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Integral Projection Model (IPM) construction and analyses Workflow

1 Description

The Integral Projection Model Workflow provides an environment for create an integral projection model
and to calculate its population growth, structure, sensitivities and elasticities analyses, age-specific metrics,
etc.

Create an IPM with no density dependence and perform several analyses on it.
Analyses:

+ Lambda (7).

+ Sensitivity analysis.
Elasticity analysis.
Parameters elasticity and sensitivity of Lambda
Parameters elasticity and sensitivity of Ro
Parameters elasticity and sensitivity of Life Expectancy
Survivorship
Mean Life expectancy
Passage Time

2.1 Name of the workflow in myExperiment.

FF O EFEF

Name: Life Table Response Experiments (LTRE) fixed design place effect workflow

Download: The workflow pack can be downloaded at myExperiment under the following address:
http://www.myexperiment.org/packs/482.html

2.2 Date, version and licensing

Last updated: 6 August 2013
Version: 34

Licensing: CC-BY-SA

2.3 How to cite this workflow

To report work that has made use of this workflow, please add the following credit acknowledgement to
your research publication:
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The input data and results reported in this publication (tutorial) come from data (Dr. Gerard Oostermeijer
unpublished results and publication: Oostermeijer, J.G.B. M.L. Brugman, E.R. de Boer; H.C.M. Den Nijs. 1996.
Temporal and Spatial Variation in the Demography of Gentiana pneumonanthe, a Rare Perennial Herb. The
Journal of Ecology, 84: 153-166.) using BioVelL workflows and services (www.biovel.eu). The Life Table
Response Experiments place effect workflow was run on <date of the workflow run>. BioVel is funded by
the EU’s Seventh Framework Program, grant no. 283359.

3. Scientific specifications

3.1 Keywords

Integral Projection Models, Lambda (A), Sensitivity analysis, Elasticity analysis, Parameters elasticity and
sensitivity of Lambda (A), Parameters elasticity and sensitivity of Ro, Parameters elasticity and sensitivity of
Life Expectancy, Survivorship, Mean Life expectancy, Passage Time.

3.2 Scientific workflow description

Integral Projection Model (IPM) construction and analyses Workflow for local execution

The aim of the Integral Projection Models (IPM) Workflow (Fig. 1) is to provide a connected environment for
construct an IPM matrix and analyse it. The workflow accepts input data in a .csv format. The output is
provided as a set of R results and graphic plots. Currently, the workflow is composed of seven distinct parts
and/or analyses:

1. Identify Fields: In the first section of the workflow the user must indicate the fields that provide
fecundity information for the initial time period. And the user can add labels for fields to be used in
output plots.

2. Create Vital Rates: In this section the functional forms are plotted, and the survival, growth and
fecundity models are scored and selected.

3. Create IPM Matrix: Here the IPM is constructed, the diagnostics of the P matrix are run, and P and
F matrices are plotted.

4. Results & Analysis of IPM: This section of the workflow shows the results:

a) Lambda or dominant eigenvalue (7).

b) The numerical matrix and the IPM graph.

c) The numerical Sensitivity matrix and the Sensitivity graph.
d) The numerical Elasticity matrix and the Elasticity graph.

e) Vital rates of Sensitivity and Elasticity.

f)Survivorship

g) Mean Life Expectancy and Passage time.
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Figure 1. A) Graph simplification of the Integral Projection Model (IPM) workflow

For more detailed description of the functions, please visit the Tutorial section.

4 Technical specifications

4.1 Execution environment and installation requirements

The Workflow requires a Taverna Engine including the Interaction Service plugin. The simplest way to install
a Taverna Engine is to install Taverna Workbench, and then install the Interaction Service plugin.

The workflow also requires an OpenCPU server with the IPMpack, Matrix, MASS, nlm, mvtnorm, methods,
MCMCglmm, Truncnorm, lattice, graphics, grDevices, Rserve packages installed. It is possible to setup the
workflow to use a remote Rserve. However, instructions for installing a local Rserve are provided below.

4.2 Taverna installation, including updates and plugins

4.2.1 Taverna installations

eTaverna Workbench: Version 2.4 or 2.5. For installation files and instructions, please go to
http://www.taverna.org.uk/download/workbench

4.2.2 Taverna Plug-ins

¢ Please install the Interaction plugin: version 1.0.2+
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4.2.3 Taverna Dependencies

e Install R software in your computer. See: http://www.r-project.org/
e Once you have installed R, Install Rserve package through the usual mechanisms for installing R
packages

O http://cran.r-project.org/web/packages/Rserve/index.html
e Local R Server: (Rserve) running at port 6311. See https://wiki.biovel.eu/x/3ICD for additional
information.

4.2.4 How it works

e First, open R;, once R is opened, type library(Rserve) and press enter; then type Rserve() and press enter
again. You will see then the following message: Starting Rserve...
"C:\PROGRA~1\R\R-30~1.1\library\Rserve\libs\x64\Rserve.exe"

e After this operation you can open Taverna and run the workflow.

5 Tutorial

5.1 Introduction

In this tutorial, you will use an input file Crypta.csv and other input data to construct an Integral Projection
Models without density dependence and perform several analyses on it. Finally you will be able to export
your results to different formats.

Please note that the workflow as well as the tutorial is a beta version, and is likely to have failures.
Furthermore, we only explain a few analyses here, while many new analyses will be added and also made
easier in the coming months. We hope you will still find it interesting to work with this workflow and not give
up in despair, and looking forward to your feedback.

5.2 Input data.

5.2.1 Data preparation/format

The workflow accepts input data in a .csv format, where each row represents one observation of an
organism in the population at one census time t with the following column names:

+size: size of individuals in census time t

+sizeNext: size of individuals in census time t +1

+surv: survival of individuals from census time t to t +1 (contains: O for death or 1 for survival)

+fecO, ...: as many columns as desired relating size to sexual reproduction. For example, this might be:
+{ fecO: probability of reproduction (output: O for no reproductive or 1 for reproductive)
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+{ fecl: number of reproductive structures (output: 1, 2, 3, ...) when individual is reproductive, that is,
when fec0 =1

+{ fec2: number of propagules (output: 1, 2, 3, ...) per reproductive structure (e.g. seeds per flower in
reproductive plant individual)

+f ...

+stage: stage of individuals in census time t, used to distinguish discrete and continuous stages, etc.
This workflow only analyse population with continuous stages. For rows in the table where size is not
an NA, then this must be the word “continuous”. Where size is NA, stage will be NA as well.
+stageNext: stage of individuals in census time t +1, in the simples case, “continuous” or dead"(which
is redundant with “0” in the surv column.

+offspringNext: if the size contained in sizeNext corresponds to the size of an offspring, this column
will contain either the value “sexual” or “clonal” (depending on whether sexual or clonal reproduction
is being considered) In this workflow only the sexual reproduction is considered. If this column exists,
rows that take these two values will be excluded from the growth analyses

torial file is available in the PACK: http://www.myexperiment.org/files/1011.htm! or here below.

nput data

The input file is in a .csv format: to download click here in the file:
Demographic data Cryptantha flava.
Crypta.csv
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5.3 Select input data dialogue boxes.

The first step is to fill out the input ports:
5.3.1 INPUTPORTS

1) DataFile: The data must be organized in a table (in .csv format), where each row represents one

observation of an organism in the population at one census time t. For more information please see input
file.

—— e
gﬂlnputvalues for ral Pro Model for Demog ic | 5 ments\Workfl... LEL
N —

Diagram dataFile ‘ opencpu|
Port description -
A C3Vfile containing data on the observed transitions from one time period to the next. E|
|| Example

Mo;|D.treatment,age;size;fecl;fec;stage,surv;ageMext; sizeMext fecOMext fec1MNext stagehext

Example value
= || Mo example value

Workflow description - s Choose files or direci —
This workflow constructs and analyses an IPM = | Lok n: | | PACK A i@
with only continuous stages and without ramet S
production based on the IPMpack (R) X Delete |B f S vamel SEl LD =T Q - = ANNOTATIONS Workflow-Integral Projection Models
Mo selection R:r;:; (5 ANNOTATIONS Workfiow-1PM
Information about the Input file: LN O Crypta
*! Documentation_1PM_V34_update 2014-04-16
The data must be organized in a table (in .csv = Integral Projection Model-vid.tiflow
Destop
format), where each row represents one
observation of an organism in the population at =~ Ji
Workflow author My
Waria Paula Balcdzar-Vargas, Jonathan Giddy and il
Gerard Oostermeijer A
Computer
File pama: Crypta.cav Qpan
Deleted node Network  Filos of type: | All Frtes « | cancat |
<» Load previous values <> Save values (1) Help a7 Use examples [+ Run workflow ! Cancel |

Figure 2. Click in Set file location, a window dialog appears, selects the file (e.g. Cryta.csv), click open.

- e — S—
%+ Input values for ‘Integral Projection Model for Demographic Modelling v34° from |caz1\Documents\Workfl... ﬁﬂu"
Diagram = | dataFile | opencPu

I
Port description -

I A CSVfile containing data on the observed transitions from one time period to the next E| I

| Exampre:

Mo;ID.treatment,age;size;fecl;fec1;stage;surv,ageMext sizeMext fecOMext fec1Next;stageMext

Example value

T || Mo example value
Workflow description -
This workflow constructs and analyses an IPM
with only continuous stages and witho
production based on the IPMpack

¥ Delete =t Set value [Z Set file location... @ Set URL . \

D 2 CUsers\mbalcaz\DocumentsiWorkflows\IPM's lpmpackiWF MPM P matridCryptd)csy

Information about the Input file

The data must be organized in a table (in .csv
format), where each row represents one
observation of an organism in the populationat =
Workflow author

Maria Paula Balcazar-Vargas, Jonathan Giddy and
Gerard Oostermeijer

« | I | »
Added file : C:\Users\mbalcazl\Documents\Workflows\IPM's Ipmpack\WF MPM P matrix\Crypta.csv

<» Load previous values <> Save values (@ Help st Use examples B+ Run workflow 3 Cancel

Figure 3. The path to the file appears in the right window.
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2) ) openCPU: The base URL of an OpenCPU server - see http://opencpu.org/ for details about the OpenCPU
framework.

e.g: http://opencpul.biovel.eu/

ﬁglnputvaluesfor'lntegral ojection Model for Demog ic Modelling v: 3 Icazl\Documents\Workfl... [T==1|
 — ————

Diagram || dataFile| opencpPu

Port description
The base URL of an OpenCPU server - see hitp://opencpu.org/ for details about the OpenCPLU framework

Example value
hitp.#fopencpu.at.bi

‘Workflow description
This workflow constructs and analyses an IPM
with only continuous stages and without ramet Delete st Set value [Z Set file location... @ Set URL \

production based on the IPMpack (R).
M hitp:ffopencpu.at.biovel.eu/
Information about the Input file:
The data must be organized in a table (in.csv \

format), where each row represents one
observation of an organism in the populationat =

‘Workflow author
Maria Paula Balcdzar-Vargas, Jonathan Giddy and
Gerard Oostermeijer

Added new value. Edit value on right.

<> Load previous values <> Save values (@ Help i Use examples B Run workflow 3 Cancel

Figure 4. Click in Set value and write down in the right window: http://opencpul.biovel.eu/

After the user has filled out the input ports and has clicked the Run Workflow button, a dialogue pages
appear in the user’s internet browser. See the next section:

5.3.2 INTERACTION

1) IdentifyField: Indicate the fields that provide fecundity information (fec; e.g. fecO, fec1) for the initial time
period. You can add labels for fields to be used in output plots (Fig 5).
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BioVel Portal - Run | x \__§ N3 . i - N ] ) - T I b
taviitedey biovel.eu an o e@O
* Universidad Na. Nanaimo [ Pacman- Play .. ™ Howto Go Veg.. @ Sotheby's - sell L Vuurjongenen . @ Dierenncod - D Paper) of Trop.. & Codigos para el The Taverna wo. Hacer workliows

Bowl

Home Workfiows Runs Guest & | &l Log in) K Repster

Running: Integral Projection Model for Demographic Modelling
Action Required

Identify Fields

Indicate the fields that provide fecundity information for the initial time period. You can add labels for fields to be used in output plots
Field Initial Fecundity Field Label

No

)

YEAR

age

size

fecd 2 Probability of flowering

fecl @ Number of inflorescenc,

stage

surv

agehext

sizeNext

fecONext

feciNext

stagaNext

Figure 5. Identify fields. The user can add labels for fields to be used in output plots. Then the user clicks in
Next.

2) Create Vital Rates: Here the user plots functional forms, scores and selects models. There are 5 tabs:
Data, Survival, Growth, Fecundity and Submit (Fig 6). In the tab named Survival, first the user finds a graph
that shows the relation between survival and size, dots are observed values of survival. (Fig 7). In this tab,
below the graph, the user can perform the survival analysis. Survival analysis predicts the probability of
surviving at a given size. The user can compare different linear models based on: Bayesian Information
criterion (BIC) or the Akaike Information Criterion (AIC). Please select first the criteria and then click in
compare (Fig 8). Then select the best fit for the survival probability based on biological criteria and / or the
AIC or BIC values. Once you have selected your preferred linear model, click in submit (Fig 9).0Once the user
have submit the survival model, the tab Submit appears showing the graph and the linear model chosen by
the user (Fig. 10).
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The un ms SUCCRSShay Created.

Action Resuied
Create Vital Rates

Here you can plot functional forms, scores and select models

| Data Survival Growth Fecundity Submit

Figure 6. Create Vital Rates dialogue.

Tab Data. There are 5 tabs: Data, Survival, Growth, Fecundity and
Submit.

 BioVel Portal - Run | x Y}

[ L/ ) tavitel.biovel.eu/runs/ 1601

* INTECOL 2013 & Universidad Na.. X Dietaparabaja.. ENEL=PEZxfEll. § Los 10mésrica.

® Joumal hame: .. (1 Log Houses (3 Hacer workflows © Global Change ... (3 Proyecto Paramo. (1 Musica

 Home  kWorkBows. | Runs

Guest & | @l Log n| K Regsier
The run was successfilly created.

Running: Integral Projection Mode! for Populaticn Madelling
Astion Required

Create Vital Rates
Here you can plot functional forms, scores and select models

|
| Data Survival Growth Fecundity Submit

Survival analysis predicts the probability of surviving at a given size.

i

Relation between survival and size. Dots are observed values of survival.

Survival probability

The interaction service was developed m the BioVel. project

Figure 7. Create Vital Rates dialogue. Tab Survival. Showing the graph of survival probability.
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7 BioVel Portal - Run | * L) -
[ taviitel.biovel.ew/runs/1601 g
* INTECOL 2013 % Universidadi Na., X Dieta para baja.. EBEL=PEZ=FELL. 8 Los 10mas ico.. @ Joumalhome: .. (3 Log Howses ([ Hacer workfiows € Global Change .. (1 Proyecto Paramo () Musica

BvL

4 Home i Worflows /| Runs Guest 8 | 8 Log in | H Regster

The run was successfully created

Running: Integral Projection Model for Population Modelling
Action Required

Survwal
02 04

00

Sizeat £

i

First, compare model fits for survival with different linear combinations. Please select the Bayesian Information criterion (BIC) or the Akaike Information
Criterion (AIC) to compare the different linear models.

AIC[=] Compare
Select the best fit for the survival probability based on biclogical criteria and / or the AIC or BIC values.

Once you have selected your preferred linear model, click

I

The nteractin scevice was develaped i the BisVel projcct

Figure 8. Create Vital Rates dialogue. Tab Survival. The user chooses the Bayesian Information criterion (BIC)
or the Akaike Information Criterion (AIC) to compare the different linear models, and then click in compare.

 BioVel Portal - Run | x \__} —TaTX
L taviitel biovel.eu/runs/1601 ‘,
* INTECOL 2013 *~ Universidad Ma.. X Dieta parabaja.. EMEL~PEZ«FELL. § Los10masrico.. @ Joumalhome:... (Log Houses (I Hacer workllows & Global Change .. (I Proyecto Parama 1 Musica

f Home  iVionows  Runs Guest & 8l Log m | Regster,

The run was successfuly created.

Running: Integral Projection Modei for Population Modelling
ction Required

Surviva

Sweatt

First, compare model fits for survival with different linear combinations. Please selact the
i to

compare the different linear models. aq
AICz]  compare St el
3 b ™\
Select the best fit for the survival probability based on biological criteria and / or the AIC _ ok \
or BIC values. : £ \
5@ TR =
—— sy~ 15 ACe184.2 3 ° / B
7.4 H / \
El / \
Ac=185.2 7 \ =
i + sae: ME-12 517/ A

Once you have selected your preferred linear model, click  Submit

Figure 9. Create Vital Rates dialogue. Tab Survival. Then select the best fit for the survival probability based
on biological criteria and / or the AIC or BIC values. Once you have selected your preferred linear model, click
in submit.
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7 BioveL Portal - Run =T
taviitel.biovel.eu/runs/1601 *

< INTECOL2013 & Universidad Na.. X Dieta pars bajs.. B EL=PEZaFELL. § Los L0mas rico. @ Joumal home: . (1 Log Houses () Hacerworkiiows ) Globsl Change .. (1 Proyecto Parama (1 Musica

L

Gusst & 8 Log In| & Regiate

for Papuiation Medelling

Data | Survival | Growth | Fecundity | Submit

Not ready to submit:
Clic 0 create a Growth Object

Click he

o craate @ Fecundity Object

Survival

Survsi tot41

Figure 10. Create Vital Rates dialogue. Tab Submit. The survival model and the graph appear in the submit
tab.

After the survival model is submitted, in the tab named growth, the user finds a graph that shows the
relation between size at t vs. size at t+1 (Fig 11). In this tab, below the graph, the user can perform the
growth analysis, which predicts the probability of growing at a given size. The user compares different linear
models based on: Bayesian Information criterion (BIC) or the Akaike Information Criterion (AIC). Select first
the criteria and then click in compare (Fig 12). Then selects the best fit for the growth probability based on
biological criteria and / or the AIC or BIC values. Once the preferred lineal model is selected, click in submit
(Fig 13).0nce the growth model have been submitted, the tab Submit appears showing the graph and the
linear model chosen by the user (Fig. 14).

LI N LS S SN BN e e Swee W Emmmn, - TS LR Sl

taviitel.biovel.eu/runs/1

+ INTECOL2013 * Universidad Ne.. X Dieta parabaja.. BB EL=PEZFEL. § Los10mésrico. @ Joumalhome: .. (3 log Houses (3 Hacer workliows © Giobsl Change . (1 Proyecto Paramo () Musica
Home i Worktows || Runs (Guest & |8l Log In] I Register

The fully created.

rojection Model for Population Modelling
Action Required

Create Vital Rates

Here you can plot functional forms, scores and select models
Data = Survival = Growth | Fecundity | Submit
Growth analysis predicts the probability of growing at a given size.

Slize-dependent pattern.

Growth

size at 141
0 20 40 6 80 100

The interaction scrvice was developed inthe BioVel. project

Figure 11. Create Vital Rates dialogue. Tab Growth. Showing the graph of size-dependent pattern, size at t vs.
size at t+1.
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/ BioVel Portal - Run | x Y\_} —

[ taviitel. biovel.eu/ an

+ INTECOL 2013 * Universidad Na.. X Die DEL=PEZ=FELL. § losl0mssrico. @ 3 Log Houses (1 Hac 4 Global Change ... (1 Proyecto Paramo (1 Musica -

JBWL T
00, L @¥iden O Guest B |8 Log b | I Register

The run was successfully created,

Running: Integral Projection Madel for Population Modelling
Actlon Required

skt

First, compare model fits for growth with different linear combinations. Please select the Bayesian siterion (BIC) or the Akaik Criterion (AIC) to
compare the different linear models.

AIC[z]

Select the best fit for the growth probability based on biclogical criteria and / or the AIC or BIC values.

I

Once you have selected your preferred linear model, dlick

The ineracsion secvice was deveioped in the BioVel project

Figure 12. Create Vital Rates dialogue. Tab Growth. The user chooses the Bayesian Information criterion (BIC)
or the Akaike Information Criterion (AIC) to compare the different linear models, and then click in compare.

7 BioVel Partal -Run| x
[ taviitet biovel.eu/runs/ 160
" INTECOL 2013+ Universidad Na.. X Dieta para baja.. ERELaPEZaFELL. S Los 10 mas rico.. @ Joumal home: . (3 Log Howes (J Hacer workflows 4 Global Change .. ([ Proyecto Paramo (J Musica

" Home pWorklows | Runs Guost & | 8 Log 1n | 9 Regiser
The run was succassfully crested,

Running: Integral Projection Model for Poputation Modelling
Action Required
E

First, compare model fits for growth with different linear combinations. Please select the
r iter iteri to compare the different linear

models.
2
AIC[E]  Compare E
Select the best fit for the growth probability based on biological criteria and / or the AIC or BIC values. £
—— sizetlext ~ 1: AIC=1148.5
£ s o

size: 7.8
—— size + 5ze2: AIC-1043.8
size + siza? + sizad: ALC=1036.6

Saestt+1

Once you have selected your preferred linear model, dick | Submit |

‘The imecaction service was developed i the BioVel. project

Curren State e
The run was started 3¢ ommazan- 1vavoe

Eatimatad e to friah: a1 20 seconds (13 aaconds on sverags cakulaéd afe 1 rune)
Canceifan

Figure 13. Create Vital Rates dialogue. Tab Growth. Then select the best fit for the growth probability based
on biological criteria and / or the AIC or BIC values. Once you have selected your preferred linear model, click
in submit.

Page 14 of 28


http://www.statsoft.com/textbook/statistics-glossary/b/?button=0%23Bayesian%20Information%20Criterion
http://www.statsoft.com/textbook/statistics-glossary/a/?button=0%23Akaike

Integral Projection Model (IPM) construction and analyses Workflow

T — e e e B e e E e - R
taviitel.biovel.eu,
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Growth

Fecundity

sxvice was developsd i the BioVel priec

Powered by @ ~

Figure 14. Create Vital Rates dialogue. Tab Submit. The growth model and the graph appear in the submit
tab.

Once the user submitted the growth model. In the tab named fecundity, the user finds under fecO, two
graphs that show the fecundity patterns, the left graph shows the relation between fecundity and size (e.g.
fecO is: probability of reproduction (output: 0 for no reproductive or 1 for reproductive). The right graph
illustrates the frequency of being reproductive or not (Fig 15). Below these figures are found two more
graphs, the left graph shows the relation between size vs. the number of reproductive structures (e.g. fecl:
number of reproductive structures (output: 1, 2, 3 ...) when individual is reproductive, that is, when fec0 = 1)
and on the right side the frequency of observation vs. size (Fig 16).

Below the graphs, the user analyses and plots each fecundity data field with a suitable family and transform.
These analyses predict the probability of flowering at a given size. The user selects the field (e.g. fec0), the
family (e.g. binomial) and transform (e.g.: none), then click in plot (Fig 17). Below it appears three linear
models compared with based on the Akaike Information Criterion (AIC). So the user selects the best fit for
the fecundity probability. Once you have selected your preferred linear model, click in submit (Fig 18).0Once
the user have submitted the first fecundity model and if the data have more fec columns the user repeat
once more the procedure (with fecl) and click in submit (Fig 19). The tab Submit appears showing the graphs
and the models that were chosen by the user (Fig. 20). In the upper part of the Tab Submit click in submit
(Fig 21).
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7 BioVel Partal - Run | x \_J — o X
[ taviitel.biovel.ew/runs/1601 g
* INTECOL 2013 % Universidadi Na., X Dieta para baja.. EBEL=PEZ=FELL. 8 Los 10mas ico.. @ Joumalhome: .. (3 Log Howses ([ Hacer workfiows € Global Change .. (1 Proyecto Paramo () Musica -

4 Home i Worflows /| Runs Guest 8 | 8 Log in | H Regster
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Figure 15. Create Vital Rates dialogue. Tab Fecundity. Left: Probability of flowering, Right: Frequency of
flowering.
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Figure 16. Create Vital Rates dialogue. Tab Fecundity. Left: the relation between sizes vs. the number of
reproductive structures, Right: Frequency of observations vs. size
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Figure 17. Create Vital Rates dialogue. Tab Fecundity. Analyse and plot each fecundity data field with a
suitable family and transform, then click in plot.
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Figure 18. Create Vital Rates dialogue. Tab Fecundity. Three linear models appear. And the user selects the
best fit and clicks add.
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Figure 19. Create Vital Rates dialogue. Tab Fecundity. Repeat once more the procedure and click in submit.
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Figure 20. Create Vital Rates dialogue. Tab Submit. The fecundity models and the graphs appear in the
submit tab.
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Figure 21. Create Vital Rates dialogue. Tab Submit. Upper part of the tab, click in submit.

3) Create IPM Matrix: Here the user constructs the IPM, runs diagnostics of the P matrix, and plots P and F

matrices. Uses growth and survival objects (analysed and created in Tabs Survival and Growth) to construct a
matrix defining probabilities for transitions between sizes due to growth and survival. In this section, the
user finds the following fields to field in (Fig 20), once the user fielded in and choose the options, clicks Plot

All.

oo oo

Matrix Dimensions: number of size bins in the P and F matrix, defaults to 100.

Min Size: minimum size of the P matrix, defaults to the smallest size in the two years.

Max Size:maximum size of the P matrix, defaults to the largest size in the two years.

Correction: correction type, defaults to constant. This option will multiply every column of the IPM
by a constant sufficient to adjust values to those predicted for survival at that size. The second
option is discretizeExtremes which will place all transitions to sizes smaller than min size into the
smallest n bin, and transitions to sizes larger than max size into the largest bin. The third option is
no transformation.

Integrate Type:integration type, defaults to "midpoint" (which uses probability density function);
other option is "cumul" (which uses the cumulative density function).

Pre-census(F matrix only): logical (TRUE or FALSE), indicating whether the fecundity object should
represent an interval between pre-breeding or a post-breeding censuses. Defaults to TRUE (pre-
breeding census), meaning that all reproduction and offspring rates required for the F matrix are
embedded in Fecundity model. Alternatively, an F matrix based on post-breeding census
(preCensus=FALSE) requires additional Survival models and growth models, to cover the survival
and growth of the parents until the reproduction event.
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Figure 22. Create IPM matrix. Here the user constructs the IPM, runs diagnostics of the P matrix, and plots P
and F matrices.

The results appears in the P and F matrix tab. In P matrix tab appears a 2D plot, a 3D plot (Fig. 23), the
diagnostics of the P matrix (Fig. 24) and the numerical P matrix. Next to, in the tab F Matrix a 2D plot, a 3D
plot (Fig. 25) and the numerical F matrix appears. If the user agrees with the results, then click in Next if not
repeats the procedure and clicks in Plot All.

Fomne e v e TN e e e TN s O
tavlitel.biovel.eu/run:
« INTECOL 2013 * UniversidadNa.. X Dietaparabeja. EBEL=PEZ=FELL. 8 Los10masrico. @ Joumnalhome: .. (1 LlogHouses (1 Hacer workflows €1 Global Change . (1 Proyecto Paramo (1 Musica -
nou 7
SRl

Home pWorkhows | Runs Guest 8 | @l Leg In | L Regiter

The ru fully created.

Running: (megral Projection Model for Population Wedetling
Aesion Required

Create IPM Matrix Next | (7

Here you can construct the IPM, run diagnostics of the P matrix, and plot P and F matrices

patri Dmensons 160 Correction [ constant = e
i Size a Integrate Type| probabilty density function (midpoint) (%]
Max Size 110 Pre-census (F matrix only)

P Matrix | F Matrix

Colours [topo  [7]
Upper 0.035

Update

Kernel Pmatrix

aoss

The interaction service was develoged in the BigVel progect

Figure 23. Create IPM matrix. Tab P Matrix. 2D plot and 3D plots of the P Matrix.

Page 20 of 28



Integral Projection Model (IPM) construction and analyses Workflow

BioVel Portal - Run | x i

taviitel.biovel.ew/runs/ 160

« INTECOL 2013~ UniversidadNa., X Dieta parabaje.. EBEL=PEZ=FELL. § Los 0masrico.. @ Joumalhome: . (3 Log Houses (1 Hacerworkfiows © Global Change .. (1 Proyecto Paramo () Musica 2
Home sWorklows | Runs Guest 8| @ Log n | 5 Register

Running: Integral Projection Model fur Poputation Modelling

Action Required
L] o
Diagnostics of P matrix
Soan o Survvad i
] - .
g i,
F e ey g
) - - " s +

The inderaction service-was developed in the BioVel. projoct

Figure 24. Create IPM matrix. Tab P Matrix. Shows the diagnostics of the P matrix
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Running: Integral Projection Model for Poputation Modelling
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Figure 25. Create IPM matrix. Tab F Matrix. 2D plot and 3D plots of the F Matrix.

4) Results & Analysis of IPM: Here the user sees the multiples results of the IPM (Fig. 26 — 31). Then clicks in
Next.

a. IPM: Uses survival/growth and fecundity kernels to make an IPM kernel. Shows the value of
Lambda, a 2D and a 3D graphs of the constructed IPM and the numerical IPM (Fig 26)

b. Sensitivity: Estimates sensitivities of each element of a discretized IPM. Shows a 2D and a 3D
graphs of the Sensitivity matrix and the numerical Sensitivity matrix (Fig. 27).
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Elasticity: Estimates elasticities of each element of a discretized IPM. Shows a 2D and a 3D graphs
of the Elasticity matrix and the numerical Elasticity matrix (Fig. 28).

. Vital rates Sensitivity & Elasticity: Uses perturbation to estimate the sensitivity and elasticity of all

the parameters underlying an IPM. Shows the histograms of the sensitivity and elasticity of lambda,
RO and Life expectancy to parameters underlying an IPM. (Fig. 29).

. Survivorship: Calculates the fraction of the cohort surviving across age for a chosen starting

continuous stage value (e.g. 1 year with a maximum age of 50). Shows a graphs of survivorship
across age (Fig. 30).

Mean life expectancy and Passage time: Mean life expectancy: Based on the P matrix is defined
the life expectancy in units of the time step used. Passage time: Defines passage time to a chosen
continuous stage. Estimates the time in units of the chosen time-steps that it will take to reach a
chosen continuous (e.g. size) stage for the first time conditional on surviving from each of the
meshpoints of the IPM (Fig. 31).
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Figure 26. Results & Analysis of the IPM. Tab IPM. 2D plot and 3D plots of the IPM and the numerical IPM

matrix.
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Figure 27. Results & Analysis of the IPM. Tab Sensitivity. 2D plot and 3D plots of the Sensitivity matrix and
the numerical Sensitivity matrix.
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Figure 28. Results & Analysis of the IPM. Tab Elasticity. 2D plot and 3D plots of the Elasticity matrix and the
numerical Elasticity matrix.
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Figure 29. Results & Analysis of the IPM. Tab Vital rates Sensitivity & Elasticity. Histograms of the sensitivity
and elasticity of lambda, RO and Life expectancy to parameters underlying an IPM.
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Figure 30. Results & Analysis of the IPM. Tab Survivorship. Shows a graphs of survivorship across age.
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Figure 31. Results & Analysis of the IPM. Tab Mean Life Expectancy & Passage Time. Graphs of the Mean
Life expectancy and Passage Time.

5.4 Save data/results

5.4.1 OUTPUTS

Download zip files: The user clicks in Dowload and all the the results (numerical and graph will be download
as a zip file that can be save by the user (Fig 30 and 31).
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Figure 31. Results zip files. Clicks in Dowload.
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» Computer ¥ System (C) » Users » Administrator. 020406 » Downioads » value

Organize ™ Extract all files

FIN— Hame Type Compressed size Password p-.  Size Date modified
I Desiqop bayesianlP Text Dacument £-8-2013 1146
b Downloads W bayesianlambda PNG image
## Dropbox B bayesianLifeExpectancy PNG image
5 Recent Praces W biyesanPasagiTuin PNG image 68-2013 1146
k. Google Drive B bayesianStableStage Distribution PNG image 6:8-2013 11:46
b Mi SugarSyne aata Text Docu 6-8-201311:46

fecundityObject Text Dacument 6-8-2013 11:46

w4 Libraries Fmatrix Text Dacument 11:46

5 Documents B FmatixContourPlot PNG image 1768 12% 6-8-2013 1146

4 Music B FmatriaWireframePlot PNG image 682013 11:46

5. Pictures B growihinitialPlot PNG image £-8-2013 11:46

& videos growthObject Text Document 6-8-2013 1146
B growthObjectFitPlot PNG image £-8-2013 11:46 E

Y Homegroup M Text Dacument 6-8-2013 1146

8 ipmContourPiot PNG image 6820131146

e Computer IpmElasticity 682013 11:96

& System (€} B ipmElasticityContourPlot 682013 11:46
= Unidad de SugarSync @y ipmElasticityWireframePlot PNG image 6-8-201311:46.
ipmSensistivity Teut Dacument 6820131146

& Network W ipmSensitivityContourPlot PNG image 6-8-2013 11:46
B ipmSensitiityWirefiameFiot PNG image 6-8-20131146

B ipmiretramePiot PNG image 135K8 Ne 682013 11:96

Lambuasensiivity Text Document 1KB No 6-8-2013 1146
LifeBxpectancySensitivity Text Document 1K8 No 6-8-2013 11:46
R meanlifeExpectancyPiot PNG image 13K No 682013 1146
& passageTimepiot PNG image 13KB No 131146
Pmatrix Test Document STKE No 13 1186
B PmatrixContourPlot PNG image 8KE Mo 6820131146
PmatrixMeshpoints Text Dacument 1KB No 6-8-2013 1146
B PmatriwiretramePlot PNG image BLKE No S 6-8-2013 11:46 "

35 items

Figure 32. Zip files. Numerical and graph results download as a zip files.
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6 Support

For questions with using the workflow, please write support @biovel.eu

For definitions of technical and biological terms, please visit the BioVel glossary page:
https://wiki.biovel.eu/display/BioVel/Glossary
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