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Appendix S1: Parametrization of the general model

Although the oldest individual in our data set was 39 years old, the maximum age 

class for all parameters was set to 28 years (individuals older than 28 years old all remain in that 

same age class) in order to have at least 10 individuals by age class (Figure S1). The initial 

state of individuals was constrained to the immature state (I) as all birds were banded 

as chick. Then immature individuals (I) have a probability to return at the colony (r) that was 

constrained to be constant due to the impossibility of estimating this parameter for all 

ages and to facilitate parameter identifiability due to relatively small sample sizes of returning 

individuals. As found in other south polar skua populations or in other closely related species 

(Furness 1987, Ainley et al. 1990), few individuals were seen at the colony the year 

after their fledging (n=26). Thus we decided to group estimated survival during the first 2 

years of life. Then from age 3 to 28 and older, survival was fully age-dependent. All 

reproductive parameters were estimated starting from age 4, the minimum observed age at 

first breeding. No individual was observed as a failed breeder at age 4 so we grouped the 4th 

and the 5th age classes for the breeding success probability and for the probability of 

successfully fledging two chicks. The probability of successfully fledging two chicks was 

also not correctly estimated for the last age class (28 years), so the 27th and the 28th age classes 

were grouped for this parameter. For all other age classes, the parameters were fully age-

dependent. Recapture probability was modelled as age dependent to fit the 



progressive return of individuals at the breeding colony. Some breeding pairs established on 

remote islands difficult to access may have been missed some years due to logistical limitations, 

thus we expected individual heterogeneity in recapture probability (with some individuals having 

a low capture rates, some high). This may bias the estimation of demographic parameters and led 

us to explicitly take into account this heterogeneity which was modelled as a two-class  scenario 

of recapture probability (Pledger et al. 2003, Péron et al. 2010).  

Finally, as a reminder and before presenting our initial starting model; parameters 

modeled were apparent survival probability (φ), probability of return to the colony (r), probability 

of breeding (β), probability of successful breeding (one or two chicks) (γ), probability of 

successful breeding with two chicks (δ), and the recapture probability (p). This gave our initial 

starting model in Table S1: 

The recapture probabilities for the two groups are reported in Table S2: 

Parameter Age class 

Survival probability (φ) [1:2].[3→28] 

Return probability (r) [1:28] 
Breeding probability (β) [1:3].[4→28] 
Breeding success probability (γ) [1:3].[4:5].[6→28] 
Probability of fledging two chicks (δ) [1:3].[4→26].[27:28] 

Recapture probability (p) 
group 1 [1→13].[14:28] 
group 2 [1→13].[14:28] 

Table S1. Umbrella multistate capture-mark-recapture model. [i : j] indicates that age classes were 

grouped from age i to age j. [i -> j] indicates that age classes were separated between age i and age j. 

The two groups in recapture probability indicate the effect of heterogeneity.

Age 1 2 3 4 5 6 7 8 9 10 11 12 13 14:28 

Group 1 
mean 1.00 0.04 0.08 0.13 0.14 0.14 0.14 0.12 0.12 0.16 0.22 0.32 0.25 0.30 

s.e 0.00 0.02 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.05 0.06 0.06 0.04 

Group 2 
mean 1.00 0.01 0.06 0.16 0.30 0.37 0.48 0.58 0.71 0.76 0.85 0.87 0.82 0.93 

s.e 0.00 0.01 0.01 0.02 0.03 0.03 0.03 0.03 0.04 0.04 0.03 0.03 0.04 0.01 

Table S2. Recapture probabilities of the two heterogeneity groups in function of age.
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Figure S1. Number of south polar skuas per age classes over all the study period. 


