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Abstract

Fishery management relies on forecasts of fish abundance over time and space, on scales
of months and kilometres. While much research has focussed on the drivers of fish popula-
tions, there has been less investigation of the decisions made day-to-day by fishers and
their subsequent impact on fishing pressure. Studies that focus on the fisher decisions of
smaller vessels may be particularly important due to the prevalence of smaller vessels in
many fisheries and their potential vulnerability to bad weather and economic change. Here
we outline a methodology with which to identify the factors affecting fisher decisions and
success as well as quantifying their effects. We analyse first the decision of when to leave
port, and then the success of the fishing trip. Fisher behaviour is here analysed in terms of
the decisions taken by fishers in response to bio-physical and socio-economic changes and
to illustrate our method, we describe its application to the under 10-meter fleet targeting sea
bass in the UK. We document the effects of wave height and show with increasing wave
height fewer vessels left port to go fishing. The decision to leave port was only substantially
affected by time of high tide at one of the four ports investigated. We measured the success
of fishing trips by the landings of sea bass (kg) per metre of vessel length. Fishing success
was lower when wave height was greater and when fish price had increased relative to the
previous trip. Fuel price was unimportant, but a large proportion of the variation in success
was explained by variation between individual vessels, presumably due to variation in skip-
per ability or technical restrictions due to vessel characteristics. The results are discussed in
the context of management of sea bass and other small-scale inshore fisheries.

1. Introduction

The global state of fish stocks is a cause for concern, and there is a need for increasingly effec-
tive fisheries management [1]. An area of management that has received less research attention
is the human element of fisher behaviour [2]. As it is ultimately the fishers and not the fish that
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managers can directly influence, it is critical for successful management that fisher behaviour
is taken into consideration [3, 4].

Fisher behaviour is analysed here in terms of the decisions taken by fishers in response to
bio-physical and socio-economic changes, as recently reviewed by Andrews, Pittman and
Armitage [5]. Many of the studies [3, 4, 6-8] have sought to establish how management deci-
sions affect the dynamics and distribution of fisher decisions and the subsequent pressure on
the fishery. The drivers of fisher decisions are often complex and interlinked but can be
coarsely categorised into environmental, economic, and legislative. Economic factors include
fluctuations in fuel or fish price and their interaction through the market can have profound
impacts on fisheries [9], as can be seen for example in the changes of demand and supply dur-
ing the COVID-19 pandemic [10]. Profitability is often a balance of both environmental and
economic factors, but is also affected by legislation. Legislation can be broad and applied in a
variety of ways, including restrictions on quota or fishing gears in addition to spatial or tempo-
ral closures, all of which can have major influence on fisher decisions [11, 12]. Environmental
drivers, such as weather and climate change including increasing storminess, have already
been shown to affect fishing decisions and subsequent fishing pressure in some cases [13-15].
Fisheries are likely to be exposed to a combination of pressures and the relevance and magni-
tude of fisher decisions may vary between different fisheries. Understanding of these relation-
ships is increasingly recognised as an important component of fisheries management [2].

The fishing method used to target catch is one obvious aspect of a fishery that will affect
how different environmental, economic, and legislative pressures impact fisher decisions.
Globally, fishing methods are extremely diverse, but often involve the use of a dedicated fishing
vessel. These fishing vessels can range from small canoes up to factory trawler ships, and the
decisions of fishers operating on vessels of different sizes may be affected by different predic-
tors [16, 17]. Research into fisher behaviour is necessarily dependant on the data available. To
gain detailed insight into spatial fishing pressure, studies that focus on European vessels longer
than 12-meters can make use of data from Vessel Monitoring Systems (VMS) or Automatic
Identification System (AIS) for vessels over 300 gross tonnes engaged in international voyages.
However, for smaller vessels AIS is limited as it is voluntary [18] and VMS is not required in
European waters for these vessels. Smaller vessels are also potentially more vulnerable to envi-
ronmental change [13, 19] and importantly, despite their small size, small vessels make up a
large percentage of global fisheries with 82% of recorded motorized fishing vessel lengths
being less than 12 meters [20]. It is therefore important to consider, for both small and larger
fishing vessels, all available information in trying to understand fisher decisions and their
impact on fishing pressure.

In this study, we focus on smaller vessels and use as a case study the UK under 10-meter
fleet catching European sea bass (Dicentrachus labrax, Moronidae) in the North Sea, English
Channel, Celtic Sea, Bristol Channel, and Irish Sea (Northern Stock, ICES 4b&c, 7a,d-h). Sea
bass is a large, high value, slow growing and late maturing fish that until 2015 was not subject
to catch restrictions. In the past decade, the northern stock size fell rapidly, which was attrib-
uted to a combination of poor year classes and fishing mortality [21]. The decline led to the
implementation of emergency management measures in 2015 [21], and, since 2020, UK vessels
have been limited to targeting sea bass with hook and line, and bycatch limits for fixed gill
nets, seine nets, and trawls [22]. Sea bass continues to be an important species of the UK under
10-meter fleet as it is a high value species that can be harvested close to shore [23].

In an attempt to gain insight into the complex decisions made by fishers using smaller fish-
ing vessels, we analyse first the decision of when to leave port, and then the success of the fish-
ing trip. To demonstrate our approach, we assess the impact of environmental and socio-
economic drivers on under 10-meter fishery for sea bass. We collate data from a number of
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different sources which we use to predict when fishing trips occur and their success as mea-
sured by landings. Based on a linear regression approach, we assess the importance of different
factors driving decisions to leave port and fishing success. The results are discussed in the con-
text of management of sea bass and other small-scale inshore fisheries.

2. Methods

Our analysis has two components:

The decision to leave the port analysed here by a logistic model we term Leave port.

The success of the fishing trip analysed here by a linear regression model we term Fisher
success.

Models are created for each of these processes independently. This is done by identifying
possible predictors of fisher decisions and then attempting to obtain relevant data. The
approach for this will vary extensively between fisheries, but to give an idea of how it can be
done in practice, we illustrate our method below with a case study of the under 10m fleet of
UK northern stock sea bass fishery.

2.1 Identifying possible predictors

Both fuel price and weather have been identified as explanatory variables in other fisher behav-
iour studies [9, 14]. Time of high water is a further environmental driver that is likely to affect
the decision to leave port due to a priori understanding of logistical issues of low tides (e.g.,
navigating shallow water and ability to leave tidal moorings). To our knowledge daily tide
cycles have not been included in fisher behaviour analyses until now, though Sharples et al.
[24] studied Celtic sea fishing activity in response to spring and neap tides and Poisson et al.
[25] assessed monthly tidal influence for a Réunion Island longline fishery. Inclusion of further
possible fisheries behaviour predictors is necessarily constrained by the availability of data. In
the case of the UK northern stock sea bass fishery, the best data source available to record
when vessels leave port and their success are the Marine Management Organisation (MMO)
logbooks, whose contents are described below. MMO logbooks contain information beyond a
simple yes/no answer for leaving port, however we do not have any information on the reason-
ing when vessels have remained in port, so we cannot assess this in our case study leave port
analysis. It was possible however to supplement logbook data with data from other sources,
here in our case study we were able to obtain data on time of high water, wave height and fuel
price (details shown below).

For the fishing success analysis, we defined the dependent variable, termed fisher success,
as landings per metre of vessel length in order to standardise the outcome of fishing trips for
differences in vessel size. For this analysis, we were able to use all the data in the MMO log-
books (in addition to our extra data sources) as predictors of fisher success, namely wave
height, tide, change in fish price, fuel price, month, and year. One key recording from the MMO
logbooks is fish price, however rather than use fish price directly we used the change in fish
price since the previous fishing trip to account for potential changes in revenue and therewith
profit [26]. Wave height, to the nearest metre, was entered as a factor to capture any non-linear
effects. Individual vessel ID and port name were entered as fixed effects to reveal associated
unobserved effects of vessel and location. Yearly fixed effects capture the annual changes in
fisheries legislation which might restrict harvest success. Vessel fixed effects captures skipper
ability as well as capacity or technical restrictions due to vessel characteristics. We chose pre-
dictors from the logbook and other data sources on the assumption that they are likely predic-
tors of fishing success and are of relevance to legislation and future management decisions [22,
27-30].
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Fig 1. Map of study ports, and instruments from which data was taken. Black dots indicate the study port locations.
Red dots and Green dots show the approximate location of tide gauges and wave rider buoys respectively (The map
was produced in R version 3.6.1 [32] with the package mapplots [31]).

https://doi.org/10.1371/journal.pone.0266170.9001

2.2 Obtaining data

In the case of the UK northern stock sea bass fishery, the main data source of when vessels
leave port and their success are the MMO logbooks which incorporates sales notes for the
under 10-meter vessels in similar format. In addition to recording the days on which named
vessels left named ports, the logbooks record the weight of fish caught. These records were sup-
plemented by data on wave height, time of high tide and fuel price. We analysed individual
trip data for the years 2014-2018 for vessels of up to 10 meters in length for four study ports:
Burry Port; Plymouth; West Mersea; and Weymouth (Fig 1, Tables 1 and 2). The chosen ports
represent the fishery spatially, each being chosen on the basis that it had the highest annual

Table 1. Descriptive statistics of the chosen ports from MMO landings data 2014-2018 (< 10 or > 10 indicated under & over 10-meter fleet respectively).

Port name Total landings (t)

<10 >10
Burry Port 247 -
Plymouth 4207 47320
West Mersea 580 68
Weymouth 1891 6356

https://doi.org/10.1371/journal.pone.0266170.t001

Bass Landings (t) Bass % of total value of catch |Location in England & Wales
<10 >10 <10 >10

129 - 87 - West

137 44.6 15 0.63 South-West

74 0.4 44 1.66 East

254 0.6 44 0.03 South
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Table 2. Descriptive statistics of chosen vessels from MMO logbook scheme.

Port name no. vessels
Burry Port 42
Plymouth 46
West Mersea 14
Weymouth 40

no. trips

2416
3342
679

2378

Vessel Length (m) Vessel Power (hp) Landings (t) % caught by gear

r. m. r. m. GN HL TRP TRW
4.5-10 5.7 15-170 58 97 36 64 0 0
4.0-10 6.4 9-216 53 113 38 62 0.2 0.2
4.6-10 7.7 4-157 54 64 96 0.2 0.1 3.8
4.3-10 7.5 4-158 103 200 11 89 0.1 0.8

no. vessels = number of vessels per port, no. trips = total number of fishing trips for all vessels in each port, r. = range, m. = mean, GN = Gill net, HL = Hook and line,

TRP = Traps/Pots, TRW = Trawls.

https://doi.org/10.1371/journal.pone.0266170.t002

value landings of sea bass within its region (logbook data 2014-2018). Each study port had a
fleet consisting of vessels with lengths over and under 10-meter, but sea bass fishing was more
valuable to the under 10-meter vessels in all four ports (Table 1). We define vessels that are sea
bass-targeting/impacting as those that recorded more than 10 trips with more than 10% land-
ings by weight of sea bass. The resulting dataset contains 8,815 fishing trips between 2014
2018 (Table 2). The study ports differed in the number, size, and engine power of the vessels in
their fleets, and the total landings of sea bass varied between ports with Weymouth catching
the most sea bass (Table 2). Fishing gear also varied with more sea bass caught using hook and
line than other fishing methods in all our study ports except West Mersea, where gill nets were
favoured (Table 2).

We collated several environmental and socio-economic parameters for use in the analysis.
Out of possible weather variables, we use Wave height to represent sea conditions due to avail-
ability of data and its convenience as a combination of wind speed, and direction. Wave height
was taken from the UK strategic wave monitoring network WaveNet(Source: https://www.
cefas.co.uk/data-and-publications/wavenet/ [last access: 02/02/2021]). The closest Waverider
buoys to our focus ports (Fig 1) were used to calculate daily average wave height. The buoys are
not always stationed directly outside our study ports but gave an adequate representation of
the daily sea state for our purpose. To calculate time of high tide, we first obtained data on tidal
movements, from the British Oceanographic Data Centre’s (BODC) tide gauge archive
(Source: https://www.bodc.ac.uk/data/hosted_data_systems/sea_level/uk_tide_gauge_
network/ [last access: 02/02/2021]). The time of tide measurements were rounded to the near-
est hour, we then checked in the first 12 hours (00:01-11:59) of each 24-hour period for the
highest water and corresponding time, taking this as the first high tide of the day. We only
used the first high tide time in our analysis as first and second tide times are closely correlated.
Tide gauges are not all stationed directly outside our study ports (Fig 1) but should give an ade-
quate representative of tide state for our purpose.

To calculate price change, we extracted the mean daily price of sea bass for each port (£.kg"
") from the MMO logbooks. We then subtracted the price received by the vessel on its previous
trip. The resulting price change is either a positive or negative value indicating a price rise or
drop, respectively. Data from February and March 2016-2018 were excluded because there
was a ban on fishing for sea bass in these months [27-29]. To estimate fuel price, because daily
fuel price at each port was not recorded, we used monthly red diesel prices (Source: https://
www.gov.uk/government/statistical-data-sets/oil-and-petroleum-products-monthly-statistics
[last access: 02/02/2021]) on the assumption that fishing vessels used untaxed diesel or other
fuels (e.g., regular pump petrol) correlated to these prices.

All statistical analyses were carried out in R (version 3.6.1 [32]). Final estimations were
derived by backwards stepwise regression (StepAICc MASS—[32]) and a Likelihood ratio test
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Table 3. Analysis of deviance table for the Leave Port model. The dependent variable was whether or not a vessel left port to go fishing.

Predictor Df Deviance Resid. Df Resid. Dev Pr(>Chi)
NULL 13286 15329

Time of high tide (HT) 11 183 13275 15146 ek

Port name (PN) 3 1307 13272 13839 ok

Wave height (WH) 1 1826 13271 12014 ek
HTxPN 33 210 13238 11803 e
WHxPN 3 82 13235 11721 ek

¥ <0.0005.

VIF range 1.09-1.46.
Cragg-Uhler pseudo-R2 = 0.35 for 51 df.

https://doi.org/10.1371/journal.pone.0266170.t003

(Step Stats [33]). We checked for collinearity in model predictors using correlation matrixes
and analysing variance inflation factor (VIF) scores.

3. Results
3.1 Leave port model

To assess the effects of factors affecting the decision of a fishing vessel to leave port, we used a
binary logistic regression. The dependent variable was whether or not the vessel left port to go
fishing, and the predictors were: Wave height, entered as a continuous variable, and port and
time of high tide, entered as fixed factors. Fuel price was not included in the final model for rea-
sons given in the discussion below. To identify any regional differences between ports, we
included interaction terms port*wave height and port*time of high tide. It is not possible to use
other information from the MMO logbook as predictors of whether a vessel leaves port as we
only have data when vessels do leave, with unknowns when they do not.

All predictors entered into the leave port model significantly affected vessel decision to
leave port and go fishing (Table 3). In calm conditions (wave height less than a meter) most
vessels left port, except from West Mersea where the proportion leaving port was lower (Fig
2A). As wave height increased, fewer vessels left port to go fishing. Fewer than 25% left port
when wave height exceeded 2 meters, and very few when wave height was over 3 meters (Fig
2A). The effect of time of high tide is shown in Fig 2B. The decision to leave port was little
affected by time of high water except at Weymouth, where there was a distinct preference for

A B

Port_name

—- Burry Port
—&- Weymouth
+ ®- Plymouth

—&- WestMersea

Chance of leaving port
Chance of leaving port

1 2 3 4 5 0 1 2 3 4 5 6 7 8 9 10
Mean daily wave height (m) Time of first high tide (hours after midnight)

Fig 2. Predictors of whether a vessel will leave port from the binary logistic regression. A) mean significant wave
height, B) time of first high tide. Bars and bands indicate confidence intervals. For both figures, colours are used to
distinguish between ports where Red = Burry port, Blue = Plymouth, Green = West Mersea and Purple = Weymouth.

https://doi.org/10.1371/journal.pone.0266170.g002
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Table 4. Confusion matrix for the Leave Port model.

Predicted Value
Actual Value FALSE TRUE
0 1755 1748
1 926 8858

https://doi.org/10.1371/journal.pone.0266170.t1004

later tides, between 6 a.m. and 11 a.m. (Fig 2B). We show a confusion matrix (Table 4) from
which we can report model scores of; Sensitivity = 91%, Specificity = 50%, Precision = 84%
and Accuracy = 80%.

3.2 Fisher success model

Fisher success is defined in this study as the natural logarithm of the landings of sea bass (kg)
per metre of vessel length. We used a general linear model to assess the effects on fishing suc-
cess of environmental and socio-economic variables. Wave height, vessel identity and year
were entered as fixed factors and change in fish price was entered as a continuous variable. Fuel
price, time of high tide and month were not included in the final model for reasons given in the
discussion below. Port was also not included in this model as a result of a backwards stepwise
regression used for model selection. All predictors entered into the final regression model sig-
nificantly affected the success of the fishing trip (Table 5). Fishing success was lower when
wave height was greater (Fig 3A) and when fish price had increased relative to the previous
trip (Fig 3B). Finally, a large proportion of the total sum of squares was explained by factors
associated with individual vessel (Vessel ID, Table 5).

4. Discussion

In this study, we demonstrate a general fisher behaviour modelling approach which analyses
separately the decision to leave a fishing port and the impact of decisions on fishing trip suc-
cess. When applying our method, it is important to note that each fishery will be unique in the
data available and the predictors that significantly affect fisher decisions. We demonstrate our
approach with a case study investigating the decisions of fishers in under 10-meter sea bass
fishing vessels at four UK representative ports, aiming to identify how decisions are affected by
socio-economic and environmental factors.

In both analyses we discarded some predictors because their estimated effects are a priori
implausible, so including them could distort the analyses. Results including those variables are
shown in S1 and S2 Figs in S1 File. For both models we discarded fuel price, because increased
fuel price was found to correlate with more trips and with more successful trips, which seem a

Table 5. Analysis of variance table for the Fisher Success model. The dependent variable was landed weight of sea bass per meter of vessel.

Predictor Df
Wave height (As factor) 4
Change in fish price

Year 4
Vessel ID 138
Residuals 8667
¥ < 0.0005.

VIF range 1.01-2.69.

R*=0.28.

https://doi.org/10.1371/journal.pone.0266170.t005

Sum Sq Mean Sq F value Pr(>F)
11.09 2.7736 13.990 e
4.97 4.9685 25.061 e
16.83 4.2073 21.221 o
693.20 5.0232 25.336 e
1718.32 0.1983
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Fig 3. Effects of predictors on fishing success, from the regression analysis (Eqn. 2). A) Effect of mean daily wave
height; B) Change in fish price from last trip; C) year the fishing trip took place. Bars and bands indicate confidence
intervals.

https://doi.org/10.1371/journal.pone.0266170.g003

priori implausible. Results including fuel price are shown in S1 and S2 Figs in S1 File. For the
Fisher Success model, we discarded time of high tide and Month from our analysis as we lack a
sensible explanation of their effects. Tide time did not show consistent patterns hour-to-hour,
unlike the Leave port model (compare S1A Fig in S1 File and Fig 2B). Including the effect of
month on fishing success suggests that December is the most profitable month to fish (S2C Fig
in S1 File). This is unlikely to be a reliable result to include in the wider analysis as there are
fewer fishing trips that occur in December compared to during peak fishing, from April to
October [34]. Hence, it is likely that the high profitability of December fishing is an artifact of
incidental sea bass landings.

Our principal findings are that almost all vessels left port when wave height was below a
meter, but less than a quarter when wave height exceeded 2 meters, and those that did then
leave caught less. Our finding that in rougher weather fewer vessels leave the port to go fishing
(Fig 2A) is in line with other studies of fisher behaviour [13, 14]. Due to their small physical
size the small vessels that make up the under 10-meter fleet have potential to be particularly
vulnerable to rough weather. The port with the smallest mean vessel size is Bury Port (Table 2)
and this is the port seemingly most impacted by wave height (S1 Table in S1 File), though note
its distance from its Waverider buoy (Fig 1).
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Decisions to leave port were also affected by the time of high water. We describe the variation
between ports, and present quantitative estimates of all effects. To our knowledge, there is only
limited incorporation of environmental predictors other than weather variables in studies of
fisher behaviours. Daily tidal state has not been included in any fisher behaviour study that we
are aware of, though studies by Sharples et al. [24] and Poisson et al. [25] show results of fishers
reacting differently throughout the monthly tide cycles depending on their target species. In our
study, the vessels we have defined as targeting/impacting sea bass (see section 2.2 obtaining
data) appear to have fishing decisions to leave port affected by the time of high water. However,
the effects of daily tide cycle did differ between ports (Fig 2B). Depth of water may limit the abil-
ity to leave or return to a tidal mooring, so leaving on an early tide may allow a fisher to stay out
at sea and fish through two tide cycles rather than be limited to one. Early tides may also allow
fishers more sociable hours and/or to fish in daylight. The preference for certain tide times
could also be due to a perceived increased chance of catching sea bass and/or due to logistical
preferences. Fishers may be attracted to certain tide times as changes in current velocity could
carry the scent of bait further and also have a direct impact on feeding behaviour of fish [35].
Empirical studies of these effects are rare [35], but grey literature in fishing magazines suggests
sea bass have greater feeding activity during times of tidal movement, making them potentially
profitable times to go fishing. A final consideration is the different effect tide can have on differ-
ent fishing gears [24]. West Mersea was shown to have a different response to tidal effects than
the other ports (Fig 2B), contributing to this could be the prevalence there of using gill nets,
which is different to the majority of vessels in other ports that used hook and line (Table 2).

The success of fishing trips, as measured by landed weight of sea bass per metre of vessel
length, was generally greater in calmer seas (Fig 3A). Fewer vessels go fishing in rougher
weather (Fig 2A) and the success of the vessels that do fish is reduced (Fig 3A), reasons could
include: not being able to fish the best/preferred fishing marks [36], being unable to deploy as
much fishing gear (e.g., number of hooks), or because time spent at sea is reduced. Given the
major effect of wave height on decision to leave port and fisher success, any change in stormi-
ness due to climate change [13] could have implications for sea bass fishing pressure. Increased
future storminess would result in more days when fishing is not possible and could result in
significant changes to the spatial and temporal distribution of fishing pressure. In addition to
changes in fisher behaviour, climate change has the potential to effect the distributions and
reproductive biology of the sea bass that they target [37, 38]. This combination of climate
change effects on both sea bass and the fishers that target them could have compounding
impact on the dynamics and distribution of future sea bass fishing pressure.

The success of fishing trips was also greater when the change in fish price, compared with
the previous trip, was lower (Fig 3B). Amongst other factors affecting success of catch, bad
weather may help explain this because prices are inflated when fewer fish are brought to mar-
ket due to adverse fishing conditions such as bad weather [39]. Although the increase in storm-
iness may impact when and where sea bass are landed, the economic outcome may have a
limited net change. Fishing success varied between years, being greatest in 2014 (Fig 3C). Fish-
ing success varied substantially between vessels (Table 5), this is likely due to a variety of rea-
sons including the effects of seasonality on individual trips but also variation in skipper
experience and risk perception [8], sometimes termed the skipper effect [40]. Although beyond
the scope of this study, further insight into the skipper effect is often gained from semi-struc-
tured interviews and other survey techniques [14, 41, 42].

We cover the top port per region for sea bass landings in the UK 2014-2018, and our log-
book data covers at least 75% of the total trips per port (Tables 1 and 2). However, since our
analysis shows ports react differently to environmental and socio-economic predictors, it is
likely that other UK ports not included in this study may also differ. Furthermore, we know
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there is a 25 kg exemption from sales notes for landed sea bass, meaning that some landings of
sea bass are unreported [43] and some discard mortality that cannot be captured, resulting in
potential underestimation of fishing pressure and mortality. There is also potential scope to
add more predictors as new data becomes available, with increasing number of variables it
may be necessary to use more complex model selection methods (i.e., Lasso [44]). The addi-
tions of more data as they come available may also help explain the impact of fuel price and
other variables which were omitted from the current analysis (see earlier in the discussion).
Nevertheless, we believe the study presented here is a good starting point to indicate some of
the mechanisms of fishing pressure responses between ports.

These findings have implications for the management of sea bass. Management is through
technical measures that include catch limits (monthly, bimonthly, annual), closed seasons to
protect spawning aggregations, and minimum size [22]. Increases of extreme weather events
especially during the key fishing seasons may impact on the ability of under 10-meter inshore
vessels to land catch limits within the allowed time periods. As these are time bound and there
is no carryover, this will impact the potential revenue generated and therewith the profit. It
may also be the case that as the stock expands northwards, due to warming sea temperatures,
any seasonal closures may not protect spawning aggregations in all areas.

To use our method as an adaptive management tool, for our case study and other fisheries, it
would be useful to consider the spatial aspect of fisher behaviour. Spatial data is not necessary for
estimating total pressure on the stock, but it is important when investigating the spatial concentra-
tion of fishing effort and the pressure of fishing near protected areas [45]. A promising line of
future work would be to incorporate our fisher behaviour findings into an individual based model
(IBM). IBMs use a bottom-up approach and simulate a population of discreet individuals where a
combination of individual state and environmental variables change individual behaviour [46].
IBMs have been used in fisheries research to study fish populations [47-51], but have also been
used to study fisher behaviour [52-56]. We suggest that incorporation of the fishing behaviour
relationships we have found into a suitable IBM could be a useful management tool.

5. Conclusions

The primary findings from this study relate to the effect of wave height on the under 10-meter
inshore vessels that target or impact sea bass around the UK. We found that fewer vessels left
port during rough weather to go fishing and vessels that did were less successful. Fishers were
also more successful when fish price had decreased relative to the previous trip, due to supply/
demand. The decision to leave port was only substantially affected by time of high tide at one
of the four ports investigated. Fuel price was unimportant, but a large proportion of the varia-
tion in success was explained by variation between individual vessels, presumably due to varia-
tion in skipper ability or technical restrictions due to vessel characteristics. The findings from
this study have implications for the management of sea bass fishing pressure as any increases
of extreme weather events during the key fishing seasons may affect the ability of under
10-meter inshore vessels to land catch limits within the allowed time periods. As these are time
bound and there is no carryover, this will impact the potential revenue generated and profit.
We hope the methodology employed here will prove useful in future studies seeking to identify
and quantify the effects of factors affecting fisher decisions and success.

Supporting information

S1 File.
(DOCX)

PLOS ONE | https://doi.org/10.1371/journal.pone.0266170 March 31, 2022 10/13


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0266170.s001
https://doi.org/10.1371/journal.pone.0266170

PLOS ONE

Factors affecting fisher decisions: The case of the inshore fishery for European Sea bass

Author Contributions

Conceptualization: Joseph W. Watson, Angela Muench, Richard Sibly.

Data curation: Joseph W. Watson, Angela Muench, Kieran Hyder.

Formal analysis: Joseph W. Watson, Angela Muench, Kieran Hyder, Richard Sibly.
Methodology: Joseph W. Watson, Angela Muench, Kieran Hyder, Richard Sibly.
Supervision: Kieran Hyder, Richard Sibly.

Visualization: Joseph W. Watson.

Writing - original draft: Joseph W. Watson.

Writing - review & editing: Joseph W. Watson, Angela Muench, Kieran Hyder, Richard
Sibly.

References

1. Hilborn R, Amoroso RO, Anderson CM, Baum JK, Branch TA, Costello C, et al. Effective fisheries man-
agement instrumental in improving fish stock status. Proceedings of the National Academy of Sciences
of the United States of America. 2020; 117: 2218-2224. https://doi.org/10.1073/pnas.1909726116
PMID: 31932439

2. Wijermans N, Boonstra WJ, Orach K, Hentati-Sundberg J, Schliter M. Behavioural diversity in fishing—
Towards a next generation of fishery models. Fish and Fisheries. 2020. https://doi.org/10.1111/faf.
12466

3. Hilborn R. Managing fisheries is managing people: what has been learned? Fish and Fisheries. 2007; 8:
285-296. https://doi.org/10.1111/j.1467-2979.2007.00263_2.x

4. Branch TA, Hilborn R, Haynie AC, Fay G, Flynn L, Griffiths J, et al. Fleet dynamics and fishermen
behavior: lessons for fisheries managers. Canadian Journal of Fisheries and Aquatic Sciences. 2006;
63: 1647—1668. https://doi.org/10.1139/f06-072

5. Andrews EJ, Pittman J, Armitage DR. Fisher behaviour in coastal and marine fisheries. Fish and Fisher-
ies. 2020; faf.12529. https://doi.org/10.1111/faf.12529

6. Wilen JE, Smith MD, Lockwood D, Botsford LW. Avoiding surprises: Incorporating fisherman behavior
into management models. Bulletin of Marine Science. 2002. pp. 553-575.

7. Valcic B. Spatial policy and the behavior of fishermen. Marine Policy. 2009; 33: 215-222. https://doi.
org/10.1016/j.marpol.2008.06.001

8. Salas S, Gaertner D. The behavioural dynamics of fishers: Management implications. Fish and Fisher-
ies. 2004. pp. 153-167. https://doi.org/10.1111/j.1467-2979.2004.00146.x

9. Abernethy KE, Trebilcock P, Kebede B, Allison EH, Dulvy NK. Fuelling the decline in UK fishing commu-
nities? ICES Journal of Marine Science. 2010; 67: 1076—1085. https://doi.org/10.1093/icesjms/fsp289

10. Bennett NJ, Finkbeiner EM, Ban NC, Belhabib D, Jupiter SD, Kittinger JN, et al. The COVID-19 Pan-
demic, Small-Scale Fisheries and Coastal Fishing Communities. Coastal Management. 2020; 48: 336—
347. https://doi.org/10.1080/08920753.2020.1766937

11.  Abbott JK, Haynie AC. What are we protecting? Fisher behavior and the unintended consequences of
spatial closures as a fishery management tool. Ecological Applications. 2012; 22: 762—777. https://doi.
org/10.1890/11-1319.1 PMID: 22645809

12. Fulton EA, Smith ADM, Smith DC, van Putten IE. Human behaviour: the key source of uncertainty in
fisheries management. Fish and Fisheries. 2011; 12: 2—17. https://doi.org/10.1111/j.1467-2979.2010.
00371.x

13. Sainsbury NC, Genner MJ, Saville GR, Pinnegar JK, O’Neill CK, Simpson SD, et al. Changing stormi-
ness and global capture fisheries. Nature Climate Change. 2018; 8: 655—659. https://doi.org/10.1038/
541558-018-0206-x

14. Shepperson J, Murray LG, Mackinson S, Bell E, Kaiser MJ. Use of a choice-based survey approach to
characterise fishing behaviour in a scallop fishery. Environmental Modelling and Software. 2016; 86:
116-130. https://doi.org/10.1016/j.envsoft.2016.09.013

15. Henry AM, Johnson TR. Understanding Social Resilience in the Maine Lobster Industry. Marine and
Coastal Fisheries. 2015; 7: 33—43. https://doi.org/10.1080/19425120.2014.984086

PLOS ONE | https://doi.org/10.1371/journal.pone.0266170 March 31, 2022 11/13


https://doi.org/10.1073/pnas.1909726116
http://www.ncbi.nlm.nih.gov/pubmed/31932439
https://doi.org/10.1111/faf.12466
https://doi.org/10.1111/faf.12466
https://doi.org/10.1111/j.1467-2979.2007.00263%5F2.x
https://doi.org/10.1139/f06-072
https://doi.org/10.1111/faf.12529
https://doi.org/10.1016/j.marpol.2008.06.001
https://doi.org/10.1016/j.marpol.2008.06.001
https://doi.org/10.1111/j.1467-2979.2004.00146.x
https://doi.org/10.1093/icesjms/fsp289
https://doi.org/10.1080/08920753.2020.1766937
https://doi.org/10.1890/11-1319.1
https://doi.org/10.1890/11-1319.1
http://www.ncbi.nlm.nih.gov/pubmed/22645809
https://doi.org/10.1111/j.1467-2979.2010.00371.x
https://doi.org/10.1111/j.1467-2979.2010.00371.x
https://doi.org/10.1038/s41558-018-0206-x
https://doi.org/10.1038/s41558-018-0206-x
https://doi.org/10.1016/j.envsoft.2016.09.013
https://doi.org/10.1080/19425120.2014.984086
https://doi.org/10.1371/journal.pone.0266170

PLOS ONE

Factors affecting fisher decisions: The case of the inshore fishery for European Sea bass

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.
32.

33.
34.

35.

36.

37.

38.

Dorn M. Fishing behavior of factory trawlers: a hierarchical model of information processing and deci-
sion-making. ICES Journal of Marine Science. 2001; 58: 238—252. https://doi.org/10.1006/jmsc.2000.
1006

Thoya P, Daw TM. Effects of assets and weather on small-scale coastal fishers’ access to space,
catches and profits. Fisheries Research. 2019; 212: 146—153. https://doi.org/10.1016/j.fishres.2018.12.
018

Shepperson JL, Hintzen NT, Szostek CL, Bell E, Murray LG, Kaiser MJ. A comparison of VMS and AIS
data: the effect of data coverage and vessel position recording frequency on estimates of fishing foot-
prints. O’Neill F, editor. ICES Journal of Marine Science. 2018; 75: 988—998. https://doi.org/10.1093/
icesjms/fsx230

Young T, Fuller EC, Provost MM, Coleman KE, St. Martin K, McCay BJ, et al. Adaptation strategies of
coastal fishing communities as species shift poleward. Makino M, editor. ICES Journal of Marine Sci-
ence. 2019; 76: 93—1083. https://doi.org/10.1093/icesjms/fsy140

FAQ. The State of World Fisheries and Aquaculture 2020. The State of World Fisheries and Aquacul-
ture 2020. 2020. https://doi.org/10.4060/ca9229en

ICES. Working Group for the Celtic Seas Ecoregion (WGCSE). 2021. https://doi.org/10.17895/ices.
pub.5978

GOV.UK. Bass fishing guidance 2020—GOV.UK. 2020 [cited 18 Jun 2020]. Available: https://www.gov.
uk/government/publications/bass-industry-guidance-2020/bass-fishing-guidance-2020

Williams C, Carpenter G, Clark R, O’Leary BC. Who gets to fish for sea bass? Using social, economic,
and environmental criteria to determine access to the English sea bass fishery. Marine Policy. 2018; 95:
199-208. https://doi.org/10.1016/j.marpol.2018.02.011

Sharples J, Ellis JR, Nolan G, Scott BE. Fishing and the oceanography of a stratified shelf sea. Progress
in Oceanography. 2013; 117: 130—139. https://doi.org/10.1016/j.pocean.2013.06.014

Poisson F, Gaertner JC, Taquet M, Durbec JP, Bigelow K. Effects of lunar cycle and fishing operations
on longline-caught pelagic fish: Fishing performance, capture time, and survival of fish. Fishery Bulletin.
2010; 108: 268-281.

Van Putten |E, Kulmala S, Thébaud O, Dowling N, Hamon KG, Hutton T, et al. Theories and behavioural
drivers underlying fleet dynamics models. Fish and Fisheries. 2012; 13: 216-235. https://doi.org/10.
1111/1.1467-2979.2011.00430.x

GOV.UK. Bass fishing guidance 2017—GOV.UK. 2017 [cited 2 May 2019]. Available: https://www.gov.
uk/government/publications/bass-fishing-guidance/bass-fishing-guidance

GOV.UK. Bass fishing guidance. 2018 [cited 17 Apr 2018]. Available: https://www.gov.uk/government/
publications/bass-industry-guidance-2018/bass-fishing-guidance-2018

GOV.UK. GOV.UK: Commercial and Recreational Bass Fishing Restrictions. 2016 [cited 19 Mar 2020].
Available: https://www.gov.uk/government/news/new-commercial-and-recreational-fishing-restrictions-
for-bass-in-2016

GOV.UK. Bass fishing guidance 2019—GOV.UK. 2019 [cited 19 Jun 2020]. Available: https://www.gov.
uk/government/publications/bass-industry-guidance-2019/bass-fishing-guidance-2019

Hans Gerritsen. mapplots: Data Visualisation on Maps. R. 2018.

Venables WN, Ripley BD. Modern Applied Statistics with S (fourth.). New York: Springer. Retrieved
from http://www.stats.ox.ac.uk/pub/MASS4. 2002.

R Core Team. R: A language and environment for statistical computing. Accessed 1st April 2019. 2019.

Pickett GD, Pawson MG. Sea bass: biology, exploitation and conservation. Sea bass: biology, exploita-
tion and conservation. 1994; 124: 643-644. https://doi.org/10.1577/1548-8659-124.4.643

Stoner AW. Effects of environmental variables on fish feeding ecology: implications for the performance
of baited fishing gear and stock assessment. Journal of Fish Biology. 2004; 65: 1445—-1471. https://doi.
org/10.1111/1.0022-1112.2004.00593.x

Pet-Soede C, Van Densen WLT, Hiddink JG, Kuyl S, Machiels MAM. Can fishermen allocate their fish-
ing effort in space and time on the basis of their catch rates? An example from Spermonde Archipelago,
SW Sulawesi, Indonesia. Fisheries Management and Ecology. 2001; 8: 15-36. https://doi.org/10.1046/
j-1365-2400.2001.00215.x

Heath MR, Neat FC, Pinnegar JK, Reid DG, Sims DW, Wright PJ. Review of climate change impacts on
marine fish and shellfish around the UK and Ireland. Aquatic Conservation: Marine and Freshwater Eco-
systems. 2012; 22: 337—-367. https://doi.org/10.1002/agc.2244

Cheung WWL, Pinnegar J, Merino G, Jones MC, Barange M. Review of climate change impacts on
marine fisheries in the UK and Ireland. Aquatic Conservation: Marine and Freshwater Ecosystems.
2012; 22: 368—-388. https://doi.org/10.1002/agc.2248

PLOS ONE | https://doi.org/10.1371/journal.pone.0266170 March 31, 2022 12/13


https://doi.org/10.1006/jmsc.2000.1006
https://doi.org/10.1006/jmsc.2000.1006
https://doi.org/10.1016/j.fishres.2018.12.018
https://doi.org/10.1016/j.fishres.2018.12.018
https://doi.org/10.1093/icesjms/fsx230
https://doi.org/10.1093/icesjms/fsx230
https://doi.org/10.1093/icesjms/fsy140
https://doi.org/10.4060/ca9229en
https://doi.org/10.17895/ices.pub.5978
https://doi.org/10.17895/ices.pub.5978
https://www.gov.uk/government/publications/bass-industry-guidance-2020/bass-fishing-guidance-2020
https://www.gov.uk/government/publications/bass-industry-guidance-2020/bass-fishing-guidance-2020
https://doi.org/10.1016/j.marpol.2018.02.011
https://doi.org/10.1016/j.pocean.2013.06.014
https://doi.org/10.1111/j.1467-2979.2011.00430.x
https://doi.org/10.1111/j.1467-2979.2011.00430.x
https://www.gov.uk/government/publications/bass-fishing-guidance/bass-fishing-guidance
https://www.gov.uk/government/publications/bass-fishing-guidance/bass-fishing-guidance
https://www.gov.uk/government/publications/bass-industry-guidance-2018/bass-fishing-guidance-2018
https://www.gov.uk/government/publications/bass-industry-guidance-2018/bass-fishing-guidance-2018
https://www.gov.uk/government/news/new-commercial-and-recreational-fishing-restrictions-for-bass-in-2016
https://www.gov.uk/government/news/new-commercial-and-recreational-fishing-restrictions-for-bass-in-2016
https://www.gov.uk/government/publications/bass-industry-guidance-2019/bass-fishing-guidance-2019
https://www.gov.uk/government/publications/bass-industry-guidance-2019/bass-fishing-guidance-2019
http://www.stats.ox.ac.uk/pub/MASS4
https://doi.org/10.1577/1548-8659-124.4.643
https://doi.org/10.1111/j.0022-1112.2004.00593.x
https://doi.org/10.1111/j.0022-1112.2004.00593.x
https://doi.org/10.1046/j.1365-2400.2001.00215.x
https://doi.org/10.1046/j.1365-2400.2001.00215.x
https://doi.org/10.1002/aqc.2244
https://doi.org/10.1002/aqc.2248
https://doi.org/10.1371/journal.pone.0266170

PLOS ONE

Factors affecting fisher decisions: The case of the inshore fishery for European Sea bass

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Graddy K. The fulton fish market. Journal of Economic Perspectives. 2006. pp. 207-220. https://doi.
org/10.1257/jep.20.2.207

Thorlindsson T. The Skipper Effect in the Icelandic Herring Fishery. Human Organization. 1988; 47:
199-212. https://doi.org/10.17730/humo.47.3.1584t42x24702552

Zukowski S, Curtis A, Watts RJ. Using fisher local ecological knowledge to improve management: The
Murray crayfish in Australia. Fisheries Research. 2011; 110: 120-127. https://doi.org/10.1016/j.fishres.
2011.03.020

Hill NAO, Michael KP, Frazer A, Leslie S. The utility and risk of local ecological knowledge in developing
stakeholder driven fisheries management: The Foveaux Strait dredge oyster fishery, New Zealand.
Ocean & Coastal Management. 2010; 53: 659-668. https://doi.org/10.1016/J.OCECOAMAN.2010.04.
011

Pawson MG, Kupschus S, Pickett GD. The status of sea bass (Dicentrarchus labrax) stocks around
England and Wales, derived using a separable catch-at-age model, and implications for fisheries man-
agement. ICES Journal of Marine Science. 2007; 64: 346—356. https://doi.org/10.1093/icesjms/fsl030

Xu H, Caramanis C, Mannor S. Robust regression and lasso. IEEE Transactions on Information Theory.
2010; 56: 3561-3574. https://doi.org/10.1109/TIT.2010.2048503

McCluskey SM, Lewison RL. Quantifying fishing effort: a synthesis of current methods and their applica-
tions. Fish and Fisheries. 2008; 9: 188—200. https://doi.org/10.1111/j.1467-2979.2008.00283.x

DeAngelis DL, Grimm V. Individual-based models in ecology after four decades. F1000Prime Reports.
2014; 6. https://doi.org/10.12703/P6-39 PMID: 24991416

Boyd R, Roy S, Sibly R, Thorpe R, Hyder K. A general approach to incorporating spatial and temporal
variation in individual-based models of fish populations with application to Atlantic mackerel. Ecological
Modelling. 2018; 382: 9-17. https://doi.org/10.1016/j.ecolmodel.2018.04.015

Politikos D, Huret M, Petitgas P. ICES CM 2013/ N: 12 A behavioural fish movement approach within
an anchovy IBM model to study fish migration patterns in the Bay of Biscay. 2013; 2—3. https://doi.org/
10.1080/17513758.2013.826826 PMID: 23931664

Kihn W, Peck MA, Hinrichsen HH, Daewel U, Moll A, Pohimann T, et al. Defining habitats suitable for
larval fish in the German Bight (southern North Sea): An IBM approach using spatially- and temporally-
resolved, size-structured prey fields. Journal of Marine Systems. 2008; 74: 329-342. https://doi.org/10.
1016/j.jmarsys.2008.02.002

Walker ND, Boyd R, Watson J, Kotz M, Radford Z, Readdy L, et al. A spatially explicit individual-based
model to support management of commercial and recreational fisheries for European sea bass Dicen-
trarchus labrax. Ecological Modelling. 2020; 431: 109179. https://doi.org/10.1016/j.ecolmodel.2020.
109179

Boyd R, Sibly R, Hyder K, Walker N, Thorpe R, Roy S. Simulating the summer feeding distribution of
Northeast Atlantic mackerel with a mechanistic individual-based model. Progress in Oceanography.
2020; 183: 102299. https://doi.org/10.1016/j.pocean.2020.102299

Bastardie F, Nielsen JR, Andersen BS, Eigaard OR. Effects of fishing effort allocation scenarios on
energy efficiency and profitability: An individual-based model applied to Danish fisheries. Fisheries
Research. 2010; 106: 501-516. https://doi.org/10.1016/J.FISHRES.2010.09.025

Jules Dreyfus-Leon M. Individual-based modelling of fishermen search behaviour with neural networks
and reinforcement learning. Ecological Modelling. 1999; 120: 287-297. https://doi.org/10.1016/S0304-
3800(99)00109-X

Millischer L, Gascuel D. Information transfer, behavior of vessels and fishing efficiency: an individual-
based simulation approach. Aquatic Living Resources. 2006; 19: 1-13. https://doi.org/10.1051/
alr:2006001

Lindkvist E, Wijermans N, Daw TM, Gonzalez-Mon B, Giron-Nava A, Johnson AF, et al. Navigating
Complexities: Agent-Based Modeling to Support Research, Governance, and Management in Small-
Scale Fisheries. Frontiers in Marine Science. Frontiers Media S.A.; 2020. p. 733. https://doi.org/10.
3389/fmars.2019.00733

Bailey RM, Carrella E, Axtell R, Burgess MG, Cabral RB, Drexler M, et al. A computational approach to
managing coupled human—environmental systems: the POSEIDON model of ocean fisheries. Sustain-
ability Science. 2019; 14: 259-275. https://doi.org/10.1007/s11625-018-0579-9

PLOS ONE | https://doi.org/10.1371/journal.pone.0266170 March 31, 2022 13/13


https://doi.org/10.1257/jep.20.2.207
https://doi.org/10.1257/jep.20.2.207
https://doi.org/10.17730/humo.47.3.1584t42x24702552
https://doi.org/10.1016/j.fishres.2011.03.020
https://doi.org/10.1016/j.fishres.2011.03.020
https://doi.org/10.1016/J.OCECOAMAN.2010.04.011
https://doi.org/10.1016/J.OCECOAMAN.2010.04.011
https://doi.org/10.1093/icesjms/fsl030
https://doi.org/10.1109/TIT.2010.2048503
https://doi.org/10.1111/j.1467-2979.2008.00283.x
https://doi.org/10.12703/P6-39
http://www.ncbi.nlm.nih.gov/pubmed/24991416
https://doi.org/10.1016/j.ecolmodel.2018.04.015
https://doi.org/10.1080/17513758.2013.826826
https://doi.org/10.1080/17513758.2013.826826
http://www.ncbi.nlm.nih.gov/pubmed/23931664
https://doi.org/10.1016/j.jmarsys.2008.02.002
https://doi.org/10.1016/j.jmarsys.2008.02.002
https://doi.org/10.1016/j.ecolmodel.2020.109179
https://doi.org/10.1016/j.ecolmodel.2020.109179
https://doi.org/10.1016/j.pocean.2020.102299
https://doi.org/10.1016/J.FISHRES.2010.09.025
https://doi.org/10.1016/S0304-3800%2899%2900109-X
https://doi.org/10.1016/S0304-3800%2899%2900109-X
https://doi.org/10.1051/alr%3A2006001
https://doi.org/10.1051/alr%3A2006001
https://doi.org/10.3389/fmars.2019.00733
https://doi.org/10.3389/fmars.2019.00733
https://doi.org/10.1007/s11625-018-0579-9
https://doi.org/10.1371/journal.pone.0266170

