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REPORT OF THE TRAINING-WORKSHOP

Training-workshop on the Introduction of Ecopath with Ecosim Program for the
Assessment and Management of Fisheries Resources was financed by the Project entitled Establishment
and Operation of a Regional System of Fisheries Refugia in the South China Sea and Gulf of Thailand. It
was organized virtually via Zoom Platform by the Department of Fisheries on 29" November — 3™
December 2021. The training-workshop was instructed by 2 experts: Prof. Tuanthong Jutagate, Ph.D.
from the Faculty of Agriculture, Ubon Ratchathani University and Dr. Elizabeth Ann Fulton from CSIRO -
Division of Marine and Atmospheric Research. There were 15 participants from the Department of
fisheries attended the training-workshop. Agenda and a list of participants are shown in Annex 1 and 2,
respectively.

The course aimed to introduce to the fisheries technical officers in the Department of
Fisheries a basic functional understanding of what the model of Ecopath and Ecosim (EwE) does and
how to use it for assessment and management of fisheries resources. It was introduced that EwE was a
free ecological/ecosystem modeling software suite with three main components: Ecopath — a static,
mass-balanced snapshot of the system; Ecosim — a time dynamic simulation module for policy
exploration; and Ecospace — a spatial and temporal dynamic module primarily designed for exploring
impact and placement of protected areas. The Ecopath software package can be used to
e Address ecological questions;
e Evaluate ecosystem effects of fishing;
e Explore management policy options;
e Analyze impact and placement of marine protected areas;
e Predict movement and accumulation of contaminants and tracers (Ecotracer);
o Model effect of environmental changes; and
o Facilitate end-to-end model construction.

Each day of the training-workshop was a mix of an introductory lecture and then handed
on practice with the model. The course included:
Day 1: Introduction to Ecopath (by Dr. Fulton; ANNEX 3);
Hands on: creating an Ecopath model;
Hands on: exploring Ecopath output;
Day 2: Introduction to Ecosim (by Dr. Fulton; ANNEX 4);
Hands on: fitting Ecosim;
Hands on: exploring Ecosim;
Day 3: Hands on: Ecosim extras (ANNEX 5);
Hands on: let’s fix an Ecopath model;
Hands on: what is Ecosim telling us;
Day 4: Introduction to Ecospace (by Dr. Fulton; ANNEX 6);
Hands on: creating an Ecospace model;
Hands on: exploring Ecospace output;
Day 5: The use of Ecopath with Ecosim Program for the assessment and management of fisheries
resources (by Prof. Jutagate; ANNEX 7);
Hands on: questions and answers.

According to the evaluation and recommendation for the training-workshop, most of
the participants got much more new knowledge and were highly satisfied with the course. Participants
agreed that the program was significantly benefit for providing the information for fisheries resources
management in Thailand and for their research works on fisheries stock assessment. There were
comments that the regular workshop would provide more clarifying details than those from the online
one.
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ANNEX 1
Agenda

Date

Time (Bangkok)

Content

29" Nov 2021 | 9:30 am Introduction to Ecopath
10:30 am Break
10:45 am Hands on: creating an Ecopath model
11:45 am Break
12:00 pm Hands on: exploring Ecopath output
12:30pm Day 1 End

30" Nov 2021 | 9:30 am Introduction to Ecosim
10:30 am Break
10:45 am Hands on: fitting Ecosim
11:45 am Break
12:00 pm Hands on: exploring Ecosim
12:30 pm Day 2 End

1% Dec 2021 9:30 am Hands on: Ecosim extras
10:30 am Break
10:45 am Hands on: let’s fix an Ecopath model
11:45 am Break
12:00 pm Hands on: what is Ecosim telling us
12:30 pm Day 3 End

2" Dec 2021 9:30 am Introduction to Ecospace
10:30 am Break
10:45 am Hands on: creating an Ecospace model
11:45 am Break
12:00 pm Hands on: exploring Ecospace output
12:30 pm Day 4 End

3" Dec 2021 10:30 am The use of Ecopath with Ecosim Program for the assessment and

management of fisheries resources

11:30 am Break
11:45 am Hands on — questions and answers
12:30 pm Close




Lecturers

1.

2.

Prof. Tuanthong Jutagate, Ph.D.

(Mr.)

Ms. Elizabeth Ann Fulton, Ph.D.

Training Participants

1.
2.
3.

10.

11.

12.

13.

14.

15.

Ms.
Ms.
Ms.

Ms.

Praulai Nootmorn
Ratanawalee Phoonsawat

Suphalak Ruaylap

Narakorn Somwanthana

. Nipa Kulanujaree

. Nuengruetai Yoknoi

. Pakjuta Khemakorn

. Chalaempol Keawmun

. Sichon Hoimuk

. Montri Sumontha

. Issarapon lJithlang

. Wannalai Pooyam

. Weerapol thitipongtrakul

. Thanawan Somijit

. Pawanrat Buaroi
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ANNEX 2

List of Participants

Lecturer for the Faculty of Agriculture, Ubon Ratchathani
University

Research Scientist for the CSIRO - Division of Marine and
Atmospheric Research

Senior Expert in Marine Fisheries, Department of Fisheries
Senior Expert in Ecology, Department of Fisheries

Fisheries Technical Officer, Rayong Marine Fisheries Research
and Development Center, Department of Fisheries

Fisheries Technical Officer, Rayong Marine Fisheries Research
and Development Center, Department of Fisheries

Fisheries Technical Officer, Samut Prakan Marine Fisheries
Research and Development Center, Department of Fisheries

Fisheries Technical Officer, Chumphon Marine Fisheries
Research and Development Center, Department of Fisheries

Fisheries Technical Officer, Songkhla Marine Fisheries
Research and Development Center, Department of Fisheries

Fisheries Technical Officer, Narathiwat Marine Fisheries
Research and Development Center, Department of Fisheries

Fisheries Technical Officer, Phuket Marine Fisheries Research
and Development Center, Department of Fisheries

Fisheries Technical Officer, Ranong Marine Fisheries
Research and Development Center, Department of Fisheries

Fisheries Technical Officer, Satun Marine Fisheries Research
and Development Center, Department of Fisheries

Fisheries Technical Officer, Fishing Ground Development ant
Rehabilitation Group, Marine Fisheries Research and
Development Division, Department of Fisheries

Fisheries Technical Officer, Fisheries Resources Assessment
Group, Marine Fisheries Research and Development Division,
Department of Fisheries

Fisheries Technical Officer, Marine Diversity and Biology
Group, Marine Fisheries Research and Development Division,

Department of Fisheries

Fisheries Technical Officer, Fisheries Resources Assessment
Group, Marine Fisheries Research and Development Division,
Department of Fisheries
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ANNEX 3

Presentation of the Introduction to Ecopath

@

Introduction to
Ecopath

Beth Fulton | 2021

ustralia's National S

9 Ecopath with Ecosim

Three major components
Ecopath static mass-balanced model
Ecosim temporal dynamics
Ecospace spatial-temporal dynamics

Ecopath Ecosim Ecospace

<9

Mt Temporal
‘smulabons

Seatattemort

Additional modules
Ecotracer contaminant tracing
‘Searches’ Fishing Policy, MPA, Monte Carlo, MSE
Plug-ins

9 Ecobase

440 , 173 for d.
7000+ users in Wdﬁmuntnes (google analytics)
e
i

800+ peer-revie publication (ISI' Web of Knowledge)

Colléter et al. 2015. Ecol Model 302:42-53

9 EwE Used for Management

Food web effects
Strategic fisheries
management
Fisheries Reference
Points

Common Fisheries
Policy, Marine
Strategy Framework
Directive

Forage fish

Spatial analysis
Socio-Economic
Invasive species
Environmental
Impacts | 7

<
\

L~/ >

f") Food web Effects (including invading species)
* At the core of EwE.; management and policy impact often indirect
* Hot issues can create interest — seals, forage fisheries
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Q Ecopath
> g

| Production | | predation | 5
—

Yield N

P/B, Production

Biomass

Food
Fraction of pray i in diet of
predator |

BA,  Biomass accumulation

_~ \

Unassimilated

EE,  Production used in the

system
Other mor 4
i

Unexplained mortality.

Y‘—UA,+LL! (- BE,)
B/,

9 Ecopath
* Based around trophodynamic links

* Used intelligently = VERY good tool
that’s why its lasted for 20 years (2000+ users)
— NOT criticism free

* No model can capture reality completely
(simplifications necessary)

— some times will work, some times won’t
— understand what you’re assuming (ignoring)

9 Ecopath
* Mass balance model (solved as simultaneous equation

Production = Catch + Predation + Accumulation + Migration + Other mortality

P=Y +BM, +E +BA +F(1-EE)

* Reorganise to:

e Ecopath - Data

* Groups
alive or dead
—producer or consumer
~multi-stanza

Input all but one of the columns on Basic Input
(e.g. B, P/B, Q/B, Unassim)

—purple-grey = don’t enter

Diet data
Fisheries data

Other = specific circumstances, not a first pass
inclusion

[

e Ecopath — How to

* Model metadata
(description)

i Announcement Latest release =
bl
Ecopath —How to e Ecopath —How to
Add group (row)

* Creating model: structure & parameters

12301 - Scopatn it o (Ot ) 6.1V 64 b - e verion, - =

dS-e il %
e D |6y sor: % Moolpormeters L Saste mput -x
o et [P p——— 3
: e, [BED D DT g o, m:.|::::.. <o
= oo s

* Defining groups in model
(ecological only)

— give each entry

give | comm | ok | e =
individual name g 1
~ click on whether g 3
E =] ol
consumer or producer — 3
edit multistanza 0 B8
oo
e
ot
=
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* Defining groups in model

Ecopath — How to

Type

1 4

Name

Adding explicit ages
(optional)

(ecological only)
— give each entry

e g A

L A o

ATy p—"

Q Ecopath — How to
= Basic data

~ biomass, mortality, consumption, unassim
~ EE (if missing one of the others)

individual name il T w; LOS"’ e — ~ biomass accumulation (use carefully) + migration {“other production”)
8 @ an ) S Gaic input | Dot compostion | Lanaings |
click on whether i | B3 Gk oy 129 D emposion VS g
il =t - D Deine roups.. § Edt muittarca Sopty [0
consumer-or procucer, | o o | Mbwes | Homassin | Tolal Froducton! | Comumebon | & yorsic  Oiter Production? | Unsssim | DSIUE
asvea . ove  mm—g 0 O | Gropname | (o, | ome | moy | b | Teemss | EENERS DO, DS | i |
edit multistanza 3 P o o E O | \ fiyea] ool | e WErihes)
B Colouns ~ Langs predator
| dlegeped  xo  ame 0w 50 o
R T BT so7 o0
R 2 YO large prodate 1.000 oo 2800 1840 020
wa T - — TR oz
5 Sell fish 1000 50 150 4800 0200
Outon. € Prowns 1000 5000 7.000 0950 0200
i cou w5 250 S 0z
[, s Zustanka | ow aw | omao o'
lem 5 Phpeetakon m s 200
== 10 Dertn (-] ]
+ Multi-stanza details s can * Can leave notes on how the model was made and balanced little triangle in
= — - the corner shows comment or reference included (mouse over to read it,

Curvar paaneer, K sl fom VBGF. 5589

click on remarks tab to edit it)

Pkt e
Pletie tiomses sorumiston e BAB] © St | 3 Mol purameters ' Busic input | % Dt composiion -x
[r— 4 Define groups. ¢ £t it sancs. om | e |41
] Fondfendy aasie  Towl docton| | Conmampion )
R — e 0 o 50
[ ) 2 w2 1 :
) pr
baud .
& T = s
oo | 12357 | i5E | % | 5 | tewene| T ;
(5 VO i s v o g :
12 Juvesite harge predstor » 0 [u) s
|1 Adutlerge redstor u [} o » 000
Coniee || O || e
OVt ==— —x
Soecpnge, g o] sl S
e S e BT e mn menme R - Eco path — How to
@ m o
o * Diet data
- - ~ proportional diet make-up of each predator
s
= - external food can be included (supplemental)
.| /B Stant | Basicinput ) Diet compasition | Landings
(8 sum diets to one
Frey\ predator 1 2 3 4 5 L] T 8
1 Adult large predater
2 Juvenile large predator 0300
3 YOY large predaior 0002758 0.100
4 FReeifish 00500
5 Smallfish 0450 0150 0100
6 Prawns 0200 0800 00500
b P (e it e . 7 Coral 0.0500
. N 8 Zooplankion 00500 0850 0800 0797 0500 0500 0.0500
e e A R o e ol e e
10 Detritus. 0050 0500
impt 0000 0000 D0GD 000 0000 DGO 000D 0000
Sum 1000 1000 1000 1000 1.000 1000 1000 1.000
(1- Sum) 0000 0000 D000 0000 0000 0000 0.000 0.000
&
e Ecopath—How to e Ecopath —How to
Flast rare Colour Stat e
» Diet data * Fisheries data 2 Sosianrion I - ) —
. ’ ! Fe e
proportional diet make-up of each predator — Add fleets (and their parameters)
— external food can be included (supplemental) C 2 e .
. ) - e Ve S G G G o e
/) Stot | Bosc input %3 Dict compoition | %2 Landings 4969 e Bengen
8 Sum digts to ene L e P Colera
Prey predator 1] 23] 4 B s 7] 8 e At
1 Adult large predator " Dtk et
2 Juverite loge predator | 0.300 ] o
3 YOY large predator 000275 0.100
4 Restish
5 Smallfish 0450 0150 0100
6 Prama 020 000 00800
7 Coal 00500
|2 Zooplankicn 00500 0850 0800 0797 0500 0500 0.0500 .
9 Phytoplankion 0100 020 0500 0250 Must add up so A =
10 Detritus 0050 0.500 . N
Import 0000 0000 0000 0000 0000 0000 0,000 :-am_thlsvalue =1lin
Sum . K
(1) = each column
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* Fisheries data

~ put in economic parameters -

Ecopath — How to

Q Ecopath — How to

* Fisheries data
~ put in economic parameters

® Start |3 Basic input | % Run Ecosim | %2 Diet composition » & Landings |

to differentiate fleets e to differentiate fleets - . S | Temth |
L (tholyear) .
. . = 5 5 (tkrPyes) | (v
~ landings and discards per landings and discards per i e
- 1 Adult redato 0011 0040
fleet - fleet } leletanemed 0000500 oo
5 YOYiesemotuo 000
o Restinh oo oo
5  Small fish 00200 00800 000800 0108
S 020 oot | o
7 o oooe | oo
8 Zooplankion 0000
9 Phytoplankion 0.000
" 10 Detritus 0000
I oz o | oom 0w
=y . Py

-

* Fisheries data

put in economic parameters

to differentiate fleets

landings and discards per
fleet

Ecopath — How to

1 Couree o 50 - copath w o (Ol ) ST.1753 61t - s oo
e Vew Gcoh foosm G Gomc Took Wndows e
FICE ST 2 BN

3D St | Gt | 8 Lo 3 Oftvemelpece |4

S R R | T
< G e

g o
T
5 i sm
i st wn ow
5 s i) o0
e e fE
o it
i P
o oo

Q Ecopath —How to

Your modalie HOT massbelnced!

[N
. - Compuled S veke 130232 ok o g e o'
= Balancing (Parameterisation) o B
m] T ——————

EE > 1 means unbalanced

red result = probably wrong (be wary)
make a pedigree of data quality (which is more uncertain)

usually diet, P/B or Q/B, fisheries, B, unassim proportion (change the most
uncertain first)

— check if params sensible (fix obvious mistakes)
» P/Q=0.1-0.3 (more for bacteria, less for top preds)
» Resp/B = 1-10 for fish, 10-100 for copepods
mortality sheet VERY useful (identify large impacts)

— keep cannibalism low (<10% of diet)

Q Ecopath — Balancing

* Balancing (Parameterisation)
red result = where wrong

G compesalon | Lavidiog

2 Moralities ¥ %3 Baic estimates |

Habarea | Phomess
Groprame | Trophiclevel | (050 | hbitarea
 Legepe
1 Addtlgepredn 4158 o0
2 Jweelepepe 3675 100
3 YOYiwgepeswa 3081 1009
& Beeltah 3383 100
5 Smollfsh 3019 100
s Framms 26% 100
7 Cont 26% 100
3 Zocplankion 222 1000
s Phytoplankion 1000 1000
10 et 1000 100

Tas Productin! | Consuretion Preducton/  Bomsss | o,
Blomass | meralty omass bomass | ES0OPNC  oonaympion  aooumiaon | SATYS
(year) (yen) (year) doszesd {peae). i bis
(7o) 7
1000 s
280 a0
a0 400
150 200
500 7000
250 3000
wom 50
200

Link {2010)

L) Ecopath — Prebal
| parameters or Model Feature | Guideline | MNotesonlogic |

Predation mortality (M) vs M<Z(EE<1) M >Z or EE > 1 then a parameter is wrong
Total mortality () (8, B, , diets etc)

Fishing mortality (F) vs. F<Z(EE<1) F>Z or EE > 1 then a fishing parameter is
Total mortality (Z) wrong (landings, discards)

Predation mortality (M) vs F<M F~M or F > M may mean model

Fishing mortality (F) imbalanced (high TL groups, like top
predators, with low M may be an
exception as then just indicates

overfishing)

Q Ecopath — Balancing

* Balancing (Parameterisation)
red result = where wrong

©) St |12 Basicnput | Diet compositon | Landings

. i ooy | Birisin
Goorare | Teneied 1220 | RESLL
i
T e
e e b
b tiewsese @ w0 oo
i et o m um
5 St W m  am
c Pows el om
Fe e
s omiin oo i e
9 Pryoplankaon 1000 1000 3500
o barn - ot

Effectively total mortality

Check makes sense

(high for plankton & small animals;
low for large species like sharks)

& Motalites /'

Gorma |1 Cormrsion | ooppye  Pobcicnl | Bonass | g
o) |G (iomess | Ehcency. | gormanpton. | sccumstin | o2y
o [om

oz | | 1w

ows | 20w

oz0 00

350 150

oz 5000

s 250

3 w00

%00 2000

o)

9 Ecopath — Balancing

Consumption should be

* Balancing (Parameterisation
8 ( ) 3-10x Production (or more)

red result = where wrong

(0) Start |42 Basic input |/ [/ Landings |48 Motalities 43 Basic estimates .
- I e PO L e o v e P
Guorses [Tl [BI%, hbie |TS somy (b foen BN o womine | B

< s

Vhewmmes s om 0w o 70

e T T e

B Yovmeewe @m0 oo 280 0

i ot B qm o om wo Lo

< I T = R T i

5 P o dmam o me

7 Corsl 26% 1000 2500

s Zogken o % ow o

3 Pyeen T w oww 0o

o Deve @ m ww
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Q Ecopath — Balancing

+ Balancing (Parameterisation)
Check mortality for hints on some things to fix

() Start |2 Basicinput |2 Diet composition | "% Landings, 2 Mortalities [ Basic estimates |

Q Ecopath — Balancing

« Balancing (Parameterisation)
— Check mortality for hints on some things to fix

st el 21 - copath vt Ecosion (il relense) 67.017300 - 64 i - Fe vrsier - o

File View  Ceopats

comm Copace Dooveesr Tede Wndmr el

() St | %5 Bas e | %3 Londings | Offvesel price |/ Bacicasomases ) Predation mortaity races |/ Womalies

B Fredaton | ~Bomas | <l Fishing -
‘ Gromname | PO T | i | semmh | momme| QML | welfh | DT
| Large prosater 70
\ Adult large predato 0.400 0200 0200 050 0500
2 Jwenlelagepred 1000 0204 349 e 0204 7% -
3 YOY large predato 2800 6085 6062 0.000 1.000
|4 Reeffish 2000 00750 0375 7995 0000034 1.000
5 sl fich 1500 00309 02 1227 00206 [T
& Prawns 5000 1275 3475 0250 0255 o7t w0z 120 67
7 Coral 2500 0000020 0.00800 248 0000008 1,000 fem
o Zoopiankion 00 [ 3105 o0 1000
3 Phyloglankion 2000 57.46 w25 0000 1.000
- Balancing (Parameterisation) * Balancing (Parameterisation)
Once have an idea of where excess predation is, go to diet matrix and adjust — Also check the basic parameters
= Ecopah i 1570173 i @ St B ot |5 R Ecomm |
Fle View Fcopath Frosim  Ecospace  Ecovacer Took  Windows  Help B Define groups... § Edt muti-stenza...
S -@ o-=- BN
. Bormsin | To Prdicton! | Commures Dot
» 2 Basic input | ) Run Ecosi 25 Diet composition Srowprame | FEbEER st sise | merel! omass | Ibomess | Excoptic | Other Prodecken! | Unmesim, | imse
o i - Soprene |20 |REESS | peRT | RGERT g G, DS U2 meE
ey | prasain. 1 3 ? L ~ Lams prodator
== I NN T e
i adator 2 Jwelelsgepe 1000 00612 1000 [E
= R Sy o R T T R
et 100 [E 0s00
P 1000 250 =0 v
6 P 1000 s000 (F=) 020
7 ol 1800 sa 2500
077 050 0500 G0 8 Zucplasion 100 2 w0
oo 0w 5 Enyectanion 1000 3500 00
- 10 Dot 1o 00w om
0% 000 0000 000
- 1o 1000 1000 100
sm 000 oo 0000 om0
Link (2010)

8 3 Bt ) 5 e ot -x

< e

Q Ecopath — Prebal

Levels of biomass 5-7 orders of magnitude
(lowest to highest values)

~5-10% drop as TL
increases

<5 means only part of the food web

>7 model too complex (data will fail)

Slope of plot of
log(biomass) vs TL

Values far from slope line could need
more work. If plot is bumpy may mean
trophic resolution wrong (too much focus
on some taxa) or B estimates wrong

Detritus biomass Usually the same order as

primary producers

Biomass (predator/prey) <1 ~1 means either predator biomass too
high or prey too low. >1 predation

pressure too high

Q Ecopath — Prebal Link (2010)

Parameters or Model Feature m Notes on logi

Biomass ratios ~0.1-0.5x for each TL > 0.5x means too predation pressure, or
Piscivores: small pelagics between predator and predator overly efficient
Small pelagics: plankton prey <0.001-0.01x means predation pressure

Zooplankton: phytoplankton
Demersal fish: invertebrates
Top predators: prey groups
Whales: plankton

to low or model over connected (spurious
connections included)

Food web structure relatively
evenly resolved

Similar taxonomic
resolution across all taxa

If not even then can get artefacts in
future projections

Vital rates (P/B, Q/B, Resp/B) of <1 {fit trend line and look  ~1 {or > 1) means parameter wrong of
predators/prey for deviations) food web structure imbalanced. Values
frar from line likely wrong. Tropical values
will be higher than for temperate species

Link {2010)

Q Ecopath — Prebal
| Poramcters orModel Feature | Guideine ___| .

Q/B for fish 2-4 {or less) >4 likely wrong

P of consumer vs Primary P consumer < P primary ~1 or >1 means imbalance (check if too

production producer reliant on detritus)

PvsQ P<Q P~Q or P>Q then either P, Q or Resp
Wwrong

P vs Resp P >Resp P ~ Resp means imbalance (check if too

reliant on detritus); P < Resp then either
P, Q or Resp wrong
Production, consumption,
respiration vs TL

Fittrend line and look for ~ Values far from slope line could need

deviations more work. If plot is bumpy may mean
trophic resolution wrong (too much focus
on some taxa) or estimates wrong
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Q Ecopath — Prebal

* How sensible is the model?

Bt 2 e 3 CTs

9 Ecopath — Prebal

* How sensible is the model?

5o} i

Pre-saiares disgrostcs

Too low?

1
w1l

9 Ecopath — Exploring output
03 e
= Network Analysis Outputs
— system statistics
network indices
~ trophic pyramids
— transfer efficiencies
— particle size distributions
— prey overlap plots
mixed trophic impacts

Q Ecopath — Exploring output

* Produces a snapshot of the state of an ecosystem, its interactions, and exploitation

B e

e Pt

Q Ecopath — Keystoneness
* How critical is a species to the system?

]— Keystone

Q Ecopath — Mixed Trophic Impacts

* How does each group effect other groups in the system?

Thank you

CSIRO Oceans & Atmopshere
Beth Fulton

+613 6232 5018
beth.fulton@csiro.au
csiro.au

ustralia's National Science Agency
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ANNEX 4

Presentation of the Introduction to Ecosim

@

Introduction to
Ecosim

Beth Fulton | 2021

Australia's National Science Agency

&0 Ecosim

Time dynamic model, based on Ecopath

a B Bomes
"
e /B Production

Q8 Specific consumption

DG, raction of prey in diet of
Faod | | predation | ' predator)

et B, Production used in the system
Other mortality
Unassimilated
B, _

By Folea) 3

8.8+ 1, ~(30,+ E+e) B,

Walters et al. 2000, Econsystems, 3: 70-63

Q/Q Ecosim

* Time dynamic
= Basic equation

dR n n
_r:gi' ZCJI(BJ’BJ")7 ZCU(B['7BJ)+IF7(MOJ+F;+el).BJ

dt Pred ;1 Pred g1
Change Growth x Predation  Immigration Other
in consumption mortality
Biomass

&¥ Ecosim - Vulnerabilities

* Key concept

* Vulnerability = rate become
vulnerable to predators

* Parameterise which wins
out hunger or fear

* Depending on
parameterisation can
create many alternative
functional responses
(Lotka-Volterra, Holling
types, ratio dependent etc)

QQ Ecosim — How to...

1 New Ecoim scenano - Ecspun model Coure masel 221 -t X
[0 o | 5 st | K ot
v [ ]

Soscrpocn: [Cmmed 25012021 122320

A R ]
[
Scermer | pane [reeea——

(é} Ecosim — How to...

-t s S

Cred 45 Come s 20110 e 5 Crsem e s
% Ecosim %} Ecosim
* Ecopath = initial conditions * Define simulation set-up (parameters: time step, forage

e Ven g tcomm e Keer ook Vindos el
i Q-G -@-0-0-Udn
— or e T

Qe — — —
Y
Gopre | thcios i WERD B ol (DS SRS e | DNSDL ST e
et e B = L - - - L it
¥ uge i
| ke 30 1m om o o
o e 3wt 0w3  amz  m a5 om
D Vi 285w omm ) an 0%
Rttt i e sm  om e om
Swaen e uw am e m e o
wm ww e o smo aw oz
ot 0w s sw W aw o
8 e wm  uww  v® um o o
8 Pngepien W e B B k)
Dve W w W

arena, forcing)

/) Start |/ Basic input | 55 Basic estimates | )& Groupinfo | .x
R 31E ]
oot s Densiy-dep Switching
Fesding time . QBmaxiQBo | C
Groprone | MxielpB M. st | oy | fecon | cochablty (i | B8
3] Soegeain | B Pel] b LR %
feecing tme.
< Ui pedic
1 A lrge gt 200 os0 w0 o0 iw0 0o | oo
2 oesleluzermo 200 os0 | tow oo lowo oo oo
3 Rt 200 os0 | 100 | 000 100 1000 | 000
¢ Sratfan 200 | os0 | 100 000 100 10000 | 0o
5 Prowns 200 om0 o oo lwe  lwoo | oomw
6 Coral 2000 0500 1000 0000 1000 10000 0000
7 2000 0500 1000 0.000 1.000 10000 0000
5 Fycpenkion 200
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@ Ecosim — Effort levels
* First ggseline_gﬁq_rt (no extra model modifications)

g o v
a s

&9 Ecosim — Check base model stability

« If flat then model stable

If not flat then check
* Biomass accumulation
i * Model balance

* Primary production
levels

* Discard rates
« Stanza group structure

@ Ecosim — Effort levels
hanging the pattern of efforfc _

* + Draw the pattern
* Or “Set to Value”

&9 Ecosim — Effort levels
* Or paste into the “Fishing effort grid”

@ oot 01t s - o x
e e Ea

See s
SN, | G et | o e | G e g e o g4
St st v n e

H

Hifessetf Hifgerai T Uy

3
figirasaagaciasansiandany

@ Ecosim — Effort levels

* Do thqbiomass trajectories change?

@ Ecosim — Interpreting Output
. Highlight a group to see what it did

@ Ecosim — Interpreting Output
* Detailed output - plots

@ Ecosim — Interpreting Output
* Detailed output - tables

% Comermobd N0 toshwe et wth i 45T B - o x

11
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(a? Ecosim — Vulnerabilities
* Set the vulnerabilities to 1

V' Vudnerabibties | 5 Troeseses l . x

Aoy 1100 e 3

&9 Ecosim — Vulnerabilities
* What happens to the biomass trajectories?

G g | gt g e | e

& Ecosim — Vulnerabilities
= Set the vulnerabilities to 10

y 1550 Time series .x

ey [10 s | 213

&9 Ecosim — Effort levels
* Now what happens to the biomass trajectories?

e

(é? Ecosim — Vulnerabilities
* Scale the vulnerabilities based on the TL of the group

) St | Bt | 5 Pl e | it |5 T e fnctons 7 ) Vbt | ) Tev e |
3 Estiute winenbittes Scaleto Tophic Leves.
Sl

1[2] a4

TN .
& Ecosim — Effort levels
* Now what happens to the biomass trajectories?

@ g o e

%? Ecosim — Forcing functions
* E.g. Primary production
—drawn or imported dataset

| ) G

& Ecosim — Forcing functions
* E.g. Primary production
—drawn or imported dataset

g =

12
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& Ecosim — Forcing functions
* E.g. Primary production
—drawn or imported dataset

& Ecosim — Forcing functions
* E.g. Primary production
= drawn or |mported dataset

& Ecosim — Forcing functions
* E.g. Primary production
~ drawn or imported dataset

& Ecosim — Forcing functions
* E.g. Primary production
= drawn or |mported dataset

&¢ Ecosim — Forcing functions
* Run to see the result ==

At ||| AT “W

| HJ\ !I\(p‘ ,u\u)mmmM\‘; \‘w\:) t\) x\ h W I‘[I;\]|IM||;M.;

& Ecosim — Time series forcing
* Import datasets to force effort (or define forcnng function)

Ecosim — Time series forcing

* Can load datasets to force effort (or define forcmg
function) e e ——

o

&’ Ecosim — Time series forcing
* Can load datasets to force effort

13
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@ Ecosim — Time series forcing

* Can load datasets to force effort

@ Ecosim — Time series forcing

& Ecosim — Time series forcing
* Can load datasets to force effort

e st TR

&’ Ecosim — Time series forcing
* Can load datasets to force effort

Thank you

CSIRO Oceans & Atmopshere
Beth Fulton

+613 62325018
beth.fulton@csiro.au
csiro.au
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ANNEX 5

Presentation of Ecosim Extras

@

Ecosim Extras

Presenter name | Date

/s National Science Agency

5»’-’>\3 Ecosim — Time Series Fitting

* Time series of data (e.g. surveys,

catches) to use to fit the data + L
=
+ +
* If think the environment has .I.-l- + 4

changed (“anomaly”) then provide
a potential time series for that too

+

& Ecosim — Time Series Fitting
* Check time series grid (make sure data looks as expected)

- v

e

HEdRARA¥BANETOSH

[T
H
i

€D . . . i
& Ecosim — Time Series Fitting
* Tools =» ‘Fit to time series’ (vulnerabilities)

.' Mark how many
“clumps” being fitted
— e.g. each column (or
row) has same
vulnerability value

tFitting steps {will stop when these Sum Squares value not really improving)

&9 Ecosim — Time Series Fitting
* Run to see fit |

%3 Ecosim — Time Series Fitting

* Try anomaly and vulnerability fit

ﬁé«? Ecosim — Time Series Fitting
* Check vulnerabilities

ey o

Can replace extreme values if seem excessive (e.g. replace with 1000)

15
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(é2 Ecosim — Time Series Fitting
* Check anomaly (remove implausible bits if desire)

g

%Q Ecosim —Time Series Fitting
* Run to see final fits (of poor try ag?in)

Check wiyth experts that
the early period result is
plausible

& Ecosim — Mediation & Facilitation
* Represent habitat and other non-troohic interactions

@ Ecosim — Mediation & Facilitation

* Represent habitat and other non-trophic interactions

Change chpe

& Ecosim — Mediation & Facilitation
* Represent habitat and other non-trophic interactions

el -x

%2 Ecosim — Mediation & Facilitation
* Represent habitat and other non-trophic interactions

Ocfine mestieg groups nd Rest o - Medition shape *

ke g s

[e——
(22

3 Townd i Foed

& Ecosim — Mediation & Facilitation
* Represent habitat and other non-trophic interactions

Aaply mediation x
Source grup 4 Resf e Targe groc 1l

il rctions sopid unsons

B R—— Snase [
1 Medision e 1 ol s

e =

|0 senchictors O st r O persizcat_® it ]

(3 Cancel

16

&9 Ecosim — Mediation & Facilitation

* Do something to disrupt habitat — e.g. acidification (add
as an additional ‘fleet’)  wee )

e
[
Dee

[

e

Colars
Deind o

Dt

ot
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& Ecosim — Mediation & Facilitation & Ecosim — Environmental Response

* Do something to disrupt habitat — e.g. acidification (add * Represent physiological tolerances (e.g. temperature effect)
as an additional ‘fleet’) e =

T
T ke e e S

- Dependent reef fish

« Coral

& Ecosi - @ ccosi -
w¢ Ecosim — Environmental Response ¢ Ecosim — Environmental Response
* Represent physiological tolerances (e.g. temperature effect) * Represent physiological tolerances (e.g. temperature effect)
= . __.w__'m : | /7% Apply environmental respons... » & Apply FF (Other mortality) | Environmental responses |
Clearall | Setall...
rr{Eed] Rr{El] frint ioe Growp Forcing number
Mo [T00 | Change thive. 1 Adult large predator
2 Juvenile large predator
3 YOY large predator
4 Reeffish F2
5 M =
X s Zooickin
9 Phytoplankton
&¥ Ecosim — Environmental Respaonse &9 Ecosim — Policy Search

* Represent physiological tolerances (e.g. temperature effect)

= ‘Optimum’ outcome — "%
F per fleet that meets
objectives

- Define objectives —
whether after

ason wohble results economic, social or

ecosystem outcomes

Run it multiple times
(to make sure really
have the “best” result)

Define the effort blocks solving for

& Ecosim - Policy Search  vlack=no change) &¥ Ecosim— Policy Search
* Saves the Fs (effort)

Starting conditions
for the search

Make sure
aconomically vi

17
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& Ecosim - Policy Search
* Saves the Fs (effort)

o e e e

e G S

@ Ecosim — Policy Search
* Run to see the outcomes

I e ————

@ Closed Loop MSE

* Simulate entire fisheries management cycle
* Qutside model agree on options to try

* Explore options with the maodel

Evaluation Table

Management strategy

Objectives

@ Closed Loop MSE

(e e S

61 e i by

@ Closed Loop MSE

CHCHCLS

| S |5 vt i s W s | T o P capement TE |

@ Closed Loop MSE

@o-0-9-0-7-@n
Mg

18
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Closed Loop MSE

Closed Loop MSE

@ -9 -@-0- 2 @0 [
8 o i A VS WA st & e ot cmens 5 WKt sepen, [T v 1 e | & Wt
M AT AT e =
P e
=
&¥ Closed Loop MSE
: s R e s o i | -
B — e [ _— rs—— -
: o == E -
B E [ I .
i e I
[f Zewlamban v EBLEEE : LRIEE] L EEEEY
i :

;Z
B o | G oo e [ e e |1 et s 5 oo [ Bt o3 5 T | 5 Wk i WS | vx
Can” Oompan Dot T G g G | Gay
T RS | comrenn | conmn | Comnes | caher | cawnmt | b | Boe
e | s e | e
pre— pre— = o s .
ww wma omes o wos o om
wm
o wen  em
o x
— nw 8141 o
" e we | mw
[, ww
ww

75 oo | G VE gl s W ot o

O

Closed Loop MSE

P gt | B EE | WE s ) 5 MSE e | =x

e R
S0l | e | Bemn B | Obiee  Ghess e
e [
N T [T
wms | nm om aw smn s
o2zt wm o ame  ma
| @ o ams g o aun

Thank you

Business Unit Name
Presanter Name.

Presenter Title

46129123 4567

firstname surname@csiro.au
esiro.au/lorem

Australia's Ntions! Scivn

Business Unit Name
Presenter Name
Presenter Title

+612 9123 4567
firsthame.surname@csiro.au
www.csiro.au/lorem
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Presentation of the Introduction to Ecospace

@

Introduction to
Ecospace

Beth Fulton | 2021

Australia’s National Science Agency

&=
@# Ecospace

Time dynamic spatially explicit model

» Distribution of marine species and fishing
effort

* Explore management options, e.g. impact of
MPAs

* Explore ecosystem impacts of fishing

* Explore ecosystem impacts of environmental
change

* Explore ecosystem impacts of habitat change

Combinations of the above

& Ecospace potential

A spatial, meso-scale version of Ecosim
* Executes Ecosim dynamics per grid cell
* Links cells through movement of organisms, and

fishing effort
¢ Includes

~ spatial variation in productivity and cost of fishing
— species niche model

* Groups move through dispersal, advection, and

migration

* Can trace uptake and propagation of contaminants

&9 Ecospace vs Ecosim

* Ecospace uses all Ecosim data that does not
require an explicit spatial dimension

Used by Ecospace
* Vulnerabilities
* Mediation
* Price elasticity

* Fishing effort
(magnitude)

Not used by Ecospace
* Forcing functions
* PP anomalies
* Fishing mortality
* Time series
(maybe in future)

@ Ecospace

* Ecospace builds on Ecopath and Ecosim

* Ecopath constraints: ensure parameters
are compatible and realistic (Link 2010)

* Ecosim: ensures temporal behaviour

sensible

iéicospace is not “better” than Ecosim; use
it only if your research questions require
explicit spatial consideration

&3 Ecospace

Time dynamic spatially explicit model, based on Ecosim

Fuspiration . s
formass
’ Yield /B Production
d o, Spest
0%, rastinof prey fin diet of
Food - production | [ redation ] predarf
- BA  Biomass accumulation
[Ny Net EE,  Productionused in the system
migration 146, Unexplained mortality

Other mortality

%=g“ Sl ) T ) r - (40,4 0 )i,
a nia i Pt

Unassimilated

Walters et al. 1999) Ecasystems 2.6

For each cell, functional groups can migrate
to neighbouring cells if conditions are better

- &

—
[ e By

[
Bi(wyy=misy+0) - Bixy)

* Emigration rates (m;) from a given cell per functional group depend on cell suitability
(niche model), and response of arganisms to predation risk and feeding condition
+ Swim from undesirable to preferred habitat

&9 Ecospace

Ecospace data needs

* Basemap (depth, PP)

* Dispersal rate of each functional group

* Habitats and habitat preferences and/or

* Environmental conditions and preferences

Optional

* Relative dispersal rate in ‘bad’ habitats
= Vulnerability to predation (or grazing) outside ‘preferred’ habitat 48
* Relative feeding rate in bad habitat
* Fishing grounds and closures

* Migration, advection

* Sailing costs — distance from port

20
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@ Ecospace — Basemap

T

* Create (draw) or read in from GIS =
* Regular grid
* Define rows and columns

« Define land and water
depths (contours)

Ecospace — Basemap

e | g e

@i 83 Lin

* Define land and water —
smooth map

&4 Ecospacg — Basemap

S 2 i Vo |

e

+ Define primary
production

3.3 Qimn

@
R T}
= s meven

€ Ecospace — Basemap

Fore e o
s[4 % A rew

* Define primary
production
{and smooth)

- Define habitats

= Select habitat type
and draw it on

Fabeat ™ [

i

€5 Ecospace — Basemap

[ —

= Define habitat image

21
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Ecospace — Basemap

b |
drem g 33 e

= Define ports

@ Ecospace — Basemap

Qe [3 & &

= Define sailing costs

@ Ecospace — Basemap

o)
Hirmme |3, 3 & fot

- Add advection
(and smooth)

« Can be seasonal
{monthly)

3 6 o ) B |81 |

€5 Ecospace — Basemap

I i) ¥
- e |39, e

ey -

= Add advection
{and smooth)

= Can be seasonal
{monthly)

= Can refine based on
wind and currents

Ecospace — Basemap (MPAs)

Fooeimre

) |
3 3 A pes

= Drawon
protected zones

5
H

9 Ecospace — Basemap (MPAs)

« Define MPA use

Sart |3 Buicinput
D &f Define Mpas
WPA_ | Closed o fsting _Jan | Feb

Wisps 00 Marine Protected Areas

Mo for | May | dun | i

2 Nolske =] M M M M M M M ™

2ok ecopol DatsboseAccumalated Couse
) Start |/ Basicimprt |6 MPA enforcement | 67 Run Ecospace | 3 Dispensal |/ ) Tionsects | ) Extemal duta 55 MPA dymarmics

e =1

T W e M e Ny e e S On e e L G T4
tremm( O[S [¢ & S F V[ [F[e]e e [ o [ & | &
e 2w (O (00|00 o @(0oe(e[e @ e | o | e | &

& Ecospace — Effort Dynamics

L | S g ) @ R entorcemem |

Define il

= MPA enforcement == ole
. . * Small fish Fleat 1= B

* Fishing power i — —

B sent |2 Basicimput
D |t Define habrtsts

cvpbere | Medum ‘

Flestname Deep Reel base.
1 Prawn Flest =] [=] a =]
2 Small fish Flest o =} | a
3 Trewl fish Fleel o (=] | = a
1 dadfcabon i =] ] z] &

T Tentome | Efecirs e | Tol sl
FomFi 100 T
Seaithres 00 a0
T e 300 O
0 Yoo
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@ Ecospace — Other parameters

* Movement rates

Zorkicopath Databasedccu
Bacic input |'B) WP enforcement | 80 Run Ecospace &9 Dispersal
Fesive | Fd o = B

rame inery dispersal in. ced inbag | [2advecied | b awcidance | Mig inarca

B

RCTTe T} 5 2m0 o 2] () T
2 Juwecia e podme 3000 S0 200 a o
5 vorime 00 ) 200 a o
o eettin 300 5000 200 a 8]
5 Swall fish w00 5.000 2000 a o
g 3000 5.000 2000 ju] o
o 3000 s000 200 a 5]
o Zecpimiin 00 sue 200 EEEMS O
5 cnkicn 00 S0 200 =) [u]
0 Dt T ) 200 = o

= Seasonal migration is an option
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&4 Ecospace — Niche model

Traditional Ecospace New Ecospace (EwE 6.4+)

Fractional habitats

Fractional habitat
preferences

Environmental responses
Data exchange framework

Yes/no habitats
Yes/no habitat preferences

Best known

Used by the majority of
Ecospace papers

Much more powerful

Publications have started
coming

& Ecospace — Niche model

* Cell suitability is defined as ability to forage in a cell

* Suitability can be driven by habitat preferences, and sensitivity to
environmental conditions

* Habitat preferences system can now include sub-cell features
— small features
— finer cells = computationally expensive
— old ecospace had 1 habitat per cell

— new ecospace allows habitats to overlap, and habitats can occupy
a fraction [0,1] of a cell (species can use a fraction of a habitat type)

&4 Ecospace — Niche model

Total habitat usage in a cell = sum of the usage of each fraction of
habitat in that cell

Ch=Cu+ G+ Gy

where C,; = Areay, *pref; ;

&9 Ecospace — Basemap (MPAs)

+ Define habitat use (click in a cell to give option te load from csv)

Bt |/ i gt 55 a8 bt oragio wvage
gt Tl hup |6 Fabtat savdteragng | ) Grosp capacity model — - L
st
o Grup s A Mesm Do | Shwon | meome
e i Al large precistor 050 050
9 ) 2 et g prr o5 o | om
= g £l YO large pradatcr 0800 0200
= g © e oo
2 g EREY )
il | 6 P o
T o )
= 2 B oz 1
10 Debilss A o t] Phytapiankion 1000
3 e 1

« Species envelope model (bridging the gap between SDM and food web models)

&9 Ecospace — Niche model

Total habitat usage in a cell = sum of the usage of each fraction of
habitat in that cell

Ch=Ch+ G+ Cys

where C,; = Area, *pref;

&5 Ecospace — Niche model

Habitat capacity " " " w
* Uses maps of sy ‘ i B
h it i e
environmental At Ll N
conditions I W =
) . pernetn SEaEN =5 ae)
* Species have unique celvalue X /= AR
responses to these Catrabiat " “
crsacty C=YiYa:¥s:Ys Ce[01]

conditions e, 0

Dynamic habitat model
predicts how productive
individual cells are for
each species

&9 Ecospace — Niche model

Driver map Response Foraging capacity

function

Environmental driver

= Ability to forage a cell can
be derived from any
combination of
environmental factors (e.g.
salinity, temperature, ...)

* Environmental factors affect
the area of a cell that a
species can use for foraging

= Factors are multiplicative

* Get values from literature
(lab experiments),
Aquamaps

rE——r3

& Ecospace — Other parameters

Fsocinme |2 & Aboa

* Seasonal migration is

an option

— need to mark route
on map
if leave model area
mark one cell as
“outside model” and
send them there in
appropriate months

R L o[
Step through months f
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&5 Ecospace — Other parameters

+ Forage capacity - i ) :

* Note: groups will
also feed poorly
in undesirable
habitat

@ Ecospace — Run Biomass

8 St 5 Bk s 8 i o e 7 i
—

* Run

Ecospace output
+ Biomass

* Catch

Effort
Discards

Contaminants

.

Other indicators

& Ecospace — Run Effort

) | e e e |5 ot |

* Run

Ecospace output =
* Biomass r

* Catch : r

* Effort _ [

* Discards .

* Contaminants
3
* Otherindicators = :memmmmm=

& Ecospace —Run Catch

0 B | 5 Bt |55 MR st e 8

* Run

Ecospace output
* Biomass

* Catch

« Effort

= Discards

+ Contaminants

* Other indicators

Aggregate biomass
(may not match Ecosim 100%)

@ Ecospace —Run

« Run e
Ecospace output r—

* Biomass %EE:_‘ et

= Catch S

* Effort .

- Discards o i

+ Contaminants ﬁf‘\

+ Other indicators il \'7 S

&5 Ecospace — Spatial optimisation
« Search for ideal MPA locations (like Marxan)

& Ecospace — Spatial optimisation
* Search for ideal MPA locations (like Marxan)

& Ecospace - IBM

* Not “biomass pools”but individual fish

State of each packet (individual)  Spatial cells encountered by a
over time in represented by: packet {individual) vary in:

X, Y positons {spatial cell)
Number of fish
Mean body weight

Habitat type
Prey densities
Predation risk

Age (stanza) Fishing effort

* Movement rules include
random direction change (diffusion)
oriented seasonal migration movement
— fitness gradient (towards cells with higher foraging
capacity with lower predation risk)
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& Ecospace - IBM

* Ecosim & Ecospace
IBM give similar =

time predictions
and fits to historical
data (but not as
smooth)

@ Ecospace - IBM

* Ecosim & Ecospace
IBM give similar
time predictions
and fits to historical
data (but not as !
smooth)

&9 Ecospace — Ecological Indicators

* Calculates standardized ecological indicators from Ecopath,
Ecosim, Ecospace, and Monte Carlo

uso

@ Ecospace - Transects
* Collect information in specific Ecospace cells

ua wln]

/
/ ¢
INSITE

‘& Ecospace - Transects
* Collect information in specific Ecospace cells

@ Ecospace - Ecotracer
* Define regions and release points

Regions

Contaminant plume

Thank you

CSIRO Oceans & Atmopshere
Beth Fulton

+613 6232 5018
beth.fulton@csiro.au
csiro.au
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ANNEX 7

Presentation of the Use of Ecopath with Ecosim Program for the Assessment and Management of
Fisheries Resources

wyudhilvdis Tnauarfisadiden

innin (@ud; 1991)

nsldldsunsudrifasdluntsdinscidays
Wanstszidunsnainsszag

Uninvdan

The Ecopath with Ecosim (EwE) software

naiy

% G &
Py, g N

V. Chrisemsen, Rev, Fish Biok Fiaharies 1996, & 47742

Mass balance: cutting the pie

- ——

e

\ i
%@J : ;

x +

O A Mot i | acopathong
£ Ecopath with Ecosim
= o o o bt

WOME DOWNLOADS GOFRO CONSORTIUM USERSUPPORT  CODEVELOPMENT ~SEMNARS  DEVELOPER

uroATES

Trophic level

Chesapeake Bay, Christensen et al. 2009
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Qs

ru Usestuide- Ecconn .+ LR

& 3 € |13 sources.scopathorg/irac/Ecopath/wiki/Us

Ecopath Developer Site | Wi | Tmeine  Romdmep  ViewTckers  Searh £ Logn~

Edtpags | SanPage | hndex

Addiask
fcd bug

EwE6 Users Guide

e can chack oul the curant EwES users guids in POF format -1

The User guide in Wik format 5 bsiow,

10N Development peges

Tiekets naeding sezes
Buge
Closed ticksts

ets by Companen

A= >

Ecopath with Ecosim (EwE) iflulusunsuguiaguiimurfunnuialiaiouazesu
wadRreIn1enEneANAIIUNTaiua Mg (trophic dynamics) nelusruuiiaml

The 2 master Ecopath-equations

Mass balance: cutting the pie

Production =  Predation
+ Fishery
+ Biomass accumulation
+ Net migration
+ Other mortality
Consumption = Predation
+ Unassimilated food (= excretion + egestion)
+ Respiration Ecopath parameters
s Blomus tiant
PB-Z - Producion/Bomusrato - year*
(= olalmoctality)
am Conmumption/Biomass ratio - yar
i Beotrophic Bifcency propocton
Qe o yeurt
Dits proportion

Ecopath with Ecosim (EwWE)

* simnnanuiiaasdildeivieaunatessnalusruuiioml (mass  balanced
model) luan1azadin (static) treldaunisiug

Production = Catches + Predation mortality + (Migration) + Biomass
accumulation + Net migration + Other mortality
P|= YI + E!i.M2I + EI + BAI +[Pi(1 > EEI)] =B.MO,
uaz
Consumption = Production + Unassimilated food + Respiration
Q=P+U+R
¢ lszansilditesiuna (ielugthBunnuas graphic) nnseasinu (flow) TBINEINY

= ] s e . . . = .
wannaszuinadelliinlusrun (luusiaz species/group i 167 Fundn component)
souvatlsziiszAuan1zanaa Iz U (ecosystem-level properties)

Ecopath with Ecosim (EwE)

-

5

* Ecosim azfludandraasiiwmansznuiclusfnuazewnAnrasnisszuaznig
wasuwlasaniazuandesiiflseauaaluszunfiom! (time dynamics simulation)
saadszansiein 4 lunsimeuleneluntsdaninlszas

0 Shopi

Ecopath with Ecosim (EwE)

azfludausinestanansznusiaszuuilam valunainresituiiuaz

* Ecospace
dynamics) Taawfunaannisimuaulaunslunisdanis

IR/ (spatio-temporal
drzaslumsimusiuiivina (ifeeunim) Whinnasiszus (spatial grid of habitat)

T

27



SEAFDEC/UNEP/GEF/Thailand/40

Must read articles FINLUIARTEAY R.E Ulanowicz (1986) 189N176H1UT89NAN114I8WFAAS component

7706, 2000 Tuszinfinemd

ICES Journal of Mari =
e i oo ideatibrary com o IBERSL

doi:10.1006/msc. 2000

Import (D) Export (E)

Ecopath, Ecosim, and Ecospace as tools for evaluating ecosystem

impact of fisheries from other

to other
component

)

Biomass
Growth and Development: components ®
Ecosystems Pheuomenclogy ) i

Daniel Pauly, Villy Christensen, and Carl Walters @

Rabert E. Ulanowicz

Respiration (R;)

Pavly, D, Chrsicnsen, V., and Walirs, C. 2000, Ecopath, Eco
luating coosystem impact of fisherics, - ICES Journ: Ll I
e
i iy
[
ECOLOGICAL Biomass accumulatior Net migration
".....,.@ aove MODELLING uw(sum{ » Nt i

\ 0 (Claxed

FLSEVIER Fologicnl Modelling 172 (004) 109-130
roduction [\
P

Wi iseviercomlocate ccolmodel

Ecopath with Ecosim: methods, capabilities and limitations™

“hristensen®, Carl J. Walters g;ﬁ-‘;-::: r:y

204 Main Mal, Vancsnsves. B, Carsad V6T 124

Fuberies Contre, Univers h Coln

Mass balance: cutting the pie

Audasnlesnas Biomass (B)
wae Censumption (Q) Q”‘

NNFAIRIL (NTXAME) BBINAIINY

(o) (P/B) Predation
—_— —_——— *
1(1-(;) l (1-EE) . =

nazrimua components lus i luusiaz stanza (aka range of ages) waAeIiULA anmsfisipnausnsinalu:
* Component 818170 gﬁui@’fﬁmﬁmﬁﬂq" u‘?;“ﬂmju (A3 > 10 kAT max = 50) 1) fRsINNIAeE (Tﬂﬂmww: predation rates Fuansireiuluusas stanza)
2) 27137 (wille) wazunssilagende i

* madangaliiuiudnana niche overlap n919RANM taxonomy
) WoFnssuuazERTINFule

* daerimusdn Component 1 1u “producer” vite “consumer” uazdieddl 5 i
4) Tamaflazgnivinemsezas

“detritus” aeinaiee 1 ngw
. . N )
* Limsar “ngulangamile’ fighamyluszi (ry guesstimates 1)

* Tuusay component #ansndanu multistanza &

Lo

Rackfish

Cascading
bottleneck effects

abie je Jybiap

Log Numbers at age

Shift from density dependent
mortality to density dependent
I growth
=

Age (months)
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&

dayandniiatinilullsunss EWE (691 Ecopath) Frudneafiazuiinefugiuildlu ewe

Symbol Descripiion Unit

i’ﬂgﬂuﬁ'ﬂl‘ﬁﬂﬂ'\ﬁlﬁﬂ:ﬁ Ecopath 1#uni Biomass (B), Angiue89 Production/Biomass

thm =
(P/B), fndanmas ‘Consumption/Biomass (Q/B), Ecotrophic efficiency (EE) Wi asfLlsznay BA; o 'PM"" per year
S P N . ‘ food Intake, same as er year
ga9e11slunszme (DCs) Tasanansaiisienaniledayalaldlysunsumuandils DG mirbuted by B
3 3 E ion — immigration), or ; x B — 1, thm 2 per year
PR . e per unit biomass tkm 2 per year
- Ecatropiie eflclency
1).1B, P/B, Q/B, EE, IDCs, ... E Tomamocoun ohing ol e e yeu
I I ¢ Gross food comversion cfficiency, stimaicd as the P/ ratio
—B 0 0 T . . o il B 1 Immigration rate tkm™2 per year
i i athatles 3 w4 sl | _ o Aadldlu i
[ I -= » ;
. L ) 5
3)-B, /B, /B, EE, DCs, ... dayaiidreausiaz component 7avis DC [ Per yeur
h : T M Instantaneous ‘other mortality” rate Per year
4).B, P/B, O/B, EE,DCs, ... YielasEluaz catch (option for Ecosim) n Insantanegus predation rate Per yeur
e H n Number of living groups in the model i
P Total procuction rate tkm 2 per year
. I Productionbiomass ratio year
TaeAanadng (#zAqN) Tunsdszunuausay parameter M?ﬁi‘l’ﬂuﬂﬂv\lﬁ' [ Total consumption rate. calculated as the product of B and O/B thm™* per year
& & © H d 0B Consumptionbiomass ratio Per year
ss Summed squared residuals
P/B and Q/B >B > DCs >> EE s ‘Valnerabilities {rescaled to range [1,4])
i Total fishery catch rate thn=? per year
St . 2 , 2 Total morulity rate, cysivalent o the produstcnbiomas rato Per yeur
il EE Suilu parameter fitlssnaidilaelisunsy Omits symbals that are wsed in only one section. Many symbols will have aa index (or indices) referring to @ group.
V. Chrisiensen, C.J. Walsers/Ecological Moddelling 172 (2004)
o
HIADININ (Biomass: B)
- NS 5 o deva
o dAEnsUsznunasavsaiud (Msda vs nsrzaky wihandndld Ae fu sie
Data req uirements fOI" ECOpath mOdelS ssfilams (tkm?) uansnsaenunlugAnadeluseud

gansafenldisdayaidusihwindanviatihuinuis (but consistency)

* wadaninaeangs detritus  Asazsedldludesadudn lwansiidlinsuuea

Any number of living and detritus groups, and

fisheries: - A
Fanmaes component H1) ad19riae e flenilszannians top predator
*B Biomass (t-km2) S L& g B .
N N * WARIHANINTWNINARNUNY compenent 1147 @wﬁmq (2 options)

* P/B Production / Biomass (year?)
*Q/B Consumption / Biomass (year?) Biomass VS Production VS Catch (or Yield) VS Landing (and Discard)
e EE Other mortality (proportion)
¢ Diets (proportions)
e Catches (t-km2 -year?)

Accepts ranges for basic input, diets and
catches

; Option 2: 13¥8tuA" Biomass FaRuflane uasiuuagndouiud
Option 1: tlszancurn

e M FuN19i1 Ecospace mall)
Biomass AAWUNVINUNA

UWFNTZAY (1UN

(niﬂ widely distribute) e

Tr— ]

* Spratelloides delicatulus biomass, sampling in lagoon: ~ 3t/ km?

* Spratelloides delicatulus biomass, sampling elsewhere: 0 t/km?

® Lagoon area: 1 km?

® Total area: 24 km? i =

Spratelloides delicatulus biomass input: (3/24) = 0.125t / km?
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setfusians Ecopath uudnassunuads Tnedsnfaniunsebuiemswfauuaaeniy
lusaudlaT) uazenaszsesldnaeiudiaaniisaiuianind fouudasilesanndt fuctuation
Tneianiz Biomass (wazdnasdeladlidy parameters du)

POPULATION
2,

oy
T
:‘g D vear D

L

DTMED

Period 2

Period 1

Time

Biomass

HANARADUIATINN (Production/Biomass: P/B)

3NAEITIRA1H AB = Production — Mortality 54114 Production= AB + Mortality

s B dhindangausz AB waewulasi (dindeue) acleidn

Production = Mortality

1szifiuldarn length converted catch curve (Iagld FiSAT) wiaenflusiaT waan
Z=M+Flag Man Pauly’s empirical model (1980) uaz F = Catch/Biomass

lunseiifl component 189194 “ngar axdadldadatiuin (weighted average)
weusiazFa U component (ndn9Re A Z, #at B,/B) unsawriy

withendu tkm? year’

&ocst
ooty

L)

Pauly D. (1880) On the interrelationships between natural mortality, growth parameters, and mean environmental

temperature in 175 fish stocks. Journal de Conseil, Conseillnternational Pour L Exploration de la Mer 39, 175-192.

P/B - Production/biomass
 PB=Z=F+M
* From catch composition data using standard stock
assessment methodologies;
» Natural mortality of fish from Pauly’s (1980)
empirical equation:
M=K065 . L/-(il'/“) .T0-463

* F = catch / biomass

Z from FishBase’ Tools / Life history

Life History Data on Rastrelliger kanagurta
Indian mackerel

Family: Scombridae Mackerels, tunas, bonitos
"‘ﬂ ';"”‘ 80 emTL
Linfinlty (Unf): = 255 com T Recalculate
Recalculate
A 150 Jyear @'= 299 rowth &
Median @' value with related Linf. and K. mortality
data
w0: 011 years  Estimated from Linf and K.
241 se 181 -370  /jyear
Bt ity e P

Estimated from Linf,, K and annual mean temp. = 270 °C

'-"""T 19 years Estimated from Linf, Kand te. Max. age & size data
m — , = -
- PB K(LI'La\'e)/(La\'Q'Lfc) [B&HD7]
- - 2= 328 Estimate Z, F, E from Lc, Lmean, Linf, K, M
Exploitation: F= 0.84 le=102 ‘om M Recaiculate
lazs mean= 15 am T
- . o . .
nisuFlnaAgesaadanin (Consumption/Biomass: Q/B) 2
(Growth (VBGF) Tumeuntrdsniiuvia @B luusaz ¥
W = W - (l-e-K(t-t0))b » . z
N (1-e ) component......... nnslsranneEn /B e
1neld Maxims H
§ 10
Biomass (B) §
© 5
t 0 [ERT 0 2 [
ai B Time (h) 1
Mortality Foodiconsumption [Ena ot reeding]
— Ree-Mt-tp) Q)
N. = R-e x 1. EJare, A ML Palomares, M. Soriano, V. Sambilay Jr. and . Pauly,
1950
t spiter program or
Grons Food
conversion (K,) 6230
futhor  Jame, A ML Palomares, M Serisno, V. Sambsiay Jr and D Pauly
t t Year 19%0
i Title S computer program for estimating food consumption of
Sowrce 16 vare 4. 19 p. internationsl Center for Liing Aquatic
3 ragement, Makati, Philippres
t [EoororD i Rem
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nsdsznanudn OB Tasldannts Q/B=3- W, 02 T°6 . A 05. 3¢

Adasedd W), anmadiln (T) , Aspect ratio (A) uazszinnamas (Ft)

F, = 0 for camivores;

The faster swimming

Fish, eats more

’ The sedentary fish, eats less

3o o
i1y Heterocercal caudal-fin 72

Henicorhynchus siamensis (Sauvage, 1881) o
Siamese mud carp

naslsznnudn QB
1u FishBase

F @ tencomyrcus somer-. x DN

€ 0 C [ wiwdsbaseorg

Marc information

1
I

enath lenpts

on keys | Lenath-frequene ssification

fabbrseary Do vy 2.2 b S T——

LI

Valuas shown hislow are dafaults: and K is an esbmate from tha Famiy whare the spacies belongs. Pleasa double-chack, raplace with bettor values
35 appropriats, and Rscalcuiats’

Sbout his pao
Life History Data on Henicorhynchus siamensis
Siamese mud carp

= B [En— :
mooolll 0 s e —
Loy ffl] e L e[ =]

wa eess w3 ma

estimated from Linf,

nasls zanoy
AraBly

Fiah dedine heshald 16
Vulnerable o extinction If decine in biomass or nubers exceeds threshold over the
longer of 10 years or 3 genarations.

hBace (616 G0t s
FishBase (1) fyear  Estimated from Frey at Lc = length of recruitment | Pecaloalaie
o,

in oo W8 i pizntsidetrus rosh, 2-2.15)
Trophic e 20 Estimated from food data, Food
Entor Wanf, tampsraturs, aspact 13t (A), and oo
e to setmate OB
wirt- 67 o temp. -
roaa 9 tines "
e oy wesrt A 1% GG £ [E=rr

Detrivors erbivore | omnivore \ cafivore
Hote: The estimates are derived from defauk values taken from FishBase and will hus not 1, o

o appropeiato for ovary population. You can changs these valuss and rocalculats the I ¢ 550 50
hisary parametars,

Production / Consumption

»  P/Q typically varies between .05 and .30;

* May be lower for baleens and higher for very small
organisms;

» Smaller individuals of a species are generally more
efficient, i.e. have higher P/Q

*  ‘Travels well’

» If P/B changes so should Q/B, hence P/Q changes
less;

* IfP/Q is entered then either P/B or Q/B is
calculated

Ecotrophic Efficiency: EE

EE lundadautnsuat@nes component 1o fignldilsziemiann component
@ Tusry (predation)

emigration)

a5 o
178 QN export aanuanITuy (ﬂ’]i‘ﬂi‘ZM\lﬂTﬁ

> M+F
EEi = lpi

B;

#i 1-EE azlumsmesasgumaiiu (other mortality)

A EE dindnlng 1 Tpeslsnfiszwdng 0.6 (Hawlaildidwenananmstszag) te
0.95 lu component 87 enidu nga phytoplankton 31914 0.1 - 0.5 (lunaelidie
17 bloom), fisith & 0.1 uAX top predator #iligninistlsza =0

nenlend EE azifuswiaiimesilillsunsy Ecopath Ussanm

EE 984 detritus axlszanmuaniilsunsy Ecopath lintiu

Ricker, W.E. Food from the Sea. In Resources and Man. Division of Earth Sciences, National Research Council. San

Francisco, W H. Freeman & Co., 1969, pp. 87—108 5797. Ridenhour, RL. Hake Fishery Development

Ecotrophic Efficiency: EE (sia)
- EE ludfiuans “sumates component 1o tuszun e EE>1.0 aznfull
v =

Lilduazuandliifiutiielanaarasmnsmfwmefindhuncsa
Fmauslawunieail

- WnAlszanuIenaTanmIes component 1 (8)
«  WiuANszANUT94 P/B 194 component 1l (P/B)
: .
+ 8AAMNsZINMITR Q/B 199 predator fifiu component 1l (Q/B)

andAEIUT8 component Ul DC 184 predator (1 THAVTaNNNG")

ARATAARLITAY Biomass accumulation (BA)

* BUT, Remember which data are the more reliable and avoid changing these, i.e

change the guessimates
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24A 7212120981417 Diet composition: DC

. meﬁmmuﬂmwﬁﬁmw?ﬁqnﬁu'lum‘a'z component Tugzn (uasanu 1)

- Import axfiudndauresannsanuanssuy w unani neliuasfiriads e

+ lunsdl component (flu “ngar” ﬂi‘:mmm'aanmlugﬂfhLix‘z’i'ﬂﬁﬂuﬁn (weight
average) 1e9%Tinlunga

« lunsdl cannibalism &agaudinufinesiadlaifiu 0.1 (unbalanced system) il
Andouresgniignwieusiiuiigs Wienngaiiu adults uaz juveniles

H ar o i o o H = 1
1 dinazifusa@anusnivinnnlfuutife A aaunaluszin 4 |
L N ]

Auxids 1.7%

Sardines 7. Partly
Anchovics 8.8% digested fish
316%

Squids 12.3%
. Others 19.3%

Use volume or weight!

Euphausiids 3.5%

Portunids 15.8%

] v @ S s ¢\ S e -
€ eln hbase.org/summa s-niloticus =
e ©
|
Oreochromis niloticus (Linnacus, 1758)
Nile tilapia
Upload your

Lansnge: Eigisn

Foed and Feeding Habits: Diet Composition Oreochromis niloticus

Maln  Percent  Trophie  Predater Country Losallty Ret,

Food = s Level ~ LifeStage . . .
[

Lake awasa, Elnigpian Rt August

1984 - foni 1986

= 20 adure Ghans Lake Vit

Minaba, Binagat and Trcgon,
southeastern Agusan Marshy, Nov.
193t Oz, 1959

5 20 acuis exhiopis

& 20 juvjadubs  Philjpines

20 juvjaduls SiiLanka Minneriya reservoir, May 2000
Minneriya recerveir, Augusk 1998-
2igust 3000

Victoria reseroir, August 1908
Alguist 2000

Udawalawe reservoir, August 1998 .
g 2008

51 21 Jwjaduts  SiLanka

52 22 Jvjaduts  SriLanka
e 23 juvjadus SiiLanka

st rew reserd e

e resus of your o mary research on Fahes shout g, weght|
=

dnbisdagyailovils wuzmhWldanenansisnsaaansay newld FishBase
(Fayarhwedasindr (o))

Detritus fate

+ lussuuazsasd detritus asnada 1 ngu

N7 component TuszuuAza@n detritus aannsdiuing, egestion UATHARN
m?maﬁzuj (ﬁml‘ﬁ predation + fishery)

. UnAsuanenaiitelifiuiniidndounes detitus Tuusiay component fieanly
uanszuuwinle (Usnf = 0)

« il detritus 17nn91 1 nga Fasuanslfiiiudn detritus 189usiaz component
Tuusaznguiludadouninla uazdiuasn < 1 a2liludauses detritus 7
2ANUANITLL eI “

| importantithan the
‘economy, try holding

your breath while you
count your' money:

—Dr. Guy!McPherson

=

HANARMAY (Other Productions)

A deaya i o ,
« azunredadouirinlfiisddsunlasresnan@nlunsaz component
18NN catch UAT mortality (RAxNsALUI8Y Ecopath)

arldvialdldlultsunsufild Iusdivaninzaesszuy uazidaldazlnanis
Usz@unalu Ecosim  (sralaszdamslddoaauazuana) lanasnalusziay
wasuulasfeududnbifinafeunlaaesszitlszag

« (M) NMIANEIN (migration) “/?xlt‘fl"] (immigration) Waraan (emigration) AN
szuy wheniu tkm? year e ldiiugnmaeansenamaan (year)

+ (1) Biomass accumulation (BA) ﬁﬂﬁwa’ngﬂuﬁmﬁﬂﬁgqﬁﬁ\.\,ﬂﬁi’mdﬁﬂmi
Lﬂﬁﬂuu.ﬂm’nmmfﬁqmwLﬁulﬂnd'}mmm I overfish 184 component

ﬁu’\ vite %i'u'| Tuzaud] (MBedasszazioninsienzilues) BA S

Wt - km? year' vitauanidlugaa (year') Taadn 0 wamadnlaifinng

wlRenlas wasARaaL (-) umla biomass depletion

Migration
| «  Immigration and
il emigration are rates
(t'km2 -year!);
o « Net migration enters into

the production equation
v (Master Eq. I);
« Migration is picked up
o by Ecosim and can be
©o modeled in Ecospace
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Biomass accumulation (BA) Non-assimilated food (U)
* Remember the Ecopath Master Equation (II):
« Ecopath is not a steady-state model, biomasses can Q=P+R+U
change over time period modeled:

* Qand P are estimated first
- B
* Use B, if you have data showing change in biomass

.cc 15 entered as rates (t - km™ -year™) or relative to B: « Respiration (R) is then calculated as

o o R=(Q-P)-U
at start and end of the year the model is for (start year Q-P)
for Ecosim); i.e.; changing U only impacts R
+ If B, values are entered, Ecosim will show change *  The default value of 20% for U is generally
over time even without any change in fishing. acceptable, except for herbivores and detritivores
where 40% leads to more reasonable R/B ratios.

’ITm‘J‘ﬂnﬁiﬂi:NG (Fishery data) Landings VS Discards
. agnansuenldiie 10 nasda (‘vﬁﬂﬂﬁ'uLﬁ‘;‘ﬂqﬂa) « Catch = landings + discards winsdils=athdning tnansdl Catch = landings

. wqﬂﬁLmﬂﬂunﬁ:”ﬁ"qzuﬂqLﬂu usithdl discards thalaifdaya nsliladayaaciinasiansulana (iry guessing!)

o o . . - = i .y,
NIFUNLENTR3A landing WAY discard AZUENAIN “NAYLTE” I “LATDINE” WADN

(n) nguiiiudeyafifianfeaiudldaenarmels fatnasldiszfiusiodias
. - P . a
U Ecosim %38 Ecospace aaiulasnlsn® set 1udn default (Fixed cost, AUATIZTWANIT Ecopath WUZUN single fleet 34 single gear

lunseilfitlsznaun Ecosim uaz Ecospace uazlédasyamadndiih fawiuindnd

Effort related cost WaZ Sailing related cost Wi 0 % lTurned Profit uaz
Total value T#iflu 100%) saniia vnunssilaaziisand 0 flddaduilu landing il discard (azilaasianig
simulation Tnenawnzlunsiit discard faundusnidlu detritus Tails export)

() nguiiudeyaiifiaadesiusan 14w Market price, Non-market-prize

waz Off-vessel price Falmenlanf set ihuein default # 0 ¥4 landing uaz discard Swaeni tkm? year TneRnsafuiiome Tiawnz

; i .. ; e
(A) nguiiiludasgadifiendesfunady: Landing, Discard wae Discard fate F4 habitat area (4Fenifiguiiingdl Biomass)
lﬁﬂ"‘lLﬂi‘ﬁ“.jﬁ—Ecopath pnsAmdu single fleet 30 single gear ﬁﬁﬂ;ﬁ vV

v
1

Fish landing ©

L. - oFR——

Ecopath — naitlauazaialuna
o W e & W W T S e

View Fropats Tesdm Feomace Tose Wadser Hep

a¥aluiaalual Weakalin
nssadeuas save Wi folder #
fwun TneZufuaes uasas

1l detritus 14 initial group

GETTING
START Il

Ecopath 30 years o
beyond boundaries w

da (1) Bunafideydavie (2)
e ol
sl Jusnvineu (lae
197U Navigator window)
Wi (3) guamsiass

leaanaaniluing
Tsunsuaz save foya

viansiaszfaanns
save Afagaie 11!

Instaltation notes. 4 Devecoment Comsorta
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Ecopath — N171danasdlszna uuuminduazANTIde Ecopath - 23Msznaute wiiiAaamineulni

2 teopesnw Ecnimoassrso T - : | Lo il 5
e [ Ecooits Ecoum  cospace Teoks Wviows [l Il
dl{v b Sy e
M o 5 Temtn = v G e o e e
o oo -t : e e 1) o - G o
st A5 N A5 (2 el 2 e ) %9
v Remas . . e —
P | e
v Mo [ N
v Mosdbar ' |4 Gontave
v StitesBar | & Reportan e winm .
a Vo b Log i

stout.

wiana F1 fleg
U8TIBUA WAT
AN InARsne

Fcopath with Ecosim 6 home

ath 30 years conference —
boundaries with Ewk

wuniamadleu

I I ‘—I.d
e 6 7 8
: st ; & Gudunisinen
Ecopath — a9dlsznauamidnanaeavinelsni

1. Menu bar aztsznaulildae File, View, Ecopath, Ecosim, Ecospace, Tools, Windows

R

4 e - Ay P
uaz Help Falldanansn dla”, “Ta- v “tidin Tuimadildaield b b

Shertcut lﬁm‘i‘l”]fﬁmmﬂ Ecopath, Ecosim Wit Ecospace fafaliuda

N

. Navigator window tluifalalunisfiazi@anmindndlunnsyinau Tnetden click ui item #

w

- . N, A oo
azidiansvien Tag node vas item #flAdea-uansdaswiisnefidudesmind uay
F-wassdimasnisieiiuansag

4. Main sereen i rudnaasmaielunshdideysbauanus
' L)
5. Tab-bar tite idenuisnesg/ iy Saae. quan
6. Status tab Widayaasenisvie s legldainnisian mouse U laafiuantsvinen 3 sonsne T :
2 PO N I g o =y .
suuvy Aa uamsviraudilal (information messages): dadunmviadaiananaiiiinty
— ) e

(Warning massages) usz teyuaatsnizaslilsunsu (critical massages)

Remark tab lds1eazi@aaviia comments ifendasiusruusisalueg

~

8. Status bar uansdelumafinauay e LT
i A o e e
Iﬂ'ﬂﬂl‘l‘ﬂuﬂuiﬁﬂﬂulﬂﬂﬁﬂﬂ\l?.,ul.l‘llqyﬂ'ﬁulﬂﬂ Fanuazliaanaun components
S PRSTCCTEES o & SRR S SRS =
Vo G G Tk Wi b e Ve i G Tk koo
d | @ tcapem © s+ @ ieampacs > @ Ceomess o[ i |9 e
- 3 ome ) Madel Parmeters | ox Mg . x
L G ivomem > s b o
W Sminnm = ey
o : e EE
g e Coe—
-t
P e [T p— ==
P o e e el Ml el e K =
Gartot: Forvas Prgen R ‘.‘J;‘ﬂ&'ﬂ“ﬂ 1 Devns B O a B
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ANNEX 8

Training-workshop Atmosphere
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