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The levels of DPSIR framework
o m p o n e n S - Driving forces - Pressures - State (of the oceans) - Impacts - Responses

How do we
respond to the
impacts on the
ocean?

by Kristina Thygesen (http:/www.grida.no/resources/8124)

Driving forces

Pressures on the
Response ocean from human
monitoring activities, both land-
and ocean-based
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Food web components
& taxonomic resolution
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A= GE-41e0-0512x
R*=0.9251

Counted seals

0

2002 2004 2006 2008 2010 2012 2014 2016 2018

HELCOM core indicator report 2018
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Aggregated indicators
per trophic guild/
community







Reference: CPRIlindet (2004 to 2008) : Comparison: CPRIlindet (2009 to 2014)
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Greenstreet et al.
(2011, ICES JMS)
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Indicators aggregated
over entire food web
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Indicators aggregated
over entire food web
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How to integrate indicators for
ecosystem-wide assessment?

Ecosystem Level

\ ‘“;

~!_Challenge

A: Population trend and
abundance

B: Nutritional status
(blubber thickness)

C: Reproductive status
(annual reproductive rate)
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Data basis

e.g. for composite indicators
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- easier to determine
- not subjective
- suitable for every indicator

type

- more challenging ->
requires reference points
- often needed for
management




Combining single indicator trends

—— BB:p=0.08 —— GB:p=0.16 —— Bo3:p=008
—— BB:p=0.14 —— GB:p-0.08
—— BB:p= 000 — GB:p=067 — BoSip=0
—— BB:p=0 —— GB:p=0

— 080 p=0 == GB:p=0
= BB: p= 0.02 = GB:p=0

ZOIDD ECIII L]
Year

Bornholm Basin (indicator suite: TZA, MS, rCC, Sprat, Stickle, Cod )
0.50+
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But, detection of trend depends on:

- sample size
- presence of autocorrelation

ulll ni

g or autocorrelation is
IIII]][]:I - o present any method
T 1T will often poorly
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el MR a7 trend
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Hardison et al. (2019, ICESJMS)
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Strong AR
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Figure 2. Test rejection rates of simulated time series (p < 0.05) among different combinations of AR(1) process strength (p, = 0, 0.43, 0.9)
and trend strength (2, = 0, 0.026, 0,051, 0.147). Bar colour indicates the test for trend that was applied.

Hardison et al. (2019, ICESJMS)
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Biological Reference Points (RPs)

- Difficult to define for some type of indicators

threshold
o threshold value

 Fuzzy usage of term

® Narrow to broad Context - In single-species-based stock assessment

models RPs are widely used to define safe
levels of harvesting for marine fish populations.

+ In the context of ecosystem-based
management (EBM), RPs need to be re-defined
as ecosystem-level biological reference points.
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- In single-species-based stock assessment
models RPs are widely used to define safe
levels of harvesting for marine fish populations.

- In the context of ecosystem-based
management (EBM), RPs need to be re-defined

as ecosystem-level biological reference points.




Working Groups on Common RPs

NORTH PACIFIC MARINE SCIENCE ORGANIZATION

About~ Members~ MNews~ Programs and Projects -

Publications ~  Meetings ~

Capacity Building ~

Contact Us ~

Working Group 36: Common Ecosystem Reference Points

Acronym: WG 36
Parent Committee: FUTURE SSC
Term: Nov. 2016 — Oct. 2019

Co-Chair: Dr. Mary Hunsicker <Mary.Hunsicker@noaa.gov>
Co-Chair: Dr. Xiujuan Shan <shanxj@ysfri.ac.cn>

Mailing List

ICES Member Countri

ICES Cossot  Slomsp FAG  Gosswy  SharePuntlogn  Admin [Sewchini -p

CIEM COMMUNITY

Groups  Commitiees  Advisoryprocess  ICES Awards  Getirvolved

WGCERP

Working Group on Common Ecosystem Reference Points

The group aims at supporting, nationally and internationally, the sound use of marine ecosystem indicators in support to
management.
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Marine Strategy Framework
Directive (MSFD)

,This Directive establishes a framework within which
Member States shall take the necessary measures to

achieve or maintain good environmental status in the

marine environment by the year at the latest.

-Directive 2008/56/EG




Biological diversity

1

Eutrophication

\

|

Descriptors
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hydrographical
conditions

Sea floor integrity
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Elements of marine
food webs
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Biological diversity menetgsof marine
Wi

Determination of indicator

trend and status required,
as well as suitable actions

Introduction of energy
including underwater
noise

Contaminants in Marine litter
fish/seafood

for human

consumption

.‘Q@ % 9
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Setting baseline and threshold RPs

Increasingpressure and deteriorating state Destroyed,
> irrecoverahl;
- ;

Target setas range
from baseline:

B
Historical data

|
‘Targetsetas range Target setas range Target setas range
from baseline from baseline from baseline

OR OR
—_——— - —_— "

McQuatters-Gollop et al. - -
(2019, FMAS)
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Status of biodiversity core indicators in the sub-basins of the Baltic Sea

& HELCOM

State of soft bottom macrofauna
Diatom/dinoflagellate index*

Sutcession of dominating phytoplankton*
Zooplankton mean size and total stock
Coastal fish: piscivores

Coastal fish: cyprinids/mesopredatars

Coastal fish: key species

Salmon spawners and smolt

Seatrout spawners and parr

Grey seal: trends and abundance
Grey seal: distribution

Grey seal: nutritional status

Grey seal: reproductive status
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Harbour seal trends and abundance
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Harbour seal: distribution
Ringed seal: trends and abundance
Ringed seal: distribution

Waterbirds: wintering season

Waterbirds: breeding season

* Included as test

HELCOM (2018)

Summary of pressures and state per sub-basin & HELCOM

Eutrophication Benthic

stocks

Integrated *In

Pel
elagic b . o

Marine litter Fish . Not good

Hazardous substances
Good
Underwater sound Seals

Not good

Non-indigenous species* No quantitative

Waterbirds® .
assessment

Commercial fishing* Seabed loss and disturbance

The Quark Bothnian Sea

\
4

Northern Baltic Proper

Bothnian Bay

«/
&

%

Gulf of Fintand Gulf of Riga

SOFTWARE METAPAPER
BEAT 3.0 - a Tool for Integrated Biodiversity Assessments

Henrik Nygard!
and Samuli K

| Anderser?, Georg Martin®, Kaire Torn®

Nygard et al. (2018, JORS)
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Gulf of Finland Northern Baltic Proper Gulf of Riga

Ecosystem Mammals Fish Birds Pelagic habitat Benthic habitat
componant Ning>0 Ning=3(0) Ning>0 Ning>0 Ning>0
Weight = 0.2 Weight =0.2 (0) Weight =0.2 Weight =0.2 Weight = 0.2

5 - Demersal shelf fish Pelagic shelf fish Coastal fish
Species/habitat o Ning=0 Ning=2
siiin Weight =0 Weight =0.1 Weight = 0.1

. : F 1 K
Species/habitat ;‘:: ; 2 ;D::I::, 2 Indicatord Indicator
grovp element | | Weight =005 Weight = 0,05 i Al i L

Indicator 1 Indicator2 Indicator 3

Weight=0.025 Weight=0.025

SOFTWARE METAPAPER
BEAT 3.0 - a Tool for Integrated Biodiversity Assessments

Henrik Nygdrd', Ciaran Murray?, Jesper H. Andersen?, Georg Martin?, Kaire Torn?
and Samuli Korpinen'

T Marine Research Centre, Finnish Environment Institute SYKE, Mechelininkatu 34a, FI-00251 Helsinki, Fi

2 NIVA Denmark Water Research, Univate, Njalsgade 76, 4" floor, 2300 Copenhagen, DK

* Estonian Marine Institute, University of Tartu, Maealuse 14, 12618 Tallinn, EE

Corresponding author: Henrik Nygdrd (henrik.nygard@ymparistofi)

Nygard et al. (2018, JORS)
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Threshold detection to help define RPs

trend-based pressure-based

Indicator
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Threshold detection to help define RPs

pressure-based
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Large etal. (2013, ICESIMS) ~ AMO
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Threshold detection to help define RPs

Questions Purpose Concept

e e —
o Which data?

Which ecosystem states (S)?

Culling (expert opinion)
Supplementation (add indicators)
Interpolation (DFA)

S = Ecosystem state
§ i Which human activities (H)?
ind |Cat0r(5) Which environmental pressures (E)?

Pre—treatment

5 Gradient forest

° Are there thresholds?

Which human and environmental pressures

are likely to have nonlinear relationship with indicators? S

53

Screening

" 3 . Bivariate Univariate
o What type of nonlinearity exists?

What is the sign and functional form of the
relationship(s) between pressure(s) and indicator(s)?

GAM with autocorrelation
and/or
Specified functional form

ID shape

Gradient forest
Breakpoint analysis
Threshold GAM

o How strong are the nonlinearities?

What is (are) the location and magnitude
of the threshold(s)?

ID threshold

Samhouri et al.
(2017, Ecosphere)
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BUT: Number and location of thresholds method-dependent

Table 1: Comparison of number and location (loc) of change points (cpts) across time series dynamics
and methods. Orange cells indicate good matches with the true dataset.

Time series AMOC PELT- PELT-CROPS bcp GFT Breakpoints segmented tree
(loc of true AlC (F

cpts) test)

1changein 28 (too (too many) 28 28
mean (Nile many)
data, #28)

1changein 25 13,14,23,24,25
mean (at
#25)

3changes none 10,2646 10,2646 10,26,34 10,16,26,33,45
in mean (at
#10,25,45)

1 break in (3 381318 381318 8 8(6)
relationship
(at #10)

Cubic 35 (too none 3243 30 8,26,41 25,3543
decay many) (34)
function

Highlynon- none 17,32  17,31,3945 3945 33 & 102643 112644 1622323945
linear (4 (39)

breaks at

#10,25,45)
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Table 1: Comparison of number and location (loc) of change points (cpts) across time series dynamics
and methods. Orange cells indicate good matches with the true dataset.

Time series AMOC PELT- PELT-CROPS bcp GFT Breakpoints segmented tree
(loc of true AIC (F

cpts) test)

1changein 28 (too (too many) 28 28 28 3 28
mean (Nile many)

data, #28)

1changein 25 25 13,14,23,24,25 SN IS 25 14 25
mean (at

#25)

3changes none 10,2646 10,26,46 26 26 10,26,34 20 10,16,26,33,45
in mean (at
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relationship
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Cubic 35 (too none 3243 30 8,26,41 30 25,3543
decay many) (34)

function
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linear (4 (39)
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More
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Manage-
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measures
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Fig. 1. Location of the ten marine ecosystems studied (BS = Black Sea, GoG = Gulf of Gabes, NS = North Sea, SC8 = Southern Catalan Sea, SEA = Southeastern
Australia, SB = Southern Benguela, WC = West coast of Canada, WS = Western Scotland, WFS = West Florida Shelf, and WSS = Western Scotian Shelf). Four
ecosystem modelling frameworks were used to simulate the dynamics of these ten ecosystems: Ecopath with Ecosim (EwE), OSMOSE, Atlantis, and multispecies size-

spectrum model (SS).
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Ideally, indicators are

- sensitive

- robust

- specific to single pressures
- spatially universal

Performance

Cumulative
effects &
Trade-offs

50.



Spawning Stock Biomass

——-. Blim
snsnnes h
——— MSYBtrigger

$SBin1000 t

1973 1983 1983 2003 2013 1963 1973 1983 1993 2003 2013

Cod in Subarea 4, Division 7.d, and Subdivision 20. State of the stock and fishery relative to reference points.

Fishing pressure Stock size
2016 2017 2018 2017 2018 2019

yield QO QO o o O Q|0 seowrigger

By gger

Precautionary approach |:;w";llm 0 o unsustainably p.’BIim o o :.M

Management plan Facr —  Not applicable Byer — Not applicable
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Ideally, indicators are

- sensitive

- robust

- specific to single pressures
- spatially universal

Performance

Cumulative
effects &
Trade-offs
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How to quantify indicator per

Semi-quantitative approach

Queiros et al. (2016, FMAS)

ormance?

FIGURE 1 | Overview of the elements in the 1Q-ES framework for candidate indicator selection. Candidate indicators are tested on the basis of eight
indicator quality critenia (I01-408), each of which are evaluated and scored through five sequential steps (ES1-ESS). The final score for each candidate indicator is
calculated across IQ1-108 in evaluation step 6 [ESE). The comparison of the total quality score of candidate indicators is intended to provide an objective and

Aim: Objective, Transparent and
Repeatable Assessment of Quality of
Candidate Indicators

INDICATOR QUALITY CRITERIA (1Q)
1Q1. Scientific basis

1Q2. Ecosystem relevance
1Q3. Responsiveness to pressure
1Q4. Possibility to set targets within the

indicator response

1Q5. Precautionary capacity/early
warning/anticipatory capability

1Q6. Quality of sampling method:
measurable, accurate and precise outputs

1Q7. Cost-effective implementation
1Q8. Part of an existing or current ongoing
monitoring or data

ES6. Sum of quality scores across 1Qs, per
indicator

Comparison of ES6 Scores For Candidate
Indicators

transparent basis to inform indicator selection.

CANDIDATE INDICATORS

AR

N
EVALUATION STEPS (ES)
ES1-ESS

EST=ESS
ES1-ES5
ES1-ESS
ES1—ESS
ES1=ESS
ES1-ES5

ES1-ES5

X, 10; (ESS)

N

SELECTION OF HIGHEST
SCORING INDICATOR
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How to quantify indicator performance?

IND data Pressure data

Fully quantitative approach

Contents lists available at SclenceDirect

Eevfogtedl Indicatots & scoring criteria based on model outputs

journal homepage: www.alssvier.com/locate/ecolind

Original articles

visualize scores assess redundancies

A quantitative framework for selecting and validating food web indicators ®(mwm

Saskia A. Otto™™, Martina Kadin™", Michele Casini”, Maria A, Torres”', Thorsten Blenckner” Similarities in performance across indicators.

i ond Fiheries Selsnce, e for v and Sustainabl bury Grase Ebsrase 153, 1.22767 Humburg,

Y stackhobm Restlience Centre, Stackholm University, Krifnket 28, SE-106 91 Stockbob, Swoden
© Currens: address: School of Aguatic and Fihery Sciences, University of Wassingion, 1122 NE Boat St, Bax 355020 Seaice, WA 98195, USA
PRESS type 3

 Swedish Univrsity of Agriculural Sciences, Depariment of Aguuric Resources, insitute of Marine Researd, Turistgatun 5 SE-453 30 Lysekil, Sweden
PRESS type 1
(Sensitivity & R (Sensitivity &
b ) Robustness)
\ ——

= Sweddish Unéversity of Agricultural Sciences, Deparment of Aquatic Resverces, Institute of Cousial Research, Skolpatan 6, S8 742 42 Gregrund, Sweden
, ‘ 0
PRESS type 2 » / IND A INDC INDD IND B INDE
(Sensitivity & 100% ol max. score

¥ Cuarrent address: Centre of Marine Sciences, Universicy of the Algarve, Campus de Garnbelos, 8005199 Faro, Porgal
Selection of best performing and complementary IND suite

——
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2004
L N state space
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How to quantify indicator performance?

# Evaluation of Indicator Perfor X +

C (@ saskiaotto github.io/INDperform

_* & /* IDperform 0N Links

INDperform
INDperform is an R package 2 5 3 org/
the ecological status based ] Slmple Implementatlon of the

Finding suitable state indic:
Particularly, features associ framewo rk,
neglected due to the lack o
for selecting and validating

iy many indicators can be tested within

functions to

+ identify temporal indi mlnu‘tes

« model relationships t
and to
+ quantify the robustne

1skiaAOtto/

ek o criteria and scoring scheme can be
scheme for selected criteriz eaSin adJUStEd

combination of tools provic

a management schemes such

. . Bt o analysis splits into train and test data
shiny app in prep ... Sclence R, dfvers - allows for testing robustness after
: regime shifts

Latest New

In Version 0.2.1, a minor bug ... - S . e,
some tests, But this bug did not affect the modelling results or performance of the previous version.
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Additional measure of robustness

Running analysis
for 2 time periods,
e.g. before and after
ecosystem shifts

- Baltic example:

b/

INDperform

Indicator

Breeding Waterbirds

Wintering Waterbirds

Cod

Climate Eutrophication

Sprat

Herring

Total Zooplankton Abundance

Zooplankton Mean size

Diatom— Dinoflagellate Index

Cyanobacteria

Secchi Depth

Anoxic Area

Same (42%)

. Different (58%)

Fisheries

Heidrich et al. (in prep.)
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Bi-trophic food web model
based on Multivariate
Autoregressive Model
(MAR)

ABherr

|

Torres et al. (2017, Ecol Ind)

\ l s
ABcod 5*.

Non-significant (Cl, 95%)
—» Significant (Cl, 95%)

S7.



Tri-trophic food web
model based on coupled
GAMs/TGAMs

Indicator
network

Indicator

network Predictions
of historical
time series

Planktivore -
fish-based indicator

Simulations

=
<
g
=
o
=
<
(G}

Secondary producer -
zooplankton-based
indicator

Model component coupling

Validation

[ Scenarios with future pressures ]

Kadin et al. (2019, FMAS)

Findings call for
adaptive target
setting under

climate change

58.



LPF Climate projection
i = HadCM3

~
-
E e ECHAMS
S 4
% 1 + No climate effect
N
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@ _|
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Feoq=0.3 Fcog= 0.6
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SPF Sprat
Increage Current Increase Current

\/?7 Findings call for
V adaptive target

setting under
28 e climate change

Increage Current Increase Current

/
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Know your target audience

" Bespecific about the indicator type and role
. and communicate that accordingly
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Combining frameworks

Management
Strategy Evaluation > -~

Threshold @ " Indicator
identification > performance &

Pressure identification

AR A s A




Thanks to

=== * All collaborators: Thorsten Blenckner
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