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Appendix1

Establishing a baseline model with the relevant age structure for survival probabilities

Methods

We used the program RELEASE (Burnham et al., 1987) to assess whether the data met the

assumptions of CJS models, namely, (1) equal probability of being recaptured after initial

capture at time t (TEST2), and (2) equal probability of surviving from time t to t+1 (TEST3)

(Kéry, Masden & Lebreton, 2006). TEST 2 revealed no evidence of capture heterogeneity

between individuals. Poor model fit for TEST 3, however, indicated the need to include age

structure in survival sub-models to explain temporal variation in survival (Kéry, Masden &

Lebreton, 2006).

For the African lion (Panthera leo) cubs are most vulnerable in their first year, and this age

group often has the lowest probability of survival (Bertram 1975; Ogutu & Dublin, 2002;

Rosenblatt et al., 2014). During this time, cubs are completely dependent on their mothers,

and are too young to defend themselves against predation and infanticide (Schaller, 1972;

Metcalf, Hampson & Koons, 2007,1985). Cubs of this age also require large amounts of

energy relative to their body size, and therefore also remain vulnerable to starvation

resulting from low prey availability (Bertram, 2975). While cubs remain vulnerable to these

influences during their second year, their survival probability improves (Schaller, 1972,

Bertram, 1975, Ogutu & Dublin, 2002).

Lions between the age of two and four become independent, and males of this age will

disperse in search of a new pride (Hanby & Bygott, 1987; Funston et al., 2003, Elliot et al.,
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2014). For subadult females, however, dispersal or recruitment depends on prevailing social

circumstances such as natal pride size relative to habitat quality, or population density,

which may influence the availability of vacant territories (Van der Waal, Mosser & Packer,

2009). For dispersing sub-adults, survival may be low during this period due to inexperience

in hunting or conflict with neighbouring prides (Funston et al., 2003; Elliot et al., 2014).

Lastly, apart from anthropogenic causes, adult survival tends to remain relatively constant,

and is mostly influenced by social factors such as territorial conflict (Mosser & Packer, 2009),

or stochastic events such as disease (Roelke-Parker et al., 1996).

Given these patterns in age-specific survival, and in accordance with results from similar

research on age-specific survival (Rosenblatt et al., 2014, Ferreira et al., 2020), we tested

several survival sub-models with different age structures to determine which survival sub-

model best fitted the data. The data was binned into different age classes which consisted

of: young cubs (age 0 – 1 year), juveniles (age 1- 2 years), sub-adults (age 2 – 4 years),

combined juvenile and sub-adults (1 – 4 years), young adults (age 4 – 8 years), old adults

(age 8+ years) and a combined adult class (age 4 + years). As we were interested in relating

changes in survival with annual changes in social and environmental covariates, all survival

sub-models were fully time-varying.

 Once the survival sub-model was finalized, the second step in the modelling process was to

identify a sub-model that best described recapture probabilities (Emmerson & Southwell,

2011). We therefore modelled the fully time-dependent survival sub-model with a recapture

sub-model that varied with time p(t), or remained constant over the sampling period p(.).

To account for potential differences in survival between prides, pride was included as an
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additive effect in the model structure for survival. Using Aikaike’s Information Criterion for

small sample sizes (AICc), the best sub-models for survival and recapture probability was

selected as the baseline model (Anderson & Burnham, 2002; Table 1).

Results

Test 2 results revealed no capture heterogeneity amongst individuals ( 2 = 5.52, df = 4, p =

0.238). However, Test 3 indicated the need to include age structure in modelling survival

probabilities ( 2 = 16.93, df = 7, p = 0.018). The full-time varying model with three age

classes for survival: cubs (0-1 year), combined class of juveniles and sub-adults (1-4 years)

and the combined class for adults (>4 years; Table 1), outweighed other age structure

models (AICc weight = 0.805), and was the only model with a change in AICc < 2. This model

was thus used as the baseline model to assess goodness-of-fit and test for over-dispersion.

Table 1. Model selection table resulting from testing various age group structures for the survival probability

sub-model, and testing temporal or constant trends in recapture probability sub-model for data from 5 African

lion (Panthera leo) prides in the south-western Okavango Delta, Botswana.

Survival Recapture k AICc AICc w

(CY(t) + JSA(t) + AD(t)) + Pride p(t) 17 514.12 0.00 0.8048

(CY(t) + JSA(t) + YAD(t) + OAD(t)) + Pride p(t) 19 516.96 2.85 0.1938

(CY(t) + JU(t) + SA(t) + AD(t)) + Pride p(t) 26 527.16 13.04 0.0012

(CY(t) + JSA(t) + AD(t)) + Pride p(.) 12 531.98 17.86 0.0001

(CY(t) + JU(t) + SA(t) + YAD(t) +OAD(t)) + Pride p(t) 28 531.99 17.87 0.0001

(CY(t) + JSA(t) + YAD(t) + OAD(t)) + Pride p(.) 14 534.58 20.47 0.0000

(CY(t) + JU(t) + SA(t) + AD(t)) + Pride p(.) 21 539.76 25.64 0.0000

(CY(t) + JU(t) + SA(t) + YAD(t) +OAD(t)) + Pride p(.) 23 544.13 30.02 0.0000
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CY = young cubs aged between 0 – 1 years old

JU = juveniles aged between 1 – 2 years old

JSA = combined class of juveniles and sub-adults

aged 1 – 4 years old

SA = sub-adults aged 2 – 4 years old

YA = adult aged 4 – 8 years old

OA = older adult aged 8+ years

AD = combined adult age class aged 4 + years

t = denotes probability varies with time

. = denotes probability remains constant

 = indicates survival probability sub-model

p = indicates capture probability sub-model

k = number of model parameters

AICc = Aikaike’s Information Criterion for small

sample sizes

AICc = change in AICc score

w = AICc model weight
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