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i Executive summary 

The 2019 meeting of WGECO was held at the International Council for the Exploration of the 
Sea, Copenhagen, Denmark from 8–16 April 2019. The meeting was attended by 16 delegates 
from eight countries and was chaired by Stefán Ragnarsson (Iceland) and Jeremy Collie (USA). 
The work conducted centred on three Terms of Reference that had been made by WGECO. In 
addition, a list of sensitive species prepared by WGBYC was reviewed. 

WGECO continued the work initiated in 2018 to examine the ecological consequences of stock 
rebuilding, with emphasis on benthivorous fish (ToRa). Two case studies were carried out to 
estimate the predation pressure of fish on benthos. In one, the consumption of benthic inverte-
brates by demersal fish on the US continental shelf regions was compared with their biomass in 
sediments. The estimated annual consumption of benthic organisms was a small proportion 
(<5%) of total abundance for most taxa but as high as 25% for some prey. Benthic food resources 
do not appear to be limiting the feeding of benthivorous fishes. The second study examined the 
temporal trends in diet composition and consumption rates of haddock, which has experienced 
a northerly shift in abundance in Icelandic waters. Some prey types showed clear trends from 
2006 to 2019, while others had more variable patterns. Consumption rates of benthic inverte-
brates, fish and zooplankton/natantia prey types were calculated. The much greater consump-
tion of fish prey relative to the other two prey groups was of interest. 

WGECO scrutinized methods to estimate density-dependent effects on fish growth and made 
suggestions on its estimation from stock assessment or survey data. A simulation study showed 
that the age-specific growth increment may not be a useful variable to test for density-dependent 
growth, because it depends on body size. In the WGECO 2018 report, the case had been made 
that North Sea plaice show density-dependent growth reduction. In 2019, we conducted a more 
thorough analysis of the spatial and temporal trends in distribution, growth and status of plaice 
in the North Sea. As the plaice population increased in abundance, the spatial distribution did 
not expand, apart from an increased occupancy of marginal areas. The observed reduction in 
plaice weight-at-length may thus be explained by the metabolic stress associated with the effects 
of rising sea temperature on plaice growth rates. However, the two mechanisms, temperature 
and density, that can explain reduced weight-at-age are not mutually exclusive. 

As part of ToR b, WGECO compiled fisheries-dependent size composition data from four re-
gions: West of Scotland, Irish Sea, West of Ireland, and the Northern Celtic Sea. This novel dataset 
was used to examine changes in the length composition of the catch in relation to changes in total 
catch (used as a proxy for fishing pressure). In the Irish Sea, for example, the commercial fishery 
now catches larger individuals of larger demersal species as the total catch has declined. Size 
composition of the landings was compared with size composition in the surveys. In the northern 
Celtic Sea and West of Scotland, the commercial fleets generally take fish of a much larger size 
than those caught by the survey. By contrast, in the Irish Sea the commercial fleets tend to capture 
fish across the whole size range available in the environment. 

Demersal fish community indicators of species composition and size–structure were investi-
gated for several sea areas, using survey data for state, and fisheries-dependent data for pressure. 
Together, these indicators can be used to track the wider impacts of fisheries on the ecosystem 
and monitor the evolving nature of the relationship between pressure and state. Simple empirical 
approaches for setting targets and baselines for demersal fish communities were tested with sen-
sitivity analyses and applied to additional survey areas. WGECO recommends that these indi-
cators be adopted by ICES for evaluating acceptable status for communities and supplemented 
where possible with risk-based targets from multispecies modelling approaches. A multispecies 
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model framework was advanced to determine more ambitious risk-based targets for demersal 
fish community indicators that can be used to minimise the risk that stocks suffer from impaired 
reproductive capacity consistent with commercial fish stock indicators. Ensemble modelling 
demonstrated that the fish community in the North Sea is recovering in response to fisheries 
management. 

WGECO reviewed potential indicators of spatial distribution with special attention to the sim-
plicity of use and ease of communicating the results to non-experts (ToRc). Metrics including 
aspects of latitude, longitude or depth (e.g. range and centre of gravity) and the area containing 
a fixed percentage of the population (termed core area) were considered simple to use and easy 
to communicate. Other measures were considered useful for scientific purposes but less easily 
applied and communicated to managers. The accuracy of selected indicators for spatial distribu-
tion were explored in a simulation study. The metrics produced from the simulated raw survey 
data and modelled data accurately reflected the underlying mean abundance of the simulated 
data, but more accurately for the more-common species. Changes in the centre of gravity were 
detected with high accuracy. The percent of occupied area is generally accurate in its trend when 
there is a strongly aggregated population, whereas classifying occupied area is more complicated 
when the population is more dispersed. This preliminary analysis provides the context for ana-
lysing distributional metrics at the scale of large marine ecosystems. The spatial distributions of 
three age groups of plaice were analysed as a case study. The observed northerly and easterly 
movements of plaice distribution and into deeper waters are interpreted as a response to warm-
ing sea temperatures. Consistency in area usage over time was examined to identify those areas 
critical to plaice. This analysis revealed that the proportion of the population using the ‘critical 
areas’ (defined as the area holding 75% of the population in 60% of years) was stable over the 
study period, though some decreases have been noted in recent years. 

WGECO compared the list of sensitive species identified by WGBYC with the underlying list of 
species to be monitored under the protection programmes in the EU, using methods reviewed 
previously in WGECO as well as the sensitivity ratings carried out by IUCN. A resulting list of 
sensitive species and vulnerable/endangered/critically endangered species is provided. Halibut 
(Hippoglossus hippoglossus) was the only species suggested by WGBYC which is considered sen-
sitive to fishing. The remaining species, with the exception of the two Hippocampus species, are 
diadromous species likely to be most sensitive to deterioration of their freshwater habitat. Eleven 
sensitive species are absent from the list of species to be monitored under protection pro-
grammes; WGECO recommends that these 11 should be added to the Commission list to pro-
vide information on sensitive and vulnerable species. Further, WGECO recommends that the 
requirement to return specimens of endangered and critically endangered species to the sea 
should not be restricted to parts of EU waters and that the status of sensitive species should be 
monitored on a regular basis, with the aim of providing advice on the adequacy of existing land-
ing restrictions. 
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1 Opening of the meeting 

The 2019 meeting of WGECO was held at the ICES headquarters, Copenhagen, Denmark from 
9–16th of April 2019. The meeting was attended by 16 delegates from eight countries and was 
chaired by Stefán Ragnarsson (Iceland) and Jeremy Collie (USA).  The participants’ list is in-
cluded as Annex 1. The work conducted was centred on three Terms of Reference that were made 
by WGECO in addition to review the list of sensitive fish species list that was prepared by 
WGBYC. The meeting agenda is included as Annex 2. 
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2 Terms of Reference for the 2019 meeting 

2018/2/ACOM27 The Working Group on the Ecosystem Effects of Fishing Activities (WGECO), 
chaired by Jeremy Collie, US and Stefan Ragnarsson, Iceland, will meet in Copenhagen 9–16 
April 2019 to: 

a) Investigate the ecological consequences of stock rebuilding, with particular emphasis on 
benthivorous fish and invertebrates. 
1. Make first-order estimates of predation pressure on benthos; 
2. Examine evidence of food limitation and density-dependent growth; 
3. Compare the footprints of trawling to the footprints of predation pressure on ben-

thos. 
b) Use empirical data and available multispecies models to examine how the degree of fish-

eries balance relates to ecosystem status. 
1. Compare the length composition of total catch (landings and discards) to the length 

composition in the survey for one region (e.g. Irish Sea); 
2. Use multispecies models (developed by WGSAM) to identify targets for ecological 

indicators of state (i.e. status) that relate to an acceptable risk of species diversity 
loss; and 

3. Use output of multispecies models to investigate how proposed management strat-
egies affect fisheries balance. 

c) Review the knowledge of spatial distribution indicators for fish and benthos. 
1. Make recommendations on which indicators to develop, considering both how use-

ful/important these are, and also simplicity of use and clarity of communication; 
2. Test several candidate spatial distribution indicators; and 
3. Scope and evaluate methods to integrate indicators. 

d) Conduct a “reality check” and horizon scanning survey within WGECO. The aim is to 
develop a consensus view of the major emerging issues in relation to fisheries and eco-
systems, and on which WGECO could focus future work. WGECO members will provide 
a list of emerging issues (horizon scanning), that would benefit from scrutiny by 
WGECO. This list will be collated and used as material for a plenary discussion, and with 
the aim of producing a perspectives paper in the ICES JMS or Fish and Fisheries. 

e) Review the sensitive species list prepared by WGBYC.  This year, WGBYC evaluated the 
list of species to be monitored under protection programmes in the Union or under in-
ternational obligations (COMMISSION IMPLEMENTING DECISION (EU) 2016/1251) to 
determine which of the bony fish species are considered sensitive bycatch and hence rel-
evant to the work of WGBYC. This list will be included in the fisheries overviews. 
WGECO is requested to compare the resulting list to sensitive species identified using 
methods reviewed previously in WGECO and to comment on any discrepancies. 

WGECO will report by 30 April 2019 for the attention of the Advisory Committee. 
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3 ToR a: Investigate the ecological consequences of 
stock rebuilding, with particular emphasis on ben-
thivorous fish and invertebrates 

3.1 General remarks 

This is the second year of this term of reference for WGECO, and it is expected it to be finalised 
in 2020. The work related to “first-order approximations of predation pressure on benthos” re-
ceived relatively much attention in the previous report. This approach has been extended this 
year to compare the consumption of benthos with the biomass of benthos in the seafloor. Fur-
thermore, the approach presented last year was applied to the Icelandic haddock stock. The work 
under “examine evidence of food limitation” this year has taken the form of reviewing the dif-
ferent methods to do so from stock assessment and survey time-series. The work related to “com-
paring footprints of predation pressure to the footprints of bottom trawling” is largely in the 
form of exploring ideas and plans for WGECO 2020, WGFBIT and a first collation of prey con-
sumption by plaice in the North Sea and the estimated effect of trawling-induced benthos mor-
tality. A table for the distribution of stomach-content data across species and size classes was 
presented; this table could help direct future stomach sampling to support the work undertaken 
in this ToR and other research projects. 

3.2 First-order estimates of predation pressure on major 
benthos of the Northeast US continental shelf and Ice-
land, and its relation to available benthos and benthic 
production (US only). 

3.2.1 Introduction 

Fish diet data from NOAA Fisheries, Northeast Fisheries Science Center (NEFSC), and Iceland 
bottom-trawl surveys were evaluated for 32 fish of the Northeast US and Icelandic continental 
shelves (Table 1).  The total amount of food eaten, and the type of food eaten were the primary 
data examined.  From these basic diet data, biomass of benthic invertebrate taxa (US) or total 
benthos, fish and plankton/natantia (Iceland), per capita consumption, and population-level con-
sumption were calculated. 

For US waters, biomasses of benthic taxa (g m-2) were estimated for the four major regions of the 
northeast US continental shelf (i.e. Mid-Atlantic Bight, Southern New England, Georges Bank, 
and Gulf of Maine; Figure 3.1).  The percent of benthic taxa consumed relative to benthic density 
and production was considered by region for the northeast US continental shelf, based on esti-
mates of benthic density and production (g m-2; derived from literature values of production:bi-
omass ratios), 

Haddock (Melanogrammus aeglefinus) is a major fishery resource for Iceland and is most common 
along the south and southwest coasts of Iceland. Over recent decades, there has been a consid-
erable northerly shift in the haddock distribution, and it is likely that these changes are temper-
ature driven. The average mean temperature north of Iceland has increased between 1994 and 
2010 and was exceptionally high in 2003 when there was also a very strong inflow of Atlantic 
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water into the area (Jónsson and Valdimarsson, 2012). These environmental conditions may have 
increased the survival of the extremely strong 2003-year class and contributed to its northward 
shift. 

Jaworski et al. (2006) analysed the diets of various groundfish species based on data collected in 
an intensive stomach data collection programme in 1992 in the waters around Iceland.  They 
showed that the most important prey items for haddock were polychaetes followed by ophiu-
roids, amphipods, capelin, and various echinoderm and fish species. 

Table 3.1. Thirty-two benthivorous fish from the US (all) and Iceland (*). 

Scientific name Common name 

Amblyraja radiate Thorny skate 

Anarhichas lupus Atlantic wolffish 

Brosme Cusk 

Citharichthys arctifrons Gulf stream flounder 

Dipturus laevis Barndoor skate 

Enchelyopus cimbrius Fourbeard rockling 

Gadus morhua Atlantic cod 

Glyptocephalus cynoglossus Witch flounder 

Helicolenus dactylopterus Blackbelly rosefish 

Hemitripterus americanus Sea raven 

Hippoglossoides platessoides American plaice 

Leucoraja erinacea Little skate 

Leucoraja ocellata Winter skate 

Limanda ferruginea Yellowtail flounder 

Macrozoarces americanus Ocean pout 

Malacoraja senta Smooth skate 

Melanogrammus aeglefinus* Haddock 

Merluccius bilinearis Silver hake 

Morone saxatilis Striped bass 

Mustelus canis Smooth dogfish 

Myoxocephalus octodecemspinosus Longhorn sculpin 

Paralichthys oblongus Fourspot flounder 

Pollachius virens Pollock 

Prionotus carolinus Northern searobin 
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Scientific name Common name 

Pseudopleuronectes americanus Winter flounder 

Scophthalmus aquosus Windowpane 

Squalus acanthias Spiny dogfish 

Stenotomus chrysops Scup 

Tautogolabrus adspersus Cunner 

Urophycis chuss Red hake 

Urophycis regia Spotted hake 

Urophycis tenuis White hake 

 

Figure 3.1. Map of sampling regions of the Northeast US continental shelf.  GoM: Gulf of Maine, GB: Georges 
Bank, SNE: Southern New England, and MAB: Mid-Atlantic Bight. 
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Benthos Region Biomass g m-2 P:B P 

Ophiuroidea GB 17.25 0.48 8.34 

GoM 11.46 0.48 5.54 

MAB 2.86 0.48 1.38 

SNE 0.63 0.48 0.30 

Paguridae GB 1.54 1.10 1.70 

GoM 21.29 1.10 23.41 

MAB 1.70 1.10 1.87 

SNE 4.86 1.10 5.34 

Polychaeta GB 5.90 2.15 12.69 

GoM 14.65 2.15 31.51 

MAB 2.98 2.15 6.42 

SNE 22.28 2.15 47.91 

3.2.3 Results and Conclusions 

US Consumption by Region 
Total consumption (sum of all predators) per year by region ranged from 100s to greater than 
24 000 tonnes of benthic taxa consumed (Figure 3.2).  Increased consumption was attributed to 
the predominant prey taxa by region such as gammarids (Georges Bank, Mid-Atlantic Bight 
Southern New England), bivalves (Gulf of Maine, Southern New England), echinoids (Gulf of 
Maine), and ophiuroids, polychaetes, and pagurids (namely in the Gulf of Maine; Table 3.3). 
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Figure 3.2.  Median annual consumption of benthos (tonnes) by continental shelf region.  Error represents 95% confi-
dence intervals. 

Relative to the amount of benthos available in the environment (g m-2), the annual median per-
cent consumption of benthic taxa by region was variable and suggestive of relative prey prefer-
ence (Figure 3.3).  Regions with relatively high consumption and low density of benthic taxa per 
m2 resulted in percent consumption estimates greater than 15 % m-2 and as high as approximately 
25% m-2; however, less than 5% m-2 was typically consumed per benthic taxon for all regions. 

Annual median percent of benthic production consumed by the 32 fish predators revealed high 
variation among benthic taxa and the four regions (Figure 3.4).  Interestingly, most benthic taxa 
by region had less than 5% of their production consumed per m2; similar to the percent of benthic 
biomass consumed per shelf region area (Figure 3.3).  Production-to-biomass ratios of most ben-
thic taxa, derived from literature values from a broad spectrum of benthic organisms (Table 3.3) 
were approximately one, yet percent production consumed was generally low.  Anthozoans on 
Georges Bank were an exception with 30% of their production consumed. 
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Figure 3.3.  Median annual percent of benthos consumed per m2 by continental shelf region.  Error represents 95% con-
fidence intervals. 

 

Figure 3.4.  Median annual percent of benthic production consumed per m2 by continental shelf region.  Error represents 
95% confidence intervals. 
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At a regional scale, the many fish predators that forage on benthos of the northeast US waters do 
not appear to be depleting benthos at or near their productivity levels; thus, benthic food re-
sources particularly for benthivores do not seem to be limited.  Prey switching in benthivores of 
this shelf has been shown in response to harvesting (Smith et al., 2013) and invasive species 
(Smith et al., 2014), suggesting that benthivorous fish shift their diet in response to prey abun-
dance.  Additionally, many of these fishes are also opportunistic generalist feeders, eating a wide 
range of benthic invertebrate and benthic fish prey (Smith and Link, 2010).  However, the true 
catchability of these demersal species is <1, meaning that the swept-areas biomass estimates we 
used are minimum estimates.  Also, efforts to rebuild fish stocks and an assumed linear change 
in population-level consumption with population abundance, would increase predator abun-
dance by one to two orders of magnitude, which in turn would raise the total percent of benthos 
and benthic production consumed up to or near 100% for several benthic taxa.  It would be 
worthwhile to examine consumption and proportions of benthos removed on a finer scale in 
areas where fishes may aggregate for specific prey resources (Richardson et al., 2014).  Addition-
ally, increased monitoring of benthos and their production specifically for this shelf is of interest 
to better address these concerns. 

Temporal Trends in Haddock Diets in Icelandic Waters 
A total of 22 227 haddock stomachs have been analysed between 2006 to 2019 with a total of 122 
prey types recorded. Euphausiids, ophiuroids, polychaetes, capelin, bivalves, gammarids, na-
tantia, echinoids, gastropods, hyperiids, unidentified fish and Pandalus borealis contribute 95% of 
all prey items recorded in terms of abundance and 63% by weight. 

The amount of benthos in haddock diets rose over the period (Figure 3.5), a trend that is largely 
driven by the increase in ophiuroids, which was the most common benthic invertebrate prey 
type (Figure 3.6). Other common benthic invertebrate prey types (polychaetes, bivalves, gam-
marids, echinoids and unidentified benthos) showed variable trends (Figure 3.6). The contribu-
tion of fish in diets was highly variable over time (Figure 3.5), but the most common fish preys 
were capelin (Mallotus villosus) and unidentified fish (Figure 3.7). The contribution of zooplank-
ton/natantia decreased markedly after 2007 with a small increase in 2012. The prey items that 
were mainly contributing to these trends were euphausiids and natantia (Figure 3.7). 

The MDS ordination showed clear changes in the prey composition and abundance over time 
(Figure 3.8). The temporal trends portrayed by the ordination based on abundance and weight 
of prey items were largely consistent. The diets in 2007 and 2008 appeared to be markedly dif-
ferent from subsequent years. 



ICES | WGECO   2019 | 15 
 

 

 

Figure 3.5.  Trends in the mean density of benthos, fish and zooplankton/natantia in diets in units of abundance (red 
lines) and weight in grammes (blue lines) between 2006 and 2019. The mean densities were calculated by dividing the 
total abundance and weight of each prey group by the total number of stomachs.  The y-axis scales are equal for biomass 
and abundance. 

 

 

Figure. 3.6.  Trends in the mean density of six most common benthic prey types in units of abundance (red lines) and 
biomass (blue lines). The mean densities were calculated by dividing the total abundance and weight of each prey group 
by the total number of stomachs.  The y-axis scales are equal for biomass and abundance. 
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7 ToR e: Review the sensitive species list prepared by 
WGBYC 

This year, WGBYC evaluated the list of species to be monitored under protection programmes 
in the European Union or under international obligations (COMMISSION IMPLEMENTING 
DECISION (EU) 2016/1251) to determine which of the bony fish species are considered sensitive 
bycatch and hence relevant to the work of WGBYC. This list will be included in the fisheries 
overviews. WGECO is requested to compare the resulting list to sensitive species identified using 
methods reviewed previously in WGECO and to comment on any discrepancies. 

7.1 Approach 

WGECO considered two relevant issues: which European fish species are considered sensitive 
to fishing and which are the species identified by WGBYC among the species expected to be 
sensitive to fishing. To address the first question, two methods to identify sensitive species were 
considered. One method, Greenstreet at al., 2012 evaluates sensitivity based on a ranking accord-
ing to life-history traits (Greenstreet et al., 2012) whereas the other method, Gislason et al. (in 
prep.) considered at the WGECO 2018 meeting, is based on the life-history trait model of Le 
Quesne and Jennings (2012) combined with evaluation of the catchability of the species in de-
mersal fisheries from Walker et al. (2017). Further, the IUCN rating of the species was examined. 
Only species caught in surveys that were found in the DATRAS database, were included. 

The resulting list of sensitive species and vulnerable/endangered/critically endangered species 
is given in Table 7.1 and the sensitivity of the species considered by WGBYC for monitoring is 
given in Table 7.2. Only one of the listed species is considered sensitive to fishing (halibut, Hip-
poglossus hippoglossus), while the remaining species, with the exception of the two Hippocampus 
species, are diadromus species likely to be most sensitive to deterioration of their freshwater 
habitat. 

Of the species listed in Table 7.1, Table 7.3 lists species that either do not appear in the COMMIS-
SION IMPLEMENTING DECISION (EU) 2016/1251 or appear in the list only for a very limited 
area that does not cover their distribution. WGECO recommends that these species should be 
added to the Commission list to provide information on sensitive and vulnerable species. Fur-
ther, several of the scientific names given in the list are not the currently accepted names (e.g. 
Psetta maxima) and should be updated to avoid confusion. 

Among the sensitive species in Table 7.1, only 20% are required to be returned to the sea upon 
catching while 30% have a defined TAC in at least one area (Council Regulation (EU) 2018/2025, 
Council Regulation (EU) 2019/124). Though some species are listed as required to be returned 
live to the sea as quickly as possible, the requirement is often only stated for part of EU waters 
(e.g. Rostroraja alba), and in the rest of EU waters, the species will be under an obligation to land. 
WGECO recommends that the requirement to return species to the sea for endangered and crit-
ically endangered species should apply to all EU waters. 

The remaining species listed in Table 7.1 (50%) can be landed without specific limits for the in-
dividual species. Some species are allocated to grouped TACs (e.g. deep-water sharks, rays and 
skates). Limits to grouped landings are not necessarily sufficient to avoid decline of the individ-
ual sensitive species. WGECO recommends that the status of sensitive species identified is mon-
itored regularly and species-specific landing restrictions are advised in case of decline of one or 
more species. 
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