatial
or temporal dimensions, which could involve further biasing
effects on measures of HPUE (Cabanellas-Reboredo et al., 2017).
Most importantly this study did not characterize how often and
consistently recreational fishers share their catches on social
media, and whether fishers preferentially share a specific species
of trophy size fishes. These are important aspects to clarify

in future studies. Besides, the onset of mobility and activity
restrictions that were set in place in the area of study due to
COVID-19 significantly affected the onsite model representing
the spatial and temporal recreational fishing activity (Pita et al.,
2021). Most importantly, adaptations due to changing normative
conditions impeded sampling ports during spring; they also
caused all spring surveys conducted by boat and on foot to be
condensed within the month of June (see Supplementary Text
1 for further details). Moreover, since the end of the major
restrictions (June 2020), there were still numerous national,
regional, and local rules affecting citizen mobility between
different areas and at different times, which will have very
likely affected recreational fishing activity during this period,
particularly in terms of effort. Additionally, the changing social
and economic scenario could also have altered fisher’s expenses,
as well as the general activity in other unpredictable ways.

In conclusion, we provided the first characterization of the
profile of marine recreational fishers sharing their catches on
digital platforms, including public social media and fishing
apps. Such information is crucial for the proper integration of
social media data in the monitoring of recreational fishing. The
recent expansion of research approaches using digital data is
providing quantitative tools that can inform recreational fishing
management both from an ecological and social perspective (Jarić
et al., 2020; Sbragaglia et al., 2021). Our study filled some of
the major gaps of knowledge associated to the representativeness
of social media data for monitoring recreational fishing and
moves this promising monitoring approach a step forward in
developing new applications such as large scale, real-time, and
low-cost monitoring.
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