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1 Description®

The Matrix Population Models Workflow provides an environment for create a stage-matrix
with no density dependence and perform several analyses on it.

Analyses:

Eigen analysis.

Age specific survival.

Generation time (T).

Net reproductive rate (Ro).

Transient Dynamics.

Bootstrap of observed census transitions (Confidence intervals of 1).

2 General

2.1 Name of the workflow and MyExperiment identifier

Name: Matrix Population Models construction and analyses (Integrated) Workflow

Download: The workflow pack can be downloaded at myExperiment under the following
address: http://www.myexperiment.org/packs/345.html

2.2 Date, version and licensing

Last updated: 1st November 2012
Version: 11

Licensing: CC-BY-SA

2.3 How to cite this workflow

! This is the description that should appear in myExperiment
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To report work that has made use of this workflow, please add the following credit
acknowledgement to your research publication:

The 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unpublished results and publication: Oostermeijer, J.G.B. M.L. Brugman, E.R. de Boer;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.) through
BioVeL workflows and services (www.biovel.eu). The Matrix Population Models
construction and analyses 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

Matrix Population Models, stage matrix with not density dependence, Lambda (1), Sensitivity
analysis, Elasticity analysis, Age specific survival, Generation time (T), Net reproductive rate
(Ro), Transient Dynamic, Damping ratio, Bootstrap of observed census transitions
(Confidence intervals of 1).

3.2 Scientific workflow description

The aim of the Matrix Population Models Workflow is to provide a connected environment
for construct a stage matrix and analyse it. The workflow accepts input data in a .txt 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. Construction of a stage matrix model from demographic monitoring of individuals in
an animal or plant population with not density dependence. This section of the
workflow create a stage matrix based on two years census data that contains transitions
probabilities from each stage to the next, of tagged or mapped individuals of an animal or
plant population. The resulting stage matrix is then used to perform the other components
of the workflow: the Eigen analyses, age specific survival, generation time (T), net
reproductive rate (Ro) and transient dynamics.

2. Eigen analysis of a stage matrix model. This component of the workflow performs the
Eigen analysis. This analysis results are a set of demographic statistics:

a) Lambda or dominant eigenvalue (4).
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b) The stable stage distribution.
c) The sensitivity matrix

d) The Elasticity matrix.

e) Reproductive value.

f) The damping ratio.

3. Age specific survival. This component of the workflow calculates the age-specific
survival: that includes the mean, variance and coefficient of variation (cv) of the time spent
in each stage class and the mean and variance of the time to death.

a) Fundamental matrix (N): is the mean of the time spent in each stage class.

b) Variance (var): is the variance in the amount of time spent in each stage class.

c) Coefficient of variation (cv): is the coefficient of variation of the time spent in each
class (sd/mean- the ratio of the standard deviation to the mean).

d) Meaneta: is the mean of time to death, of life expectancy of each stage.

e) Vareta: is the variance of time to death.

4. Generation time (T): This component of the workflow calculates the generation time. The
time T required for the population to increase by a factor of Ro (net reproductive rate). In
other words, T calculates how much time takes to a plant/animal to replace itself by a
factor of Ro.

5. Net reproductive rate (Ro): This section of the workflow calculates the net reproductive
rate (Ro). Ro is the mean number of offspring by which a new-born individual will be
replaced by the end of its life, and thus the rate by which the population increases from one
generation to the next.

6. Transient Dynamics: This workflow produces plots of the short-term dynamics and
convergence to stable stage distribution using stage vector projections.

7. Bootstrap of observed census transitions: This workflow calculates bootstrap
distributions of population growth rates (1), stage vectors, and projection matrix elements
by randomly sampling with replacement from a stage-fate data frame of observed
transitions. The goal of a demographic analysis is very often to estimate lambda, because
lambda is estimated from imperfect data, such estimation are uncertain. Therefore, when
the results have policy implications it is important to quantify that uncertainty. Confidence
interval is one of the traditional tools to doing so.
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Fig 1. A) Stage matrix workflow in Taverna, B) Graph simplification of the stage matrix
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 Rserve installation with the popbio package 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 Workbench installation

You need to have the Taverna workbench (v2.4) installed on your computer. For installation
files and instructions, please go to http://www.taverna.org.uk/download/workbench/2-4/

Please make sure you install the updates under Advanced -> Updates and plugins.

4.2.2 Interaction Plug-in

In addition, you need to install the Taverna Interaction plug-in, version 0.1.15 or higher.
Please note that the Plugin is a "work in progress”. Comments, suggestions and especially bug
reports are welcomed.

4.2.2.1 Installation of the plug-in:

Add http://www.mygrid.org.uk/taverna/internal/biovel/240/ as a plugin site - see
http://www.mygrid.org.uk/dev/wiki/display/taverna/Plugins
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Install the Interaction Service Plugin

Restart Taverna
4.2.2.2 Configuring the Interaction preferences:
Once you restart Taverna

Goto Preferences (under File or Taverna) -> Interaction

Specify port on which you want Jetty (the feed and HTML server) to run, or the URL for
another machine and the relative webdav and Atom feed.

Restart Taverna

If you are already running a web server on port 8080 (the default port for the Interaction
Service) then you need to change the port under preferences

4.2.3 Taverna Dependencies

The dependencies on the Taverna side include,

Interaction Plugin, which is handles the interaction between browser applications and
Taverna.

5 Tutorial

5.1 General

In this tutorial, you will use an input file Dtl.txt and other input data to construct a stage
matrix with out density dependence and perform several analyses on it. Finally you will be
able to export your results to diferents 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 Annotation Construct a stage matrix and analyse it.
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The first step is to fill out the input ports:

5.2.1 INPUTPORTS

1)

CensusDataFile: The input data (a .txt-file) has to have the format of a table
containing the demographic data on a series of individuals in two years. Each
individual has a table row for each year and is identified by a number (plant column in
example). For the year specified in the column 'year’, each individual has a certain life
stage ('stage’). The stage codes can be chosen by the user, but they have to be specified
with a string. For all individuals, the number of offspring is specified in a chosen way
(in the example, 'repstr' gives the number of flowers/fruits for each plant. In the
example, it can be seen that only generative adults (stage=G) had flowers. Individuals
without offspring have to be indicated by filling in ‘0" in this column, which cannot
have empty cells. The column 'recruitment’ specifies those individuals that are new in
the second year census to the population by means of a code. In the example, 'RS' is a
new seedling, and 'RJ' a new juvenile plant. As can be seen in the example, no code is
needed in this column for individuals that were already present (Table 1).

Table 1. Input file in a .txt format to create a stage matrix.

plant year stage  [reprstr recruitment

2 1987 D 0

4 1587 ] a

E] 1587 D 0
31 1587 v 0
36 1987 D 0
37 1987 1] 0
41 1987 1] 0
43 1987 § 0
46 1537 v 0
47 1987 5 0

2 1933 v 0

4 1588 D 0

E] 1588 v 0

9 1938 1] 0 RJ
14 1938 1] 0 RJ
15 1933 1] 0 RJ
16 1933 1] 0 RJ
17 1933 ] 0 RJ
18 1988 ] 0 RJ
24 1988 5 0 RS
25 1588 S 0 RS
31 1588 v 0
32 1988 S Y] RS
33 1938 1] 0 RJ
35 1938 S 0 RS
36 1933 v 0
37 1933 v 0
38 1988 5 0 RS
39 1988 ] 0 RJ
40 1588 ] a RJ
41 1588 v 0
42 1588 S 0 RS
43 1938 1] 0
44 1938 S 0 RS
45 1933 § 0 RS
46 1933 v 0
47 1933 v 0

2)

Bootstraplterations: Number of iterations for calculation of bootstrap distributions.

e.g.: 1000
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3) Label: Descriptive title for labelling generated outputs (graphs).

e.g.. Gentiana pneumonanthe, Terschelling (species taxonomic name, place where
the research was conducted)

4) LongTermYears: It is the maximal number of iteration or repetitions in the transient
dynamic analysis.

e.g.: 50

This number of years (50) will be use as well in two type’s outputs graphs (see output
ports):

1) StageVectorPlotLongTermProportional: the proportion of individuals per stage in
the long term.

2) StageVectorPlotLongTermLogarithmic: the number of individuals per stage in the
long term.

5) ShortTermYears: This value will be use to plot a graph that shows a simulation of the
number of individuals per stage in a few years period after the study. This value
represents the years of axis X of the output graph: StageVectorPlotShortTerm (see
ouput port):

1) StageVectorPlotShortTerm.

After the user has filled out the input ports and has clicked in run the workflow, three
dialogue pages appear in the user’s internet browser, see Dialogue:

5.2.2 Dialogue

1) Stages: With this dialogue authomatically appears the names of the stages or
categories of the census data file. When the dialogue appears, the stages are in
disorder (Fig 2), so the user drags and organizes the stages according to the order in
the life cycle. Then, the author chooses if the stage belongs to the recruited,
reproductive category or it should be excluded (Fig 3). Recruited means that new
individuals can be recruited to this (these) stage(s). Reproductive stages are those that
reproduce (produce offspring) (in this example the stage G). In the census data file
Dtl.txt, x is use to denote when a plant has died in the second year, so the user must
selected in the excluded column. Then the user clicks in confirm and you will read
stages submitted (Fig 4).

In the following example, the life cycle of Gentiana pneumonanthe has 5 stages or

categories:
1) Seedlings S
2) Juveniles J
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3) Vegetative \Y
4) Reproductive individuals G
5) Dormant plants D

& (@ e 8 calc: B Erro e Goo: B W Goo % prow b loca i local i Iocal [T localk W

'[9 localhost: 8080 interaction/interactiond87 2299 169ad4560867501054d8d280 html 'if‘;r“ oo
& Universidad Macio... [ umbralyoga's cha... T Ary Cuddy: Your ... == ATEC 2013 Meeting [ill Fres Books : Dow... (] Importado de Ints... (] Importants Uva [ Paginas de todos 1. (]

Workflow Input

Stage Recruited Reproductive Exclude

i

Confirm

Drag stages to sort, then click Confirm

Figure 2. Stages dialogue. When the dialogue appears, the stages are in disorder.

(9 no leid [ exslcazar Recibidos Google C: Integrate R provide - X Increase [ locahast:c »
| [ lacalhost: 8030/interaction/interaction 38cc27e8f 30340 74820970 50bb44b9 1 Ml | pas
£~ Universidad Macio... 3 umbralyoga's cha,., T Amy Cuddy: Your ... == ATEC 2013 Meeting [I] Free Books : Dow... ) Importado de Inte... (£ Importante Uva (£ Paginas de todos |,

Workflow Input

Stage Recruited Reproductive Exclude

I r r

Confirm

Drag stages to sort, then click Confirm

Figure 3. Stages dialogue. The stages are organized as in the life cycle by the user.
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Workflow Input

Stage Recruited Reproductive Exclude
S 3 r r
J 3 r r
A% = r =
G r 5 r
D I r r
X = r ~

Confirm

Stages submitted

Figure 4. Stages dialogue. The stages are in order and it has been chosen if the stage
belongs to the recruited, reproductive category or it should be excluded.

2) Year: In this dialogue authomatically comes the years of the census data file (Fig 5),
the user selects the first census year. In this example the census was 1987 -1988,
therefore the user selects 1987 (Fig 6). After this step, the user should confirm the
selection (Fig 7).

Balcazs B Error S Bl Recibicl % Google Integra B Relaxa Bl Google ] provide B localho B localho [4 localho u‘: B3
[ localhost: 3080/interaction/interaction9154896 3437 3445ab3c0cal 5433562 html or mee O ome B
£~ Universidad Nacio... I urmbralyoga's cha... T Amy Cuddy: Your ... == ATBC 2013 Meeting [il] Free Books : Dow... (O Importado de Inte... (O Importants Uva £ Paginas de todos .. (J Google

Workflow Input

Start Year: |Select... -
Confirm

Complete all fields

Figure 5. Year dialogue. When the dialogue appears, the user selects the initial year.
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Figure 5. Year dialogue. The user selects the initial year, in this case 1987.
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Workflow Input

Start Year: 1987 -
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Selection submitted to workflow - you may close this window

Figure 5. Year dialogue. The user confirms the choise.

3) Initial abundance: In this dialogue authomatically appears the fields to fill out the
initial abundance per stage observed in the field (Fig 6). After fill out the abundances
(Fig 7), the user confirms the numbers (Fig. 8). As a example Gentiana pneumonanthe
has 5 stages with its respective abundance:

stage abundance
1) S (seedlings) 69
2) J (Juveniles) 100
3) V (vegetative) 111
4) G (reproductive individuals) 21
5) D (dormant plants) 43
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Figure 6. Abundance dialogue. The abundance fields per stage appears.
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Figure 7. Abundance dialogue. The abundance fields are filled by the user.
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Figure 8. Abundance dialogue. The user confirms the filled field.
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After the user filled out the dialogue, the workflow performs the analysis. To complete all the
analysis, Taverna may take 5 minutes.

5.2.3 Construction of a stage matrix and analyse it.

1. Construction of a stage matrix model with not density dependence. This section of
the workflow create a stage matrix based on two years census data that contains
transitions probabilities from each stage to the next, of tagged or mapped individuals
of an animal or plant population. The resulting is a stage matrix model (see outputs:
Construction matrix).

2. Eigen analysis of a stage matrix model. This component of the workflow performs
the Eigen analysis. This analysis results are a set of demographic statistics: Lambda or
dominant eigenvalue (1), the stable stage distribution, sensitivity and elasticity matrix,
reproductive value and damping ratio (see outputs: Eigen_analysis).

3. Age specific survival or fundamental analysis. This workflow gives the basic
information on age-specific survival, this includes the fundamental matrix (N): is the
mean of the time spent in each stage class, the Variance (var): is the variance in the
amount of time spent in each stage class, the Coefficient of variation (cv): is the
coefficient of variation of the time spent in each class (sd/mean- the ratio of the
standard deviation to the mean), Meaneta: is the mean of time to death, of life
expectancy of each stage and Vareta: is the variance of time to death. (see outputs:
Age specific survival).

4. Generation time (T): This component of the workflow calculates the generation time.
The time T required for the population to increase by a factor of Ro (net reproductive
rate). In other words, T calculates how much time takes to a plant/animal to replace
itself by a factor of Ro (see outputs: Generation time).

5. Net reproductive rate (Ro): This section of the workflow calculates the net
reproductive rate (Ro). Ro is the mean number of offspring by which a new-born
individual will be replaced by the end of its life, and thus the rate by which the
population increases from one generation to the next (see outputs: Net reproductive
rate).

6. Transient Dynamics: This workflow produces plots of the short-term dynamics and
convergence to stable stage distribution using stage vector projections (see outputs:
Transient Dynamics).

7. Bootstrap of observed census transitions: This workflow calculates bootstrap
distributions of population growth rates (1), stage vectors, and projection matrix
elements by randomly sampling with replacement from a stage-fate data frame of
observed transitions. The goal of a demographic analysis is very often to estimate
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lambda, because lambda is estimated from imperfect data, such estimation are
uncertain. Therefore, when the results have policy implications it is important to
quantify that uncertainty. Confidence interval is one of the traditional tools to doing so
(see outputs: Bootstrap analysis).

When the analyses are completed, they appear on different windows under results in Taverna,
the user have to save each output separately.

5.2.4 OUTPUTS

First, click in the selected result window e.g. stage_matrix (Fig 9). Second, click in
the left window on value 1 (Fig 10), Third, on the right window click on the save
value (Fig 11). Fourth, name the file and determinate the extention file. For a text file:
e.g. .csv or .txt. For images: .jpg or png (Fig 12), Finale, save the file in the choosen
map.
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Figure 9. Stage-matrix output window.
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G 0.00000000 0.04 0.009009009 0.6180476 0,1l627907
D 0.00000000 0.03 0.018018018 0.0000000 0.0232556L

16:39
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Figure 10. Value 1 on the left window of the stage_matrix output results.
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A bootstraplterations | A censusDataFile | Amba | A longTermtears | A shortTermyears | 7 barpiet W d_histogram | W confidence interval
1 W sensitiviyMatri W stageVectorPlotLangTermLogarithmic W stageVectorPlatLongTermProportional W stagetectorPlobShortTerm i

(Click in tree kol

Value bype |Text - @ Refresh | [ Wirap bext
Y a1 |

|| save value

5 T W G D
§ 0.00000000 0.00 0.000000000 7.6666667 0.00000000
7 0.05797101 0.01 0.000000000 §.2857143 0.00000000
¥ 0.46376812 0.83 0.900900901 0.2857143 0.86046512
G 0.00000000 0.04 0.009009009 0.6190476 0.11627907
D 0.00000000 0.03 0.018018018 0.0000000 0.02325581
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Figure 11. Save value on the right window of the stage_matrix output results.
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@ Taverna Workbench 2.4.0
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save
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Figure 12. Name the file and determinate the extention file. For a text file: e.g. .csv or
.txt. For images: e.g.: .jpg or png.

Construction matrix

1) Stage matrix: a stage matrix contains transitions probabilities from each stage to the
next. In this example the selected species is Gentiana pneumonanthe has a matrix of 5
x 5 stages (Oostermeijer et al., 1996).

1
2s 0 0 07,6667
3 0,0580  0,0100 0 82857
4 v 04638 08300 09009 0,2857
56 0 00400 0,0090 0,6190
6 D 0 00300 0,0180 0
7
8

0,8605
0,1163
0,0233

[EEErTe v ,!I

Figure 12. stage_matrix output file open in excel.
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Furthermore this workflow creates the:

2) Projection_matrix: This creates a grid of coloured rectangles to display the
stage_matrix (Fig 13).

Projection matrix

J o.osg oo ]

oz8en

o118

G o o004 ooog

D o o003 o018 o o0o0z23

Figure 13. Projection_matrix opens as a coloured graph.

Eigen_analysis

3) Lambda or dominant eigenvalue: This value describes the population growth rate of a
stage matrix. The population will be stable, grow or decrease at a rate given by
lambda: e.g.: 4 = 1 (population is stable), A > 1 (population is growing) and finally 1 <
1 (population is decreasing).

4) The stable stage distribution (w): It is the proportion of the number of individuals per
stage. It is given analytically by the right eigenvector (another property of the
transition matrix) that corresponds to the dominant eigenvalue

Elasticity and Sensitivity: Sensitivity and elasticity analyses are prospective analyses.

5) The sensitivity matrix: The sensitivity gives the effect on 1 of changes in any entry of
the matrix, including those that may, at a given context, be regarded as fixed at zero or
some other value. The derivative tells what would happened to 1 if a;; was to change,
not whether, or in what direction, or how much, aij actually change. The hypothetical
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6)

7)

8)

results of such impossible perturbations may or may not be of interest, but they are not
zero. It is up to you to decide whether they are useful (Caswell 2001).

When comparing the A-sensitivity values for all matrix elements one can find out in
what element a certain increase has the biggest impact on A. However, a 0.01 increase
in a survival matrix element is hard to compare to a 0.01 increase in a reproduction
matrix element, because the latter is not bound between 0 and 1 and can sometimes
take high values. Increasing matrix element al4 (number of S (seedlings) the next year
produced by a G (Reproductive individuals)) with 0.01 from 7.666 to 7.676 does not
have a noticeable effect on . For comparison between matrix elements it can therefore
be more insightful to look at the impact of proportional changes in elements: by what
percentage does 4 change if a matrix element is changed by a certain percentage? This
proportional sensitivity is termed elasticity (Description based on Oostermeijer data,
based on Jongejans & de Kroon 2012).

The Elasticity matrix: The elasticities of 1 with respect to the stage are often
interpreted as the “contributions” of each of the stages to A. This interpretation relies
on the demonstration, by de Kroon et al (1986) that the elasticitis of the 1 with respect
to the stage, always sum to 1. For further information see: de Kroon, et al., 1986. and
Caswell 2001.

Reproductive value (v): scaled so v[1]=1. To what extent will a plant or animal of a
determinate category or stage , contribute to the ancestry of future generation.

The damping ratio: it can be considered as a measure of the intrinsic resilience of the
population, describing how quickly transient dynamics decay following disturbance or
perturbation regardless of population structure, the larger the p, the quicker the
population converges.

. o T

=
|

A B 5 D E F G H ] K s M N o P Q R s
1 Slambdal
2 (1 1,232338
3
4 Sstable.stage
s il v G D
0,142188 0,16167 0,659449 0,022855 0,013839

S J v G D
10 1] 1] 0 0,006042 ]
111 0,142556 0,162088 0 0,022914 o !

12 v 0,082064 0,093307 0,3806 0,013191 0,007987
13 G 0 2,767599 11,28901 0,391256 0,236902
14 D 0 0,332568 1,35654 0 0,028467

17 5 ) v G D

18 S 1] 1] 0 0,037589 0
19 ) 0,006706 0,001315 0 0,154067 o
20 V 0,030883 0,062844 0,278238 0,003058 0,005577
21 6 0 0,089832 0,082528 0,196542 0,022353
20D 0 0,008096 0,019834 0 0,000537

25 s 1 v G D
26 1 3,792468 2,18317 64,7552 7,781288

29 [1] 2,0002

¥ | cigen analysis 2 1 | ]
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Figure 14. Eigen analysis output file open in excel.

9) Bartplot: A bar plot which shows the stable stage distribution (w) of the analysed
matrix. In other words, it plots the proportion of individuals per stage (Fig 15).

Gentiana pneumonanthe, Terschelling

on

o4 —

Stable stage proportion

oo

w = = L] o

Stage class

Figure 14. Bartplot output file.

10) Elasticity, Sensitivity 1 and Sensitivity 2 matrices: Creates a grid of coloured
rectangles to display the elasticity_matrix (Fig 15), sensitivity_matrix 1 calculates the
sensitivity values of non-zero elements and sensitivity_matrix 2 calculates the
sensitivities of all elements in the matrix (Fig 16 & 17).
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Elasticity matrix

J 0007 o0o1 o

o o [ LE] ] 0001

Figure 15. elasticity_matrix opens as a coloured graph.

Sensitivity matrix 1
] o =]
] o o.ooe o
J 0143 o023 o
W onEz ooz ELES
G o
o o ] onze

Figure 16. sensitivity_matrix1 opens as a coloured graph.
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Sensitivity matrix 2

=] [ = ] o

5 0n3g on4z oA74 0.nos onoo4
o014

W onEz [CE]

Figure 17. sensitivity_matrix2 opens as a coloured graph.

0nog

0237

0nzg

Age specific survival

The age specific survival workflow gives the basic information on age-specific survival (Fig
18):

11) Fundamental matrix (N): is the mean of the time spent in each stage class. e.g.: For
our Gentiana example means a J plants will spends, on average, about 1 year as a
Juvenile, 11 as vegetative plant, less than a year a reproductive and dormant plant.

12) Variance (var): is the variance in the amount of time spent in each stage class.

13) Coefficient of variation (cv): is the coefficient of variation of the time spent in each
class (sd/mean- the ratio of the standard deviation to the mean).

14) Meaneta: is the mean of time to death, of life expectancy of each stage. e.g. The mean
age at death is the life expectancy; the life expectancy of a new individual seedling is
8 years.

15) Vareta: is the variance of time to death.

Page 23 of 32 05 November 2012



BioVel Documentation

Matrix Population Models construction and analyses (Integrated) Workflow

- fundamental matrix.csv - Microsoft Excel - B - 2
Develop Addns  Acrobat ] =
VER T 2= & LB e E - ES e
PSR g r:‘:'\"u F\{Jupr:o' :d:' _ Consalidate 1«:;:‘1\ Group Ungroup Subtota :
t ter Sata Tool

125 hd £ ¥

A B c D E F G H I K L M N o 3 a R s T u T
1 SN I
2 s 1 v G D
35 1 0 0 0 0
41 0,058557 1,010101 0 0 0
5 v 6,800559 1199681 13,35817 10,01862 12,9606
6 G 0,208448 0,466788 0,391118 2,918338 0,691977
7 D 0,128903 025233 0,246418 0,184814 1,262894
8
9 Svar
10 5 J v G D
11§ 0 0 0 0 0
12 ) 0,056311 0,010203 0 0 0
13 v 129,7201 164,5905 1650824 157,2694 165,3219
146 0,964745 2,039812 1,738736 5598359 2,868037
15 D 0,18007 0,321332 0,31526 0,247831 0,332007
16
17 Sew
18 s 1 v G D
19§ 0 NaN NaN Nah NaN
20 ) 4,052468 0,1 NaN NaN NaN
21 v 165291 1,069391 0961842 1,25174 0992065
2.6 4,712035 3,050674 3,371394 0,810765 2,447376
23 D 3,291836 2,246508 2,278565 2,693662 0,456254
24
25 Smeaneta [ ]
26 s 1 v G D
27 8286472 1372603 139957 13,12178 14,91547
28
29 $vareta
30 s ) v G D
31 1434207 181,1844 1816537 177,333 1812319 B
32
33
kY. 1 4
W 4+ M fundamental matrix 72 Nl I |
Ready | 7 EEEEF e ! 1+

Figure 18. Eigen analysis opens in excel.

Generation time (T)

16) Generation time: Generation time is the time T required for the population to increase
by a factor of Ro (net reproductive rate).

Net reproductive rate (Ro)
17) Net reproductive rate: The net reproductive rate is mean number of offspring by

which a new-born individual will be replaced by the end of its life, and thus the rate by
which the population increases from one generation to the next.

e.g. for Generation time and Net reproductive rate: If T = 8.13 and Ro = 5.46.

The average plant of the species Gentiana pneumonanthe in Terschelling in the year 1987
replaced itself with five new plants and took approximately 8.13 years to do so.

Transient dynamic analysis
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18) Population projection (Fig 19).

a)

b)

Lambda or dominant eigenvalue: The population will be stable, grow or decrease
at a rate given by lambda: e.g.: 2 = 1 (population is stable), 4 > 1 (population is
growing) and finally 4 < 1 (population is decreasing). e.g. The projected
population growth rate (1) is 1.237, meaning that the population is projected to
increase with 23% per year if these model parameters remain unchanged.

The stable stage distribution (stable.stage): It is the proportion of the number of
individuals per stage and it is given by (w).

Stage vector (stage.vectors): it is the projection of the number of individuals per
category per year in the long term, the long term was stipulated in the input port
(long term years) (e.g. 50 years).

Population sizes (pop.sizes): it is the total population size per year in the long-
term (e.g. 50 years).

Population change (pop.changes): are the lambda values per year in the long-term
(e.g. 50 years).
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Papd 9 o NEalles 0 7 Pl = s popularion projectioncsy - Microsoft Excel . . . T il
2/ dome inset  Pagelayowt Formules | Data | Review  View  Developer  Addns  Acrobat @ - ° x
Bl W W R Eee S S B =2 B B R W A
From From From From Other Existing Refresh ~ i sont Filter ':;Anvamzu Tedto Remove Data Consolidate What-If Group Ungroup Subtotal -

Access Web  Ted  Sources *  Connections All - Columns Duplicates Valdation - Analysis * . -

Get Exteral Data Connedtions Sort & iter Data Tools outine
154 v [ £ |
A B c D E F [ H s K L [ N 0 3 a R s T u E

1 Slambda

2 [y 1232338

3

4 S$stable.stage

5 s ) v G D

3 0142188 0,16167 0,659449 0022855 0,013839

7

8 S$stage.vectors

9 0 1 2 3 4 5 6 7

10 s 69 161 1763333 187,207 2190905 261,924 318,2264 3894452

111 100 179 2016948 2145771 249,7801 2982718 362,0884 4429598

12 v 111 258 467,033 6859864 903,753 1149,347 1437187 1783,397

13 6 21 23 24,42000 2857702 34,164 4150779 50,7972 62,39105

14 D 43 6 10,15818 14,70876 19,13949 24,22235 30,2041 3746071

15 8 9 10 1 12 13 14

16 5 4783314 5885237 724,7047 892,753 1099981 1355435 1670,287

171 5439605 669,2132 8240306 1015091 1250704 1541,154 1899,142

18 v 2204992 2721568 335641 4137,717 5099941 6285367 7746

19 G 7676396 94,5267 1164461 1434758 1767958 217,8635 2684762

20D 4629325 57,2499 7044214 8683496 1070256 131,9009 162,5519

2 15 16 17 18 19 20 n

2 s 2058318 253652 3125836 3852,078 4747,058 5849,976 7209,146

231 2340,337 28B4,058 3554,118 4379,865 5397468 6651,501 8196895

24 v 9545,87 1176384 14497,00 1786536 22016,18 27131,38 3343504

25 G 3308504 407,7177 502,445 619,814 7630404 9403234 1158,796

26 D 200,3221 2468664 304,224 3749074 462,013 569,3564 7016396

27 2 3 2 % % 27 28

28 s 884,104 1094822 134919 1662659 2048957 25250,08 3111663

29 ) 10101,34 1244827 1534047 1890465 2329632 2870967 35380,02

30 v 41203,28 5077636 6257364 7711188 9502789 1171065 1443148

316 1428028 1759814 2168685 2672553 3293488 4058591 5001679

32 8646572 106555 1313,118 1618,205 1994175 2457,498 3028468

a3 29 30 a1 32 a3 34 35

s 383462 4725548 5823473 7176485 8843857 1089862 1343078

35 43600,14 53730,11 66213,66 81597,6 1005558 1239188 152709,8

v 1778446 219164,6 2700849 3328358 4101662 5054634 6229018

37 6 6163,759 7595834 9360,634 1153547 1421550 1751841 21588,61

38D 3732006 4599,204 5667,773 6984,612 8607,403 1060723 13071,69

9 36 37 38 E 0 a 42

405 165512,6 2039675 2513569 3097567 3817249 470414,1 579709,1

a1 188100,1 2319138 2857962 352197,5 4340263 5348671 650137

a2 v 7676255 945074 1165760 1436610 1770389 2181718 2688613

436 2660446 3278568 4040304 49790, 6135836 7561423 03182,29

44D 16108,74 19851,41 2446365 30147,49 3715189 4578369 5642097

a5 43 44 45 6 47 a8 49

s 714397,6 880379, 1084925 1336994 1647628 2030435 2502182

a7 8122795 1001003 1233574 1520180 1873376 2308632 2845015

a8 v 3313280 4083081 5031736 6200799 7641480 9416886 11604786

96 1148321 1415119 1743905 2149081 2648394 3263716 4022001

50 D 6952071 85684,1 1055918 130124,7 1603577 1976148 2435283

51

52 $pop.sizes

53 [1] 3,44E402 627E+02 880E+02 113E+03 1436403

54 [6] 1786403 2,20E+03 2,72E+03 3,35E+03 4,13E+03 1

55 [11] 509E+03 62BE+03 7,73E+03 0,53E403 117E+04

56 [16] 1456404 1,7BE+04 2,20E+04 2,71E+04 334E+04

57 [21] 4,11E404 507E+04 625E+04 7,70E+04 9,39E+04

58 [26] 1176405 144E+05 178E+05 2,19E+05 2,70E+05

59 [31) 3326405 4,10E+05 505E+05 6,22E405 7,66E405

60 [36) 9,45E+05 1,16E+06 143E+06 177E+06 2,18E+06

61 [41) 2,68E406 331E406 4,08E+06 5,02E406 6,19E406

62 [46) 7,63E+06 940E+06 1,16E+07 143E+07 176E+07

63

64 Spop.changes

65 [1] 1,822674 1403524 1285203 1260680 1244995 1,38412 1,235219 1233715

66 [9) 1,232996 1,232652 1,232488 1,23241 1232372 1,232354 1,232346 1,232342

67 [17) 1,21234 1,232339 1,232338 1,232338 1232338 1,232338 1,232338 1,232338

68 [25) 1,232338 1,232338 1,232338 1,232338 1232338 1,232338 1,232338 1,232338

69 [33) 1,232338 1,232338 1,232338 1,232338 1,232338 1,232338 1,232338 1,232338

70 [41) 1232338 1,232338 1232338 1232338 1232338 1232338 1,232338 1232338

71 [49) 1,232338

440 0 population projection 13 0 — |

Ready | 7D [T ReT— w0

Figure 19. Population projection opens in excel.

19) dampingRatio: The ratio between the dominant eigenvalue and the second highest
eigenvalue of a transition matrix is called the damping ratio, and it can be considered
as a measure of the intrinsic resilience of the population, describing how quickly
transient dynamics decay following disturbance or perturbation regardless of
population structure, (the larger the damping ratio, the quicker the population
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converges). High damping ratios tell you that the dominant stable stage distribution is
reached fairly soon.

e.g. damping ratio= 2.0901.

20) stageVectorPlotLongTermProportional: Is the proportion of individuals per stage in
the long term (e.g.: 50 years) (Fig 20)

Gentiana pneumonanthe, Terschelling

of=“mn

0.8 -
0.6 —

0.4 —

oz \_

Proportion in stage class

Years

Figure 20. Stage vector plot long term proportional opens as a graph.

21) stageVectorPlotLongTermL ogarithmic: Is the number of individuals per stage in the
long term (e.g.: 50 years) (Fig 21).
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Gentiana pneumonanthe, Terschelling

1e+06

1e+04
on<cnm

Mumber in stage class
1e+02

1e+00

1e-02

] T T T
a 10 20 30 40 50

Years

Figure 21. Stage vector plot long term logarithmic opens as a graph.

22) stageVectorPlotShortTerm: It is a plot that charts the number of individuals per stage
vs. years in the short-term (e.g. 5, 10 years). This value (5 or 10 years) is related to the
short-term years input value. (Fig 22).
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Gentiana pneumonanthe, Terschelling

of=%“mn

0.8
0.6 -
0.4 —

SN

0.0

Froportion in stage class

Years

Figure 22. Stage vector plot short term opens as a graph.

Bootstrap analysis

23) confidence_interval: 95% Confidence interval of Lambda. In statistics, a confidence
interval (CI) is a type of interval estimate of a population parameter and is used to
indicate the reliability of an estimate. It is an observed interval (i.e. it is calculated
from the observations), in principle different from sample to sample, that frequently
includes the parameter of interest if the experiment is repeated. How frequently the
observed interval contains the parameter is determined by the confidence level or
confidence coefficient

eg: 2.5% 97.5%
0.9566 1.4648

24) ci_histogram: Histogram plotting the frequencies of the lambda values and the 95%
confidence intervals resulting from the bootstrap analysis (Fig 23).
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Gentiana pneumonanthe, Terschelling

1500
|

1000

Frequency

500

Lambda

Figure 23. The confidence interval histogram opens as a graph.

For further details see: 26 ~ References

5.3 Input file format

The input file is in a .txt format (see Table 1. Section 5.1.1): to download click here Dt1.txt

6 Support

For feedback, suggestions, and comments, please write to support @biovel.eu

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

BioVelL is funded by the European Commission 7th Framework Programme (FP7) as part of
its e-Infrastructures activity. Under FP7, the e-Infrastructures activity is part of the Research
Infrastructures programme, funded under the FP7 'Capacities’ Specific Programme. It focuses
on the further development and evolution of the high-capacity and high-performance
communication network (GEANT), distributed computing infrastructures (grids and clouds),
supercomputer infrastructures, simulation software, scientific data infrastructures, e-Science
services as well as on the adoption of e-Infrastructures by user communities.
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