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Executive summary 

The 2018 meeting of the Working Group on Methods for Estimating Discard Survival 
(WGMEDS) was held on 29 October – 2 November, in Mundaka, Spain. Throughout the 
week, the group consisted of 23 participants (2 remotely via skype) from 11 countries. 

Progress was made on the following Terms of Reference: 

‘Methods to Estimate Discard Survival’ - further developments to assess discard survival 
(ToR a); a meta-analysis of discard survival data to, investigate variables influencing 
survival, with a view to increase survival through modified fishing practices (ToR b); and 
promoting the application of discard survival estimates in fisheries management, princi-
pally through proactive engagement with other EGs and sharing new knowledge (ToR 
d).  

ToR a): each participant presented methods and results from recent and ongoing projects. 
Observations and discussions based on these presentations informed on further devel-
opments of the guidelines on how to conduct discard survival studies. 

ToR b): a meta-analysis was progressed which continued the work of the group 
(WKMEDS) to evaluate all published evidence on discard survival of various European 
(flat)fish species and Norway lobster (Nephrops norvegicus). The results are anticipated to 
inform on the key factors influencing survival and indicate measures that could be intro-
duced to improve survival rates. 

ToR d): tables detailing the existing and anticipated exemptions from the EU landing 
Obligation and the scientific evidence used to support those exemptions were updated. 
Equivalent regulations from outside of the EU were also included. Based on presenta-
tions from research into introducing discard survival estimates into stock assessments, an 
example of the information that can be made available to the ICES stock assessment 
working groups was prepared for North Sea plaice.  
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1 Administrative details 

Working Group name 

Working Group on Methods for Estimating Discard Survival (WGMEDS) 

Year of Appointment within current cycle 

2017 

Reporting year within current cycle (1, 2 or 3) 

2 

Chair(s) 

Thomas Catchpole, UK 

Sebastian Uhlmann, Belgium 

Meeting dates 

29 October – 2 November 2018 

Meeting venue 

Mundaka, Spain 

 

2 Terms of Reference  

a ) Review and update guidance on ‘Methods to Estimate Discard Survival’ based 
on further theoretical and practical developments to assess discard survival 
levels. 

b ) Based on meta-analysis of discard survival data and practical studies, investi-
gate variables influencing survival probabilities, with a view to increase sur-
vival through modified fishing practices. 

c ) Review ongoing monitoring requirements and methods and recommend 
amendments that generate data which inform on the survival probabilities of 
released marine organisms. 

d ) Application of discard survival estimates in fisheries management. Being pro-
active in engaging with other EGs to share new knowledge on discard surviv-
al. 

3 Summary of Work plan 

ToR a) 

In addressing ToR a), at each meeting, participants will present methods and results from 
recent and ongoing projects. Observations and discussions based on these presentations 
inform on further developments of the existing guidelines on how to conduct discard 
survival studies. Individual group members with specialist expertise will be tasked to 
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capture and record any relevant developments relating to a specific subject topic of the 
guidelines (captive observation, tagging, vitality and analysis). There is also opportunity 
within the WGMEDS meetings for small groups to focus and develop on specific compo-
nents of the discard survival methods and guidelines. The observations and enhance-
ments to the existing guidance will be captured and collated in a single document, which 
may be used, either in producing a new version of the guidance, or as an addendum to it. 

ToR b) 

Building on the work from WKMEDS, a meta-analysis of discard survival data is being 
undertaken with a focus on selected European commercial flatfish species and Norway 
lobster (Nephrops norvegicus). These analyses will be based on standardised data from all 
available studies and will incorporate a quantified score on the quality of the estimates 
produced, based on a critical assessment of the method applied. Where new papers and 
reports on discard survival are identified, the critical review process, developed in 
WKMEDS, will be applied.  

ToR c) 

Review of ongoing monitoring requirements and methods and recommend amendments 
that generate data which inform on the survival probabilities of released marine organ-
isms.  

ToR d) 

For ToR d, text will be drafted that concisely explains the work of the group (including 
outputs from WKMEDS) so that other EGs can quickly understand the progress made in 
generating discard survival evidence. The methods applied and the available discard 
survival evidence will be presented so that potential users of this information can deter-
mine its relevance to their work. This ToR will collate and summarise the available evi-
dence on discard survival and its associated uncertainties. This information will be 
disseminated with particular focus on engaging with other ICES EGs. 

4 List of Outcomes and Achievements of the WG in this delivery 
period 

• At the WG meeting, presentations were given on recent and ongoing discard 
survival assessments and agreed enhancements to the guidance were cap-
tured. There were additional presentations on the approaches for introducing 
discard survival estimates into stock assessments. Each presentation was sup-
ported with a brief written summary of the work (Annex 2). 

• A critical review method was applied to new studies reporting discard surviv-
al estimates, and quality scores associated with these assessments captured in 
a database of discard survival projects. These data were then made available 
for the meta-analysis task. 

• A meta-analysis of discard survival estimates was progressed for Nephrops and 
flatfish in European fisheries. 
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• Updating and enhancing tables summarising EU regulations (and regulations 
from outside of the EU) that are supported by discard survival estimates.  

• Producing an example of discard survival evidence and its use in regulation in 
the context of an assessed fish stock (North Sea plaice). A format was agreed 
that would facilitate sharing discard survival evidence, in the context of the 
stock, with stock assessment scientists, so that they may investigate the effect 
of including discard survival estimate in the assessment of stocks. 

• The finalised Cooperative Research report (CRR) on Methods to Estimate Dis-
card Survival was submitted to ICES. 

• A second revision of the manuscript on critical review of discard survival 
studies was submitted to the journal of Fish and Fisheries. 

• Some of the WGMEDS group members contributed to a book that was recently 
published by Springer Nature about the Landing Obligation: 
https://www.springer.com/us/book/9783030033071 - Tom Catchpole, Mike 
Breen, Daniel Valentinsson, Niels Madsen, Sarah Kraak, Jochen Depestele and 
Sven Sebastian Uhlmann wrote contributions to some chapters, together with 
many more members who had reviewed recent studies on discard survival 
(presented in an online supplement table of Chapter 3). 
 

5 Progress report on ToRs and workplan  

5.1 ToR a) 

Each participant presented methods and results from recent and ongoing projects (Annex 
2). Observations and discussions based on these presentations informed on further de-
velopments of the guidelines on how to conduct discard survival studies. 

5.2 ToR b) 

5.2.1 Reviewing available literature 

The literature review focused on information about flatfish discards survival, because it 
is the next dataset to be included in the meta-analysis. An overall search in google scholar 
and research gate to identify recently published articles. Search terms used included: 
flatfish, sole, plaice, discard, discards, survival, trawling, fishery, fisheries; and combina-
tions of these. Also, background documents that support the Joint Recommendations of 
STECF regarding the Landing Obligation were reviewed.  

A list of 14 new documents (posters, communications, reports, scientific articles) was 
compiled, from which four were critically reviewed (Table 1). Not all documents will be 
included in the meta-analysis (i.e. different fisheries, other study species) but most can be 
used as sources of additional information about similar species and methodologies. 

Critical Review of selected studies 

During the WGMEDS 2018 meeting, four recent papers/reports on discard survival of 
plaice (and other species) were identified for critical review:  
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1 ) Kraak, S. B. M., Velasco, A., Fröse, U., & Krumme, U. (2018). Prediction of de-
layed mortality using vitality scores and reflexes, as well as catch, processing, 
and post-release conditions: evidence from discarded flatfish in the Western 
Baltic trawl fishery. ICES Journal of Marine Science. 

2 ) Schram, E., & Molenaar, P. (2018). Discards survival probabilities of flatfish 
and rays in North Sea pulse-trawl fisheries (No. C037/18). Wageningen Marine 
Research. 

3 ) Oliver, M., & McHugh, M. (2018). Draft report: plaice survivability in the Irish 
otter trawl fishery targeting fish species. BIM. 

4 ) Randall, P., Santos, A. R., Firmin, C., O’Sullivan, H., White, E., & Catchpole, T. 
(2017). Assessing the survival of discarded sole (Solea solea) in an English in-
shore trawl fishery. Annexes to Joint Recommendation of the Scheveningen Group, 
47. 

To estimate survival rates, Schram & Molenaar (2018), Oliver & McHugh (2018) and 
Randall et al. (2017) used a combination of vitality assessments and daily monitoring 
during a period of captive observation. The study of Kraak et al. (2018) used a different 
approach: after testing vitality, fish were kept in cages on the seafloor for a period of 5 to 
7 days.  

Each of these publications was critically reviewed using the methods developed by 
WKMEDS (ICES 2015, 2016 a, b & c; Catchpole et al., in review).  In summary, each was 
scored (yes = 1, no = 0) in relation to questions related to the four main components of a 
typical discard survival study: vitality assessments, captive observation, controls and 
(statistical) analyses. Some questions (e.g. were controls used?) are scored at a higher 
rank (yes = 10, no = 0) to account for their importance. Based on this list of scores, a gen-
eral score was attributed to each study, reflecting its overall quality.  

While the four reviewed studies have clearly considered the WKMEDS guidelines, some 
issues were not always addressed in the manuscript (e.g. was observer bias discussed? Is 
there a suitable definition of dead?). In the study by Kraak et al. (2018) the resolution in 
survival monitoring over time was considered to be low, since fish were only assessed 
after a period of 5-7 days, and hence the time of death for each fish was unknown. This, 
in combination with the fact that controls were used in a separate pilot-study, and thus 
not reflecting identical experimental conditions, resulted in a lower overall score com-
pared to the other three studies. Based on this evaluation, we decided that data will be 
extracted from three out of four studies (Schram & Molenaar, 2018, Randall et al. 2017 
and Oliver & McHugh, 2018) for the meta-analysis of plaice data. 
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Table 1. List of new documents on flatfish survival. 

Reference type Reference Species Gear Survival Explanatory variables

Communication/Note Ern. et al. 2018 European plaice (Pleuronectes platessa ) Set net (trammel net) 100% Fish length, RAMP, injuries

Communication/Note Noack et al. 2018 European plaice (Pleuronectes platessa ) Otter bottom trawl 41 – 75%
Fish length, haul duration, catch weight,
bottom temperature

Article Morfin et al. 2017 European plaice (Pleuronectes platessa ) Otter trawl Proxy (TM)
Air temperature, fish length, tow depth,
two duration

Article Tsagarakis et al. 2018
Spotted flounder (Citharus linguatula ), 
Scaldfish (Arnoglossus  sp.), 
Four-spot megrim (Lepidorhombus boscii )

Bottom trawl 0%
Fishing depth, haul duration, total catch,
water temperature

Article Sparrevohn and Stottrup. 2007 Turbot (Psetta maxima ) Flatfish-trawl 34 – 66% Fish length

Report Schram and Molenaar. 2018.

Plaice (Pleuronectes platessa ), 
Sole (Solea solea ), 
Turbot (Scophthalmus maximus ), 
Brill (Scophthalmus rhombus )

Pulse-trawl 13 – 30% Catch-processing time

Report Hasbrouck et al. 2012 Summer flounder (Paralichthys dentatus ) Bottom trawl 6 – 35%
Sorting time, haul duration, total catch
weight, air temperature

Report Oliver et al. 2018 European plaice (Pleuronectes platessa ) Otter trawl 39%

Communication/Note DTU Aqua. 2017 European plaice (Pleuronectes platessa ) Danish seine 67 – 87%
Air exposure, fish length, bottom
temperature, sorting time

Report Randall et al. 2017 Sole (Solea solea ) Trawl 79 – 89%
Trial seasons, fish length, avian
predation, RAMP, injuries

Communication/Note SLU-Aqua. 2017. Dab (Limanda limanda ) Creel 33% Avian predation

Article Viva et al. 2015
Four-spot megrim (Lepidorhombus boscii ),
Sole (Solea solea )

Otter trawl Proxy (vitality)

Article Adão et al. 2018 Four-spot megrim (Lepidorhombus boscii ) Bottom trawl Proxy (TM) Injuries

Article Kraak et al. 2018
Plaice (Pleuronectes platessa ), flounder
(Platichthys flesus ), dab (Limanda limanda )

Demersal trawl
0 - 100%

Air and water temperature, total catch
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5.2.2 Meta-analysis statistical approach 

A full description of the progress with the meta-analysis is given in Annex 3: effect of an 
intervention (in this case discarding) compared with a baseline (or control). WGMEDS 
(continuing the work of WKMEDS; ICES 2015, 2016a, b & c) is attempting to use this ap-
proach to address key research questions for several case-studies: Norway lobster 
(Nephrops norvegicus), plaice (Pleuronectes platessa) and sole (Solea solea) in European trawl 
fisheries. These cases were considered by WKMEDS to be informative examples with 
respect to the Landing Obligation, as well as having sufficient data (historic and emerg-
ing) to be viable examples for meta-analysis (ICES, 2015). 

Primary research questions were formulated using the PICO format (i.e. Population, In-
tervention, Comparator, Outcome): 

• What is the discard survival (and variability) of Nephrops norvegicus in Europe-
an trawl fisheries?  

• What is the discard survival (and variability) of plaice (Pleuronectes platessa) 
and sole (Solea solea) in European trawl fisheries? 

Discussion at the meeting focused on several challenges identified during the pre-
meeting work in 2018. These challenges included:  

The inclusion of random effects: As explained above, not accounting for random effects 
with structured data can lead to biased and overconfident results. The random effects 
were assumed to be normally and independently distributed. Departure from this as-
sumption may also lead to bias on the fixed effects, especially when the random-effect 
distribution depends on measured covariates (Heagerty and Kurland, 2001). Also, the 
estimates of the variance components were subject to considerable bias when the ran-
dom-effect distribution is misspecified (Litière et al. 2007). The bias induced in the esti-
mates of the fixed effects appears to depend on the magnitude of the variance 
component, whereby a large bias is associated with a large random-effect variance. The 
situation worsens when more complicated random-effects structures were used. As the 
departure from this assumption cannot be easily tested for in such models, we decided to 
keep the mixed structure of the model, but to keep this point in mind when interpreting 
important differences between the results from the GLMM and the GLM.   

Confounding factors in the data: Even though explanatory variables were carefully cho-
sen to limit confounding factors, some covariates are nevertheless confounded with 
study/area/season. For example, we can see in Figure 1 that fishing for Nephrops in the 
Algarve (Portugal, Castro et al., 2003) took place in deeper waters compared to the other 
regions. We can also see that sampled individuals in the Bay of Biscay (France: Mérillet et 
al., 2018) were smaller compared to the other studies, both because of different Minimum 
Landing Sizes (MLS) / Minimum Conservation Reference Size (MCRS) between regions, 
but also due to different experimental objectives between studies. The inclusion of the 
treatment and study random effects, to account for the hierarchical structure of the data, 
should also account for any variance associated with these confounded effects. However, 
the model residuals (i.e. quantile residuals) will be checked to ensure there is no unex-
plained structure. If the model is well specified, the simulated quantile residuals should 
be uniformly distributed (Dunn & Smyth, 1996). 
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Inclusion of uncertainty in the response variable: To account for uncertainty in the as-
ymptotic survival estimates, it was proposed in previous meetings (ICES 2016c and 2018) 
to include a measure of uncertainty (i.e. the standard errors) of these estimates in the 
GLMM. Two methods were proposed for incorporating this uncertainty in the meta-
analysis: 

i) Weighting factor applied to the log-likelihood – glmmTMB package develop-
ers have recently included an option to apply a weight factor to the model 
log-likelihood. However, it was unclear what properties this weighting 
method would have. Furthermore, exploring and describing these proper-
ties would require considerable investment of time, which was felt difficult 
to justify in this case.   

ii) Precision parameter (θ) – the Beta glmmTMB algorithm includes a precision 
parameter, which is inversely proportional to the response variance and can 
be modelled using a log-linear predictor composed of fixed effects. This ap-
peared to be a natural manner of incorporating the effects of weights be-
cause one would like precision to decrease as uncertainty in the data 
increases. This approach was therefore chosen to account for differences in 
standard error (precision) of the asymptotic survival estimate for each ob-
servation. 

5.3 ToR d) 

This ToR aims to collate and summarise the available evidence on discard survival and 
its associated uncertainties so that this information can be disseminated, with particular 
focus on engaging with other ICES EGs. A report template to produce stock relevant 
information on discard survival levels and the relevance of exemptions from the landing 
obligation was developed. The report comprises of five sections and an example for 
North Sea plaice has been completed: 

1 ) The stock 
2 ) Fleet catches 
3 ) High survival exemptions awarded for stock 
4 ) Discard survival evidence 
5 ) Implications for discard survival and exemptions for the stock 

5.3.1 The stock 

North Sea plaice stock code: 27.420; stock key: 169189 

Latest ICES advice: North Sea Plaice: Plaice (Pleuronectes platessa) in Subarea 4 (North Sea) 
and Subdivision 20 (Skagerrak): 

http://www.ices.dk/sites/pub/Publication%20Reports/Advice/2018/2018/ple.27.420.pdf 

5.3.2 Fleet catches 

In this case, fleet contributions to total catch was derived from the STECF database using 
the criteria in Table 2. 

http://www.ices.dk/sites/pub/Publication%20Reports/Advice/2018/2018/ple.27.420.pdf
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Table 2. Data extraction criteria for North Sea plaice from STECF FDI: 
 https://stecf.jrc.ec.europa.eu/dd/effort 

SPECIES YEARS ANNEX REGULATED 
AREA 

FISHING AREA REGULATED 
GEARS 

Plaice 2014-2016 IIA 3B1 
3B2 

ICES area IIIaN 
(Skagerrak) 
ICES area IV 

all 

 

Table 3. Catch and discard data from STECF FDI (gear codes as per 
https://stecf.jrc.ec.europa.eu/dd/effort). 

 2014 2015 2016 MEAN 2014-16 

Gear L  D DR 
% 

L  D DR%  L  D DR 
% 

L  D DR%  

BT2 30655 25364 45 33825 56235 62 34455 30098 47 32978 37232 51 

TR2 5115 15383 75 4429 13260 75 3877 7925 67 4474 12189 72 

BEAM 39 177 82 78 1389 95 39 2632 99 52 1399 92 

TR1 26629 2313 8 32291 2022 6 33034 1207 4 30651 1847 6 

BT1 10070  0 6615 302 4 11255 1135 9 9313 719 5 

GT1 2446 20 1 2390 217 8 2570 74 3 2469 104 4 

DREDGE 15  0 0  0 0 24 99 5 24 33 

GN1 1366 3 0 1043 4 0 1183 5 0 1197 4 0 

OTTER 16 1 3 68 0 1 20 4 17 34 2 7 

PEL_TRA
WL 

26  0 22  0 108 0 0 52 0 0 

POTS 0 0 7 23 0 0 0 0 8 8 0 5 

TR3 3 0 9 12 0 0 56 0 0 24 0 3 

LL1 0  0 0  0 0  0 0  0 

Grand 
Total 

76378 43260 36 80797 73430 48 86599 43105 33 81258 53265 39 

 

The largest contribution to catches comes from the BT2 fleet, average of 52% (Table 3, 
Figure 1) and then the TR1 fleet (average 24%). Most discards are generated by the BT2 
fleet (70%), and then the TR2 fleet (23%). 

 

https://stecf.jrc.ec.europa.eu/dd/effort
https://stecf.jrc.ec.europa.eu/dd/effort
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Figure 1. Contributions to North Sea plaice landing and discards (mean 2014-16) by fleet; source 
STECF FDI 

 

5.3.3 High survival exemptions awarded for stock 

The relevant Delegated Act for North Sea plaice1 specifies the details of implementation 
of the landing obligation for certain demersal fisheries in the North Sea including for 
North Sea plaice (Rihan et al., 2019): 

Survivability exemption for catch and bycatch of plaice: 

1. The survivability exemption referred to in Article 15(4)(b) of Regulation (EU) No 
1380/2013 shall apply in Union waters of ICES division 3a and subarea 4 to: 

(a) plaice caught with nets (GNS, GTR, GTN, GEN); 

(b) plaice caught with Danish seines; 

(c) plaice caught with bottom trawls (OTB, PTB) with a mesh size of at least 120 mm 
when targeting flatfish or roundfish in winter months (from November 1 to April 30). 

2. When discarding plaice caught in cases referred to in paragraph 1, the plaice shall be 
released immediately and below the sea surface. 

                                                           
1 COMMISSION DELEGATED REGULATION (EU) 2018/2035 of 18 October 2018 specifying 
details of implementation of the landing obligation for certain demersal fisheries in the North Sea 
for the period 2019-2021 
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Article 7 Survivability exemption for plaice below the minimum conservation reference 
size 

1) The survivability exemption referred to in Article 15(4)(b) of Regulation (EU) No 
1380/2013 shall apply in Union waters of ICES subarea 4 and division 2a to catches of 
plaice below the minimum conservation reference size made with 80-119 mm beam 
trawls (BT2). 

2) The exemption referred to in paragraph 1 shall only apply to vessels with a maximum 
length of less than 24 metres or a maximum engine power of not more than 221 kW con-
structed to fish within the twelve nautical miles of the coast and operating with tow du-
rations of no more than 1.30 hours. 

3) The exemption referred to in paragraph 1 shall be provisionally applicable until 31 
December 2019. Member States having a direct management interest shall submit as soon 
as possible before 31 May 2019 additional scientific information supporting that exemp-
tion. The Scientific, Technical and Economic Committee for Fisheries (STECF) shall assess 
the provided scientific information before 1 August 2019. 

4) When discarding plaice caught in cases referred to in paragraph 1, the plaice shall be 
released immediately and below the sea surface. 

Article 5 Survivability exemption for bycatch of species subject to catch limits in pots and 
fyke nets 

1) The survivability exemption referred to in Article 15(4)(b) of Regulation (EU) No 
1380/2013 shall apply in Union waters of ICES division 3a and subarea 4 to catches of 
cod, haddock, whiting, plaice, sole, hake and saithe made with pots and fyke nets (FPO, 
FYK). 

2) When discarding fish caught in cases referred to in paragraph 1, the fish shall be re-
leased immediately and below the sea surface. 
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5.3.4 Discard survival evidence 

Details of discard survival evidence for North Sea plaice in the context of authorised exemptions from the Landing Obligation are shown in Table 
4. 

Table 4. Details of known discard survival evidence for North Sea plaice by fleet. 

Sources of evidence (Discard survival reference for Table 4, see reference list). 

 

GEAR EXEMPTION PUBLISHED 

DISCARD SUR-
VIVAL RATE % 

DISCARD SURVIVAL 

RATE RANGE % 
DISCARD SUR-

VIVAL REFER-
ENCE 

ASSUMED 

FISHERY SUR-
VIVAL RATE % 

COMMENT ON THE FISHERY SURVIVAL RATE 

BT2 Y (partial)  

 

 

 

15% 
 

14% 
15% 

43-57 (beam trawl, 
coastal) 
10-26 (beam trawl, 
small vessels) 
3-5 (beam trawl, large 
vessels) 
12-35 (beam trawl, all 
fleet segments) 
11-18 (pulse trawl) 
11-19 (pulse trawl) 

Uhlmann et al. 
(2018) 
Uhlmann et al. 
(2018) 
Uhlmann et al. 
(2018) 
Uhlmann et al. 
(2018) 
Schram and 
Molenaar (2018) 
van der Reijden 
et al. (2017) 

15% The description in the regulation is not clear. Assumed 
that 'plaice below MCRS made with beam trawl gears 
in ICES subarea 4 and ICES division 2a.' is the most 
likely exemption. Based on this, the survival estimate 
chosen reflects the whole fleet (and not only the 
coastal fleet). 

TR2 N 35% (Nephrops 
fishery); 
32% (fish fishery) 

25-46 (Nephrops fish-
ery); 
13-42 (fish fishery) 

Randall et al. 
(2016); 
+J15 

33% Assumed that the discard ratios when targeting fish 
and Nephrops are similar. 
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BEAM N unknown  -   -  unknown  

TR1 Y (partial) 78% (Danish 
seine); 
75% (otter trawl 
winter) 
44% (otter trawl 
summer) 
100% otter trawl 
winter) 

20-86 (Danish seine); 
67-83 (otter trawl 
winter) 
37-52 (otter trawl 
summer) 
100-100 (otter trawl 
winter) 

Karlsen et al. 
(2018a) 
Karlsen et al. 
(2018b) 
Karlsen et al. 
(2018b) 
Methling et al. 
(2017) 

75% Based on the representativeness of the fleet and as-
sumed that the discard ratios of the trawl fishery is 
higher than the Danish seine. 

BT1 N unknown  -   -  unknown  

GT1 Y 64% 
100% 

47-75 
100-100 

Catchpole et al. 
(2015) 
Ern et al. (2018) 

82%  

DREDGE N unknown  -   -  unknown  

GN1 Y 64% (GT1) 47-75 (GT1) Catchpole et al. 
(2015) 

64%  

OTTER N unknown  -   -  unknown  

PEL_TRAWL N unknown  -   -  unknown  

POTS Y unknown  -   -  unknown  

TR3 N unknown  -   -  unknown  
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LL1 N unknown  -   -  unknown  
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Implications for discard survival and exemptions for the stock 

Table 5, Figures 2 and 3 show the fleet catches, discards, levels of dead unwanted catch 
where survival evidence is available and the implications for the exemptions for the 
stock. The BT2 fleet generates the most unwanted catch and dead unwanted catch; 23% of 
the total catch is of unwanted dead plaice from the BT2 fleet. This fleet will be exemption 
from the Landing Obligation in 2019; around 28% of the total catch of North Sea plaice 
will be of unwanted fish from the BT2 fleet; the unwanted dead plaice from the BT2 fleet 
contribute 23% to the total catch. The dead unwanted plaice caught by the TR2 fleet con-
tributes around 13% to the total catch; this fleet will not be exempt from the Landing 
Obligation; therefore, all of the unwanted catches should come ashore, including those 
that could otherwise have survived (around 3% of the total catch, assuming no change in 
selectivity). 

Table 5. Mean landings and discards data, survival proportions, and unwanted catch that is dead as a 
percentage of total catch. 

GEAR EXEMP-
TION 

LANDINGS 
(MEAN 14-
16) 

DISCARDS 
(MEAN 14-
16) 

SURVIVAL 
PROPOR-
TION 

ESTIMAT-
ED SURVI-
VORS 

(MEAN 14-
16) 

UNWANT-
ED DEAD 
(MEAN 14-
16) 

UNWANT-
ED DEAD 
AS % 

TOTAL 
CATCH 

BT2 Y 32978 37232 0.15 5585 31647 23% 

TR2 N 4474 12189 0.33 4022 8167 13% 

BEAM N 52 1399 unknown unknown unknown <1% 

TR1 Y 30651 1847 0.75 1385 462 1% 

BT1 N 9313 719 unknown unknown unknown <1% 

GT1 Y 2469 104 0.82 85 19 0% 

DREDGE N 5 24 unknown unknown unknown <1% 

GN1 Y 1197 4 0.64 3 1 <1% 

OTTER N 34 2 unknown unknown unknown <1% 

PEL_TRA
WL 

N 52 0 unknown unknown unknown <1% 

POTS Y 8 0 unknown unknown unknown <1% 

TR3 N 24 0 unknown unknown unknown <1% 
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Figure 2. The components of the North catch in absolute mean values. Discard survival estimates are available for the fisheries generating most discards. 
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Figure 3 shows these data in percentage terms for each fleet. The figures show that most catches will be exempt from the Landing Obligation and most discards will 
not survive when returned to the sea. Of the total estimated discard amount, around 60% of the previously discarded plaice will continue to be discarded and will not 
survive.
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6 Revisions to the work plan and justification  

None 

7 Next meetings 

The next meeting will be held on 4-8 November 2019, Dublin, Ireland.  
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Annex 2: Abstracts of presentations from recent discard survival 
assessments (ToR a) 

Improved estimation of discard mortality with in situ experiments involving elec-
tronic and traditional tagging 

Hugues P. Benoît, and Marie Morfin 

In situ experiments involving the tagging of released fish are most likely to produce ac-
curate estimates of discard mortality (DM) given that experimental subjects are captured 
and released under conditions that best represent those in the fishery. Data from elec-
tronic tags allow inferences on the movement of released fish, and in turn, natural mor-
tality and DM. However, the high cost of the tags generally leads to small sample sizes 
and low precision of estimate. Alternatively, returns of traditional tags from small-scale 
experiments constitute a relatively inexpensive means of estimating the relative DM be-
tween two or more groups of released fish (e.g., vitality classes, capture methods). We 
propose a modelling approach that integrates data from the two types of tagging meth-
ods to produce absolute estimates of DM that are unbiased and often more precise than 
those obtained from electronic tagging alone. We present the results of simulations that 
illustrate under which conditions precision is improved and how different allocation of 
effort to electronic and traditional tagging can be used to optimize DM experiments with 
respect to financial cost and the precision of estimates. A case study is briefly presented 
to illustrate the application of the proposed approach. 

Discards survival assessment in pulse trawling II 

Pieke Molenaar, and Edward Schram  

Discards survival probability in conventional commercial 80 mm pulse fisheries was 
assessed for undersized plaice (Pleuronectus platessa n=558), sole (Solea solea n=274), turbot 
(Scophthalmus maximus n=111), brill (Scophthalmus rhombus n=90), thornback ray (Raya 
clavata n=99) and spotted ray (Raya montagui n=23). In total nine sea trips were performed 
on three commercial pulse-trawlers with three trips per trawler. Sea trips were spread 
out over the year to account for potential seasonal variation in discards survival. The 
total monitoring period ranged from 15 to 18 days among test-fish depending on the day 
of collection at sea.  Within all species, discards survival probabilities varied among sea 
trips. Discards survival probability estimates and their 95% confidence intervals (95%CI) 
based on all sea trips combined were 14% (95%CI 11-18%) for plaice, 19% (95%CI 13-28%) 
for sole, 30% (95%CI 20-43%) for turbot, 13% (95%CI 7-23%) for brill and 53% (95%CI 40-
65%) for thornback ray. For spotted ray discards survival probabilities of 21% and 67% 
were observed during two sea trips. Given the agreement with a previous and compara-
ble study and the large number of observations collected year-round, we consider the 
current results for plaice and for sole to represent the actual overall survival probability 
of undersized plaice and sole discards in the 80 mm pulse-trawl fisheries. The discards 
survival probability estimates for turbot, brill and thornback ray are based on limited 
numbers of observations per species. These estimates should therefore be considered and 
treated as a first indication of the actual discards survival probability for these species in 
the 80 mm pulse-trawl fisheries. In all species tested, discards survival was strongly af-
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fected by fish condition, with large differences in survival probability between fish in 
best and worst condition. The proportion of fish in the best condition is small and their 
high survival probability has little effect on the survival probability of the entire popula-
tion in the catches. We therefore recommend that measures aimed at increasing discards 
survival focus on improving the condition of discarded fish. Since catch-processing time 
seems to have no effect on fish condition nor discards survival, we recommend that 
measures aimed at improving the condition of discarded fish focus on the fish capture 
process rather than catch processing. Measures to increase discard survival in the 80 mm 
pulse-trawl fisheries were assessed under commercial fishing conditions using plaice 
(Pleuronectes platessa) as model species. Measures tested were a water filled hopper (8 sea 
trips), short hauls (90 instead of 120 min, 4 sea trips) and a knotless cod-end (1 sea trip) 
with undersized plaice. For all sea trips combined, no effect of short (90 instead of 120 
min) hauls on discards survival probability could be detected: survival probabilities for 
plaice discards were equal at 11% (95% CI 8-15%) for both short and conventional hauls. 
No effect of a knotless cod-end on plaice and sole discards survival probability could be 
detected. Deployment of a water filled hopper does not result in higher survival proba-
bility for plaice discards than a conventional dry hopper in year-round pulse-trawl fish-
eries. However, it is clear that for individual trips the deployment of a water filled 
hopper can result in an increase of survival chances of discarded plaice, but as it seems 
only under certain specific, yet to be established, conditions. 

Using acoustic telemetry to estimate post-release survival of undulate ray  

Marie Morfin, Julien Simon, Fabien Morandeau, Loïc Baulier, Sonia Méhault, and Dorothée Kopp 

The Landing Obligation introduced in the reform of the European Union Common Fish-
eries Policy requires landing all catches of species under quota. However, exemptions 
may be granted for species for which “scientific evidence demonstrates high survival rates”. 
Captivity experiments are often used to determine fish survival rates, but they are diffi-
cult to perform for large species such as rays due to the limited storage capacity of tanks. 
Thus, little information is available on ray survival after release despite an identified 
potential for high survival. We used acoustic telemetry to study rays discarded from a 
coastal bottom trawl fishery in their natural environment and present a new ad hoc ap-
proach to derive a minimum survival rate. After capture under commercial conditions in 
a semi-enclosed bay, 144 rays were each tagged with a miniature acoustic transmitter. 
Survival was assessed based on detections from 15 acoustic receivers deployed in the 
area and a mobile reception antenna. This approach provides useful results from a man-
agement perspective, as at least 52% of the rays were found to have survived, and be-
cause the only factor identified that likely decrease survival (i.e. smaller individuals) 
cannot be improved easily by changing fishing practices. 
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Survival and physiological recovery of the anchovy in the purse seine fishery in the 
Bay of Biscay  

Iñigo Onandia, and Luis Arregi 

High resolution mortality using time-lapse photo techniques and physiological recovery 
of anchovies are analyzed in pumped fish from purse seine fishery in the Bay of Biscay. 
Delayed mortality is measured every 3 hours, arriving to the asymptote between 21 and 
27 hours. Secondary stress responses are measured (glucose and lactate) from blood and 
mucus samples taken after 1, 2, 3, 6, 24 and 31 hours. Results show that anchovies are 
physiologically fully recovered from an acute stress episode after 31 hours. Low catch 
volume, mean of 4 tons per set, and the handling of the catch using vacuum pump and 
grading machine result on an improvement of the survival of discarded fish. 

 

Physiological recovery of captured teleosts, elasmobranchs, cephalopods and crus-
taceans as a useful tool to evaluate discard survival 

Ignacio Ruiz-Jarabo, C. Barragán-Méndez, J. M. Mancera, and I. Sobrino 

Evaluating survival of discarded species is gaining momentum after the new European 
Common Fisheries Policy. This regulation introduced a discard ban, with an exemption 
for those species with demonstrated high survival rates after their capture and release. 
As fishing processes are considered stressful to animals, inducing physiological changes 
in them, physiological recovery after capture should be evaluated. Stress responses are 
widely categorized as primary, secondary and tertiary. Primary stress responses include 
the release of hormones such as catecholamines and corticosteroids, amongst others. It 
should be mentioned that these hormones depend on the species. Secondary stress re-
sponses are promoted by the action of these hormones, making oxygen and metabolic 
substrates available to demanding tissues. Although secondary responses may be consid-
ered similar in all animals, specific stress biomarkers should be evaluated for each tax-
on/species due to their differentiated physiological metabolisms. If the stressful situation 
extends over time and/or a new homeostatic state is not recovered, tertiary stress re-
sponses included consumption of energy stores, lowered growth rates, behavioral and 
reproductive changes, immune system collapse and eventually, death of the animal. 
Physiological recovery after an acute-stress situation occurs within the first 24 h after the 
challenge. An immediate mortality rate during the first 24 h is directly associated to an 
overwhelming stress response. However, if the stressful situation is maintained through 
time, and/or different acute-stress processes are linked, tertiary stress responses may 
weaken the animals and produced delayed mortalities. Several studies have been per-
formed in teleost fish, elasmobranchs, cephalopods and crustaceans. To evaluate physio-
logical recovery in these species it is mandatory to maintain captured organisms under 
controlled conditions, avoiding additional stressful processes. Altogether to onboard 
evaluation in fishing vessels, complementary experiments in ground facilities is also sug-
gested. 
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Discard survival of elasmobranch species - Initial phase of IPMA’s study 

Barbara Serra-Pereira, and Figueiredo, I.  

IPMA has collected information on the vitality status after capture of skates (Rajiformes) 
in two previous projects, DCF Pilot Study on skates (2011-2013) and UNDULATA project 
(2014-2015). The data was collected onboard polyvalent commercial vessels using tram-
mel nets, and covered five skate species: Raja clavata, R. montagui, R. brachyura, R. undulata 
and Leucoraja naevus. All species showed high vitality after capture, being influenced by 
factors as mesh size, soaking time and fish size. However, following STECF, exemptions 
from the Landing Obligation could only be applied to species for which high survival 
rates after capture were scientifically demonstrated. And the assessment of at-vessel vi-
tality cannot stand alone and should be followed by short-term and/or long-term survival 
studies dedicated to each group of species and fleets. Also, the EC requests every mem-
ber state to report annually to STECF additional scientific information supporting the 
exemption provided for all Rajiformes in ICES areas 8 and 9. For this reason, IPMA de-
cided to start developing studies in this subject. 

In the first phase of the studies IPMA’s developed a preliminary trial of discard survival 
experiment onboard IPMA’s RV Noruega during 2018 research surveys, in order to pro-
mote scientific training and design the best experimental set-up to be applied in the sec-
ond phase onboard commercial vessels. The experimental phase covered two surveys 
using two different gears, 24 days at sea, held in different seasons (summer and autumn) 
and geographical areas (north and south coasts). Holding facilities consisted of three 
isolated tanks (only two in the first survey), with circulating fresh water pumped from 
the ocean, strong aeration and cooling at 15ºC (in a 650 l used in the second survey). En-
vironmental conditions (temperature, salinity and pH) were routinely monitored. To 
each skate specimen caught and a subsample of shark specimens, the vitality status was 
assessed after capture. Then a selected number of specimens were put in the tanks for 
routine monitor of reflex impairment using RAMP and head/body/tail lesions. All fish 
that survived for a maximum of 4 days were released to the sea. Weather and survey 
technical issues affected the maximum duration of the experiments, that should be longer 
in future studies. The elasmobranch species monitored were R. clavata, L. naevus, Dipturus 
oxyrinchus, Neoraja iberica, Scyliorhinus canicula, Galeus melastomus and G. atlanticus. Alt-
hough no statistical analysis was performed at the time of this meeting some preliminary 
results were obtained. Raja clavata and S. canicula were the species that showed lower 
mortality in the holding tanks. Temperature seems to greatly affect elasmobranch surviv-
al during monitoring (specially in summer). And lesions and abrasions seem to occur in 
R. clavata held in tanks for more than two days, that may affect survival in captivity. The 
main challenges of the experiment were to minimize external variables affecting the ex-
perience (e.g. weather, water temperature) and to maximize sampling number without 
compromising mortality caused by stress inside the holding tanks.  

The next step of this study will include i) a statistical analysis of the data collected so far, 
ii) application of the methodology to the target commercial fleet catching skates (trammel 
netters, with LOA below 18 m), iii) create land facilities for short-survival monitoring, 
and iv) if consider adequate, create a tagging programme to estimate long-term survival. 
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Establishing a vitality assessment protocol for rays within the INTERREG 2-SEAS SU-
MARiS-project  

Noémi Van Bogaert, Sven Sebastian Uhlmann, Els Torreele  

Within the framework of the INTERREG – 2 Seas project “SUMARiS” (Sustainable Man-
agement of rays and skates), it is our goal to quantify vitality, injury and survival rates of 
4 different ray species (blonde ray, spotted ray, thornback ray and undulate ray) discard-
ed by English Channel and North Sea active and passive gear fisheries. Obtaining a rep-
resentative estimate of survival probability for a given species and fishery is very 
challenging and would ideally be based on a sufficiently large sample of tagged-and-
discarded individuals. But this is rarely achievable due to the considerable tagging effort, 
prohibitive costs and tight timelines, so other cheaper and less labor-intensive methods 
may be used for estimating the survival probability of discarded species. Combining on-
board vitality assessments with monitoring observations of specimens held in captivity is 
a widely used combination of methods to achieve this. To select a number of easily rec-
ognizable and consistent reflexes, we performed a pilot-study on 31 acclimated thorn-
back rays (45 ± 8 cm, mean ± SD).  These individuals were scored to establish a suitable 
protocol for tests on-board commercial vessels for reflexes such as tail grab, startle touch, 
spiracle, body flex movements and bleeding injuries to the head and body, open wounds 
and fin damage. The amount of surface coverage (% discoloration) of bleeding injury was 
scored along a categorical scale from 0 to 3, whereas reflexes were scored as present (=1) 
or absent (=0). The rays were caught during a scientific survey and were transported to 
3600-L tanks connected to a shore-based seawater recirculation system to acclimatize. 
The mean reflex impairment score was low (0.13), indicating that most rays responded to 
each stimulated reflex. Additionally, rays were in general in good condition, with bleed-
ing injury covering on average <10% of their body undersides. However, at the end of the 
monitoring period of 29 days, 55% of the initial test population had died. This high, and 
protracted mortality indicate the need for a longer monitoring period and possibly im-
proved holding conditions in independent tanks in the future. Based on the results of this 
pilot-test and previous ray survival studies conducted by Wageningen Marine Research 
(WMR), CEFAS and IFREMER, we developed a protocol for on-board vitality scoring 
and monitoring in captivity for a period of 3 weeks. This protocol will allow us to score 
commercially caught rays and test whether a low level of impairment and absence of 
injury corresponds to high survival. Through modelling, we will link these outcomes to 
key technical, biological and environmental parameters which will be recorded as well 
during each fishing operation. In total, between 20-30 SUMARiS seatrips will be orga-
nized in the North Sea and English Channel, using different gears.  
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Effect of discard survival on North Sea sole and plaice stocks 

Ruben Verkempynck, Jurgen Batsleer, Tomas Brunel, Jan-Jaap Poos presented by P. Molenaar  

The relation between survival and the effect on the stock is a much debated and highly 
relevant topic under the Landing Obligation. In the current assessments of North Sea sole 
and plaice any possible discard survival is not accounted for. This means that these as-
sessment models assume that all caught fish (discards and landings) die and thus amount 
to the total fishing mortality. In other words, discards survival is equal to zero. This pro-
ject assessed the effect of discard survival on the stock assessment and current perception 
of the North Sea sole and plaice stocks, and how discard survival affects the stock over 
the next 50 years under the current situation and under the Landing Obligation. The 
work included the analysis of historical discard estimates for sole and plaice in the Dutch 
sole targeting demersal fleet. Discard estimates are adjusted according to survival scenar-
ios (0% - 100%) and the stock assessment is fit to the new catch data. For each of the sce-
narios of survivability the influence on stock biomass, fishing mortality and recruitment 
is calculated. Also, new reference points (FMSY and MSY Btrigger) are estimated based 
on the corresponding stock assessment. Based on the new assessment and reference 
points we made a long term projection (50 years) of the stock, applying the ICES FMSY 
advice rule, accounting for uncertainty and natural variation, and assuming recent selec-
tivity of the demersal beam trawl fleet (this includes pulse and sumwing). Preliminary 
forecast simulations for the 0%, 20%, 40%, and 60% discard survival for sole and plaice 
are presented in this study. For Sole only minor differences in stock size are seen between 
both scenarios, while bigger difference occur for plaice. With increasing discard survival 
levels the current stock assessments are overestimating the fishing mortality, spawning 
stock biomass, recruitment, also with higher survival the fishery targets the older age 
classes of the stock and the reference points for the stock can be larger.  

 

Discard survival estimate for the Dutch Nephrops fishery based on review of existing 
literature 

Noor Visser  

The aim of the project was to derive at an estimate of discards survival of Nephrops in de 
Dutch fisheries for Nephrops, based on an analysis of previous studies on Nephrops sur-
vival in other fisheries. A list of relevant conditions was conducted to compare the cir-
cumstances of the existing studies to the circumstances of the Dutch commercial Nephrops 
fishery. The information was collected using a table, with the relevant conditions at the 
rows and the studies at the columns. In total, nine studies with an original discards sur-
vival estimate were included. When using the table of conditions and rows to compare 
the conditions of the previous studies to the conditions of the Dutch Nephrops fishery: 
two studies is were marked as ‘not applicant’ to the Dutch situation and the resisting 
seven studies all had some similarities and some dissimilarities to the Dutch Nephrops 
fishery. The results of these studies (as presented in their reports) were displayed in a 
forest plot. This graph reveals discards survival estimates ranging from 20% (0-48%) to 
62% (58-84%). Discussion was raised about whether the existing studies could be com-
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pared in this way at all: research methods (and especially the duration of the captive 
observation) and circumstantial conditions vary, all having impact on the survival esti-
mate. Likewise, comparing studies to investigate the effect of individual conditions 
couldn’t be done at this stage. Another point that was raised during the meeting was that 
the urgency for a quick number of survival estimate has dissolved: a de minimis exemp-
tion to the Landing Obligation was granted for the discards of Nephrops on the North Sea. 
The final report of this literature review must be very cautious on the difficulties in com-
paring survival estimates. On the other hand, summarising the previous work is the most 
that could be done in this project and with the available knowledge of this moment. The 
upcoming publication of the WGMEDS meta-analysis could be a huge step forward in 
comparing survival estimates and indicating the influence of specific conditions. 
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Annex 3: Details of meta-analysis progress (ToR b) 

Background 

Meta-analysis is a statistical technique to summarize the numerical results of separate 
studies and produce a summary statistic (together with its confidence interval), which 
gives the user a means of comparing the effect of an intervention (in this case discarding) 
compared with a baseline (or control).  WGMEDS (continuing the work of WKMEDS; 
ICES 2015, 2016a, b & c) is attempting to use this approach to address key research ques-
tions for several case-studies: Norway lobster (Nephrops norvegicus), plaice (Pleuronectes 
platessa) and sole (Solea solea) in European trawl fisheries.  These cases were considered 
by WKMEDS to be informative examples with respect to the Landing Obligation, as well 
as having sufficient data (historic and emerging) to be viable examples for meta-analysis 
(ICES, 2015). 

Primary research questions were formulated using the PICO format (i.e. Population, In-
tervention, Comparator, Outcome): 

• What is the discard survival (and variability) of Nephrops norvegicus in Europe-
an trawl fisheries?  

• What is the discard survival (and variability) of plaice (Pleuronectes platessa) 
and sole (Solea solea) in European trawl fisheries? 

 

Table 6. Case studies primary questions presented in PICO format. 

 
In addition, it was agreed that it would be informative to address several secondary 
questions: 

• Is the survival ‘high’ enough for a particular species in a particular scenario?  
• What is the effect of covariate X (e.g. species/taxa, gear type, season, handling 

processes...) on survival?  
• What is the effect size (and variability) of experimental factors (e.g. cage study 

vs. tagging study, monitoring period) on survival?  
• How consistent is an effect on survival across the studies applicable to a par-

ticular scenario? 
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The data used in this meta-analysis analysis were collected as part of the WKMEDS criti-
cal reviews for these species. 

The work of the meta-analysis sub-group at this meeting focused on two key tasks: 

1 ) Finalising the GLMM meta-analysis of Nephrops data; and 
2 ) Updating and formatting of flatfish data, in preparation for meta-analysis. 

 

1. Finalising the GLMM meta-analysis of Nephrops data  

Marie Morfin, Esther Savina, Hugues Benoit, Mickael Teixeira Alves & Mike Breen 

Intersessional work before the WGMEDS Meeting 

During 2018, Marie Morfin and Esther Savina (as part of the COPE Project – see below) 
continued work on developing a Beta GLMM for the Nephrops discard survival data (see 
below) using the R package glmmTMB (Brooks et al., 2017), in collaboration with the 
package developers.  This work consisted of: (1) further discussing which studies to in-
corporate; (2) further discussing what explanatory variables to include, based on thor-
ough data exploration; (3) finalising data preparation, especially the collection of 
additional data for all previously chosen covariates, and (4) further discussing choice of 
model parameters. Specifically: 

(1) Which studies to incorporate: 

Nine studies were included in the meta-analysis (Table 6). Two studies that were not 
available at the time of the original critical review (Merillet et al., 2018, Oliver et al., 2017) 
but were subsequently added to the meta-analysis following separate critical reviews. Six 
other studies critically reviewed were not included in the meta-analysis, either because 
the quality score was deemed too low (below 20%), or due to poor holding facility condi-
tions and lack of control, or because discard survival estimates were aggregated at the 
study level.  

 

(2) Which explanatory variables to include: 

The scientific community agrees that the variability observed in discard estimates is driv-
en by the variability in both external stressors and individual characteristics, and espe-
cially (ICES, 2014 & 2018b):  

- Operational factors: gear type and configuration, haul duration, and 
catch handling including air exposure durations,  

- Environmental factors: water temperature and depth,  

- Biological factors: body size and physical injury. 

As the meta-analysis data were originally collected in the context of specific individual 
research projects, the operational, biological and environmental conditions will depend 
on the fishery investigated and the purpose of the experiment. The chosen explanatory 
variables were those identified as relevant, by this working group, and that best describe 
the different conditions of each experimental treatment to avoid confounding factors and 
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for which there was information across all studies: haul duration, catch weight, air expo-
sure, sea surface temperature (SST), depth and carapace length (CL). For this analysis, it 
was considered realistic that differences in fishing practices (i.e. gear characteristics and 
handling techniques) are reflected by the catch weight and air exposure duration, respec-
tively – and also by using treatment as a random effect, see below. So far, it has not been 
possible to find information on catch weight for one of the studies, Castro et al. (2003). 
Thus, the analysis includes all chosen explanatory variables, but omits data from Castro 
et al. (2003).  

 

(3) Finalizing data collection: 

Data for the meta-analysis were collected at the haul level when possible. However, the 
original data were collected in the specific context of each case study, and therefore based 
on different sampling schemes. When information on the explanatory variables was not 
available in the original research article or report at the haul level, we contacted the au-
thors directly. If they were able to provide us with the original data at the haul level, such 
information was preferred to data aggregated at the treatment or study level. If they were 
not able to provide the original data at the haul level, we used the data aggregated at the 
treatment or study level, if available in the original research article or report. If SST was 
not provided, values were estimated using the data available in the Copernicus Marine 
Environment Monitoring Service.  In addition, some fishing depths were based on ap-
proximated positions using GIS, and some catch weights were estimated based on other 
hauls in the same study with similar tow duration and depth. 

 

(4) Model parameters 

A dialogue with the glmmTMB R package developers was initiated to further understand 
how both the weighting and dispersion parameters are implemented in the package. 
Furthermore, we searched the literature on the use of weights and random effects in the 
context of meta-analysis.  

 

The COPE Project: This work was partly funded by the Ministry of Environment and 
Food of Denmark and the European Union through the European Maritime and Fisheries 
Fund (EMFF) under the project COPE (grant no. 33113-B-16-086). The COPE project ex-
amines discard survival of plaice in the Danish mixed fisheries using otter trawl and 
Danish seine. Known discard survival rates are put in relation to the amount of discards 
and the discard ratio for different flatfish species and fisheries in a discard survival cata-
logue for use in management. The project includes the investigation of whether a meta-
analysis of flatfish discard survival from different studies applicable to the fishing condi-
tions in Danish waters would be realistic to conduct (i.e. if there is enough good quality 
data available) and relevant in terms of management. To do so, the methodological con-
siderations as to how to conduct a meta-analysis with discard survival data at a large 
scale is highly relevant. Thus, the collaboration between WGMEDS and the COPE-project 
has been mutually beneficial. 
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Table 7. Description of the different treatments included in the meta-analysis by area and study: gear 
and rigging (OTB for Otter Bottom Trawls with single rig and OTT for Otter Twin Trawls), codend 
mesh size in mm and shape with D for diamond and S for square, practice type e.g. the presence of 
selective devices, presence or absence of a sorting system (‘Sort. syst.’), season, and the total number 
of hauls observed n.  

Treatment Gear Mesh Practice Sort. syst. Season n

North_Sea_Grid_Winter OTB 80-85 Netgrid Yes Winter 12

Skagerrak_Panel_Summer OTB - Large mesh in top panel Yes Summer 7

Skagerrak_SELTRA_Summer OTT 90D SELTRA Yes Summer 3
Skagerrak_SELTRA_Winter OTT 90D SELTRA Yes Winter 3
Skagerrak_Grid_Summer OTT 70S Swedish grid Yes Summer 3
Skagerrak_Grid_Winter OTT 70S Swedish grid Yes Winter 3
North Western Waters

Aran_SELTRA_Summer OTB 80 SELTRA Yes Summer 6

Clyde_Short_Spring_(Albalat) OTB 85D Short haul duration Yes Spring 3
Clyde_Short_Summer_(Albalat) OTB 85D Short haul duration Yes Summer 3
Clyde_Short_Winter_(Albalat) OTB 85D Short haul duration Yes Winter 2

Clyde_Long_Autumn_(Ridgway) OTB - Long haul (standard) Yes Autumn 2
Clyde_Short_Autumn_(Ridgway) OTB - Short haul duration Yes Autumn 2
Clyde_Long_Spring_(Ridgway) OTB - Long haul (standard) Yes Spring 2
Clyde_Short_Spring_(Ridgway) OTB - Short haul duration Yes Spring 2

Minch_100Diamond_Summer OTB 100D Standard Yes Summer 3
Minch_60Square_Summer OTB 60S Standard Yes Summer 3
Minch_70Diamond_Summer OTB 70D Standard Yes Summer 3

Algarve_Standard_Autumn OTB - Standard Yes Autumn 3
Algarve_Standard_Spring OTB - Standard Yes Spring 3
Algarve_Standard_Summer OTB - Standard Yes Summer 3
Algarve_Standard_Winter OTB - Standard Yes Winter 3

Biscay_Chute_Autumn OTT* 80 D Discarding chute system Yes Autumn 6
Biscay_Chute_Spring OTT* 80 D Discarding chute system Yes Spring 3
Biscay_Chute_Summer OTT* 80 D Discarding chute system Yes Summer 6
Biscay_Standard_Autumn OTT* 80 D Standard No Autumn 5
Biscay_Standard_Spring OTT* 80 D Standard No Spring 3
Biscay_Standard_Summer OTT* 80 D Standard No Summer 6

Albalat et al., 2016

North Sea region
Armstrong et al., 2016

Nielsen, 2015

Valentinsson and Nilsson, 2015

Oliver et al., 2017

Ridgway et al., 2006

Wileman et al., 1999

South Western Waters
Castro et al., 2003

Merillet et al., 2018

 
*With mandatory 100mm top square mesh panel 
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The Beta GLMM 

In the meta-analysis, we planned to analyse the survival ratio (proportion) based on as-
ymptotic survival estimates. The response variable is therefore a proportion that is ex-
pected to be between 0 and 1. Thus, the beta distribution is more appropriate than the 
binomial distribution. Further discussion brought us to consider using the ratio between 
discard and control survival probabilities as the response variable, instead of the discard 
survival probability – see below, but as this is still a proportion, the same reasoning ap-
plies.  

Data from the same study and treatments may be more similar than data from different 
studies/treatments, due to the experimental specificities or similar conditions that are not 
accounted for in the model. A mixed effects model, by including random effects, allows 
for such nested structure because it incorporates a dependency structure into the model. 
Consequently, it allows us to obtain more reliable estimates and standard errors for the 
regression parameters than those given by a fixed effects model. Thus, we have chosen to 
apply a Beta Generalized Linear Mixed Model (GLMM), and the choice of random effects 
was made a priori based on the structure of the data, at both the study and treatment lev-
els. 

The response variable Pijk for observation (haul) k in treatment j of study i follows a beta 
distribution parameterized using mean πijk and precision/dispersion parameter θ. The 
mean can be linked to a linear combination of explanatory variables Xijk and regression 
coefficients β through a logistic link function. Also, the precision parameter, theta (θ), in 
the Beta distribution allows for more over/under-dispersion of the observed data com-
pared to a binomial distribution, which has only one parameter (as the number of trials is 
set). The term Zi is a random intercept for study i and imposes a correlation on all obser-
vations from the same study. Likewise, Tij is a random intercept for treatment j of study i 
and imposes a correlation on all observations from the same treatment, nested within a 
study. Both random effects Zi and Tij are assumed to be normally and independently 
distributed.  

Pijk ~ Beta(πijk, θ) 

E(Pijk) = πijk and Var(Pijk) = [ πijk (1 - πijk) ] / (θ +1) 

Logit(πijk) = Xijk x β + Zi +Tij 

Zi = N(0, σ2study) 

Tij = N(0, σ2treatment) 

We intend to use the R package glmmTMB to fit this GLMM. This package is built on 
Template Model Builder, which is in turn built on CppAD and Eigen (Brooks et al., 2017). 
It can incorporate beta distributions and fixed and random effects models can be speci-
fied, as well as fixed effects for the dispersion parameter. 

 

 

 

https://github.com/kaskr/adcomp
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Discussion at WGMEDS Meeting 

Discussion at the meeting focused on several challenges identified during the pre-
meeting work in 2018. These challenges included:  

The inclusion of Random effects: As explained above, not accounting for random effects 
with structured data can lead to biased and overconfident results. The random effects are 
assumed to be normally and independently distributed. Departure from this assumption 
may also lead to bias on the fixed effects, especially when the random-effect distribution 
depends on measured covariates (Heagerty and Kurland, 2001).  Also, the estimates of 
the variance components are subject to considerable bias when the random-effect distri-
bution is mis-specified (Litière et al. 2007). The bias induced in the estimates of the fixed 
effects appears to depend on the magnitude of the variance component, whereby a large 
bias is associated with a large random-effect variance. The situation worsens when more 
complicated random-effects structures are used. As the departure from this assumption 
cannot be easily tested for in such models, we decided to keep the mixed structure of the 
model, but to keep this point in mind when interpreting important differences between 
the results from the GLMM and the GLM.   

Confounding Factors in the Data : Even though explanatory variables were carefully 
chosen to limit confounding factors, some covariates are nevertheless confounded with 
study/area/season. For example, we can see in Fig. 1 that fishing for Nephrops in the Al-
garve (Portugal, Castro et al., 2003) takes place in deeper waters compared to the other 
regions. We can also see that sampled individuals in the Bay of Biscay (France: Mérillet et 
al., 2018) were smaller compared to the other studies, both because of different Minimum 
Landing Sizes (MLS) / Minimum Conservation Reference Size (MCRS) between regions, 
but also due to different experimental objectives between studies. The inclusion of the 
treatment and study random effects, to account for the hierarchical structure of the data, 
should also account for any variance associated with these confounded effects. However, 
the model residuals (i.e. quantile residuals) will be checked to ensure there is no unex-
plained structure. If the model is well specified, the simulated quantile residuals should 
be uniformly distributed (Dunn & Smyth, 1996). 

Inclusion of uncertainty in the response variable: To account for uncertainty in the as-
ymptotic survival estimates, it was proposed in previous meetings (ICES 2016c and 2018) 
to include a measure of uncertainty (i.e. the standard errors) of these estimates in the 
GLMM. Two methods were proposed for incorporating this uncertainty in the meta-
analysis: 

i) Weighting factor applied to the log-likelihood – glmmTMB package developers have 
recently included an option to apply a weight factor to the model log-likelihood. Howev-
er, it was unclear what properties this weighting method would have. Furthermore, ex-
ploring and describing these properties would require considerable investment of time, 
which was felt difficult to justify in this case.   

ii) Precision parameter (θ) – the Beta glmmTMB algorithm includes a precision parameter, 
which is inversely proportional to the response variance and can be modelled using a log 
linear predictor composed of fixed effects. This appeared to be a natural manner of in-
corporating the effects of weights because one would like precision to decrease as uncer-
tainty in the data increases. This approach was therefore chosen to account for 
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differences in standard error (precision) of the asymptotic survival estimate for each ob-
servation. 
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Figure 1. Boxplots of the included covariates by study (right) and treatment (left). 
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Inclusion of other measures of uncertainty and/or data quality in the meta-analysis: Previous meet-
ings had discussed the inclusion of additional measures of uncertainty and/or quality in the meta-
analysis, namely: quality score (Q-score) and control mortality (ICES 2016a, b & c, 2017). The value 
and practicality of including these additional measures were further discussed at this meeting. 

Q-scores: generated as part of the critical review, the Q-score is a quantified summary of the “quality” 
of a particular study, with respect to several qualifying criteria as judged by two or more reviewers 
(ICES 2017 & 2018; Catchpole et al., in review).  The Q-score, and assessment of its underlying criteria, 
had strongly influenced the selection of the studies to be included in the meta-analysis, i.e., all select-
ed studies had a Q-score higher than 20%.  Furthermore, the criteria of interest in the context of the 
meta-analysis within the score, e.g. those related to the projection at asymptote of survival estimates, 
are already partly included as a precision parameter (i.e. the standard error of the asymptotic survival 
estimate), and weighting with reference to it again would be inappropriate.  Therefore, it was decided 
to exclude Q-score as a weighting factor. 

Control mortality/survival: is a potentially informative measure of the uncertainty associated with 
survival estimates from respective studies. That is, the higher the control mortality within a particular 
study the greater the uncertainty in the accuracy of the observed treatment survival, with respect to 
being representative of “true” discard related mortality. Indeed, examination of the relationship of the 
control survival and treatment survival estimates for Nephrops revealed that captivity/control related 
mortality can potentially cap the observable scope of survival within the treatments (Figure 2).  
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Figure 2. Relationship between the asymptotic discard survival estimates (experimental treatments) and the control 
survival probabilities. The dotted line with intercept 0 is showing how captivity/control related mortality can poten-
tially cap the observable scope of survival in the treatments. 

Three methods were proposed for utilising the control survival estimates in the meta-analysis: 

i) applied in the precision parameter (θ) the GLMM – along with the corrected standard error of the 
asymptotic survival estimate. However, this approach fails to account for the clear bias (the cap) ob-
served in the Nephrops data and raises the challenging question of what scale it should be included in 
the precision model, with respect to the corrected standard error of the asymptotic survival estimate. 

ii) include as an explanatory variable in the GLMM – although this could account for any potential 
bias as a result of captivity related mortality, concerns were expressed that it may also allow spurious 
or non-sensical relationships to be expressed (e.g. negative correlation) for which there is no reasona-
ble supporting hypothesis. 

iii) transform the response variable (asymptotic survival) with respect to control survival – taking the 
ratio to the asymptotic survival (SA) and control survival (C) (and limiting values to < 1) will directly 
account for the bias and capping observed in the Nephrops data. This assumes that experimental mor-
tality can be no higher than control mortality, if the control is properly representative of experi-
mental/captivity induced mortality (i.e. the stressors imposed on the controls are a complete subset of 
the stressors experienced by the treatments cases). It also assumes that the relationship between SA 
and C is directly proportional. 

It was concluded that the meta-analysis would continue using approach iii). This approach is analo-
gous to the measure of effect, Risk Ratio, described in the WKMEDS CRR report (section 12.4.2; ICES 
2018) and is used in the meta-analysis of survival data in medical studies to equilibrate between stud-
ies with different baseline (control) mortality rates (Deeks et al., 2011). 

Regarding the inclusion of the standard deviation for the asymptotic survival estimate in the preci-
sion model, as the response variable is now not the asymptotic survival estimate directly, but the ratio 
between the asymptotic survival estimate and the control survival estimate, the corrected standard 
deviation for the asymptotic survival estimate was estimated using the conditional variance formula: 
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Where R is the ratio between SA and C. It follows: 

 

 

 
For each observation, the mean and variance of the estimated survival rate were available. The mean 
and variance of the inverse of the controls were estimated by simulation. 

Finally, the standard deviation of the ratio estimates will be related to the precision parameter as fol-
lows: 

 
Where a and b are parameters that will be estimated by maximum likelihood. A positive value for the 
parameter b is expected because the precision parameter is inversely proportional to the ratio’s vari-
ance in the model. 
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Figure 3. Experimental (discard at asymptote) and control survival estimates, by area, study and treatment. Weights 
are given as the inverse of the variance of the discards survival probability. 
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Figure 4. Ratio of discard survival estimates, by area, study and treatment. Weights are given as the inverse of the 
variance of the ratio.  
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Plan for Nephrops meta-analysis completion 

For the random effect, a constant study and treatment will be tested, as well as an interac-
tion between the study and the CL to handle a potential confounding effect of the sorting 
practices between studies.  

For the fixed regression part, all the combinations of potential covariates (Catch weight, 
Depth, CL, Air exposure and SST) will be tested, as well as the interactions: Catch 
weight*Depth, CL*Depth and STT*Air exposure.  

To avoid the problem of the determination of the degrees of freedom for the AIC for 
mixed models, we will use a leave-one-out cross-validation procedure to select a best 
model.  

The predictive performance of the model will also be assessed without accounting for the 
nested structure of the data (i.e. only based on the explanatory factors) to evaluate to 
what extent it is possible to predict survival for an independent study. 
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