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Killer whale demography workflow

1. Sources of help

You can obtain help with using BioVeL workflows and services from 3 places:

1) From the BioVeL documentation website, here: https://wiki.biovel.eu/x/BIBp

2) By using the BioVeL community discussion Forum on our website,
www.biovel.eu. If you have questions go to the Forum by clicking the grey button
shown below and post your help request or question there.

Biodiversity Virtual e-Laboratory [ ][M][m ]l B-Illu-" ~ WF Library I

( Home ][ AboutBioVeL ][ Workflows |( Resources | [ Support |( Mewsand Updates }[ Events }( Contact |

Subscribe via small Subscribe via rss Events
BioVel's Meetings
Categories Tags Users Badges M 8  LMatthias 0... =
o MS11, "Ecosystem
- Functioning &
L Looking for something? Soarch Vakioaih ,:'h o
and Workflows,"
Budapesi, Hungary, Juna
67,2013
Al Maw Unresalbnd Unanawered Papular Latasl

& European Blodiversity
Infarmatics
Canference, Italy,

This is a test question X3 Last replied by:
i E Rkic September 3-8, 2013
= & pasted in Data Rafinemant Warkflcw (DAW) By: Alex
3 Wieka 800 = BioVel Third Annual
Masling and General
Assombly, Budapest,
Hungary. Seplembar
Training in DRW Last raphiad by: (= 30-October 4, 2013
BN r
— & postod in Data Refinement Waorkflow ([DAW) By: Kennet e
— Liunsdin BioVel at
mee than a month ago Conferences
o INTECOL 2013
London, UK, August
a masks to choose Lt railiad by 18-23, Booth E3
e—— G posted in Ecological Miche Modelling [ENM) By: Sonja o D ey Eﬂ -
— Lesdenbargor

By emailing to support@biovel.eu
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2. Input files for tutorial

The workflow accepts input data in a .csv, coma delimited. The examples input files for the
tutorial are available and described below. In this tutorial, two input files are used.
2.1 Input data

To download click here on the file nhame or they can be downloaded at myExperiment
(http://www.myexperiment.org/packs/667.html):

Orcinus orca input data:
e NRKW R or SRKW_ R
e VR combined

NRKW R or SRKW_R: The input data (a .csv-file) has to have the format of a table
containing the Orcinus orca demographic data with the columns named: Year, Age, Count,
Offspring and Catl. Each year, the number of individuals per age and the number of
offspring per age reproductive female category are counted (females = 10 years old). IF A
Female category does not have offspring equals to 0. For the called column, Catl; Ages 1
to 9 belongs to Juv (Juveniles) and 10 to 88 (this tutorial) belongs to Female or Male. Juv
and Male categories must have a NA offspring.

TR e Sl e ORI R
R T i itk 0 4 B B e B % E
£ Year -
A B C D E F G H ] K | M h=
1 Age Count Offspring Catl
2 1973 1 6 NA Juv
3 1973 2 5 NA Juv
4 1973 3 9 NA Juv
5 1973 4 2 NA Juv
(] 1973 5 3 NA Juv
7 1973 6 2 NA Juv
8 1873 7 3 NA Juv
9 1973 g 4 NA Juv
10 1973 955 NA Juv
11 1973 10 4 NA Male
12 1973 10 0.5 0 Female
13 1973 11 1 NA Male
14 1973 1105 0 Female
15 1573 12 2 NA Male
16 1973 12 0.5 0 Female
17 1873 13 0 NA Male
18 1973 13 ] 0 Female
4 w3
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VR combined

The stage-structured life cycle of resident
killer whales with seven life stages:

(1) calves; (Calf)

(2) juveniles; (Juv)

(3) young reproductive females; (F1)

(4) old reproductive females; (F2)

(5) post-reproductive females; (F3)

(6) young mature males; and (M1)

(7) old mature males (M2).

Fi represent fertility; Gi represent stage
transition probabilities, with female and male
juvenile-to-adult transitions indicated as G2f
and G2m, respectively; and, Pi represent the
probability of surviving and remaining in
stage i

The input data (a .csv-file) has to have the format of a table containing the survival and
fecundity rates per stage, per year, per population of the Orcinus orca. E.g. Calf_surv_S =
0, 75 will the survival value of the first year (in this case 1987) of the SRKW calves stage.

T

[ = | e T Ao i
& " 5 _ e W 0T r |
f s et i
AL - £ Call sy S -
A B C o E F G H 1 ] K L M N (] B

1 [l sure 5 |Calf surv M Juv_surv 5 buw_sure M FlsurvS  Flsun M FleunS Flsun M FisunS  Fisun M Mlsurnvs Mlsuw N Misun s MLsuw N FLfecs  FlLfect
2 0,75 1 1 0993055556 1 1 1 0970233005 1 0,/85714286 1 1 1 1 0,15 0,23684
3 0 0857142657 1 0992647059 1 1 1 0882051282 1 0,875 0,761904762 1 1 1 0,095238095 0,16470
a 1 1 1 0985078053 1 1 1 1 0,857142857 1 1 1 1 0,a74358974 0,05 008655
5 1 1 1 0973611111 1 1 1 0,948412698 1 0857142857 1 0948412698 1 0,897435897 025 01489
(3 0,75 D8R3333333 0544044440 O SRUPIRETT 1 0,95166666 7 10,9871 79487 1 0957380957 1 1 0,94 1 0,1 018432
7 1 1 1 0941024029 1 099 1 1 1 09135 1 0,944444044 1 0909863346 0111111111 0,11764
8 0833333333 095 D.951020408 0,972566097 0,875 1 0,952380952 0990384515 1 0623809524 1 1 1 0058874459 0,222222222 0,00259
9 1 1 1 0960858294 1 1 1 0,969387755 1 0967320261 0857142357 1 0772727273 0,995192308 01 016216
10 1 0857142857 1 0966741871 1 1 0,875 0,988095238 1 0824242324 0,833333333 1 09 085794118 0181518182 0,08771
1l 1 0875 1 0969385027 1 0966356024 0915714286 0985714286 0.615 071484375 1 099905643 09 0914393939 0,166666667 0.11523
12 NA 0846153845 094375 090779231 1 09EMI2TIR 1 0,9851R3185 1 0,939063101 1 0999029514 0717777778 081819699 0 0,20651
13 1 1 084047619 0941666667 09 0959256037 0953703704 0,977460317 1 0873809523 1 0932062301 D,666666567 0,8 0,083333333 0,12019
14 0333333333 1 1 0983004386 0,955 0070654319 D0,808333333 0,979259259 1 0689618332 1 0,07963928 028571429 0,773148148 0,12 011306
15 DEGEEEE0GT 0666366667 1 0922341721 1 097 0857142857 0966666667 1 0,875 09 0941665667 0571428571 0,319607843 0,12 007146
16 0666666667 0875 1 0969405594 0,975 0986749049 1 1 1 1 1 0989015278 1 09375 0170212766 0,11561
17 1 09 1 097092803 1 1 1 1 7] 1 1 0,984444444 05 0941176471 0 0,11864
1% 03I 1 1 0991568217 1 1 1 1 077TITTR 0,937% 1 1 1 1 0,221272721 007807
19 1 0971428571 1 0979707792 1 1 1 0986111111 1 0,875 1 1 1 1 0,M3478261 0,20152
20 0,714285714 0,875 0785714286  D,94407994 1 0969009158 1 0,981481481 0,875 075 1 0,997693316 1 0,021052632 0,166656667 0,19755
21 0333313333 0933333333 1 0973996687 0,954545455 983470866 0,928571479 1 1 1 0,96375 0942875078 1 0,98245614 0,125 0,21799
P 1 0846153846 0571428571 09831536 1 0,972785639 1 1 075 1 1 0,316666667 1 0,975 0052631579 0,16863
23 0333333333 0764705882 1 0996875 096959657 0993197279 0,975 0958883889 0,833333333 015 1 096969697 1 0325396875 0 017700
1 1 1 1 0978250916 1 0992592593 09375 1 [,91666666 1 1 0962121217 D6bBERGSRI 0,/R9473684 0055555556 014433
25 0833333333 0923076523 1 0976678475 1 0970859471 1 0996732026 0,833333333 1 09375 0,981818182 0,6 0979166567 0,263157895 0,15051
26 NA N HA NA HA A NA NA N A N A NA A 0052631579 0,113%4
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2.1 Related publications

Vélez-Espino, L.A., John K.B. Ford, Eric Ward, Chuck K. Parken, Larrie LaVoy, Ken
Balcomb, M. Bradley Hanson, Dawn. P. Noren, Graeme Ellis, Tom Cooney, and
Rishi Sharma. 2013. Sensitivity of resident Killer Whale population dynamics to Chinook
salmon abundance. Completion Report, Pacific Salmon Commission, Southern Boundary
Restoration and Enhancement Fund, Vancouver BC. 191 p.

Vélez-Espino, L.A., Ford, J.K.B., Araujo, H.A., Ellis, G., Parken, C.K, & Balcomb, K.
2014. Comparative demography and viability of northeast Pacific resident killer whale
populations at risk. Can. Tech. Rep. Fish. Aquat. Sci. 3084: vi + 56 p.

Vélez-Espino, L.A., John K.B. Ford, H. Andres Araujo, Graeme Ellis, Charles K.
Parken and Rishi Sharma. 2014. Relative importance of Chinook salmon abundance on
resident killer whale population growth and viability. Aquatic Conservation: Marine and
Freshwater Ecosystems. Article first published online: 21 AUG 2014. DOI:
10.1002/aqc.2494
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3. Tutorial:;

This workflow analyses the demography and population growth of resident killer whale
populations. Originally created for comparative studies of North-eastern Pacific populations
at risk, Southern Resident Killer Whales (SRKW) and the Northern Resident Killer Whales
(NRKW), the workflow can be used for other killer whale populations or cetaceans counting
with census data and life cycles that can be represented using the matrix models described
in this document.

This workflow performs the following analyses:

Vital rates estimation and probability distributions
Construction of Birth-flow Matrix Model

Eigen analysis

Elasticity analysis (deterministic and stochastic)
Damping time

This tutorial explains the type of input data needed to run the workflow. The corresponding
analysis use data from two distinct O. orca populations in Canada, Southern Resident Killer
Whales (SRKW) and the Northern Resident Killer Whales (NRKW).

Two distinct populations of resident killer whales (Orcinus orca) in the north-eastern Pacific
Ocean have been identified in Canada and the U.S. as being of conservation concern. The
Southern Resident Killer Whale (SRKW) population is currently listed as endangered under
the U.S. Endangered Species Act on the grounds of its small population size and
vulnerability to demographic stochasticity and catastrophic events such as oil spills (NMFS
2008). In Canada, under the Species At Risk Act (COSEWIC 2008), SRKW is listed as
endangered due to its small and declining population size while the Northern Resident
Killer Whale (NRKW) population is listed as threatened due to its small population size. The
major threats identified for these two populations are nutritional stress associated with prey
abundance levels and availability, particularly Chinook salmon (Oncorhynchus
tshawytscha) (COSEWIC 2008, Ford et al. 2010a, 2010b), pollution and contaminants, and
disturbances from vessels and sound (COSEWIC 2008, NMFS 2008). An important
difference in the population-size trajectories of these two populations is that, in spite of their
home range overlap and potential access to similar resources, SRKW has remained at a
population size of less than 100 individuals for the last four decades with an average of 85
individuals in the last decade. NRKW population size has been generally increasing for the
last four decades with 268 individuals at the end of 2011.



In your browser (preferably Firefox or Chrome) navigate to the BioVelL Portal page
(http://portal.biovel.eu/) and log in with your username and password (1). You will need

Killer whale demography workflow

to register if you have not already done so.

Choose the Population Modelling analysis and click, this will show you a list of relevant
analysis:

| ‘Welcome to the BloVeL Portal
For technical support or questions about the Biovel. Project, please visit the contact page,

Choose an analysis...

e 2 ‘ p 1
Refinemant | Modgt:ufir':'gm Ve Moduilllrg
- mmmmmm&mwmmmmmmm (2)
Portal version: 1,5.0-8bb8b54

On the resulting page choose the workflow Killer whale demography (1) you can also

directly run the workflow using the 'Run workflow' button at the bottom-right (2).

Currently showing

= Private workfiows (clear)
« Uploaded by Maria Balcazar-
Vargas (clear)

Clear all filters

Filter by category

= Taxonomic Refinement

* Ecological Niche Modelling
= Melagenomics

« Phylogenetics

» Population Modelfing

» Ecosystem Modelling

» Other

Filter by visibility
J—

» Only visible 1o BioVel members
« Only visibla to registered users
& Public workfiows

Workflows

) Upioad a workfiow

Seal orkfiows. Search  Claar
Q Exploration of fishing scenarios Poputabon Modeting
[ This workflow must run after the werkflow: Resident killer whale-chinook salmon i i The i s rhfi a file, this is

é" | azip file and it is an R Workspace that transfars values from the Resident killer whale-chincok salmen interactions (main) warkflow to the
Bowel

Uploated 24 Sap 2014 1435 11 (o em— (1)

G Frun woekho

| o Killer whale demography Populatian Modeting
This workflow analyzes the graphy and p ian growth of resident killer whale populations. Originally cre ive studies of
é}i Pacific populations at risk, Southam Rasdam I(lller Whales (SRKW) and the Northern Resident Killer Whales (NR w for

Blowel -

Uploadod 24 Sop 2014 14 1447 UTC g Feun woekfiow

| & Resident killer whale-chinook salmon interactions

Poputaton Modating
The Killer Whale {Orcinus crca) demegraphy and population viability analysis (PVA) workflow provides an environment to create calculate a two-sex stage-

"’ | structured matrix with ne density dependence and with vital rates as random vari oras of Chinook from specific stock

Biowel -

Uploaded 25 Sep 2014 08:42.53 UTC

G Fun worktiow

On the resulting page click on the 'Run Workflow' button at the top (1).



https://portal.biovel.eu/
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(1) — | G v || & Comossvoron || ¢ Aastoramres || g vorage wordon || Upod e versen

\nsumy Private 53

| . \ﬂnwnﬂmyﬁwemem

This workflow analyzes th g and p ion growth of resident killer whale populations. Originally created for comparative studies of Ni Pacific
ions at risk, v K‘IIhrWhalas(SRKW)amﬂn Morthern Resident Killer Whales (NRKW), the workflow can be used for other killer whale
pwulaﬁo-a or cetaceans counting with census data and life cycles that can be represented using the matrix models described in this document,
This workflew perform the foliowing anul‘y:u
+ Vital rates estimation and i
+ Construction of Birth-flow Matrix Modal
+ Eigen analysis
» Elasticity analysis (deterministic and stochastic)
* Damping time
Ta run this workflow in Tavemna workbench, the users requires 1o have inatalled the Interaction Servics plugin in Taverna. The werkflow alse requires an Rsarve
installation with the popbio, lattice, betareg, Formula and R.utils packages installed.
This wullaﬂowhus been created by the Biodiversity \inual e-Labaoratory (BioVel hitp:/iwww biovel ew) project and Fisheries and Oceans of Canada, BC, Canada,
(http: ge.cafinde: htmi). BioVel is funded by the EU's Seventh Framework Program, grant ne. 283358

Related publications

élez-Espino, LA, John K.B. Ford, Eric Ward, Chuck K. Parken, Larrie LaVoy, Ken Balcomb, M. Bradley Hanson, Dawn. P, Noren, Graeme Eliis, Tom Cooney, and
Rishi Sharma. 2013, Sonamwly of resident Killer Whale population dynamics to Chincok salmon abundance. Completion Report, Pacific Salmon Commission,
R and Fund, BC. 191 p.

On the next page you can edit the name of the workflow run to make it easier for you to

identify it later (e.g. Killer whale demography_1).
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3.1 Input Ports
3.1.1 Data

KWDataFile: it's a .csv file. Population File. This is a .csv file with the census data (i.e.,
counts) by age and group (juvenile, male or female) for the study population. For
animals of uncertain year of death, amortized partial values were used. For instance, an
animal with probable death over a span of two years was counted as 0.5 for the first
year and 0.0 for the second year. Here, two files can be used as input: SRKW_R.csv or
NRKW_R.csv

To open the file. Click in choose file, a window dialog appears and the user selects the
file e.g. SRKW_R.csv and then clicks the Open button.

(i &= e
Home I Pagelmo ol | Cota | Revew  Wee o ABEm  Aooat =
A588 B B Q- DB Y B R & B OCECE &I
o nCther | Puteg | Eereh 1 See W m Cuts  Comslelits WNEE | Groep Ungro Lebdcn

e Web  Ted o Comnemons | " e s chumin; Srphcates vaidation s . .

set & v v 1055 Guirm

| AL i Ko Year
A & B (o} D E F G H 1 ] K ] M N
1 |Year Age Count  Offspring Catl
s 1973 1 5,5 NA Juv
3 15973 2 5,5 NA Juv
4 1973 3 2,5 NA Juv
5 1973 4 0 NA Juv
B 1573 5 0 NA Juv
7 1973 6 O NA Juv
8 1973 7 1MNA Juv
9 1973 g 1 NA Juv

10 1973 9 O NA Juv
11 1973 10 1NA Male
12 1573 10 ] 0 Female
13 1973 1 1NA Male
14 1973 11 1 0 Female
a5 1973 12 0 NA Male
16 1973 12 2 0 Female
17 1973 i3 1NA Male
18 1973 13 ] 0 Female
19 1873 1 1 NA Male
20 1973 14 1 0 Female

21 1973 15 0 NA Male

22 1973 15 1 0 Female

:?.. 5“1‘;1'; 25 1R N NA Maln :ll:

Aaacy TR L

Home > Population Modalfing > Killer whale demography > New Run

Run name:
Killer whale demography_1

Data &
KWDataFile @ /
Or select a file.
Browse_ | No file selected. Organize *  New folder
& Favorites Name
o= T LA
i Downloads w
VR_combined_csv = ') Chism_Ab_Definitions R
= = & RecentPloces | | ) Chumabundance, Data &
Entar input here Or select a file, M Deiton T e ocicators R
| Browse... | No file selected. A NRKW_R
4 Ui 1|l s R \
% Documents 4] Term_ Run R (2)
& Musie &3k R
(i 45 TRE R
K videos 15 VR_combis
L1 sgew &
.‘ - 4
File name: SRIOW R




Killer whale demography workflow

VR_combined: Time series of vital rates (fecundity and survival by life stage) for both
populations. To open the file. Click in choose file, a window dialog appears and the user
selects the file e.g. VR_combined.csv and then clicks the Open button.

3.1.2 Parameters

To determine the parameters, type in each box the value of the variable (1).

Population

Browse, | Ho ¥

EBrowse

Standr_Data @

EBrowse

EndYear: Last year to be considered in the analysis.
e.g.: 2011
population: It is the name of the analysed population.

e.g.. SRKW

Sims: Number of simulations that are used for generation of stochastic vital rate
elasticities. This input indicates the number of stochastic matrices generated from
randomly drawn vital rates. After computing population growth and elasticities for each
of these matrices, a bootstrap is used to compute stochastic population growth and
mean elasticities and their 95% confidence intervals.

e.g.: 10000
Standr_Data: Use standardized data? YES or NO

e.g.: NO

11
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StartYear: First year to be considered in the analysis.

e.g.: 1987

After the user has filled out the input ports and has clicked the Start Run, the workflow
performs the analysis. To complete all the analysis may take few minutes, depends on
the number of Sims to carry out the analyses.

3.3 Outputs

Once the analyses are finished, the user can download all the results by clicking
Download value button (1). Numerical and graph results will be download as a zip file
that can be save by the user. The numerical results are .csv files than can be opened
with Excel and the plot files are .PDF files. A second result is the PostWorkspace, a zip
file that is needed to run the second workflow: Exploration of fishing scenarios
workflow.

Home Workfigws Runs Contact Waria Balcazar-Vargas Log out
BVl

Run was successfully created. a

Home > Papulation Modelling = Killer whale demography = Killer whale demography_1
Killer whale demography_1
Biownl

Name: Killar whale demography_1 Save

Visibility: Private
Workflow: Kiler whale demagraphy Created at: 11 Sep 2014 16:14:30 UTC
Categary: Population Modelling Started at: 11 Sep 2014 16:14:41 UTC
Status: Finished Finizhed at: 11 Sep 2014 16:16:30 UTC

Outputs

Jump to:

Results: zipFile

Results (1)

zipFile & (1) P

Somy but we cannot show this fype of content in the browses. Please download it to view it on your local machine.

12
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3.3.1 Results

Alive End Year Population (csv): Percentage of individuals alive in the last year of the
study by year of birth. The sum of percentages for the selected time period indicates

the number of individuals born during the study and alive the last year.

ATl B
Foar_Jpercenage
2011 4545455
2010 5681818
2009 3400091
2008 1,136354
2007 3409091
2006 1,136354
2005 5681813
2004 2272727
2003 4545455
2002 2272727
2001 2,272727
2000 1,136359
1398

1888 2272727
16 1957

17 1956 2272727

D0 B W R e

LEREES

bt} 1995 5581813
19 1984 1136364
20 1995 5681818
21 1992 3409091
22 1991 3409091
23 1990 3409091
24 1989 2272727
5 1388

26 1887 2272727
27 1986 34059091
AArw] aive 2010 SHEW 63 1K)

Alive 2011 SRKW.csv

Alive End Year Population (pdf): Graphical output for “Alive End Year Population”

L o - | (S @8 PR ecPbbdBTMAIa sl SR&£f7°9700

[ |M & | = [w-]| 5

Percentage of individuals alive in 2011 by year of birth

2000

930

Alive 2011 SRKW.pdf

13
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Counts and Proportions TO Population Start year-End year (csv): Number of
individuals and relative proportion by stage in the last year of the selected time period.
These proportions are used to represent initial conditions for projections

[« nlastYear Lasty, 'Il I

1 calve 4 0045454545
7 CldMale 5 0055818182
5 PostRFam & 0068151E1E
4 CldRFem 15 0,170454545
6 Younghale 15 0,170454545
3 YoungRFem 19 0,215909091
2 Juvenil 24 0272727273

.i.
o | %=
Blgleayionewmlell | r= o

Bl
B W

16

O Qoumiy and Proporiions 19 SHAW L8

Counts and Proportions TO Population Start year-End year (csv)

Counts by Year Population Start year-End year (csv): Number of individuals by life
stage (calves, juveniles, young reproductive females, old reproductive females, post-
reproductive females, young mature males, and old mature males) and year through
the selected time period. Last column represents total population size

1 [fear  Jealve  Juvenil 'gRFe OldRFem Mal OldMale  Total KW

1

2 1987 & 17 0 17 L] 10 9 £2
3 1988 2 19 2 17 7 9 10 85
4 1988 2 19 20 18 7 7 10 B2
5 1990 5 bt 0 19 [} £l 10 g7
& 1991 4 23 20 18 6 9 10 20
7 1982 EH 5 18 20 7 ] E] o1
8 1993 6 6 18 21 7 10 9 a7
g 1994 2 25 20 18 a El 1 a
10 1995 3 21 2 17 9 11 9 95
11 199€ 5 15 24 15 10 El ] a7
12 1997 0 30 24 13 7 8 B a1
13 1998 z 26 24 12 T 10 7 &8
13 1998 3 23 25 1 & 9 6 B
15 2000 E} 21 25 9 B i1 5 a2
16 2001 3 20 23 9 ] 13 3 79
17 2002 2 17 2 12 g 15 4 79
13 003 6 17 2 13 8 15 3 -2
19 2004 2 17 3 13 9 17 2 B4
20 2005 7 16 24 13 9 13 3 91
21 2006 3 19 24 12 9 13 3 £
22 2007 3 bt 19 15 9 15 6 g7
23 2008 3 0 19 16 8 16 & EB
24 2008 3 20 12 15 ] 16 B E6
25 010 6 21 19 15 7 15 5 &8
25 2011 & 24 18 15 L} 15 5 &8
M 4 b M Counts by Year SHKW 1907 2011 13

Ready

Counts by Year SRKW 1987-2011

14
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Damping Time Population Start year-End year (txt): Damping time (7) is defined as 1
= In(z)/In(p), where p is the damping ratio and z is the number of times the contribution
of A1 (dominant eigenvalue) becomes as great as that of A, (subdominant eigenvalue).
Damping times at z = 10 were used to define minimum time horizons for projections of
population size.

| Damping Time SRKW 1987-2011 - Notepad
 File Edit Format View Help

"damping ratio'""33"

Damping Time SRKW 1987-2011

Det. VRs Sensitivity and Elasticity Population Start year-End year (pdf): Graphical
output for sensitivities and elasticities of vital rates (survival, fecundity and stage
transition probabilities)

[Bew- MESROPE|80PLBRBAIRE- LRI/ PN comomse - | ot
1| [ G| = # (e[| H IO

KW vital rate sensitivity and elasticity 1987 = 2011 SRKW

Ss1  Bs2  8s3 54 Ss5  Se8  Se7  Sg2  Sg3  Sg4  Sg8  Sp2  Spd 5P S

Vital rate

Det. VRs Sensitivity and Elasticity SRKW 1987-2011

15
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Effects of changing KW VRs Population Start year-End year (pdf): Graphical output
showing the response of population growth rate to hypothetical vital rate values ranging
from 0.0 to 1.0. Some of these values could be biologically unfeasible (e.g., a fecundity
rate of 1.0 would indicate every year all females in the stage produce a viable calf)

¢ RBBAMERE LREL 0

Effects of changing KW vital rates 1987 - 2011 SRKW

BEEAESEEHETEERY

E
=
2
=}
-4
5
-

Effects of changing KW VRs SRKW 1987-2011

Eigen Analysis (txt): Dominant eigenvalue (asymptotic population growth rate), stable
stage distribution, sensitivities, elasticities, reproductive value, and damping ratio based
on mean matrix of selected population.

(1} 0,99083

Sstable.stags
b1} 0,032505 0,216957 0,226552 0,145781 0,112653 0142007 0,122545

BT T SRR

Ssensitivitios
CalveMat JuvMat  YoFemMa QlFemMat PRFemMa YoMalMai OlMalMat
g 1) 0 0,21939 0,22909 0,18843 0 o 0

10 [2] 0036766  0,2454 0 0 0 0 0
11 (3] 0 057535 060083 o o o o
12 [4,] 0 0 018651 01209 0 0 0
13 [5.) 0 0 o 0 0 0 0
14 [6,] 0 0 0 0 0 0 0
15 7)) o o o o o o o
16

17 Selasticities

13 CalveMat JuvMat  YoFemMa ClFemiat PRFemMa YoMalMal OlMaliiat
19 [1] 0 0000633 0023106 000883 0 0 0
20 [2] 0032869 0212527 0 0 o 0 0
21 (3] 0 0032236 0568597 o o 0 0
22 (4] 0 0 000883 0112072 o o o
23 [s)] 0 0 0 0 0 o ]
24 [g) 1] o o [t} o o g
25 [7.] 0 o o o o o e}

25
.

Ready

Eigen Analysis (opens in excel)
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MeanMatrix Population (csv): Two-sex, stage structured matrix based on mean vital
rate (survival and fecundity) values for the selected time period. A birth-flow matrix
model is used with seven life stages and fixed transition probabilities based on stage
duration (details in Vélez-Espino et al. 2014).

CalveMat Juviiat YoFemMat OlIFemMat PRFemMat YoMaiMat  OlMalMat

i

2 0 0002858925 0101233451 0058343767 o o o
3 0885821138 0,358113736 o o o o 0
4 0 0055511401 0.93766835 0 o o o
5 1] 0 0045883418 0,918465801 o o o
B o o 0 0048340305 0,927843915 o 0
7 0 0067076276 0 o 0 0583350488 o
8 0 1] 0 0 0 0080759135 0,897243266
9

53

Pl
=R

15

MeanMatrix SRKW

Stable Stage Projection Population Start year — End year (pdf): Graphical output
showing the change in stage composition with time towards stable stage distribution.
Initial values correspond to counts and proportions in the last year of the study

¢ RBBAMERE LREL 0

Stable Stage Projection from SREKW 1987 = 2011

Counts 2011

5
b}
g
-]
-1
B
g
-

Stable Stage Projection SRKW 1987-2011
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Stable State Values Population Start year — End year (csv): Long-term projections
of population size by life stage based on transient dynamics.

Note: If the user used 2 1850 Sims, you need to open the file as follows:
1. Open excel (versions 2007 onwards)
2. Goto Data tab
3. Click on From text (red oval)
4. Open the Folder where the file Stable State Values SRKW 1987-2011.csv is.
5. Import the file Stable State Values SRKW 1987-2011.csv (green oval).

Organize = New folder

[ Microsoft Excel . Documents library
® Test WF_DEmografia_2014-08-10
: & Favorites PRy |
5 Js Downloads :
n % Recent Places = ¥l Alive 2011 SRKW
i W Deskiop !L Counts and Proportions T0 SRKW 19872011
5 %a] Counts by Year SRKW 1987-2011
" = Libraries A 4l MeanMauix SRRW {3
:: B Poaunes | |%4] Stable State Values SRKW 1987-2011
5 & Music 4] Stats by Category SRKW 1987-2011
::  Pictures :g Stochastic Elasticity Stats SRKW
5 ! Videos “a] Vital rates estimates SRKW 1987-2011 3
it Damping Time SRKW 1987-2011
:’1 W Comaiter i D
# File name; Stable State Values SRKW 1987-2011

6. Follow three steps to open the file
a. Textimport wizard: step 1:
I. Choose Delimited
ii. File origin: MS DOS (PC-8)
iii. Click next

I TR S

: The Teat Wizard has determined that your dsta is Delimited.

y ¥ this. b correct, chosss Nest, or choase the data type that best describes your dat.
3 Original dsta type

> Choose the it type that best describes your data:

* |9 Defimited - Characers suth a3 commas or tabs separate sach freld.
“; 17 Fod yidth - Fiakls are aignad in enlumng with spaces batwaan each fiald,
1

2 : 5 ;e
5 Start Enport ot row: 1 = File gigin: 3
EE)

135

%

:: Frirviw of file € €.\Stabln State Values SRKW 19872011000

1"

n

For,1n, 727, %37, =4, g7, 56", =77, "a%, =g=, *10%, "11%, *13%, "12%, "14%, "10%, "1, "a7e, ]
Fcalve”, 4,2 .BTEZ06Z68TILRS, 2. ATI997TH1184153, 2. B667 3402618056, 2. 85780216200049, 2. 5 ';'|
Fruvenil®, 24,24, 1350042158257, 23, 2609650670554, 22, 5046306034568, 21 . 8500470273471, 3
FroungRFes®™, 19,19, 1979722701926, 19, 2943825470929, 19, 3829506476027, 19, 421071057396,
AlO1aRFex®, 15,14 6677710531426, 14 e

& FPoschlen®. 6.6 6. 136. 6.
< i

13.0618362702676, 4
6. 96267261722006.
»

18
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b. Text import wizard: step 2:
i. Choose Coma delimited
ii. Click next

T Weve  heent fage liped Beemalet St Beesw  Vew  Adcde  Arvebar

' y '-| . - oo . x s » Y o wm g 5
wm B it F] : LI el &= i =2 B B waas
B B Brem Bomivhie Friteg  Rsfeih : Bl ten | R o Tein Remevs  Duts  Cosshdate Whatd  Gosop Uegreup tesestal
Sest Wik fed  Sewinc Comechon | Alc S LRin b ichieced | Cobumarn upiustes Valuliicn A

G sl Dot Commsaism Sart & Fatar Gata Feak Gt
- E
e -
h Bets you st the i You can st hi your Bt is affected in the proview below.
| o
i)
| Semicolon 7| Teeat consacutive simiters as one
1 i
T_.fgcmmm Teot qusbher: |- E
Space
] geher:
Dot greview
3 3 -
Calve <ATEZ0E2ESTILAS Q. ATIIFTALISG15] P.B667I402610056 P.A5TOODZLGE0004S f‘]
Puvensl P4 R4,2330142338357 B3, 2603658679556 D2, 5046306534868 P1.8500470273471 B
pounghfes Y B.24TITIITOLHZE L9, IMBBISATONI 09, ISTVL064TE0TT L 9. 4710710573062
DlaRFes 5 R4.667770531636 14 IEUSEPIUTRI0N 14, 1025445745057 LA DALSASITIETE B
1, .2 2 136 k. k.se2e7i8a720806
i '
= [ concst ][ <poa | [ mear ][ mmen |
7
g
n.
0
E3|
1 5
M4 b M sheet] Shet?  Thears B k]
Resdy.

c. Textimport wizard: step 3:
i. Click in Advance (red oval) and the Advance Text Import Settings
window appears.
ii. Decimal separator: decimal numbers must be separated by a
period, red oval).
iii. Thousands separator: choose empty space (red oval).
iv. Click ok

Bagelipmg Peemals | Duts | Beeww Ve Adce Arvebar

) - oo i x s ~ y wm em oom G

8 B3 LI el &= i =2 B B waas
it Rafreih : g | T Tein Remevs  Duts  Cosshdate Whatd  Gosop Uegreup tesestal
crociona | st = ot ¥ b ichieced | Cobumarn upiustes Valuliicn Frmieil e i g

Zosncatism Sart & Ftsr Data Tesk Duties

2

3 "

4

5 This sereen bets you select each eolamn and sot the Dats Farmat.

3 Columen dats farmat

T @ Genersl

] p=S "Ganeral Conins numnc valugs

o b i valaes to o,

1 D Dete: | oway [=]

:; ! Do net import cohumn (skip)

|

14

:: Note: Numbers will be numeric settings specified

T Dt previews in the Regional Settings control panel.

:: E e T SEval [+#] Trailing minus for negative numbers
| B q E

2 .BT6ICEZESTILAS [.ATIIITALIEG1S] [b.BEETI4NZEIR0SE 1. 8STROZLGE

2! 4 P4.1330142158257 3, 260365867556 P2, 5046306334868 P1.85094702]

o2 9 R9.34T9TIIT01926 [19, 2995825470929 19, 38298064 TE027 [19. 974071081

3 & R4.6ETITLRS11626 4. IEHSEDIDF6I0E [14. 1075445745057 DI DEIS45T TS =

i " 6.2 k. : k. sezenasirazsne B

= « i [

] s

n el netr | [mpochinl

g

22

]

3

1 5

WA b W Sheet Thea?  Bhead 1D k]

Resdy.
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7. Click in Finish.

[ -cve  hen fagstmes  Femsls Du | Reeww  Vew e Aebar

RBR B B F @Y B M B YEE

Bim Bem b Hom Ot | ey (Mifeh Lotet | Rmee O Temin Remew  Dita  Cosshdats Wha  fesop Uegrup fubtstal
Secess ey e Sowme Coamuctina | ahe = totie B b ihinced | Colurarn Dupbuates Valudaion - - g
G sl Dot Commsaism Sart & Fatar ata Foak Gt 5

| Al =& i
.. e e e e e e
- — |

2]

i This serien bets you sadect each cakenn and sot the Dats Farmat.

3 Calumn dots format

3 @ genersl

- "Ganesal’ converts numenic values to mumbers, date values to dates, and all remaining
Zi] Lob O valtaess b .

8

5 e [otmea. ]

10 ) Do net import column (skip)

1|

12/
13

14
s Dt previen

16

17 F aral peral ceral mra)
e b k -
|’: E.A7T620626873185 B.ATI997A118415] P.A667I402610056 . 85TR0Z16000045 3
n 4 | 7T B3, ‘ 9273472
2 9 R9.34T9T2IT01926 19,7993875470928 19, IS7IL06ATEOTT 19, 9790TLOST 3962
il & R4 6ATITIHEILEIE (4. IEUIRDIVHRICE [14. 1025445745057 NI UALEASITNIETE B
el Ko 136
23 « iy
%
%
7 —
£ )
n.

=
i
1 F =
M4 b M Sheet] Sheet? By B 41 0

8. Import Data window appears, asking Where do you want to put the data, choose
Existing worksheet.

[ -cve  hen fagstmes  Femsls Du | Reeww  Vew e Aebar
a9 5 3 e T . & & LT I

WmReE & ] 2 o, | 2R i = B8 = B B vWEa

Bt Wrem Brem bomcrhe Fateg | Rsfedh : fioton | mme oo Temin Merews  Duta  Cosshlats Whaed  Greop Uegreup fussstal

Sest Wik fed  Sewinc Comechon | Alc S LRin b ihinced | Colurarn Dupbuates Valudaion - A g

Gt Baterrad D3t Cosretiom Sort & Ftar Data Tesk outiee n

t3
+

Where do you want to put the data?
(@) Existing worksheet:

BiEEBENEEREE

A b W sheet) Sheet?  Bery B 41 0
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L&) T Ty i -5
1 [ e B S e Y : S o @
d RIS Am YR (BN OE BB REE’
CJ::-:-" n::-.n e i St | e " sl c.::::: :LT::: h.::::‘ Conmshdats :::: rtop Ungrenp fusbastal
Commsaism Sert & By Gata Feak Gt
£l 0
c 1} E E G H | 1] K L L] N [+]
b 3 4 s 6 7 8 Fl 10 4% 12 13 14
4 2,875206269 2871997812 2,855734826 2,857802169 2,84588176 2,83154342 2815255050 2,797404993 2,778307635  2,7582246 2,73737017 1,715920384  2,60401585

2

3 Juvenil 24 2413301422 2326096587 22,5 21,85094703 21 20,73340401 20,34276547 19,95021972 1959755805 19,27801739 1898602518 1871698935 1846712536
4 YoungRFern 19 1914797227 1929438255 1938298065 1942407106 1942631334 1939683837 19,34151716 1926518398 15,17181792 19,06469478 1894651065 1681925423 18,68544103
5 OldRFem 15 1465777195 143695693 14,10254457 1385144528 13,64193028 1344041838 13,25395471 1308010056 12916842171 1176251864 12,61575455 1247541665 12,34056529
&
7
8

PostRFem 6 6292158072 6,547194435 6, 6962671517 7,1 7.2752 7 1 7.506794966 7,597430088  7,6736334 7,7368TEI06 7788464721 7829545051
YoungMale 15 1493508794 1488562075 1473484907 145436547 1447437795 14,28584468 1408401043 13876854 1366560646 1345445032 1324537312 13,04004553 1283959675
OldMale 5 5697603359 6318281033 6871270574 7,359212877 7735613087 8154527161 3470307045 8737411143 8960266035 9143168193 9290216552 $,405269155 9491917215

4 b M| Stablec Stote Velues SHEW 1907 2 55 1K)
L WL e - L

Stable State Values SRKW 1987-2011

Stats by Category Population Start year — End year (csv): Mean and variance of
vital rates (survival and fecundity) by life stage. Mean and variance generated from
annual values during the selected time period are used to generate vital rate probability
distributions (see “Stochastic_Vital_rates”).

£33 2

T ate ban Mage liped Feemals Dats | Beew  Vew A4 Avebar

R ) |  cowemens . T 9 o T

W e 3 (o B @7 TR gl = 88 = 6= B W E 8
i Bem b BamOthie | Bermig | Refeih ot | e To s Cosshfals WhH  Cosop Uegroup Susttal
Set Wik Tl Sewin s Comedr | Al Lo 2 b ichieced | Cobumarn upiustes Valuliicn

Soansatism Sart & Fitar Data Feck Outtes
| Category
A | B c 5] E F G H I i K L M

_l__MeanlSurv Var_Sury Mean_Cffspr Var_Offspr
2 |calve 0,784679089  0,08087138 0 a
3 Juvenil 0980701413 0,002173426 o o
4 YoungRFem 0,984551768 0,00111008 0,116279866 0,005860444
5 OldRFem  0,966806107 D,002933632 0,065369375 0,005502706
6 PostRFem 0927843915 0.011563307 4 o
7 YoumgMale 0,969109623 0,004211171 0 o
& OldMale  0,897243266 0,020918201 o o

a

10

23
24

WA W Stats by Categery SAXW 1907 20115 15
Resdy

Stats by Category SRKW 1987-2011
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Stochastic Elasticity of VR Population (pdf): Graphical output for stochastic
elasticities of vital rates based on “Stochastic_Vital rates”

= Elasticity ol YR SROW gt - Aduln Acrobat Pro

File Edit Wiew Window Help :

[Boe- PESSBFE| 2P LRBOAERE FRE/P0 comemae = | |4
| NG| = ® e 50

Stochastic Elasticity of Vital rates for SRKW

o a a

Stochastic Elasticity of VR SRKW

Stochastic Elasticity Stats Population (csv): Mean, median, minimum, maximum,
and 95% confidence limits of stochastic elasticities of vital rates.

1 551 552 553 s<d S5 Ss6 ss7  sg2 sg3 sgd 5g6 sp2 sp3 53
2 ElasMeanKW 0,022183746 0,163720251 0,373543704 0,097490997 0,193 0,001 0,138 0,001964245 -0,012095871 -0,005131105  -9,09E-05 0,022183746 1,11£-18 0,01591
3 ElasMed KW 0032155237 0,234138065 0,536273749 0,100133893 o (1] 0 0,001317043 -0,015485878 -0,005270205 0 0032155237 0 0,02185
4 ElasMin KW 0 0 ] 0 [ 0 0 -0,040039163 -0,04363962 -0,044922854 -0,090909091 0 0

5 ElasMaxKW 0,042365853 0,609289144 0,905998555 0,853534229 i 1 1 0,016304561 0,005593261 0 1,126-17 0,042365953 8,166-17 0,03847
[ 5% 0 0 ] ] 0 ] 0 -0,002608308 -D.02659793% -0,01297065  -4,B0E-18 0 0

7 95% 0,038167718 0,29505899 0,653161727 0,246442351 1 6,01E-17 1 0,00870828 0 0 0 0,038167718 6,206-18 0,0312
8

M Stochastic Dlasticity Stats SRK 15

Stochastic Elasticity Stats SRKW
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Stochastic Vital Rates Population (pdf): Graphical output for vital rate probability
distributions. Beta distribution used for survival; lognormal distribution used for
fecundity.

Fe Edh view Widow Help
Bow- |DESBBE| 80P LABDAMEES 2RE/I0 il i
[ | N8| = e -] Tooks | Sign | Commcet

Stochastic Vital rates for SRKW
Bad

|—||
w an e o

[

Stochastic Vital Rates SRKW

Vital rates estimates Population Start year — End year (csv): Vital rate (survival and
fecundity) values by year and life stage through the selected time period

[a] B E [}
1 [ Jeati_survival Juvenile_survivalF1_Survival F2_Survival F3_Survival M1_Survival M2_Survival F1_Fecundity F2_Fecundity

2 | 1987 0,75 1 1 1 1 1 1 0,15 0,057142857
3 1988 o 1 1 1 1 0,781904762 1 0,095238095 o
4 1289 1 1 1 1 0857142857 1 1 0,05 0,055555556
5 | 1590 1 1 1 1 1 1 1 0,25 0
6 1591 075 09444444484 1 1 1 1 0,95 0.1 0108108108
7 1892 1 1 1 1 1 1 1 0111111111 0,05
& 1993 0,833333333 0,951020408 0,875 0952380952 1 1 1 0,222222222 0,095238095
9 1394 1 1 1 1 1 0,857142857 Q,772727273 01 o
10 15995 1 1 1 0,875 1 0,833333333 0,9 0,181818182 0.114285714
11 1996 1 1 1 0915714286 0,625 1 0.9 0,166666667 0.066666667
12 1997 NA 0,94375 1 1 1 1 0,777777778 0 0
13 1998 1 0,94047619 0,9 0953703704 1 1 0,6665665867 0083333333 o
14 1599 0,333333333 1 0,955 0808333333 1 1 0928571429 0,12 0
15 2000 0,665656667 1 1 0,857142857 1 0,9 0,571428571 0,12 0
15 2001 0,666666667 1 0,975 1 1 1 1 0,170212766 0
17 2002 1 1 1 1 08 1 0,8 0 0,08
18 2003 0,833333333 1 1 1 Q777777778 1 1 0227272727 0076923077
13 2004 1 1 1 1 1 1 1 0043478261 0076923077
20 2005 0,714285714 0,785714236 1 1 0,875 1 1 0166666667 0307692308
21 2006 0,333333333 1 0,954545455 0,928571429 1 0,96875 1 0,125 0
22 2007 1 0,971428571 1 1 0,75 1 1 0052631579 0,125
23 2008 0,333333333 1 096963697 0975 0833333333 1 1 o 0,125
24 2009 1 1 1 0,9375 0916666667 1 0,666656667 0,055555556 0,129032258
W4 Wil rates catimates SRCW 1907 137 : ot S il 1] e o 1
Ready

Vital rates estimates SRKW 1987-2011
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VR_combined (.png): Box plot with the survival and fecundity probabilities of each
stage.

VR_combined
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