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Executive Summary  

The 2014 meeting of WGECO was held at the ICES HQ in Copenhagen, Denmark 
from the 8–15 April 2014. The meeting was attended by 20 delegates from 15 coun-
tries, and was chaired by Anna Rindorf (Denmark). The work conducted was centred 
on six Terms of Reference concerning foodweb indicator development, the develop-
ment of Large Fish Indicators (LFIs), possible consequences of “balanced fishing” re-
gimes, effects of fishing on the seabed, ecosystem effects of a landing obligation, 
ecosystem consequences of rebuilding predatory stocks and two incoming requ ests 
from other working groups. 

WGECO reviewed the progress on foodweb indicators , including the preliminary 
results of WKFooWI. The group found that indicators tended to fall into two classes, 
surveillance indicators and indicators for direct management action. Surveillance in-
dicators play an important role in assessment and management of foodwebs, where 
relations between pressures, drivers, state, and function can be complex and indirect. 
Further, in line with the results of WKFooWI, WGECO continued work on indicators 
of functional groups (guilds) and continued the development and testing of foodweb  
indicators by introducing a new size -based indicator called “Typical Length”. The 
formulation and int erpretation of the LFI was discussed, highlighting a need for con-
ceptual clarification of the role of this indicator as a foodweb  indicator. The discus-
sion of foodweb indicators was closed with a note on the need for indicators 
addressing the role of benthos in the food chain. 

The progress in the development of regional and subregional LFIs  was reviewed by 
the group. General guidelines were made for the frequently encountered problem 
that only selected fish species are weighed during surveys, creating a need to esti-
mate weight at length by other means. A total of ten  LFIs were reviewed covering the 
regions North Sea, Celtic Sea, Southern Bay of Biscay, Central-Southern Tyrrhenian 
Sea, Baltic Sea, Poland EEZ, Kattegat North, Kattegat South, The Sound and Gulf  of 
Cádiz. Of these ten LFIs, four had specific thresholds and reference levels assigned 
and hence can be considered fully developed. An analysis of subregional LFIs in the 
North Sea showed that the temporal development in larger scale regional indicators 
is not necessarily related to the development of subregional indicators, and hence 
regional indicator results cannot be derived from subregional results and vice versa. 
To ensure that the LFI is above reference levels in all subregions, the analysis must be 
conducted by subregion, leading to a trade-off between the number of subregions 
and data support within each subregion.  

WGECO considered “balanced harvesting”  as the adjustment of exploitation pat-
terns to balance the pressures of all fisheries in an area with the relative productivi-
ties of the species and sizes of fish. Size-based and other models used to predict the 
consequences of contrasted fishing regimes have produced nuanced results: Less se-
lective (including balanced) fishing regimes tend to produc e higher yields with lower 
ecosystem impacts in most studies, but the magnitude of the predicted differences 
varies. The few empirical studies available provide weak evidence that fishing pat-
terns affect community dynamics and biodiversity; the size of the effects is presuma-
bly insufficient for a strong signal to be detected among the noise of the many other 
factors. Balanced fishing may be difficult to implement, both due to less predictable 
ecosystem dynamics, and due to the complexity of translating the concept into practi-
cal management measures. Though it may be precautionary to avoid too selective 
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fisheries, “balanced fishing” may be at odds with the EU landing obligation if this 
obligation results in more selective fishing.  

Recent progress in the development on indicators of Good Environmental Status of 
the benthic community was reviewed by WGECO. There are substantial ongoing  
efforts in the BENTHIS project focused on describing the sensitivity of benthic species 
to fishing and on providing maps of bent hic pressure (www.benthis.eu ). Sensitivity 
of benthic species is linked to ten specific traits (Morphology, Maximum body size, 
Longevity, Larval development, Egg development, Habitat, Position in the sediment, 
Feeding mode, Mobility and Bioturbator effects) to allow a general evaluation of the 
sensitivity of a given species without the need for specific experimental evidence of  
this species. WGECO considered that in addition to these efforts, an important part of 
defini ng GES in benthic communities would be to define desirable states of the ben-
thic ecosystem. The group investigated the potential usefulness of the Ecosystem Ser-
vices Framework in pursuing this definition, and found that this may provide a 
useful way forwar d, in particular in the interaction with stakeholders. 

WGECO reviewed the potential ecosystem consequences of a discard ban  and eval-
uated the need for further research to elucidate this aspect. A direct consequence of 
banning discards is the creation of a food shortage for scavenging species. The effect 
of this shortage depends on the ability of the scavengers to compensate by switching 
to other food sources. Switching to other prey may limit the direct effects on these 
species, but may cause cascading effects on other species through increased predation 
or competition. Of the current STECF discard estimates in EU waters, more than half 
are roundfish and hence consumable by scavenging seabirds. Hence, seabirds are 
likely to exhibit the first observable effec ts of a landing obligation, while changes in 
the scavenging demersal community will be more difficult to observe. In addition, 
changes in the distribution and selectivity of the fishery impacts the effect on the eco-
system. Given that the extent and direction of changes in the distribution, gear use 
and selectivity of the fishery are unknown at present and that the knowledge of the 
potential prey substitution of scavengers is limited, the expected effects of a landings 
obligation on the ecosystem were described in very broad terms, highlighting the 
need for further research on scavenging communities. 

Concerns about the potential indirect effects of rebuilding stocks  of piscivorous fish 
have existed for several decades. WGECO considers that there is some support for 
the hypothesis of top–down  control by predatory fish on prey fish, as prey species 
generally increase when their predators decline. Several processes may contribute to 
or modify this response. As predator stocks rebuild, they may become increasingly  
food limited and prey populations may vary due to other factors independently of 
predation levels. In cases where prey species decline with increased predation, they 
can often be maintained above precautionary levels if fishing mortality on prey spe-
cies is conditioned (reduced) on predator abundance or natural mortality. The com-
bined evidence demonstrates that we should not always expect predators to regulate 
their prey populations. Further, there is likely to be a substantial bias in the published 
literat ure, as lack of correlation is rarely reported in published manuscripts. The ef-
fects of rebuilding piscivorous fish species on competing predators such as depend-
ent seabird and marine mammal populations are difficult to predict. As the number 
of links betw een piscivorous fish and dependent predators increases, even the sign of 
the response may be unknown. Concerns about the indirect effects of rebuilding 
stocks of piscivorous fish therefore do not provide compelling arguments for delay-
ing rebuilding plans.  
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The ecosystem effects of the recent increase in plaice biomass in the North Sea was 
investigated together with the change in other species with a similar ecological niche. 
Eight demersal benthivores (plaice, common dab, lemon sole, flounder, grey gurnard, 
lesser spotted dogfish, cuckoo ray, bullrout) have all been increasing recently, and the 
increase seemed to be general throughout the North Sea. Together, their increase has 
caused an increase in predation on benthos of at least a factor 3. Mortality caused by 
plaice predation alone is assumed to have increased ninefold  the most recent years, 
while fishing -induced benthos mortality has decreased by 10–90%. The absolute 
change in benthos mortality depends on how the natural mortality of benthos com-
pares to the fishing mortality. More work is therefore required to properly assess the 
effects of fisheries management on the benthic community and determine if the re-
duced fishing -induced benthos mortality is offset by the indirect effects caused by an 
increased mortality of benthos by plaice and other benthivores.  

Based on a request from WGISUR for advice on survey sampling in the context of 
ecosystem processes, WGECO recommended a prioritized suite of sampling. The 
highest priority element focused on improving benthic sampling in the context of the 
process linking fishing effort to the health of the benthic ecosystem. It was recognized 
that this would probably require additional sampling effort. The second priority ele-
ment proposed using routine trawl catches to p rovide more detailed information on 
the biology of abundant but non -commercial fish species, extending standard com-
mercial fish sampling protocols to all abundant fish species. A third element was im-
proving data collection related to zooplankton ecology, a nd in particular to 
complement CPR and coastal station sampling. Finally, WGECO proposed linking 
with ecosystem modellers to identify data weaknesses in their models that could be 
filled by RV surveys. This could also include the development of “testable h ypothe-
ses” from the models, which could be empirically evaluated during these surveys. 

In conclusion, WGECO noted the need to enhance the development of benthic GES 
indicators  through a list of specific attention areas. Enhancing effort in these areas 
should provide an increased understanding of the effect of a landing obligation on 
the benthic community , particularly scavengers, as well as an understanding of re-
cent changes in benthic fish communities. More attention is required to determine the 
effects of rebuilding predator stocks and changing the distribution of fishing mor-
tality across species and sizes according to their productivity (increasing “balanced 
fishing” efforts). The development of indicators of distribution of species  has re-
ceived little at tention in previous years and is recommended as a priority area of in-
vestigation for the future. Finally, WGECO considers that the identification of data 
needs and recommendations for further sampling  should be an integral part of con-
siderations for new in dicators. 
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1  Opening of the meeting  

The Working Group on the Ecosystem Effects of Fishing Activities (WGECO) met 
at ICES, Denmark from 8–15 April 2014. The list of participants and contact details 
are given in Annex 1. The chair, Anna Rindorf (Denmark) welcom ed the participants 
and highlighted the variety of ToRs. The draft agenda was presented (Annex 2) and 
Terms of Reference for the meeting (see Section 2) were discussed. A plan of action 
was adopted with individuals providing presentations on particular iss ues and allo-
cated separate tasks to begin work on all ToRs. 
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2  Terms of Reference  

The Working Group on the Ecosystem Effects of Fishing Activities (WGECO), 
chaired by Anna Rindorf (Denmark), will meet in Copenhagen, Denmark 8 –15 April 
2014 to: 

a ) Continue the development of food web indicators and comment on the 
suggested foodweb indicators from WKFooWI and WGSAM;  

b ) Continue work on the large fish indicator, especially in waters other than 
the North Sea; 

c ) Consider the ecosystem consequences of “balanced fishing” regimes; 

d ) Work towards including new research on reducing effects on the seabed 
and associated communities of fishing operations and gears, including 
ghost fishing in ecosystem advice; 

e ) Recommend priority areas of study to determine the ecosystem conse-
quences of landing obligations/discard bans, including survival associated 
with releasing fish caught ; 

f ) Review knowledge of the consequences to stocks of prey fish (and other 
parts of the ecosystem) of restoring / maintaining stocks of predatory fish 
to MSY and recommend prior ity areas for study. 

In addition, the group will consider the following requests from other groups in the 
ICES system: 

WG REQUEST 

WGNSSK 

 

According to WGNSSK estimates, the North Sea is currently ongoing a plaice outburst 
without precedent. However, plaice is not included in multispecies models, so the 
consequences of this outburst on the North Sea ecosystem are unclear and would 
potentially require additional focus  

WGISUR It is recommended that advice be provided on how to design a survey approach to 
provide ecosystem “process” data, and on what “process” data would be most 
appropriate  
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3  ToR a) Continue the development of food web indicators and 

comment on the suggested foodweb indicators from WKFooWI 

and WGSAM 

The development of foodweb  indicators has been a key research area for WGECO in 
recent years (ICES WGECO 2012, 2013b). Several other ICES working groups have 
participated in the process through dedicated ToRs (for example in WGFE and 
WGSAM) and in 2014, an entire workshop has been focusing on the identification of 
available indicators that can be used to inform assessment and management of ma-
rine food webs (WKFooWI). This section brings together ongoing work of WGECO on 
foodw eb indicators with that of this recent work shop. 

3.1  WKFOOWI in the context of WGECO  

WKFooWI met one week prior to the WGECO meeting, and it should be noted that 
this review of WKFooWI is based on a draft report that has not yet been approved by 
the whole of that group. Key aspects of the approach and outcomes are summarized 
here. WGECO does not intend to reprise the work of WKFooWI, or to second guess 
their conclusions, however, where appropriate, we have made additional comments 
that may be useful in the context of this ToR and for the use of the Review and Ad-
vi ce Drafting Groups for WKFooWI.  

3.1.1  WKFooWI basic approach  

WKFooWI suggested the following key elements of a process for choosing indicators: 

�x The need to have a suite of indicators, and not just the “one” indicator ; 

�x The need to have clear criteria for selecting indicators; 

�x The need to have clear objectives for why indicators shall be developed 
and used; 

�x The need to have clear venues for evaluating, vetting and referencing indi-
cators; 

�x The need to have clear “clients” who will use the indicators and are asking 
for them. 

In addition, indicators should be sensitive, have a basis in theory and be measurable. 

This led to a set of high level indicator evaluation criteria to be applied incorporating 
the following concepts, largely derived from evaluation criteria proposed by  WGECO 
(ICES WGECO, 2013b): 

1 ) Availability of data ; 

2 ) Quality of underlying data;  

3 ) Conceptual, Theoretical basis; 

4 ) Communication;  

5 ) Manageable. 

WKFooWI also recognized that there was a need for indicators that addressed the full 
range of “attributes” of foodweb s. This led to evaluation of additional considerations 
as follows: 
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�x Relation to other MSFD Descriptors; 

�x The primary foodweb  attribute (structural, functional, resilience);  

�x The Indicator class (energy flow, network, canary, diversity, size, aggre-
gate); 

�x The Foodweb Functional group (Phytoplankton, Zooplankton, Benthos, 
Cephalopods, Fish, Birds, Mammals, Reptiles); 

�x Integrated indicators i.e. indicators that cover processes or attributes across 
the whole foodweb . 

WKFooWI stated that there is a clear need to establish indicator responses and 
thresholds if they are to be used to inform management and identified best practice 
approaches to achieve this. They also recognized that this was often not carried out 
well in practice. 

3.1.2  Evaluated indicators  

Indicators were evaluated in the context of three primary foodweb  attributes: Func-
tion, Structure and Resilience (Table 3.1). It should be noted that some indicators 
were linked to more than one of these attributes. 
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Table 3.1. Indicators evaluated by WKFooWI . 

ECOSYSTEM FUNCTIONING 

INDICATORS 

ECOSYSTEM RESILIENCE 

INDICATORS1 

ECOSYSTEM STRUCTURE 

INDICATORS 

Seabird breeding success Mean trophic links per species Guild surplus production 
models 

Productivity (production per unit 
biomass) of key predators.   

Ecological Network Analysis 
derived indicators (overall mean 
transfer Efficiency)  

Total biomass of small fish 

Mean weight at age of predatory 
fish species from data 

Gini -Simpson dietary diversity 
index 

Proportion of Predatory Fish  

Total Mortality  Herbivory : detritivory ratio  Pelagic to demersal ratio 

Primary production required to 
support fisheries 

Ecological network indices of 
ecosystem status and change 
(Ulanowicz)  

Biomass of trophic guilds 

Productive pelagic habitat index 
(chlorophyll fronts)  

System Omnivory Index  Lifeform -based indicator for the 
pelagic habitat – (also a function 
indicator)  

Ecosystem Exploitation (fisheries)  Region-specific indicators of 
abundance & spatial distribution  

Community Condition   fish biomass/benthos biomass 
from models  

Mean trophic level of catch  Zooplankton spatial distribution 
and total biomass   

Marine Trophic Index of the 
community (MTI)  

 Scavenger biomass  

Mean trophic level of the 
community  

 Geometric mean abundance of 
seabirds 

Disturbance index  Gini -Simpson diversity index 
(species dominance) of large & 
small fish by biomass. 

Loss in secondary production 
index (L index)  

 Species Richness Index 

Cumulative distribution of 
biomass assessment 

 Large Fish Indicator LFI  

Trophic Balance Index (fishing 
pattern) 

 Mean length of surveyed 
community  

Mean transfer efficiency for a 
given TL or size 

 Size spectra slope 

Finn Cycling Index   Zooplankton Mean Size - Total 
community biomass index 

1 It should be noted that with the exception of the first in this list, all these indicators were considered to 
be appropriate as ecosystem functioning indicators as well as for resilience.  

3.1.3  Evaluation of i ndicators  

WKFooWI then carried out a  systematic and quantified evaluation exercise along the 
lines described above and using the broad evaluation approach described by 
WGECO (2012, 2013) and WGBIODIV (2013). They then proposed a core series of in-
dicators based on the relative ranks within th e major attributes as well as a set of 
more pragmatic criteria detailed below  

�x Coverage of all attributes; to ensure, to the extent practicable, that all three 
main categories of attributes were represented. 
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�x Coverage of all functional groups ; to maximize th e coverage of all func-
tional groups found within a foodweb .  Particularly to include lower 
trophic level taxa that may have scored lower than more commonly or rou-
tinely monitored upper trophic levels.  

�x Major indicator classes; to ensure the major classes of indicators were rep-
resented. 

�x Current operability ; related to data availability, management relevance 
and existence of thresholds, targets or related reference points. 

�x Links to other MSFD Descriptors ; to ensure including indicators that were 
unique to this  MSFD Descriptor. 

WKFooWI also suggested two sets of indicators, one set that may be implemented 
now and one that holds promise for future development on the basis of these addi-
tional criteria.  

3.1.4  Final selected suite of Indicators for current use  

INDICATOR RATIONALE 

Guild level biomass (and 
production)  

These address structural attributes of foodwebs, and can also serve as a 
proxy for functioning. Improved specification of MSFD D4 indicator, 
Production per unit biomass 4.1.1 as well the D4 indicator abundance 
within ra nge 4.3.1. 

Primary Production 
Required to sustain a fishery 

This addresses the functioning attribute of foodweb s. Improved 
specification of D4 indicator, Prod uction per unit biomass 4.1.1. 

Seabird (charismatic 
megafauna) productivity  

This addresses the structural attribute of a foodweb, and may be able to 
serve as a proxy for resilience or functioning. Improved specification of D4 
indicator, Production per unit biomass 4.1.1. 

Zooplankton spatial 
distribution and total 
biomass 

This addresses both structural and functional attributes of foodweb s. 

Integrated indicators (mean 
TL, mean size) 

This addresses both structural and resilience attributes of foodwebs. 

3.1.5  Selected suite of Indicators for future development  

The following indicators or  collection of indicators were considered as promising for 
future development but were in need of further research work or data provision to be 
operational. 

�x Ecological Network Analysis;  

�x Gini -Simpson dietary diversity;  

�x Condition Indicators;  

�x Marine Trophic Level ; 

�x Primary producers;  

�x Zooplankton Indicators.  
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3.1.6  WGECO observations  

INDICATOR WGECO OBSERVATION 

Guild level biomass (and 
production)  

This would definitely be useful as a surveillance indicator 1 for the state of 
the foodweb and the relative stability of its major components. As an 
operational indicator, it may be difficult to manage, particularly through 
fishery measures. Given our current state of knowledge, it may also be 
difficult to set specific targets for the biomass of particular guilds. If 
management were possible, it may well end up with a focus on particular 
species within a guild where fisheries measures might be more effective. 

Primary Production 
Required to sustain a fishery 

This would appear to be primarily use ful as a surveillance indicator 1. It is 
difficult to see how specific management could be exerted. If trophic level 
of specific groups is not constant, the indicator requires persistent 
sampling of diet composition. It requires context setting and can be 
difficult to communicate.  

Seabird (charismatic 
megafauna) productivity  

These indicators have already been well documented and used in a range 
of contexts, and can be considered as operational and suitable for 
management. In the full version of the WKFooWI report, seabird 
productivity is directly cited as expressing the “abundance” of forage fish, 
while it actually probably reflects the “availability” of these fish. These 
indicators are undoubtedly valuable in themselves, but maybe 
questionable in terms of “ integrating” the foodweb  below them. 

Zooplankton spatial 
distribution and total 
biomass 

This would be a surveillance indicator 1, for general ecosystem health and 
productivi ty–but would not be manageable. 

Integrated indicators (mean 
TL, mean size) 

Again, this is a good surveillance indicator. Like guild level biomass, it 
may be potentially subject to management that focuses on individual 
components of the community  

1 See Section 3.2 for a definition of surveillance indicator.  

Finally, it is noted that WKFooWI also proposed a range of other indicators that 
might prove useful with further development but were not currently  operational. 
This is an excellent thing to provide. However, WGECO notes that participants in 
WKFooWI were explicitly asked to propose operational indicators. As a consequence, 
it seems likely that while the list of operational indicators will be fairly e xhaustive, 
the list of non-operational indicators is likely to be less complete. Further, this is an 
area of substantial current development and hence, WGECO proposes that the list of 
indicators for development should be considered as a partial list which will be sup-
plemented in future . 

3.2  The need for surveillance indicators  

Generally, the most valuable indicators are those which are operational and appro-
priate to  direct management via a pressure-state relationship. So fish stock biomass 
would be a state indi cator, and if this were too low, it could be could managed by e.g. 
reducing Fishing Mortality;  a pressure indicator. A second category of indicators 
would be surveillance indicators. These are indicators that quantify neither pressures 
nor directly affected attributes, but are nevertheless needed for an informed assess-
ment and management of foodwebs. Reasons could be that they represent, directly or 
indirectly, important drivers beyond the control of management, or because they help 
tracking impacts of management at intermediate points in the causal chains linking 
manageable pressures to vulnerable attributes of foodwebs. A key feature of surveil-
lance indicators is that they are unlikely to respond unequivocally to management or 
support target setting. They would operate more to provide warning of changes that 
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may impact on our ability to achieve targets in other indicators e.g. fishing objec tives 
such as B or F. 

“Zooplankton total biomass” is an indicator of this type proposed by WKFooWI. Es-
sentially, this indicator could tell us if there was sufficient food available to the higher 
trophic levels to support the fish stocks and the fishery removals in an ecosystem 
where planktivores are food limited, given some understanding of conversion effi-
ciencies etc. It would be operational, in that CPR or satellite data could be used to 
provide the data support, foodweb  models could be used to establish a threshold lev-
el; presumably below which the fishery or stocks would be expected to suffer. But 
zooplankton biomass is not in itself a sensitive ecosystem attribute (in absence of 
pressures, zooplankton population can rebuild within weeks), and zooplankton bio-
mass levels are not possible to regulate directly. Depending on the cause of zooplank-
ton decline, management responses might be to mitigate potential underlying 
pressures on primary production (e.g. acidification, pollution), to adjust fisheries 
management (in case of trophic cascades), or, if the cause is unmanageable, reduce 
our expectations of sustainable yield from the fishery. In any case, however, infor-
mation on zooplankton abundance would be crucial to  appropriate management ac-
tion aiming at other connected aspects of the ecosystem. Most surveillance indicators 
would operate in this way. They would alert managers to changes that will have 
wider consequences, and the responses would be either change in the management of 
the state itself, or adjustments of management objectives. Other surveillance indica-
tors, e.g. ocean temperatures may not have such obvious or clear links to the state of 
managed components. However, warming waters could encourage fish to move 
deeper, or further north, or enhance their growth, or increase their metabolic rate or 
impact on their recruitment. It is useful to know that the temperature is rising even if 
we cannot be sure of the consequences, so the indicator would essentially be a warn-
ing signal that conditions are changing. Our response would depend on how well we 
understood what that change in pressure would do to our managed ecosystem com-
ponents. 

3.3  Structuring suites of surveillance indicators to interpret functional 

group dynamic  

The foodweb is complex not only in structure but also in function. To monitor the 
degree to which it is affected by management in a comprehensible way therefore re-
quires us to condense information on foodweb  status. This is most appropriately 
done by dividing the structure and function into compartments which share common 
structural or functional aspects. For the foodweb , such compartments can be the func-
tional guilds such as fish benthivores, fish planktivores, filter feeding benthos or om-
nivorous zooplankton. The compartments can be classified as more or less important 
compartments depending on the services they supply to other compartments. For 
example, in fauna may provide a service to the foodweb in their reorganization  of the 
sediment while forage fish provide services in the form of food availability to higher 
trophic levels (see Section 6 for a more thorough use of the ecosystem services con-
cept). A wide age distribution may serve to enhance resilience of the system to annual 
perturbations in environmental conditions. The attributes within each compartment 
which ensures these services could be total biomass, productivity, diversity of spe-
cies, size structure of compartments that either in their energy intake or energy trans-
fer show significant size dependence, extent of the possible habitat and proportion or 
number of K -strategists. To monitor the status of a particular foodweb , the require-
ment would be to cover the most important guilds in the area, and within each guild, 
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evaluate the most important processes affecting the services provided by that guild. 
Hence, some areas would cover a wide range of guilds while others cover a smaller 
selection.  

The MSFD sets out three criteria to determine good environmental status (GES) in 
respect of marine foodwebs and suggests appropriate indicators with which to moni-
tor change in status and so track progress towards attaining GES. Criterion 4.3 con-
cerns the “Abundance/distribution of key trophic groups/species” and indicator 4.3.1 
requires metrics of “ Abundance trends of functionally important selected groups/species” to 
monitor change in the functional composition of marine foodweb s. Trophic function-
al guilds have in th e past been applied to fish to support both modelling and empiri-
cal studies of marine foodwebs. Greenstreet et al. (1997) considered four guilds, 
pelagic planktivores, pelagic piscivores, demersal benthivores and demersal pis-
civores, which were used by the European Regional Seas Ecosystem Model (ERSEM) 
(Baretta et al., 1995; Bryant et al., 1995). More recently these same guilds have been 
used to explore changes in North Sea foodweb trophic structure between 1973 and 
2000 (Heath, 2005). In these studies, fish species were assigned to trophic guilds sole-
ly on the basis of their diet as adult fish, but this ignores the fact that many species 
show ontogenetic development in their diet (Daan, 1973; 1989; Robb, 1981; Hislop et 
al., 1991; Hislop et al., 1997; Greenstreet et al., 1998; Floeter et al., 2005). Assigning fish 
to trophic guilds based only adult diet ignores the possibility that smaller individuals 
of the same species may feed at lower trophic levels and fulfil different trophic func-
tions. 

A more recent study acknowledges this flaw and assigns the fish sampled in three 
surveys carried out in the North Sea to five trophic guild based on the diet -at-length 
of each species (Greenstreet et al., in preparation a). The four guilds used previously 
are still used, but a fifth, Demersal Planktivores, is added to take account of the juve-
niles of many gadoid species (Robb, 1981) and to more comfortably accommodate 
Norway pout. 117 papers were reviewed, which provided sufficient information to 
assign each 1 cm length class of 95 species sampled by the three surveys to one of the 
five trophic guilds. Trophic guild assignment was based on the predominant prey 
category in the diet by weight, thus fish were considered to be piscivores if fish prey 
constituted more than 50% of the diet by weight. Here we summariz e the results de-
rived from just one of the surveys, the first quarter (Q1) International Bottom -trawl  
Survey IBTS. As a rule, indicator trends derived from the Q1 IBTS and the third quar-
ter (Q3) IBTS tended to be correlated, but the Q3 Dutch Beam Trawl Survey (DBTS) 
generally produced indicator trends that differed from bot h IBTS because the larger-
sized gadoid species, pelagic fish and Norway pout were poorly sampled in the Q3 
DBTS. 

Trends in guild biomass are shown in Figure 3.1. The key species contributing to each 
guild’s biomass are also indicated and a five year moving  average is fitted to the total 
biomass to highlight any underlying trends. Over the 29 year period of the Q1 IBTS 
there was little evidence of any trend in demersal piscivore biomass, but marked 
changes in variability were apparent. For the first ten  years, demersal piscivore bio-
mass fluctuated around a value of approximately 1650 kg km -2 by ±250 kg km-2, but 
from 1993 onwards, variability increased markedly. For example, between 2006 and 
2010 biomass varied by 1800 kg km-2, from 800 kg km-2 to 2600 kg km-2. The early part 
of the time-series was characterized by declining cod biomass and increasing whiting 
biomass. From 1993 onwards, much of the variability was driven by changes in whit-
ing and haddock biomass. Demersal benthivore biomass showed an increasing trend, 
suggesting on average a doubling from approximately 600 kg km -2 to over 1200 kg 
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km -2 over the 29 year period. The index was also highly variable. Over a two-year 
�™�Ž�›�’�˜�•�ð�1�W�_�_�_�1�•�˜�1�X�V�V�W�ð�1�•�Ž�–�Ž�›�œ�Š�•�1�‹�Ž�—�•�‘�’�Ÿ�˜�›�Ž�1�‹�’�˜�–�Š�œ�œ�1�’�—�Œ�›�Ž�Š�œ�Ž�•�1 �‹�¢�1 �Š�1�•�Š�Œ�•�˜�›�1�˜�•�1�¿�Y�ð�1�•�›�˜�–�1
720 kg km-2 to 1930 kg km-2, before falling back to 700 kg km-2 in the following three 
years. This variability was primarily driven by haddock, while the general long -term 
increase in demersal benthivore biomass was mostly caused by increasing common 
dab biomass1. Norway pout accounted for most of the variation in Demersal Plankti-
vore biomass, which was particularly low between 1986 and 1990, and again between 
2003 and 2008. There is perhaps a suggestion that when pelagic planktivore biomass 
was especially high, demersal planktivore biomass was particularly low, and vice ver-
sa, but the two time -series were not correlated. Trends in Pelagic Piscivore biomass 
tended to be much higher in the latter half of the time -series and were driven almost 
entirely by changes in mackerel biomass. Pelagic Planktivore biomass, primarily 
driven by variation in herring biomass, shows some indication of cyclical variation 
with peaks in 1986 to 1990, 2002 to 2006, and in 2011, and troughs in 1990 to 1998 and 
2008 to 2009. 

 

Figure 3.1. Trends in the biomass of Demersal (Dem.) Piscivore, Demersal Benthivore, Demersal 
Planktivore, Pelagic (Pel.) Piscivore and Pelagic Planktivore trophic guilds taking ontogenetic 
development in the diet into account derived from the Q1. Contribu tions to guild biomass by the 
dominant species in each guild are indicated and total guild biomass is shown by the solid bl ack 
line. Solid red lines show five  year running average smoother on total guild biomass.  

1 Plaice biomass also increased considerably, but plaice are not so well sampled by 
the GOV trawl used in the Q1 IBTS, so here it does not play the dominant role in 
driving the increase in Demersal Benthivore biomass that might be expected. In Sec-
tion 9.1 we show a similar trend in Demersal Benthivore biomass, but in this instance 
using Q3 IBTS data corrected to take account of catchability in the GOV trawl. In this 
example the dominant role in driving the recent increase in Demersal Benthivore bi-
omass is clearly apparent. 
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Without other information it is difficult t o interpret these changes in guild biomass. 
In the absence of more historic data, these relatively recent changes cannot easily be 
put into a fisheries disturbance context. Fisheries are thought to have caused declines 
in piscivorous fish (Christensen et al., 2003; Myers and Worm, 2003), yet the data pre-
sented here show no indication of any systematic trend in Demersal Piscivore bio-
mass. The North Sea has been subject to at least a century of heavy fishing pressure 
(Thurstan et al., 2010), which may have peaked in the mid -1980s, since when fishing 
pressure on the community may have declined by 50% or more (Greenstreet et al., 
2011). The Q1 IBTS time-series therefore mainly covers a period of recovery. Perhaps 
the Q1 IBTS does not extend back far enough to capture the fishing disturbance im-
pact on the trophic structure of the fish community, and the recovery response of 
demersal piscivorous fish is too slow to have really established yet (Molloy et al., 
2009; Greenstreet et al., 2011; Shephard et al., 2011). A clear increasing trend in demer-
sal benthivorous fish is indicated. This may be precisely the sort of recovery response 
expected following a marked reduction in fishing pressure, but is this increase in just 
one of the trophic functional guilds a good thing? Does this represent a North Sea 
foodweb moving towards GES? To attempt to address these issues, other indicators 
were applied to examine changes taking place within each of the trophic functional 
guilds.  

Mean asymptotic length was variable ov er the 29 year period, but the data suggest a 
sharp decline around 2001 (Figure 3.2); the guild became more dominated by fish 
with shorter asymptotic length. However, the opposite pattern was suggested in the 
mean length scaled by asymptotic length metric, a metric of mean length within each 
population; although  the guild was more dominated by species with shorter asymp-
totic length, the fish making up these population tended to be larger and closer to 
their asymptotic length. As a result of these two patter ns, the mean length and mean 
weight of fish, while  variable, showed no obvious trend. Not surprisingly, overall 
production was closely linked to changes in guild biomass (compare with Figure 3.1); 
the influence of the strong 1999 haddock year class is clearly defined, particularly in 
somatic production. However, productivity (the production/biomass ratio) declined 
between 2002 and 2003 and then remained at a lower level, and this was driven pri-
marily by a reduction in somatic productivity. The proportion of  production directed 
towards gamete production increased at this time. Species richness of the Demersal 
Benthivore guild has increased steadily from around 1990 onwards. For the first part 
of the time-series, species diversity increased, and then declined sharply between 
1998 and 2002, before increasing once again. 
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Figure 3.2. Temporal trends in nine guild composition descriptors applied to the Demersal Ben-
thivore guild. Red lines show five  year running means. Black lines show abundance -weighted 
and grey lines biomass -weighted mean values. Solid lines show geometric mean values and 
dashed lines show arithmetic mean values.  

The nine metrics suggest clear trends in the composition of the Demersal Piscivore 
guild (Figure 3.3). Firstly, mean asymptotic length declined sharply at the start of the 
time-series followed by two separate periods of slow recovery. Length scaled by as-
ymptotic length showed a similar pattern of change. Both the relative abundance of 
large-bodied species and the mean size of fish within individual species’ populations 
initially declined before slowly recovering. Both processes markedly affected the 
mean size of fish making up the guild; both mean weight and mean length showed 
marked declines in the first ten  years of the time-series follo wed by very gradual re-
coveries. By 2011 both mean weight and mean length remained considerably lower 
than in 1983. Again as anticipated, overall production closely resembled the trend in 
guild biomass (see Figure 3.1), but productivity varied with a pattern converse to the 
trend shown by length scaled by asymptotic length. Productivity increased in the first 
ten years then gradually declined, although productivity was still higher in 2011 than 
in 1983. This trend was primarily driven by variation in somatic  growth productivity 
and the proportion of production directed towards gamete production showed the 
reverse trend, declining in the first ten years, then slowly increasing again. No real 
trend in species richness was apparent, but variation in species diversity closely re-
sembled the trend in mean asymptotic length; as mean asymptotic length initially 
declined and then showed two subsequent recovery phases, so Hill’s N2 initially de-
clined then recovered in two separate stages. 
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Figure 3.3. Temporal trends i n nine guild composition descriptors applied to the Demersal Pis-
civore guild. Red lines show five  year running means. Black lines show abundance -weighted and 
grey lines biomass -weighted mean values. Solid lines show geometric mean values and dashed 
lines show arithmetic mean values.  

The Demersal Planktivore guild was almost entirely dominated by one single species, 
Norway pout (see Figure 3.1), as evidenced by the Hill’s N2 species diversity trend 
(Figure 3.4). Nevertheless, an increasing trend in species richness was apparent, sug-
gesting that over time an increasing number of the early stage small planktivorous 
size classes of fish that would ultimately become benthivorous or piscivorous were 
being sampled, but in such small numbers as to have minimal impact on the Hill’s N2 
trend. Because of the dominance of this single species, mean asymptotic length, mean 
weight, mean length and mean length scaled by asymptotic length simply reflected 
the principally environmentally driven recruitment variability within t he Norway 
pout population. Total production by the guild reflected the trend in guild biomass 
(see Figure 3.1) and productivity and the proportion of production directed towards 
gamete production varied with no obvious trend through the 29 year survey peri od. 
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Figure 3.4. Temporal trends in nine guild composition descriptors applied to the Demersal Pla nk-
tivore guild. Red lines show five  year running means. Black lines show abundance -weighted and 
grey lines biomass -weighted mean values. Solid lines show geo metric mean values and dashed 
lines show arithmetic mean values.  

The Pelagic Piscivore guild mainly consisted of two species, mackerel and horse 
mackerel (see Figure 3.1), and in 1983 only horse mackerel were sampled, reducing 
the guild to a single species. In two years salmon were sampled, increasing the spe-
cies count to three (Figure 3.5). Hill’s N2 suggests a decline in species diversity re-
flecting a reduction in horse mackerel abundance and increased dominance of 
mackerel (see Figure 3.1). Mean asymptotic length showed no trend; peaks in the 
arithmetic mean were linked to the inclusion of salmon in the sample. Mean weight 
and mean length of fish in the guild both showed a declining trend, mainly driven by 
a reduction in mean length scaled by asymptotic length. Individuals in the popula-
tion(s) of the dominant species were getting shorter and so further from the species 
asymptotic length. Overall production varied in line with the guild biomass trend 
(see Figure 3.1). However total productivity showed indic ation of a decline despite 
the fact that somatic productivity may have increased. The proportion of productivity 
directed towards gamete production showed a marked fall between 1998 and 2008. 
The data suggest an increasing preponderance of immature fish in the dominant 
mackerel population. 
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Figure 3.5. Temporal trends in nine guild composition descriptors applied to the Pelagic Piscivore 
guild. Red lines show five  year running means. Black lines show abundance -weighted and grey 
lines biomass -weighted mean values. Solid lines show geometric mean values and dashed lines 
show arithmetic mean values.  

Species richness of the Pelagic Planktivore guild seems to have increased between 
1989 and 1998 and Hill’s N2 suggest an increase in species diversity over the course 
of the 29 year period (Figure 3.6). Nevertheless Hill’s N2 remained below a value of 
two  for the majority of the time -series reflecting the dominance of the guild by just 
two species, herring and sprats, especially the former (see Figure 3.1). Choice of 
weighting in calculating mean asymptotic length affected interpretation of the metric; 
when weighted by numbers mean asymptotic length shows a declining trend over 
the 29 years, but when weighted by biomass no trend is apparent. This weighting 
issue persists into interpretation of trends in mean weight and mean length. When 
weighted by biomass neither metric suggests any real trend, but when weighted by 
numbers both suggest a decline in the size of fish in the guild. If mean size has de-
clined than this is  directly linked to reduced representation of larger- bodied species 
in the guild as no trend in mean length scaled by asymptotic length is apparent. 
Overall production varied in line with changes in the biomass of the guild (see Figure 
3.1) and little trend in productivity is apparent. Similarly, little trend in the propor-
tion of production directed towards gamete production, although this metric is quite 
variable reflecting the fact that population dynamics of pelagic planktivorous species 
are strongly inf luenced by recruitment variability.  
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Figure 3.6. Temporal trends in nine guild composition descriptors applied to the Pelagic Plankti-
vore guild. Red lines show five  year running means. Black lines show abundance -weighted and 
grey lines biomass -weighted me an values. Solid lines show geometric mean values and dashed 
lines show arithmetic mean values.  

Review of the nine-metric suites for each trophic guild perhaps suggests that they are 
more informative for the two main demersal trophic guilds, the Demersal Benthi-
vores and Demersal Piscivores. One possible explanation for this is that the Q1 IBTS 
is, after all, a demersal trawl survey, and that therefore the demersal guilds are better 
sampled; metric suites applied to data for these guilds therefore more informative. 
Countering this argument, Shephard et al. (2014) recently applied a suite of indicators 
to monitor variation in the state of pelagic fish communities in two MSFD Subregion, 
the Celtic Seas and The Greater North Sea. Comparison with our pelagic guild bio-
mass trends, as well as with data for the main constituent species, revealed strong 
correlations suggesting that data derived from demersal groundfish surveys can pro-
vide a useful basis for developing pelagic guild indicators. Nevertheless, it hard to  
ignore the fact that one of the most abundant pelagic planktivorous species, the lesser 
sandeel Ammodytes marinus, which is also a key prey species for many fish, seabird 
and marine mammal predators (Tollit et al ., 1997; Greenstreet et al., 1998; Daunt et al., 
2008; Reilly et al., 2014), was rarely sampled in the Q1 IBTS. The two pelagic fish 
guilds, and the Demersal Planktivore guild, were all strongly dominance orientated, 
and this might provide a second explanation as to why these metric suites were per-
haps less informative when applied to these three guilds. Nevertheless, knowing 
about changes in the size and productivity of fish in these guilds does provide addi-
tional insight regarding changes in foodweb  functioning than knowledge of guild 
biomass alone can provide. 

Changes among this suite of basic metrics can suggest the development and applica-
tion of more “directed” metrics, which could provide further specific insight as to 
how foodweb functioning might be changing. For example, the sharp reduction in the 
relative abundance of large-bodied species, and associated reduction in the mean 
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length of fish in the Demersal Piscivore guild was one of the main messages to 
emerge from Figure 3.3. Body size plays a key role in determining trophic function in 
marine foodwebs (Kerr and Dickie, 2001); larger sized organisms consume smaller 
sized prey, and so tend to operate at higher trophic levels than smaller sized organ-
isms (Jennings et al., 2001; Jennings et al., 2002a; Sheldon et al., 1972). This has focused 
much attention to examinin g predator–prey size relationships. Reviewing this litera-
ture, particularly focusing on piscivorous fish predators, and taking account of the 
fact that piscivores “select” larger sized fish prey, while the smaller sized prey that 
they consume occur in smaller proportion s in the diet than they do in the environ-
ment, suggest that piscivorous predators tend to select prey that are approximately 
40% of their own body length; a predator–prey length ratio of 2.5 (Daan, 1973; Hislop, 
et al., 1991; Greenstreet et al., 1998; Scharf et al., 2000; Floeter and Temming, 2005; Reil-
ly et al., 2014). 

Assuming a predator–prey size ration of 2.5, knowing the frequency distribution of 
Demersal Piscivore biomass across each 1 cm length class, and further assuming the 
predator daily food consumption rates expressed as a proportion of predator body 
mass shown in Section 3.4.2, the size range of prey consumed daily by the demersal 
piscivorou s fish in 1983, when mean length of fish in the guild was longest, and in 
2001, when mean length was least, can be estimated (Figure 3.7). The size of fish prey 
consumed in 2001 was markedly smaller than in 1983, but the most telling diagnostic 
is the 95% prey length. In 1983, 95% of fish prey consumed were 43 cm or less, while 
in 2001 this was reduced to 24 cm. In 2001, once potential fish prey had achieved a 
length of 24 cm the level of top down control exerted through natural predation mor-
tality was mark edly reduced, while to escape to escape top down control to the same 
extent in 1983 a fish would have to grow to 43 cm. In 2001 <5% of all fish prey con-
sumed would be >24 cm, while in 1984, 24% of fish prey consumed were >24 cm. 
Considering the growth rates of many potential prey fish belonging to species capa-
ble of growing to a length of >43 cm, such a shift in prey size consumption is equiva-
lent to a reduction in the “predation risk time window” of perhaps one to two years. 
Such a change might well have helped facilitate the rapid increase in the plaice popu-
lation as alternative top down control from fisheries has been reduced (see Section 
3.4.2). 
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Figure 3.7. Frequency distributions of the size of fish prey consumed in 1983 and 2001.  

A further interesting observation is that total daily consumption in 2001 was 18.87 kg 
km -1 d-1, and increase of 4% over the value of 18.22 kg km-1 d-1 estimated in 1983, de-
spite the fact that in 1983, the biomass of the Demersal Piscivore guild was 5% greater 
than in 2001. This is because smaller size fish tend to have higher daily food con-
sumption rates expressed as a percentage of body mass than larger sized fish. 

3.4  Indicator development and testing  

3.4.1  Introduction  

In this section we report on advances by WGECO in the development of specific 
foodweb indicators. Section 3.4.2 addresses the formulations of Criterion 4.2 and In-
dicator 4.2.1 of the Commission Decision (European Commission 2010), highlighting 
a need for conceptual clarification. Section 3.4.3 introduces a new size-based indicator 
with some favourable properties compared with  the Large Fish Indicator. Section 
3.4.4 reports on work to develop a characterization of the size distribution of marine 
species through an indicator. Section 3.4.5, finally, is a brief note on the need for 
foodweb indicators related to benthos. 

3.4.2  Examining  the relationship between LFI and the proportion of fish at 

the top of the foodweb  in the North Sea  

The MSFD sets out three criteria to determine good environmental status (GES) in 
respect of marine foodwebs and suggests appropriate indicators with which t o moni-
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tor change in status and so track progress towards attaining GES. Criterion 4.2 con-
cerns the “Proportion of selected species at the top of foodwebs”, and has as its supporting 
indicator 4.2.1 “Large fish (by weight)”. By explicitly stipulating “ large fish”, this criteri-
on considers only the fish components of marine foodwebs. Intuitively, the large fish 
indicator (LFI), which monitors change in the proportion (by weight) of fish above a 
specified length threshold that defines “ large fish” (Greenstreet et al., 2011; Shephard 
et al., 2011), is precisely the metric necessary to meet indicator 4.2.1 needs. However, 
the LFI does exactly what its name implies; it monitors change in the size composi-
tion of fish communities. The LFI does not explicitly monitor  change in the trophic 
composition of fish communities, i.e. the proportion of the community consisting of 
piscivorous fish, which might be considered to be “ at the top of foodwebs”. In this sec-
tion we use a case study based on first quarter (Q1) International Bottom-trawl  Sur-
vey (IBTS) data, collected across most of the Greater North Sea MSFD Subregion, to 
examine to what extent and in which sense LFI and proportion of fish at the top of 
the foodweb correspond to each other. 

The LFI has its origins in the study of marine size spectra, i.e. the size distribution of 
individuals in marine communities (ICES WGECO , 2001, Section 5.3.3.1.2; ICES 
WGECO, 2005, Section 6.2.3). There is broad agreement that the high regularity of 
this distribution, observed over many  orders of magnitude in body size (“from bacte-
ria to whales”, Sheldon et al., 1972) is a result of feeding interactions between differ-
ent-sized species. The regularity of marine spectra is an emergent property of 
foodwebs. Most models for aquatic size spectra assume a strict relationship between 
the trophic level and the size of species, implying that the species at the top of the 
foodweb are inevitably the largest species. Changes in the proportion of top preda-
tors within fish communities might therefore b e inferred from changes in the LFI. 
However, it is well known that this is just a convenient simplification (Jennings et al ., 
2002a). While there is a correlation between trophic level and logarithmic size, the 
relation is not perfect. The linkage between fish community size and trophic composi-
tion might therefore not be as close as size-based aquatic foodweb theory suggests 
(Cury et al., 2005). For example, in a heavily fished region of the northwestern North 
Sea, the expected impact on size composition was observed, but the anticipated coin-
cidental impact on trophic composition was not. Large bodied high trophic level 
predators were apparently replaced by smaller bodied predators feeding at the same 
trophic level (Jennings et al., 2002b); size composition changed but trophic composi-
tion did not.  

In this section, indicators introduced in Section 3.3 are used to explore exactly what 
the LFI tells us about changes in the trophic composition of the demersal fish com-
munity in the North Sea foodweb , and what it does not. And this raises the first im-
portant point; as currently defined to support the North Sea EcoQO, the LFI is an 
indicator of the state of the demersal fish community; the pelagic fish components of 
the foodweb are not covered by the LFI. 

In Section 3.3 we introduced three demersal fish trophic functional guilds: Demersal 
Piscivores, Demersal Benthivores and Demersal Planktivores. Of the three, Demersal 
Piscivores feed at the highest trophic level, so a “proportion of piscivores indicator” 
(PPI) can be determined. The PPI (IPP,y) in any one year can therefore be defined as: 
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where BPisc,y, BBenth,y, and BPlank,y are respectively the biomass densities of Demersal Pis-
civores, Demersal Benthivores and Demersal Planktivores. Variation in the LFI and 
the PPI were only weakly correlated; the LFI is not a particularly good indicator of 
the proportion of piscivores among the demersal fish community. When a similar 
analysis was performed using third quarter (Q3) IBTS data and Q3 Dutch beam Trawl 
Data (DBTS) neither of the correlations was significant. The LFI is not a good proxy 
for the PPI (Figure 3.8). 

 

Figure 3.8. Large Fish Indicator (LFI) and Piscivore Proportion Indicator (PPI) time -series trends 
determined using Quarter 1 International Bottom -trawl  Survey (IBTS) data. Squared correlation 
coefficients comparing the two time -series trends are given ( r2), along with the actual sample size 
(N) and the effective sample size ( N*) determined using the modified Chelton procedure. The 
one-way significance probability ( p) is shown based on N*-2 degrees of freedom. 

In Section 3.3 we presented the trend in a “length of ontogenetic development of pis-
civory ind icator” (LODPI), the average length at which the fish that make up the De-
mersal Piscivore guild develop a piscivorous diet. Although  resembling the LFI 
trend, the two indicators were not correlated once autocorrelation within the two 
time-series was taken into account (Figure 3.9). So the LFI was also not a good proxy 
for the LOD PI. 
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Figure 3.9. Large Fish Indicator (LFI) and Length of Ontogenetic Development Piscivory Indicator 
(LODPI) time -series trends determined using Quarter 1 International  Bottom -trawl  Survey (IBTS) 
data. Squared correlation coefficients comparing the two time -series trends are given ( r2), along 
with the actual sample size ( N) and the effective sample size ( N*) determined using the modified 
Chelton procedure. The significance probability (p ) is shown based on N*-2 degrees of freedom. 

Trends in mean asymptotic length, mean weight, mean length and mean length 
scaled by asymptotic length of fish in the Demersal Piscivore guild are shown in Sec-
tion 3.3. The LFI is a size based metric, and since these are all metrics of the size of 
fish in the guild, it is perhaps no surprise that the LFI was correlated with all five 
metrics (Figure 3.10). Biomass-weighted mean values of the various metrics were all 
more strongly correlated with the LFI than abundance- weighted means, which again 
was to be expected given that the LFI is itself a weight-based indicator. The LFI is a 
good proxy for the mean size of fish withi n the Demersal Piscivore guild. 

Metrics of productivity of the fish in the Demersal Piscivore guild were also present-
ed in Section 3.3. These were not correlated with the LFI. The LFI is not a good proxy 
for productivity among demersal piscivorous fish.  
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Figure 3.10. Relationships between the LFI and mean asymptotic length, geometric mean weight, 
mean length, geometric mean length, mean length scaled  by asymptotic length, somatic produc-
tivity, gametic productivity, and the proportion of total production directed towards gamete pro-
duction of fish in the Demersal Piscivore guild.  

Much of the concern regarding the impact of fishing on marine foodweb s related to 
the loss of top predators within the fish community (Christensen et al ., 2003; Myers 
and Worm, 2003). In modern times simply being piscivorous might be considered 
sufficient for a fish to be considered a top predator. However, among marine mam-
mal and seabird components of marine foodwebs, the apex predators are often con-
sidered to be those species that feed on fish prey that are themselves piscivorous, 
such as gannets, harbour seals and grey seals consuming mackerel, whiting and cod 
(Martin , 1989; Prime and Hammond, 1990; Hammond et al., 1994; Tollit et al., 1997; 
Hamer et al., 2000). Similarly, it is the loss of the very largest piscivorous fish in the 
community, those large enough to consume fish prey that are themselves piscivorous, 
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that could therefore constitute the principal cause for concern. Size-based models 
suggest that over the course of the 20th century, fishing may have caused a >90% re-
duction in the abundance of fish of >4 kg body weight in Northeast Atlantic  continen-
tal shelf seas (Jennings and Blanchard, 2004), an assertion that has some empirical 
support (Greenstreet and Hall , 1996; Quero, 1998; Casey and Myers, 1998; Rogers and 
Ellis, 2000; Stevens et al., 2000). A separate subgroup within the demersal piscivore 
trophic guild  was therefore defined, the Demersal Apex Predators; those piscivors 
whose fish prey were also piscivorous. 

Given the predator–prey length ratio of 2.5 for piscivorous fish consuming fish prey 
established in Section 3.3, fish within the Demersal Piscivore guild were considered 
to be apex predators at and above body lengths 2.5 times longer than their initial 
length of ontogenetic development of piscivory. For exampl e whiting develop a pis-
civorous diet at 13 cm. In the size range 13 cm to 32 cm therefore, whiting were simp-
ly Demersal Piscivores, but whiting 33  cm in length and longer were deemed to be 
Demersal Piscivore Apex Piscivores, capable of consuming fish prey that were them-
selves piscivorous (e.g. Greenstreet et al., 1998). Figure 3.11 shows trends in both the 
total biomass density of Demersal Piscivore Apex Piscivores and the proportion of 
the Demersal Piscivore guild biomass consisting of Apex Predators. The LFI was 
closely correlated with the latter ( r2 = 0.603, N* =13, p = 0.0004). Thus, in the North Sea, 
the LFI is a good proxy for the proportion of apex predators, piscivorous fish that 
consume piscivorous fish prey, within the Demersal Piscivore guild.  

 

Figure 3.11. Temporal development in apex predator biomass and the proportion of apex preda-
tors in the demersal community.  

3.4.3  Integrative size based indicators  

To conclude, the assumption implied in the formulation of Criterion 4.2, that size and 
trophic level  of fish are interchangeable with each other, is not sufficiently satisfied in 
natural foodwebs to base guidance for indicator development on it. While indicators 
based on trophic guilds, such as that of Demersal Piscivore or Demersal Piscivore 
Apex Piscivores, have just as important a role to play in assessments of the ecological 
status of foodwebs as size-based indicators, the information they convey is not neces-
sarily the same. Nevertheless, our analysis of the North Sea dataset supports the no-
tion that LFI is related to the proportion of Demersal Piscivore Apex Piscivores, a 
finding that is relevant to  the interpretation of both metrics. Integrative size based 
indicators  
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3.4.3.1  Introduction: looking beyond the Large Fish Indicator  

Fish community size structure is known to be sensitive to fishing and to require con-
siderable time to recover from anthropogenic perturbations, in particular when the 
abundance of large fish has disproportionally declined. The Large Fish Indicator (LFI, 
see also Section 4), defined as the proportion by weight of large fish in survey sam-
ples, has been developed by WGECO as an indicator that is sensitive and specific to 
this vulnerability of fish community size structure. It is now widely calculated 
throughout Europe (Section 4). The Marine Strategy Framework Directive (MSFD) 
explicitly specifies it as an indicator for foodweb  (D4) GES. 

However, in the practice of adopting the LFI as an MSFD indicator at Regional or 
Subregional level, some complications became evident. It is known that the LFI 
achieves its sensitivity and specificity only when the threshold length L th used to di-
vide individual fish into the “small” and “large” categories is chosen adequately for a 
given assessment area (Shephard et al., 2011). In some cases, however, survey time-
series are too short or contrasts too small to execute the method for determining an 
adequate threshold value. Furthermore, if different threshold values are employed 
for different assessment areas, it becomes difficult to compare LFI values for these 
areas and to aggregate them for the purpose of larger-scale assessments. Here, we 
propose an alternative indicator for fish community size structure, the Typical 
Length, which does not contain a free parameter in its definition and, based on the 
limited analyses we performed, has statistical properties comparable to those of the 
LFI. 

The Typical Length (TyL) is defined as the geometric mean length of fish, weighted 
by body mass. In other words, if there are N fish in a sample and M i and Li denote 
body mass and length of the i-th fish, respectively, then: 
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Below, we first provide an example for a time -series of TyL computed from surveys 
and compare it with the LFI. We then argue mathematically that  TyL and LFI can be 
expected to have more favourable statistical properties than other size-based indica-
tors that have been proposed, and can therefore be expected to be more informative 
for assessment and management applications. 

3.4.3.2  Comparing T ypical Length and Large Fish Indicator in the Celtic Sea  

Figure 3.12 displays time-series of TyL and LFI computed for the Celtic Sea, based on 
the (no longer active) first quarter (Q1) UK West Coast Groundfish Survey (WCGFS) 
from 1986 to 2004. Calculations draw on methods and R scripts of Shephard et al. 
(2013). The TyL in the period 1986–1990 was around 40cm, and then gradually de-
clined to values around 25–30 cm until 2004. The trend is statistically robust despite 
considerable confidence intervals, and largely follows the trend of LFI, which was 
computed with a threshold length of L th = 50cm following Shephard et al. (2011). Spe-
cifically, the correlation between the true time -series of log(TYL) and LFI lies in the 
rage 0.933 to 0.978 with 95% probability, based on 10 000 pairs of indicator time-series 
derived from resampled survey data, which were obtained by bootstrapping hauls 
within years.  
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To compare the specificity of TyL and LFI to fishing rather than other processes, such 
as variation in recruitment, we evaluated the trends of both indicators over time. 
Since fishing pressure over the time period considered was fairly constant (Shephard 
et al., 2013) and it is known that fish community size structure integrates fishing pres-
sures over long periods of time (Rossberg, 2012; Fung et al., 2013), a gradual, steady 
decline is the expected response of LFI and TyL to fishing; and the strong observed 
trends in both indicators are unlikely  to have resulted from other drivers. As a meas-
ure for the relative specify of log(TyL) and LFI, we therefore computed the difference 
between sample correlations corr(LFI,year) and corr(log(TyL),year). The analysis was 
conducted based on log(TyL), because logarithmic length (or similarly logarithmic 
body mass) plays a conceptually more important role in ecological theory than length 
itself (Section 3.4.3.3). To separate the effects of actual fluctuations in the indicator 
values from measurement uncertainty, the difference was computed for 10 000 indi-
cator time-series obtained from bootstrapped survey data resampled as above. Con-
fidence intervals for the differenc e based on this analysis are shown in 3.13 as a 
function of Lth. With the literature value for large fish threshold, Lth = 50 cm, there is 
statistical evidence that LFI is more sensitive to fishing than log(TyL). For other 
threshold values, the statistical evidence is marginal. Considering that the value Lth  = 
50 cm had been determined through a similar exercise based on the same dataset 
(Shephard et al., 2011), one should not over-interpret the higher specificity of LFI for 
this threshold value.  

Similar conclusions can be drawn when applying the simulation method of Houle et 
al. (2012) to compare the specificity of TyL and LFI to fishing pressures (Figure 3.14). 
For fishing with unselective trawlnet s, specificity of TyL and LFI is predicted to be 
similar fo r small to intermediate fishing efforts. For high fishing effort with trawlnet s, 
and any level of fishing effort with size -selective gillnet s, however, LFI is notably 
more specific than TyL. 

To quantify the sensitivity of the indicators, the signal -to-noise ratio (S/N) can be 
used when “noise” relates to sampling errors only and the “signal” is the true indica-
tor time-series. Specifically we compute the ratio between the standard deviation of 
the indicator time -series and the root mean square of the standard deviation of sam-
pling errors, estimated by bootstrapping as above. Based on the observed indicator 
time-series, S/N is 2.65 for LFI and 2.44 for log(TyL), indicating that LFI is slightly 
more sensitive than TyL. In order to take into account that the observed indicator 
time-series themselves contain measurement errors, we evaluated this comparison for 
10 000 pairs of indicator time-series computed from bootstrapped survey data, so 
simulating alternative conceivable outcomes of the survey program. S/N was higher 
for LFI than for TyL in 89% of cases. Thus, there is an 11% probability that, for the 
survey program considered, S/N for TyL is higher than for LFI. This comparison, too, 
might be biased by the fact that Lth had been optimized for this particular da taset. We 
conclude that, based on analyses presented here, the information provided by LFI 
and TyL is very similar, and that sensitivity and specificity of LFI and TyL are simi-
lar, with potentially a marginally better performance of LFI. 

3.4.3.3  Mathematical analy sis of indicators for community size structure  

One can argue on general theoretical grounds that LFI and TyL should have particu-
larly favourable statistical properties compared with  other length-based indicators.  
The important ecological fact to notice is that the biomass of a community is often 
distributed over individuals of different sizes in such a way that similar amounts of 
biomass are allocated to body-size classes spaced evenly on a logarithmic body-size 
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axis. In other words, if Lln� �O denotes logarithmic length and �O�!B is the biomass of 

individuals with logarithmic length larger than �O, then the density of biomass on the 

logarithmic length axis, given by �O�O �O ddBD /)( �!��� , does not vary dramatically 

with �O, up to some point where )(�OD drops to zero. When expressing the values of 

various length -based indicators in term of integrals over )(�OD , as done in Table 3.1, 

it becomes clear that for most conceivable indicators the integrand contains an expo-
nential function that either increases or decreases dramatically with �O, so that the 
integrals are dominated by the contributions from either the largest o r the smallest 
individuals. Fluctuation in the numbers of the largest or the smallest individuals will 
therefore translate directly to corresponding fluctuations in the indicator values. 
These fluctuations are known from empirical as well as numerical studies (e.g. ICES 
WGECO, 2007; Houle et al., 2012). 

For LFI and TyL, however, this is not the case. Both indicators give approximately 
even statistical weight to all logarithmic length classes, and so integrate more effec-
tively the information contained in )(�OD , while minimizing the impact of abun-

dance fluctuations in particular length classes. Favourable statistical properties of LFI 
and TyL compared with  other length-based indicators are therefore to be expected. 

Because the ranges in�Oto which populations of individual species contribute are ra-
ther narrow (Shephard et al., 2012), these considerations are likely to translate to indi-
cators relating to the size of species rather than the size of individuals, such as Mean 
Maximum Length, or the Large Species Indicator defined by Shephard et al. (2012). 

Differences among LFI time-series derived for similarly designed surveys in the same 
area generally turn out to be small compared to typical sampling errors (e.g. Green-
street et al., 2011, Figure 3). For TyL, a similar robustness can be expected based on 
the considerations above. Nevertheless, it must not be forgotten that, just as the LFI, 
the value of TyL is defined with reference to a particular sampling design, and so will 
vary depending on design, especially for a varying lower size cut -off of the size range 
coved by the sampl ing gear. 

 

Figure 3.12. Time -series of Typical Length (TyL, left) and Large Fish Indicator (LFI, right) com-
puted for the Celtic Sea’s demersal fish community. Vertical bars denote 95% confidence intervals 
based on bootstrapping of hauls following Shephard et al. (2013). 
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Figure 3.13. Comparison of specificity of TyL and LFI to fishing depending on the value chosen 
for the large -fish threshold L th (literature value: 50 cm). Negative values indicate LFI is more spe-
cific to fishing than TyL. Vertical bars are 95% confidence intervals computed by bootstrapping.  

 

Figure 3.14. Comparison of the simulated specificity of TyL and LFI to fishing using the method 
of Houle et al . (2012).  Specificity is here defined as the response to fishing pressure divided by 
the rms change in the indicator value a fter small random variations of model parameters without 
fishing. Grey dotted lines correspond to fishing with size -selective gillnets, black dotted lines to 
fishing with unselective trawlnet s. 

3.4.3.4  Conclusions  

Typical Length (TyL) exhibits time -series and statistical properties quite similar to the 
LFI, but has the additional advantages of not requiring determination of a large fish 
threshold L th for each study area considered. This is particularly advantageous when 
survey data are insufficient for identifying an appropriate threshold. Because TyL is 
defined as an average, TyL values computed for smaller study areas are easily aggre-
gated to TyL values at regional or subregional level.  
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Table 3.1. Representations of size -based indicators through integrals over the distribution )(�OD  

of biomass over the logarithmic length axis. It can be seen that LFI and TyL weight different size 

classes more evenly than other sizes based indicator s. 0�Ois the lower length cut- off of the sam-

pling gear; )(xH is the Heaviside function, which evaluates to 1 for 0�!x and to 0 otherwise. 

Suffix B means statistical weighting by individual body mass, suf fix N means weighting by 

number. In the latter case, body mass is approximated to be proportional to 
3L , which leads to 

the exponents 
�O3��e  in the integrands.  
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3.4.4  Development of an indicator for the species - size distribution  

In previous work (ICES WGECO , 2013b, Section 7.2), WGECO noted that the body 
masses of species found in demersal communities closely follow Pareto (power-law) 
distributions. Here we present simulation result demonstrating the relevance of this 
finding for foodweb GES, and report on ne w analyses with the aim of constructing an 
indicator to characterize changes in this distribution.  

3.4.4.1  Simulations  

Figure 3.14 (top) shows the species-size distribu tion emerging in a typical food web 
generated by the assembly algorithm of the PDMM. In a first n umerical experiment, 
we removed 50% of all primary producers from the foodweb s and simulated popula-
tion dynamics, in a second experiment we removed the larges eleven species. As can 
be seen in Figure 3.14 (centre), the first experiment leads to the extinction of about 
50% of species at all size classes, so that, ultimately, a Pareto distribution with a slope 
close to the original value of -0.17, but half of the number of species, is obtained. The 
removal of top predators in the second experiment, on the other hand, has much 
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smaller impacts on the richness of species at lower levels. The simulations demon-
strate that, in foodwebs, i.e. communities where trophic interactions dominate over 
other interactions, large species at high trophic levels are highly sensitive to loss of 
diversity at lower trophic levels. 

 

 

 

Figure 3.14. Simulations of responses of the species- size distribution to species removal. Top: 
original foodweb . Centre: foodweb  after removal of 50% of primary producer species (tropic level 
1). Bottom: foodweb  after removal of eleven largest species. Colours code nearest integer trophic 
level: 1=green, 2=yellow, 3=red, 4=blue. 
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Figure 3.15. Species size distribution (body masses in kg) in the Portuguese Autumn Bottom -trawl  
Survey, pool ing data fro m 1980 to 2012. 

3.4.4.2  Data  

New empirical data corroborate the Pareto distributions we found previously, but 
also highlight challenges with identifying trends in these dist ributions. We analysed 
two datasets: (1) body sizes of fish and benthos in the Portuguese Autum Bottom-
trawl  Survey, kindly provided by Hugo Mendes, IPMA, and (2) species sizes in the 
Norwegian -Russian ecosystem surveys in the Barents Sea (Anon., 2009; 2010; 2011; 
Eriksen, 2012), courtesy to Lis Lindahl Jørgensen, IMR. 

The body-size range covered by the Portuguese survey is rather narrow (Figure 3.15), 
so that a clear Pareto distribution cannot emerge. Nevertheless, the data might be of 
use to identify changes in the richness of species of different sizes through time, and 
interactions between richness at different sizes as demonstrated in the simulations. 
To test for such effects, we divided the set of observed species into those smaller and 
larger than 100 g and computed the time-series of richness for both classes. The time-
series (Figure 3.16) are characterized by strong fluctuations, likely due to methodo-
logical variations during the sampling period. For more detailed analyses, appropri-
ate corrections will need to be found to compensate these fluctuations. 

 

Figure 3.16. Total species ri chness and richness of species small and larger than 100 g found in the 
Portuguese Autum Bottom -trawl  Survey; data courtesy to Hugo Mendes, IPMA. Flucutations are 
likely to be largely reflection s of variations in methodology.  
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For the Barents Sea, we obtained data covering intensive surveys in the years 2006 to 
2012, thus substantially enhancing the evidence base compared to our analysis from 
2013, which was relying on data from the year 2009 only. The cumulative species-size 
distribution over these surveys clearly follows a Pareto law ( Figure 3.17). Surprising-
ly, there is very little indication of a truncation of this distribution at large body sizes, 
suggesting that diversity in the Barents Sea has largely remained intact to the present 
day. The largest species included in the sample is the blue whale Balaenoptera 
musculus. As for the Portuguese trawl, however, sampling effort turned out to be 
highly uneven from year to year, and interanual comparison will require methods 
compensating for this. 

 

Figure 3.17. Pareto distribution of the body sizes (body mass in kg) of species over seven orders of 
magnitude, based on samples taken by the Norwegian research vessels at the Norwegian -Russian 
ecosystem surveys in the Barents Sea from 2006 to 2012 (Anon, 2009; 2010; 2011; Eriksen , 2012; 
courtesy to Lis Lindahl Jørgensen, IMR).  

3.4.5  Indicators for the status of the benthos  

An ecosystem component for which indicators are still insufficiently developed in the 
foodweb context is the benthic community. Of particular importance would be an 
indicator for the food availability to benthivorous fish. We note that some of the work 
proposed in Section 6 might lead to indicators that fill this gap.  
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4  ToR b ) Continue work on the large fish indicator, especially in 

wate rs other than the North Sea  

This section of the report summarizes recent work to develop new Large Fish Indica-
tors (LFIs) for marine regions where this approach has not previously been applied. 
Issues concerning the spatial scale of assessments based on the LFI are also ad-
dressed. The LFI was originally developed by ICES to support an Ecological Quality 
Objective (EcoQO) for the North Sea as part of OSPAR’s pilot project to establish a 
framework to support an ecosystem approach to management. The intention was 
subsequently to role the process developed in the North Sea out to the other OSPAR 
regions. The LFI is considered only within its original EcoQO context. Consideration 
of the LFI as a potential foodweb indicator to support implementation of the MSFD is  
covered in Section 3 of the report addressing ToR a. 

4.1  LFI method and application  

The LFI method is generally well described in the literature, but unfortunately, the 
common practice of not weighing all species by length group leads to an issue with 
estimating weight -at-length for all species. The working  group suggested that if 
weight -at-length is not recorded at the survey, the following methods could be used 
to estimate weight at length in order of relevance: 

1 ) Species-specific length–weight relationships obtained from the surveyed 
area in other years; 

2 ) Species-specific length–weight relationships obtained from the larger re-
gion; 

3 ) Species-specific weight–length relationships from other regions ; 

4 ) Length–weight relationships of similar shaped species in the region; 

5 ) Weight=0.01*length3. 

It should be considered that moving down the list makes the results less accurate, 
and that the proportion of biomass which is estimated using option 5 should be small 
(<5–10%). 

4.2  Overview of LFIs  

The following section presents an overview of the development of LFI indicators fo-
cusing on areas other than the North Sea and Celtic Sea, where results have already 
been published. It is possible that more work is ongoing, and WGECO encourages 
that this work is presented for inclusion in an updated overview. 

4.2.1  Southern Bay of Biscay  

Last year, WGECO reported on the early stages of development of an LFI in for the 
southern Bay of Biscay region (WGECO, 2013). We now report on the final outcome 
for this LFI (Modica et al., in press). 

The Southern Bay of Biscay LFI is derived using data collected by the DEMERSALES 
experimental bottom-trawl  survey (ICES code: SPNGFS) carried out annually as part 
of the ICES IBTS Northeastern Atlantic area (ICES Areas VIIIc and IXa) by the Span-
ish Institute of Oceanography in the southern Bay of Biscay (Figure 4.1). Standardized 
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data were available from 1990 and data up to 2010 were analysed. Between 104 and 
117 trawl samples were obtained between September and October each year from a 
depth range of 70 m to 500 m fol lowing depth -stratified random sampling design. 
Following previously established protocols (Greenstreet et al., 2011; Shephard et al., 
2011), the suite of species included in the LFI was selected and a length threshold de-
fining “large fish” of 35  cm was established. Figure 4.2 shows the temporal trend in 
the resulting LFI.  

 

Figure 4.1. Study area covering ICES Area VIIIc in the southern Bay of Biscay region off the 
northwest coast of Spain . 

 

Figure 4.2. Variation in the LFI for the southern Bay of Biscay area between 1990 and 2010. Dotted 
line shows the 6 th degree polynomial smoother fitted to the time -series based on a “large” fish 
defining threshold length of 35  cm, giving a fit of r 2=0.745. LFI trends based on “large” fish defin-
ing threshold lengths of 30  cm, 40 cm and 45 cm showed similar trends, but the 6 th degree poly-
nomial fits, at r2=0.699, r2=0.704 and r2=0.690 respectively, were weaker, suggesting that 35 cm was 
the most appropriate “large” fish defining threshold length for the fish community in this marine 
region.  

Following the procedures established by Greenstreet et al. (2011) and Shephard et al. 

(2011), annual indicators of community averaged of fishing mortality ( YcomF , ) and 

spawning –stock biomass ( YcomB , ) were derived for the Southern Bay of Biscay based 

on data for four assessed commercial stocks in the region (white anglerfish, black-
bellied anglerfish, horse mackerel, and hake): 
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Fs,Y and Fs,msy, are respectively the annual estimates of fishing mortality for each spe-
cies in each year and the MSY reference values for fishing mortality for each species, 
and Bs,Y and Bs,msy, are respectively the annual estimates of spawning–stock biomass 
(SSB) for each species in each year and the MSY reference values for SSB for each spe-
cies (ICES, 2013). In this instance, however, to bring the assessment more in line with 
the MSFD ethos, maximum sustainable yield (MSY) reference values were used ra-
ther than the precautionary ( Bpa and Fpa) fisheries management reference values origi-
nally used by Greenstreet et al. (2011). 

The LFI was designed to be as sensitive as possible to the impacts of fishing disturb-
ance on demersal fish communities. Figure 4.3 shows the temporal trends in both the 

LFI and YcomF , , the indicator of fishing disturbance on the s outhern Bay of Biscay 

demersal fish community. It is clear that the two indicators do not immediately co -
vary similar to results in both the North Sea and the Celtic Sea (Greenstreet et al., 
2011; Shephard et al., 2011). The response of the Southern Bay of Biscay LFI to chang-
es in community average fishing mortality was lagged by between five and eight  
years (Figure 4.4). Data were not available to explore lags longer than eight years. 

 

Figure 4.3. Plot showing temporal covariation  in the community averaged fishing mortality index 
(Fcom,y) and the LFI time -series. 
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Figure 4.4. Variation in the correlation (expressed as Pearson’s correlation coefficient r) between 
the LFI time -series and (a) the community averaged fishing mortality index, F com,y and (b) the 
community averaged spawning –stock biomass index, B com,y at various lags (e.g. LFIy related to 
Fcom,y represents a lag of 0y, LFIy related to Fcom,y-1 represents a lag of 1y, LFIy related to Fcom,y-2 repre-
sents a lag of 2y, etc.). The 5% and 1% significanc e levels are shown based on a one-way tests with 
9 degrees of freedom for Fcom,y and 8 degrees of freedom for B com,y, assuming effective sample sizes 
of 11 and 10 respectively derived from application of the Chelton method to account for time -
series autocorrelat ion.  

The best-fitting lagged relationships (6 y lag with YcomF ,  and 0 y lag with YcomB , ) 

were used to determine management targets for the LFI that would be equivalent to 
fisheries management meeting targets stipulated for the four assessed stocks under 

the MSFD ( YcomF ,  < Fs,msy and YcomB ,  > Bs,msy, or YcomB ,  > 0.5Bs,msy) (Figure 4.5). While 

the MSFD might require stocks to be at Bmsy to achieve GES, fisheries managers rec-
ognize that setting targets for SSB is impractical because stock size is influenced by 
factors outside their control, such as environmental influence on recruitment. Instead 
they set limits for SSB, such that should SSB fall below a “trigger” level (Btrigger), im-
mediate management action should be implemented to halt further decline, such as 
severe limitations on fisheries responsible for the decline. An alternative target for the 

LFI, equivalent to maintaining YcomB ,  > Btrigger, where Btrigger = 0.5Bs,msy is assumed. 

These relationships suggest that an LFI target equivalent to fishing at MSY might lie 
between 0.35 and 0.41, almost identical with LFI targets of between 0.34 and 0.41 
equivalent to maintaining stocks above Btrigger. Should the four stocks reach Bmsy, the 
LFI could rise to a value over 0.60. 
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Figure 5. (a) Six-year lagged relationship between the LFI and the community averaged fishing 
mortality indicator (F com) and (b) relationship between the LFI and the community averaged stock 
biomass indicator (B com). Two linear regression relationships are shown in both panels, one for all 
data points (black line) and one excluding the 1991 and 2008 outlier data points (grey). Dashed 
lines show extrapolation of the linear regression rela tionships to estimate potential management 
targets (LFIMT ) at Fcom = 1.0 and Bcom = 1.0. In panel (b), potential precautionary management targets 
(LFIpaMT ) at Bcom = 0.5 (equivalent to Btrigger ) are also indicated. 

Once more adopting the approach outlined by Greenstreet et al. (2011) and Shephard 

et al. (2011), the lagged relationships with YcomF ,  were combined to derive a statisti-

cal forecast model to predict future change over the eight years following the end of 

the current fisheries mort ality time-series, based on changes in YcomF ,  that occurred 

between 2005 and 2012 (Figure 6). This model suggests that a target of 0.35 for the 
southern Bay of Biscay LFI might be achieved in 2017. Recent reductions in fishing 
mortality hav e almost been sufficient to meet the LFI target in the near future; only 
further relatively minor reductions in fishing mortality might be necessary to ensure 
that the LFI is maintained above the target. 
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Figure 6. Modelled trend in the LFI based on the a verage outcome of the four significant lagged 
relationships, for five -, six-, seven- and eight -year lags, with F com. Solid line shows the modelled 
trend and dots show actual observed annual values. A nominal LFI target of 0.35 is indicated by 
the dashed li ne. 

4.2.2  Central - southern Tyrrhenian Sea (geographical Subarea 10)  

WGECO received the materials for this section from Maria -Teresa Spedicato and Isa-
belle Bitetto, COISPA, Bari Italy. 

The objective of this exercise was firstly to undertake an exploratory analysis to de-
termine the appropriate threshold length that defines “large fish” in order to derive 
the LFI in Mediterranean areas, and secondly, to compare differences in the perfor-
mance of the LFI when basing the indicator on abundance (number of individuals pe r 
square km) or biomass (weight of fish per square km), the latter being the metric sug-
gested in the Commission Decision (6 November 2008). In the Central-Southern Tyr-
rhenian Sea, the LFI was initially derived using numbers instead of weight of fish, 
since early on in the MEDITS survey time-series, individual fish weight was not re-
quired as part of the survey standard protocol, but has been introduced in 2012. 

The central-southern Tyrrhenian Sea (Geographical Subarea 10) was selected as a case 
study and the MEDITS groundfish survey time -series from 1995 to 2013 was used to 
derive the LFI. Fish and elasmobranchs that were sampled since the beginning of the 
time-series were retained in the list of the selected species on which the LFI was 
based (Table 4.1), while crustaceans and cephalopods were excluded. In a second ex-
plorative analysis, the bentho-pelagic species, Trachurus trachurus, Trachurus mediter-
raneus and Micromesistius potassou, were excluded. To avoid spurious influence of rare 
species, those species that occurred in less than 5% of the samples were excluded 
from the analysis. Three thresholds defining “large fish” ( LLFTL) were explored, 20 cm, 
30 cm and 40 cm, and the LFI (ILF,y,N or ILF,y,B) was calculated both on the basis of num-
ber (N) and weight (B) of individual fish as 
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where N>LFTL,y (or B>LFTL,y) is the number (or biomass) of fish sampled in each year 
greater than the chosen large fish threshold length and N�Â���������ð�¢ (or B�Â���������ð�¢) is the num-
ber (or biomass) of fish sampled in each year less than or equal to the chosen large 
fish threshold length.  

Table 4.1. List of species included in the LFI suite.  

  

Citharus linguatula Pagellus bogaraveo 

Helicolenus dactylopterus Pagellus erythinus 

Lepidorhombus bosci Phycis blennoides 

Lophius budegassa Raja clavata 

Lophius piscatorius Solea vulgaris 

Merluccius merluccius Spicara flexuosa 

Micromesistius potassou Trachurus mediterraneus 

Mullus barbatus Trachurus trachurus 

Mullus surmuletus Trisopterus m. capelanus 

Pagellus acarne Zeus faber 

Using a large fish threshold length (LFTL) of 20 cm produced an LFI with the lowest 
coefficient of variation (CV), but the LFI seemed more influenced by possible peaks in 
the occurrence/weight of some species. Similar patterns, both when based on num-
bers and weight were observed for LFI trends wh en LFTLs of both >30 cm and 
>40 cm were used (Figure 4.7). The influence of bentho-pelagic species was negligible 
regardless of whether the LFI was determined based on numbers or weight (Figure 
4.8). 
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Figure 4.7. LFI in number of individuals and weight (left panels) and relative coefficient of varia-
tions (right panels) for thre e thresholds: 20, 30 and 40 cm. 

 

Figure 4.8. LFI trends based on numbers and weight of fish for the two thresholds, >30 cm and >40 
cm, without bentho -pelagic  species. 

In Figure 4.9 the relative contributions of the 20 sampled species is represented along 
with the respective LFI trends based on LFTLs of both >30 cm and >40 cm. Using a 
LFTL of >30 cm and based on numbers, Merluccius merluccius, Phycis blennoides, Lo-
phius budegassa and Raja clavata are the key species influencing the LFI. Pagellus ery-
thinus is important in two years, when a spawning aggregation was sampled. Similar 
results were obtained when a LFTL of >40 cm was used. 
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Figure 4.9. LFI trends based on numbers and weight of individuals for large fish length thresh-
olds of >30 cm and >40 cm including all main sampled fish species) and the total (all lengths) rela-
tive contribution of each of each species in each year.  

From this preliminary analysis, an LFTL of 30 cm seems most suitable for both the 
metrics, based on weight and number of individuals. The LFI is principally influ-
enced by a relatively small number of species (about four), but is still a useful indica-
tor for the broader “fish community”. Further analysis in other Mediterranean 
geographical subareas is required to make the indicator applicable across a wider 
geographic range. 

4.2.3  The Baltic Sea  

The development of the LFI for the western Baltic Sea (SD 22–24) (Figure 4.10) based 
on the Baltic International Trawl Survey (BIT S) has been reported previously 
(WGECO 2012; 2013). A cut-off length of 30 cm was chosen for this LFI resulting in a 
significant negative correlation to fishing mortality with a lag of two years. The LFI of 
the demersal fish community, represented by eight  fish species, was highly dominat-
ed by cod making up 67% of the total biomass and 84% of the biomass of fish >30 cm 
TL. When cod was removed from the LFI analysis the same pattern remained, sug-
gesting that the cod fishery exerted a similar size selection on the other fish species. 
The LFI shows an increasing trend over the last years, but may be expected to decline 
in the coming years due to the recent severe decrease in growth rate of cod (WGBFAS 
2014). No target has been defined. 
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