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1 Introdu
tion to Atlantis

1.1 About Atlantis

Atlantis is a modeling framework that 
an be used to 
onstru
t e
osystem

models for various marine and fresh water e
osystem. It has for example

been used to model the e
osystem of: I
elandi
 waters, Lake Vi
toria, the

California 
urrent and the waters of south east Australia. The Atlantis

model simulates the entire e
osystem and 
an 
ontain up to six modeling


omponents: 1) o
eanographi
 model 
omponent, 2) biologi
al 
ompo-

nent, 3) �sheries model with multiple �eets, 4) sampling and assessment

model, 5) management model, and 6) so
io-e
ologi
al model. It is a

deterministi
 model whi
h means that if the parameters values and the

initial 
onditions are the same the model will produ
e the same results.

The model tra
ks energy �ow (nitrogen) in the system. The initial sour
e

of nitrogen is set in the water and in the fun
tional groups. Nitrogen 
an

be added to the system with e.g. river inputs and atmospheri
 deposition.

Nitrogen is lost e.g. to sediments and atmosphere, and by denitri�
ation.

A detailed des
ription of framework 
an be found in the user guide (Az).

In this tutorial the �rst three model 
omponents of the Atlantis modeling

framework will be des
ribed using examples from the I
elandi
 Atlantis

model.
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2 O
eanography Model

2.1 The model domain

The modeled area is divide up in spatial boxes. Fa
tors 
onsidered when

the area is split into boxes are e.g. bathymetry, hydrography, and spe
ies

distribution. Ea
h box is then further split into verti
al layers. In the

I
elandi
 Atlantis model the 1,600,000 km2 area was split into 53 boxes: 2

land boxes (I
eland and Faroe Islands), 36 a
tive boxes (where the biology

model is a
tive) and 15 boundary boxes (to bu�er water �uxes to and

from the modeled area). Ea
h box had one sediment layer and up to six

water 
olumn layer (0-50m, 50-150m, 150-300m, 300-600m, 600-1000m,

1000m+), depending on the depth of the box.

The modeled are of I
elandi
 waters and the

division into 53 spatial boxes.

2.2 O
eanography

Water �uxes, salinity and temperature need to be 
al
ulated for ea
h box

and layer for ea
h day for the whole simulated period. A full model run for

the I
elandi
 model is from 1948-2012, i.e. 65 years. The o
eanographi


data were taken from a hydrodynami
 model (Logemann 2013), water

�uxes were 
al
ulated for ea
h box and layer and a for
ing time-series


reated to imitate the water 
urrents in the area from 1948-2012. The

same was done for salinity and temperature. The water �uxes 
ontrol the

distribution of nutrient and plankton groups in the system.
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3 Biologi
al Model

3.1 Fun
tional groups

There 
an be a number of fun
tional groups, ea
h modeled as a di�erent

type, e.g. vertebrates, invertebrates, primary produ
ers, ba
teria, and

detritus. How the vertebrates are modeled depend also on if they are �sh,

shark, mammals, birds or reptiles. The invertebrates are also modeled

di�erently for infaunal, epibenthi
 and water 
olumn invertebrates. The

same is for the primary produ
ers but they 
an be either epibenthi
 or

not and the ba
teria is either in the sediment or in the water 
olumn.

There are three detritus groups: 
arrion whi
h 
ontains dis
ards, labile

detritus and refra
tory detritus.

There are 52 fun
tional groups in the I
elandi
 model: 20 �sh groups

(8 represented at a spe
ies level), 5 mammals, 1 seabird group, 16

invertebrates, 5 primary produ
ers, 2 ba
teria and 3 detritus groups.

Vertebrates 
an have up to ten age-
lasses ea
h with multiple 
ohorts. A

vertebrate with maximum age 30 would have ten age-
lasses and 3 
ohorts

in ea
h age 
lass. A vertebrate with maximum age 6 would have 6 age-


lass ea
h with one 
ohort. The model tra
ks number per 
ohort within

an age-
lass and the weight of the age-
lass. The weight is divided into

reserve weight (soft tissues) and stru
tural weight (bones). When the

vertebrate dies the reserved weight goes into the labile detritus groups and

the stru
tural weight into the refra
tory detritus group. The invertebrates


an also have age-stru
ture but are usually modeled as aggregated biomass

pools with no expli
it are stru
ture.
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3.2 Reprodu
tion

The reprodu
tion of the vertebrate groups 
an be modeled with number

of di�erent fun
tion in the Atlantis model. It 
an e.g. be modeled as


onstant per adult, with the Beverton-Holt fun
tion or with the Ri
ker

fun
tion. In the I
elandi
 Atlantis model the reprodu
tion of �sh groups

were modeled with the Beverton-Holt fun
tion but the re
ruitment of the

mammals and seabird groups were modeled as 
onstant per adult.

The time of spawning and re
ruitment is set. At time of spawning the

spawning biomass is 
al
ulated and the numbers of re
ruitment. If the

ratio between reserve and stru
tural weight is under a 
ertain value (i.e. the

group is starving) there will be no reprodu
tion. The groups lose a 
ertain

proportion (usually 25-40%) of their biomass at the time of spawning. The

larval life stage is to modeled and the re
ruitment 
omes into the model

at a time set whi
h 
an be months after the spawning time. The time of

re
ruitment is also the time when aging into older age 
lasses takes pla
e.
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3.3 Predation and 
onsumption

The 
onsumption rate of predators is usually modeled with Holling type I-

II in the Atlantis model. In the I
elandi
 Atlantis model the 
onsumption

rate (CRij) of predator j on prey i is modeled with Hollig type II as follows:

CRij =
Cj · aij · Bi

1 + Cj

mumj
[
∑n

k=1
akj · Bk · Ekj ]

(1)

where mumj is the maximum growth rate and Cj is the 
learan
e rate of

predator j. The ratio between the mum and the C 
ontrols how steep the


onsumption 
urve is (Figure). The Bi is the biomass of prey i, aij is the

availability of that prey to predator j, and the Eij is the assimilation rate

of prey i for predator j. The assimilation rate was set to 0.8 whi
h means

that 80% of what the predator eats it 
an use for growth. The availability

parameter (aij) is tuned to adjust the diet 
omposition of ea
h predator.

The availability of ea
h prey is also a�e
ted by the gape limitation of the

predator. A gape limitation is set in the model so that the prey has to

�t into the mouth of the predator. This is usually set so that the prey


an not be larger than 40% of the predator weight. This is though often

di�erent for sharks and tooth whale that 
an prey on individual larger

than themselves. The predator and prey also need to overlap spatially so

the predator 
an feed on the prey.
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3.4 Growth

The growth fun
tions of the fun
tional groups depends on their group type.

The growth of the primary produ
ers depend on their growth rate and is

limited by nutrients, light and spa
e.

The growth of invertebrates modeled as biomass pools depends on their

growth, (i.e. the proportion of their 
onsumption that 
an be used for

growth), respiration, what is lost be
ause of predation or other mortality.

The growth for age stru
tured groups (vertebrates) is divided between the

reserve and stru
tural weight. What a�e
ts individual growth of verte-

brates are the growth, respiration, and weight lost due to spawning. The

the model also tra
ks the number of individuals of the vertebrates. the


hanges in numbers depend on re
ruitment and ageing into the next age

group. It also depends on predation mortality and other mortalities.

3.5 Mortality

Mortality 
an be modeled in many di�erent ways and this also depends on

the type of the fun
tional group. Predation mortality is modeled with the


onsumption fun
tion, e.g. Holling type II. Additional mortalities that the

model is not able to 
at
h 
an be modeled with linear and quadrati
 mor-

talities. Linear mortality is a 
onstant proportion that dies but quadrati


mortality is density dependent, i.e. it in
reases as the density of the group

in
reases.
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3.6 Movement and migration

The modeled area is divided into spatial boxes and into verti
al layers.

The groups 
an have di�erent spatial and verti
al distribution whi
h 
an

be allowed to 
hange from one season to the next. The distribution 
an

also be di�erent between juveniles and adults. The groups 
an also have

migratory behavior and 
an migrate in and out of the model area.

Density of juvenile and adult 
apelin by spatial

boxes and two seasons.

3.7 Initial 
onditions

Initial 
onditions need to be set before the model 
an simulate the e
osys-

tem. The I
elandi
 Atlantis model starts in 1948 and the initial 
onditions

are therefore set for that year. The initial 
ondition in
lude total numbers

and individual weight for ea
h age-
lass of ea
h vertebrate group and to-

tal biomass for groups not with an age stru
ture (invertebrates, primary

produ
er, et
.). The model also requires initial 
ondition of the nutrient


on
entrations (N, Si and O2) in the o
ean.
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4 Fisheries Model

4.1 Fishing mortality

Fishing mortality 
an be produ
ed by three di�erent ways in the Atlantis

model: 1) with time-series of biomass that should be removed from the

system, 2) with proportion that should be harvest, and 3) with a dynami


�sheries model. Method 2 is used in the Atlantis model for I
elandi


waters and will be des
ribed in this se
tion.

Fishing mortality is set as the proportion harvested ea
h day and is the

same all days and in all spatial boxes and layers unless optional man-

agement parameters are used, su
h as seasonal or spatial 
losures. The

biomass harvested (Ya,g,f,t,b) for ea
h age-
lass a of group g by �eet f at

time t in box b is as follows:

Ya,g,f,t,b = HRg,f +Ba,g,t,b + sela,g,f +mpaf,b + brokf (2)

where HR is the proportion harvested per day, B is the biomass of the

harvested group, sel is the sele
tivity whi
h is from 0 to 1, and mpa and

brok are optional management parameters for 
losures and harvest rules,

respe
tively. The �shing mortality (HR) and sele
tivity (sel) 
an be al-

lowed to vary with time.
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4.2 Sele
tivity

The �shing mortality (proportion harvested) depends on the sele
tivity of

the �eet (�shing gear). The sele
tivity 
an be modeled in few di�erent ways

in Atlantis. It 
an be set as being di�erent between juveniles and adults

or it 
an be modeled with 
urves (logisti
, normal or bimodal 
urves). In

the model for I
elandi
 waters the sele
tivity was modeled with the logisti



urve whi
h is de�ned as follows:

sela,g,f =
1

1 + exp(−b · (lea,g − lsm))
(3)

where sela,g,f is the sele
tivity (0-1) for age-
lass a of group g for �eet

f . The b and lsm are parameters where lsm is length of �sh whi
h has

sele
tivity of of 0.5 and b is the steepness of the 
urve. The lea,g is the

length of �sh in age-
lass a of group g.

Sele
tivity with

di�erent parameters.
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4.3 Dis
ards

Dis
ards 
an be modeled in various ways in Atlantis: 1) it 
an be modeled

as a 
onstant per group, 2) 
onstant per age-
lass of a group, 3) size

based. Also, management and marketing 
an a�e
t dis
arding if those

model 
omponents are in
luded.

In the model for I
elandi
 waters dis
arding is modeled as 
onstant pro-

portion per age-
lass. Only two groups are modeled with dis
ards, 
od and

haddo
k.
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5 E
onomi
 Indi
ators

5.1 Cal
ulating e
onomi
 indi
ators

The e
onomi
 indi
ators: revenue, 
ost and pro�t 
an be 
al
ulated from

the model. A di�erent method is used for demersal and pelagi
 spe
ies

be
ause oil use in demersal �sheries are mainly be
ause of trawling (60

E
onomi
 indi
ators for demersal spe
ies

E
onomi
 indi
ators where 
al
ulated for �ve demersal spe
ies (
od, had-

do
k, saithe, red�sh and Greenland halibut) in the Atlantis model for

I
elandi
 waters.

The pri
e was taken as the average for the year 2012. The pri
e depend

on the weight of the demersal �sh ex
ept for Greenland halibut.

The 
ost of harvesting per ton is assumed to be a fun
tion of the total

biomass, i.e. as the biomass in
reases the 
ost of harvesting per ton de-


reases. The 
hange in biomass is based on the biomass in the status quo

s
enario in the year 2012. The fun
tion is in a power of 0.8 whi
h make it

not linear, i.e. if the biomass is doubled the 
ost does not de
rease by 50

Cs,i,t = 44, 800 ·
(

Bs,1,2012

Bs,i,t

)

0.8

(4)

where Cs,i,t is the 
ost of harvesting one ton of spe
ies s in s
enario i at

year t. The Bs,1,2012 is total biomass of spe
ies s in the status quo s
enario

in 2012.

The pro�t (Profits,i,t) for ea
h spe
ies s at s
enario i at year t is then


al
ulated as:

Profits,i,t =
∑

w

(Lw,s,i,t · pw,s)− Cs,i,t

∑

w

(Lw,s,i,t +Dw,s,i,t) (5)

where Lw,s,i,t and Dw,s,i,t is the landings and dis
ards of a 
ertain weight

group w of spe
ies s in s
enario i at year t and pw,s is the pri
e for that

group.

E
onomi
 indi
ators for pelagi
 spe
ies

E
onomi
 indi
ators where 
al
ulated for four pelagi
 spe
ies (
apelin, her-

ring, blue whiting and ma
kerel) in the Atlantis model for I
elandi
 waters.

For the pelagi
 spe
ies, the 
ost does not depend on the biomass and the

pri
e does not depend on the weight of the �sh. The pro�t is de�ned as:

Profits,i,t = Ls,i,t · ps − Cs,i,t · (Ls,i,t +Ds,i,t) (6)

Pri
e per kg of the demersal

spe
ies. The dotted line shows the minimum legal size.
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6 VizAtlantis

6.1 About VizAtlantis

VizAtlantis is a tool to visualize �sheries s
enarios from the Atlantis model

and 
an be found here https://mfdb.rhi.hi.is/shiny/VizAtlantis/

The tool shows simulations the e
osystem of I
elandi
 waters from 1948 to

2012. It 
an be used to visualize how the e
osystem had evolved if di�erent

management had been in pla
e. S
enarios with di�erent �shing mortality,

sele
tivity, or dis
arding 
an be observed and 
ompared.

6.2 The s
enarios

Fishing mortality:

F0.50 = F1 de
reased by 50F0.75 = F1 de
reased by 25F1 = Histori
al

�shing mortality.

F1.25 = F1 in
reased by 25F1.5 = F1 in
reased by 50F2 = F1 doubled.

F5 = 5 times F1.

Sele
tivity:

sel1 = Histori
al sele
tivity (L0.5 = 87
m).

de
1 = Lower sele
tivity for juveniles (L0.5 = 90
m).

de
2 = Lower sele
tivity for juveniles (L0.5 = 93
m).

in
1 = Higher sele
tivity for juveniles (L0.5 = 84
m).

in
2 = Higher sele
tivity for juveniles (L0.5 = 80
m).

Dis
arding:

HD = Histori
al dis
arding

LO = Landing obligation with 100MD = More dis
arding, HD doubled.
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6.3 How it works

The tool has �ve tabs: About, Fishing mortality, Sele
tivity, Dis
arding

and S
enarios. The About tab has short des
ription of the tool and the

model. The Fhising mortality tab shows s
enarios where di�erent �shing

pressure is applied to one group (
od). In the Sele
tivity tab the e�e
t

of 
hanged sele
tivity 
an be observed. The e�e
ts of dis
arding 
an be

visualized in the dis
arding tab, and in the S
enarios tab a mix of �shing

mortality, sele
tivity and dis
arding s
enarios 
an be observed.

Fishing mortality

You 
an 
hose di�erent �shing mortality of 
od in the ti
k boxes. Here the

histori
al �shing mortality (F1) is 
hosen and where it has been de
reased

by 25

Below are plots that show how biomass and landings have 
hanged during

the simulated period. From the drop down list you 
an 
hose all the fun
-

tional groups that are in the model and see what e�e
t the s
enarios has

on those groups. If you s
roll further down you see plots with dis
arding

statisti
s, su
h as the dis
ard rate by weight and by numbers, also total

biomass and numbers dis
arded of the 
hosen fun
tional group. Below, are

plots with e
onomi
 indi
ators: revenue, pro�t, total 
ost and 
ost per ton

harvested.

There are also link that you 
an follow to get explanation on for example

how �shing mortality work in Atlantis or how e
onomi
 indi
ators are


al
ulated.
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6.4 Fisheries in I
elandi
 waters

Ba
kground

Fisheries have been very important for the I
elandi
 e
onomy for de
ades

and in 2014 one million metri
 ton was harvested and the �sheries 
on-

tributed 8.3

In 1976 days-at-sea were redu
ed to try to limit the 
at
h of the over-

exploited 
od sto
k but without su

ess. In 1975 the quota system was

introdu
ed for pelagi
 sto
ks and in 1984 for the 
od and other demersal

spe
ies but the management was also partly e�ort based. This still did

not result in 
omplete 
ontrol of the total landings as they kept going over

the re
ommended. Individual transferable quota (ITQ) system was im-

plemented for all �sheries in 1990 with minor exemptions. This resulted

in better 
ontrol over the total landings and made the �sheries more e
o-

nomi
ally e�
ient. A dis
ard ban was �rst put into a
tion in 1977 for

six demersal spe
ies and in 1996 a dis
ard ban was 
arried out for all �sh

spe
ies. The I
elandi
 �sheries management systems in
ludes measures

to prevent dis
arding su
h as ITQ related measures, gear restri
tions and


losed areas but despite these e�orts dis
arding still exists in I
elandi


waters.

Regulations to redu
e in
entives for dis
ards

Dis
arding in I
eland did most likely not start until at the end of the

19th 
entury when �shing with trawlers began. In the beginning of the

20th 
entury there were no rules about the �sheries but in 1937 a law

of minimum length of landed �sh and minimum mess size was exe
uted.

These regulations probably led to in
reased dis
ards of �sh smaller than

the minimum size. Ban on dis
ard was �rst put into a
tion in I
eland in

1977 when dis
ards of 
od and haddo
k and four other demersal spe
ies

was prohibited. The dis
ard banned evolved and in 1986 a dis
ard ban

was enfor
ed for all �sh that was in the quota system and ten years later

it applied to all �sh spe
ies.

ITQ systems 
an lead to in
reased rate of dis
arding. Fishermen aim for

the most pro�table 
at
h and the ITQ system en
ourages high-grading, i.e.

dis
arding of small and less valuable �sh for larger one, as the 
at
h size is

limited. The system also en
ourages �shermen to dis
ard by-
at
h spe
ies

they do not hold quota for. The �sheries management system in I
eland

has evolved to redu
e the a
t of illegal dis
arding by allowing for �exibility

within the ITQ system. It is allowed to ex
eed the quota for spe
ies but

quota for other spe
ies that the vessel holds are then redu
ed a

ordingly.

This regulation 
omes with restri
tions su
h as the total quota ex
eeded


an be no more than 5

With the enfor
ement of the dis
ard ban the regulations on minimum

landing size was 
hanged to minimum legal size. In the beginning all 
at
h

under the minimum legal size was 
on�s
ated by the government but to

dis
ourage dis
ards these regulations have been 
hanged and �sh under

the minimum legal size is no longer 
on�s
ated but will only a

ount to 50

The �sheries management system in I
eland allows for temporal real-time

and permanent 
losures. Areas have been 
losed permanently sin
e the mid

20th 
entury but real-time 
losures did not start until 1976. Areas that

were often 
losed for short time have now been 
losed permanently. One

of the main reasons for 
losing areas is to prote
t juvenile �sh and studies

have shown that these 
losures have resulted in less �shing mortality and

dis
ards of juveniles.

Gear restri
tions also apply in order to redu
e �shing of small �sh and

of unwanted by-
at
h. These restri
tions 
an be permanent or they 
an

apply for 
ertain areas or time. For example the minimum mess size for


od was in
reased to 155 mm in 1977 and the use of sele
tion grids have

been made mandatory in 
ertain areas for some �sheries su
h as in shrimp

and blue whiting �sheries.

Data was not 
olle
ted systemati
ally to estimate dis
ards until the begin-

ning of this 
entury and therefore no dire
t measures on the e�e
ts of the

�sheries regulations have had on dis
ards exists. Sin
e 2001 data has been


olle
ted to estimate the dis
ard of small �sh for the most important 
om-

mer
ial spe
ies, mainly 
od and haddo
k. From 2001 to 2010 the average

dis
ard rate was estimated to be 2

18



7 ForAtlantis

7.1 About ForAtlantis

This is a tool to visualize �sheries s
enarios from the Atlantis model. The

�sheries s
enarios are for di�erent: 1) �shing mortality, 2) sele
tivity, and

3) dis
arding s
enarios. These s
enarios 
an be explored by 
li
king the

tabs above. The �rst graph on ea
h page shows what has been 
hanged in

the s
enario 
hosen in the 
he
kboxes. Fisheries s
enarios 
an be 
hosen

for di�erent harvested group and the e�e
ts observed for ea
h fun
tional

group. This tool shows how the model simulates the I
elandi
 e
osystem

from 1948-2012 and fore
asts di�erent �sheries s
enarios from 2013-2043

7.2 The s
enarios

Fishing mortality:

F0.50 = F1 de
reased by 50F0.75 = F1 de
reased by 25F1 = Status quo

(�shing mortality as in 2012).

F1.25 = F1 in
reased by 25F1.5 = F1 in
reased by 50F2 = F1 doubled.

Sele
tivity:

sel1 = Status quo sele
tivity (L0.5 = 87
m).

de
1 = Lower sele
tivity for juveniles (L0.5 = 90
m).

de
2 = Lower sele
tivity for juveniles (L0.5 = 93
m).

in
1 = Higher sele
tivity for juveniles (L0.5 = 84
m).

in
2 = Higher sele
tivity for juveniles (L0.5 = 80
m).

Dis
arding:

SQ = Status quo dis
arding.

LO = Landing obligation with 100MD2 = More dis
arding, 2x SQ.

MD4 = More dis
arding, 4x SQ.
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