Analiza Trwatosci Populacji (PVA) — metody
prognozowania dynamiki rozwoju populacji

Ocena Srodowiska i Trwato$ci Populacji- PHVA to
wielostronne opracowanie przygotowywane na ogot
podczas tworzenia planu ochrony gatunku. Stuzy
ocenie ryzyka wymierania zagrozonego gatunku i
tempa strat zmiennosci genetycznej, ocenie stanu
srodowiska i jego wydolnosci, a takze roli rozrodu w
niewoli, wptywu zagrozen przez choroby i priorytetow
w zakresie badan.



Kategorie w Czerwonej Ksiedze

EXTINCT (EX) - wymarte

EXTINCT IN THE WILD (EW) - wymarte na wolnosci
CRITICALLY ENDANGERED (CR) - krytycznie zagrozone
ENDANGERED (EN) - zagrozone

VULNERABLE (VU) - narazone

NEAR THREATENED (NT) - Dbliskie zagrozenia

LEAST CONCERN (LC) - najmniejszej troski

DATA DEFICIENT (DD) - dane niedostateczne

NOT EVALUATED (NE) - nie oceniane
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A. Redukcja wielkosci populacji obserwowana w
ciggu 10 lat lub trzech pokolen

przyczyny redukgciji CR EN VU

znane i odwracalne i ustajgce | > 90% | > 70% | > 50%

nieznane lub nieodwracalne

lub nieustajgce >80% | >50% | >30%




B. Ograniczone rozmieszczenie

oraz.

dorostych osobnikow

CR EN VU
1. zasieg wystepowania [km®] | <100 | <5000 |< 20 00C
2. zajmowany areat [km®] <10 <500 | <2000
- postepujgcy spadek zasiegu, obszaru
wystepowania, liczby subpopulacji, liczby
- fluktuacje zasiegu, obszaru
wystepowania, liczby subpopulacji, liczby o
5 1

dojrzatych osobnikow
- liczba subpopulacji nie wieksza niz:



C. Mata populacja i spadek

CR EN VU

Liczba dojrzatych osobnikow < 250 | < 2500 | <« 10 000

oraz.

1. gwattrowne tempo spadku (w

ciagu 10 lat lub 3 pokolen) e > e e

2a. spadek i fragmentacja -
liczba dorostych w kazdej| < 50 < 250 < 1000
subpopulacji

2b % dorostych osobnikow w
jednej subpopulacji réwny co 90% 95% 100%
hajmnie]




D. Bardzo mata lub ograniczona populacja

CR

EN

VU

liczba dojrzatych osobnikéw

< 50

< 100

< 1000




E. Analiza ilosciowa

CR EN vU

oszacowane
prawdopodobieristwo > 25% | > 20% | > 10%
wymarcia populacji

10 lat lub| 20 lat lub

W clagd 3 pokolen | 5 pokolen 100 lat




Wir wymierania populacii

Utrata siedlisk Nadmierna eksploatacja | | Gatunki egzotyczne
Zmiennosé Mate, podzielone, odizolowane
srodowiska populacje
Katastrofy =] £"edukowana
liczebnos¢
Czynniki - » )
Zmniejszona zdolnos¢ adaptacji,

Wir wymierania

Inbred, utrata
Zmiennosci genetycznej

przezywalnosc 1 reprodukcja



Istotng czescig tych opracowan sg prognozy co do rozwoju
populacji. Tworzy sie je na podstawie danych o
populacjach dzikich, wykorzystujgc metody symulacii.
Wozrost liczebnosci populacji moze byc¢ opisany w formie
roznych modeli matematycznych:

1. Prostych modeli deterministycznych- przy zatozeniu

konkretnych warunkéw poczatkowych, model ma jedno

rozwigzanie

2. Macierzowych modeli deterministycznych- macierze
Lesliego, gdzie zmiany liczebnosci oblicza sie na
podstawie parametrow smiertelnosci i rozrodczosci w
wyroznionych klasach wieku; mogg byc¢ stosowane tylko
dla krotkich odcinkow czasu, w ktorych zatozenie to moze
byC spetnione



Najwazniejsze dane charakteryzujgce gatunek:

Smiertelnos$¢ - liczba osobnikéw umierajacych w populacji w
okreslonym przedziale czasu podzielona przez srednig liczebnosc

populacji w tym czasie

Wskazniki smiertelnosci w wolnej populacji zubrow w
Puszczy Biatowieskie.

Klasa wieku
0-1rok
1-2lata
2 - 3 lata
3 -4 lata
4 -5 lat
Doroste

Samice % (SD)
10,32 (5,98)
3,53 (3,00)
6,55 (5,53)
3,87 (2,68)

3,74 (1,68)

Samce % (SD)
9,40 (6,70)
7,04 (6,84)
3,29 (3,72)
3,66 (5,42)
5,85 (5,87)
5,19 (2,03)




« Struktura wieku i ptci.

Rozktad wiekowy wolno zyjgcej populacji zubrow w
Puszczy Biatowieskiej ( 1995r.).
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Rozrodczosc¢- wielkoS¢ przyrostu populacji w wyniku
tworzenia osobnikow potomnych.

Rozrodczosc¢ realizowana- liczba potomstwa urodzonego
w populacji w okreslonym czasie , w przeliczeniu na
jedng samice

=

Wiek osiggniecia dojrzatosci ptciowej/ wiek pierwszego
rozrodu

System kojarzen

Plennosc¢/ produkcja potomstwa

Wiek starosci/ zakonczenia reprodukciji
Proporcje ptci przy urodzeniu

o & W IN



Modele stochastyczne (probabilistyczne)- opierajg sie
na prawdopodobienstwie zajscia zdarzenia
biologicznego w populaciji, np.: okreslonym
prawdopodobienstwie tego, ze samica urodzi mtode w
danym sezonie. Zmiany populacji sg zatem wypadkowg
wielu indywidualnych prawdopodobienstw. Moze sie
zatem zdarzycC, ze populacje o identycznej liczebnosci
poczatkowej, rozrodczosci i smiertelnosci beda
wzrastac w roznym tempie. Zdarzenia przypadkowe w
populacji moga tez doprowadziC€ do jej zaniku, co jest
niezwykle istotne gdy rozwazamy mate populacje.



Katastrofy (zjawiska takie jak powodzie, susze, pozary,
epidemie sg zjawiskami jednostkowymi, pozostajgcymi
poza normalng zmiennoscig srodowiskowg, wptywajacg na
rozrod i przezywanie. Prawdopodobienstwo ich wystgpienia
wynosi na ogot 0,01- 0,05).

Migracje; pozyskanie i uzupetnianie populacji
Pojemnos$¢ srodowiska (Okresla gorng granice

wielkosci populacji, powyzej ktorej dodatkowa smiertelnosc¢
rozktada sie rownomiernie w obrebie klas ptci i wieku)

Whptyw inbredu (w postaci réwnowaznika letalnosci LE)



Krzywe wzrostu populacji: wzrost wyktadniczy w srodowisku
0 nieograniczonych zasobach | wzrost logistyczny w
srodowisku o zasobach ograniczonych (K=40).
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*Depresja inbredowa

Przyktadowe wartosci depres;ji inbredowej dla wybranych
cech kilku gatunkéw przy wzroscie inbredu o 25 %.

Gatunek Cecha Depresja inbredowa [%]
Swinia wielkos¢ miotu -11,5
Swinia m. ciata w wieku 5 mies. 6,8
Kura niesnosc -15,5
Przepiorka ptodnosc¢ -21
Przepiorka przezywalnosc do 5 tyg. -10




Wykorzystanie programu Vortex =
do modelowania populacji

(na przyktadzie zubra Bison bonasus)




Vortex 10

A stochastic simulation of the extinction process
Version 10.0.7.4

Begin a New Project
Open a Project: Existing | Recent
Quit

anvriaht /114 Chicanon Znninaical Sacieh

Li AA’ .




File  Simulation Help
NS | @ | L& | Det. | p|sT
Project Settings | Simulation Input | Text Output | Project Report | Tables and Graphs |

Project Name zaj_biomat Special Options

Project Notes and Users [] Do not show graphs during iterations
Do not show messages during run

Bison bonasus
sex ratio (M:F) 2:6; adult 5+ears old animals; camying capacity K=200; Do not include last population in metapopulation tally

[7] Produce a file with the census for the first | ] iterations
[] Produce afile of all living animals at the end of the first [ 1 iterations
[7] Produce a file of all animals created in each of the first i l iterations

[ Produce a file with Gene Diversity by year and iteration

[7] Produce files with the first ‘ | GSvars by year and iteration

[7] Produce files with the first L—| PSvars by year and iteration

Delay 1st year mortality until all annual mortality is done {rather than in Breec
Use "Harvest" to setto 0 ISvar: ]i]

[ Prioritize breeding based on 1Svar: E’ {use negative for dynamic
Include extinct and extant runs in Genetic summary statistics

[7] Include extinct and extant runs in GSvar and PSvar summary statistics

Use undocumented options: |




File  Simulation Help
TN EHE|@ | & Dt | p|sT
Project Seftings | Simulation Input |Text Ovutput I Project Report I Tables and Erad'13|
Scenarios: Add Delete Reorder | Current: 2 6 -

|ScenarioSettings | Scenario Settings Section Notes
Species Description
State Variables

Scenario name 26
Dispersal

Reproductive System

P T Number of years fimesteps) 50
Mortality Rates Durgtion of each yearin days 365
Catastrophes

Mate Monopolization

Mumber of terations 10000

Fun as population-based model

Extinction definition Onby 1 sex remains
() Total M < critical size

Initial Population Size

Carrying Capacity

Harvest
Mumber of populations

Supplementation

Genetics Population 1

Population

Copy input values from

-

| | Order of events in a Vortex year
|this section A | EV Changing the sequence of events in the simulated year can
) Breed have complex implications for your model. 1t is recommended
to subsequent pomﬂ Martality that vou become familiar with the standard Vortex model

Copy Age before you try changing the sequence.
Digperse
Harvest
Supplement
rCalc

Ktruncation




File  Sirmulation Help

B E | @& | Det | P ST
Project Settings | Simulation Input |T&xt Cutput | Project Report | Tables and Eraphs|
Scenarios: Add Delete Reorder

Current: 2 6

-[28]

Scenario Settings Section Motes

Species Description

Species Description |
State Variables

Inbreeding depression
Dispersal

Reproductive System Lethal equivalents 629

Reproductive Rates

Percent due to recessive lethal alleles 50

Maortality Rates
Catastrophes

Mate Monopolization
Initial Population Size
Carrying Capacity
Harvest
Supplementation
Genetics

Copy input values from

Default value of &.2% for Lethal Equivalents is the combined mean effect of inbreeding an
fecundity and first vear survival reparted by O'Grady et al. (2006. Realistic levels of inbreeding
depression strongly affect estinction risk in wild populations. Biological Conservation 133:
42-51). Mate that inbreeding can also affect later survival and other aspects of demoaraphy.
To model effects on other demographic rates, enter rates as functions of inbreeding.

EV concordance of reproduction and survival

EV comelation amaong populations 05

| - |

|this section - |

to subsequent populations

 Copy
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File  Simulation Help

‘NS @ | |Det [P |sT
Project Seftings | Simulation Input | Text Output | Project Report | Tables and Graphs |
Scenarios: Add Delete Reorder

]

Current: 2.6

Scenario Settings
Species Description
State Variables
Dispersal |
Reproductive System
Reproductive Rates

Mortality Rates
Catastrophes

Mate Monopolization
Initial Population Size
Carrying Capacity
Harvest

Supplementation
Genetics

Copy input values from

| Popuiation v
[this section »)

to subsequent populations

Dispersal Among Populations

Dispersing classes

Age range: Youngest 1
Males

Oldest

Dispersing sex(es): Females

% Survival of dispersers 50

Dispersal modifier function {optional)

Dont allow dispersal into saturated populations
Use Dispersal to move a fixed number of individuals, rather than a percent

[ Apply muttipierof | 2.0
[ Fil matixwith | 1.0

[ import Rate Matrix_|
| Export Rate Matrix |

Enter percents of individuals in each age-sex class that disperse between each pair of populations each year; Row = Source; Colu

Population1 | Population2

Population1 100 0

Population2 0 100
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File  Simulation  Help
T E | @ | & |Det | P |ST
Project Settings | Simulation Input |Text Output I Project Report I Tables and E'apl'm|
Scenarios: Add Delete Reorder | Current: 2 6 -

. Section Notes

Scenario Settings Reproductive System

Species Description

State Variables

© Yara (7) Monogamous (@ Polygynous ©) Hemaphroditic @) Long4erm monogamy () Long4em polygyry
Dispersal (Mote that "longterm” pairs can be separated under conditions entered in the Genetics input section.)

| Reproductive System |

Reproductive Rates Age of first offspring females

Madmum age of female reproduction 22

Mortality Rates Age of first offspring males
Catastrophes

Mate Monopolization

Meodmum age of male reproduction 22

4
5
Madmum lfespan 22

Mai ber of brood
Initial Population Size amum number of broods peryear |1

Carrying Capacity Mapdmum number of progeny perbrood 1

Harvest Sex ratio at bith —in % males 50

Supplementation

Population
Density dependent reproduction
Copy input values from % Breeding at low density, P(0)

| - | % Breeding at carrying capacity, P(K)
Alles parameter, &

Steepness parameter, B

Genetics

|this section - |

to subsequent populations
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File  Simulation Help
NS E @& | Det | P |sT
Project Seftings | Simulation Input |Text Output I Project Report I Tables and Erapl'm|
Scenarios: Add Delete Reorder | Current: 2 6 -

Scenario Settings Reproductive Rates Section Notes
Species Description
State Variables

Population
% adult females breeding 472
S0 in % breeding due to BV 97

Dispersal
Reproductive System

| Reproductive Rates |
Maortality Rates
Catastrophes
Mate Monopolization Population]

Digtribution of broods per year (enter as percents; last row filled automatically)

Initial Population Size

Carrying Capacity
Harwvest

Supplementation

Genetics
Specify the distribution of number of offspring per female per brood
|an input values from | ) Use nomal distribution @ Specify exact distibution (enter as percents; last row filled =
Population Population

|this section - | Mean 25 1 Offspring 100
to subsequent populations Sandord Dev

Copy




File  Simulation  Help

"NEE|2P| A | D

Simulation Input

P |sT

Scenarios: Add Delete Recrder | Current: 2 6

Scenario Settings
Species Description
State Variables
Dispersal
Reproductive System
Reproductive Rates
Catastrophes

Mate Monopolization
Initial Population Size
Carrying Capacity
Harvest
Supplementation

Genetics

to subseguent populations
| Copy |

Mortality Rates
Martality of females as %

I
-

Martality of males as %

‘e



File  Simulation Help

MNMEE @A Dt | P

Scenarios: Add Delete Reorder Current: 2 6

Scenario Settings Catastrophes Section fotes

Species Description
State Variables

Number of types of catastrophes 1

Select for which catastrophe you want to set rates:

Di I
"t

Reproductive System
Reproductive Rates Catastrophe Label  epidemia

Mortality Rates Frequency and extent of occumence

Mate Monopolization
Initial Population Size
Carrying Capacity
Harvest
Supplementation
Genetics

Copy input values from

i this section |
to subsequent populations The frequency and severity of catastrophes can be difficult to estimate. The review by Reed et al. (2003. The
'_Copy \ frequency and severity of catastrophic die-offs in vertebrates. Animal Conservation 6:105-114) indicates that

severe die-offs (50% or greater decrease in population size) of vertebrate populations occur at a frequency of
approximately 14% per generation.

‘e



File  Simulation Help
NS HID| & e
Project Settings | Simulation Input |Text Output I Project Report I Tables and Era;ﬂ'ls|
Scenarios: Add Delete Recrder | Current: 2 6

Scenario Settings Mate Monopolization
Species Description
State Variables Degree of monopolization of breeding opportunities

Dispersal
Reproductive System
Reproductive Rates
Meortality Rates
Catastrophes

| Mate Monopolization |

Population

% Males in breeding pool 100

| Calculate from % males siing offspring || Calculate from # mates / successful sire

Initial Population Size
. . The percent of adult males in the pool of potertial breeders can be entered directhy, or you can use the buttons
Carrying Capacity below the table ta have Vortex calculate t for you from either the % of males that successfully sire offspring
Harvest {which will generally be greater than the pencent in the breeding pool, because some are unlucky) or from the
arv average number of females with which successful males are mated. Vortex makes these calculations based on
Supplementation the assumption that mating success by males is distributed according to a Poisson distibution.

Genetics

Copy input values from

|this section - |

to subsequent populations

 Copy




Simulation  Help

BSH @ &b s

: Add Delete Reorder | Current: 2 6 -

Section Motes

Initial Population Size

Maote: Stable age distibution may not be meaningful if some demographic rates are functions of other parameters.
Alzo, initial population can be replaced by studbook population imparted from a file.

To determine distribution:
() Use stable age distribution |Use specified age distrbution () Erter proportional values for age distribution

Population1

Initial Population Size

Female age distribution Male age distribution

Population Population
Age U

Age 11
Age 12
Age 13
Age 14
Age 15
Age 16
Age 17
Age 18
Age 1D
Age 20
Age 21
Age 22

Age1
Age 2
Age 3
Age 4
Age 5
Age b
Age 7
Age 8
Age D
Age 10
Age 11

Age 12
Ane 13

b R e T = R = R = R = [ = B = N I = Y = R = I =]
[ e [ e e N e e R o [ e o [ e Y e Y




File  Simulation Help
" NE | P L |Det |p|sT

Project Seftings | Simuiation Input | Text Output | Project Report | Tables and Graphs |
Scenarios: Add Delete Reorder Current: 2.6 hd

BT Car’ying Cap aCity Section Notes
Species Description
State Variables Population1

Dispersal Carrying Capacity (K) 200
Reproductive System SD in K due to EV 20
Reproductive Rates

Mortality Rates EVin K can be a tncky concept, because K is usually defined as the population size that can be

Catastrophes sustained in the habitat over the long term. You can use it to impose fluctuations in habitat quality or
extent, but be careful not to double-count EV that is affecting mortality.

Mate Monopolization

Initial Population Size Populationt
[ Carrying Capacity ] Future change in K?
Harvest Over how many years?

Supplementation % Annual increase or decrease
Genetics

Copy inpit values from Implement K based on a limit on some population variable other than N Caution: If you define K

Population varable to be tested against K =N g:glgiasnwul c:-? Sts:'i,li_h

ithis Sechion = l [7] During K truncation, remove only individuals meeting critefia: ’ 1

to subsequent populations Prioritize K truncation based on 1Svar: ‘ 0 | {use negative for dynamic; 0 for none) Caution: Prioritized K truncation can
3 S especially if dynamic

-
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File  Simulation Help

MBS E @ | A | Det

Project Settings | Simulation Input I'I'_e)dOUlput l Project Report I TablﬁandGla)hsI

| P | ST

Scenarios: Add Delete Reorder  Current: 2.6

Scenario Settings
Species Description
State Variables

Harvest

Implement as Translocation?

Percent survival during Translocation h()O

Dispersal

Population

Reproductive System

Population harvested?

Reproductive Rates

First year of harvest

Mortality Rates

Last year of harvest

Catastrophes

Interval between harvests

Mate Monopolization

Optional criteriz for harvest

Optional criteria for individuals

O

Initial Population Size
Carrying Capacity

| Harvest Number of females of each age to be harvested

Supplementation

Population1

Genetics

Harvest from age 1to0 2

Harvest fromage 210 3

Copy input values from

Harvest from age 3to 4

Harvest from after age 4

| %
|
|

|this section - |

to subsequent populations

Number of males of each age to be harvested

Population1

Harvest from age 1t0 2

Section Notes




File  Simulation Help
NS DL |Det |p|sT

Project Seftings | Simulation Input | Text Output | Project Report | Tables and Graphs |

Scenarios: Add Delete Reorder Current: 2.6

Supplementation

Implement as Translocation? if: [1 fsedion Notes
Percent survival during Translocation | 100
Optional criteria for individuals to be released |

Scenario Settings

Species Description
State Variables
Dispersal
Reproductive System Populationt
Reproductive Rates Pf)pmatlon supplemented? [
Mortality Rates First year of supplement

Last year of supplement
Catastrophes
: Interval between supplements
Wik Py o Optional criteria for supplements
Initial Population Size
Carrying Capacity
Harvest

Number of females of each age to be supplemented
Population1

' t ’ I(S;upplementatlon Suppl oo
- enetics

Supplement from age 2to 3

. D Supplement from age 3 to 4
P ’ py input values from Suppl R

¥

‘ \ 4 | |this section ,
to subsequent populations
f . Number of males of each age to be supplemented

Population1

Supplement from age 1t0 2
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File  Simulation Help
TS | @ | & | Det | p|sT
Project Settings | Simulation Input |Text Output I Project Report | Tables and [—;rap}-;g|
Scenarios: Add Delete Reorder | Current: 2 6 -

Scenario Settings Genelics Section Notes

Species Description Genetic Input

State Variables Read initial population(s) from studbook file: | (-]
Dispersal Append studbook to inftial population. rather than replacing initial N

Reproductive System Mumber of neutral loci to be modeled i
Reproductive Rates

Mortality Rates
Catastrophes MNumber of loci to be subject to mutation 0 with a rate of

Loci included in summary statistics: @ Locus 1only Additional loci onby All loci

Mate Monopolization Read initial allele frequencies from file: | _
Initial Population Size

. . Genetic Management
Carrying Capacity Select a population to manage: | Population 1 - | | Apply to All Populations
Harvest

{Optional) Criteria for Genetic Management of population
Breed to maintain the population at K
Pair according to mean kinships Use a dynamic MK list Use a static MK list

Supplementation
| Genetics

Copy input values from The following options can model either management by humans, or natural breeding constraints:
| - | Prevert matings with kinships (inbreeding) areater than |1

|this section - | Start population with all inbreeding and kinships =&t to: 1] I

to subsequent populations Maodmum number of female mates (blank or Df’””[ Mormally, initial individuals are assumed to be non-inbred and unrelated, but yo

(Optional) Criteria for acceptable mates

Mumber of times to try to find a mate
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File  Simulation Help

NS D& [Det [ p|sT

| Project Settings | Simulation Input | Text Output | Project Report | Tables and Graphs |
Input Summary | Deterministic Results | Qutput Summary | Output Tables | ST Tables |

Scenario: [2_6 v] Population: [Fapdat.‘m1

Deterministic projections assume no stochastic fluctuations, no inbreeding
depression, no limitation of mates, no harvest, and no supplementation.

Scenario: 2_6

Population 1: Population 1

Deteministic population growth rate:

(Caution: Deterministic growth rate may not be meaningful if functions were used for
some demographic rates.)

r=0.0814

i
[
=

lambda = 1,0848
RO =2 3702

Projected M
g

Generation time far:
females = 10,61
males = 10,99

Stable age distribution:
Age class females males

(== = U O

| Sendto Report | | Savess.. | | Prnt.. Sendto Repott | | Save As... | | Prnt.. |
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File  Simulation Help

" DEH @ A& |pet | p|sT

| Project Settings | Simulation Input | Text Output | Project Report | Tables and Graphs
(N vs Year 2] | Pt [Tabke]

Emorbars: @ Mone () SE ) SD

Scenarios to include: ’dﬂd‘ﬂ ] ’u}d’aed{ﬂ ]

2_6_bez_katastrofy

Populations to include ’ check all ] ’Lﬂd'lﬂd(ﬂ

2_&_bez_katastrofy Population1
2_6 Population1

LI T 17T
0 2

| LI LI NN I L L B I L I L L L L L B L L B L |
8 10 12 14 16 18 20 22 24 26 28 30 32 24 36 30 40 42 44 46 48 50
Years
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File  Simulation Help
NS H (@& Dt |p|sT
| Project Settings | Simulation Input | Text Output | Project Report | Tables and Graphs
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Ny (M:F) H, EH K(s:d3)0dla EH K(s;cé)odla EHK(zsi)) Sila EHK(:sg()) éila EHK(:g()) éjla
3(1:2) 72,3(7,3) 72,3(7,5) 72,3(7,4) 72,2 (7,4) 72,4(7,2)
3(2:1) i 69,5 (8,9) 69,5 (8,9) 69,6 (9,0) 69,7 (8,9) 69,4 (9,0)
4(1:3) 76,9 (6,0) 77,2 (5,9) 77,4 (5,8) 77,4 (5,8) 77,4 (5,6)
. 4(2:2) 87,5 77,2 (6,9) 77,2 (6,8) 771(7,0) 77,3(7,0) 77,2 (6,8)
' 4(3:1) 72,9 (8,2) 72,9 (8,3) 72,9 (8,3) 72,9 (8,1) 73,0 (8,2)
5 (1:4) 79,7 (5,0) 80,5 (4,7) 80,5 (4,7) 80,5 (4,7) 80,5 (4,7)
5(2:3) 81,3 (5,2) 81,7 (5,1) 81,8 (5,1) 81,7 (5,2) 81,7 (5,3)
5(3:2) o 79,8 (6,2) 80,0 (6,4) 80,0 (6,3) 80,0 (6,4) 80,0 (6,4)
5 (4:1) 75,0 (7,8) 75,1(7,9) 75,1 (8,0) 75,0 (7,9) 75,1(7,8)
6 (1:5) 81,6 (4,4) 82,4 (4,2) 82,6 (4,1) 82,6 (3,9) 82,6 (4,0)
6 (2:4) 83,7 (4,0) 84,4 (3,9) 84,6 (4,0) 84,5 (4,1) 84,6 (4,0)
6 (3:3) 91,7 83,6 (4,5) 84,1 (4,6) 84,2 (4,7) 84,2 (4,6) 84,1 (4,7)
6 (4:2) 81,6 (5,9) 81,9 (5.8) 81,9 (5,9) 81,8 (6,0) 81,9 (5,9)
6 (5:1) 76,5 (7,7) 76,7 (7.6) 76,6 (7,5) 76,8 (7,6) 76,7 (7,5)
7 (2:5) 85,1 (3,6) 86,1 (3.4) 86,4 (3,3) 86,4 (3,4) 86,5 (3,3)
7 (3:4) 85,7 (3,5) 86,5 (3.5) 86,8 (3.4) 86,7 (3.,5) 86,8 (3,6)
7 (4:3) 92,9 85,0 (4,2) 85,6 (4,3) 85,7 (4,2) 85,7 (4,3) 85,7 (4,3)
7(5:2) 82,8 (5,6) 83,1 (5,6) 83,1(5,5) 83,1 (5,6) 83,2 (5,6)
7(6:1) 77,7 (7,4) 78,0 (7,1) 77,9 (7,1) 77.9(7,2) 71, 78)
8 (1:7) 83,5 (3,9) 84,8 (3,3) 85,3 (3,1) 85,3 (3,1) 85,3 (3,1) e
8 (2:6) 86,0 (3,2) 87,3 (2.,8) 87,8 (2,8) 87,8 (2,8) 87,8 (2,8) .
8 (3:5) 86,9 (2,9) 88,0 (2,8) 88,4 (2,7) 88,4 (2,7) 88,4 (2,9) -
8 (4:4) 93,8 86,9 (3.,2) 87,9 (3,0) 88,1(3,2) 88,1(3,1) 88,0 (3,2)
8 (5:3) 86,1 (3,9) 86.6 (4,0) 86,7 (4,1) 86,7 (4,1) 86,7 (4,0)
8 (6:2) 83,8 (5,2) 84,0 (5,5) 84,0 (5,6) 84,0 (5,5) 84,0 (5,4)
8 (7:1) 78,9 (6,9) 78,7 (7,2) 78,7 (7,1) 78,7(7,1) 78,6 (7,2)

Ocze'ny poziom heterozygotycznosci EH (sd) [%] z wanej w populacji zubra w ciggu 20 lat od jej utworzenia, w
zaleznosci od liczebnosci poczatkowej NO i stosunku poligamii w stadzie zatozycielskim oraz pojemnosci srodowiska K.
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Przewidywana Iiczebngé osiggana przez populacje zubra w ciggu 20 lat, w zaleznosci od liczebnosci
NO i ?unku poligamii w stadzie poczatkowym oraz dostepnej pojemnosci srodowiska K.
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Prawdopodobienstwo wymarcia (PE) tworzonych populacji w ciggu 20 lat od ich utworzenia w zaleznosci od
wielk i stosunku poligamii w grupie poczatkowej oraz pojemnosci Srodowiska (K).
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Wptlyw Iiczebnoéciﬂosunku poligamii w grupie zatozycielskiej na poziom zmienno$ci genetycznej
(heterozygotycznosci) zachoynej w populacji w okresie 20 lat (K=100).
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Wzrost liczebnosci populaciji ut’zonﬂ;z 3 (2:1) oraz z 8 (2:6) zwierzagt w okresie dwudziestu lat w
zal ciod p(iemnoéci srodowiska (K). ~ §
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Wiek PE [%] N H [%]
1 10,0 81,9 78,4
2 7.3 83,4 79,1
3 4,9 85,8 80,1
4 3,1 87,5 80,9
5 1,7 88,9 81,8
6 1,6 88,7 81,6
7 1,7 88,6 81,4
8 2,1 88,0 81,1
9 1,8 87,3 80,8
10 2.1 86,8 80,6

Wptyw wieku wypuszczanych zwierzat na wybrane wskazniki
zywotnos$ci populacji (przy liczebnosci poczgtkowej 6 (2:4))
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