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Summary: The current European Union fisheries policy encourages improving handling practices to increase the survival 
of discards. Trawling on the Mediterranean upper slope often generates over 30% of discards of the total catch. Among 
other species, Nephrops norvegicus juveniles are abundantly returned to the sea, sometimes exceeding 40% of discarded 
biomass. N. norvegicus discard survival probability has been recently shown to be related to vitality on board and to 
vary seasonally, being especially low during the summer (0.06). Environmental characteristics (especially, high on-deck 
temperature in summer) make it necessary to improve vitality on board in order to increase discard survival. We therefore 
tested new discard handling methodologies for a Mediterranean mixed trawl fishery, with N. norvegicus as the target spe-
cies. The results showed a survival rate on board higher than 0.8 resulting from vitality status improvements achieved by 
immersing N. norvegicus in cooled seawater on board during the catch selection and discard time. The implementation of 
this method would make an important contribution to more sustainable Mediterranean trawl fisheries.
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Mejorando la vitalidad a bordo posterior a la captura de la cigala descartada (Nephrops norvegicus) para una pesca 
de arrastre más sostenible en el Mediterráneo

Resumen: La política pesquera actual de la Unión Europea fomenta la mejora de las prácticas de manipulación de los 
descartes para aumentar su supervivencia. La pesca de arrastre en el talud superior del Mediterráneo, suele generar más del 
30 % de los descartes de la captura total. Entre otras especies, los juveniles de Nephrops norvegicus son devueltos en gran 
abundancia al mar, a veces llegando a superar el 40% de la biomasa descartada. Recientemente se ha demostrado que la 
probabilidad de supervivencia al descarte de N. norvegicus está relacionada con la vitalidad a bordo y varía estacionalmen-
te, siendo especialmente baja durante el verano (0,06). En este contexto, probamos y proponemos nuevas metodologías de 
manipulación de los descartes para una pesquería de arrastre mixta en el Mediterráneo, con N. norvegicus como especie 
objetivo, ya que las características ambientales (especialmente, la alta temperatura en cubierta en verano) hacen necesario 
mejorar la vitalidad a bordo de los descartes, para aumentar su supervivencia. Los resultados mostraron una tasa de super-
vivencia a bordo superior a 0,8 debido a las mejoras en el estado de vitalidad al sumergir N. norvegicus en agua de mar 
enfriada, durante la selección de capturas y el tiempo de descarte. La implementación de esta metodología, que mejora la 
vitalidad a bordo, es relevante para conseguir pesquerías de arrastre más sostenibles en el Mediterráneo.
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INTRODUCTION

Discarding from commercial fisheries is one of the 
biggest sustainability problems at a global level, be-
cause it involves a waste of living resources, causes 
biodiversity loss and affects food chains, thus possibly 
contributing to stock decline in species of fisheries in-
terest (Bozzano and Sardá 2002, Bellido et al. 2011, 
García-de-Vinuesa et al. 2021). Trawling is the type of 
fishing that produces the highest amounts of discards 
because of its multi-specificity and low levels of se-
lectivity (Thrush and Dayton 2002, Kaiser et al. 2006, 
Damalas et al. 2015). A clear example is the Mediter-
ranean trawl fleet targeting Norway lobster (Nephrops 
norvegicus, Linnaeus 1758), in which the discard frac-
tion often exceeds 30% of the catch (García-de-Vinue-
sa et al. 2018). Discards of N. norvegicus are mainly 
juvenile individuals below the mean size at maturity, 
which is estimated to range from 30 to 36 mm in the 
Mediterranean (Relini et al. 1998, Tsagarakis et al. 
2014, García-de-Vinuesa et al. 2018).

In order to mitigate the problem of discards, 
through the current Common Fishery Policy the Euro-
pean Union has established a landing obligation (LO) 
for all animals with a minimum conservation reference 
size (MCRS). Under the provisions of the LO, species 
with an MCRS cannot be discarded and must be land-
ed, at the fishermen’s expense and without the possibil-
ity of generating economic returns from the sale. The 
current regulation should encourage member states to 
adopt measures to enhance discard survival (EU Reg. 
1380/2013; (EC) No 850/1998, Reid et al. 2019). N. 
norvegicus is affected by the LO, because it has an 
MCRS of 20 mm CL (carapace length) in the Mediter-
ranean Sea (Council Regulation (EC) No. 1967/2006). 
However, the regulation allows member states to im-
plement an LO exemption for species whose high sur-
vival of discarding can be demonstrated under exper-
imental conditions (Art. 15 of EU Reg. 1380 /2013). 
This exemption could be especially useful to increase 
the biomass of future stocks of target species whose 
discarded juveniles show high survival.

In the Atlantic Ocean, high survival (0.51) has been 
demonstrated for discarded N. norvegicus (Méhault 
et al. 2016). Survival varies seasonally (Castro et al. 
2003, Albalat et al. 2010, Mérillet et al. 2018) and can 
be affected by sorting and handling practices on board, 
injuries induced by the trawl (Bergmann et al. 2001, 
Macbeth et al. 2006), duration of exposure to air, and 
temperature changes (Davis and Olla 2002, Broad-
hurst et al. 2006, Benoît et al. 2012). In recent years, 
the survival probability for unwanted fractions of At-
lantic N. norvegicus catch has been improved through 
implementation of new rapid discard techniques, such 
as the “discard chute system” in trawlers, that allow for 
a shorter time exposure of N. norvegicus to stressors 
(Mérillet et al. 2018). A vitality study carried out in 
aquariums (captivity methods) (García-de-Vinuesa et 
al. 2020) showed that discard survival of N. norvegicus 
from the Mediterranean Sea has a large component of 
seasonal dependence and is directly related to their vi-
tality on board. The survival was high during the winter 

months (0.74) and low or almost null during the warm 
months in spring (0.36) and summer (0.06); that is, sur-
vival is strongly linked to seasonal changes in air and 
water temperature. Therefore, it could now be possible 
to improve the discard survival of N. norvegicus, es-
pecially during the warm months, by enhancing vital-
ity on board. The implementation of new techniques 
or methodologies on board, in the same way as in the 
Atlantic Ocean but adapted to the Mediterranean en-
vironmental conditions, could be especially useful for 
improving vitality on board of N. norvegicus, thus in-
creasing their survival probabilities when they are dis-
carded.

The goal of this study was to examine technical 
solutions for improving the sustainability of the N. nor-
vegicus Mediterranean trawl fishery by improving the 
vitality on board of N. norvegicus juveniles through the 
implementation of new methods for handling discards.

MATERIAL AND METHODS 

Study area and fishing characteristics

The study area was located in the northwestern 
Mediterranean, near to Blanes port, on an upper slope 
fishing ground with a mean depth of 298 m (García-de-
Vinuesa et al. 2018) where the local bottom trawl fleet 
practises a mixed demersal fishery whose main target 
species is N. norvegicus (Fig.1).

The vessel used to carry out the experiments was a 
20.6 m length overall commercial bottom trawler with 
294 kW main engine. Field sampling was carried out 
in July 2019, trawling at 3 knots between 355 and 425 
m depth for a duration of 2 h effective fishing time of 
each haul. The average total catch was 69 kg per tow , 
including the target species, commercial by-catch and 
discards.

Post-catch vitality on board experiment

We examined the discard fraction of the N. norvegi-
cus catch from five hauls (replicates) obtained under 
commercial conditions. With the help of fishermen, 
within 5 minutes of hauling the catch on board from 

Fig. 1. – Study area. Red lines show the tracks of the hauls carried 
out in this study.
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each replicate we selected randomly 75 discardable ju-
venile N. norvegicus with a size between 17 and 27 mm 
CL, 25 individuals for the control, 25 for treatment 1 
and 25 for treatment 2. The control set tried to simulate 
the standard conditions that N. norvegicus encounter 
from their arrival on deck until their return to sea. To 
this end, the animals were placed on a non-slip black 
plastic surface used as a regular rule by the fishermen 
and were individually separated by means of a perfo-
rated white plastic grid to avoid mixing or confusion 
in the animal’s vitality evaluation during the experi-
mental time (Fig. 2A). Treatment 1 tried to simulate a 
technique used by fishermen during the warm months 
to maintain the quality of the commercial fraction, in 
which fishermen protect the catch with a white cloth 
that is wetted approximately every 5 minutes with sur-
face seawater. The same kind of white cloth (Fig. 2B) 
was placed on an identical setup as the control design 
and wetted with abundant seawater every 5 min until 

the experimentation time ended. Treatment 2 tested a 
new method in which the animals were placed in divid-
ed containers filled with seawater placed on ice flakes 
to achieve a water temperature similar to that of the N. 
norvegicus habitat, which is stable year round at 13°C 
to 14°C (Hopkins 1985) (Fig. 2C). Temperature mea-
surements of the water for treatment 2 and of the air 
for control and treatment 1 were taken with a mercury 
thermometer three times during the experimental pro-
cess at 10 min intervals.

Post-catch vitality assessment

Vitality on board was tested within 5 min after the 
arrival of the catch on board for 30 min (total experiment 
time) using a categorical vitality assessment (CVA) 
method (ICES-WKMEDS 2014, ICES CRR 2020) 
similar to the one implemented by García-de-Vinuesa 
et al. (2020) (Table 1). This assessment method used 

Fig. 2. – Control and treatment configuration; A, control; B, white cloth used in treatment 1; C, treatment 2.
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behavioural indicators to determine the vitality status 
of each animal with respect to one of four categories, 
each of which was assigned a score: 1 (excellent), 2 
(good), 3 (poor) and 4 (dying or dead). The CVA was 
carried out five times during the approximate time in-
volved in the sorting and selection of discard on board 
by the crew (30 min), at 5, 10, 15, 20 and 30 min for 

each of the 75 N. norvegicus individuals examined in 
the experimental set, with the assistance of crew mem-
bers and a recorder.

Data analysis

For the vitality study, the scores obtained were 
added, giving mean scores of between 1 (for individu-
als in an excellent state) and 4 (for animals dead or dy-
ing) to control and both treatments. Then, a graphical 
representation of these vitality scores through experi-
mentation timewas carried out (Fig. 3) and, in order to 
search for significant differences between the control 
and the two treatments, a Wilcoxon rank-sum test was 
carried out for the five times that the CVA was carried 
out (Table 2).

Table 1. – Criteria of the Categorical Vitality Assessment (CVA) for 
N. norvegicus, following García-de-Vinuesa et al. (2020).

Vitality status Score Behavioural
Excellent 1 Spasmodic body movements, aggres-

sive posture. 
     Good 2 Continuous body movements, re-

sponds to contact. 
     Poor 3 Weak body movements, can move 

antennas, pereiopods or maxillipeds. 
Dying or dead 4 No movement, does not respond to 

repeated contact.

Fig. 3. – Average vitality over time under the control, treatment 1 (white cloth) and treatment 2 (cold water). Vitality status values were 1 
(excellent), 2 (good), 3 (poor) and 4 (dying or dead).

Fig. 4. – Kaplan-Meier survival on board curves (with 95% 
confidence intervals) for N. norvegicus over time exposed to 
treatment 2-cold water (green), the control (red) and treatment 
1-white cloth (purple); data were pooled across replicates. Values 
near to 1 represent a high survival rate while values near to 0 

represent a low survival rate.

Table 2. – Wilcoxon rank-sum test for comparison of control 
with treatment 1 (T1) and treatment 2 (T2) through the time 
of experimentation. In bold font are the p-values that showed 

significant differences and their W statistic.

Comparison Time W statistic p-value
Control Vs T1 5 min 215.5 0.056

10 min 398.5 0.076
15 min 356 0.298
20 min 327 0.683
30 min 325 0.698

Control Vs T2 5 min 265.5 0.352
10 min 625 p<0.0001
15 min 625 p<0.0001
20 min 625 p<0.0001
30 min 625 p<0.0001
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From the data obtained on the vitality on board, a 
Kaplan-Meier analysis (Kaplan and Meier 1958) was 
carried out to study the survival on board (with a 95 
% confidence interval) for each trawl haul replicate 
at the final time of experimentation (30 min) (Table 
3) and over the whole experimentation time to con-
trol, treatment 1 and treatment 2 pool data (Fig. 4). 
Animals assessed with vitality scores of 1, 2 and 3 
were considered alive and those assessed with a score 
of 4 were considered dead, except for the individuals 
assessed in state 4 that improved their vitality at the 
end of the experiment to categories 1, 2 or 3. To study 
the possible significant differences of survival over 
time, a log-rank test on pooled data was conducted to 
compare the control versus treatment 1 and the con-
trol vs treatment 2. These analyses were conducted 
using the “survival” (Therneau and Grambsch 2000) 
and “car” packages in R 3.3.1 (R Development Core 
Team 2016).

RESULTS

A total of 1875 CVAs were carried out on 375 N. 
norvegicus. The environment temperature varied be-
tween 31°C and 34°C (average 32.3°C) for the con-
trol, between 22°C and 25°C (average 24.2°C) for 
treatment 1 and between 14°C and 16°C (average 
15.3°C) for treatment 2.

Post-catch vitality on board

Average of N. norvegicus vitality was near 3 
(poor) in control and treatments at the beginning of 
the experiment (Fig. 3). A very similar behaviour was 
observed over time for the control and treatment 1 
animals, which showed a worsening of their vitality 
state from the beginning of the experiment (3), be-
coming dead or dying (4) already at the second obser-
vation step (10 min). In treatment 2, an improvement 
was observed over time, reaching a score below 2 at 
the end of experiment, which corresponds to “good 
vitality” of the animals.

The Wilcoxon rank-sum test found no significant 
differences during the experimentation time between 
the vitality status of the control and treatment 1 (Table 
2). However, except for the vitality status at begin-
ning of the experiment (5 min), the Wilcoxon rank-
sum test found significant differences for all the N. 
norvegicus vitality assessments compared with the 
control in treatment 2.

Survival on board

The application of the Kaplan-Meier replicate anal-
ysis to the control and the two treatments showed a low 
survival rate, very close to 0, for the control and treat-
ment 1 at the end of the experiment and high survival 
rates for treatment 2, with values at 30 minutes greater 
than or equal to 0.8 in all its replicates (Table 3).

Kaplan-Meier analysis for the pooled data (Fig. 4), 
showed high survival on board for the control and the 
two treatments at the beginning of the experiment (5 
min). However, there was an abrupt drop in survival, 
reaching values close to 0.2 of the control and treat-
ment 1 at 10 min, approaching 0 from this moment un-
til the end of the experiment. Treatment 2 maintained 
a low drop in survival over time, with its survival rate 
at the end of the experiment greater than 0.8. Changes 
in the vitality score of the individuals considered dead 
or dying (4) to vitality of individuals considered alive 
(1, 2, 3) were only found in treatment 2 during the ex-
perimentation time. The log-rank test found significant 
differences during the experimentation time between 
the control and treatment 2 (p<0.001).

DISCUSSION

The results of this study show that relatively simple 
modifications to the current discard-handling methods 
used by trawl fishermen in the Mediterranean can sig-
nificantly increase the onboard vitality status of N. nor-
vegicus juveniles, which could increase their discard 
survival, because there is a direct relationship between 
onboard vitality and discard survival (García-de-Vin-
uesa et al. 2020). This relatively simple solution would 
contribute significantly to the efficiency and sustaina-
bility of the fishery, because N. norvegicus stocks are 
currently exploited excessively (Quetglas et al. 2017, 
García-de-Vinuesa et al. 2018).

Although enhanced vitality on board of N. norvegi-
cus has been directly related to discard survival in the 
Mediterranean Sea (García-de-Vinuesa et al. 2020), 
the onboard survival rate obtained in this study could 
be higher than discard survival, because N. norvegicus 
can suffer additional mortality in the longer time re-
quired by discard survival studies (ICES 2014, 2020). 
Improvements in onboard vitality in N. norvegicus 
treated with cool water may be due to a reduction in 
stress that is accompanied by a recovery in plasma 
values and muscle metabolites such as lactate found 
in non-stressful conditions, although the only study 

Table 3. – Survival rates and confidence intervals at 95% for the five replicates (Rep ID) of the control (Surv.C and CI.C), treatment 1 (Surv.
T1 and CI.T1) and treatment 2 (Surv.T2 and CI.T2) at the end of the experiment (30 min).

Time Rep ID Surv.C CI.C. Surv.T1 CI.T1 Surv.T2 CI.T2
30 min Rep1 0.04 0-0.28 0 - 0.84 0.71-0.99

Rep2 0 - 0 - 0.88 0.76-1
Rep3 0 - 0.04 0-0.28 0.80 0.66-0.97
Rep4 0.04 0-0.28 0.08 0.02-0.3 0.88 0.76-1
Rep5 0.04 0-0.28 0.04 0-0.28 0.84 0.71-1
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carried out in this regard had a longer duration (Bar-
ragán-Mendez et al. 2020). For the implementation of 
this new discard-handling method, it should be taken 
into account that trawlers in the Mediterranean usually 
carry out several hauls during the fishing day (Demes-
tre et al. 2018, García-de-Vinuesa et al. 2020). For this 
reason, after their arrival on board, the catch remains 
on the deck waiting for the crew members to finish 
carrying out the manoeuvre of shooting the trawl net 
to start the next haul, which usually takes at least 20 
minutes. Therefore, quick separation and introduction 
of juvenile N. norvegicus in cool water seems unfea-
sible, so the whole catch should be introduced in a 
container with seawater previously cooled to between 
14°C and 16°C. This refrigeration can be carried out 
by simple means such as contact with the ice in the 
container (all trawlers carry ice compulsorily to keep 
the commercial catch cool for sale) well in advance 
until the manoeuvres are finished. This practice would 
improve the post-release survival of trawling of N. 
norvegicus, especially during the warm months, when 
their mortality has been shown to be higher both in the 
Mediterranean and in the Atlantic (Méhault et al. 2016, 
García-de-Vinuesa et al. 2020, Fox et al. 2020). In this 
trawl fishery, the amount of catches under the MCRS 
is very low (ca. 1%) with the current regulatory trawl 
net, but juvenile N. norvegicus of legal size in the range 
20 to 30 mm CL are routinely and legally discarded 
for market reasons, sometimes exceeding 40% of the 
discarded biomass (García-de-Vinuesa et al. 2018). 
Increasing the post-release survival likelihood of the 
discarded individuals would mean a better use of re-
sources and economic benefits for fishermen, because 
surviving N. norvegicus could be added to the stocks of 
adult animals for this fishery. In addition, if this method 
were extrapolated to the rest of the Mediterranean trawl 
fleet, it could increase the chances of survival of other 
invertebrates belonging to trawl discards that have al-
ready been shown to have a high survival probability 
(Giomi et al. 2008, Tsagarakis et al. 2018, Demestre 
et al. 2018), by protecting them from thermal shock. 
The increased survival of the invertebrates discarded 
could lead to better conservation of the habitat of N. 
norvegicus (and other Mediterranean habitats affected 
by trawling), which would have a positive effect on the 
health of the stocks of commercial species that inhabit 
them by reducing mortality based on a better function-
ing of the benthonic and demersal food web (Demestre 
et al. 2018, García-de-Vinuesa et al. 2020).

The additional implementation of other technical 
measures, such as the “discard chute system” (Méril-
let et al. 2018), would considerably reduce the discard 
time once the individuals have been dumped from the 
container with water, exposing the animals to stress 
for the shortest possible time and thus increasing their 
chances of survival (Davis and Olla 2002, Broadhurst 
et al. 2006, Benoît et al. 2012). In addition, in the Med-
iterranean it has been shown that short-duration hauls 
also have a positive effect on invertebrates’ survival 
probabilities when they are discarded from trawling 
(Demestre et al. 2018). Therefore, carrying out three or 
four hauls of short duration rather than one or two of 

long duration could also improve survival of discarding 
of N. norvegicus and other animals.

CONCLUSION

The implementation of technical and methodo-
logical improvements such as the introduction of the 
catch in cold water during the warm months prior to 
discarding improves the onboard vitality of N. norvegi-
cus juveniles. This result can improve the sustainability 
and efficiency of the trawl fishery, with positive conse-
quences for the economy of fishermen in the medium to 
long term and progress in the conservation of manage-
ment-based habitats and ecosystems. The implemen-
tation of this methodological enhancement should be 
encouraged by the European Union, including through 
direct financial aid to fishermen (Veiga-Malta et al. 
2019). However, as this new method can be implement-
ed relatively easily, it can be transferred to fishermen 
sooner, because it can increase stocks of commercial 
species and the fishermen’s economy in the short to 
medium term, while at the same time helping to recov-
er and conserve Mediterranean marine habitats.

ACKNOWLEDGEMENTS

This study was funded by the research project CRI-
MA (RTI2018-095770-B-100), which is funded by 
MCIU/AEI/FEDER, EU. We also want to thank the 
trawler crew, whose help during the sampling was nec-
essary to achieve the goals of this study.

REFERENCES

Albalat A., Sinclair S., Laurie J., Taylo A., Neil D. 2010. Targeting 
the live market: Recovery of Norway lobsters Nephrops nor-
vegicus (L.) from trawl-capture as assessed by stress-related 
parameters and nucleotide breakdown. J. Exp. Mar. Bio. Ecol. 
395: 206-214. 
https://doi.org/10.1016/j.jembe.2010.09.002

Barragán-Méndez C., González-Duarte M.M., Sobrino I., et al. 
2020. Physiological recovery after bottom trawling as a method 
to manage discards: The case study of Nephrops norvegicus and 
Squilla mantis. Mar. Policy 116: 103895.
https://doi.org/10.1016/j.marpol.2020.103895

Bellido J.M., Santos M.B., Pennino M.G., et al. 2011. Fishery dis-
cards and bycatch: Solutions for an ecosystem approach to fish-
eries management? Hydrobiologia 670: 317-333.
https://doi.org/10.1007/s10750-011-0721-5

Benoît H.P., Hurlbut T., Chassé J., Jonsen I.D. 2012. Estimating 
fishery-scale rates of discard mortality using conditional rea-
soning. Fish. Res. 125: 318-330.
https://doi.org/10.1016/j.fishres.2011.12.004

Bergmann M., Beare D.J., Moore P.G. 2001. Damage sustained by 
epibenthic invertebrates discarded in the Nephrops fishery of the 
Clyde Sea area, Scotland. J. Sea Res. 45: 105-118.
https://doi.org/10.1016/S1385-1101(01)00053-3

Bozzano A., Sardà F. 2002. Fishery discard consumption rate and 
scavenging activity in the northwestern Mediterranean Sea. 
ICES J. Mar. Sci. 59: 15-28. 
https://doi.org/10.1006/jmsc.2001.1142

Broadhurst M.K., Suuronen P., Hulme A. 2006. Estimating collateral 
mortality from towed fishing gear. Fish Fish. 7: 180-218.
https://doi.org/10.1111/j.1467-2979.2006.00213.x

Castro M., Araújo A., Monteiro P., et al. 2003. The efficacy of re-
leasing caught Nephrops as a management measure. Fish. Res. 
65: 475-484.
https://doi.org/10.1016/j.fishres.2003.09.033

Council regulation (EC) No 1967/2006 of 21 December 2006 con-
cerning management measures for the sustainable exploitation 

https://doi.org/10.3989/scimar.05279.042
https://doi.org/10.1016/j.jembe.2010.09.002
https://doi.org/10.1016/j.marpol.2020.103895
https://doi.org/10.1007/s10750-011-0721-5
https://doi.org/10.1016/j.fishres.2011.12.004
https://doi.org/10.1016/S1385-1101(01)00053-3
https://doi.org/10.1006/jmsc.2001.1142
https://doi.org/10.1111/j.1467-2979.2006.00213.x
https://doi.org/10.1016/j.fishres.2003.09.033


SCI. MAR. 86(3), September 2022, e042. ISSN-L 0214-8358 https://doi.org/10.3989/scimar.05279.042

Enhancing Nephrops norvegicus vitality on-board • 7

of fishery resources in the Mediterranean Sea, amending Regu-
lation (EEC) No 2847/93 and repealing.

Council Regulation (EC) No 850/98 of 30 March 1998 for the con-
servation of fishery resources through technical measures for 
the protection of juveniles of marine organisms. Off. J. Eur. 
Communities L 125 1e36.

Damalas D. 2015. Mission impossible: Discard management plans 
for the EU Mediterranean fisheries under the reformed Com-
mon Fisheries Policy. Fish. Res. 165: 96-99.
https://doi.org/10.1016/j.fishres.2015.01.006

Davis M.W., Olla B.L. 2002. Mortality of lingcod towed in a net as 
related to fish length, seawater temperature, and air exposure: a 
laboratory bycatch study. N. Am. J. Fish. Manag. 22: 1095-1104. 
https://doi.org/10.1577/1548-8675(2002)022<1095:MOL-
TIA>2.0.CO;2

Demestre M., Sartor P., García-De-Vinuesa A., et al. 2018. Ecolog-
ical importance of survival of unwanted invertebrates discarded 
in different NW Mediterranean trawl fisheries. Sci. Mar. 82: 
189-198.
https://doi.org/10.3989/scimar.04784.28A

EC. 2013. Regulation (EU) No 1380/2013 of the European Par-
liament and of the Council of 11th of December 2013 on the 
Common Fisheries Policy, amending Council Regulations (EC) 
No. 1954/2003 and (EC) and (EC) No 1224/2009 and repealing 
Council Regulations (EC) No. 2371/2002, (EC) No 639/2004 
and Council Decision (EC) No. 2004/585/EC. Off. J. European 
Union 254: 22-61.

Fox C.J., Albalat A., Valentinsson D., Nilsson H.C., Armstrong 
F., Randall P., Catchpole T. 2020. Survival rates for Nephrops 
norvegicus discarded from Northern European trawl fisheries. 
ICES J. Mar. Sci. 77: 1698-1710. 
https://doi.org/10.1093/icesjms/fsaa037

García-De-Vinuesa A., Sola I., Quattrocchi F., et al. 2018. Linking 
trawl fleet dynamics and the spatial distribution of exploited 
species can help to avoid unwanted catches: The case of the NW 
Mediterranean fishing grounds. Sci. Mar. 82: 165-174.
https://doi.org/10.3989/scimar.04755.17A

García-De-Vinuesa., Breen M., Benoît H.P., et al. 2020. Seasonal variation 
in the survival of discarded Nephrops norvegicus in a NW Mediterra-
nean bottom-trawl fishery. Fish. Res. 230: 105671.
https://doi.org/10.1016/j.fishres.2020.105671

García-de-Vinuesa A., Demestre M., Carreño A., Lloret J. 2021. 
The Bioactive Potential of Trawl Discard: Case Study from a 
Crinoid Bed Off Blanes (North-Western Mediterranean). Mar. 
Drugs 19: 83 
https://doi.org/10.3390/md19020083

Giomi F., Raicevich S., Giovanardi O., et al. 2008. Catch me in 
winter! Seasonal variation in air temperature severely enhances 
physiological stress and mortality of species subjected to sort-
ing operations and discarded during annual fishing activities. 
Hydrobiologia 606: 195-202.
https://doi.org/10.1007/s10750-008-9336-x

Hopkins T.S. 1985. Physics of the Sea. In: Margalef, R. (ed), Wes-
tern Mediterranean. Pergamon Press, Oxford, pp. 100-125 
Chapter 4.

ICES. 2014. Report of the Workshop on Methods for Estimating Discard 
Survival (WKMEDS), 17-21 February 2014, ICES HQ. ICES CM 
2014/ACOM:51, Copenhagen, Denmark, pp. 114.

ICES. 2020. Working Croup on Methods for Estimating Discard 
Survival (WGMEDS; Outputs From 2019 Meeting). ICES Sci-
entific reports, pp. 75.

Kaiser M.J., Clarke K.R., Hinz H., Austen M.C.V., Somerfield P.J., 
Karakassis I. 2006. Global analysis of response and recovery of 
benthic biota to fishing. Mar. Ecol. Prog. Ser. 311: 1-14.
https://doi.org/10.3354/meps311001

Kaplan E.L., Meier P. 1958. Nonparametric estimation from incom-
plete observations. J. Am. Stat. Assoc. 53: 457-481.
https://doi.org/10.2307/2281868

Macbeth W.G., Broadhurst M.K., Paterson B.D., Wooden M.E.L. 
2006. Reducing the short-term mortality of juvenile school 
prawns (Metapenaeus macleayi) discarded during trawling. 
ICES J. Mar. Sci. 63: 831-839.
https://doi.org/10.1016/j.icesjms.2006.03.008

Méhault S., Morandeau F., Kopp D. 2016. Survival of discarded Ne-
phrops norvegicus after trawling in the Bay of Biscay. Fish. Res. 
183: 396-400.
https://doi.org/10.1016/j.fishres.2016.07.011

Mérillet L., Méhault S., Rimaud T., et al. 2018. Survivability of dis-
carded Norway lobster in the bottom trawl fishery of the Bay of 
Biscay. Fish. Res. 198: 24-30.
https://doi.org/10.1016/j.fishres.2017.10.019

Quetglas A., Merino G., González J., et al. 2017. Harvest Strategies 
for an Ecosystem Approach to Fisheries Management in West-
ern Mediterranean Demersal Fisheries. Front. Mar. Sci. 4:106.
https://doi.org/10.3389/fmars.2017.00106

R Core Team. 2016. R: a Language and Environment for Statistical 
Computing. URL. R Foundation for Statistical Computing, Vi-
enna, Austria.
http://www.R-project.org/.

Reid D.G., Calderwood J., Afonso P., et al. 2019. The best way to 
reduce discards is by not catching them! Eur. Land. Oblig. Re-
ducing Discards Complex, Multi-Species Multi-Jurisdictional 
Fish. 257-278.
https://doi.org/10.1007/978-3-030-03308-8_13

Relini L.O., Zamboni A., Fiorentino F., Massi D. 1998. Repro-
ductive patterns in Norway lobster Nephrops norvegicus (L.), 
(Crustacea Decapoda Nephropidae) of different Mediterranean 
areas. Sci. Mar. 62: 25-41. 
https://doi.org/10.3989/scimar.1998.62s125

Therneau T.M., Grambsch P.M. 2000. Modeling Survival Data: 
Extending the Cox Model. Springer, New York. ISBN 0-387-
98784-3.
https://doi.org/10.1007/978-1-4757-3294-8

Thrush S.F., Dayton P.K. 2002. Disturbance to marine benthic habi-
tats by trawling and dredging: Implications for marine biodiver-
sity. Annu. Rev. Ecol. Syst. 33: 449-473. 
https://doi.org/10.1146/annurev.ecolsys.33.010802.150515

Tsagarakis K., Palialexis A., Vassilopoulou V. 2014. Mediterranean 
fishery discards: review of the existing knowledge.
https://doi.org/10.1093/icesjms/fst074

ICES J. Mar. Sci. 71: 1219-1234.
https://doi.org/10.1093/icesjms/fst074

Tsagarakis K., Nikolioudakis N., Papandroulakis N., et al. 2018. 
Preliminary assessment of discards survival in a multi-species 
Mediterranean bottom trawl fishery. J. Appl. Ichthyol. 34: 842-
849.
https://doi.org/10.1111/jai.13691

Veiga-Malta T., Feekings J., Herrmann B., Krag L.A. 2019. Indus-
try-led fishing gear development: Can it facilitate the process? 
Ocean Coast. Manag. 177: 148-155. 
https://doi.org/10.1016/j.ocecoaman.2019.05.009

https://doi.org/10.3989/scimar.05279.042
https://doi.org/10.1016/j.fishres.2015.01.006
https://doi.org/10.1577/1548-8675(2002)022
https://doi.org/10.3989/scimar.04784.28A
https://doi.org/10.1093/icesjms/fsaa037
https://doi.org/10.3989/scimar.04755.17A
https://doi.org/10.1016/j.fishres.2020.105671
https://doi.org/10.3390/md19020083
https://doi.org/10.1007/s10750-008-9336-x
https://doi.org/10.3354/meps311001
https://doi.org/10.2307/2281868
https://doi.org/10.1016/j.icesjms.2006.03.008
https://doi.org/10.1016/j.fishres.2016.07.011
https://doi.org/10.1016/j.fishres.2017.10.019
https://doi.org/10.3389/fmars.2017.00106
http://www.R-project.org/
https://doi.org/10.1007/978-3-030-03308-8_13
https://doi.org/10.3989/scimar.1998.62s125
https://doi.org/10.1007/978-1-4757-3294-8
https://doi.org/10.1146/annurev.ecolsys.33.010802.150515
https://doi.org/10.1093/icesjms/fst074
https://doi.org/10.1093/icesjms/fst074
https://doi.org/10.1111/jai.13691
https://doi.org/10.1016/j.ocecoaman.2019.05.009

	Enhancing onboard post-catch vitality of discard Norway lobster (Nephrops norvegicus) for more susta
	INTRODUCTION
	MATERIAL AND METHODS 
	Post-catch vitality on board experiment
	Study area and fishing characteristics
	Post-catch vitality assessment
	Data analysis

	DISCUSSION
	RESULTS
	Post-catch vitality on board
	Survival on board

	ACKNOWLEDGEMENTS
	CONCLUSION
	REFERENCES


