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Data to compute both extra indicators (Trophic Level of the
Model and Landings/Discards) were not readily available. Land-
ings/Discards data are missing from several ecosystems due to
a general lack of surveys or monitoring programmes to regis-
ter discarding practices in marine ecosystems (Kelleher, 2005).
This points to a real problem when managing exploited marine
resources and reinforces the fact that greater investment is needed
to retrieve information about discarding, as the EC has recently
highlighted in the new CFP requirements (Sarda et al., 2015).
The deficiency of data available to calculate the Trophic Level
of the Model reflects the absence of ecological models in many
marine ecosystems, despite concerted efforts to develop these new
analytical tools (Heymans et al., 2014). Therefore, more efforts
should be geared towards developing ecosystem models to char-
acterize the historic dynamics of marine ecosystems. Both extra
indicators showed high proportions of negative correlations with
fishing effort (a desirable trait in our selection of indicators), but
also showed high correlations with other ecological indicators.
Therefore, the omission of these two indicators should not sub-
stantially affect the assessment of the status of exploited marine
ecosystems.

Our study considered four trophic level-based indicators. In a
previous study, an extensive evaluation was undertaken of a vari-
ety of trophic level indicators across nine well-studied marine
ecosystems using model, survey and catch-based trophic level
indicators (Shannon et al., 2014). Results highlighted that the
differences observed between trophic level indicator values and
trends depended on the data source and the minimum trophic
level included in the calculations, and where not attributable to
an intrinsic problem with these indicators. Moreover, the exploita-
tion history (in time and space) and the implementation of fisheries
management measures in an ecosystem can influence what we
can readily deduce from trophic level-based indicators. Therefore,
these factors should be taken into account when using and inter-
preting trophic level-based indicators (Shannon et al., 2014). Still,
the study concluded that all three types of trophic level indicators
(i.e., catch-based, survey-based, and model-based) provide infor-
mation that is useful for an EAF. Overall, our study supports these
results.

Additionally, Shannon et al. (2014) found that catch-based
trophic level indicators did not necessarily reflect what is happen-
ing at the community or ecosystem level since non-targeted and
discarded or unreported species may  not be considered. Catch-
based indicators are intrinsically linked to fishing pressure and
respond sensitively to management action but are not specific indi-
cators of change in ecosystem state. Importantly, they often cover
a longer period of time and provide a measure of the spread of
pressure across trophic levels (Shannon et al., 2014). In our study,
positive correlations were identified between Trophic Level of the
catch and the Trophic Index (MTI), which was expected since both
are catch-based, but measure changes in all captured species versus
only higher trophic-level species, respectively. Thus we  suggest
selecting just one of these two indicators from our suite if a shorter
list is needed. The selection between the two should consider the
species one wishes to include in the analysis (e.g. including or
excluding small pelagic fish, invertebrates, etc.). For example, in
global comparisons, in order to accommodate ecosystems in which
low TL species dominate catches or at least catch variability (e.g.
upwelling systems, Mediterranean systems) (Shannon et al., 2010),
the use of Trophic Level of the Catch instead of the MTI  is recom-
mended. In upwelling systems, it is advisable to also use the Marine
Trophic Index with cut-off at TL 4.0 in order to examine changes
within the apex predator community while excluding small and
medium pelagic fish, some of which have TLs above 3.25 (e.g.
Peruvian anchoveta and South African anchovy Engraulis capensis)

and which are subject to large natural fluctuations in abundance
(Shannon et al., 2010).

Survey-based trophic level indicators provide a fuller picture
of what is happening at the community level and may capture
combined effects of fishing and the environment more clearly,
but are nonetheless also a limited information source given that
they are based on a subset of those species present and often of
limited temporal scope (i.e., only conducted over a short time),
especially where only part of the ecosystem is surveyed (Shannon
et al., 2014). Survey gears, such as trawls, are highly selective and
available survey data from most ecosystems will have been col-
lected using a restricted number of gear types so although the
inclusion of the phase-II indicators does provide additional infor-
mation in regard to the wider biodiversity, it is still an incomplete
view of the true ecosystem state. In our study, the Trophic Level
of the Community was  useful to highlight specific processes in
ecosystems as it was not redundant (i.e., low proportion of positive
correlations with other, non-TL-based indicators) and was highly
correlated with relative fishing pressure. Therefore, our study sup-
ports previous results suggesting that community-based indicators
represent fishing impacts at the whole ecosystem level and should
be incorporated where possible, as a means of providing additional
information and improving understanding of ecosystem dynamics
(Shannon et al., 2014), although data availability may  be limiting
especially in the case of modelled community indicators.

Furthermore, a separate study specifically looked at the Non-
Declining Exploited Species (NDES) indicator and used it to
compare patterns in the states and temporal trajectories of the
exploited species of the community relative to the overall commu-
nity (Kleisner et al., 2015). The NDES indicator was  then compared
with the Trophic Level of the Community, Predators, and Life Span.
The study highlighted that in some ecosystems, the current states
of the NDES indicator were consistent with other indicators, indi-
cating deteriorating conditions in both the exploited portion of
the community and the overall community. However differences
in some ecosystems illustrated the necessity of using a variety
of ecological indicators to reflect different facets of the status of
the ecosystem. This is reinforced with our analysis, where a clear
redundancy of the NDES indicator with the rest of selected indi-
cators was  not identified. Nevertheless, as is the case for other
indicators, using the NDES indicator requires context-specific sup-
porting information in order to provide guidance within a EAF
management framework (Kleisner et al., 2015).

4.2. Cross-comparison of indicators to inform on the exploited
marine ecosystem status

In general, both IndiSeas-phase I and phase II indicators con-
firm that mixed signals are common in many marine ecosystems
when evaluating their status (Bundy et al., 2012). Thus, the cross-
comparison of indicators to inform on the status of exploited
marine ecosystems has been highlighted as an important practice
in previous studies to avoid biases of specific indicators and blind
interpretations (Bundy et al., 2012; Coll et al., 2010b; Kleisner et al.,
2013). This study illustrates the insights gained in using a suite of
ecological indicators, which can provide diverse information, but
also highlights the complexity in understanding and interpreting
the signals and driving mechanisms behind the responses.

The responses of indicators to pressures, in this case fishing,
are not always linear and may  be difficult to interpret because the
indicators of fishing effort are not ideal proxies of fishing pres-
sure or because the ecological indicators are responding to other
extrinsic factors, such as environmental variables. Parallel results
developed within the IndiSeas framework suggest that ecological
indicators are in fact sensitive to environmental drivers (Fu et al.,
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2015), which highlights that interactions between the indicators
and at least one other extrinsic factor is likely. In addition, analy-
ses of indicators assuming a linear relationship between response
indicators and pressure indicators may  be too simplistic. In fact,
recent comprehensive studies of exploited marine ecosystems sug-
gest that detailed information about past and present exploitation
strategies, main productivity mechanisms, and dominant ecolog-
ical and environmental traits are essential elements to correctly
interpret ecological indicators to determine the status of exploited
marine ecosystems (Fu et al., 2015; Kleisner et al., 2014; Link et al.,
2010; Shannon et al., 2014; Shannon et al., 2010). This emphasises
the need to investigate the sensitivity and specificity of indicators
to different individual pressures, as well as multiple-interacting
pressures, and their responsiveness to management thresholds and
reference points (Large et al., 2013, 2015; Shin et al., 2012).

In this study, we focused on the effects of fishing, which is a
major pressure in many ecosystems (Costello et al., 2010). Thus, the
indicators were defined to decrease with greater fishing impact.
However, it is important to recognize that fishing impact is not
always the leading driver in an ecosystem, even in exploited
ecosystems, and that other drivers, such as the environmental
stressors, can have significant effects on indicators (Link et al., 2010;
Mackinson et al., 2009). For example, in the Southern Benguela, the
effects of fishing are confounded with ecosystem changes at least
partially due to environmentally induced shifts in the distribution
of key resources (Shannon et al., 2010, 2014). This has important
implications for birds or mammals, which are often of conserva-
tion concern and also support tourism industries (e.g., Blamey et al.,
2015). Like the Southern Benguela, Senegal and Guinea are ecosys-
tems in which fish communities and landings are dominated by
small pelagic stocks, thus the effects of fishing are probably con-
founded with ecosystem changes due to environmentally induced
shifts, influencing the abundance and distribution of these key
resources (Chavance et al., 2004; Roy et al., 2002). In the north-
ern Humboldt Current anchovy is dominant when the ecosystem
is considered healthy, the impact of indicators is a decreased mean
fish length in the surveyed community, shortened mean maximum
life span of surveyed fish species and reduced mean intrinsic vul-
nerability index of the fish landed catch, so that a decrease in these
indicators is not always related to greater fishing impact (Chavez
et al., 2008). In the west coast U.S. ecosystem, management actions
have recovered many harvested species, but survey-based indica-
tors declined over the period observed (2003–2010), coincident
with 4–5 years of a warm, unproductive phase of the Pacific Decadal
Oscillation and attenuation of a strong 1999 groundfish cohort
(Keller et al., 2012; Tolimieri et al., 2013).

The importance of environmental drivers is also seen in the
North Ionian Sea, where extensive fishing pressure and environ-
mental shifts have had negative implications for short-beaked
common dolphins (Piroddi et al., 2011). In the Portuguese Coast,
environmentally induced shifts have also occurred (Borges et al.,
2010), while important alterations have taken place in the central
Baltic Sea ecosystem due to climate and multiple human induced
impacts (Möllmann et al., 2009; Österblom et al., 2007). In addition,
and compared to the other ecosystems, the relatively lower current
state calculated for the Black Sea may  be due to the dominance
of small pelagic fish in this ecosystem and their strong fluctuation
in landings due to nutrient enrichment, overexploitation and
environmental change (Oguz et al., 2012). In the Barents Sea, the
rapid fluctuations in stock size and landings due to natural drivers,
in addition to fisheries regulations, have led to under-exploitation
of long-lived species and increased landings of short-lived pelagic
species in the presence good recruitment classes (Johannesen et al.,
2012). Therefore, as has been previously recognized (Shannon
et al., 2014; Shannon et al., 2010), detailed knowledge about
the ecosystem is important to facilitate understanding of the

patterns revealed by the selected indicators. The influence of other
drivers on ecosystems suggests that there is the need to consider
additional ecosystem-specific indicators, such as environmentally
linked response indicators (Boldt et al., 2014).

Despite these mixed signals, which in themselves should con-
vey a need for cautious monitoring of future ecosystem conditions
and trajectories, some ecosystems analyzed in this study are likely
more impacted than others. Overall poor ecosystem status com-
pared to other ecosystems considered can be described across the
suite of indicators for several case studies, e.g., the Black Sea, the
Gulf of Cadiz, the north Aegean Sea, the north Ionian Sea, the
north-central Adriatic Sea, the northern Humboldt Current, the
Sahara Coastal, the Senegalese shelf and the southern Catalan Sea
if considering current states, and central Baltic Sea if considering
trends. This is in line with information from the literature (e.g., Coll
et al., 2008, 2010a; Gascuel et al., 2015; Piroddi et al., 2010; Torres
et al., 2013). Therefore, this study illustrates that several exploited
marine ecosystems have a relatively high impact by fishing, in line
with previous studies (Bundy et al., 2010; Coll et al., 2010b; Kleisner
et al., 2013; Shannon et al., 2010) and highlights the need to develop
improved management tools considering conservation issues of
natural resources.

In addition, our results show important differences for how
ecosystems are classified using current state and trend indicators
when explicitly considering the impacts of fishing on biodiversity.
Indicators that capture the dynamics of the fuller spectrum of fish
within an ecosystem, such as Trophic level of the Community and
the Non-Declining Exploited Species indicator, convey additional
information that complement that already provided by the more
traditionally accepted suite of ecological indicators used for detec-
ting fishing impacts, and can serve to strengthen the signals we  may
be receiving as warning of impending ecosystem change. Thus, the
new suite of IndiSeas-phase II ecological indicators provide useful
additional information in relation to wider biodiversity aspects of
the effects of fishing and highlight the potential for other factors
that should be considered when evaluating ecosystem status. In
systems where the patterns in the old and new suites of indica-
tors are similar, they may  still provide extra context and support
for the patterns seen with the IndiSeas-phase I indicators. These
indicators should be considered complementary to other ecological
indicators that measure fishing impacts on commercial stocks and
communities by capturing the broader effects of fishing on marine
biodiversity and ecosystems. While this study focusses specifically
on the effects of fisheries, wider ecosystem assessments of other
drivers in the marine environment (e.g. marine tourism, mining
and aquaculture) may  also benefit from inclusion of a wider range
of biodiversity and conservation-based indicators.

In a world largely focussed on exploited species, it seems that
indicators that capture the broader effects of fishing on marine bio-
diversity help move towards the conciliation of exploitation and
conservation issues (Brander, 2010; Palumbi et al., 2008; Worm
et al., 2006). Thus, biodiversity and conservation-based indicators
should be used in concert to provide additional useful informa-
tion to evaluate the overall impact of fishing on exploited marine
ecosystems.
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IndiSeas-phase I ecological indicators 
 

L: length (cm), i: individual, s: species, N: abundance, B: biomass, Y: landings, TL: trophic level 

Indicator Data needed Calculation 
State S 
Trend T 

Comments to guide calculation of indicators 

Total 
biomass of 
surveyed 
species-TB 

Time series of 
total biomass 
of surveyed 
species1 (tons 
or biomass 
index) 

 T 

Data: all surveyed species1. Specific surveys conducted for sampling 
eggs, larval and juvenile stages should not be considered. This B index is 
used only for trends so absolute biomass estimates are not needed. 

Question: Do different surveys have to be combined (demersal trawl, 
pelagic acoustic …)? 

In some cases, considering only the demersal trawl surveys provides an 
adequate estimate of biomass of demersal/pelagic fish and 
commercially important invertebrates. However, in some systems (such 
as upwelling ones), small pelagic fish are not adequately sampled in the 
demersal trawl surveys and thus dedicated small pelagic surveys are 
carried out. In those cases, local experts are to decide on appropriate 
methods of combining different surveys to provide a single total 
biomass index for the ecosystem. 

1/(landings 
/biomass)-BS 

Time series of 
total biomass 
of retained 
species2 (tons 
or biomass 
index) 

B/Y of retained 
species2 

T 

Meaning: Indicates a global fishing pressure at the community level. 

Data: Use total landings and biomass of retained species2. 

Used for trends so biomass indices can be used (but must be consistent 
across species and over the time series). 

Time series of 
total landings 
(tons) 

Mean length 
of fish in the 
community-
LG 

Time series of 
individual 
length 
measures 
(cm) 

N

L

LG i

i
  (cm) 

S, T 

Data: all surveyed species1, individual length measures from scientific 
surveys are required 

Question: In places where there is no data for length, what about 
weight? 

Weights are converted to lengths using w-l relationships. Time series of 
number of 
fish sampled 

TL landings-
TLc 

TL value per 
species 






s

s

s

ss

c
Y

YTL

TL  S, T 

Data: Fixed non-integer TL per species. All retained species2. TLs can be 
derived from Ecopath models or diet data. 

Question: If there is no Ecopath model implemented nor diet data 
available, can this indicator be calculated? 

As a stopgap, the estimates of TL in Fishbase (www.fishbase.org) are 
used. 

Time series of 
landings per 
species (tons) 

proportion of 
non-fully 
exploited 
stocks-SS 

 

number (non-fully 
exploited stocks)/total 
nb of stocks 
considered 

 

 [0,1] 

S 

Method: indicator based on FAO classification of the state of fishery 
resources, according to the following step-by-step procedure: 

- Listing the stocks that are referenced by FAO in the area of 
concern (http://www.fao.org/docrep/015/i2389e/i2389e.pdf, part 
D) 

- cutting this FAO list according to what is effectively retained in the 
ecosystem (= tot nb of stocks considered) 

http://www.fishbase.org/
http://www.fao.org/docrep/015/i2389e/i2389e.pdf






Definition of species used for the calculation of ecological indicators 

 

1 Surveyed species: 

These are species sampled by researchers during routine surveys (as opposed to species sampled 
in catches by fishing vessels), and should include species of demersal and pelagic fish (bony and 
cartilaginous, small and large), as well as commercially important invertebrates (squids, crabs, 
shrimps…). Intertidal and subtidal crustaceans and molluscs such as abalones and mussels, 
mammalian and avian top predators, and turtles, should be excluded. Surveyed species are those 
that are considered by default in the calculation of all survey-based indicators. 

2 Retained species (landed) 

These are species caught in fishing operations, although not necessarily targeted by a fishery (i.e. 
include by-catch species), and which are retained because they are of commercial interest, i.e. not 
discarded once caught, although this does not imply that sometimes certain size classes of that 
species may be discarded. A non-retained species is considered to be one that would never be 
retained for consumptive purposes. Intertidal and subtidal crustaceans and molluscs such as 
abalones and mussels are to be excluded. Retained species are those that are considered by 
default in the calculation of all catch-based indicators. 

3 Predatory fish species 

Predatory fish are considered to be all surveyed fish species that are not largely planktivorous (i.e. 
phytoplankton and zooplankton feeders should be excluded). A fish species is classified as 
predatory if it is piscivorous, or if it feeds on invertebrates that are larger than the 
macrozooplankton category (> 2cm). Detritivores should not be classified as predatory fish. 

4 Flagship species 

Flagship species must be species which are well known by the general public and for which 
abundance and population dynamics integrate direct and indirect ecosystem effects of fishing. A 
flagship species should be particularly sensitive to fishing and its abundance (or biomass) should 
be expected to decrease in response to increasing fishing pressure in the ecosystem. Examples of 
flagship species include seabirds, marine mammals, large predatory fish, turtles. 





% Catch that is coming from bottom trawl-beam trawl and dredges / the total 

catch 
x x 94 x 

Piscivorous fish / planktivorous fish catch or biomass ratios x 
 

100 
 

Seagrass, mangrove or oyster/mussel banks extent or coral reef condition x   59 x 

     

 


