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Abstract — Since the end of the 20th century, the maximum sustainable yield (MSY) has been at the core of
debates in the fisheries sector from a biological, economic, and geopolitical perspective. In theory, MSY
aims to maximize fishery yields while preventing harmful declines in stock biomasses. However, MSY is
primarily derived from monospecific population dynamics and does not necessarily achieve a suitable
balance between exploitation, socioeconomic objectives, and foodweb and ecosystem functioning. Since the
reform of the European Common Fisheries Policy (CFP) in 2013, FMSY has been the management target for
European fisheries. Given the high prevalence of overexploited stocks at the time, fisheries theory suggests
that, for those stocks, a reduction in fishing mortality should lead to an increase in biomass, which in turn
should result in an increase in fishing opportunities. While some of the indicators calculated to monitor the
effectiveness of the CFP show encouraging signs regarding stock status, the fishing industry, which in the
meantime has also been affected by a series of crises, does not seem to perceive the expected benefits. Using
ameta-analysis of 92 stocks assessed by ICES in the Northeast Atlantic, we examined how scientists’ advice
on fishing opportunities has evolved and whether it has responded to changes in F and SSB since the last
CFP reform. While the analyses show that fishing opportunities have increased mainly in cases where
fishing mortality and spawning stock biomass have changed the most, they also appear to be evolving more
slowly, and the picture remains rather mixed. This may also reflect adverse signals of global change and the
impact this may have on future fishing opportunities.
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1 Introduction

Overexploitation of natural resources is one of the five
components of global change that threaten biodiversity (IPBES,
2019). In the oceans, the harvesting of fish for human
consumption has already dramatically reduced the abundance
oftop predators (Christensen et al., 2003), impacted marine food
webs (Cury et al., 2011; Hernvann and Gascuel, 2020), and had
detrimental effects on ecosystems (Bastardie et al., 2021).

After decades of debate about whether marine resources
were unlimited, the development of the first surplus production
models in the mid-20th century (Schaefer, 1957) formalised
the response of a fish population to increasing levels of fishing
pressure: while fish biomass systematically declines as fishing
mortality increases, catches display a dome-shaped response.

*Corresponding author: hilaire.drouineau@inrae.fr

Initially, catches increase with fishing pressure, up to a
maximum, known as the maximum sustainable yield (MSY).
However, if fishing pressure increases above Fysy, the
biological production of the stock is impaired by its low
biomass and catches start to decline on average (Hilborn and
Walters, 2013), a situation known as overfishing. The later
development of analytical models refined the concept with the
definition of growth and recruitment overfishing. The former
defines a situation where fishing pressure prevents recruits
from reaching a size that would maximise catch whereas the
latter refers to a situation in which the depletion of the adult
component of the stock hinders recruitment. Overexploitation
or overfishing is a “lose-lose” situation, as it threatens the long-
term viability of fish stocks and reduces fishers’ socio-
economic welfare (Gordon, 1954; Grafton et al., 2012).
Despite its well-known negative effects, overexploitation
of fish stocks is widespread worldwide (FAO, 2024). In
Europe, the Common Fisheries Policy (CFP) was adopted in
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1983 to promote sustainable fisheries, ensure the economic
viability of Member States’ fleets, and guarantee food security
(EEC Council Regulation No. 170/83). Although considered
one of the most integrated and prescriptive regulations in the
European Union (Lado, 2016), the CFP did not prevent the
overcapacity of European fleets (STECF, 2023a) nor the
overexploitation of about 75% of stocks in the early 2000s
(STECEF, 2021). However, since its last reform in 2013 (EU
Regulation No. 1380/2013), the CFP objectives have been
expanded to include reducing the impact of fishing on marine
ecosystems and achieving a situation of no overexploitation by
2020 in European waters. Harvesting at the “MSY”, defined in
the regulation as “the highest theoretical equilibrium yield that
can be continuously taken from a stock under existing average
environmental conditions without significantly affecting the
reproduction process”, therefore became the new management
objective for all stocks managed under the CFP. Although this
target has not yet been fully achieved (STECF, 2024), the
reform has led to a significant reduction in fishing mortality
and to a progressive rebuilding of fish population biomass
(Froese et al., 2018; STECF, 2024).

Fishery science theory predicts that reducing fishing
pressure on an overexploited population should lead to an
increase in biomass, which in turn increases the biological
production of the population and subsequently catch levels.
Historically, this has been observed in Europe, for example,
when a ban on the fishery targeting the depleted North Sea
herring allowed the stock to recover and the fishery to reopen
in the 1980s (Dickey-Collas et al., 2010). However, counter-
examples also exist. For instance, the Canadian cod stock has
shown limited signs of recovery despite decades of fishing
bans or severe effort control (Schijns et al., 2021). This may be
due to changes in environmental conditions and in food webs.
Indeed, regime shifts occurring during periods of low
population abundance may impair subsequent recovery
(Blocker et al., 2023; Mollmann et al., 2021). This risk may
increase as climate change is expected to affect ocean catch
potential (Pontavice et al., 2023; Pontavice et al., 2021).

About 10 years after the last CFP reform, at a time when
the fisheries sector is facing multiple crises (e.g., Brexit and
fuel costs (STECF, 2023b)) and when global change, including
climate change as well as other components (e.g., habitat
deterioration and contamination), is increasingly threatening
marine ecosystems, this paper aims to explore whether efforts
to reduce fishing pressure and rebuild fish populations have
actually led to increased fishing opportunities in European
waters, as predicted by theory. This article does not seek to
assess the relevance of the MSY objective per se, but rather the
implications of reducing F, given the significant overfishing
that occurred in the late 2000s. It also examines why the
biomass of certain stocks, and consequently fishing oppor-
tunities, has not recovered as expected following reductions in
fishing mortality.

2 Materials and methods

This study focuses on Northeast Atlantic stocks in
European waters for which the International Council for the
Exploration of the Sea (ICES) provides recurrent advice on
fishing opportunities to the European Commission. For these

stocks, we extracted from ICES advice, where available, the
estimated fishing mortality (F), trends in spawning stock
biomass (SSB), and annual catch or landing advice formulated
by ICES, which corresponds to the level of catch/landings
according to the management rules in force (e.g., MSY target
and precautionary approach or management plans depending
on the stock). ICES advice 2023 or 2022 was used, depending
on availability when the dataset was built (the year of the
advice is specified in supplementary material). To avoid any
inconsistencies due to changes in stock definition or
assessment methods, we collected the information from a
single advice sheet so that catch advice, trends in F, and trends
in SSB arise from the same assessment. For example, for the
cod stock in the western Baltic Sea (cod.27.22-24), we used the
2023 advice (ICES, 2023a), extracted F and SSB time series
from Table 9 (“Assessment summary”), and time series of
catch advice from Table 6 (“ICES advice”). Among all these
92 stocks (a complete list of stocks is provided in the
supplementary material), we filtered those for which at least
8 years of biomass and fishing mortality estimates and 8 years
of catch/landing advice were available over the period 2013—
2023. The 8-year threshold was chosen to avoid time series that
are too short for trend tests to be meaningful or that potentially
start too late after 2013. We only retained in the analysis years
in which the scale of the advice remained consistent (e.g., no
stock redefinition and no inclusion of additional population
fractions). Given these data requirements, mostly stocks from
ICES data categories (ICES, 2025) 1 (“stocks with quantitative
assessments”) and 2 (“stocks with analytical assessments”)
were used, although a few stocks from category 3 (“stocks for
which survey-based assessments or exploratory assessment
indicate trends”) could also be included by using available
proxies of biomass and fishing pressure (aru.27.6b7-1012,
bsf.27.nea, fle.27.3a4, lem.27.3a47d, nep.fu.2829, spr.27.7de,
usk.27.3a45b6a7-912b, and mur.27.3a47d).

For stocks for which advice changed from landing advice
to catch advice (or vice versa), for instance, following the
implementation of the landing obligation (Borges and Lado,
2019), we converted ICES landing advice to catch advice. To
do so, we computed the average reported discard rate DR, for
each stock s in the ICES advice by dividing reported discards
by the sum of discards and landings over the study period:

DR. — discards; ()
* \discards,(y) + landings,(v) )

Then, when for a given year, the fishing opportunities table in
the ICES advice was specified as catch advice (conversely, landing
advice), a corresponding landing advice was calculated as
Landing advices(y) = Catch Advices(y) x (1 —DRy)  (con-
versely, Catchadvice,(y) = Landing advice,(y)/(1 — DRy)
The analyses were then carried out either on landings or on
catches, using the series requiring the fewest conversions, which
were considered to represent fishing opportunities.

This resulted in a subset of 92 stocks. For these stocks, we
carried out three different analyses:

— Following the CFP monitoring protocol used by the
Scientific, Technical, and Economic Committee for
Fisheries (STECF) to assess CFP performance (Gras
et al., 2023), we derived aggregated indicators of fishing
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opportunities using a state-space model as implemented in
the JARA R package (Winker et al., 2020) to compare
trends across ecoregions. Before fitting JARA, fishing
opportunities for each stock were normalized by their
average over the study period to focus on relative trends
and avoid giving greater weight to stocks with larger
opportunities. JARA fits an autoregressive smoother to
each standardized stock time series, assuming that
opportunities follow a log-normal distribution. JARA uses
a Bayesian framework and is implemented using the
runjags package (Denwood, 2016), with 3 chains run to
produce 3,500 posterior samples each (burn-in: 2000
iterations; thinning rate: 2). For each stock and each year,
this produces posterior standardized (by the mean) fishing
opportunities, consisting of 10,500 (3 x 3500) samples.
Finally, a bootstrap (with replacement) is performed across
stocks to calculate mean fishing opportunities per year and
the associated credibility intervals.

— At the stock level, Mann—Kendall trend tests were used to
detect monotonic trends in F, SSB, and fishing oppor-
tunities. The Mann—Kendall test is a non-parametric rank-
based test aimed at detecting the existence of monotonic
(but not necessarily linear) trends in time series (Kendall,
1975). Historically overexploited stocks are expected to
show a negative trend in F following the last CFP reform,
leading to an increase in SSB and subsequently to an
increase in fishing opportunities. For stocks for which
trends in F and fishing opportunities were inconsistent with
theory (i.e., a decrease in F accompanied by a decrease in
fishing opportunities or an increase in F accompanied by an
increase in fishing opportunities), we reviewed the
literature and ICES working group reports to identify
possible explanations.

— We carried out Chi-squared tests, which assess the
association between two categorical variables (Pandis,
2016), to test whether trends in F, SSB, and fishing
opportunities were significantly associated among stocks
(e.g., whether stocks with decreasing F were significantly
more frequently associated with increasing SSB or fishing
opportunities).

3 Results

3.1 Overall trend in fishing opportunities

Figure 1 displays the sum of fishing opportunities across
years and ecoregions. The sum of fishing opportunities appears
to be increasing in the Bay of Biscay and along the Iberian
coast, while it seems to be decreasing in the Baltic Sea and in
the Celtic Seas. In the other ecoregions, no clear positive or
negative trends can be identified.

The JARA model provided an indicator of the average
trend in fishing opportunities. Fishing opportunities were first
standardized by the mean for each stock to use a common
scale, allowing equal weight to be given to each stock
independently of its size and to focus on temporal trends. In
contrast, Figure 1 sums the absolute values of fishing
opportunities and is therefore primarily driven by stocks with
the largest opportunities. The average trend in fishing

opportunities indicates a general increase (Fig. 2—panel all
stocks), which is visible in most regions, especially after 2020.
In contrast, the Baltic Sea displays a different pattern, stable
until 2018, followed by a decrease towards the end of the
period.

3.2 Occurrence of significant trends in F, SSB, and
fishing opportunities

Among the stocks, 38 significant trends in F were found,
with a majority of decreasing trends (27 significant trends in F)
(Fig. 3). For SSB, 44 significant trends were identified, of
which 26 were increasing. This confirms the general decline in
F and the gradual recovery in SSB. Only 30 significant trends
were identified for fishing opportunity, of which 20 were
positive. There are some differences among ecoregions, such
as the absence of stocks with increasing fishing pressure in the
Bay of Biscay & Iberian waters, while the number of stocks
with significantly increasing F is greater than the number of
stocks with decreasing F in the North Sea (though the number
of stocks with a negative Kendall tau is greater than the number
of stocks with a positive tau — tau corresponds to the
correlation coefficient of the Mann—Kendall test; a negative
value indicates a monotonous declining trend, while a positive
value indicates an increasing monotonous trend).

Table 1 summarizes the stocks for which significant trends
in fishing opportunities were detected.

3.3 Association between trends in F, SSB, and fishing
opportunities

Chi-squared tests confirm a significant association between
trends in F and SSB (P-value: 0.04) and between SSB and
fishing opportunities (P-value: 0). In contrast, no significant
relationship was found between trends in F and fishing
opportunities (P-value: 0.88). This suggests a direct effect of
trends in F on SSB, followed by an effect of SSB on fishing
opportunities, whereas the link between F and fishing
opportunities appears to be indirect and subject to a time
lag, with SSB needing to recover first before fishing
opportunities increase.

The residuals of the chi-squared tests confirm that, in line
with theory, an increasing trend in SSB is more frequently
associated with a decreasing trend in F and that an increasing
trend in fishing opportunities is more frequently associated
with an increasing trend in SSB (Fig. 4). In addition, stocks
with both negative trends in F and SSB are rare, as are stocks
with increasing fishing opportunities and decreasing SSB.

3.4 Unexpected associations

In theory, a long-term increase in F should lead to a
decrease in SSB, which would consequently reduce fishing
opportunities. However, some stocks show trajectories that do
not follow this expected pattern. Among the stocks exhibiting a
positive trend in fishing opportunities while F is increasing
(her.27.nirs, lez.27.6b, and sol.27.7¢) or shows no significant
trend (ane.27.8, bli.27.5b67, nep.fu.16, nep.fu.2829, nep.fu.8,
ple.27.21-23, ple.27.24-32, rju.27.7de, so0l.27.20-24, and
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Fig. 1. Sum of fishing opportunities per ecoregion. The diagram ends in 2022 since some advice was not available for the latest years. For
consistency, only stocks for which fishing opportunities were available each year from 2013 to 2022 were kept. “Northeast Atlantic” refers to

widely distributed stocks.

sol.27.7a), a closer examination of ICES advice and stock
assessment working group reports shows that F is generally
below Fygy (Tab. 2). Moreover, SSB does not appear to
decrease for these stocks and is even increasing for 9/13 stocks.
For many of these stocks, this may reflect recovery following a
period of overexploitation prior to the study period (F/Fysy > 1
for 8/13 stocks).

Conversely, theory predicts that a long-term decrease in F
should lead to an increase in SSB and subsequently to higher
fishing opportunities. Some stocks exhibit the opposite
pattern, with a decrease in fishing opportunities despite a
decrease in F (cod.27.24-32 and lem.27.3a47d) or despite the
absence of a significant trend in F (cod.27.7e-k, her.27.20-24,
her.27.irls, 1lin.27.5b, nep.fu.13, nep.fu.22, and pok.27.3a46).

For two of these stocks, SSB is even decreasing despite the
absence (cod.27.7e-k) or the presence of a decreasing trend
(lem.27.3247d) in F. Among these stocks, six out of the seven for
which Fygy is available (Fysy was not estimated for
c0d.27.24-32 and lem.27.3a47d) remain overfished. For six of
those stocks, a period of low recruitment values was observed
(c0d.27.24-32, cod.27.7e-k, her.27.20-24, her.27.irls, 1in.27.5b,
and pok.27.3a46), which does not necessarily result from low
SSB. Notably, ICES reports detrimental effects of other
environmental drivers for many of these stocks:
— a potential effect of climate change (cod.27.24-32,
cod.27.7e-k, and her.27.20-24);
— habitat degradation (cod.27.24-32, her.27.20-24, and
her.27.irls);
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Fig. 2. Average trend in fishing opportunities per ecoregion and across all stocks according to JARA model estimates. Values were standardized
by the average fishing opportunities for each stock so that a value of 1 indicates a value above the average while a value less than one is below the
average. “BoBiscay & Iberia” refers to the Bay of Biscay and Iberian waters. “Northeast Atlantic” refers to widely distributed stocks.

— a potential low productivity regime affecting the stock—
recruitment relationship of pok.27.3a46 (ICES, 2024);

— Lloret et al. (2021) report the effect of temperature on the
dynamics of ling stocks, including 1in.27.5b.

For other stocks, the decrease in fishing opportunities
appears to be linked to the lack of SSB recovery following
reduction in F and may be due to a lag in recovery time (her.27.
irls and nep.fu.22).

4 Discussion

Global change has dramatically modified natural ecosys-
tems (Steffen et al., 2018) and is threatening biodiversity

(IPBES, 2019). Fisheries, the harvesting of a natural and
renewable resource, used to be the main anthropogenic driver
affecting marine ecosystems, with overexploitation being
almost a worldwide norm for decades (Drouineau et al., 2023;
FAO, 2024). However, the environment has also played a role
in the dynamics of many fish populations (Hernvann and
Gascuel, 2020), and climate change is expected to be a major
threat in the coming decades (Cheung, 2018). In this context, a
critical question is whether appropriate management measures
to regulate fishing pressure can ensure the recovery of depleted
fish populations (Blocker et al.,, 2023). Based on a
comprehensive dataset of stocks in the Northeast Atlantic,
this meta-analysis shows how the reduction in fishing pressure
since the last reform of the European CFP (EU Regulation No.
1380/2013) has enabled stock recovery and an increase in

Page 5 of 11



H. Drouineau et al.: Aquat. Living Resour. 2026, 39, 17

Baltic Sea

BoBiscay & Iberia

Celtic Seas

20 A

15 A

104

B

Greater North Sea

Northeast Atlantic

number of stocks

201

15+

10 A

L .

T T

T
F opportunities  SSB

T T T
F opportunities SSB

T
F

T T
opportunities  SSB

. increasing

no trend

Fig. 3. Number of stocks showing significant increasing, decreasing, or no trend in F, SSB, and fishing opportunities per ecoregion (dark bars).
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opportunities refer to the fishing opportunities as estimated in ICES advice. “BoBiscay & Iberia” refers to the Bay of Biscay and Iberian waters.
“Northeast Atlantic” refers to widely distributed stocks.

Table 1. Table of stocks for which a significant increasing or decreasing trend in fishing opportunities was found per ecoregion over the study
period. “BoBiscay & Iberia” refers to the Bay of Biscay and Iberian waters. “Northeast Atlantic” refers to widely distributed stocks.

Ecoregion

Increasing trend

Decreasing trend

Baltic Sea
BoBiscay & Iberia

Celtic Seas

Greater North Sea
Northeast Atlantic

ple.27.21-23, ple.27.24-32, s0l.27.20-24

ane.27.8, ank.27.78abd, bss.27.8ab, hom.27.9a, 1db.27.8¢9a,

meg.27.7b-k8abd, meg.27.8¢9a, nep.fu.2829
her.27.nirs, lez.27.6b, nep.fu.16, rju.27.7de, sol.27.7a, sol.27.7e, whg.27.6a

nep.fu.8
bli.27.5b67

co0d.27.24-32, her.27.20-24

cod.27.7e-k, her.27.irls, 1in.27.5b,
nep.fu.13, nep.fu.22, whg.27.7b-ce-k
lem.27.3a47d, pok.27.3a46
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Fig. 4. Residuals of the different chi-squared test. Positive residuals mean that the association of the two trends is more frequent than expected if
the variables were independent, while a negative value indicates that the association is less frequent. Here, “opportunities” refer to the fishing

opportunities as estimated in ICES advice.

fishing opportunities, as predicted by fisheries science theory.
Such feedback, based on a wide diversity of fish species and
ecosystems, is essential to assess whether field observations
bear out theory but also to demonstrate the potential benefits of
fisheries regulations to managers and stakeholders at a time
when fisheries face multiple crises and must prepare for
climate change adaptation.

It should be noted that in this study, we used the catch/
landing advisories formulated in scientific advice as a proxy
for fishing opportunities. We therefore did not take into
account differences between scientific advice and the quota
ultimately implemented, which, for some stocks, may have
been subject to top-ups following the introduction of the
landing obligation. In general, the gradual introduction of the
landing obligation following the CFP reform affected scientific
advice by progressively shifting the focus from landing to

catch advice. This may have affected our analysis. For
example, we had to convert landings to catch advice and
assumed that discard rates had remained constant throughout
the study period. This assumption is supported by reports
assessing the effectiveness of the landing obligation, which
show that this measure has had limited impacts on discard rates
(AZTI-Brta et al., 2021; European Climate, Infrastructure and
Environment Executive Agency (European Commission)
et al., 2025). Another important consideration concerns the
periodic benchmark process conducted under the ICES quality
assurance framework. During these benchmarks, key compo-
nents of the stock assessment — including input data,
assessment models, and reference point estimations — are
peer-reviewed and, where necessary, revised; in some cases,
stock definitions themselves may be redefined. This process
inevitably introduces a degree of temporal inconsistency in
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Table 2. Status of the stocks that display unexpected associations of fishing opportunities (Opp) and F trends. R stands for the geometric mean of
recruitment from 1999 to 2023 over the whole time series; F/FMSY and B/MSY Btrigger are the average values in the study period (2013-2023)

or before (b) the study period (2000-2012).

Opp F SSB Stock R F/FMSY B/MSY Btrigger F/FMSY (b) B/MSY Btrigger (b)
\ N\ N lem.27.3a47d
- c0d.27.24-32 0.63
- N\ cod.27.7e-k 0.20 3.61 0.61 3.19 1.32
- her.27.20-24 0.36 1.10 0.49 1.58 0.74
her.27.irls 0.41 1.82 0.54 0.97 1.30
1in.27.5b 0.21 1.64 1.67 1.81 1.20
nep.fu.13 - 1.02 3.09 1.18 2.90
nep.fu.22 - 0.93 1.11 1.00 1.26
pok.27.3a46 0.42 1.08 1.18 1.15 1.49
7 7 7 s0l.27.7¢ 1.14 0.87 1.50 1.03 1.05
- her.27.nirs 2.08 0.84 1.95 0.91 1.56
lez.27.6b - 0.57 2.45 1.37 0.96
- 7 ane.27.8 2.25
bli.27.5b67 1.20 0.39 1.01
nep.fu.16 0.78 0.51
nep.fu.8 0.96 2.69 1.38 2.20
ple.27.21-23 2.42 1.33 2.06 2.54 1.03
ple.27.24-32 0.29 3.05 1.08 1.02
rju.27.7de 0.10 2.45 0.91 0.49
sol.27.7a 0.71 0.69 0.60 1.90 0.58
- nep.fu.2829 0.30 0.56
$01.27.20-24 0.55 0.74 0.89 1.18 0.98

catch advice, as advice issued in a given year reflects the
assessment model and reference points that were current at that
time, both of which may have subsequently changed.
However, there is no a priori reason to expect such revisions
to systematically bias catch advice in either direction —upward
or downward. We therefore argue that the time series of catch
advice used in this study remains a valid representation of the
best available scientific knowledge at the time each advisory
output was issued.

Two main take-home messages arise from this meta-
analysis. First, in a majority of cases, observations are
consistent with fisheries science theory. The decrease in fishing
pressure observed since 2013 has promoted an increase in SSB
for 50/91 stocks (positive Kendall tau, 24 statistically
significant), confirming the average increase already highlight-
ed by STECF (2021). In many cases (55/92 stocks with
positive trends in fishing opportunities, including 20 that were
statistically significant), this has also led to an increase in
fishing opportunities. In other words, as expected, reducing
fishing pressure on overexploited stocks generally generates
positive feedback for both fish populations (increase of the
biomass) and fisheries (increased catches). The case of the Bay
of Biscay and Iberian waters illustrates the benefits of reducing
F, an important message in a period of crisis for the fishing
industry (Gascuel, 2019; Symes, 2023).

Of course, this generally positive picture conceals a
diversity of situations, as fishing pressure does not decrease
and biomass does not increase for all stocks across European
waters (STECF, 2021). Among all stocks for which ICES has
provided advice, 9% were still under zero catch advice in 2023
(a slight improvement compared to the 16% in 2013). In our

analysis, we did not account for differences in stock
importance in terms of landing volumes or economic value.
For example, a substantial part of the increasing trend in total
fishing opportunities in the Bay of Biscay & Iberian coast
(Fig. 1) is driven by increased opportunities in horse mackerel
(hom.27.9a), a species of moderate economic value. In
contrast, sole (sol.27.8ab), one of the most important species
for fleets operating in the Bay of Biscay (Prellezo, 2019),
shows an alarming trend with a drastic reduction in total
allowable catch (TAC) in 2022 and the implementation of
measures to compensate for economic losses (ICES, 2023b).

The results also suggest that positive outcomes should be
expected with a time lag following reductions in fishing
pressure. Further investigation of this time-lag effect would be
valuable, particularly for the development of rebuilding plans.
However, two issues may hinder such analyses. First,
introducing time lags mechanically reduces the length of
already short time series, thereby decreasing the power of the
Kendall test. Second, if a time lag exists, the relationship
between F and fishing opportunities is likely non-monotonic
(the nature of the relationship is likely to change when the
reduction of F starts to have an effect on the fishing
opportunities), violating the assumption of Kendall tests.
Exploring more flexible metrics of dependence between
variables such as MIC (Albanese et al., 2018; Reshef et al.,
2011) or gAD (Griessenberger et al., 2022) may be an option to
overcome this issue. Transitional periods will represent a
critical challenge for managers, particularly in regions like
Europe, where fleet overcapacity persists (STECF, 2023a),
where required fishing pressure reduction will come at the cost
of temporary fishing opportunity reductions.
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The second key take-home message is that, for many
stocks exhibiting dynamics inconsistent with theory, environ-
mental factors are likely to play a significant role. In more than
half of these cases, periods of low recruitment were observed.
Early life stages of fish are particularly sensitive to
environmental conditions (Houde et al.,, 2009). Habitat
degradation and climate change, two other components of
global change, are thought to act synergistically with fishing
pressure, explaining, for example, the current low recruitment
of herring in the Western Baltic (her.27.20-24 (Moyano et al.,
2023)). Climate change is also suspected by ICES to be a
driving factor for several “inconsistent” stocks (cod.27.24-32
(ICES, 2023c¢), bli.27.5a14 (ICES, 2022a), cod.27.7e-k (ICES,
2022b), and her.27.20-24 (ICES, 2023d; Moyano et al., 2023)).
Environmental change is known to impair the recovery of
depleted stocks (Blocker et al., 2023; Mollmann et al., 2021).
This underlines the urgency of rebuilding stocks before
irreversible climate-drive impacts occur.

To our knowledge, such a meta-analysis has never been
conducted at this scale. We believe that a regular monitoring of
the trends in fishing opportunities would be a valuable tool for
assessing the performance of fisheries management measures
and for detecting potential issues, possibly related to
environmental changes. This could be a valuable tool to help
managers to adapt their measures to the observed dynamics
and to anticipate potential issues. This could also be a valuable
supporting tool to communicate on the benefits of fishing
pressure reduction to stakeholders and to the public. The
annual CFP monitoring exercise and ICES fisheries overviews
provide valuable insights into fishing pressure (e.g., F and
landings) and stock status (e.g., SSB). In this study, we have
taken this a step further by exploring the links between these
families of indicators to show how stocks respond to fisheries
restrictions. When comparing the results of the CFP
monitoring and ICES overviews with this analysis, two
aspects must be borne in mind. First, we did not consider the
absolute values of the indicators, focusing on their trends. For
example, in our analysis, stocks with significant trends have
the same weight, regardless of the fishing pressure level. We
did so because we wanted to explore whether the trend in F has
an effect on trends in SSB and fishing opportunities on each
stock. On the other hand, the CFP monitoring and ICES
fisheries overviews average F or SSB after scaling them to a
common reference point (e.g., Fmsy and MSY Byigger) to
monitor an average pressure at the ecosystem scale.
Furthermore, our focus here is on stocks for which significant
trends have been identified, while CFP monitoring and ICES
overview indicators are averages across all stocks, regardless of
any significant trend tests. Given the limited length of the time
series and the fact that stocks may exhibit non-monotonic
relationships, the Kendall test we used might be restrictive (see
Fig. 3). These differences may explain, for example, why we
detect a higher number of stocks with a significant increasing F in
the Greater North Sea while the other exercises indicate an
overall decrease in fishing pressure in this ecosystem. Despite
these differences due to slight differences in objectives, our
analysis and the CFP monitoring analysis provide complemen-
tary results that support an overall decrease in F and an increase
in SSB.

Like any meta-analysis, this exercise has some pros and cons.
An asset of any meta-analysis is that the large number of case

studies allows one to derive general rules and theories (Arnqvist
and Wooster, 1995; Fagard et al., 1996; Stewart, 2009). In our
case, this was relevant to check that observations are generally
consistent with the fishery science theory. However, as
previously acknowledged, meta-analysis can hide a diversity
of situations (Arnqvist and Wooster, 1995; Stewart, 2009), and it
is difficult to analyze in detail each specific case study. Meta-
analysis should not prevent further analysis at the case study
scale. Other drivers might, for example, be more important than
the fishery to explain the dynamics of some stocks. Still, such a
meta-analysis helps to pinpoint relevant case studies for further
analysis. In our case, we explored in greater detail the stocks that
were identified as contradictory with the theory.

Data availability statement

The research data associated with this article are included in
the article.

Supplementary material

The following table displays the stocks that were included for the
analysis.

The Supplementary Material is available at https://www.alr-
journal.org/10.1051/alr/2026010/0lm
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