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Abstract 

The need for alternative strategies to assist in the monitoring and sustainable management of fisheries’ resources is becoming increas- 
ingly important. In recent years, greater utilization of fishers’ knowledge has been advocated as a potentially valuable source of data 
that could be applied to fisheries management issues. In the current study, we addressed this by in vestig ating the landing per unit 
ef for t (LPUE) of European lobster ( Homarus gammarus ) from within an offshore wind farm using a fisheries-dependent commercial 
fishing logbook. The logbook was provided by a single fisherman who targeted lobsters within the wind farm between 2015 and 2022 
using single pots deployed in association with individual wind turbines. Generalized linear mixed modeling was used to in vestig ate 
changes in LPUE over temporal scales and as the result of the presence of scour protection at turbine locations. LPUE was found to 

be significantly higher at turbine locations where scour protection was present compared to those turbines where it was not. Predic- 
tions from modeling suggested LPUE was nearly 1.5 × greater at turbines where scour protection was present. Significant differences 
in mean monthly and yearly LPUE were detected with this variation likely to reflect seasonal changes in lobster activity and the effect 
of introducing fishing into a previously unfished area. This work highlights the potential for fishing logbooks to be applied in fisheries 
management. Our results also demonstrate potential fishing opportunities arising from the development of offshore wind farms and 

the potential for these opportunities to be enhanced. 
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Introduction 

Traditionally, fisheries management across Europe has been 

heavily dependent on top-down control, whereby fishers’ are 
not directly involved or consulted during the process of data 
collection or the subsequent legislation of management mea- 
sures. This is particularly true for small-scale fisheries and 

has led to the exclusion of small-scale fishers’ from policy 
and management decisions that directly impact their liveli- 
hoods (Pearson et al. 2020 ). Alternatively, fishers’ and fish- 
eries scientists can collaborate to enhance our understand- 
ing of how fisheries resources are being utilized (Johannes et 
al. 2000 , 2007 , Eddy et al. 2010 , Stange 2016 , Stephenson 

et al. 2016 , Rees et al. 2021 , Davies et al. 2022 ). For exam- 
ple, Wahle et al. (2013) worked alongside fishers’ from Nar- 
ragansett Bay on Rhode Island (USA) to investigate changes 
in the abundance and distribution of juvenile lobsters fol- 
lowing extreme summer conditions. On the east coast of the 
United Kingdom, the Holderness Fishery Industry Group em- 
ployed researchers who collaborated with offshore wind farm 

(OWF) operators to better understand the impact of OWF de- 
velopment on nearby lobster populations (Roach et al. 2018 ,
2022 ). Some of the benefits of this approach include reduced 

costs, increased sampling frequency, and the opportunity to 

strengthen communication and trust among fishers’ and scien- 
tific groups (Conway et al. 2006 , Hart et al. 2008 , Feeney et al.
2010 ). 
© The Author(s) 2024. Published by Oxford University Press on behalf of Interna
article distributed under the terms of the Creative Commons Attribution License 
reuse, distribution, and reproduction in any medium, provided the original work 
One form of collaboration between fishers’ and fisheries sci- 
ntists involves the analysis of information gathered as part of
shing logbooks. Fishing logbooks generally include where,
hen, and how many of the targeted species are caught per
nit of effort (e.g. per tow or per string of pots). Fishing log-
ooks are recorded for multiple reasons with varying levels
f detail included. In some cases, fishing logbooks are de-
igned by fisheries scientists to gain information on a specific
ssue and are voluntarily used by fishers’ who are often finan-
ially compensated (e.g. Lunneryd et al. 2005 , O’Donnell et al.
012 , Sari et al. 2021 ). In the United Kingdom, it is manda-
ory for all vessels to maintain comprehensive records of their
andings and utilization of ICES rectangles. These logbooks 
re used as a tool in the enforcement of fishing regulations and
o ensure compliance with resource management controls, but 
ata collected as part of these schemes can also be analyzed
or fisheries management purposes (e.g. Bastardie et al. 2010 ,

urray et al. 2013 ). Lastly, personal fishing logbooks may
e recorded by fishers’ of their own accord to inform future
shing efforts and, in some cases, are voluntarily shared with
sheries scientists (Reis-Filho et al. 2021 ). While personal log-
ooks are frequently used in the management of recreational 
sheries (e.g. Nunes et al. 2012 , Jansen et al. 2013 , Grilli et
l. 2021 ), there are few examples of this approach being used
n the management of commercial fisheries. This is likely to
e the result of the disconnect between commercial fishers’ 
tional Council for the Exploration of the Sea. This is an Open Access 
( https:// creativecommons.org/ licenses/ by/ 4.0/ ), which permits unrestricted 
is properly cited. 
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nd fisheries scientists and is exacerbated by the fact com-
ercial fishers’ logbooks are highly sensitive and, if used in-

ppropriately have the potential to threaten their livelihoods
Reed et al. 2020 ). However, those studies that have used this
ype of logbook have produced valuable results. For example,
eis-Filho et al. (2021) were able to identify important areas

or permit ( Trachinotus falcatus ) spawning aggregations along
he Brazilian coast with data collected from personal logbooks
eing used to inform the basis of a permit management plan.
nother example involves the analysis of haul-by-haul catch
ata from a 10-year personal fishing dairy to investigate the
istribution and relative abundance of common megrim ( Lep-

dorhombus whiffiagonis ) in the North Sea. These data were
ompared to data from fishery-independent sources. From the
shing diary, an increase in the relative abundance and disper-
al of megrim closer to the shore was identified, aligning with
he findings from the fishery-independent data (Macdonald et
l. 2014 ). While both of these studies conclude that there are
 range of challenges associated with using personal fishing
ogbooks, such as the potential for a lack of consistency, time-
onsuming nature of extracting catch data, and they often lack
patial and temporal coverage. Both also suggest that provid-
ng the data within the logbook is suitable for the aims of the
tudy personal logbooks from commercial fishers’ have the
otential to make important contributions towards fisheries
anagement. This is particularly true for data poor and de-

lining fisheries, where a lack of information does not allow
sheries scientists to make properly informed decisions in the
imeframes required (Giglio et al. 2015 , Saldaña et al. 2017 ).
he need for fisheries-dependent data generated as part of

ogbooks to help inform fisheries management is highlighted
n the recent Proposed Fisheries Management Plans for Crab
nd Lobster in English Waters (DEFRA 2023 ), where the im-
ortance of developing and implementing efficient fisheries-
ependent data is featured as part of the research plan. 
Increasing activity from a range of sectors within the marine

nvironment is contributing to a phenomenon known as “spa-
ial squeeze,” whereby established sectors, such as fishing are
ompeting for marine space with new and emerging sectors
Heery et al. 2017 , Stelzenmüller et al. 2021 , 2022 , ABPmer
022 ). In the UK, plans to increase the total installed capac-
ty of offshore wind energy from 13.6 to 50 GW by 2030 as
art of reaching net-zero targets are expected to make signif-

cant contributions towards “spatial squeeze” (British Energy
ecurity Strategy 2022 ). The proliferation of OWFs can lead
o reduced access to traditional fishing grounds forcing a dis-
lacement of fishing activities, which has the potential to cause
conomic loss and impacts on coastal communities (Stelzen-
üller et al. 2021 , 2022 ). Further, in some cases, the intro-
uction of artificial hard substrates as part of OWFs has the
otential to change the local habitat characteristics and, there-
ore, species presence leading to mixed effects for the fishing
ndustry (Van Hoey et al. 2021 ). For example, the presence
f commercially important species such as lobsters [ Homarus
ammarus (hereafter referred to as “lobster”)] or edible crab
 Cancer pagurus ) within OWFs could lead to fishing opportu-
ities (Hooper et al. 2014 , 2015 ). However, the electromag-
etic fields and noise generated during the construction and
peration of OWFs may have negative effects on commercially
mportant species, including crabs and lobsters (Öhman et al.
007 , Mooney et al. 2020 ). Given the scale at which OWF de-
elopment is planned, it is important to investigate the fishing
pportunities arising from their construction to promote co-
ocation of this sector with commercial fisheries (Hooper et
l. 2015, Stelzenmüller et al. 2021 ). A better understanding of
hese factors may contribute towards mitigating the negative
ffects of OWF-induced “spatial squeeze” and work towards
ompensating fishers’ for any negative impacts of OWF devel-
pment on commercially important species (ABPmer 2022 ).
hus, there is real scope for personal fishing logbooks to pro-
ide valuable data that would help fisheries scientists work
owards these goals in a suitable timeframe. 

Here, we use a unique 6-year personal fishing logbook to
nvestigate LPUE of lobsters within an OWF. In so doing, we
emonstrate the potential for personal logbooks to be used
n the management of small-scale emerging fisheries and the
rospective fishing opportunities that may arise from the con-
inued development of fixed-turbine OWFs. 

aterials and methods 

ata protection and confidentiality 

o protect the interests of the fishermen who supplied data for
his study, the location of the offshore wind farm (OWF) will
ot be named, nor the operators of the site. Furthermore, no
pecific geolocations associated with catch data are included.
t the request of the fisherman providing the logbook, val-
es relating to the number of lobsters caught and therefore
andings per unit effort (LPUE) have been transformed to rel-
tive arbitrary values. All data and confidentially measures
ere agreed with the fishermen involved before submission

or publication. 

ata preparation 

he data used throughout this study was provided by a single
obster-potting vessel. This fisherman has provided logbooks
elating to catches of lobster from a single OWF from 2015
o 2022. The minimum straight-line distance from this OWF
o naturally occurring reef habitat where lobsters are also tar-
eted is 4.63 km. Lobsters were targeted within the site using
ither a single or pair of side entry square parlor pots (44 × 22

15 cm) deployed within ∼ 10–15 m of the edge of a sin-
le turbine location towards the edge of the scour protection
here present. Generally, the pots were checked every 3–4
ays; however, it’s important to note that inclement weather
onditions can influence this duration leading to variation in
oak time. Over the entire logbook pots had been baited with
 range of species including, but not limited to, salted Ballan
rasse ( Labrus bergylta ), and the carcasses of European bass

 Dicentr archus labr ax ) and Atlantic salmon ( Salmo salar ). For
ach pot deployment , the total number of legal landing-size
obsters ( > 92 mm in carapace length) was recorded together
ith the location (latitude and longitude) of where the pot
as deployed (hereafter referred to as a “mark”). This infor-
ation was stored within an Olex plotting system (Olex AS,
rondheim, Norway). 
Data were exported from the Olex system, and we ex-

racted all marks with a latitude and longitude found within
he perimeter of the OWF site. The site’s perimeter was es-
ablished as the area extending 25 m from the outermost tur-
ines. Each mark was then assigned to the turbine location
ach of the pots was deployed closest to. Distance between
he turbines within the OWF is ∼720 m. Forty-five percent of
hese turbines are surrounded by a continuous layer of scour
rotection made up of rocks and boulders ( ∼40–100 cm di-
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ameter) extending a maximum of 30 m from the base of the 
turbine (Fig. 1 ). The scour protection was put in place between 

April 2013 and January 2015 (Robberts 2023, pers. comm).
The habitat surrounding the scour protection and the turbines 
lacking scour protection is made up of gravel and sand sed- 
iment. Each mark was classified as either “scour protection 

present” or “no scour protection,” depending on whether ar- 
tificial hard substates were present at the base of the turbine 
at which the pots were deployed. Individual turbine codes, the 
presence and amount (total area at each turbine, calculated 

from post-installation bathymetric surveys) of scour at each 

turbine, and GIS data relating to the positions of all wind 

farm-related structures within the site were provided by the 
site operators. 

Landings per unit ef for t 

All data exploration, manipulation, and analysis were carried 

out using R version 4.2.2 (R Core Team 2023 ). 
Due to the lack of replication in 2015 compared to the rest 

of the dataset this year was removed from the following anal- 
ysis. 

LPUE was calculated by dividing the number of lobsters 
landed at each turbine by the number of pots deployed at the 
same turbine (adaption from Davies et al. 2015 ). LPUE was 
used to infer the relative abundance of lobsters at particular 
turbine locations (Maunder et al. 2006 , Hubert et al. 2007 ). 

Both monthly and yearly LPUE were found to be non- 
normally distributed (Shapiro-Wilk’s test < 0.05); therefore,
2 separate Kruskal-Wallace tests were used to investigate dif- 
ferences in LPUE between months and years at turbines with 

scour protection, and 2 separate Kruskal-Wallace tests were 
used to investigate differences in LPUE between months and 

years at turbines with no scour protection. Significant differ- 
ences highlighted by these tests were further investigated using 
post-hoc pairwise Wilcoxon tests. 

Modeling catches of lobster 

Since the data collection was not designed for statistical anal- 
ysis several steps were taken to ensure it was suitable for mod- 
eling: (i) visual analysis of frequency plots indicated the num- 
ber of pots used at each turbine location (effort) was not nor- 
mally distributed. Therefore, to meet the assumptions of nor- 
mality and homogeneity of variance, a square root transfor- 
mation was applied to the number of pots (effort) deployed at 
each turbine across the whole dataset (Jasen et al. 2015 ); (ii) 
data from 2015 was considerably lacking in comparison to 

the other years (17 marks vs. an average of 427 marks for all 
other years) and therefore removed from any further analysis 
to balance the data; and (iii) as the number of pots deployed 

at certain turbines increases unevenly throughout the years of 
the catch logbook (likely influenced by ease of access to partic- 
ular turbines or previous catch numbers leading to preference 
or otherwise for particular turbines), any occurrences of 10 

pots being deployed at a single turbine in a single year were 
removed to balance the data between turbine locations. This 
decision was informed by visual analysis of boxplots and his- 
tograms, revealing that the inclusion of heavily fished turbines 
would introduce excessive variability. 

Generalized linear mixed effects modeling (GLMM) with a 
negative binomial distribution and log link function from the 
glmmTMB package (Brooks et al. 2017 ) was used to inves- 
tigate LPUE of lobsters at single turbine locations (response 
ariable) as a function of the presence of scour at each tur-
ine location (fixed effect), fishing effort ( n pots deployed at
ach turbine location: fixed effect), year (random effect), and 

urbine (random effect) (Table 1 ). Turbine was included as a
andom effect to account for the nested nature of the design
Buyse et al. 2022 ). Month was not included as a fixed or ran-
om effect as separating the catch logbook by turbine, year,
nd month resulted in a lack of replication at a number of tur-
ine locations. Visual analysis of distribution plots suggested 

o interactions between the factors; therefore, no interaction 

erms were included as part of the model. A negative binomial
istribution was selected over a Poisson distribution to handle 
verdispersion detected using the check_overdispersion func- 
ion from the performance package (Lüdecke et al. 2020 ).

odel simplification was carried out using Akaike Informa- 
ion Criterion (AIC). Following the rules of parsimony, the 
odel with lowest AIC score was selected. Following AIC 

election, model validation based on Pearson residuals was 
arried out ( Supplementary Fig. S1 ). After carrying out back
ransformations using the exp() function (Base R), this model 
as used to predict differences in LPUE at turbines with scour
rotection vs. turbines lacking scour protection. This predic- 
ion was calculated using the ggpredict function from the ggef-
ects package (Lüdecke 2018 ). 

esults 

ata summary 

ollowing the removal of marks collected in 2015 and bal-
ncing data between turbines, a total of 2155 marks recorded
ithin the perimeter of the offshore wind farm (OWF) were

arried forward for further analysis. The data utilized in 

he analysis included marks that had been recorded from 

9/01/2016 to 30/05/2022. The highest number of marks were 
ecorded during 2018, the least during 2016 ( Supplementary 
able S3 ). Across all years, the greatest number of marks
ere recorded during July and the least during November 

 Supplementary Table S3 ). Marks had been recorded in associ-
tion with 159 of the 160 turbines present within the OWF. Of
hese 159, no scour was present at 88, and scour was present
t the remaining 71 ( Fig. 2 ). 

emporal trends in LPUE 

anding per unit effort (LPUE) was found to vary between
onths and years. For turbines with scour protection, LPUE 

as calculated to be lowest during 2018 and highest during
020 ( Fig. 3 A). Significant differences were found between 

ears [Kruskal-Wallace (K-W): χ2 = 24.04, P = < 0.001],
ith post-hoc pairwise tests revealing that LPUE during 2018 

nd 2019 was significantly lower than during the first year
f fishing (2016). There were no other significant differences 
mong years for turbines with scour protection. 

While an overall increase in LPUE at turbines without scour
as observed from 2016 to 2022, statistical analysis indi- 

ated there were no significant differences between years (K- 
: χ2 = 6.77, P = 0.34). 
LPUE among months was found to be significantly dif- 

erent at turbines with and without scour protection (K-W: 
2 = 242.24, P = < 0.001; χ2 = 73.13, P = 0.02, respec-

ively). Generally, LPUE was higher in summer months (June,
uly, and August) compared to winter months (November, De- 
ember , and January). However , at turbines where scour pro-

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad207#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad207#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad207#supplementary-data
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Figure 1 Turbine la y out at study site. Axis labels (latitude and longitude) and north arrow have been removed. 

Figure 2 Heatmap showing location and total number of pots deplo y ed across the OWF from 2015 to 2022. Axis labels (latitude and longitude) and north 
arro w ha v e been remo v ed. 

Figure 3 (A) Median, quartiles, and 95% confidence limits of yearly LPUE at turbines with scour protection and (B) Yearly LPUE at turbines without scour 
protection. Points represent observations in each year. 
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Table 1. Candidate linear mixed effect models to test the effect of effort 
and the presence of scour on LPUE at single turbines. 

Model 
ID Model notation �AIC 

Count models 
NB Catch ∼ sqrt(Effort) + Scour + (1 | Year) + (1 | Turbine) 0 
P Catch ∼ sqrt(Effort) + Scour + (1 | Year) + (1 | Turbine) 102 
Null Null model (no fixed effects) 108 

Zero-inflation models 
ZIP Catch ∼ sqrt(Effort) + Scour + (1 | Year) + (1 | Turbine) 77 
RSZIP Catch ∼ sqrt(Effort) + Scour + (1 | Year) + (1 | Turbine) 52 

Models ranked according to delta AIC scores. Selected model in bold. 
NB = Negative Binomial, P = Poisson, ZIP = Zero-inflated Poisson, and 
RSZIP = Random slope zero-inflated Poisson. 
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tection was present LPUE during December and January was 
similar to that observed in early spring and autumn. At both 

turbines with scour and those without scour, LPUE during 
May were found to be statistically different to that in June,
July, August, and September ( Supplementary Tables S1 and 

S2 ). 

The effects of scour protection on LPUE 

Generalized linear mixed effects modeling (GLMM) indicates 
that effort and the presence of scour protection were both sig- 
nificant predictors of the number of legal landing-size lobsters 
caught within the OWF ( Table 2 ; R 

2 = 0.66, P = < 0.001).
The model suggests that both effort and the presence of scour 
have a positive effect on LPUE at individual turbine locations.
However, increases in the number of pots are estimated to 

have a greater effect increasing LPUE by 1.22, whereas the 
presence of scour is estimated to increase LPUE by 0.31 ( Table 
2 , Fig. 5 ). The R 

2 values for the model suggest the fixed effects 
account for ∼63% of the variation observed in the model,
while the random effects account for ∼3%. 

Following back transformations, predictions from the cho- 
sen model (NB GLMM) indicate that LPUE of lobsters from a 
single pot at a single turbine, where scour protection is present 
can be expected to be 1.47 times greater than at turbine loca- 
tions where no scour is present ( Fig. 4 A). 

Discussion 

These results provide an example of a cooperative project be- 
tween fisheries scientists and commercial fishers’ where per- 
sonal fishing logbooks have been utilized by scientists to inves- 
tigate LPUE of lobsters within an offshore wind farm (OWF).
LPUE was found to vary spatially and temporally, with the 
Table 2. Fixed and random effects for generalized linear mixed effects model est
at single turbines. 

Fixed effects Estimate Std. error 

Intercept −0.55 0.09 
sqrt(Effort) 1.22 0.03 
Scour 0.31 0.06 
Random effects 
Year 0.02 
Turbine 0.00 
Observations 618 
Marginal R 

2 /Conditional R 

2 

0.639/0.667 
resence of scour protection at turbines significantly increas- 
ng LPUE compared to turbines where no scour protection 

as present. In line with previous research on pot fisheries,
shing effort was also found to significantly increase LPUE 

Lyle et al. 2005 , Penn et al. 2015 ). These results not only sug-
est that the presence of scour protection at turbines within
his particular OWF presents a suitable habitat for lobsters,
ut also highlight the opportunity to use fishery-dependent 
ata collected as part of personal logbooks to investigate fish-
ries management issues. 

patial variation in LPUE 

he presence of scour protection at particular turbine loca- 
ions was found to significantly increase LPUE within the 
WF, with predictions suggesting LPUE was almost 1.5 times 
reater at turbines with scour compared to those without 
cour protection. We expect that these results are influenced 

y the habitat preferences and shelter requirements of lobsters.
obsters have a strong association with shelter-providing 
abitat (Karnofsky et al. 1989 , Wahle 1992 , Wahle and Ste-
eck 1992 ) and remain shelter-dwellers throughout their ben- 
hic life stages (Galparsoro et al. 2009 ). Therefore, the pres-
nce of suitable shelter providing habitat has potential to in-
uence the abundance of lobsters found within different areas
Steneck 2006 ). Lobsters are known to occupy shelter in a va-
iety of habitats, including crevices in both natural rock and
rtificial structures where they forage within the surrounding 
rea and, in some cases, return to crevices occupied on previ-
us occasions (Ennis 1984a , Jensen et al. 2000 ). Therefore, it is
ossible that the presence of scour protection at some turbines
ithin the OWF presents habitat that is more suitable for shel-

er compared to turbines lacking scour protection, leading to 

reater abundances of lobsters present at these particular tur- 
ines and consequently higher LPUE. The potential of scour 
rotection to support populations of decapod crustaceans is 
 topic that has already received some attention, with stud-
es suggesting that the addition of rocky substrate into previ-
usly soft sediment habitats has the potential to provide suit-
ble habitat for lobsters (Wilson and Elliot 2009 , Langhamer
012 , Hooper et al. 2014 ; Glarou et al. 2020 , Thatcher et al.
023 ). Off the east coast of the United Kingdom, no significant
ifferences in catch per unit effort (CPUE) of lobsters were re-
orted between an OWF with scour protection present and a
ontrol site known to support populations of lobsters (Roach 

t al. 2018 ). In the German Bight, significantly greater num-
ers of C. pagurus were reported at turbines with monopile
oundations with scour protection compared to turbines with 

acket and tripod foundations and no scour protection (Krone 
imating the effect of effort and the presence of scour protection on LPUE 

95% CL lo w er 95% CL upper P value 

−0.74 −0.36 < 0.001 
1.15 1.30 < 0.001 
0.19 0.44 < 0.001 

r on 27 January 2024

https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad207#supplementary-data
https://academic.oup.com/icesjms/article-lookup/doi/10.1093/icesjms/fsad207#supplementary-data
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Figure 4 (A) Median, quartiles, and 95% confidence limits of monthly LPUE at turbines with scour protection and (B) monthly LPUE at turbines without 
scour protection. Points represent observations in each month. 

Figure 5 (A) Marginal effects plot from NB GLMM, indicating the effect of effort and the presence of scour on log (LPUE). Points represent raw data. (B) 
B ack-transf ormed predicted effect of the presence of scour protection on LPUE at a single turbine using a single pot generated by NB GLMM. Vertical 
lines represent 95% confidence limits associated with predicted values. 
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t al. 2013 ). Scour protection has also been shown to influence
he abundance of commercially important fish species with
ignificantly greater numbers of plaice ( Pleuronectes platessa )
ound within scour protection compared to surrounding sand
abitat within the C-power and Belwind OWFs off the Belgian
oast (Buyse et al. 2022 ). These results highlight artificial reef
ffects taking place following the addition of OWF-associated
rtificial hard substrates into soft sediment habitats (Degraer
t al. 2020 ). 

The results of our study are in accord with previous liter-
ture and further suggest the potential for scour protection
o support populations of lobsters within OWFs, which we
uggest is the result of lobsters using the scour protection as
 shelter. As such, the continued expansion of fixed-turbine
WFs utilizing scour protection may present potential fish-
ng opportunities. The presence of lobsters in association with
WF-related hard substates could be the result of either at-

raction, or increased production (Hooper et al. 2014 ). If lob-
ters are attracted to OWF sites then our results suggest that
odifying the characteristics or the amount of the scour pro-

ection present within future OWF has the potential to sup-
ort increased lobster populations and as such could form an
mportant compensatory measure for fishermen negatively im-
acted by OWF construction (Stelzenmüller et al. 2021 , 2022 ).
his could help to increase the prospects for the co-location of
WFs and fisheries, mitigating the effects of “spatial squeeze.”

t is likely that static gear fisheries would be best suited to
enefit from these co-location opportunities due to the logis-
ics of operating fishing equipment within a highly developed
arine area; however, further research is required to better
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understand how commercial fishermen could operate within 

an OWF to meet their own needs and the needs of the site op- 
erators. Nevertheless, increased abundances of lobsters within 

OWFs are likely to lead to a range of ecological impacts, which 

require further investigation to gain a greater understanding 
of the full range of ecological impacts arising from OWF- 
associated artificial reef effects. Moreover, it is important to 

recognize that the presence of lobsters within OWFs is inher- 
ently site-specific, likely influenced by a range of ecological 
factors, such as habitat characteristics, substrate type, and lo- 
cal environmental conditions (Langhammer 2012 , Bailey et al.
2014 ). The nuanced interactions observed in this study, con- 
ducted within a specific OWF, cannot be universally applied 

to all OWFs. It is crucial to recognize that the findings of this 
study may not be directly transferable to all OWFs, emphasiz- 
ing the importance of conducting site-specific investigations 
to understand the intricate relationships between a range of 
economically important species and OWF infrastructure. 

Temporal variation in LPUE 

At turbines where scour protection was present significant 
variations in mean LPUE were detected between different 
years. Specifically, LPUE in 2016 was found to be signif- 
icantly greater than LPUE in 2018–2019. The decrease in 

LPUE throughout the first 3 years of the logbook may reflect 
the effect of introducing fishing pressure into an area that had 

not been previously exposed to fishing. Similarly, off the east 
coast of the United Kingdom at the Westermost Rough OWF,
Roach et al. (2018) reported significantly greater CPUE of lob- 
sters when the OWF was closed to commercial fishing com- 
pared to a control site outside the OWF, which was open to 

fishing. After fishing resumed inside the OWF, CPUE was ob- 
served to decrease to numbers below that recorded during the 
no-fishing period. While there was an initial decrease recorded 

in LPUE in the present study, following the third year of fish- 
ing, this value is seen to increase throughout the rest of the 
data series to levels that resonate with that observed in the 
first year of fishing. This finding suggests the relative abun- 
dance of lobsters after 6 years of fishing activity is similar to 

that after 1 year of fishing activity. An alternative explanation 

for LPUE initially decreasing, then returning to levels similar 
at the start of the dataset is the natural recruitment of lob- 
sters to the OWF. The scour protection was put in place in 

2012; therefore, early benthic phase lobsters that may have 
recruited to this new habitat during the first 1–2 years of it 
being in place would be 7–8 years old by the 2020 fishing sea- 
son could have been of minimum landing size (Uglem et al.
2005 ). Nevertheless, our current understanding of lobster re- 
cruitment to OWFs remains limited, and the results presented 

in this study do not offer adequate information to address this 
aspect comprehensively. Therefore, additional research efforts 
are necessary to validate and build upon this preliminary the- 
ory. 

Although not statistically significant, LPUE at turbines 
where no scour is present also showed a trend towards in- 
creases throughout the dataset. While we believe it likely that 
shelter availability was the main factor driving the abundance 
of lobsters in different areas of the OWF, the availability of 
food sources may have influenced the abundance of lobsters 
across the whole site and therefore at turbines without scour 
protection. For example, lobsters have been found to be at- 
tracted to offshore mussel farms where they exploit mussel 
all as a food resource. In some cases, mussels ( Mytilus edulis )
ade up nearly 50% of the lobster’s diet found within these

ites (Sardenne et al. 2019 ). As part of a 10-year study, Ker-
khof et al. (2019) reported that it can take up to 6 years for
he fouling species found on OWF hard substrates to reach the
limax community. Increased LPUE at turbines lacking scour 
ay represent succession of fouling organisms taking place on 

ind farm-associated hard substrates and therefore the avail- 
bility of certain prey items increasing over time, which means
he whole site has the potential to support greater lobster pop-
lations. However, further research on the feeding habits of 
obsters within OWFs is required to gain a greater understand-
ng of this effect. At turbines with and without scour protec-
ion, LPUE was found to vary significantly among months.
enerally, LPUE during summer months was greater than in 

inter months. This result is likely to reflect the relationship
etween lobster activity and water temperatures. Both activity 
nd feeding by lobsters have been shown to be strongly cor-
elated with seasonal changes in water temperatures (Cooper 
nd Uzmann 1980 , Ennis 1984a , Smith et al. 1999 ). Branford
1979) showed daily food consumption by lobsters can in- 
rease by up to 11 times with an increase in temperature from
 

◦ to 16 

◦C. The temporal trends in LPUE generated as part of
his study reflect the effects of fishing pressure and changing
nvironmental conditions that have been reported in the peer- 
eviewed literature; hence, we are confident in the suitability
f the data extracted from the logbook. At turbines with and
hose without scour protection present, LPUE were found to 

e significantly lower during May compared to the following 
ummer and autumn months. This result is likely to reflect the
ffect the seasonal changes in the proportion of berried hens
aught in each pot. The fishermen who supplied this data re-
urns all berried hens; therefore, during May, when the local
eak in berried hens are caught LPUE would be reduced. 

ata suitability 

ata from the fishing logbook was diligently recorded. How- 
ver, it presented a number of analytical challenges that would
ave been considered and addressed in the early stages of
tudy design if using data collected as part of a scientific study.
irstly, uneven fishing effort at certain turbine locations leads 
o a lack of replication. This meant we had to remove a num-
er of records from the logbook to balance the data. Fur-
hermore, as we had no influence on data collection, there
re certain factors missing from the logbook that would be
seful to our understanding of lobster fisheries within OWFs.
or example, including soak time (the time between a pot be-

ng deployed and retrieved) as a predictor variable within our
LMM is one of a few additional factors that would have

ikely increased our confidence in the model, as it has been
hown to significantly influence CPUE/LPUE of lobsters (Ben- 
ett 1974 , Clark et al. 2015 ). This was not possible as pots
ere not given a unique identifier, and in some cases, two pots
ere deployed at a single turbine location at the same time
eaning we were unable to confidently extract the period of

ime between the deployment and retrieval of each pot. The
bsence of specific data on soak time introduces a level of un-
ertainty into the temporal analysis. The variability in soak 

ime, influenced by factors such as weather conditions, is a cru-
ial aspect that could impact the reliability of our results. Con-
equently, the limited information on soak time contributes to 

 reduced level of confidence in the outcomes of our temporal
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nalysis. Moreover, there are a number of limitations associ-
ted with interpreting fisheries-dependent data collected from
 single vessel that need to be considered when interpreting the
esults generated from the logbook used in this study. How-
ver, in spite of these shortcomings, following data cleaning
nd preparation, the logbook presented a unique and invalu-
ble data set covering a large area, which had been collected
ver an extended time period that would have cost a lot to
enerate as part of scientific study. The results generated from
his data are in line with results reported as part of previous
eer-reviewed studies, and we therefore content that personal
ommercial fishing logbooks do present a valuable resource
o fisheries management. These data could play an important
ole in assessing long-term trends in LPUE/CPUE of commer-
ially valuable species, which may be necessary for working
owards goals of the Joint Fisheries Statement (UK Govern-
ent 2022 ) and future Fisheries Management plans. In a UK

ontext, Inshore Fisheries Conservation Authorities (IFCA’s)
ould play an important role in communicating the research
eeds of local fishing communities to fisheries scientists and
elp to provide contacts for suitable candidates to be involved
n future collaborations. 

onclusion 

he present study provides the first assessment of LPUE of
obsters within an OWF from a commercial fishing personal
ogbook, providing an insight into how the presence of scour
rotection affects LPUE and the relative abundance of lob-
ters within these sites. LPUE was recorded to be significantly
reater at turbines that had scour protection compared to
hose that did not. Differences in mean yearly LPUE presented
n this study are likely to reflect the effect of introducing fish-
ng pressure into to previously unfished areas, while changes
n monthly LPUE show how seasonal changes in lobster ac-
ivity can influence LPUE. The consistency of the results gen-
rated from the logbook with that of the peer-reviewed litera-
ure suggest that logbook data was appropriate to investigate
PUE of lobster within the OWF, and therefore that fishing

ogbooks collected to a similar standard may present a valu-
ble resource for fisheries management. However, certain fac-
ors missing from the logbook may have provided a better
nderstanding of the drivers in the patterns observed, and we
herefore suggest that fishers’, fisheries managers, and scien-
ists work together to design standardized commercial fishing
ogbooks to fully utilize the potential for fishers’ to collect data
hat will improve our understanding and ability to sustainably
anage fisheries resources. Finally, we would like to highlight

hat for future projects of this nature to be successful, the in-
erests of the fishers’ supplying the data must be paramount
hroughout data analysis and output delivery. It is also partic-
larly important that researchers share their findings with the
shers’ involved in the research and the wider fishing industry.
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