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Appendix 1 
Estimation of recapture and apparent survival probabilities 
Robust design 
Figure 1 is a scheme of the robust design sampling method used in our study. The arrow is a time 
line representing the beginning of the sampling period, and the black boxes within this arrow 
correspond to the primary sampling occasions (PSOs), which comprised two days. Each PSO was 
divided into four secondary sampling occasions (SSOs; grey cells in the mark-recapture matrices 
bellow the arrow): two during the afternoon (A), from 13.00 to 18.00 h, and two during the night 
(N), from 20.00 to 01.00 h. Given that the interval between the four secondary sampling occasions 
was very short (ranging from 2 to 12 h), population is assumed to be closed to gains (i.e. individuals 
molting to adult or immigration) and losses (i.e. death and emigration) of adults. During the long 10 
day-intervals between consecutive PSOs, population is assumed to be open, so that gains and losses 
of adults can occur. For more details on philosophy of this method, see Pollock et al. (1990) and 
Kendall et al. (1995). 

 

 

 

 
Figure A1. Scheme of the robust design used to estimate recapture and survival probabilities 
of the harvestman Zygopachylus albomarginis. See text for details. 
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Recapture probability 

The matrices (a) to (c) in Fig. A1 illustrate the mark–recapture history of four hypothetical 

Zygopachylus albomarginis individuals (Z1 to Z4), to estimate recapture probabilities within each 

PSO (ρ1, ρ2 and ρ3). Because the population is assumed to be closed within each PSO, each value 1 

in the matrices indicates that the individual was present on the study area and we have successfully 

detected and recaptured it at the specific SSO (by our active searching method), while 0 indicates 

that the individual was present on the study area, but we were not able to detect it and, therefore, it 

was not recaptured. An individual may not have been detected during a SSO for several reasons, the 

most important in our case being: (a) it was hidden in some place where the observer could not find 

it, and (b) it was temporarily absent from the sampling area. Considering that GS Requena was the 

only person responsible for collecting the data, and that he started sampling the population after two 

weeks visiting daily the study area and searching for Z. albomarginis in the field, we consider that 

there was no heterogeneity within each PSO due to different observers or experience with the 

organism. Furthermore, samplings were stop and discarded during intense storms,which could also 

have generated variations in recapture efficiency within a PSO. Therefore, we assumed that there 

was no temporal variation in the recapture probability within eachPSO. 

We explicitly compared alternative models that explore different hypotheses of how the 

recapture probabilities (i.e. ρ1, ρ2, ρ3 and so on) may have responded to specific predictor 

variables, such as temporal variation between PSOs, sex, and nesting state of the individuals (see 

topic Capture–mark–recapture study in the main text). 

 

Apparent survival probability 

The entire recapture history of each individual can be summarized concatenating the matrices (a) to 

(c) into a single matrix (d), using a pointwise ‘or’ operation, defined by the formula di,j = 1 – (1 – 

ai,j).(1 – bi,j) (1 – ci,j), where di,j = 1 either when ai,j or bi,j or ci,j are 1 (Fig. A1). The apparent 

survival probabilities are estimated in the interval between consecutive PSOs (ϕ1 and ϕ2), when 

the population is assumed to be open. Here, the value 1 indicates that the individual survived in the 

interval between two consecutive PSOs and was recaptured alive in the study area. The value 0 may 

correspond to one of three mutually exclusive alternative fate for the individual in the interval 

between two consecutive PSOs: 1) it survived, remained in the study area, but we were not able to 

detect it during our active search, and thus it was not recaptured; 2) it survived, but permanently 

emigrated from the study area; or 3) it died. As we stated in the main text (topic Capture–mark–

recapture study), we concentrated our searching on the places where Z. albomarginis nests are built 

and where the great majority of the individuals move, forage, and rest. Even if vagrant individuals 

visit specific places that we did not search, these visits were probably short (temporary migration 
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sensu Kendall et al. 1997) because adults spend most part of the breeding season in the vicinity of 

the nests (Rodríguez and Guerrero 1976, Mora 1990, Requena unpubl.). Therefore, we consider that 

permanent emigration is unlikely during our sample period, and apparent survival probability 

estimates can be reasonably interpreted as the result of differential mortality. 

We compared alternative models of how apparent survival probabilities may have responded 

to temporal variation between PSOs, sex and nesting state of the individuals (see topic Capture–

mark–recapture study in the main text). The greatest advantage of the robust design procedure is 

that it enables to dissociate the recapture probabilities and the apparent survival probabilities, 

estimating simultaneously ρ (using closed capture models within each PSO) and ϕ (using the 

Cormack–Jolly–Seber live recapture model between consecutive PSOs). Therefore, using this 

statistical approach, each alternative model estimates both probabilities that jointly maximizes the 

likelihood, given the recapture histories observed throughout the entire study, in our case, the 

matrices (a) to (c). 
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Appendix 2 
Step-down model selection procedure for the capture-recapture analysis 
As detailed described in the main text, we built alternative Huggins closed robust design multi-state 

models that considered different hypotheses about how apparent survival probability (ϕ), recapture 

probability (ρ), and transition probability between nest ownership states (ψ) may have been affected 

by different variables. The comparison of all possible models in a single analysis would be a 

prohibitive, time consuming procedure, and would greatly increase the possibility of spurious 

results (Burnham and Anderson 2002, Doherty et al. 2012), since it would involve (5 alternative 

models for ψ) × (11 alternative models for ρ) × 11 alternative models for ϕ) totaling 605 models. 

Therefore, we choose to analyze our data using the step-down model selection approach (Lebreton 

et al. 1992), which consisted in three steps. First, we kept the structure of ρ and ϕ as the same 

implemented in our general model (i.e. depending on the interaction between temporal variation and 

individual categories), performing the model selection in the set of alternative models for ψ. The 

best ranked model to fit to the data considered that ψ depended solely on the nest-ownership state 

each male was in the previous sampling occasion (Table A1). 

 

 

 

Table A1. Results of the first step of the model selection approach to estimate the transition 

probability between nest-ownership states of Zygopachylus albomarginis males. 

Parameter structure for the transition probability (ψ) AICc K ∆AICc Weight 

Male nest-ownership state 1382.9 35 0.0 0.836 

Constant and not dependent on male nest-ownership 

state 

1386.6 34 3.7 0.132 

Temporal variation + male nest-ownership state 1389.8 39 6.9 0.027 

Temporal variation 1393.7 38 10.8 0.004 

Temporal variation × male nest-ownership state 1396.6 43 13.7 < 0.001 

Note: K is the number of estimable parameters in model i; ∆AICc is the difference between the 

AICc value of model i and the AICc value of the most parsimonious model; weight is the AICc 

weight of model i; male nest-ownership state is a categorical variable with two levels (nesting or 

non-nesting males); the symbols + and × represent additive and interaction effects, respectively. 
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In the second step, we kept the structure for ϕ as the same in our general model, set the structure for 

ψ as the best ranked model selected in this first step, and performed the model selection specifically 

in the set of alternative models for ρ. The results for this second step is presented in Table A2. 

Because we followed the well-established threshold of ∆AICc equal of less than 2 to select the best 

model(s) to fit to the observed data (Burnham and Anderson 2002), we considered that two equally 

plausible models explain the variation in the parameter ρ during the second step of our analysis 

(Table 2). Both of them consider temporal variation over the sampling occasions, with the recapture 

probability also additively responding to individual categories or to nest-ownership state. 

 

 

Table A2. Results of the second step of the model selection approach to estimate the recapture 

probability of Zygopachylus albomarginis individuals. 

Parameter structure for the recapture probability (ρ) AICc K ∆AICc Weight 

Temporal variation + individual category 1373.1 25 0.0 0.455 

Temporal variation + nest-ownership state 1374.4 24 1.3 0.245 

Individual category 1375.8 20 2.7 0.119 

Temporal variation × nest-ownership state 1376.2 29 3.1 0.100 

Nest-ownership state 1376.6 19 3.5 0.079 

Temporal variation × individual category 1382.9 35 9.8 0.003 

Temporal variation + sex 1475.7 24 102.6 < 0.001 

Sex 1478.5 19 105.4 < 0.001 

Temporal variation × sex 1480.8 29 107.7 < 0.001 

Temporal variation 1559.5 23 186.4 < 0.001 

Constant and not dependent on any category 1567.5 18 194.4 < 0.001 

Note: K is the number of estimable parameters in model i; ∆AICc is the difference between the 

AICc value of model i and the AICc value of the most parsimonious model; weight is the AICc 

weight of model i; nest-ownership state is a categorical variable with two levels (nesting or non-

nesting individuals); individual category is a categorical variable with three levels (females, nesting 

male or non-nesting males); the symbols + and * represent additive and interaction effects, 

respectively. 
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In the third step, we kept the structure for ψ as the best ranked model selected in this first step 

(Table 1), the structure for ρ as either the best ranked or the second best ranked models selected in 

the second step (Table A2), and performed the model selection in the set of alternative models for 

ϕ. Given the main goal of these analyses were to assess the potential mortality risks, we present the 

results for this final step in the main text. 

It is still not clear, however, if the general structure used for probabilities that are not modeled 

in each step (but are instead kept fixed) affects the convergence to the same best overall selected 

model (Lebreton et al. 1992, Doherty et al. 2012). In an attempt to avoid biased results due to our 

specific analytical implementation, we also performed the step-down model selection procedure 

starting with a general model in which all parameters were considered constant over time and not 

influenced by any individual category. The results for the first and second steps are presented in 

Table A3 and, as we can see, both procedures converged to the same best-supported model given 

the capture history data observed. 

 

 

Table 3. Results of the first and second steps of the step-down model selection approach to estimate 

the transition probability between nest-ownership states and the recapture probability of 

Zygopachylus albomarginis individuals. This step-down model selection procedure started with a 

general model considering all parameters constant over time and not influenced by any individual 

category. 

Parameter structure  AICc K ∆AICc Weight 

First step: evaluating the transition probability (ψ) 

Male nest-ownership state 1561.2 4 0.0 0.837 

Temporal variation + male nest-ownership state 1565.6 8 4.4 0.091 

Temporal variation × male nest-ownership state 1567.1 12 5.9 0.042 

Constant and not dependent on male nest-ownership state 1568.1 3 6.9 0.027 

Temporal variation 1572.6 7 11.4 0.003 

Second step: evaluating the recapture probability (ρ) 

Temporal variation + individual category 1358.9 11 0.0 0.480 

Temporal variation + nest-ownership state 1360.7 10 1.8 0.194 

Temporal variation × nest-ownership state 1361.3 15 2.4 0.144 

Individual category 1361.6 6 2.7 0.120 

Nest-ownership state 1363.5 5 4.6 0.047 
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Temporal variation × individual category 1365.8 21 6.9 0.015 

Temporal variation + sex 1465.3 10 106.4 < 0.0001 

Temporal variation × sex 1468.9 15 110.0 < 0.0001 

Sex 1469.6 5 110.7 < 0.0001 

Temporal variation 1551.8 9 192.9 < 0.0001 

Constant and not dependent on any category 1561.2 4 202.3 < 0.0001 

Note: K is the number of estimable parameters in model i; ∆AICc is the difference between the 

AICc value of model i and the AICc value of the most parsimonious model; weight is the AICc 

weight of model i; male nest-ownership state is a categorical variable with two levels (nesting or 

non-nesting males); nest-ownership state is a categorical variable with two levels (nesting or non-

nesting individuals); individual category is a categorical variable with three levels (females, nesting 

male or non-nesting males); the symbols + and × represent additive and interaction effects, 

respectively. 
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