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Inclusion of recreational fishing in data-limited stocks: a case
study on Norway lobster (Nephrops norvegicus) in Norway
Fabian Zimmermann, Alf Ring Kleiven, Merete Vik Ottesen, and Guldborg Søvik

Abstract: Recreational and semi-subsistence fisheries are challenging to monitor but can act as precursors of developments
in commercial fisheries, contributing information in data-limited situations. We compared trends in commercial landings
of Norway lobster (Nephrops norvegicus) with data collected through a citizen science project by recreational fishers in
Norway during a period that coincided with the onset of a commercial trap fishery. The results show that trap fishing for
Nephrops emerged recently in Norway, with significant regional differences in size composition and catch rates. Comparable
patterns in catch rates between regions were found in commercial landings during the same period, suggesting that land-
ings per boat trip may provide a suitable abundance index in a severely data-limited fishery. Our study indicates that recrea-
tional fishing acted as trailblazer for a surge in fishing with lower-impact gear along the Norwegian coast, underscoring the
fact that non-commercial fisheries may act as early indicators of emerging commercial fisheries. Collecting information
through citizen science projects targeting non-commercial fishers can therefore provide baseline data, especially from the
earliest, unmonitored stages of fisheries, and contribute to stock assessment.

Résumé : La surveillance des pêches sportives et de semi-subsistance est difficile, même si ces dernières peuvent être des
précurseurs de nouveaux phénomènes dans les pêches commerciales, fournissant de l’information dans des situations de
données limitées. Nous comparons les tendances des débarquements commerciaux de homards de Norvège (Nephrops norvegicus) à
des données recueillies dans le cadre d’un projet de science citoyenne par des pêcheurs sportifs en Norvège durant une période
coïncidant avec le début d’une pêche commerciale au casier. Les résultats montrent que la pêche au casier au homard de Norvège
est un phénomène récent en Norvège qui présente des différences régionales significatives sur le plan de la composition par
tailles et des taux de prise. Des motifs semblables des taux de prise entre régions sont observés dans les débarquements commer-
ciaux au cours de la même période, donnant à penser que les débarquements par sortie pourraient constituer un indice d’abond-
ance convenable dans une pêche caractérisée par unmanque criant de données. L’étude indique que la pêche sportive constituait
un signe avant-coureur d’une montée rapide de la pêche avec des engins à faible impact le long de la côte norvégienne, soulig-
nant le fait que les pêches non commerciales peuvent être des d’indicateurs précoces de nouvelles pêches commerciales. La col-
lecte d’information par l’entremise de projets de science participative visant des pêcheurs non commerciaux peut donc fournir
des données de référence, notamment sur les toutes premières étapes non surveillées de nouvelles pêches et être utile pour l’éval-
uation de stocks. [Traduit par la Rédaction]

Introduction
Recreational and semi-subsistence fishing have high economic

and cultural value (Hughes 2015), but can put substantial pressure
on target populations and impact marine ecosystems. Although of-
ficial statistics often only distinguish between commercial and rec-
reational fisheries, the differences among small-scale commercial,
subsistence, and recreational fishing are gradual and include inter-
mediate, poorly defined forms such as semi-subsistence fishing
(Hyder et al. 2017). Semi-subsistence fishing refers to fishing activ-
ities at the intersection of subsistence, commercial, and recrea-
tional fishing, such as people fishing with commercial equipment
mostly for their own consumption, without depending on it for
their main source of food or income. These types of fishers are not
accurately represented by the dichotomous definition of fisheries
as either commercial or recreational, even though they represent a
common situation in coastal fisheries where the boundaries
between (part-time) small-scale fishers and recreational activities

may be blurred. Despite their relevance, non-commercial fisheries
are typically understudied and severely data-limited, posing a
major challenge for fisheriesmanagement (Hyder et al. 2018).
In Norway, a large coastal fleet consists of commercial and non-

commercial fishers that are often active in the same areas and use
largely identical gear and fishing strategies — especially in shell-
fish fisheries. Out of nearly 5200 active commercial vessels in the
Norwegian coastal fleet in 2019, 94% of them were less than 15 m
long. These small vessels are subject to less rigid reporting require-
ments than larger vessels (only landings registered, with electronic
logbooks or automatic identification system (AIS) tracking not
being mandatory). This fleet segment has substantial overlap with
fishers that do not have a commercial registration and are thus
considered recreational fishers despite the fact that the scope and
scale of their fishing activities may go well beyond that typical of
recreationalfishing, such as pole-and-line sportsfishing.The partici-
pation rate in non-commercial fishing is difficult to measure due to
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few or no restrictions on access through registration or license
requirements. The Norwegian regulations for non-commercial fish-
ing are stricter than those for commercial fishing, but can nonethe-
less be termed liberal. Fishers are allowed to fish with 210 m of gill
net, 300 hooks on a longline, and up to 20 pots or traps, in addi-
tion to rods and lines. Non-commercialfishers are also allowed to sell
their catch (maximum limits apply; Anonymous 2008). Thus, the key
distinction between (registered) commercial small-scale fishers
and non-commercial fishers in Norway is mainly the limit on the
amount of passive gear allowed for non-commercial fishers. As a
result of this low threshold to enter a fishery, non-commercial fish-
ing on coastal resources can be considered an open-access fishery,
with relevant impacts on a broad range of finfish and shellfish
species.
While often considered to be a minor source of fishing mortal-

ity compared to commercial fisheries, removals of specific, often
high-value species via non-commercial fishing can be of the same
magnitude as those from commercial fishing or even be the dom-
inant cause of fishing mortality (Radford et al. 2018). In the Nor-
wegian part of Skagerrak, recreational fishers landed 65% of the
total European lobster (Homarus gammarus) catches in 2008 (Kleiven
et al. 2012) and dominated the catches of cod (Gadusmorhua) in near-
shore areas (Kleiven et al. 2016). Similar patterns are likely for a
range of species and areas, both in Norway and internationally.
This may be especially true along the southern and western
coastlines of Norway, which have a high population density and
substantial non-commercial fishing activity. There is no manda-
tory reporting for non-commercial landings in Norway unless
catches are officially sold, nor has a data collection framework been
implemented to systematically collect data from non-commercial
fishing. Thus, a substantial knowledge gap exists for all coastal fish-
eries where non-commercial fishing plays a relevant role, which
presumably applies tomost commercially harvested coastal species
in Norway. The problem is compounded by limitations in commer-
cial data due to reduced reporting requirements for the small-scale
fleet, the inaccessibility of many coastal species to standard scien-
tific surveys, and unclear stock structures because of coastal topog-
raphy. Consequently, a substantial proportion of coastal fish and
shellfish populations in Norway can be considered data-limited
and underregulated. The Norway lobster (Nephrops norvegicus, here-
inafter Nephrops) provides an interesting case study because its fish-
ery changed fundamentally within a decade, following drastic
shifts in gear composition and the distribution of catches, as well
as a large increase in fishing mortality caused by non-commercial
activities. Therefore, Nephrops in Norway illustrates how changes in
fishing patterns can alter the data needs for monitoring and man-
agement. In addition, this case study represents the globally common
situation of severe data limitations in a fishery where recreational
activities play a relevant role.
Nephrops sustains one of the most economically important fish-

eries in Europe. Total commercial landings steadily increased
until the mid-2000s, peaking in 2007 at almost 76 000 tonnes (t)
(Ungfors et al. 2013) before decreasing to around 49 000 t in 2018
(FAO 2021). In contrast, landings in Norway have increased over
recent years to their highest level in 2020 at just above 400 t,
even though this value remains comparatively low in a European
context. Most Nephrops in Europe are caught by conventional
trawls. This has also been the case in the Skagerrak (International
Council of the Exploration of the Sea’s (ICES) functional unit
(FU) 3), where Denmark, Sweden, and Norway share the Nephrops
resource (assessed and managed together with the Kattegat (FU 4);
ICES 2020). However, trawlers in Sweden were excluded from
near-coastal areas in the mid-1980s, resulting in a growing trap
fishery that contributes a substantial share of the total landings
(ICES 2020). A similar development has been observed in Norway
in recent years, where Nephrops catches have traditionally been
taken by trawls, mainly as by-catch in the shrimp fishery (Søvik
et al. 2017). This began to change in 2001 when a trap fishery

emerged, both in the Skagerrak and along the west coast of
Norway (ICES 2020). New legislation in 2004 imposed a ban on
Nephrops trawling (but not shrimp trawling) within 4 nautical
miles (1 n.mi. = 1.852 km) of the baseline in Norwegian waters,
except for in the Skagerrak area, and increased minimum mesh
size in all large-mesh bottom trawls to 120mm (Søvik et al. 2017). In
contrast to the Skagerrak, where a targeted Nephrops trawl fishery
is still allowed, these regulations contributed to substantially
decreased trawl catches of Nephrops in the Norwegian zone of the
North Sea (i.e., the area offWest-Norway, ICES FU 32) after 2010 and
may have provided an incentive for a trap fishery along the coast
(ICES 2020; Søvik et al. 2017). Observations and anecdotal evidence
suggest that development in the commercial trap fishery was pre-
ceded by an increased interest in recreational trap fishing for
Nephrops. The accessibility of fishing grounds to small coastal
boats, the high value of the product, and the absence of entry
restrictions or other relevant regulations have created strong
incentives for non-commercial and commercial fishers to enter
the Nephrops trap fishery. The recent emergence of the fishery, in
combination with few reporting requirements for small vessels,
have restricted the availability of data and prevented the systematic
monitoring of a stock with a patchy distribution. As a result, con-
cerns have been raised about the sustainability of the fishery.
Most global fisheries can be categorized as data-limited (Costello

et al. 2012), and data from the emergence of a fishery that can act as
baseline for future developments are especially scarce. Information
from recreational fisheries is rarely used in an assessment context,
even when such fisheries contribute a significant proportion of the
total catch. In this paper, we investigated how fisheries data volun-
tarily reported by recreational fishers acting as citizen scientists can
support the development of monitoring processes for an emerging,
data-limited fishery. To do so, we compared available commercial
landing data with information obtained from a survey of recrea-
tional fishers. Our comparative analyses of catch rates and compo-
sition established a baseline on the seasonal and spatial fisheries
dynamics and investigated whether landings data can provide a
suitable stock index for a future stock assessment. Our results dem-
onstrate how alternative data sources, and especially data collected
by citizen scientists, can improve the monitoring of fish stocks
in data-limited situations. Moreover, we show the importance of
incorporating information from recreational and other non-
commercialfishers inmonitoring and assessment processes forfish-
eries where non-commercial catches constitute a relevant source of
fishingmortality.

Methods

Study species
Throughout its distribution, Nephrops is limited to a muddy

habitat where it excavates burrows 20–30 cm into the substrate
(Johnson et al. 2013). In the Norwegian waters of the Skagerrak,
Nephrops is limited to patches of muddy areas between rocky bot-
toms, in a narrow belt along the sharply descending coastline.
Suitable habitat is found in large parts of the eastern Skagerrak
and throughout the Norwegian part of the North Sea (ICES 2020),
whereas the species distribution is more patchy in coastal areas
and fjords.
Tagging experiments have shown that adultNephrops only under-

take small-scale movements (Aguzzi and Sardà 2008; Farmer 1975).
Egg-laying takes place in early autumn (Farmer 1975; Powell and
Eriksson 2013), and females carry the roe until hatching in the fol-
lowing year. Berried females remain within their burrows; there-
fore, catches are often dominated bymales (ICES 2020).
There are no quota regulations or effort control of the Norwe-

gian Nephrops fishery. The minimum landing size (MLS) in the
Norwegian fishery is 130 mm total length (TL, measured from the
tip of the rostrum to the posterior margin of the telson) or 40 mm
carapace length (CL, measured from the eye socket to the back of
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the carapace). By contrast, since 2016 the Danish and Swedish fish-
eries in the Skagerrak and Kattegat have set an MLS of 32 mm CL.
In the trap fishery, there is a maximum limit of 20 traps per recrea-
tional fisher and (or) boat, but there is no effort regulation on the
number of traps in the commercialfishery. In the trawlfishery, reg-
ulations have been imposed mainly to protect fish stocks (Søvik
et al. 2017).

Commercial data
Available commercial data were provided by the Fisheries Director-

ate of Norway and consist of sales notes registering all landings, with
information on species, gear type used, and catch locationwithinNor-
way’s statistical grid. Each grid cellmeasures 1° longitude and 0.5° lati-
tude and overlaps with ICES statistical rectangles. Before 2005,
landings datawere only providedonanaggregatedbasis.Data on indi-
vidual landings are available from 2005, containing information on
the identification and specification of the boat, as well as the first sale
price. To avoid bias from minor registrations of Nephrops bycatches,
only boatswithmore than one trip andmore than 100 kg total annual
landingswere considered as activeparticipants in theNephropsfishery.
Data from electronic logbooks only exist for boats larger than 15 m,
which excludes almost the entire Nephrops fishing fleet. The main
areas from theNorwegian statistical gridwere used to define different
regions (09 = Skagerrak, 08 and 28 = West-Norway, 07 = Mid-Norway,
06 = Helgeland Coast; see Fig. 1). Areas 08 and 28 were combined into

one region because they correspond to Nephrops FU 32 as defined by
ICES, being functionally linked in terms offisheries.

Survey of recreational fishers
A survey was sent out to identified recreational European lobster

fishers in 2011 (273fishers) and 2014 (272 fishers). The questionnaire
focused on three different trap fisheries: European lobster, brown
crab (Cancer pagurus), and Nephrops. For each fishery, respondents
were asked if they conducted the respective activity and, if so, for
how long (in years). The respondents were also surveyed on their
personal perceptions of catch and size developments in the five
preceding years for each respective species (increased, stable,
decreased). Thefishers could agree, disagree, or have no opinion on
the statement that more people have been fishing for a species in
the last five years. In the 2011 survey, the fishers were also asked to
volunteer in a citizen science project by collecting and reporting
their catch and effort data. The respondents who indicated that
they fished for Nephrops, and who were willing to participate in
reporting, were contacted individually.
The first stage of catch data collection was conducted from

April to December 2012. All volunteers were mailed a printed di-
ary to make notes on their fishing activity and catches. The citi-
zen scientists registered the day of trap haul, depth, trap soaking
time, number of traps hauled, and total catch of Nephrops. They
also noted the total numbers of individuals above and below the
minimum legal CL size (MLS), sex, and whether females carried

Fig. 1. Map of changes in quantity (tonnes, t) of Nephrops landed in Norway between 2010 and 2020 by statistical rectangle and gear type,
and the location of Nephrops caught by recreational fishers as part of this study (black circles) scaled by the total number of samples
(specimens). The colour scale indicates how much more or less Nephrops was landed in a specific statistical rectangle in 2020 compared to
2010, ranging from a decrease in landings (yellow) to a large increase in landings (purple). Only differences in landings in statistical
rectangles with more than a total of 1 t landed in both years are shown. The study regions are delimited with black lines (borders
correspond to the main areas in Norway’s statistical grid, except for 08 and 28, which were merged into the West-Norway region). Map is
shown in latitude–longitude with Mercator projection, with land polygon data obtained through the R package “marmap” (Becker and
Wilks 1995) and the Norwegian statistical grid provided as shapefile by the Fisheries Directorate of Norway. [Colour online.]
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eggs. Data were either transmitted via a phone interview or
e-mailed by thefisher using a standardized report scheme.
The second stage of the survey lasted from January 2013 to April

2014. In addition to the information collected during thefirst stage,
the fishers were asked to conduct lengthmeasurements in January,
May, and August. The volunteers were mailed a set of calipers, a
detailed description of the measuring procedure, and a diary for
length measurements. Carapace length of the first 25 Nephrops
caught each fishing day was measured (in mm), and the sex was
identified for each.

Statistical analysis
Registered commercial landings per boat trip were used as a

proxy for catch rate (i.e., landings per unit effort). To achieve a
representative subsample of consistent fishing activity over the
2012–2014 study period, landings data were filtered for boats that
were active in one of three regions in all 3 years and landed in
total a minimum of 1 t of Nephrops. A linear mixed-effect model
was used to explore how landings per boat trip were linked to the
following potential covariates: fishing region (Skagerrak, West-
Norway, and Mid-Norway), season (quarter), year, and size cate-
gory of the vessel (below 8, 8–11, 11–15, or above 15 m). Boat ID was
included as a random intercept to absorb variance in landings
linked to individual differences between fishers, notably the
number of traps used, as follows:

ð1Þ Li;t ¼ b 0 þ b 1;i;t þ b 2;i;t þ b 3;i;t þ b 4;i;t þ b0;i þ « i;t

with t as boat trip, i as individual boat, b 0 as general intercept, and
b 1,i,t, b 2,i,t, b 3,i,t and b 4,i,t as categorical effects of region, season,
year, and vessel size category, respectively. Individual boats were
represented as a normally distributed random effect b0,i �
N(0, s I), and « i,t as a normally distributed error termwith a log-link
function.
Catch rates of recreational fishers were analysed with a linear

mixed-effect model using year, season (quarter), region (Skager-
rak andWest-Norway), numbers of traps, and soak time as poten-
tial covariates (fixed effects). Individual fishers were included as
a random effect to account for potential clustering effects within
fishers (i.e., between-fisher variation due to experience, fishing
gear, location, or other effects associated with each fisher). Subse-
quently, the full model was specified as follows:

ð2Þ Ci;s ¼ b 0 þ b 1;i;s þ b 2;i;s þ b 3;i;s þ b 5;i;sTi;s þ b 6;i;sSi;s

þ b0;i þ « i;s

with s as fishing trip and i as individual fisher, b 0 as the general
intercept, and b 1,i,t, b 2,i,t and b 3,i,t as categorical effects of region,
season, and year, respectively. b 5,i,sTi,s and b 6,i,sSi,s represented the
fixed effects of the number of traps and soak time, respectively, the
data for both of which were continuous and log-transformed. Indi-
vidual fishers were modelled as a normally distributed random
intercept b0,i � N(0, s J). The initial model was specified with a Pois-
son distribution, but was subsequently replaced with a negative
binomial distribution due to overdispersion.
The sex ratio and proportion of egg-bearing females were mod-

elled using region b 1,i,t and season b 2,i,t asfixed effects, as follows:

ð3Þ Si;s ¼ b 0 þ b 1;i;s þ b 2;i;s þ b 7;i;s þ b0;i þ « i;s

ð4Þ Si;s ¼ b 0 þ b 1;i;s þ b 2;i;s þ b0;i þ « i;s

After initial inspection of the data, an interaction term b 7,i,s

between region and season was included in the model. Both the

sex ratio and proportion of berried females weremodelled with a
beta distribution.
The biological length composition of the recreational data was

analysed using a subsample of individualmeasurements n of Nephrops,
using a linear mixed-effect model with sex b 8,i,n as a categorical
fixed effect, in addition to region b 1,i,t and season b 2,i,t. Fishing
depthwas included as a continuousfixed effect b 9,i,nDi,n:

ð5Þ Li;n ¼ b 0 þ b 1;i;n þ b 2;i;n þ b 8;i;n þ b 9;i;nDi;n þ b0;i þ « i;s

modelled with « i,n as a normally distributed error term.
All model fits were validated through inspection for homoge-

neity and homoscedasticity, and the most parsimonious model
for each case was determined through backward selection based
on AICc (Hurvich and Tsai 1989). The relevance of the random
effects (individual vessel or fisher) was determined through the
intraclass correlation (ICC; i.e., the ratio of between-fisher var-
iance to total variance, providing a measure of how observations
were correlated within each fisher).
All analyseswere conductedwithR version 4.0.2 (R: Development

Core Team 2021) using the tidyverse (Wickham et al. 2019), lme4
(Bates et al. 2015), glmmTMB (Brooks et al. 2017), and emmeans
(Lenth et al. 2021) packages.

Results

Commercial fisheries
From 1977 to 2000, commercial landings of Nephrops in Norway

showed a steady upward trend, from 14 t in 1977 to 346 t in 2000
(Fig. 2). During this period, the fishery was almost exclusively a
trawl fishery, which contributed 98% of the total landings. In the
early 2000s, total landings remained stable at a level below the
peak in 1999–2000, with catches from traps providing a minor
but gradually increasing share of total landings from 9% in 2001
to 35% in 2010. From 2011 onward, trap catches constituted the
largest part of total landings, increasing from 52% in 2011 to 75%
in 2020. After 2017, the increase in trap landings resulted in an
overall increase of landings, reaching the highest observed quan-
tity to date in 2020 at 458 t. This value represents an increase in
total landings of 57% from 2010 to 2020, due to a tripling of trap
landings. Trawl landings decreased by 43% over the same period.
The changes in landingswere reflected in corresponding changes

in the economic value of the fishery and the fleet size (Fig. 2). The
strong increase in value has been exacerbated by the higher value
of trap landings compared to trawl landings, on average fetching a
price more than 60% higher in past years. The increase in price is
mainly due to higher quality of Nephrops from trap landings.
Because trap catches have constituted an increasing share of the
landings, the combined effect has led to an over-proportional
increase in value compared to landed quantities.
Increases in total landings and value, and a change in gear com-

position in the Norwegian Nephrops fishery, corresponded with a
northward shift of the major fishing areas (Fig. 1). Trawling for
Nephrops has always predominantly occurred in the Skagerrak,
where the shrimp fishery is larger than in the west and where tar-
geted trawling for Nephrops is still allowed. The shift towards trap
fishing, which is more widespread in West- and Mid-Norway than
in Skagerrak, therefore also resulted in a regional shift in fishing
area. A second factor explaining the regional shift in the Norwe-
gian Nephrops fishery is the availability of pristine fishing grounds
(no trawling) in the fjords and coastal areas of West- and Mid-
Norway, which has led to a northward expansion and intensifica-
tion of fishing activity over the past ten years (see online Supple-
mentary Fig. S11). While landings from areas in southern Norway
largely stagnated or even declined, landings from West- and Mid-
Norway increased. Total landings from Mid-Norway have grown

1Supplementary data are available with the article at https://doi.org/10.1139/cjfas-2021-0152.
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substantially in recent years, overtaking the Skagerrak as the
main fishing region in 2017. In 2020, Mid-Norway produced more
than double the total landings of the Skagerrak or West-Norway.
In the most northern region where a Nephrops fishery occurs, the
Helgeland Coast, the first year with relevant registered landings
(close to 4 t) was 2020.
Between 2005 and 2020, the highest mean trap landings per boat

trip were observed in Mid-Norway (Fig. 3). Although trap landings
per boat trip inWest-Norway reached levels comparable to those in
Mid-Norway between 2012 and 2017, they declined in the following
years. Landings per boat trip for trawl trended downward over
almost the entire time series, but showed a clear increase in 2019
and 2020 (especially inWest-Norway) that coincided with an increase
in total landings. However, the comparability of gear types is limited
because boats catching Nephrops with trawl are mostly not a targeted
fishery (especially in West-Norway), and are fewer in number and
larger in size, suggesting a higherfishing capacity.

Recreational fisheries
In addition to the responses of 131 and 143 recreational fishers

to the survey administered in 2011 and 2014, 29 fishers volunteered
to act as citizen scientists and provided information on their catch
in 2012, 2013, and 2014. Of these, 28were self-described recreational
fishers and onewas a retired professionalfisher who still possessed
a commercial license and could thus fish with more than 20 traps.
Twenty-four of the participants were active in tenmunicipalities in
the Skagerrak region, whereas five reported from three municipal-
ities in West-Norway (Fig. 1 and Supplementary Fig. S21). Total rec-
reational catches in numbers per municipality throughout the
study period ranged from 8 to 7898 Nephrops. A subset of Nephrops
were individuallymeasured for length in 2013.

Survey administered in 2011 and 2014
Response rates for the 2011 (n = 273) and 2014 (n = 272) surveys

were 48% (n = 131) and 53% (n = 143), respectively (Supplementary
Table S11). Themean number of years ofNephropsfishing experience
increased from 3.7 in 2011 to 7.1 in 2014. The mean number of years
of lobster and crab fishing experience was significantly higher,
ranging from 21.6 to 27.2 years in 2011 and 2014 (Supplementary
Table S11). The first reported year of participation in the Nephrops

fishery among the respondents was 1995, with a boost in participa-
tion rate evident from 2008 (Fig. 4). The results indicate that partici-
pation in the recreational fishery for Nephrops roughly doubled
from2005 to 2010 and then again from2010 to 2014.
In the 2011 survey, 6% of the respondents fishing for Nephrops

expressed the opinion that catches had increased during the pre-
ceding 5 years, whereas 40% stated that they had decreased. In
contrast, 11% and 12% of the respondents said catches of European
lobster and brown crab, respectively, had decreased in the same
period. The perception of catch development changed somewhat
in the 2014 survey; 24% of the respondents stated that the Nephrops
catches had decreased and 15% perceived an increase (Fig. 4). Fur-
ther, 35% of the respondents fishing for Nephrops in 2014 stated that
the mean size of Nephrops had decreased during the last 5 years, in
contrast to European lobster (14%, n = 128) and brown crab (6%, n =
77). Sixty-eight percent and 61% of respondents agreed in 2011 and
2014, respectively, that more people had been participating in the
Nephropsfishery in the last 5 years.

Length structure
A total of 285 individual Nephrops (caught by 5 fishers) were

measured in the Skagerrak and 565 Nephrops (caught by 3 fishers)
were measured in West-Norway. Of these, 2% and 6% were below
the MLS of 40 mm CL in the Skagerrak and West-Norway, respec-
tively. Variation in size was best described by region and sex, with
both covariates showing statistically significant (p < 0.05) differen-
ces in CL (Supplementary Table S21). Nephropswere smaller inWest-
Norway compared to the Skagerrak, and females were smaller than
males (Fig. 5). Although the intraclass correlation for individual
fishers was relatively low (0.14), there were relevant random effects
linked to individual fishers (Supplementary Fig. S31). This result
indicates that there was variation in Nephrops catch size that was
not explained by the covariates.

Catch composition: proportion of females and berried females
From a total of 813 registered fishing trips, the 29 citizen scien-

tists provided information on the sex of all Nephrops caught on 481
fishing trips. Of all Nephrops that were sex-determined, a total of
5025 were females and 8071 were males. For 475 fishing trips,

Fig. 2. Commercial landings (top) of Nephrops in Norway, their value (Norwegian krone, NOK; bottom left), and the fleet size (bottom right) over
time by gear type used. Aggregated landings data were available from 1977 to 2020, while sales notes with more specific data on vessels and
prices exist from 2005 onward. Other gear types refer to gear not explicitly registered as trap or bottom trawl, including unknown gear, fyke
nets, gillnets, and others. Only boats landing at least 100 kg in a year were counted as part of the fleet. [Colour online.]
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information on whether berried females were caught was pro-
vided. On average, the proportion of females in the catch was
higher in the Skagerrak (45%) than in West-Norway (27%), with the
highest proportions (56% and 37%, respectively) in the third quar-
ter. Similarly, the proportion of berried females was higher in the
Skagerrak (21% of all females) than in West-Norway (9%) across all
fishing trips and showed a seasonal pattern towards an increased
proportion in the fourth quarter (33% and 20% of all females,
respectively). However, there was substantial variation among fish-
ing trips and, notably, in the average sex ratio and proportion of
berried females reported by individualfishers. Model selection con-
firmed these observed patterns. We found that models reduced to
region and season as fixed effects explained the proportions of
females and berried females best (Supplementary Tables S3 and
S41), together with variation linked to individual fishers as a ran-
dom effect (Supplementary Figs. S4 and S51).
For the proportion of females, post-hoc pairwise comparisons

showed only a marginally significant (p < 0.07) difference between
regions, and a statistically significant (p< 0.05) difference between

the second and third quarters. The low level of significance was
linked to the large amount of variation in the data, especially in
West-Norway, resulting in wide confidence intervals (Fig. 6). The
conditional ICC was 0.63, confirming a substantial within-fisher
correlation in observations.
Although the proportion of berried females in West-Norway

tended to be lower than in Skagerrak (Fig. 6), post-hoc pairwise
comparison showed that the effect was not statistically significant.
The proportion of berried females was significantly (p < 0.01) ele-
vated in the fourth quarter compared to the three other quarters.
In contrast to the sex ratio, comparatively little variation was
linked to the individual fishers, as indicated by a conditional ICC of
0.18.

Catch rates
For the citizen scientist fishers, catches and catches per trap

day were clearly higher in West-Norway, with a mean of 42.5
Nephrops per trip and 0.57 Nephrops per trap day, compared to 17.5

Fig. 3. Mean landings of Nephrops per boat trip (lines) and corresponding 95% confidence intervals (shaded areas) per gear type between
2005 and 2020 for the three major Nephrops fishing areas along the Norwegian coast. Data include landings per trip registered in the sales
notes of all boats in each year with more than one trip and more than 100 kg total landings per year. Only mean landings per boat trip of
region–year combinations with more than one active boat are shown. [Colour online.]

Fig. 4. Cumulative participation (left) in the Nephrops fishery among the survey participants in 2014 (n = 34), and their perceptions in 2011
and 2014 of how the catches (middle) and participation in the fishery (right) had changed over the preceding 5 years. Cumulative partipation is
represented by a smoothed curve (GAM). The questions about how catches and participation had changed were as follows: (1) Did the catches
increase, decrease, or remain stable over the past 5 years? (2) Do you agree that participation in the fishery has increased in the past five years?
Results are shown as the proportion of total answers provided. [Colour online.]
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and 0.21, respectively, in the Skagerrak. Our statistical analysis
(Supplementary Table S51) confirmed that catch rates were signif-
icantly (p< 0.001) different between the two regions, with a 3.29 times
higher catch rate in West-Norway compared to the Skagerrak after
accounting for the year, season, number of traps, soak time, and
individual fisher effects (Supplementary Fig. S61).
The number of traps and soak time showed significantly

(p< 0.01) positive relationships with catches (Fig. 7). In both cases, a
loglinear relationship between the continuous variables and the
catch rate described the data best, reflecting the diminishing
return of additional traps or days. However, the effect of the num-
ber of traps was much stronger than the effect of soak time and
showed a clear increase up to the maximum observed number of
traps (80). On the other hand, the effect of soak time levelled off af-
ter�5 days and remained essentially flat after�10 days. The uncer-
tainty was higher for larger trap numbers or longer soak times due
to the low number of registrations; for example, only one fisher
usedmore than 20 traps and only 18fishing trips lasted longer than
15 days. In addition, a substantial amount of variation was linked
to the individual fisher (conditional ICC = 0.34), but without any
spatial pattern.
There was relatively little variation over time in the catch rates

of recreational fishers, both between and within years. Neverthe-
less, both year and season (quarters) were selected as statistically
significant covariates in the final model explaining total catches,
with stronger seasonal effects (Supplementary Fig. S71). Most nota-
bly, thefirst quarter had significantly (p< 0.05) higher catches com-
pared to the other three quarters. Among the years, 2012 showed
slightly elevated catches compared to the other two years, with a
significant contrast to 2013 but not 2014. The latter may be
explained by the larger uncertainty in 2014 due to relatively lim-
ited data, with only 10% of the total registrations from that year.

Comparison between commercial and recreational catch
rates
When comparing the predicted catch rates (landings per boat

trip) from commercial trap landings in 2012–2014 with the pre-
dicted catch rates from recreational data, we found almost identi-
cal ratios for the Skagerrak and West-Norway (Fig. 8). Commercial

catch rates were best explained by a model that included region,
season, and year as fixed effects (Supplementary Table S61) and
individualfishing vessel as a randomeffect (Supplementary Fig. S81).
The ratio between predicted means for Skagerrak andWest-Norway
was 3.35, almost identical to the ratio of 3.29 found for recreational
data. Catch rates from Mid-Norway were minimally lower than in
West-Norway, but a post-hoc comparison showed no statistically
significant contrast. This finding confirms that the catch rates
were very similar during this period, as suggested by the mean
landings per boat trip (Fig. 3). The commercial catch rates fol-
lowed the same pattern as the recreational catch rates for year
and season. We found a slight decrease in catch rate from 2012
to 2014 and a relatively clear, statistically significant seasonal
pattern, with the highest catch rates in the first quarter and the
lowest rates in the third quarter, comparable to that observed
for the recreational fishers.

Discussion
Data limitations are a key challenge for stock assessment and,

thus, sustainable fisheries management (Costello et al. 2012). In
addition to limitations in data quantity or quality, this deficit
includes a lack of historic baseline information (especially from
the early stages of a fishery), and insufficient redundancy in data
series to allow for cross-validation. Here, we show how surveys
and self-reported data collected by volunteers in a citizen science
project involving non-commercial shellfish fishers provide im-
portant baseline information from the onset of aNephrops trap fish-
ery in Norway. The results represent the first comprehensive
overview of the regional stock composition, and confirm that
readily available landings data may be a suitable proxy for
changes in catch rate over time. These insights are valuable step-
ping stones towards an analytical stock assessment of an unas-
sessed and largely unregulated stock.
The shift in gear composition in the Norwegian Nephrops fishery

was the result of a combination of trawling restrictions in inshore
areas (Søvik et al. 2017) and increasing demand for high-quality,
live shellfish. Although the regulative changes were clearly an ini-
tial trigger for the emergence of the trap fishery, continued growth
of the fishery over the past decade has likely been driven by
changes in consumer attitude and economic incentives. Economic
incentives linked to the size and quality of the catch are common
in other fisheries (Zimmermann and Heino 2013) and have impli-
cations for management strategies (Zimmermann et al. 2011).
Although Nephrops was largely seen as a bycatch species of the
shrimp fishery in the past, public perception has aligned itself in
recent years with international preferences for Nephrops as a
high-value delicacy (Ungfors et al. 2013). Our interview survey
reflects the past attitude through a clear difference between the in-
terest of recreationalfishers inNephrops compared to European lob-
ster and brown crab, two fisheries with a much longer tradition in
Norway that are mostly targeted by the same recreational fishers
(F. Zimmermann, unpublished data). This underscores the fact that
fisheries, and thus fishing pressure on species, can change drasti-
cally in a relatively short timeframe in response to policies, eco-
nomic incentives, consumer attitudes, new technologies, or a
combination thereof.
Throughout its range, Nephrops has mostly been fished with

bottom trawl, a gear with substantial impacts on bottom habitats
as well as high rates of bycatch and discard (ICES 2021). Exemp-
tions from landing obligations have been sought and, in some
cases, granted for several Nephrops fisheries based on evidence of
discard survival (Fox et al. 2020; Mérillet et al. 2018). Although
empirical evidence is limited, trap fishing for Nephrops likely
reduces bycatch and discard rates (Jansson 2008) and increases
discard survival (Valentinsson and Nilsson 2015) due to better se-
lectivity and less harmful handling. The shift from a trawl- to a
trap-dominatedNephropsfishery in Norway has, therefore, improved

Fig. 5. Size composition of recreational catches by region and sex,
measured as carapace length. Shown are the means and 95%
confidence intervals (black dots and error bars) estimated by a linear
mixed-effect model, and each Nephrops caught in the Skagerrak (blue,
left) or West-Norway (red, right). Full circles indicate berried females
while empty circles are females without eggs or males. Individual
data points are jittered for visualization purposes. [Colour online.]
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the sustainability of the fishery, and reduced impacts on coastal
ecosystems. Despite the benefits of trap fishing, the expansion in
commercial and non-commercial fishing activity in the absence of
any regulation beyond minimum landing size remains a cause for
concern. In addition, traps are often left permanently at sea and
cover large areas, causing user conflicts and ghost fishingwhen lost
(Kleiven et al. 2021; Macfadyen et al. 2009).
Most stock assessment methods rely on relative indices of abun-

dance that are often based onfisheries data, which are available for
most fish stocks (Maunder 2001). Although catch-only methods for
assessing and managing fish stocks exist (Pons et al. 2020), they
tend to perform poorly (Branch et al. 2011; Carruthers et al. 2014;
Free et al. 2020). Therefore, a relative index of abundance fromfish-
eries data can substantially increase the number of applicable
assessment methods and quality of output. Our results revealed
that standardized landings per boat trip from the Norwegian
Nephrops fishery may reflect relative changes in the stock size, and
thus provide an abundance index. This is a valuable conclusion
because over the past decade, Nephrops in Norway has primarily been
harvested by a small-scale trapfisherywith limited reporting require-
ments, resulting in low-resolution landings data that lack more
detailed effort information. In addition, landings data include the
entire period encompassing the emergence and expansion of the trap
fishery, providing a historic reference when reporting requirements

are improved in the future. Because data collection often starts when
a fishery is already mature or depleted, this historic perspective on
long-term changes in fish stocks and ecosystems is often unavailable.
Constructing indices that include the early stages of a fishery can
therefore help to prevent a biased perception due to shifting base-
lines (Pauly 1995; Pinnegar and Engelhard 2008).
Our study showed that the trap fishery for Nephrops emerged

relatively recently, gaining traction after 2010 to become the
main source of Nephrops landings in Norway. Although the survey
represents a limited snapshot of active recreational fishers in
2011 and 2014, the results suggest a clear correspondence between
increased participation in the non-commercial fishery and com-
mercial landings. There is strong overlap in Norwegian coastal fish-
eries among recreational, semi-subsistence, and commercial fishing
(Aas and Kaltenborn 1995; Liu et al. 2019), and non-commercial activ-
ities may subsequently evolve into commercial ones given the right
economic incentives. Thus, the shift towards a trap fishery on
Nephrops has likely been facilitated by the increase in recreational
trap fishing, which subsequently aligned fishing strategies between
commercial and non-commercial fishing and increased the impact
of non-commercialfishing on theNephrops stock.
The Nephrops fishery in Norway provides a case study of how

recreational fishing can become amajor source of fishingmortal-
ity, while evading quantification because traditional monitoring

Fig. 6. Proportion of females of total catch (left) and proportion of berried females (right) in recreational catches. Shown are means and
95% confidence intervals (black dots and error bars) predicted by a linear mixed-effect model, and each Nephrops caught in the Skagerrak
(blue) or West-Norway (red). Individual data points are jittered for visualization purposes. [Colour online.]

Fig. 7. Relationship between the number of Nephrops caught by recreational fishers and number of traps used (left) and the soak time
(right) by region. Dots represent individual fishing trips, and lines and shaded areas are the means and 95% confidence intervals,
respectively, predicted by the selected linear mixed-effect model. [Colour online.]
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efforts do not capture non-commercial fishing activities. Given
the impact of non-commercial fishing on other coastal shellfish
species (Kleiven et al. 2012), non-commercial landings of Nephrops
are likely of a magnitude comparable to commercial landings.
The Norwegian Nephrops fishery therefore resembles a range of
finfish and shellfish stocks in other regions with substantial non-
commercial removals (Coleman et al. 2004; Herfaut et al. 2013;
Radford et al. 2018). In a stock with a relevant share of non-
commercial fishing, including information on these fishing activ-
ities in stock assessment has been recommended (Hyder et al. 2018;
McPhee et al. 2002) to improve the accuracy of assessments and
avoid biases. Because commonly used assessment models scale
stock size with catches, significant unregistered catches will result
in an underestimation of stock size. Furthermore, recreationalfish-
ing may target different components of a stock than commercial
fishers, resulting in a different selectivity. Therefore, including non-
commercial fishing in stock assessment may not only provide a
complete account of total catches, but also a more accurate picture
of how fishing mortality is distributed across size classes, areas,
seasons, etc. To achieve an implementation in stock assessment,
required data could be collected through reporting mandates or
observer schemes, such as those used in commercial fisheries.
However, the characteristics of recreational fishing have made
the implementation and enforcement of traditional data collec-
tion programs challenging. Therefore, despite the potential ben-
efits, recreational fishing data have rarely been used in stock
assessment, except in a few cases (ICES 2021). Exceptions include
seabass around the British Isles (recreational removals, includ-
ing post-release mortality estimated within the assessment
model through a survey-estimated fishing mortality multiplier)
and western Baltic cod (recreational catches reported by Germany,
Denmark, and Sweden included in total catches in stock assess-
ment andmanagement advice).
The collection and reporting of data by volunteer citizen scien-

tists has been proposed as a cost-effective approach to increase
data availability for stock assessment and management, supple-
menting or replacing costly and time-consuming data collection
programs (Fairclough et al. 2014; Fulton et al. 2019). Typically
associated with fisheries-independent data, the collection of fish-
eries-dependent data through observer programs can also bind a
substantial amount of resources, most notably in smaller-scale fish-
eries withmany active fishers but a limited total value. Although the
costs and benefits of data collection are rarely quantified (Bentley
and Stokes 2009), resource limitations often restrict the expansion of
data collection programs to fisheries segments that are difficult to
survey, such as recreational or semi-subsistence fishers. In Norway,

no licenses or registrations are required for non-commercial fishers
in most cases, preventing a comprehensive overview of fishing activ-
ity or reporting obligations. Currently, the only exception is an oblig-
atory license for recreational European lobster fishing, which was
recently introduced and led to a cost-effective data collection frame-
work (Kleiven et al. 2019). In absence of mandates, well-designed citi-
zen science projects may be suitable for filling data gaps and
providing useful information (Gundelund et al. 2020; Hyder et al.
2015). Here, we showed that even a citizen science project with a
modest scope can contribute relevant information for establishing a
stock assessment in a data-limited situation. Because of the limited
duration of and participation in the project, it remains unclear
whether non-commercial and commercial fishing remained compa-
rable during the subsequent development of the fishery. The results
nevertheless underscore the potential value of self-reported data for
monitoring effort and, thus, the need for future data collection
through voluntary citizen science projects in the absence of more
stringent reporting requirements for non-commercialfishing.
In conclusion, collecting data from a new fishery in its infancy

provides an opportunity for the establishment of baseline informa-
tion for future monitoring and for informing stock assessment.
Here, we showed how, despite its limited scope, a citizen science
project with non-commercial fishers provided useful information
on the biology, composition, and catch rates of a Nephrops stock
that would not have been available otherwise and allowed us to
cross-validate a standardized index of catch efficiency as a potential
proxy for abundance. These results incentivize continued data col-
lection and monitoring efforts as the basis for future stock assess-
ment andmanagement advice.
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Fig. 8. Predicted catch rate (marginal effect) by region estimated by linear mixed-effect models fitted to commercial landings and
recreational catch data, standardized to the respective mean landings and mean catches. Commercial catch rates were based on landings
per boat trip of a subsample with high and consistent activity (vessels active in all years between 2012 and 2014, with minimum of 1 t of
annual landings). Shown are the mean predicted catch rates (dot) and 95% confidence intervals (error bars). [Colour online.]
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