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IndiSeas: Background and General Approach

@ Synthetic multispecies and ecosystem-based indicators needed to
monitor and manage marine ecosystems

@ Complement single-species-based fisheries management
@ Progress towards an ecosystem-based approach to fisheries (EAF)

@ 2005: Follow-up to the SCOR/IOC Working Group on Quantitative
Ecosystem Indicators (2001-2004)

@ NoE EUR-OCEANS IndiSeas Working Group to undertake a comparative
study on EAF ecological indicators (2005-2010)

@ Lead by Yunne-Jai Shin, Lynne J. Shannon and Philippe Cury

Shin and Shannon 2010. ICES JMS, Shin et al. 2010. ICES JMS



IndiSeas: Background and General Approach

@ Selected a suite of community- to ecosystem-level data-based indicators

@ Represented a minimum list of indicators that were easy to calculate and agreed
upon with respect to several criteria

@ Calculated the Indicators for several exploited marine ecosystems worldwide

@ Developed comparative results to provide insights on the relative current states
and recent trends of these ecosystems

Two important features: —

We included ecosystems that are normally excluded from studies that require more
complex indicators only applicable to data-rich situations

We involved local experts to help interpret results from each ecosystem

Shin and Shannon 2010. ICES JMS, Shin et al. 2010. ICES JMS



IndiSeas: Selection of Indicators

@ Examined and reviewed ecological indicators to identify most suitable
for evaluating ecosystem effects of fishing across ecosystem types

® Built a dashboard of indicators to evaluate the status of marine
ecosystems in a comparative framework

® Not development of new indicators, but used specific criteria to select
the most representative and practically achievable and meaningful set

@ Step-by-Step process: define objectives of the WG and requirements of
the indicators, identify potential indicators with literature review,

determine screening criteria, rank the indicators

@ Criteria: (i) data availability, (ii) ecological meaning, (iii) sensitivity to
fishing, (iv) public awareness & (v) ecological objectives

Shin and Shannon 2010. ICES JMS, Shin et al. 2010. ICES JMS



IndiSeas: Selection of Indicators

@ Measurability: data estimated routinely, so the potential data to calculate
the indicators needed to be readily available across a range of marine
ecosystems

@ Survey-based: Indicators were mostly independent of the fishery in
contrast to other comparative studies of fished ecosystems (model-derived or

catch-based indicators)

@ Multi-institutional collaboration: sharing scientific data and scientific
diagnoses based on local expertise in each ecosystem investigated

Shin et al. 2010. ICES JMS



IndiSeas: Selection of Indicators

@ Ecological meaning: reflected ecological processes occurring under fishing
pressure and based on strong scientific and theoretical knowledge

@ Sensitivity: were able to track ecosystem changes due to fishing, hence high
correlation between trends in the indicator and in fishing pressure

@ Public awareness: meaning and link of indicators with fishing widely and
intuitively understood to avoid abstract ecological features

+ four ecological attributes to be linked with ecosystem health and management
strategic priorities:

(i) Conservation of biodiversity
(ii) Maintenance of ecosystem stability and resistance to perturbation
(iii) Maintenance of ecosystem structure and functioning

(iv) Maintenance of resource potential

Shin et al. 2010. ICES JMS



IndiSeas: Selection of Indicators

CB, conservation of biodiversity; SR, maintaining ecosystem stability and resistance to perturbation; EF, maintaining ecosystem structure and functioning; RP,
maintaining resource potential.

Shin et al. 2010. ICES JMS



IndiSeas: Selection of Indicators

@  During 2005-2008 the WG agreed on a suite of eight ecological indicators

@  Six indicators of State (S) and six indicators of Trend (T)

Shin et al. 2010. ICES JMS



IndiSeas: Calculation of Indicators

@  2008-2009. Calculation of indicators with standardized procedures
®  Current States (2003-2005) and recent Trends (1980-2005 and 1996-2005)

@ All indicators defined to decrease with increasing fishing pressure

Shin et al. 2010. ICES JMS



IndiSeas: Calculation of Indicators

Indicators Headline Source Calculation, notations, units
label
Mean length of fish in the fish size Fisheries Independent Z L.
community Surveys = = '
L= (cm)
N
Mean life span of fish in life span Fisheries Independent age B
the community Surveys — ;( 9 Bs) 1
LS = v
2B
S
Total biomass of species  biomass Fisheries Independent B (tons)

in the community

Proportion of predatory
fish in the community

TL landings

1/(landings /biomass)

Proportion of under- and
moderately exploited
stocks

1/CV total biomass

% predators

trophic level

inverse
fishing
pressure

% healthy
stocks

Biomass
stability

Surveys

Fisheries Independent
Surveys

Commercial landings and
estimates of trophic level
(empirical and fishbase)

Commercial landings

FAOQO data and local
expertise

Fisheries Independent
Surveys

prop predatory fish=B
predatory fish/B surveyed

DL Y,

T_I—Iand = ST

B/Y retained species

Number (under- p moderately
exploited stocks)/total number
of stocks considered

Mean(total biomass for the
past 10 years)/s.d.(total
biomass for the past 10 years)

Shin et al. 2010. ICES JMS



IndiSeas: Comparative Approach

® 19 ecosystems

@ 32 countries

® Temperate, Tropical,
Upwelling, and High latitude
ecosystems

@ Span different socioeconomic
situations, and vary in ecosystem
structure, environmental forcing,
and exploitation histories

Shin et al. 2010. ICES JMS



IndiSeas: Comparative Approach

Shin et al. 2010. ICES JMS



IndiSeas: Comparative Approach

The WG developed and applied different analyses and methodological approaches:

e Comparison of S, keeping in mind difficulty to establish reference points
e Comparison of T, with linear & non-linear approaches

e Decision-tree criteria to evaluate T

e Ranking criteria using bothSand T

e Environmental parameters in comparison of Sand T

e Comparison of similar ecosystems

e Investigation of how the quality of trawl-based surveys influence results

Special volume 67(4) of ICES Journal of Marine Science, 2010



IndiSeas: Comparative Approach

Can simple be useful and reliable? Using ecological indicators to represent and

compare the states of marine ecosystems: Shin et al. 2010b.

@ Can we directly compare
ecosystems of different types
by using a common set of
indicators?

@ Check whether reference
levels for these indicators are
similar across ecosystems

@ Use of an expert survey of
scientists to define reference
levels (ecosystem
overexploitation)
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IndiSeas: Comparative Approach

Shin et al. 2010b. ICES JMS



IndiSeas: Comparative Approach

Trend analysis of indicators: a comparison of recent changes in the status of marine
ecosystems around the world: Blanchard et al. 2010.

@ Explore changes of
indicators using both linear
and non-linear statistical
methods for quantifying T

@ Compare and contrast T in
indicators across ecosystems

@ Address the redundancies
and/or complementarities of
indicators by looking at
similarities in temporal
dynamics




IndiSeas: Comparative Approach
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IndiSeas: Comparative Approach

The good(ish), the bad, and the ugly: a tripartite classification of ecosystem trends:
Bundy et al. 2010.

Application of a decision-tree
framework, with associated decision
rules, to classify the health of marine

ecosystems using a suite of ecological
indicators of T

1980-2005

No T, +T,-T
Rulel: one (-) out
Rule2: 2(+) no (-)




IndiSeas: Comparative Approach

Ranking the ecological relative status of exploited marine ecosystems: Coll et al. 2010.

(a) Rank by ecosystem states and short-term trends

® S and T used to rank exploited :  —
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IndiSeas: Comparative Approach

#® Ranking with S and T differed
because of differences in trends

® N2 of ecosystems classified as
“unclear or intermediately
impacted” increased with time,
and the “less strongly impacted”
and “more strongly impacted”
were maintained

® Ecosystem type, enforcement,
primary production, sea
temperature, and fishing type
were important variables
explaining the ecological
indicators

From long-term to short-term trends

Coll et al. 2010. ICES JMS



IndiSeas: Comparative Approach

Relating marine ecosystem indicators to fishing and environmental drivers: an
elucidation of contrasting responses: Link et al. 2010.

& Analysis of the specificity of
S and T indicators, and key

drivers: fishing and the

environment
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IndiSeas: Synthesis and Graphic Representation

® A special emphasis was given to conveying results clearly

#® Images were ideal tools to convey the information from the suite of
indicators regardingSand T

Pie diagrams for States (S) Bar plots for Trends (T)



IndiSeas: Reaching the public

www.indiseas.org



IndiSeas: Reaching the public
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IndiSeas: Reaching the public




IndiSeas: What have we learned?

@ A set of indicators is helpful in establishing a diagnosis of the status of
exploited ecosystems

® A comparative approach enables greater understanding of the driving
mechanisms of exploited marine ecosystems

@ The simple, yet rigorous, and often available indicators of IndiSeas provide
good perspective of ecosystem status and the impacts of fishing, and
complement more specific or rich-data assessments

@ Need of local experts to interpret results

Advantages and disadvantages —

States: easier to calculate, but less informative and difficult to compare
Long-term trends: more informative, fully comparable, but data challenge
Short-term trends: data available, but less informative

Decision tree: provides diagnosis applicable for management, but previous
classification needed

Ranking: complete picture of S and T, but weighting method needed
Drivers: informative and necessary




IndiSeas: What have we learned?

- Some consistent patterns observed across ecosystems, methods and indicators
(state or trend) for long term trends:

6 ecosystems identified as deteriorating/impacted

2 ecosystems identified as less impacted/non-deteriorating

3 ecosystems identified as improving or highly ranked

8 ecosystems with mixed results due to difference in methodologies

- Results using short term T were more variable, but there were consistent patterns
across 8 ecosystems. Most showed a prominence of primary human driver and of
secondary environmental driver

@ General evaluation indicates an overexploitation state and declining trends in
several marine ecosystems

@ Fishing is a prominent driver, environment follows, depending on local conditions

@ |ndicators expected to decrease with increasing fishing, but they do not vary
exclusively in response to fishing, so need to consider multiple drivers of change




IndiSeas2
Objectives and General Approach

Synthesis of IndiSeas results

Future developments
e Add marine ecosystems to the comparison
e Complement the suite of indicators and update them to 2010

e Complement available indicators with additional indicators not necessarily
available for all the ecosystems (e.g. discards) and model-derived indicators

e Importance of considering environmental indicators as synergistic or
antagonistic drivers of ecosystem dynamics

e Need to further work on indicators’ thresholds and reference points

e Need to assess the responsiveness of indicators to specific management



IndiSeas2: Objectives and General Approach

The main objective of IndiSeas2 is to refine the evaluation and communication of
the ecological status of marine ecosystems subject to multiple drivers (climate,
fishing) in a changing world in support of an EAF

@ IndiSeas2 WG aims to:

(i) Update the ecological set of IndiSeas indicators and expand the range of
ecosystems included

(i) Include biodiversity and conservation-based (Marta Coll & Lynne Shannon),
environmental (Jason Link & Larry Hutchings) and socioeconomic indicators (Alida
Bundy & Ratana Chuenpagdee)

(iii) Further explore and test the set of indicators with development of new
methods (integration, reference levels, test responsiveness and performance, and
modeling) (Steve Mackinson & Yunne Shin —Julia Blanchard & Jake Rice)

IndiSeas2 is lead by Yunne-Jai Shin, Lynne J. Shannon and Alida Bundy




IndiSeas2: New Indicators on biodiversity and
conservation-based issues

® Two of IndiSeas indicators were selected specifically to measure the
impacts of fishing on the ecological attribute “Conservation of functional
diversity”:

Proportion of predatory fish

Proportion of underexploited stocks

@ IndiSeas2 will include a set of indicators that can quantify the broader
biodiversity and conservation risks in ecosystems

@ Step-by-step process: define objectives of the group, requirements of the
indicators, identify potential indicators with literature review, and determine
screening criteria

@ The set of new indicators will be small, simple, available and rigorous

@ Criteria: data availability, ecological meaning, sensitivity to fishing, and
public awareness, under a comparative approach framework



The indicators under consideration

In collaboration with Lynne J. Shannon

INDICATORS CHOSEN BY THE GROUP:

% Predatory fish in the catch

% Healthy stocks (FAO data and experts)

Proportion of all exploited species with declining biomass

Intrinsic vulnerability index of the catch -- W. Cheung and colleagues (FishBase)
Relative abundance (or biomass) of flagship species

Areas not impacted by mobile bottom gear

Marine Trophic Index -- D. Pauly and colleagues (CBD)

Mean trophic level of the community

Total (commercial) Invertebrates / Total catch or biomass

Discard rate

OTHER INDICATORS THAT WERE DISCUSSED:

Total fish / Total catch or biomass

% Depleted commercial taxa

Number of critically endangered, endangered, vulnerable or near threatened species (IUCN criteria)
Threat indicator for fish species -- N. Dulvy and colleagues (using IUCN criteria)

Endemic or rare (fish) species in the catch

Proportion of fish species included in the catch or total taxonomic groups (families, orders)

Total surface area of the ecosystem formally protected from fishing, or closed to fishing

% Catch that is coming from highly bottom impacting fleets / the total catch

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

Piscivorous fish / planktivorous fish catch or biomass ratios

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




The indicators under consideration

Criteria of ecological meaning, sensitivity to fishing, data availability, and public awareness

INDICATORS CHOSEN BY THE GROUP:

Biodiversity/conservation-based indicators Slizgc:ilf?g;f]ile Sensitivity Meas;/roz;\bility awF;l:ZrI:Zss
% Predatory fish in the catch X X 100 X
% Healthy stocks X X 100 X
Proportion of all exploited species with declining biomass X X 88 X
Intrinsic vulnerability index of the catch X X 100 X
Relative abundance (or biomass) of flagship species X X 88 X
Areas not impacted by mobile bottom gear X 88 X
Marine Trophic Index X X 100 X
Mean trophic level of the community X X 76 X
Total (commercial) Invertebrates / Total catch or biomass X X 94 X
Discard rate X X 94 X

In collaboration with Lynne J. Shannon



The indicators under consideration

The decision so far...

IndiSeasl:
* % Predatory fish in the community (State & Trend)
* % of under-and moderately exploited stocks (State)

New indicators:

* % of exploited species with declining biomass (State)

e Intrinsic vulnerability index of the catch (State)

 Relative abundance (or biomass) of flagship species (Trend)
e Marine Trophic Index (of landings, Trend)

Complementary:

e TL of surveyed community to complement MTI and TLc
e Discard (% or discard rate)

In collaboration with Lynne J. Shannon



Food-web model-based indicators

Species / Ecological groups indicators

Biomass, Production and Consumption ratios
Indicators of fishing impact: F/Z, PPR, TLc
Trophic level

Mixed trophic impact analysis

Keystone species

Total trophic flows, transfer efficiencies
Ecosystem development (Odum; Ulanowicz)

Food web / Ecosystem emergent properties

Single species indicators
Population indicators
Community-based indicators

Ecosystem indicators

@ Ecosystem structure
@ Ecosystem functioning
@ Fishing and environmental impacts

® Biodiversity and conservation-based




Food-web modelling

Due to human activities, important changes may have occurred in marine food webs

Food web modelling (ECOPATH with ECOSIM)
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Graph design: Daniel Pauly; Artist: Rachel Atanacio



EwWE Food-web modelling

Ecopath with Ecosim — EWE — www.ecopath.org

Worldwide applied tool for the description of ecosystem structure and functioning (mainly marine), for
theoretical analysis of food webs, and for investigating various ecological issues in an EAF context


http://www.ecopath.org/

EwWE Food-web modelling

(1) ECOPATH: mass balance static routine (0D, NO time dynamics)
(2) ECOSIM: time dynamic (0OD)

(3) ECOSPACE: time dynamic and spatially explicit (2D)

Polovina, J. J. (1984) Model of a Coral-Reef Ecosystem .1. the Ecopath Model and Its Application to French
Frigate Shoals. Coral Reefs, 3, 1-11.

Christensen, V. & Pauly, D. (1992) ECOPATH Il - A software for balancing steady-state ecosystem models
and calculating network characteristics. Ecological Modelling, 61

Christensen, V. & Pauly, D. (1993) Trophic models of aquatic ecosystems, edn. ICLARM Conference
Proceedings

Walters, C., Christensen, V. & Pauly, D. (1997) Structuring dynamic models of exploited ecosystems from
trophic mass-balance assessments. Reviews in Fish Biology and Fisheries, 7, 139-172.

Walters, C., Pauly, D. & Christensen, V. (1999) Ecospace: prediction of mesoscale spatial patterns in trophic
relationships of exploited ecosystems, with emphasis on the impacts of marine protected areas.
Ecosystems, 2, 539-554

Christensen, V. & Walters, C. (2004) Ecopath with Ecosim: methods, capabilities and limitations. Ecological
Modelling, 72, 109-139



Ecopath - Mass balance modelling

Flow of energy or mass

Respiration

Yield

Food Predation
Consumption

Net migration

Other mortality

Unassimilated

&) L efrom

Assumptions —

MASS BALANCE: For each compartment i
(species or functional groups) a balance is
set up between consumption and all
productions

STATIC SNAPSHOT:
- Biomass average
- Ratios as annual average

P n
(E) .BiI: Pre%l(%jj | Bj | DCij

Bi  Biomass
P/Bi Specific Production

Q/Bi Specific Consumption

DCji Fraction of prey (i) in diet of predator (j)
BAi Biomass Accumulation

Yi  Catch
EEi production used within the system

1- EEi is the unexplained mortality

+Y 4-BA +(g) .B,-(1-EE,)

Polovina, J.J. 1984. Coral Reefs, 3:1-11; Pauly et al. 2000. ICES J. Mar. Sci., 57: 697-706; Christensen and Walters. 2004. Ecol. Model., 172(2-4): 109-139



Tuna fishery

Longline
Purse Seine Trawling
/-
l .
M i 4 .
I\A I |
Pr—— v A
> I )
9 = - vl )
o v A I
— A L v
S '_l o II 4 el
o v . A || v Il v
= b —— v v
- + "'}é A 4  /
A




Ecopath applications

L. Morissette PhD 2007. Ecosystem models constructed from 1984 to 2007 with Ecopath. A total of 393 models are shown on the map, 316 in
marine habitats, 71 in rivers, lakes or reservoirs, and 6 terrestrial ecosystems.



Mediterranean Ecopath applications

Comparative approach
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Applications by method and by topic

Proportion of applications
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Ecosystem indicators by ecosystem type

Ecosystem type: 1 = lagoon, 2 = coastal areas, 3 = continental shelf, 4 = continental shelf and slope

N

Coll & Libralato, 2011. Fish and Fisheries



... by basin and exploitation

Basin: 1 = North-Western, 2 = North-Central, 3 = North-Eastern

Fishing: 1 = none/slight fishing, 2 = high fishing Coll & Libralato, 2011. Fish and Fisheries



Comparison of Ecopath models and SIA

To depict the trophic position (trophic level and 815N values) and trophic width (omnivory index and
total isotopic area) of several species of fish, cephalopods, cetaceans, seabirds and one sea turtle

Navarro et al. 2011. JEMBE



Comparison of Ecopath models and SIA

Omnivory index (Ol) calculated with
Ecopath model with the total isotopic area (TA)
calculated with the isotopic values for fish,
cephalopods, seabirds, cetaceans, and marine turtles

Rs=0.69, p=0.0001

The trophic level (mean) calculated with the Ecopath Rs=0.44, p=0.06

model and the ®15N values (mean)

Navarro et al. 2011. JEMBE



Identification of keystone functional groups
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Impact

Analysis

MTI, = DC, — FC

Ji

Phytoplankton

- Qo

Micro- and mesozooplankton
Macrozooplankton

Jellyfish

Qe

o

Suprabenthos
Polychaetes

°

0 o
£
© a
-
ge @
® OG5
Q> 9
S c o0
2 L L
Eafcss
EQ9ZEE
.CgOCIJ(D
%] Zoo
- e
° . 0o
° .
-00@®
O-o
[oXe) .
. e
. e -
. . o
o .
° .
DN X
e o .+ <+ 0O

Benthopelagic cephalopods
Mullets

Conger eel
Anglerfish
Flatfishes

Poor cod

Juvenile hake
Adult hake

Blue whiting

Demersal fishes (1)

Impacted group

(%]
o}
k)
n = ©
Se 2x>50 c o
98 5585 58
mméwcgg— =T
(O] (ST Q,Q oo 3
cc052L 380 = c ¥
BEL 253 Tx cGT
hhw%ccéo Sc 3
T T ® 86 0 QG
QE{’_’ocumwgg_gh:'E
£ oo 0x=P0
EEEE9988CE5 3
s < @ D
O 00 Q33 S8 = 20
D00 wSI=ZH I
s e s e e @ @ o o .
o - ® o0 DI
«® .. °
o ° DI . . .
@ ° o o . .
o o - .
o B .
P .
o
Oo o .
. e - @0 -0
. .
. . °
o - o)
R
< e
e ¢ + 0 0 o . .
.o ) . o o
o o e
e . . . . .
. o .
. 0.0o.
. o
L[]
o - e - - R
Yo L e e e
° - o o e e .
. o - 00 -0
o

Audouins gull

Other sea birds
Dolphins

Fin whale

Discards1
Discards2

Detritus

Trawling fishery
Purse seine fishery
Longline fishery
Troll bait fishery

.
o o

@ ..
® O o o

‘ Positive

O Negative

Phytoplankton

Micro- and mesozooplankton
Macrozooplankton
Jellyfish
Suprabenthos
Polychaetes

Shrimps

Crabs

Norway lobster
Benthic invertebrates
Benthic cephalopods
Benthopelagic cephalopods
Mullets

Conger eel
Anglerfish

Flatfishes

Poor cod

Juvenile hake

Adult hake

Blue whiting
Demersal fishes (1)
Demersal fishes (2)
Demersal fishes (3)
Demersal sharks
Benthopelagic fishes
European anchovy
European pilchard
Other small pelagic fishes
Horse mackerel
Mackerel

Atlantic bonito
Swordfish and Tuna
Loggerhead turtles
Audouins gull

Other sea birds
Dolphins

Fin whale

Discards1

Discards2

Detritus

Trawling fishery
Purse seine fishery
Longline fishery

Troll bait fishery

Impacting group




Identification of keystone functional groups

Keystone species are defined as relatively low biomass species with disproportionate high
effects on the food web

n B
The overall impact: &= [>.m Pi = S'B
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Identification of keystone functional groups

Keystone species are defined as relatively low biomass species with disproportionate high

effects on the food web

The overall impact:

Keystone species

(ks = 0) KS, =logle, -

Relative total
impact &
Keystoneness: key
species

Libralato et al. 2006. Ecological Modelling

Keystone Index #1 (LIbralato et al, 2006)
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Identification of keystone functional groups

Keystone species are defined as relatively low biomass species with disproportionate high

effects on the food web

The overall impact:

Keystone species KS. = |Og[gi -(1- pi)]

(KS 2 0)

Relative total
impact &
Keystoneness: key
species

Libralato et al. 2006. Ecological Modelling
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Identification of keystone functional groups

Keystoneness

25
e keystone functional groups
e structuring functional groups
204
°©
i
i,
E ° o
o
>
o
()
5 o®
E -9
(]
3 e o °
-2.5 o e 5] °
(]
-3.0 o
o © o
-3.5 o
o o
4.0 0.4 0.6 0.8 1

Relative overall effect . .
Biomass proportion

Fished ecosystem models (N = 627): 2% identified keystone groups; 4% structuring groups

Non-fished (or slightly fished) ecosystems (N 188): 6% identified keystone groups; 4% structuring

Coll & Libralato, 2011. Fish and Fisheries



Indicators

from Ecosim

Biomass (t-km?)

Biomass (t-km?)

Biomass (t-km-2)
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Indicators from Ecosim

Invertebrates / Fish biomass

Commercial Invertebrates / Commercial fish Biomass & Catch
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Indicators from Ecosim

IndiSeas2

Biomass (%) Predatory Fish

% Predatory fish in the community (State & Trend)
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Coll et al. 2008. Ecological Modelling



Indicators from Ecosim

Demersal / Pelagic biomass

Flow to detritus (t-km 2.y™)
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Indicators from Ecosim

Primary Production Required

70 4

Amount of primary production
— required to produce 1 unit of
production at each TL

(Pauly & Christensen, 1995. Science)
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Indicators from Ecosim

Loss in production index (L)
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Libralato et al. 2008. MEPS, Coll et al. 2008. PLoS ONE



New Index of Ecosystem Overfishing

Idea for a new index based on:

PPR%

- Simple ecological theory
- Data and input information easy to get
- Broadly applicable

- With possibility to identify REFERENCE
VALUES

Basics of the new idea

b is intrinsically less disrupting than a

cis more disrupting than a

Tudela, Coll, Palomera 2005. ICES JMS

Buffer zone

“b
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ecosystem

v

TLcatch



The Energy Flow...
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Libralato et al. 2008. MEPS



The Exploited Energy Flow
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The loss in production is used as a proxy for quantifying the disruption
of the ecosystem due to fishing exploitation
Libralato et al. 2008. MEPS




New Index of Ecosystem Overfishing

_F>F>Ri_TET“—1
PP InTE

| =

In case of multi-target fisheries (m species):

PP.InTE
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Estimates of the index for

1- Local diet studies and catch statistics
2- Food web models

3- catch data and literature diet

Libralato et al. 2008. MEPS



New Index of Ecosystem Overfishing
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Libralato et al. 2008. MEPS



L index

New Index of Ecosystem Overfishing

Temporal dynamic models fitted to time series of data (FC, UBC)
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Global Evaluation of Overfishing
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Some remarks...

@ A set of indicators is helpful in establishing a diagnosis of exploited ecosystems

@ A comparative approach enables greater understanding of the driving mechanisms
@ Simple data-base available indicators provide good perspective of ecosystem status
@ Can be complemented with more specific indicators (modelling-based or rich-data assessments)

@ Need to take into account multiple drivers of marine ecosystems (fishing, environment)
@ Need to look at different components (populations, communities, ecosystems, commercial, non-commerecial)

@ Involvement of local experts to interpret results

@ Investigate indicators’ responsiveness to management, thresholds and reference points
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