User Manual

AQUASPLATCHE

A program to simulate genetic diversity in

populations living in linear habitats

quaSplatche 1.0 - C:\Daten\Friction\CodeVAquaSplatcheldrainagelsettings. txt

File % Image | Network transtormation | Diemographic: simulation | Genetic simulation | Time Series
D Build network | Simulate demograph :
| Envirorment | Qutpu |
~Time ~|nitial Populatior ~Diemagraphic Maodet —
: i~ Migration rate-
Mumber of G tioti: |25D -
umber of Generatio i Idansﬁinil.lxl 1. Model nan stochastic _I e 06000
Generation time [pears) |4 B, Browse... | 1% Edit | Giowth rate 060 il ccupation 01000
“directional migration;
: ; : St [T
: ITDDD 1000 -
Start Time [years B.F‘._]. Aoy cerahtoveron [ Il g rate for K. |1 ] Carring capacity per segment | [up-‘dawnstreamn]
0. ‘Dranage
1008 segments / 1'007 nodes
Cursor: B.959°E / 46.462°N
Actual time:
0 generation
0 year
0 BP
~Active segment-
zegment 10 Inol telected VI
1
i
1
i
~Digplay
B : | |Density vI
'idla | Building drainage... dong. | /‘l

version 1.0



Author:

Samuel Neuenschwander

Computational and Molecular Population Genetics (GlHPG)
Institute of Zoology

University of Bern

Baltzerstrasse 6

3012 Bern

Switzerland

URL: http://cmpg.unibe.ch/softwareANASPLATCHE

March 2006



Table of contents

N [ o o 11 o 1 o] o 1P 5
2 Versions, Installation & SyStem reqUIrEMENTS. cccc.i . oo 6
2.1 Graphical Version (WINGQOWS) ............ e eaeeeeeeeeeeeeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeees 6
2.2 Console versions (WindoWS & LINUX) ... eeeereerreeerieeeeieeeeeeeeeesssssssssrieeeeeeesseereeeeeee 6
2.3 SYSIEM FEQUITEMENTS.....iiiiiiiieeeee ettt e e e e e e e e e e e e e e 6
3 Demographic and spatial expansion module...............c.ccooo oo, 7
R 700 I T T ][ 7
3.2 DemMOgraphiC MOUEL........ccoiiee it 7
3.2.1 Regulation Phase ...........oooiiiiii e 7
3.2.2 MIgration PRaSE.......coeee e 7
3.2.3 DEMOQraphiC MOUEIS.........uuuiiiiiiitceeeeeeereeeriierrierrrrrrrrear e —————sessssrrsrrnrrnrrnnne 9
3.3 DYNamiC €NVIFONMENT .......coiiiiii i eeeeee ettt eeeee e e e e eeeeeeeeeeseeeeeees 10
T a1 (o 0o To (1] P SUPPUPUPPRPPRTPR 11
I o T ] [ 11
N =T T oo - | = PR 12
4.2.1 Microsatellite datal.......ccoooeiiei e 12
A o L o - - WS OPPPR 12
4.2.3 DNA SEOQUENCE TALA.......ii ittt ie et e e e e e e e eeaeeeeas 13
A S = 1o F= 1o [0 = 13
N SIS N e = - OSSO 13
Lo L 10 11 =2 14
N Y= 1 1] T T30 1] PP 14
5.2 Population source fil@éns_init.tXh.........ccooeeiiiiiiii 15
5.3 Genetic sampleSSENeSamMPIES.SAIML.....uuuuiurriiiiiiiiiii e a s 15
5.4 RIVEI SYSIEM INPUL.......coi i ceeeiet i naaansessssssssssssnessennnrnnnnes 16
5.4.1 NOAES (NOUES.IXL)....cce i ittt ereee e e e e eeeeeeeeeeeeeeeeeees 16
5.4.2 Segments (SEGMENTS.IXL) ....cccoii i 17
5.5 Range changes specificatiodgramiC_mMapS.tKE..........uuuurummiimmmiierreess e 17
L 1111 01U 1 1= 19
6.1 Images during the demographic SIMulatioN e 19
6.2 Images during the genetic Simulation ... 19
6.3 ARLEQUIN files f.arp, *.arb) ........oooiioie e 19
6.4 Coalescence distribution fileSq0al)...........oovriiiiiiiii e 19

6.5 MRCA filES E.lMICA) ... ettt e e e e e e e e e e e e e e e e e aaaaaaaaaaaans 20



I I =T 11 Lo SR Gl 1T R 20

6.7 DiIStanCe filEXIXE) «ooeeeeeee e 20
7 GraphiCal INTEITACE .....coeeieeeeeeee e 21
7.1 Graphical display Of the FNVEr SYSEM ... ccaaacuiiiiiiiii e 21
A 1T 0= T TSP 22
7.2.1 SettiNg Tl ..oeeeeeeeeee e 23
A |1 TV TP PPPPPPP 23
7.3 NetwOork tranSTOrMATION...........iiiuiitcmmee e e ettt e e e e s e e e e st e e e e e e e e e e annnes 25
7.3.1 VISUANIZALION. .....eteiiiiiee ettt e e e e e s rmnn e e e e e e s e eeeaaeeeeas 25
ARG I 5 =TT 4 o PP 26
7.3.3 Segment transfOrMAatioN ............uuii i 26
7.4 Demographic Simulation..............cooooiiiiii i 27
A R 1Y o T [ PP PPEPPPP PP 28
A = 01V (] 0] 0 1= o1 P PPPPPPR PP 30
A0 3G T L1 o1 | R SURPPRIPT 30
7.5 GENELIC SIMUIATION ....eiiiiiieiii ittt et e e e s e e e e s s e e e e e e e e e e annes 32
T8 R Y U= Vi T o I o o = PSP 32
4853072 1 11 011 | USSP RERRR 34
7.6 TIMES SEIIES ...eeeeiieiiiiitieitteteeee s e« e ettt sttt ettt e st ss s mmmmme e s e e e s eeesssessessnnnnnnnnnnnen 35
T R 1V o | = i o o PP P PR PPPPP PP 36
7.6.2 DEMOGIAPNY ...t e e e 36
7.6.3 CUMUIALIVE TENSITY ... e e 37
8 ACKNOWIEUGMENTS. ...ttt e e et e e e e e e e e e e e e e e e nn e s 38

L LY (=] (=Y (61T TP 38



1 Introduction

The goal of this user manual is to describe thérieal aspects of the softwareQBASPLATCHE
(version 1.0). This manual complements the artagléS. Neuenschwander, published in Molecular

Ecology Notes:

Neuenschwander, SAQUASPLATCHE: A program to simulate genetic diversity in popigias living

in linear habitatsMolecular Ecology Notes

Abstract:

Classical models of structured populations do pptyawell to populations of freshwater fishes, sinc
they evolve in complex networks of river systenet thre intermediate between one-dimensional and
two-dimensional stepping-stone models. In ordealtow the simulation of the genetic diversity of
populations drawn from such river systems, we hdeeeloped a new simulation program called
AQUASPLATCHE. It starts by dividing a realistic vectorized netl of river streams into segments of
arbitrary length. The program then proceeds by kiting the colonization of the streams from an
arbitrary source, recording the evolution of thgrsent densities and the migration events between
adjacent segments over time. This demographic rigisg then used to generate genetic data of
population samples located in various segmentshefriver system, using a backward coalescent

framework.



2 Versions, Installation & System requirements

Three versions of QUASPLATCHE are available. All the versions require the sanmut files. The
downloadable compressed files include the exeorifatigram, an example set of input files, and the

user manual. The user manual is focused on thdgaersion for Windows.

2.1 Graphical version (Windows)

To run AQUASPLATCHE, the compressed file needs to be extracted anteddpe an arbitrary
directory. “AQUASPLATCHE.exe” is the main executable file and can be sldriea double-click. The
graphical settings are stored in a settings flestore them between different sessions.

2.2 Console versions (Windows & Linux)

Compared to the graphical version the console @ersannot generate graphical outputs. The easiest
way to use the graphical version is to specifytfadl necessary parameters using the graphical wersio
and then to launch the console version by usingétiings file as input parameter. The advantage of
the console version is its shorter computation tifife console version is most useful when it rums o

a cluster.

2.3 System requirements

The system requirements depend mainly on the siionlaettings. The computation time and the
amount of memory required depend on the total nurobdemes and on the number of generations to
simulate. For instance, a simulation of 10,000 sagmover 4,000 generations require about 400 MB
of free RAM, and takes about 2.8 minutes to conepdet a 2.4 GHz CPU running Linux.



3 Demographic and spatial expansion module

3.1 Principles

The demographic and spatial expansion module allomes to simulate a demographic and spatial
expansion from one or more initial populations. FEiraulation uses discrete time and space. The unit
of time is a generation, while the unit of the sp&ca segment, also called a deme. Each segment ha
a certain length and can be considered as a homogsrsubpopulation. Each segment undergoes an
independent population growth, and it can exchanigeants with its direct neighbouring segments.
Each segment is also considered as a sub-unie@thironment. Variations through time of the range

extension are also possible, which is defined &mamic environment.

3.2 Demographic model
The demographic models consist of two steps durihizh densities and migrations are calculated

and stored in a database for each segment andjeaehation:

3.2.1 Regulation step
At each generation and for each segment therads di logistic regulation of the population size

following the equation

K-N
Nt+1=Nt|:1+r K t]

whereK is the carrying capacity for a segmeNtjs the current density of the segment, ars the
intrinsic rate of growth. The fractional part ofeticurrent densityN is an integer) is truncated and

added at the next generation.

3.2.2 Migration step

The regulation step is directly followed by a migya step where individuals are exchanged between
neighbouring segments. We introduced a densitydoasgration ratan, changing smoothly between
low and high local densities. This to take into@aoct the fact that species may show a different
migration behaviour during the colonization phasepared to in the equilibrium phase when habitats

are already colonized.
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Migration ratemp depending on the local densitge, is the migration rate at
low density, andmno is the migration rate at high densities. In thgufe
Mco IS bigger thamme. implying that this species migrates faster durtimeg

colonization process than when the carrying cap#eis been reached.

The corresponding equation is

rT‘kol - rrbcc
1+ AxgtP’

wheremg, is the migration rate during the colonization phasecolonization habitats)ne is the

rnD:rQ?oI_

migration rate when the carrying capacity has lreached (occupied habitatg),is the current local
density defined adN /K (current density divided by the carrying capagiy)s an absolute term set
to 1000, and. is L =2*In(A). LargerA lead to smoother migration curvesis calculated in order
that the mean value between the two migration redesesponds to a density of 50%. Note that the
carrying capacity is identical for all demes.ni§, is larger thanme., the migration rate is higher
during colonization and vice versanity is smaller thammg. If the two migration rates are equal the
migration rate is constant for all densities. Thueber of emigrantd is then distributed among the
neighbouring segments taking into account theirsties D;, expressed by the percentagekofThe

probability of sending emigrants is calculated as

P = f

I Neighbour fn ,
D * 2t {Dj

n

wheref represents the directional migration and dependtherphysical position the neighbouring

segmentifbr) has in relation to the local segmeloicy:



loc<nbr - 1/F
f =<loc=nbr -1

loc>nbr - F
where ‘loc < nbr’ means that the altitude of the local segmentoiselr than the altitude of the
neighbouring segment (downstream) and consequtmdlyvater flows from the neighbouring to the
current segmentk is the probability of upstream migration compateddownstream migration
(upstream migration/downstream migratjporwhich has to be specified. IF >1 then upstream
migration is more probable than downstream migratiad the opposite is true fer<1. If F =1
then the species has no preferences for directroigahtion. Migrants have a higher probability ® b
sent to neighbouring segments with low populatiensities compared to neighbouring segments with

high population densities.

The effective numbers of emigrants send to neighbgsegment is

M, =P *N*m,.

3.2.3 Demographic models

There is a choice between different levels of sasthity of the demographic model described above:

3.2.3.1 Model 1: Non stochastic model

There is no stochasticity in the demographic mo@lké advantage of this model is a fast execution

time compared to the stochastic models.

3.2.3.2 Model 2: Model with stochastic growth

The regulation phase includes stochasticity. The pepulation size varies randomly according to a
Poisson distribution centred on their initial vedue

3.2.3.3 Model 3: Model with stochastic migration

The migration phase includes some stochasticitymué{tinomial distribution is used to split the

number of emigrants among the neighbouring segments

3.2.3.4 Model 4: Full stochastic model

This model is a combination of the two previous mledncluding stochastic growth and stochastic

migration.
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3.3 Dynamic environment

It is possible to simulate a change in the rangthefriver system over time by selecting the option
dynamic network over timelt is thus possible to simulate changes caused lagiagions and
interglacials. These changes have to be definedparate. See for further details the chapteramic

map file specifications
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4 Genetic module

4.1 Principles

The genetic simulation procedure is implementedmting to the program SPLATCHE (Currat et al.,
2004), with some modifications when generating osatellite data. Genetic simulations are always
done after a demographic simulation, since theydesaographic information generated during the
demographic phase. The genetic phase is basedeofcdalescent theory”, initially described by
Kingman (1982a; 1982b) and developed in later gapEwens, 1990; Hudson, 1990; Donnelly &
Tavaré, 1995). This theory allows the reconstructid the genealogy of sampled genes until their
most recent common ancestor (MRCA). For neutrakgethe genealogy essentially depends on the
demographic factors that have influenced the histéthe populations where the genes have evolved.
The implementation of the coalescent theory is alifieal version of SIMCOAL (Excoffier et al.,
2000). The principal difference with SIMCOAL is thhe demographic information used by genetic
simulations does not come from the “migration nxétand "historical events" anymore, but from the

data base generated during the demographic simuati

The genetic simulation itself follows the proceddescribed in Excoffier et al. (2000) and consists

two phases

1°) Reconstruction of the genealogy:

The reconstruction of the genealogy is independgtite mutational process. Basically, a numbef
genes is specified. All thegenes are associated with a geographic posititheinirtual river system
where the demography is simulated. These genes @@ulocated in different segments in the river
system. Then, going backward in time, the geneatighese genes is reconstructed until their most

recent common ancestor (MRCA) in the following way:

Going backward in time, at each generation, twats/ean occur:

Coalescent eventif at least two genes are in the same segment,dieypotentially have a common
ancestor at the preceding generation (a so-caltedescent event). This probability
depends on the densitidisof the segment where the genes are located. Eachfgenes
has a probability N; of coalescence. If there are genes in the segment then the
probability of one coalescent event becomefy -1Y2N. Only one coalescent event is
allowed per segment and per generation (see Raly 003) for a discussion about this
assumption).

Migration : Forward in time, each gene could have arrivednopigration from a different segment.

When going backward in time, it means that theseegeould leave the current segment
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according to the immigration rates. So, the prdiiglof migration from a segmerntto a
segmenj for a gene depends on the number of individuashhve arrived from segment

j to segment at this generation. For each gene belonging tedigenent, the probability

of migration from segmeitis equal tan;/N; wherem; is the number of immigrants from
segmenj to segment during the demographic phase. All the segmentitiensand the
numbers of immigrant between segments are taken &alatabase generated during the

demographic simulation.

2°) Generation of the genetic diversity:

The second phase of a genetic simulation consisgemerating the genetic diversity of the samples.
This is done by adding independent mutations dwebtanches of the genealogy assuming a uniform
Poisson process. At the end of this process alpkahgenes have a specific genetic identity. The

genetic process is entirely stochastic.

The coalescent backward approach does not gerkeateenealogy of the whole population, but only
that of the sampled genes and their ancestors,, Thissapproach is much less demanding in terms of
memory and computation time than a forward approdtchallows the simulation of complex

demographic scenarios.

4.2 Genetic data
Different types of molecular data can be generétidrosatellites, RFLP, DNA, Standard, and SNP),

each with their own specificities:

4.2.1 Microsatellite data

A generalized stepwise mutation model (GSM, Zhiveky et al, 1997; GSM, Estoupt al, 2002)
was implemented, with or without constraint on tbtal size of the microsatellite. Several unlinked
microsatellite loci can be simulated under the saméation model constraints. The output for each
locus is listed as a number of repeat, havingedaatbitrarily at 5,000 repeats. The number of a&pe

for each gene should thus be centred on that \dl&G@®00.

4.2.2 RFLP data

Only a pure 2-allele model is implemented. SeveR&LP loci can be simulated, assuming a
homogeneous mutational process over all loci. Adirites model is used, and mutations can hit the
same site several times, switching the RFLP sitermh off. We thus assume that there is the same

probability for a site loss or for a site gain.
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4.2.3 DNA sequence data

Several simple finite-sites mutational models amplemented. The user can specify the percentage of
substitutions that are transitions (the transitias), the amount of heterogeneity in mutationsrate
along a DNA sequence according to either a disaveteontinuous Gamma distribution. We can
therefore simulate DNA sequences under a Juke€antbr model (Jukes & Cantor, 1969) or under a
Kimura-2-parameter model (Kimura, 1980), with othwiut Gamma correction for heterogeneity of
mutation rates (Jin & Nei, 1990). Other mutationdels that depend on the nucleotide composition of
the sequence were not considered here, becauskeinf domplexity and because they require
specifying many additional parameters, like the atiah transition matrix and the equilibrium

nucleotide composition.

4.2.4 Standard data
Following the definition given in ARLEQUIN User Maal (Excoffier et al., 2005) this type defines
data for which the molecular basis is not partiduldefined. The comparison between alleles is done

at each locus. For each locus, the alleles couklther similar or different.

4.2.5 SNP data

SNP data consist of loci with two different stat@scestral (0) and mutant (1). There is no inforomat
about the molecular difference between the 2 stéditeAQUASPLATCHE it is possible to specify a
minimum frequency for the minor allele (the lesaginent of the 2 states) over all samples or at leas

within one sample.
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5 Input files

AQUASPLATCHE requires several input files to work. This chaplescribes the files and illustrates

them by using the example input files deliverechwiite program.

5.1 Settings file
The settings file is the main file containing lirtksother input files and as well simulation parseng
All these parameters can be defined using the grapimterface. An example of such a setting fie i

shown below:

dens_init.txt /1 pop source file

GeneSanpl es. sam /1 original genetic sanple file

Nodes. t xt /1 river segment node file input

Segnent s. t xt /1 river segrment file input

dynam c_naps. t xt /1 dynanic environment file

1000 /] carrying capacity per segnent

2 /1 denographi c nodel (1-4)

250 /1 nunmber of generations

4 /1 generation tinme

1000 /1 real time BP of sinulation start

0.5 /1 gromth rate

1 /1 allowinitial density overflow? (0/1)

1 /1 rate for initial Density overflow (0-1)

0 /] static or dynam c environnent? (0/1)

10 /1 nunber of denobgraphic sinulations (entire sinulations / only consol e version)
1 /1 nunmber of genetic simulations per denographic simulation

10000 /1 maxi mum nunber of sinmulated generations

0 /1 data type (0: M CRCSAT, 1: RFLP, 2: DNA, 3: STANDARD, 4: SNP)

2 /1 nunber of independent | oci

1 /1 number of |inked | oci

1 /1 should the output contain genotypic (1) or haplotypic data (0)?
0. 0005 /1 mutation rate per unlinked |ocus (per microsat / per sequence)
0.33 /1 fraction of substitutions being transitions for DNA

0 /1 gamma A for DNA nutation variation

1 /1 nunmber of categories for DNA nutation variation

0 /1 range constrain for mcrosatellite

0 /1 geonetric distribution of the GSMfor microsats (0: SSM

0.1 /1 mninmum frequency of SNP (0: not considered)

0 /1 mninmum frequency of SNP within at |east one sanple (0: not considered)
1 /1 generate Arlequin output (0/1)

0 /1 generate coal escence image output? (0/1)

0 /1 generate coal escence tines output? (0/1)

0 /] generate genetic trees output? (0/1)

0 /1 generate MRCA tinmes output? (0/1)

500 /1 divergence time in generations

0.6 // mgration rate for un-colonized segments (migrCol: 0-1)

0.6 // mgration rate for col onized segnments (mgrCcc: 0-1)

1 /] upstreammigration ratio (1: upstream = downstream

0 /1 transform segments to this length in neter (0: use original drainage)
END
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5.2 Population source file (dens_init.txt)

This file contains the location of one or severdtial populations, from where the demographic
expansion takes place. There are two ways to ddfimdocation of the initial populations; either by

the segment id or by coordinates. Below you finedzample file for each definition:

By segment id:

1 // number of initial populations

0 // popul ations defined by coordi nates? (0/1)
#Name #1 nd #Seg #Resi ze
popl 100 2681898 10

By coordinates:

1 // nunber of initial populations

1 // popul ations defined by coordi nates? (0/1)

#Nanme #| nd #Lon #Lat #Resi ze
popl 100 7.61458 47.9925 10

The first line specifies the number of populatieviich are defined below, followed by the selection
of the location definition, where 1 stands for yewl O for no. The third line is a heading line. The
following lines are devoted to the population digfoms. Each initial population is characterized by
the name (without spaces), the number of genedadidagensity) at the onset of the expansion, the
location definition, either in one column in cagesegment identification or in two columns in cage
coordinates (longitude, latitude) and the resizeupater. This last parameter is only used for the
genetic simulation and specifies the populatiore $izfore the beginning of the expansion. If this
parameter is set to 0, then the density of the latipn source before the onset of the expansion is
regarded as being equal to the initial size (patani2). Note that if thénitial density overflowis
switched on, and therefore the initial populatioaynbe distributed among several demes (see section
Allow density overflow andnitial filling rate of K), the resize parameter must be set to the totalofize
the initial population (e.g. 100) if the user wattdskeep this initial size before the beginningtod
expansion.

If the location is defined by coordinates, an alfpon searches for the closest segment which serves
then as the source. In sectidletwork transformatiorit is possible to visualize the discrepancy,
respectively precision of the assignment of theggaghical coordinates to the segments. The location
declaration by segment identification works onlyhié river system is not altered in terms of segmen

length (segment length has to be set to 0 to useldfinition).

5.3 Genetic samples (GeneSamples.sam)

The genetic samples are defined in a file simiarthat containing the definition of the initial

populations:
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By segment:

9 // nunber of sanple popul ations
0 // popul ations defined by coordi nates? (0/1)

#name #i nd #seg
sanpl el 20 2683099
sanpl e2 20 2697155

By coordinates:

2 [/ nunmber of sanpled popul ations
1 // popul ations defined by coordinates? (0/1)

#name #i nd #1 on #l at
sanpl el 20 7.63286 46. 67791
sanpl e2 20 7.21413 47.18797

Again the first line specifies the number of popiolas which are defined below, followed by the

location definition, where 1 stands for yes an@iOno. The third line is a heading line. The follog

lines correspond to the population definitions. iEaampled population is characterized by its name

(without spaces), its sample size, and its locatiefinition, either in one column in case of segmen

identification or in two columns in case of coomties (longitude, latitude).

If the location is defined by coordinates an altjor searches for the closest segment which aats the

as the source. The location declaration by segidentification works only if the river system istno

altered in terms of segment length (segment lehgghto be set to 0 to use this definition).

5.4 River system input

The input for the vectorized river system consdtéwo files: one specifies the nodes and the other

the segments, i.e. the connections between thesndtese outputs can be obtained by exporting a

vectorized river system from a Geographical InfaroraSystem (GIS) such as ArcGIS.

5.4.1 Nodes (Nodes.txt)

This file contains the information on the connetsignodes) between the segments:

Title: Nodes
Date: 13.02.2005

Nodes: 1007
Nodel D Lon Lat
86 7.61458 47.9925

630 7.57995 47.9249
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The file begins with of 4 lines which are purelyfarmative for users and not used by
AQUASPLATCHE. Each node is characterized by its identificat{ifodelD), and the coordinates
(longitude, latitude). The NodelD will be used hetsegment file to define connections between the

nodes.

5.4.2 Segments (Segments.txt)

This file contains the information on the river semts, i.e the connections between the nodes:

Title: Al segnents
Date: 23.02. 2005
Segnents: 1006

Segl D FNode TNode Length Lon Lat
2674739 2867 3065 3714.74 9. 53083 47. 6584
2674740 2182 2194 112. 448 9. 56107 47.7373

The file consists of 4 foregoing lines which arergby informative for users and not used by
AQUASPLATCHE. Each segment is characterized by its identifice{{SegID), the physically upper
(FNode) and lower (TNode) node, the length of #gnsent in meters, and the coordinates (longitude,
latitude). The SegID can be used to specify thigalniind the sampled populations. The distinction

between FNode and TNode is important when usiregtional migration.

5.5 Range changes specifications (dynamic_maps.txt)

This file is only used if simulations are using ganchanges of the environment over time (i.e.
dynamic environment), for example during glaciasicand interglacials. Each range change at a
certain period has to be defined separately inea Tihe files of the individual range changes are

declared in a main file (dynamic_maps.txt).

The structure of the main dynamic environmentifile

/1 list of the maps of a certain tine
/1 time file

0 map_1.t xt

150 map_2. t xt

200 map_3. t xt

Text after a double slash (“//") represent commards. Therefore the first two lines of the example
are ignored. Each line consists of a dynamic mapacterized by the number of generations after the

onset of the expansion and the path to the filerit@ag this map (path names cannot contain spaces)

The structure of a dynamic map file is:

Start // title

0 /1 are the listed segnents active? (0/1)
27821

27822

27823

27824
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The first line contains the name of the map dispthyn the graphical interface. The second line
characterizes the segments in the list if they havee disabled (0) or enabled (1). The followimg$
contain a list of the involved segments, charaoterby the segment identification (SegID). Agaig an
text after a double slash (*//") are comments. Bhesps are relative, which means that only thedist
segments are modified according to the choice (edatr disabled segments). The range changes

have only an influence on the demographic simutadind not on the genetic simulation.
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6 Output files

AQUASPLATCHE can generate various output files. The outpus fdenerated during simulations are
stored in the folder&eneticOutpytandDemographyOutpuibcated in the folder containing the river
system specification. Some of the outputs are avgmnerated, while others are optional and have to
be specified. Additionally, it is possible to sawanually at any time the displayed river systena as

bitmap file.

6.1 Bitmap files generated during the demographic simulation
During the demographic simulation, the followingnliap files can be generated and stored in the
folder DemographyOQutput

« Population size stored in the foldeensity

¢ Number of emigrants stored in the foldigration

¢ Colonized segments stored in the fol@acupation

6.2 Bitmap files generated during the genetic simulation
During the genetic simulation, the following bitmées can be generated and stored in the folder
GeneticOutput
» For every independent locus the number of coalé¢seeents can be stored in the folder
NumCoal
e The visualization of the river system during theetic simulation can be stored in the folder

GeneticSimulations

6.3 ARLEQUIN files (*.arp, *.arb)

Each genetic simulation can output an ARLEQUIN ecbffile with the extension “*.arp”. This file
can be analyzed by the population statistical stRWARLEQUIN (Excoffier et al., 2005). If more
than one simulation is performed per demographiwkition then an ARLEQUIN batch file (with
extension “*.arb”) is additionally generated, ligjiall simulated files. This allows the computatadn
summary statistics on the whole set of simulatkx$ fiNote also that the ARLEQUIN software has a
file conversion utility for exporting input datdds into several other format like BIOSYS, PHYLIP,
or GENEPOP, so that files produced bgpuSPLATCHE could also be analyzed by these softwares

after file conversion.

6.4 Coalescence distribution files (*.coal)
This file lists the times of the coalescent evertss all simulations. These times are given itsun

of generations starting at the onset of the expansi
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6.5 MRCA files (*.tmrca)
This file lists the Time to the Most Recent CommAncestor (TMRCA) across all sampled

populations and for each sampled population seggrdthese times are given in units of generations

starting at the onset of the expansion.

6.6 Tree files (*.trees)
Two files with the *.trees’ extension can be generated (in case of one imdkgré locus) listing all
the simulated trees, with branch lengths expresghdr
)] in units of generations scaled by the populatiae §\), and therefore representing the
true coalescent history of the sample of genes, or
1)) in units of average number of substitutions pee, sind therefore representing the
realized mutational tree.
These two files could be visualized with the sofsVeREEVIEW (Page, 1996)

6.7 Distance file (*.txt)

In the panefenetic simulationit is possible to specify to generate a file wtik geographic distances
between the sampled populations along the rivetesysA second section of the file includes
information on the precision of the assignment lué samples to a segment when the sampled
populations are defined by coordinates. For eanipks the assigned segment is characterized by its
ID and the coordinates followed by the precisionrfieters) of the exact geographical coordinates of

the sample population to the assigned segment.

Di stances in neters between sanpl e popul ations
Pop_1 Pop _2 Pop _3
Pop _2 98031
Pop_3 334243 240346
Pop_4 173099 92926 331407
Nare Segnent Longi tude Latitude Preci sion [ n
Pop _1 2692130 7.63306 46. 6814 388
Pop _2 2683439 7.26636 47. 1456 400
Pop _3 2683985 7.37282 47. 2783 346
Pop _4 2695965 6.81172 46. 5669 116
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7 Graphical interface

This chapter describes the specifications of tlaplgical interface. It consists of 5 panels devated

specific tasks, and of the main display of therssestem:

7.1 Graphical display of the river system

0 Drainage |
1006 segments / 1007 nodes
Curson: 6.922°E /47 368°N

‘@ Actual time:
250 generations
. ! 1000 pears
250 0BP
12 : “Active segment——————————
375 :
zegment 10 I2EB?949 'I
coordiantes: 3.489°E. 47.172°N
0 .
500 upper hode: !D: 8109
9.504°E. 47.081°N
= loweer node: |0 6533
B 9530°E, 47.264°N
£ length: 22'060.5 m
E b heighbour. 2_
| carring cap: 1000
| 13t artival 158 generations
BEE
; Display——
Dl [oensiy <]
1000
idle Running demography simulation.. . one. 3.3s5eC
dl | g de fry siml d | A

The graphical display consist of three parts: i tiiddle the river system is displayed using colour
gradients for the visualization of the desired infation. By clicking on a segment, the segment
characteristics are displayed in the right parids hlso possible to select a segment by its IEhn
dropdown menu. In the left panel the colour gratligdisplayed used for the main display of therriv

system.

Slide bar
The right panel consists of a vertical slide bawuslizing the time. The period displayed is in gear
before present (BP) and corresponds to the timeg&r simulate. The slid bar can be used to change

the time of the displayed river system.

Drainage
This box displays the size of the current rivertesysin numbers of segments and nodes. In the second
line, the current geographical coordinates of tbesar are displayed if this one is over the river
system. The actual time is displayed in three scale

in blue Time in generations starting at the on$¢he expansion

in green  Time in years starting at the onset oetiEansion

in red Time in years before present (BP)
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Active segment

The coordinates correspond to the middle coordsnatehe segment, specified in the segment file.
Both nodes are characterized by the ID and ashyethe coordinates. The upper node isEhode
and the lower node is tliéNodein the node file. The length is displayed in m&teb neighbouts the
number of adjacent neighbouring segments. The iogrryapacity is defined per segment. Thet

arrival informs on the time in generations of the firdboization of the segment.

Display

Several information can be graphically displayed

Density current population density.
Migration: current number of immigrants.
Occupation: current colonized range.

Arrival Time the time of the first colonization in generatiostarting at the onset of the
expansion.

Carrying capacity The carrying capacity per segment.

Coalescences The number of coalescent events is graphicaliplayed (only available after a
genetic simulation).

(current means that the information is available througheti respectively that the information

changes over time).
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7.2 File & Image
® HEE)
File & Image | Metwark transformation Demographic simulation Genetic simulation Time Series

Setting fil | -
MBI ML Settings Colors

‘C:\Daten\Frlcllon\Code\AquaSplatche\dralnage\settmgs bat — e m I S— | |
Edit | Save | 5ave legend Segment width 2 Dizabled | |
g Load | Save az... | W refiesh every 10 gen Active | Max |
v keepimage ratio
% Open.. "J Exit Sample | Reset color |

The first panel of AUASPLATCHE contains general tasks. The left section contlinstionalities
dealing with the settings file, while the right 8en allows one to modify the graphical represdatat

of the river system.

7.2.1 Setting file
Most of the parameters which can be specified engfaphical interface are stored in a settings file
(see chaptanput fileg. It is thus possible to save the settings faterluse. All the settings can be set

by the graphical interface. Experienced users rdéytlee settings file by hand with a text editor.

The following buttons are available to deal witk gettings file:
Edit: This opens the current setting file in the default text editor. Be sure that you have

saved the changes in the text editor before you reload the file.

Load: This loads again the current setting file.

Open...: Using this button you can replace the current setting file by another and load its
content.

Save: This saves the current settings to the settings file.

Save as...: This allows to save the current settings to a settings file to be specified.

Exit: This buttons exits the program AQUASPLATCHE.

7.2.2 Image

These parameters allow one to change the appeapatice image displayed in the main panel. The
graphical settings are stored between sessionsfila. arhese settings do not affect the simulation

model. The following options are available:

Save image...:  This allows one to save the current river systsra bitmap (*.bmp) to a specific
folder.
Save legend...: This allows one to save the legend of the risgstem as a bitmap (*.bmp) to a

specific folder.
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Settings

Zoom:

Segment width:

Refresh every ...

Keep image ratio:

Colours
Background:
Disabled:
Active:
Sample:
Empty:

Min:

Max:

Reset:

This allows one to zoom on the image of the main panel. The scale is relative to the
image size in percentage.

This is the displayed width of the segments.

gen.: This is the refresh interval in generations for the images (river system and
legend) during the simulation phase.

If this option is selected the river system is scaled to fit fully the image frame.

This is the background colour.

Colour for disabled segments if dynamic mapsuses.

Colour of the selected segment.

This is the colour of the segments containinggbeetic samples.
Colour for segments which are not colonized (gafuzero).

This is the colour for segments with minimal \e@dubut not zero.
This is the colour for segments with maximal ealu

This button resets the colour to the default oo
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7.3 Network transformation

12 AquaSplatche 1.0 - E:\Friction\Code\quaSplatche\22drainagelsettings. txt

File & Image | | Network transformation

Demographic simulation Genetic simulation

Yizualization of

&Y A H
.a. Load drainage |

“watersheds" (only upper node]

Time Sefies

Resizing by

removing netwok loops

Segment transfomations
create netwark of segments of [1000 metres |

exact genetic zample locations (=]

ooresponding genetic sample segments

sEgments

| deleting networks without genstic samples |

| deleting upper most (50 calculate segment lengths based on the geography|

Save drainage | to the smallest drainage with (50 side segments| calculate segment coordinates bazed an the nodes|

Save drainage as .._ | distances between sample populations | deleting active zegment |

This panel allows the modification of the river &ya. The new river system has to be saved before it

can be used in the simulations. The following aptiare available:

Load drainage

By pressing this button, one loads the river sysipetified in the setting file.

Save drainage

Saves the changes to the settings file.

Save drainage as...

Saves the modified river system to a specific iocat

7.3.1 Visualization

This part deals with possibilities to visualizetaar aspects of the river system:

“watersheds” (only upper node)

That is a utility to find inconsistencies in thevai system, such as loops. It graphically marks
segments which are connected to each other by tpgier node (FNode) and do not have an upper
neighbouring segment, i.e a segment connecteceto ty its lower node (TNode). Usually it means

that these two segments are connected across eshede

There are two ways to display the sample and irpt@ulation locations. The two possibilities retur
the same result if the geographical coordinateth@fpopulation locations are well defined, i. e th
specified geographical coordinates are hitting gireat. If the coordinates do not hit a segment the

two ways of visualization give an idea of the psemi of the geographical coordinate definition:

1. Exact genetic sample locations (x)
This function displays the sample and initial p@pioin locations by crosses at their exact

geographical locations, but only if the input of fhopulations is defined by coordinates.



26

2. Corresponding genetic sample segments

This function, in contrast to the previous one, kadhe segments assigned to sample locations.

Distances between sample populations

This generates a file with the geographical digarmetween the sampled populations along the river
system. A second section of the file includes imfation on the assignment of the samples to a
segment when the sampled populations are definedobydinates. For each sample the assigned
segment is characterized by its ID and the cootéinéollowed by the precision (in meters) of the
exact geographical coordinates of the sample ptpoléo the assigned segment. For further details

see section 6.7.

7.3.2 Resizing

AQUASPLATCHE involves functionalities to make changes to thersystem:

Removing network loops

This allows one to remove inconsistencies in therrisystem such as loops. If a loop is found a

segment at the watershed (see “watersheds” abode)eted.

Deleting networks without genetic samples

This allows one to delete all the river systems tlwanot have genetic samples and therefore arefnot

interest for the simulation.

Deleting upper most ... segments
This procedure allows one to simplify the river teyps by removing segments starting at the
headwaters (upper most segments), until the entevedber is reached or a segment contains a

population.

To the smallest drainage with ... side segments

This procedure simplifies the river system to theakest river system still connecting initial and
sample populations.

Deleting active segment

It is possible to activate a segment in the graghigout by clicking on it and to delete it usirfgst

function.

7.3.3 Segment transformation

The following options are for the modification bktsegments:
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Create network of segment of ... meters

The input river system may consist of varying seginiengths. As segment size has a great influence
on several demographic parameters such as thetmigrate (Barton & Wilson, 1995). It is thus wise
to use a fixed segment size for the simulation. édeer as several segment characteristics are
calculated per segment (e. g. carrying capacitlyg flinction behind this button involves an algorith

to recreate the river system with a fixed segméd. Distance between two locations in the river
systems are kept fixed. Therefore transformingrifer system to small segment sizes increases the
number of the segments and inversely for large sagsizes. This functionality is also implemented
in the demographic simulation itself. It is impartato note that by using this transformation, the
segment identifications are changed and theretoeespecification of populations by the segment

identification is not possible anymore.

Calculate segment lengths based on their geography
It is possible to calculate the segment lengthedas geographical information of the nodes and the
middle point of the segments. This information ceually also be extracted using a Geographical

Information System (GIS).

Calculate segment coordinates based on the nodes

The visualization of a segment is characterizedhigygeographical information of its nodes and its
middle point. Using three points to visualize arsegt gives a better resolution compared to only the
nodes, but the middle node is also the geographication of its population. Similar to the previou
function, this function allows one to calculate th&ldle point of a segment using the geographical

information of its nodes.
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7.4 Demographic simulation

This panel manages the demographic simulationtarghrameter. Be careful that the timescale of the

simulation is in generation. It contains three pahels:

7.4.1 Model

1@ AquaSplatche 1.0 - C:\Daten)Friction\CodeMquaSplatcheldrainage\settings. txt

File & Image | Metwark transformation | | Demographic simulation | Genetic simulation | Time Series

3 Build network ‘ |

Mode\ Envirnnmentl Dutput}

Time Initial Population Demographic Model

HMigration rate
Mumber of G tior: | 230 -
umber of Leneration: File: |dans_init.txt 1. Model non stochastic J Bl 0.6000
Generation time [pears): |4 T, Brawse... | I% Edit | Girowth rate [060 miccupation 0.1000
directional migration:
i . |1000 ’_ Caring capacity | 1000 er segment up-/downstieam) |1-0000
Sl e (e R Allove density overflow: v Initial filling rate for K: 1.000 | eepacly F g b )

Here the main parameters for the demographic stinnkare found:

Time
Number of generations

This is the number of generations to simulate dutive demographic simulation.

Generation time (years)
This is the generation time (in years) of the inigeded species. This parameter is not used in the

simulation process itself. It is used to calcutagereal time in years before present (BP).

Start time (years BP)
This is the real time of the onset of the expangioyears before present (BP). This parameter is no

used in the simulation process itself. It is ugedalculate the real time in years.

Initial population
This box deals with the initial population sizetiéxceeds the carrying capacity of the segment:

File
This is the relative path to the settings file thoe file containing the initial populations.

Allow density overflow

If this checkbox is switched on and the size ofithial population exceeds the carrying capacity o
the segment, the initial population is spread owesghbouring segments until all the individuals are
placed in a segment. The overflow function fillssagment at carrying capacity before using

neighbouring segments. If this checkbox is switcb#gdthe size of the initial population is alwatys
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size set in the initial density file, even if ths&ze exceeds the carrying capacity (in this case th

segment size is regulated downward by the logestigation).

Initial filling rate of K

This number specifies the filling size of the iaitpopulations. The initial filling size is the phact of
the initial filling rate and the carrying capacity.the initial filling rate is 1 the initial filing size is
equal to the carrying capacity. This parameterdmg a meaning if the density overflow is allowed.
For example if the carrying capacity is set to 1@@des and the initial filling rate is 0.5, thetimi
population size of the deme is 500 genes. If thteairpopulation is larger than these 500 genes, th

remaining genes will be distributed among the neagiing demes.

Demography model

In the drop down list box you can select a demdgamodel.

Growth rate

This is the net growth rate used in the logistgutation.

Carrying capacity
This is the carrying capacity in numbers of genesploid individuals)per segment used in the

regulation and migration phase.

Migration rates
mColonization

This is the migration rate during colonization phéshen density is low)

mOccupation

This is the migration rate in occupied areas (wihemsity is at carrying capacity)

directional migration

This is the probability of upstream migration comgzhto downstream migration.
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7.4.2 Environment

% AquaSplatche 1.0 - C:\Daten\Paper\AquaSplatcheldrainagelsettings. txt

File & Image | Metwork transtormation | | Demographic simulation | Genetic simulation | Time Series

9 Build network ‘ |

Model  Environment ] Output 1

dynamic network over ime [ Metwork

Modes. bt Browse... | Edit |
Available maps: | J el | % @
Seqment file: |Segments Lk &, Browse... | 1% Edit |
File: =, ‘ |
set segment length to 0 meterz [0; onginal length]

Dynamic environment over time

If this option is selected the river system changesr time according to the specification, otheewis
the river system is fixed and static. For each eadigange, a specific file has to be defined, bet se
sectionDynamic map file specificatiorfer more details. The dropdown menu allows oneisaalize

the available range changes.

Network
This panel contains the specification for the risgstem. Paths to the segment and the node file hav

to be specified.

Segment length

Definition of the segment length. If the value Er@ then the original river system is used for the
simulations. Otherwise the river system will bensfarmed prior to the demographic simulation to
segments with the specified length. Important: hié tsegment length is different from zero the

geographical specification of the populations leelset done by geographical coordinates.

7.4.3 Output

12 AquaSplatche 1.0 - C:\Daten\Paper\AquaSplatcheldrainagelsettings. txt

File & Image | Metwork transformation | | Demographic simulation | Genetic simulation | Time Series

s Build network |

Modzl | Environment DUtDUt]

During simulation, every |50 generations
generate BMP of
I~ population density -> max. Density: |0

[~ humber of migrants -» max. Density. |0

[~ occupation

It is possible to generate several graphical ostfubmp) during the demographic simulation. First
the time interval between outputs has to be defiid@ following outputs are available, but see the

sectionOutputas well:
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Population density

The density is displayed graphically using a colgradient for which it is important to specify the
maximal density during the simulation. The maximahsity has to be specified since at the start of a
simulation the maximal densities are not knownas¢ebe aware that the maximal density can exceed
the carrying capacity due to stochasticity. To fthd maximal density it is prudent to run the same
simulation twice: once without generating outputs! @ looking at the maximal density displayed
behind the input box; then a second time in crgatite outputs after having typed this maximal

density into the input box.

Number of migrants
Graphically the number of emigrants is displayeidgia colour gradation. To set the maximal number

of emigrants, do the same as above.

Occupation

The current colonized area is displayed.
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7.5 Genetic simulation

This panel manages the genetic simulation andaitarpeter. It contains three sub panels:

7.5.1 Mutation model

12! AquaSplatche 1.0 - C:\Daten\Friction\CodeMaquaSplatcheldrainage\settings. txt
File & Image Metwork transformation Demographic simulation Genetic simulation | Time Series

Genetic sample file: |GeneSampIes.sam B Biowse... ‘ Edit | Slmulalege i
Mutation madel I Output }

Mutation model specification Simulatior

D MICROSAT Number of loci tultiple Origins
ataype: [MICROSAT ] e
unlinked: |2 Max. no. of simulated generations 100000 e T
Mutation rate per locus: 0.0001
linked: |1 ) - 100000
Range constraints: 30 geometric distribution of GSM: 0.3000 Mo. of simulations:

Coalescence time: 243 Frictian time: |0 Active demes: |1 Remaining lineages: |1 Coalescent events: 79 Migration events: 2747

7.5.1.1 Mutation model specification
AQUASPLATCHE allows one to select between several types of entde data. For more details see

“Genetic data” section. The following parametees ased for all molecular data types:

Mutation rate

The mutation rate is specified as the mutation e independent locus, whereby a specified
mutation rate for DNA includes the whole sequence.

Number of unlinked versus number of linked loci

The unlinked loci represent the number of fullyepdndent loci, whereas it is assumed that there is
recombination between linked loci. For exampleraylet DNA sequence has 1 unlinked locus and x
linked loci, where x corresponds to the number aeb pairs. On the other hand, x autosomal
microsatellites correspond to x unlinked loci anlchiked locus.

Depending on the choice of the molecular data,rs¢ether parameters have to be set for the genetic

simulation:

Specific to microsatellite
Range constrain
This is the range limitation of the mutation andresponds to the difference between the minimum

and maximum number of repeats.

Geometric distribution for GSM model
The geometric distribution parameter specifieslémgth by which a new mutation differs from its
ancestor: The higher the parameter, the bigger nilngation step. If the value is set to zero

AQUASPLATCHE uses a pure stepwise mutation model (SSM).
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Specific to DNA
Transition rate

Ratio of substitutions that are transitions.

Gamma a
Amount of heterogeneity in mutation rates along #eguence according to either a discrete or

continuous gamma distribution.

No. of rate categories

Number of categories for DNA mutation variation.

Specific to SNP

NB: Mutation rate is not used as SNPs are observed mutations!

Min freq within a sample
This is the minimal frequency of the SNP minor lall® be reached within a sample. If this condition
is not reached, then a new SNP is drawn until th@nnum frequency is reached at least for one

sample.

Absolute min. freq

This is the minimal frequency of SNPs within alhgaes.

7.5.1.2 Simulation

Max. no of simulated generations

This is the maximum number of generations afterctvithe process stops if the genealogy has not
reached the MRCA.

No. of simulations

Number of genetic simulations to be performed manalgraphic simulation.

Divergence time in generations
This setting is only valid for multiple initial pofations. This is the divergence time of the initia
populations. After the specified number of genersatj the initial populations are merged in a single

segment.



34

% AquaSplatche 1.0 - C:\Daten\PaperiAquaSplatcheldrainage\settings. txt
File & Image Netwark transformation | Demographic simulation Genetic simulation | Time Series
Genetic sample file: |GeneSampIes.sam % Browsze... ‘ Edit |
Mutation mods|  Dutput l
Genetic files Images
[ Arlequin [ Genotypic data [~ coalescences bitmap |0
| Coalescence times
[ Tree files [~ generate bitmap every |100  generation
[~ MRCA times
Coalescence time: Frictian time: Active demes: Remaining lineages: Coalescent events: Migration events:

For the genetic simulation several outputs arelavia, but see sectiddutputas well:

Genetic files

ARLEQUIN

If selected, an ARLEQUIN project file can be geneda(see sectioMRLEQUIN file§. For this
output, one can choose between haplotypic and geicobutputs. The genotypic output merges two

haplotypic individuals to a single genotypic indiual.

Coalescence times
If selected, a file containing the coalescence diifie generations after the onset of the expansgn)
generated.

Tree files
If selected, tree files are generated which cavisaelized by the software TREEVIEW (Page, 1996).

MRCA times

If selected, a file with the times to the Most R&@common Ancestors (MRCA) is generated.

Images
Coalescences bitmap

If selected, for each independent genetic simuladicoalescences output is generated.

Generate bitmap every ... generation
During the simulation, the river system can be dass a bitmap for every specified number of

generations.
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7.6 Times Series

12 AquaSplatche 1.0 - C:\Daten\Friction\Code\AquaSplatche\drainage\settings. txt

File & Image Network transformation Demographic simulation Genetic simulation Time Series
3 Dimensions | M Demography I Cumulative Density }
Zoar: J J . .
c Number of emmigrants per generation
Rotatiors [<] 2] 2 —FT (2675227}
5 a0 —TF (2673137}
Elevation: | <] | 5 : TT (2678138)
= B0
[ static y-axiz 2
w 40
Graph =
: B
S - | Y 1 A O S
- w0 10 20 30 40 S0 60 FO 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Copy Genetations

This panel allows one to explore the demographi@ldese that has been generated during the
simulation. The information is available for eadyent, which can be either selected by clicking on
the graphical representation of the segments @elgcting the segment id, using the drop down menu

at the left. Several options are available to hatiok graph:

Save...

The graph can be saved as a bitmap (*.bmp) toaatibn on the hard disk.

Copy
The graph is copied to the clipboard for furthez.us

3Dimensional
By selecting this option the current graph will Bsplayed in three dimensions. Using the 3-D

propertiesZoom Rotation andElevationthe graph can be rotated for best visualization.

Static y-axis
By default the axes of the graph are scaled autoatigtfor best display of the current informatidh.
the option is selected, the same scaling is use@lfahe segments allowing a better comparison

between segments.

In several panels the following information is désged:
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7.6.1 Migration

12 AquaSplatche 1.0 - C:\Daten\Friction\Code\AquaSplatche\drainage\settings. txt

File & Image Network transformation Demographic simulation Genetic simulation Time Series
3 Dimensions | Demography I Curnulative Density }
Zoom: [« | . .
c Number of emmigrants per generation
Betation: [1] 2] 2 —FT (2675227}
5 a0 —TF (2878137)
Elevation: | <] | 5 TT (2678138)
= B0
[ static y-axiz 2
w 40
Graph =
- B0
S E e e e e
- w0 10 20 30 40 S0 60 FO 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Copy Genetations

This panel shows the number of immigrants obtafnem the neighbouring segment. The legend
shows the segment id of the neighbour and as weleakind of connection between the two

segments in relation to its altitude:

FT: The current segment is geographically locdtetbw (downstream) the neighbouring

segment. Water is flowing from the current to tlegghbouring segment.

TF: The current segment is geographically locasdmbve (upstream) the neighbouring

segment. Water is flowing from the neighbouringhe current segment.

FF Both segments are geographically at the saritedalt Theoretically this means that the
water arriving at the common node flows into bathraents. If there is no upper node the

two segments are building a connection across ersiad.

TT: Both segments are geographically at the satited®. Theoretically this means that the
water of both segments is flowing out at the comnmade, normally into a lower
segment. This is commonly the case for river bramgch

7.6.2 Demography

% AquaSplatche 1.0 - C:\Daten\Paper\AquaSplatcheldrainage\settings. txt

File & Image Metwark transformation Demographic simulation || Genetic simulation Time Serizs
3 Dimensions T~ Migration ‘___[_:!?FP__U_S_[EE!];_{: Cumulative Densily]
Zoom: [4] 2] . :
T Density per generation
Botation: J J = 1'200
[P
Elevation: J J 51 iy
= 800
[ static p-axiz g: BO0
Graph § 400
o I 200
Save ... ‘E a i i i i i i i H H H H H
= u T T T T u u T T T T T T T T T u T T T T T T T
- = a 10 20 30 40 S0 B0 70 &0 80 100 110 120 130 140 150 160 170 &0 190 200 20 220 230 240 250
Copy Generations

This panel shows the population density over tifrth® selected segment.
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7.6.3 Cumulative density

% AquaSplatche 1.0 - C:\Daten\Paper\AquaSplatcheldrainagelsettings. txt

File & Image | Metwork transtormation Demagraphic simulation Genetic simulation Time Series
3 Dimensions Migratmn] Demngraphy  Cumulative Density
Zoar: J J z . . q
& Population size after 250 generations: 997502
Rotation: | | | & 1'000000 T B ; N
o | N
Elevation: J J g 800000 “:
BO00000 - - -
- : o .
Graph z :
= B 2000004----
Save = H
£ T T T — T T T T T T T T T T T T T T T T T T T
= £ 0 10 20 30 40 S0 B0 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
Copy | i Compute © Generations

This is the total population size across all segmefis the computation of the cumulative density is

time consuming, one has to start the computatioclibking the buttorCompute
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