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1) PDG general purpose and main originalities

2.1.

The Physio-Demo-Genetics model (denoted PDG) is an individual-based, spatially explicit
mechanistic simulation model, coupling (1) a physiological module simulating individual tree
responses to the environment (the CASTANEA model, Dufréne et al. 2005); (2) a demographic
module simulating tree survival, reproduction and pollen and seed dispersal; and (3) a
quantitative genetics module controlling the heritability of key life history traits. The initial
objectives of PDG were twofold: first, PDG aims at simulating the temporal and spatial
variation of life-history traits in a tree population within a heterogeneous environment, while
accounting for genetic and plastic components of this variation, we focus here on those
functional traits that mediate individual tree response to climate, and whose values are
computed by the CASTANEA model. Secondly, PDG allows to investigate how this inter-
individual variation affect adaptive tree population dynamics across generations. PDG model
runs on a yearly time step, although its physiological module (CASTANEA) runs on a daily
time step. PDG model was used to investigate the plastic and genetic components of the
variations of the timing of budburst along an altitudinal gradient of Fagus sylvatica (the
European beech), in the reference publication of PDG (Oddou-Muratorio & Davi 2014).

PDG takes advantage of the modularity of the Capsis platform. The physiological module is
based on the CASTANEA library, implemented by Hendrik Davi in Capsis. The quantitative
genetics module is based on the GENETICS library implemented by Ingrid Seynave and
Christian Pichot in Capsis (Seinave & Pichot 2004). The framework of the demographic module
is similar to the one used in other previous models of Capsis (eg Luberon, Alisier).

This documentation first details the main originalities of PDG, that is the modeling of plastic
and genetic variation in functional traits (paragraph 1.2 below) and the mortality process
(paragraph 1.3 below). In paragraph 2, the general principle of use of PDG is described, while
paragraph 3 describe the architecture and implementation of PDG.

2.2.

Presently, PDG allows two life-history traits to be considered as both plastically and
genetically variable: the timing of budburst (TBB, as in the reference publication) and water
use efficiency (WUE). Potentially, any other trait modeled in CASTANEA can also be
considered, but this will require informatics development by the user. PDG uses a classical
quantitative genetic framework to model phenotypic and genetic variation for TBB and WUE.

Model for TBB: In CASTANEA, the timing of budburst (TBB) is usually simulated
following (eq. 9- 11 in Dufréne et al. 2005):

T-T, if T>T,andN > Nstartl
Ryces = . Eq 1)
0 if T<T,orN < Nstartl

where Rsepp is the rate of forcing for bud break, T the mean daily temperature, T> the base
temperature, N the day of year and Nsrart1 the date of onset of rest.

N
Seee = z Rices if Sieee < Fuise (Eq2)

NsTARTL
TBB=N it Spees * Foies (Eq3)
with Srcpp the state of forcing, Feis the critical value of state of forcing for the transition
from quiescence to the active period and TBB the day when bud break occurred. Note that T2,
Nstartl and Fcrites are parameters, while R, St and TBB are dynamic variables of
CASTANEA.



The simple one-phase phenological sub-model described by the equations 1-3 assumes that
the variation is TBB is driven only by forcing temperatures; this hypothesis is valid for our case
study (Fagus sylvatica on Mont Ventoux), but should be considered with caution in other cases.
Note that diverse refined phenology models (including chilling) were recently integrated from
Phenofit into CASTANEA, and could allow different hypothesis to be made.

The main originality of PDG is to consider Fcrits parameter as genetically determined and
variable among individuals. The value of F.is8 is determined by ten independent biallelic loci
with purely additive effects (see Appendix 1). The inter-individual variation in TBB thereby
results from the inter-individual variation of mean daily temperature (T in equation 1) and from
genotypic variation in Ferimp. This is the classical frame of quantitative genetics; note that we
did not explicitly introduce genotype-by-environment interaction.

Figure 1A illustrates the variation of TBB along a temperature gradient as simulated in PDG.
A given genotype (one color curve on Figure 1A) unfold its leaves earlier when environment
get hotter because the sum of temperature it receives (i.e. the state of forcing Sxcgp ) reaches
faster Fcritee. On the other hand, in a given environment, late and early individuals can be
observed as the result of genetic variation for Fcrirsa: late individuals typically require higher
Fcrite than early individuals (two different color curves on Figure 1A).

Model for WUE: water use efficiency (WUE) can be defined at leaf level as the ratio of
assimilation (A) to stomatal conductance (gsm20):

WUE; = A/gsto (Eq 4)

In CASTANEA, three main equations determine assimilation A and gs20 (eq 1,2 and 4 in
Duftréne et al. 2005), following the model from Ball et al. (1987).
First the carbon dioxide demand is:

A=V.—R,.(Eq5)

where V¢ is the carboxylation rate and Rq the respiration during the night.
Second, the carbon dioxide supply writes:

A = gsco, (Cs—Cp)..(Eq6)

where gsco> 1s the stomatal conductance for CO; and (Cs-Ci) the gradient of CO> between
evaporative site and leaf surface.

Third, the carbon dioxide control which allows the calculation of gsu20 writes:

_ Jo +91 XAXRH
9sm,0 = = . (Eq7)
s
where is RH the relative humidity in the surrounding air, gl depends on soil water stress
and g0 correspond to cuticle conductance of the leaf.

Re-arranging eq 7 shows that g1, the slope of the relation between photosynthesis and
stomatal conductance, is inversely related to WUE :

A Cs

= GixRH" (Eq 8)

Ishy0- gO/CS

Assuming g.y_o %;, the higher g1, the lower WUE.
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In CASTANEA, g; is assumed to decrease linearly when soil water storage decreases.
The effect of soil water stress on photosynthesis is mediated through gl:

g1 = (glmax - glmin) X reduc + 9imin- (EQ9)

Where gimax and gimin are the maximal and minimal values taken by g1, and “reduc” is a
soil water stress index varying between 0 (maximal soil water stress) and 1 (no water stress).

In PDG, we consider gimax as a parameter genetically determined and variable among
individuals. The value of gimax is determined by ten independent biallelic loci with purely
additive effects (see Appendix 1). The inter-individual variation in WUE thereby results from
the inter-individual variation of soil water stress (reduc in eq 9) and from genotypic variation
in gimax. This is again the classical frame of quantitative genetics; note that as for TBB, we did
not explicitly introduce genotype-by-environment interaction.

Figure 1B illustrates the variation of WUE along a water tress gradient as simulated in PDG.
A given genotype (one color curve on Figure 1B) favors water conservation when water stress
increases because gl decreases as “reduc” increases. On another hand, in a given environment,
individuals favoring either water uptake or water conservation can be observed as the result of
genetic variation for gimax: individuals with high gimax typically favor water uptake while
individuals with low gimax typically favor water conservation (two different color curves on
Figure 1B).

Figure 1: PDG-simulated relationship between each considered life history traits (A : Timing
of Budburst, TBB; B: Water Use Efficiency, WUE) and the pertinent environmental variable
(A : Temperature; B: Water stress index) for different genotypes (A : different Fcrirep; B:
different gimax)

TBB(day of the year) A Water Use Efficiency (g..mm?*) B
¢ I - o . 9
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= o Y
4 o, T8
y 8- 35 =5
early 2 4 6 8 10 -320 -300 -280 -260 -240 -220 -200
N Minimal temperature (°C) S ) Water stress (Mpa) 6%%0?6
0660060(};
2.3. Modeling mortality

The reserves produced by photosynthesis at a daily time step are allocated to growth and the
level of reserve together with tree water potential are used to compute the probability of an
adult tree to die. There are three different thresholds associated with mortality:

e Below a critical value of carbon reserve at the end of the year, there is a non-zero
probability for the tree to die because of carbon starvation (PmorCS)

e Below a critical value of carbon reserve at budflush, there is a non-zero probability
for the tree to die because of carbon starvation (Pmor:BF)



e Below a critical daily value of water potential there is a non-zero probability for the
tree to die because of hydraulic failure (PmortHF)
Moreover, mortality is a stochastic process.

2) General principle of use

2.1.

To run PDG, the user must provide:

e A species parameter file specifying SOME Castanea parameters, ie all the parameters
defined at tree species level. This file is named CastaneaSpecies3.txt, its values should
not be changed and it is located in the directory data/physiodemogenetics/

e An inventory file containing:

— parameters related to the simulation design

— parameters of the demographic module

— parameters of the genetic module, in particular the genetic and environmental controls
of Fcrire and gimax (heritability, allelic effects), as well as on the genetic map of the
considered species.

— parameters of CASTANEA which are not defined in the CastaneaSpecies3.txt file, ie all
the parameters related to simulation option in CASTANEA, as well as parameters
related to plot (soil etc..)

— definition of the plot (list of cells with their properties),

— a list of initial trees with their properties at the beginning of the simulation (year yo);
Note that all the trees are individual trees (no multipleGenotype allowed); depending on
their age, trees are considered either as adult or seedlings (by default, the age at which
tree become adult, adultAge, is 40 years old). In the present version of PDG, all the trees
belong to the same single species (see Appendix 2 for the list of possible species to
consider).

The inventory file should be located in the directory data/physiodemogenetics.

e A climate file containing the values of six climatic variables (global radiation, rainfall,
wind speed, air humidity and temperature) on a daily basis. This file should be located
in the directory data/physiodemogenetics/climate.

All these files, as well as the list of parameters to control are detailed in Appendix 2.

Originally, PDG was developed to run simulation in even-aged populations, containing

either only “active” adult trees, or “active” seedlings (“active” meaning growing and eventually
reproducing trees). For such even-aged simulations, the user can run “evolution” from an initial
year yo to a next year (yn) using 3 different modes:

mode “g” (for growth): all the trees are considered as adult, and growth and mortality are
computed for all the trees of the stand using CASTANEA. Note that neither growth nor
mortality are affected by competition (each tree grow as a dominant tree). Although adult
trees can produce seeds, there is no recruitment of young seedlings in evolution with mode

(It

g’ step.
mode “r” (for reproduction): all the trees are considered as adult and reproductive; growth
and mortality are computed for all the trees of the stand using CASTANEA; Seeds are
dispersed and eventually germinate, and the newly established young seedlings do not
grow/die.
mode “s” (for seedlings): all the trees are considered as seedlings, and growth is simulated
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only for a subset of them using CASTANEA. Here, we assume that CASTANEA model is
valid for seedlings, while it was calibrated for adult trees. The only difference between
mode “g” and “s” (besides the subsampling of growing individual) is that seedlings cannot
die (the critical value of carbon reserve and of water potential are set to non-limiting
values). There is no recruitment of young seedlings during a “s” step (no adult trees
present). At the end of phase “s”, the dimensions of all the seedlings that did not grow are
updated based on the dimension of the seedlings that grew. Then, seedlings density-
dependent mortality is simulated, considering either (1) neutral (genotype independent)
mortality or (2) genotype-driven mortality. The maximum final density of the stand after a
“s” step is D trees/ha (where the parameter D is typically the density of adult trees)

For each evolution step in mode g, r or s, the user has to indicate which climate file is used,
and specify the initial year, month and day from which evolution begins.

These different modes of evolution can be combined. For instance, using an inventory file
where all the initial trees have an age of 10 years old (seedlings), and the evolution sequence
“s30 g50 r60” leads to the following evolution:

e From year yo=0 to year y,=30, a subset of the trees from the initial stand are grown as
seedlings (ie without mortality);

e At year 30, the dimensions of all seedlings are updated as function of the dimensions of
the seedlings that grew, and mortality of seedlings can occur. As the seedlings that
survived are 40 years old, they switch to the category “adult trees”.

e From year 30 to year 50, all of the adult trees grow/die up (reaching age 60).

e From year 50 to year 60, all of the adult trees grow/die/reproduce (reaching age 70), and
a cohort of new seedlings of age 10 at year 60 will eventually be recruited in the stand.

Important note: it is the responsibility of the user to take care that the values of trees

characteristics given in the inventory file (for instance their age), the parameters values (for
instance adultAge) and the sequence of evolution are consistent one which each other.
There is a fourth possible mode, mode “i” (for intervention), which consist in cutting all the
adult trees (with age >40) at a given year yn. Mode “i” thus corresponds to an instant operation,
and not to an evolution (no climate required) By combining these four modes, the user can
simulate evolution across successive and non-overlapping generations. Table 1 below
summarizes a typical sequence of evolution in PDG, which allows to simulate 5 non-
overlapping generations in an even-aged context.



Table 1: sequence of evolution simulated when using the instruction “g20 r30 130 s60 g80 r90
190 5120 g140 r150 1150 s180 g200 r210 1210 s240 g260 r270 1270 s300 g320 r330”

From | To mode | Type generation | age

0 20 g Adult evolution without regeneration G0 40-60
20 30 r Adult evolution with regeneration GO 60-70
30 i Cut of GO

30 60 S Seedlings evolution G1 10-40
60 80 g Adult evolution without regeneration Gl 40-60
80 90 r Adult evolution with regeneration Gl 60-70
90 1 Cut of G1

90 120 S Seedlings evolution G2 10-40
120 140 g Adult evolution without regeneration G2 40-60
140 150 | r Adult evolution with regeneration G2 60-70
150 1 Cut of G2

150 180 S Seedlings evolution G3 10-40
180 200 g Adult evolution without regeneration G3 40-60
200 210 |r Adult evolution with regeneration G3 60-70
210 i Cut of G3

210 240 S Seedlings evolution G4 10-40
240 260 g Adult evolution without regeneration G4 40-60
260 270 |r Adult evolution with regeneration G4 60-70
270 1 Cut of G4

270 300 S Seedlings evolution G5 10-40
300 320 g Adult evolution without regeneration G5 40-60
320 330 | r Adult evolution with regeneration G5 60-70

Figure 2: Scheme of the evolution simulated when using the instruction “g20 r30 130 s60 g80
190 190 s120 g140 r150 1150 s180 g200 r210 1210 s240 g260 r270 1270 s300 g320 r330”

GO G1 G2 G3 G4 G5

Generation N A
V[ o p v : o ). 2
Mode g ris g rl s g rls g rli s g rils g r
Year 0 20 30 60 80 90 120 140150 180 200210 240 260280 300 320330
GO start reproducing  G1 start reproducing G2 start reproducing G3 start reproducing G4 start reproducing G5 start reproducing
(Age = 60) (Age = 60} (Age = €0) (Age = 60) (Age = 60) (Age = 60)
Logging GO Logging G1 Logging G2 Logging G4

Another version of PDG for uneven-aged stand is under development, and involves the
coupling with the SamsaraLight library.

2.3. Simulation options
PDG can be run either in graphical mode (typically for test or development), or in script mode
(advisable for routine simulations).
Command line for script mode in Linux:

Pre-evolution : it is theoretically possible to run a neutral pre-evolution, with the objective to
bring the initial population to a migration-drift equilibrium. To that aim, the parameter
preEvolutionTime should be set to a non-zero integer value (for instance 5) specifying the
number of generations of pre-evolution to be run. Preevolution includes only mating (no growth
nor mortality) across non-overlapping generations. It was implemented in the context of the



study of Oddou-Muratorio and Davi 2014, and has several constraints (see Appendix 2).
Presently, we rather advice to use initial stand already at migration-drift equilibrium, or possibly
at selection-migration-drift equilibrium using other simulation software to generate inventory
files (see Appendix 2).

If the inventory file is located there: data/physiodemogenetics/inventory.inv, the main results
are stored in the directory data/physiodemogenetics/output-inventory, as several text files:

e The main result file is called yearlyResult (csv file), and can be loaded in R. It contains
for each tree and year the output of the CASTANEA simulations

e Inventory files can be exported under the name GXAdult.inv (typically t the beginning
of each generation X)

e The realized fitness of each adult tree of generation X are computed at the number of
offspring they have at the beginning of generation X+1; these values are stored in the
file YearlyIndivFitness

e Several files are exported (typically at the beginning of “r” step) contain the adult tree
genotypes and position to be analysed with classical population genetic software
(Genepop, Spagedi).

All these files are described in Appendix 3.

The present version of PDG has several limitations:

e Fach tree bears its own CASTANEA model, which simulates carbon and water fluxes
independently from the other trees of the stands; so each tree behaves as a dominant tree.

e There is neither mortality due to competition, nor mortality due to perturbation such as
storms.

e Asingle tree species can be simulated (no mixture of different species)

e Simulations are aimed to follow an “even-aged trajectory”, such as can be achieved through
sylviculture; but the whole simulated stand correspond to a single management unit and
there is no gene flow from other stands.

e Typically, to run 5 generations in a stand of 2500 individuals, the simulation time is 2.5
days.



3) Model architecture and main features

Table 2: List of the 27 classes of the physiodemogenetics/model directory

Color code : Data class [contains mainly object or parameters]; Process class [contains mainly methods
corresponding to key ecological processes]; Tool data or process class [contains mostly data or methods
implemented as tools for convenience]. Type : classical (in most model of CAPSIS), original (only in
PDG), or Common (Common to demo-genetic tree model)

Class Type Contents

Functions Original Contains mathematical functions called by
PDGSpread.java

PDGCell Classical | Defines the quadratic cell of a PDGplot and its
methods; the PDGCell contain the PDGTree.

PDGEvolutionParameters Original Embeds the evolution parameters, to be

transmitted among classes (typically between
script and model classes)

PDGFmCell Original Defines the Castanea cell attached to each tree
and its methods

PDGFmGrowth Original Implements the methods for a tree to grow
during a specified period of time using the
Castanea library

PDGGeneticOutput Original Implements the methods to export genetic
results

PDGGrower Original Abstract class defining the methods for the
evolution step

PDGGrowerAdult Original Defines the methods for the evolution step at

adults stage without regeneration
PDGGrowerAdultWithRegenerati | Original Defines the methods for the evolution step at

on adults stage with regeneration

PDGGrowerSeedling Original Defines the methods for the evolution step at
seedlings stage (without regeneration)

PDGlnitialParameters Classical | Contains parameters definition and value for
PDG

PDGLoiselleKinshipCoefficient Common | Contains methods to compute spatial genetic
structure within a tree population

PDGMethodProvider Common | Contains methods or call methods to compute
spatial genetic structure within a tree population,
or to compute stand characteristics

PDGModel Classical

PDGModelLight Classical

PDGPlot Classical | Define the physical map containing the
PDGStand and its methods; the PDGPlot is
made of several PDGcells

PDGRapidEvolution Original Define the methods for pre-evolution

PDGSimpleRegeneration Original Define the methods for the regeneration step
(mating, seed + pollen dispersal)

PDGSpecies Classical | Define the genetic property attached to the
considered population of each species.

PDGSpread Original Define the methods for seed + pollen dispersal

PDGStand Classical | Define the stand (a collection of PDGTrees) and
its method



PDGTreeldThenProbaToSurviveC | Original A comparator which allow to sort trees as

omparator function of their probability to survive

PDGTreeldThenTraitl ValueComp | Original A comparator which allow to sort trees as

arator function of phenotypic value at trait 1

PDGTreeldThenTrait2ValueComp | Original A comparator which allow to sort trees as

arator function of phenotypic value at trait 2

PDGTree Classical | Define the tree (genotypable, spacialized) and its
methods

PDGWriter Original Contains method to write result in output files

The data classes are linked one to each other, and also with classes of CAPSIS belonging to the
kernel or to libraries; in particular, the class PDGTree is central in the philosophy of PDG, as it
is connected both to the GENETICS and the CASTANEA libraries (Figure 3). Similarly, the
process classes of PDG are linked one to each other, as illustrated in Figure 4.

Figure 3: Relationship between PDG data classes listed in Table 2 and other classes from the
GENETICS library (in orange) or from the CASTANEA library (in green), of from CAPSIS

FmSpecies BICNY LTSI > GenoSpecies

kernel (in black)

PDGFmCell

SquareCell PDGCell

PDGPlot

SpatializedTree

_ - Genotypable

Genotypablelmpl g Genotype

PDGStand

A 4

Class

Legend:

Interface

—> Inheritfrom
- ——=3> Implements

Got a reference towards
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Figure 4: Relationship between PDG process classes listed in Table 2 and other classes from
the GENETICS library (in orange) or from the CASTANEA library (in green).

PDGGrowerSeedling I

PDGModel

PDGFmGrowth FmModel

PDGGrowerAdult
GeneticTools

PDGGrower PDGGrowerAdultWithRegeneration PDGSimpleRegeneration

PDGSpread

) Class —> Inherit from
Legend: - - -3 Implements
Interface Got a reference towards

A main originality of PDG model is that there the historical sequences of steps is not stored
during and evolution. This means that at a year yn, the user cannot access to previous stands at
year <n. All the information has to be exported in files along the simulations.
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Appendix 1: Parametrization of genotypes, allelic effects and heritability
in PDG

(following notations in Falconer 1960 and Bost et al. 2001)

In PDG, individual genotype at given set of loci determines the value of two CASTANEA
parameters (Fcritee and gimax) which themselves determine, in interaction with environment,
the individual values of the two traits of interest (respectively TBB, the timing of budburst, and
WUE, Water Use Efficiency). The inventory file contains all the information related to the
relation between genotype and the value of Fcrites and gimax, as well as the distribution of
genotype at initiation (see Appendix 2 for an example of such an inventory file). The objective
of this appendix is to 1) introduce notations of for the main quantitative genetic parameters of
interest in PDG, 2) relate these parameters to the variables of CAPSIS and 3) describe in
practice how Fcritee and gimax are computed, and related to the list of genotypes given in the
inventory file.

1) The quantitative genetic framework

1.1. From genotype to phenotype:

We consider here Fcritee and gimax as two “parametric traits” to model as function of
genotype. Note that Fcrites and gimax are in fact CASTANEA parameters controlling traits
(TBB and WUE, see details below). We assume pure additivity, without dominance nor
epistasis. Moreover, we consider that the loci coding for the parametric traits are all bi-allelic
(SNP like). In the following, we develop general notations for the relationship between
genotype and phenotype at a parametric traits Tp.

Table A1.1 Definition of the genetic value m; at a given locus /

Genotype Frequency Value (Bost et al)
AillAll p m;+ ay
AilA2 2piqi mj
ARA2 qr mi - o

mean mi+ (p1- qu) ou

Bost et al. (2001) consider a non-centered value, each locus I can contribute to a part m; of
the trait Tp, allelic effect au is an additive correction of locus contribution for the heterozygote
(note: Bost e al. (2001) assume that all m; are equal, and so do we)

Assuming Hardy-Weinberg, the mean genetic value for locus / is :
Ar=pi(m+ ou) + qr( mi - au) +2 piqmy
Ar=m (pr+qr +2 pigr) + (pr- qou
Ar=m+ (pr- q)ou = my + (pr+ qp) (pi- q)ou=mi + (pi- qrjou

Mean genetic value for n loci :
A=y Gi=nm+ X (pi- qi) ou, with m;=p1/10 (eq Al.1)
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1.2. Allelic effects, genetic variance and heritability
Table A1.2 Definition of allelic effects at locus |

Gamete Genotypes Mean offspring value Mean effect (deviation from the
contributed mean of genotypes)
Al pAIAl + qAIA2 p(my + au)+qmy Al = m +pou - mi - (pi- qr)ou= qou
=mj +pa
A2 PA1A2 +qA2A2 pmytq(m - ou) A2 = my -qau- (pr- qu)au= -pioy
= my -qou
The parameter ou is the mean allelic substitution effect: Al-A2 =ou

NB Bost shows that there is a constraint on allelic substitution effect: |ou | < my
NB allelic effects depend of the allelic frequencies.

Table A1.3 Definition of Breeding values at locus |

Genotype Frequency Mean effect of the alleles of one parent
AlAl p? 241 =2qiou
Al1A2 2pq AI+A2 = ou(qi -p1)
A2A2 q? 242 = -2piou

Moyenne prr(2qiou)+2piqiou(qr -pr)-2qipio = 0

Additive variance Vaj 4pPqiran® + 2pq(q-p)*ou® + 4qrPprrou?
=4p2q2(x2+2pq30c2+2p3qoc2-4 p2q2a+ 402p202
=2piqiou?

Additive variance = variance of breeding values (variance of a centered-scaled variable =
expectation of its squared value)
For n independent loci, the total additive variance is given as the sum of the contributions at
each locus:

Va= XVa (eqAl.2)

NB Additive variance is scaled by the allelic effects
o*= Va2piqi

Total phenotypic variation and heritability
The total phenotypic variation for each parametric trait is classically defined as:
Vp=Va+Vp+Ve (eq Al.3)
where Vp is the dominance variance, and Vg the environmental variance. In Capsis, we
assume that Vp =0
The heritability for each parametric trait is classically defined as :
h?=Va/Vp=1 (eqAl.4)

2) Relation with the variables in Capsis GENETICS library and in PDG model
NB: in the following, the names of CAPSIS-GENETICS variables are italicized.
2.1.  Individual genotypes:
In PDG, each individual tree has got its own genotype, which is an IndividualGenotype. An
IndividualGenotype is composed of 3 tables (Figure A1.1).
e The first table, named nuclearDNA, is two-dimensional and contains the genotype carried
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by nuclear DNA. This table consists of n lines (n corresponding to the number of loci) and
2 columns, the first for the mother's DNA and the second for the father's derived DNA.
Each cell in the table contains an integer encoding the allele of the locus considered. In
PDG, n=2 for all the loci coding for parametric traits.

The second and third arrays (named mCytoplasmicDNA and pCytoplasmicDNA
respectively) are unidimensional and contain respectively (i) the genotype carried by
cytoplasmic DNA transmitted by the mother, which is contained, depending on the species,
in the mitochondria and / or in the chloroplast, and (ii) the genotype carried by cytoplasmic
DNA transmitted by the father (mitochondrial and / or chloroplast depending on the
species). These tables consist of n lines (n being the number of loci) and a column, each
cell containing an integer encoding the allele at that location.

Accessors : getGenotype ()

Figure A1.1: Schematic representation of an Individual Genotype

nuclearDNA mCytoplasmicDNA pCytoplasmicDNA
1m 101 G4 BT
20 22 22 1
1 3 85
a1 54 5
29
45
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identifies identifies identifies

CJADM transmis par la mére
B ADN transmis par la pére

For trees whose species is genetically considered, two of the three tables may be empty.
All trees of the same species must have the same genotype format, ie (i) the number of loci

studied by DNA type (nuclear, maternal and paternal cytoplasmic) is identical for all trees of
the same species and (ii) the loci are always in the same order.

For the trees of the initial stand, these genotypes have to be provided in the inventory file

(see example in appendix 2). For trees generated during simulations in PDG, the genotype is
computed by the GENETICS library, through meiosis and mating models.

2.2.  Description of the population-level genetic composition

CAPSIS genetic library rely on two population-level variables describing the genetic

composition of the population across generations:

First, the variable AlleleDiversity contains three 2-dimensional arrays (Figure A1.2).

The first table contains all possible alleles per locus of nuclear DNA. It consists of n lines,
where n is the number of loci studied. Each row of the table contains a variable number of
columns equal to the total number of potential alleles on the corresponding locus. Each cell
in the array contains an integer, of type short, encoding the allele. This table is named
nuclearAlleleDiversity.

The second and third tables are constructed according to the same principle. They
correspond respectively to the cytoplasmic DNA of the mother and the father. These arrays
are respectively called mCytoplasmicAlleleDiversity and pCytoplasmicAlleleDiversity.
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When the haplotypes are alleles of a single locus, these arrays have only one line.
Accessors : getAlleleDiversity (), getNuclearAlleleDiversity (),
getMCytoplasmicAlleleDiversity (), getPCytoplasmicAlleleDiversity ().

Figure A1.2: Schematic representation of an AlleleDiversity
nuclearAlleleDiversity mCytoplasmicAlleleDiversity pCytoplasmicAlleleDiversity

o0 11
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[ JADN transmis par la mére
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Second, the variable GeneticMap contains an array, called recombinationProbas, gathering
probabilities of recombination between successive loci of nuclear DNA. It consists of n-1 lines,
n being the number of loci studied on the nuclear DNA. Each line i contains a real, of double
type, between 0 and 0.5, which represents the probability of recombination between the ith
locus and the (i + 7)th. The order of the recombination probabilities in recombinationProbas
respects the order of the loci as given in the tree genotype.

Both AlleleDiversity and GeneticMap have to be defined in the inventory file (see
Appendix 2 below).

2.3.  Population-level allele effects and heritability:

The different quantitative genetic parameters detailed in section 1.2 above are stored in a map

called AlleleEffect whose keys are the parametric traits of interest (in our case Fcrirss and

glmax). The map AlleleEffect contains as many sub-map as the number of parametric traits of
interest (2 in our case). Each sub-map is named ParameterEffect, and contains three tables, and
three parameters:

o The first table (called nuclearAlleleEffect) contains on lines the loci of nuclear DNA that
influence the corresponding parameter. The rows have a number of columns that are variable
and equal to the number of possible alleles on the locus considered, denoted by n, +1. In
each row, the first value is equal to the position of the locus in the array of the corresponding
possible alleles (nuclearAlleleDiversity), that is, its row number. The n following values are
the allelic effects (the{ou}) of the n possible alleles of the locus. On each line, the sum of the
n allelic effects of the alleles is equal to 0. In PDG, we assume that the loci coding for the
studied traits are carried by nuclear DNA, so only nuclearAlleleEffect is not empty.

e The second and third tables, respectively mCytoplasmicAlleleEffect and
pCytoplasmicAlleleEffect, are constructed on the same principle and contain the loci of the
cytoplasmic DNA, respectively maternal and paternal, which influence the parameter
considered. In PDG, we assume that the loci coding for the studied traits are carried by
nuclear DNA, so mCytoplasmicAlleleEffect and pCytoplasmicAlleleEffect are empty

e The first parameter (real value of type “double”) corresponds to the theoretical heritability
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of the parameter; this variable is called heritability. The second parameter corresponds to
the total environmental variance, and is called totalEnvironmentalVariance. The third
parameter corresponds to the proportion of the interStep-environmental variance in the total
environmental variance of the parameter, and called interEnvironmentalVariance. These two
last parameter aim at distinguishing a fixed source of environmental variation from a
temporally-variable source of variation. In PDG, we assume most often that
interEnvironmentalVariance = 0, SO that totalEnvironmentalVariance=
fixedEnvironmentalVariance

Accessors : getAlleleEffect (), getParameterEffect (), getNuclearAlleleEffect (),
getMCytoplasmicAlleleEffect (), getPCytoplasmicAlleleEffect (), getHeritability (),
getTotalEnvironmentalVariance () et getInterEnvironmentalVariance ().

These variables must be defined in the inventory file (see example below in Appendix 2).
Moreover, a main constraint of GENETICS library is that the allelic effects (the{ou}) must be
integer values. However, they are scaled by the value of the parametric trait, and the user may
wish to have a finer precision than that of the parametric trait unit in the variation of allelic
effect. Therefore, we introduced in PDG a parameter called A/leleEffectMultiplCoeff (typically
set to 1000), which allow (i) to define in the inventory file the variable nuclearAlleleEffect with
the required precision and (ii) to compute the genetic and phenotypic value of each individuals
with the right scale of trait variation.

2.4.  Individual genetic, environmental and phenotypic values
Moreover, each individual tree has got its own genetic, environmental and phenotypic

values. These values are computed in PDG through the GENETICS library, based on the

individualGenotypes and the AlleleEffect variables. They do not have to be provided, even for
the initial stand. They are stored in maps of values, whose keys are the parametric traits of
interest (in our case Fcrites and glmax).

e The map of an individual's genetic values contains the genetic (or genotypic) values of the
different quantitative parameters studied. By definition, these values being invariable in
time, the Map of the genetic values is also invariable in time. This variable is named
genoValue.

e The map of an individual's environmental values contains the fixed environmental values
(representing the constant environmental effects) of the various parameters studied. The
Environmental Values Map has been defined to allow the safeguarding of fixed
environmental values as soon as they are calculated, these values being used for the
calculation of the phenotypic values. This variable is named fixedEnvironmentalValue.

e The map of the phenotypic values of an individual contains the phenotypic values of the
different parameters at a given step of the evolution of the stand. The phenotypic value of a
parameter is equal to the sum of the genetic value and the total environmental value (fixed
part + variable part). Since an individual's phenotypic values are variable from Step to Step
(since part of the environmental value varies from Step to Step), for a given individual, a
Map of the phenotypic values can be calculated at each Step. This variable is named
phenoValue.
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Table A1.4 Summary of variables related to quantitative genetic parameter of interest and
defined in CAPSIS
Variable name in CAPSIS Notation Comment
nuclearAlleleEffect {au }, table NuclearAlleleEffect = oy X
Al.2 AlleleEffectMultiplCoeff (because
AlleleEffect must contain integer values)
To be defined in the inventory file
totalEnvironmentalVariance  Veeq Al.3  To be defined in the inventory file

interEnvironmentalVariance VE-1s To be defined in the inventory file
additiveVariance VaeqAl.2 Not required in the inventory file
heritability h?eqAl.4 To be defined in the inventory file
individualGenotypes To be defined for the initial trees in the
inventory file
genoValue AeqAl.l  Computed from individualGenotypes +
AlleleEffect
fixedEnvironmentalValue Computed from AlleleEffect
phenoValue Computed from genoValue+

fixedEnvironmentalValue

3) Parametrization of allelic effects in PDG inventory file

General hypothesis

We assume that the influence of environment on the variation at the parametric traits Fizp
and gimax 1s negligible, so that Ve =0 ;Vp=Va and h>=1. By contrast, the variation in the traits
of interest themselves (TBB and WUE) is shaped both by genetic variation (through Fe.ss5 or
Zimax) and environmental variation (through temperature or water stress).

General objective:

To create an inventory file, we need to control the initial additive variance V a and the allelic
effects so that they match with the target distribution of each parameter at initiation. Moreover,
we want to have an L-shaped distribution of the QTL effects.

Modeling variation at F..iiggin Fagus sylvatica
Assuming that the heritability of Fe.uss is h*> = 1, we consider that the value of Feis is
determined by 10 bi-allelic and independent loci, with purely additive effects (see above).
In the initial population, we impose two constraints:
* ureise = 190 ° C, (ie the mean value of Feiisg known for Fagus sylvatica)
e the coefficient of variation of FcritBB is 10%
These constraints impose a target value for the standard deviation in Fei:zp distribution:
orerisB = 0.1% Ureriss = 19.

Assuming that all loci contribute equally to the target additive variance Va = 6® = 361, the

mean genetic value for locus /is : VA| =36.1 (at each of the 10 loci). Moreover, the value of oy
corresponding to VA depends on the allelic frequencies (Table A1.5).
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Table A1.5 : Possible values of allelic effects corresponding to a single target VA (361) but
with different allelic frequencies.

P q o2 ol Vai VA
0.5 0.5 72.20 8.50 36.1 361
0.6 0.4 75.21 8.67 36.1 361
0.7 0.3 85.95 9.27 36.1 361
0.8 0.2 112.81 10.62 36.1 361
0.9 0.1 200.56 14.16 36.1 361
0.95 0.05 380.00 19.49 36.1 361

Therefore, to define the inventory file, we must simultaneously sample the allelic frequencies,
the individual genotypes and the allelic effects au. This can be done using an iteration procedure
implemented in a R script provided in:
data/physiodemogenetics/generatelnventoryFile/generatelnvFile.R

Figure A1.3: Example of distribution of F..5 and allelic effects
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Modeling variation at gimaxin Fagus sylvatica

We follow the same strategy for gimqx. Assuming that the heritability of g/max 1s h2 = 1, we
consider that the value of g/ma is determined by 10 bi-allelic and independent loci, with purely
additive effects (see above).

In the initial population, we impose two constraints:

®  gimax = 11, (ie the mean value of g/max known for Fagus sylvatica)
e the coefficient of variation of g max 1s 20%
These constraints impose a target value for the standard deviation in g;max distribution:
O Zimax = 0.2x W Zimax = 2.2

Assuming that all loci contribute equally to the target additive variance Va = 6* = 4.84, the
mean genetic value for locus / is : VA; = 0.484 (at each of the 10 loci).
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Figure A1.4: Example of distribution of g;max and allelic effects
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NB : Allelic effects do not change dynamically across generations in simulation with PDG,
while individual genotypes, and thus allelic frequency, dynamically change.
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Appendix 2 : inventory, climate and parameter files

1) Inventory file

An example of inventory file containing adults for a simulation in even-aged context in given

in data/physiodemogenetics/invent100trees.inv. This file is commented below

1.1. General parameters
The inventory file begins with a list of “#General parameters”, divided in 4 categories

#SIMULATION parameters
parameter

year
selectionOnSeedlings

simulAfterPreviousSimulations

initGeneration

preEvolutionTime
seedProductionlsEquals

simulationType

Value
0

false

false

false

1

Comment
Initial year from which simulations begin

A flag indicating if mortality of seedlings is driven purely by
density-dependance (false) or by selection (true)

Aflag indicating if the inventory file is the generation O (false)
or if the inventory file is the result of previous simulations
with PDG from generation O to generation n

if simulAfterPreviousSimulations = true, a value
corresponding to the generation of the initial stand

nb of generations to bring pop to migration-drift equilibrium?

A flag indicating whether individuals produce different
number of seeds (asd function of their reserves) or if they all
produce the same number of seeds (articficially set to the
mean seed production)

0= gradient-shaped plot ; 1 = flat plot for test

Nature
Integer
Boolean

Boolean

Integer

Integer
Boolean

Integer

IHere, we use inventory files where genotypes have been generated while accounting for migration-drift-selection

equilibrium

#PLOT parameters
parameter

origin

nLin

nCol

cellWidth
minimalAltitude
slope_deg
longitude
latitude

Value

(0,
0)

50

1200

-5.14
441

Comment Nature
coordinates of the first cell of the plot (top left) Integer
number of cells on the y axis Integer
number of cells on the x axis Integer
square cell dimensions Double, m
minimal altitude of the plot Double, m
45= gradient-shaped plot ; 0= flat plot for test degree
Plot longitude Double
Plot longitude Double

20



#DEMOGRAPHIC parameters

parameter Value Comment Nature

deltaSeed 18.3 The mean distance of seed dispersal (m) Double, m

bSeed 1 The shape of the of seed dispersal kernel Double
(dimensionless)

pollenKernel true A flag indicating if pollen dispersal is modeled Boolean

folowing a diispersal kernel (true) or if mating is
assumed to be panmictic within a given radius

deltaPollen 100 If pollenKernel=true, the mean distance of pollen Double, m
dispersal (m)

bPollen 0.3 If pollenKernel=true, the shape of the of pollen Double
dispersal kernel (dimensionless)

maxPollinationDistance 50 If pollenKernel=false, the radius with which mating Double, m
ocurs at random

selfing true A Boolean specifying if selfing occurs (true) or no Boolean

selfingRate 0.05 The selfing rate (%) Double

probalDseedFlow 0.99 Probability of long-distance seed flow, not yet used Double

probalDPollenFlow 0.95 Probability of long-distance seed flow- not yet used  Double

adultAge 40 the age at which trees become adult Integer

recruitmentAge 10 the age at which seedlings are recruited Integer

dbh_recruitedSeedlings_mean 5 the mean diameter of seedlings at recruitment Double,

cm

dbh_recruitedSeedlings_sd 1 the standard deviation of seedlings diameter at Double,
recruitment cm

heigth_recruitedSeedlings_mean 5 the mean heigth of seedlings at recruitment Double, m

heigth_recruitedSeedlings_sd 1 the standard deviation of seedlings heigth at Double, m
recruitment

dbh_SeedlingsToAdult_mean 13.8 the mean diameter of adults at seedlingsToAdult Double,
transition cm

dbh_SeedlingsToAdult_sd 0.9 the standard deviation of adults diamter at Double,
seedlingsToAdult transition cm

height_SeedlingsToAdult_mean 9 the mean heigth of adults at seedlingsToAdult Double, m
transition

height_SeedlingsToAdult_sd 0.34 the standard deviation of  adults heigth at Double, m
seedlingsToAdult transition

rateGermination 0.485 Rate of seed germination Double

rateEmptySeed 0.33 Rate of empty seeds Double

rateSurvival 0.25 Rate of seed survival Double

maxCanopyRadius 5 The maximum radius of an adult tree canopy;used Double, m

only for repevolution, then dynamically updated
after tree growth

maxOverlappingPercentage 0.01 The maximum overlap (between 0 and 1) between Double
two neighbor trees canopies

nbAdultPerCell 4  Maximum number of adult per square cell Integer

maxGrowingNumberOfSeedlings 5 Maximum number of seedlings per square cell for Integer

which growth is simulated
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#GENETIC parameters

parameter

numberOfGeneticParameters

numberOfTraits

nbLocus_FCRITBB
nbLocus_glmax
nbLocusMicrosat
nbLocusNeutralSNP
distanceClassBoundsForSGS

meanlinitialGValue_FCRITBB

sdinitialGValue_FCRITBB

meanlinitialGValue_glmax

sdinitialGValue_glmax
meanTargetValue_FCRITBB
targetedCV_FCRITBB
meanTargetValue_glmax

targetedCV_glmax

alleleEffectMultiplCoeffFCRITBB

alleleEffectMultiplCoeffglmax

Value

10
10
0
10

{10; 25;
50; 75,100}
189.062559

19.11

11.0482081
2.19

190
0.1

11
0.2

1000

1000

Comment

the number of parameters of CASTANEA that are
genetically variable (the number of lines in the
allele effect record below); should be equal to 2
(FCRITBB and g1)

the number of traits that will be exported ;
includes Bbday and WUE, as well as ETR, GPP and
seedProduction

number of SNP locus controlling FCRITBB
number of SNP locus controlling glmax

number of microsatellites

number of neutral SNP

a set of distances classes that will be used to
compute spatial genetic structure

WFcritBB in the initial stand, see Appendix 1
paragraph 3

OFcritBB in the initial stand, see Appendix 1
paragraph 3
Hgimax see Appendix 1 paragraph 3

Oglmax in the initial stand, see Appendix 1
paragraph 3

Target value of pFcritBB used to draw trees of the
initial stand

Target coefficient of variation of FCRITBB used to
draw trees of the initial stand

Target value of uglmax used to draw trees of the
initial stand

Target coefficient of variation of glmax used to
draw trees of the initial stand
AlleleEffectMultiplCoeff,  see  Appendix 1
paragraph 2.2

AlleleEffectMultiplCoeff, see  Appendix 1

paragraph 2.2
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Integer

Integer

Integer
Integer
Integer
Integer

vector of
double
Double

Double

Double
Double

Double
Double
Double
Double
Integer

Integer



#CASTANEA parameters

parameter
CO2mode

Ca
frostEffectCoe

f
iFROST

LAlmode

fixedTronviv

phenoMode

stomataStress

vcmaxsStress

eps
T_oldinit

iKarst

rootsCavitatio
n
temperatureE
ffectOnPhotos
ynthesis

Value

CO2_PAST_EVOLUT
ION

380

0.1

LAI_NSC_AND_DBH

false

PHENO_CASTANEA

STOMATA_STRESS_
GRANIER

false

1.00E-05
0

0
false

TEMPERATURE_EFF
ECT_BERNACCHI

Comment

Indicates how C02 concentration varies among
years. Possible values of CO2mode :
CO2_PAST_EVOLUTION (fixed value),

CO2_RCP2_6 (variable following climatic
scenario RCP2.6), CO2_RCP4_5, CO2_RCPS,
CO2_RCP8 5
if CO2mode = C0O2_PAST EVOLUTION, the
fixed value for CO? concentration

The % of bud destroyed by frost

The way frost effect are accounted for? 1=
frost effects on bud + LAl are accounted for
but no reflushing

Possible ways for LAl to vary : " LAI_FIXED " =
no variation in LAI; " LAI_NSC "= LAl growth

depends on reserves; " LAI_NSC_AND_DBH "

= LAl growth depends on reserves and DBH; "

LAI_NSC_DBH_AND_RDI " = LAl growth
depends on reserves , DBH and RDI

A flag indicating if the proportion if alived cell

is fixed accross tree lifetime ("true") or not
("false")

Possible phenology models :
"PHENO_CASTANEA" is the one described in
this documentation; other mode are
imported from Pheofit or PHELIB library
:"PHENO_FITLIB_UNIFORC";
"PHENO_FITLIB_UNICHILL";
"PHENO_FITLIB_GAUZERE";
"PHENO_PHELIB";

Possible ways stomatal stress is simulated;
with " STOMATA_STRESS_GRANIER ",
stomataStress depends on water potential;
with " STOMATA_STRESS_RAMBAL ", depends
on soil water content "

A flag indicating whether water stress affect
Vemax
a value for epsilon

first temperature of the previsous day at the
end of the diurnal period
0 = no water reserve in deep soil; 1= reserve
in deep karstic soil

A flag indicating whether roots can die
through cavitation

Possible ways for temperature to affect
photosynthesis
Possible values =
"TEMPERATURE_EFFECT_BERNACCHI" ;
"TEMPERATURE_EFFECT_ARRHENIUS"
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Nature

Prescribed
string value

Integer, ppm

Double

Integer

Prescribed
string value

Boolean

Prescribed
integer value

Prescribed
string value

Boolean

Double
Double

Prescribed
integer value
Boolean

Prescribed
string value



allocRemain  ALLOC_REMAIN_RE Possible last compartment considered in the  Prescribed

SERVES allocation process "ALLOC_REMAIN_WOOD"  string value
; "ALLOC_REMAIN_RESERVES"

allocSchema  "ALLOC_SCHEMA_ Possible allocation scheme ; only one value  Prescribed
DAVI2009 possible now string value

basicMeteofFil Safran8147 way to compute climate at different altitude : = Prescribed
e should be "Safran8147" string value

ELEVATION_E ELEVATION_EFFECT way to compute climate at the considered Prescribed
FFECT _CONTINUOUS altitude(s). ELEVATION_EFFECT_FIXED if the  string value

meteo file is already downscaled at the
considered elevation ;
ELEVATION_EFFECT_CONTINOUS if the meteo
file need to be downscaled at the considered
elevation during the simulations

GRFinit 0.4 soil parameter Double
parameterPot -3.2 soil parameter Double
1.2. GENETICS library definitions

Then the inventory file contains 3 sub-sections of parameters mandatory to initialize the
GENETICS library.

#Genetic Map
#speciesName speciesCode castaneaCode geneticMap  allelesNuclear allelesMCytoplasmic allelesPCytoplasmic
Fagus sylvatica 1 4 {3 {[L.z2i.2n01.2n01. 2001, 2001, 20 [, 20 [, 2 (1.2 (1. 2L (1,25 (1.2 (1. 2] (1. 21 (1. 20 (1. 23 (1

The first sub-section is called here “#Genetic Map” and contains:

e SpeciesName = a string of character giving the name of the species

e speciesCode = an arbitrary integer

e (astaneaCode = an integer linking the species to its code in the species parameter file for
Castanea (here, 4 is for Fagus sylvatica)

e The geneticMap of the species (see Appendix 1 section 2.2): here, the table of
recombination probabilities is empty, meaning that all the loci are independent

e The alleleDiversity of the species: here, only the nuclearAlleleDiversity is not empty, and
contains 30 tables of two values (each coded as [1,2] and separated by *;”), corresponding
to 30 bi-allelic SNPs (each value corresponding to the value of two possible alleles at this
locus).

Note:  empty  tables  (here, geneticMap,  mCytoplasmicAlleleDiversity  and
pCytoplasmicAlleleDiversity) are coded by {}.

# allele effects for each trait

#speciesCode parameter  nuclear allele effect meyto allele effect  peyto allele effect  heritablity  environmentalvariance  interErvironmentalVariance

1 feritbb  {[1,-24365,24365];(2,-21428,21428];(3,-29293,29293);[4,-18911,18911]:(5,-26163,26163);(6,-17685,1 7685];[7,-26933,26933);(8,-17093,17093]:(9,-1 7843,17843]:[10,-1:
1 glmax  {[11,-800,800]:[12,-520,520]:[13,-513,513]:[14,-903,803]:[15,-666,666]; [16,-608,608];[17,-789,789]:[18,-495,495]:[19,-794,794]:[20,-578,578]} {} {} 1

The second sub-section define the quantitative genetic parameters described in Appendix 1

section 1.2, with variables described in Appendix 1 section 2.3. This section contains one-line

par focal parametric traits (here, two for FCRITBB and glmax):

e speciesCode = an arbitrary integer matching the one given in section above

e parameter = a string of character giving the name of the parametric trait

o the allele effects ie the three tables nuclearAlleleEffect, mCytoplasmicAlleleEffect and
pCytoplasmicAlleleEffect (see Appendix 1 section 2.3)

o three values corresponding to heritability, totalEnvironmentalVariance and
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interEnvironmentalVariance (see Appendix 1 section 2.3)

#Phi
#  speciesPhi DefaultPhi
1 i+ o

The third sub-section is mandatory and defines the individual consanguinity of trees of the
initial stand.
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1.3. Plot and cells definition
The next section gives the list of cells with their properties

## CELLS
#clD clign ccol solHeight stoneContent

1 0 0 738.045028926858 0.2
2 0 1 091.3906447619032 0.2
3 0 2 1141.28684519095 0.2
4 0 3 913.115956101989 0.2
=} 0 4 1008,80559972521 0.2
L+ 1 0 069,230429876483 0,2
7 1 1 1267.12488645043 0.2
8 1 2 013.022231979188 0.2
g 1 3 583.136875699008 0.2
10 1 4 730.756973240452 0.2
g7 17 1 884,400154531616 0.2
g8 17 2 0990.624855214189 0.2
89 17 3 1109.31380396665 0.2
g0 17 4 1428.,58733475936 0.2
g1 18 0 B76.34440454B858 0.2
g2 18 1 1041.58459570683 0.2
83 18 2 633.502420812579 0.2
g4 18 32 1018,51237786436 0,2
gz 18 4 815.111108514716 0.2
g 19 0O 1065.46157845091 0.2
g7 18 1 1149.70324172612 0.2
gg 19 2 1007.84490845166 0.2
g9 19 3 1179.49302168958 0.2

4 0.2

086.078951242586

There is one line per cell, and each line (cell) contains:

¢ An integer corresponding to the cell ID (cID)

e Two integer corresponding to the coordinates on the y-axis (clign) and on the x-axis (ccol).
Note that the size of each cell in m is given in the general parameter above (in our case,
each cell measures 50 m, and thus correspond to 0.25 ha). The total plot is thus 25 ha in
area. Moreover, note that together with the parameters minimalAltitude and slopelnDegree
(given in the general section above), these parameters define the altitude of each cell (see
Figure A2.1 below for a plan of the simulated plot)

e Two double values corresponding to the soil height (solHeight, in mm) and percentage of
stone (stoneContent) at cell level. The soil Water Holding Capacity (WHC, in mm) is
variable among cells and computed as:

WHC = (1-stoneContent)*xsolHeightx(wfc-wallt)xDa
where (wfc-wallt)=0.14 and Da= 1.07

In the inventory, the variability in WHC is artificially simulated by varying solHeight only
(see Figure A2.2)
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Figure A2. 1: Simulated plot in the example inventory file. The grey grid corresponds to the
100 cells, with their cID indicated. In blue are given the coordinate of the center of the cell on
the x-axis (bottom), on the y-axis (left side) and on the z-axis (right side).
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Figure A2. 2: Variation of Water Holding Capacity (WHC, in mm) in the simulated plot
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1.4. Individual trees definition

The last section gives the list of 1nd1V1duals with their properties and genotype

»o TREES (Individus|-TREES)

Specias D GDEH G Age nucONA mORDNA pOADNA crestiondate mD pD

15.4890871886164 39, urnungs 40411 9141&8&!%4545 3,90082328339238 40 (2 001 a1
1 o0 306099505 Jo7117087908728 11 abseara0azess 2 19T assanen. 40 (2 41 1 3
D ZSSTES070LI0Z 4922010087805 12 T23T0REANSE0 S S0ESEELOLLS 40 (2 41
1 51 12.0601756321611 4.56721015118895 40 {2 401 1
1 9315234511905 The2754 13500 a5adt 1067 7 4bdndsbhin 0 (3. 8401 1 1
1 574814148247 £5.0612231194573 12.3433332415553 5,64809639947506 40 (2! 4 01 1 1
1 02379181 820007 3 4508, 86535883 1 3499443509747 12 7203036088157 40 3. 401 1 2
1 Zostisamioon: ensoossaisiedd LLsaosnienlsrsl SlaanaB0lTe 0 (2 41 i
1 21:9931000106256 35.6704452142565 13.8607767271354 8,09233072565024 40 (1 401 1l
TORLNNNNG BN DN R R 801 1 1
! 381s1s230005002 611208834801001 127454931 630292 5.7960980740874 40 412
1 2827367574084 3530443767 9.4 a0 o4y Loa
1 T8t Te73200 4605 31936259169 15 moc 7022008 6.32642025506635 40 @44 Lo
1 405558200278315 7.36696597 8011292305333 8.10793479048898 40 4 4 11
1 353533009330009 57008181045 4 1 1
1 20.3616340819281 160147290108 4 4 12
1 23.0953138899175 3.19385! 4411
1 15.:8720685422842 38.7808420645444 io4F 1
1 37sgRzsosseanls 121571 44 11
1 7505620156208 28.760401383508 13.318751 26661 4 41 1
1 A2152305332000 15,0987 8450945 15,97 695 080015 0 68631 372694017 40 P

There is one line per individual, and each line (cell) contains:

ID: an integer from 1 to n, where n is the number of individuals (here n=2500)

cID : the cell ID to which the tree belongs

Species : an arbitrary integer matching the one given in GENETICS section above

rx : the relative x coordinate of the tree within the cell (in m)

ry: the relative y coordinate of the tree within the cell (in m)

DBH : Tree Diameter at Breast Height (in cm)

Height: Tree Height (in m)

Age : tree age; here, all trees are 40 years old, and will thus be considered as adult (as the
general parameter adultAge=40)

nucDNA : a list of 60 integer corresponding to the genotype at the 30 locus of the nuclear

DNA (the individuals are diploid, with one DNA inherited by their mother and the other by
their father)

mCytDNA : here, an empty table

pCytDNA : here, an empty table

creationDate : the year of creation of the tree (here -1 indicate that this year is unknown)
mlID : the ID of the mother of the tree (here -1 indicate that this ID is unknown)
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pID: the ID of the father of the tree (here -1 indicate that this ID is unknown)

1.5. R script to generate inventory file
The R script generateInventoryFile v3.R is available in the directory
/data/physiodemogenetics/ to generate inventory files with the appropriate format.
Basically, the script includes three parts:
STEP1 = loading of parameters; all the parameters value are defined here
STEP 2 = computations. Allelic effects for each trait are computed (optimization loop
constrained by the target mean and standard variation of each trait) and individual’s
genotypes are drawn.
STEP 3 = writing of the inventory file in the appropriate format
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2) Climate file

An example of climate file containing adults for a simulation in even-aged context in given
in data/physiodemogenetics/climate/Example100indiv.inv. This file is commented below.

#year month day RG HR W2 RR Tx TN Tmoy
1880 1 1 4,479 78,228 0.2 7.5 0.8 415
1980 1 2 1.913 79 25 31 53 27 4
1980 1 3 2,468 89.0 2 0.1 81 26 535
1980 1 4 7623 70,841 0 7.7 3.4 555
1980 1 =] 7.247 83 2.3 0 6.6 0 3.3
1980 1 5] 65.987 74,227 0 5.1 3.7 4.9
1980 1 7 7.922 76431 0 3.2 -23 045
1980 1 g8 7.012 72127 0 4.9 -2.4 1.25
1980 1 2] 8,883 83.64.32 0 0.4 -1.8 -0.7
2011 12 18 8.2889% 39202 -05 -27 -1.86
2011 12 19 7.9 100 32153 -0.2 -39 -2.05
2011 12 20 375989 25932 1.7 -5 -1.65
2011 12 21 5.24100 2870 7 0.8 329

2011 12 22 7.4 100 32990 10,152 7.65
2011 12 23 7.12100 1.470.1 13 21 7.55
2011 12 24 88585 55301 2 1 1.5

2011 12 25 B.7878 1540 5.6 -21 1.75
2011 12 26 7.9563 07 O 9.1 -5.8 1l.65
2011 12 27 7.2 100 0.7 0O 10.3-3.9 3.2
2011 12 28 87900597 0630 10,1 -2.8 3.65
2011 12 29 7.7 85 4690 3.3 05 1.9

2011 12 30 7.69100 4,69 2.4 62 -0.3 2,95
2011 12 31 s.8680 37104 9.3 1.8 555

This file contains 53 years *12 months *28-31 days = 8993 lines. Each line contains:
e Year,month,day : the date

RG: the global radiation

HR: the relative humidity

V2: Wind speed

RR:

X

TN

Tmoy

3) Species parameters

Table to be provided to give the list of parameters in the file CastaneaSpecies3.txt.
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Appendix 3: Output files

1) yearlyResults.csv

The Table below gives the code and signification of all the variables of the file

yearlyResults.csv

Variable Signification Unit type
ID ID of the tree
cell ID of the square cell of the plot
X X
y Y
altitude Altitude
gen Generation
pop Population
climaYear Climatic year
year Yearly precipitation
species Species code
LAI Leaf Area Index m/m2 output variables
GPP Gross Primary Production gC/m2/y | output variables
ETRveg Evapotranspiration of canopy mm/y output variables
ETRsol Evapotranspiration of soil mm/y output variables
TR tree transpiration mm/y output variables
StressLevel Water Stress integral Mpa output variables
gel Number of late frost days output variables
DBBV wood growth gC/m2/y | output variables
DBF leaf growth gC/m2/y | output variables
DBRF fine roots growth gC/m2/y | output variables
Rtot Autotrophic respiration gC/m2/y | output variables
Rcanopy Canopy respiration gC/m2/y | output variables
BSSmin Minimal NSC content gC/m2 output variables
endWood Day of stopping wood growth day output variables
Deltal3C output variables
BF Foliar Biomass gC/m2 output variables
reserves NSC content gC/m2 output variables
roots Fine roots Biomass gC/m2 output variables
BiomassOfTrunk Trunk biomass gC/m2 output variables
AliveWoodBiomass | Alive wood biomass output variables
BBday Budburst day julian day | output variables
endLeaf leaf fall day julian day | output variables
Tmoy Average Daily Temperature °C input climate variables
Tmax Maximal daily temperature °C input climate variables
Tmin minimal daily temperature °C input climate variables
Rg Global radiation MJ/y input climate variables
PRI Yearly precipitation mm/y input climate variables
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age age output variables
rw ring width increment mm/y output variables
dbh diameter a breast height cm output variables
height tree height m output variables
seed seed production output variables
RU Soil Water Capacity mm output variables
drainage Soil Water Drainage mm/y output variables
ca CO2 concentration ppm input atmospheric
variables
CrownProjection Tree Crwon projection m?2 output variables
PLeafmin Minimal Leaf Water Potential Mpa output variables
DBHinit Initial DBH cm input cell variables
TSUMBB Sum of temperature required for budburst °C input cell variables
gl slope of the Ball & al relationship input cell variables
nc slope of relationship between Vcmax and Nitrogen per input cell variables
leaf Area
nf Nitrogen content input cell variables
LMA Leaf Mass Per Area input cell variables
coefrac Ratio between fine roots and leaf input cell variables
GBVmin initial allocation coefficient to wood input cell variables
woodStop input cell variables
CRBV construction cost of wood input cell variables

potsoiltowood

Soil water potentila at which wood growth
stops

Mpa

input cell variables

Other results files to be improved and commented
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