Supporting Material

Appendix S1 
Results of analyses of the effects of trap arrangement, trap density, sampling scale, social organization and adult density on relative bias in population size estimation using three mark-recapture estimators. This appendix contains ANOVA tables for all four- and five-way ANOVAs, as also tables listing the mean relative bias for various combinations of factor-levels, along with the pattern of significance among them in pair-wise multiple comparisons. Mean values of relative bias and significance levels in pair-wise comparisons are shown only for main effects and interactions that had a significant effect in the ANOVA. Also contained in this appendix are figures, and a table with significance and effect size patterns for the analysis with initial adult density as a factor.

TABLE A: Results of post hoc comparisons of fixed factor levels from the POPAN analysis using actual adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those factors that were significant in the four-way ANOVA. TA: trap arrangement.
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TABLE B: Results of post hoc comparisons of interactions from the POPAN analysis using actual adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those interactions that were significant in the four-way ANOVA. TA: trap arrangement.
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Mean Significance

TA Trap Density x Sampling Scale

Mean Significance

Uniform

16 Blocks, <0.4 individuals Km

-2

-0.452 a

Random

0.1 traps Km

-2

, 16 Blocks -0.271 a 16 Blocks, >=0.4 individuals Km

-2

-0.326 b

0.1 traps Km

-2

, 9 Blocks -0.201 b 9 Blocks, <0.4 individuals Km

-2

-0.476 a

0.1 traps Km

-2

, 4 Blocks -0.153 c 9 Blocks, >=0.4 individuals Km

-2

-0.392 d

0.5 traps Km

-2

, 16 Blocks -0.045 d,e 4 Blocks, <0.4 individuals Km

-2

-0.522 e

0.5 traps Km

-2

, 9 Blocks -0.054 d,e 4 Blocks, >=0.4 individuals Km

-2

-0.533 e

0.5 traps Km

-2

, 4 Blocks -0.074 d

TA Sampling Scale x Actual Adult Density

Mean Significance

1.0 traps Km

-2

, 16 Blocks 0.007 f,g

Random

16 Blocks, <0.4 individuals Km

-2

-0.085 a,b

1.0 traps Km

-2

, 9 Blocks -0.024 e,f 16 Blocks, >=0.4 individuals Km

-2

-0.061 c,d

1.0 traps Km

-2

, 4 Blocks -0.051 d,e 9 Blocks, <0.4 individuals Km

-2

-0.079 a,c

1.5 traps Km

-2

, 16 Blocks 0.0179 g 9 Blocks, >=0.4 individuals Km

-2

-0.063 c,d

1.5 traps Km

-2

, 9 Blocks -0.006 f,g 4 Blocks, <0.4 individuals Km

-2

-0.103 b

1.5 traps Km

-2

, 4 Blocks -0.046 d,e 4 Blocks, >=0.4 individuals Km

-2

-0.059 d

TA Trap Density x Social Organization

Mean Significance

TA Social Organization x Actual Adult Density

Mean Significance

Random

0.1 traps Km

-2

, groups within clans -0.235 a

Uniform

groups within clans, <0.4 individuals Km

-2

-0.531 a

0.1 traps Km

-2

, fixed clans -0.252 a groups within clans, >=0.4 individuals Km

-2

-0.426 b

0.1 traps Km

-2

, non-associating individuals -0.138 b fixed clans, <0.4 individuals Km

-2

-0.512 a

0.5 traps Km

-2

, groups within clans -0.075 c fixed clans, >=0.4 individuals Km

-2

-0.539 a

0.5 traps Km

-2

, fixed clans -0.058 c,d non-associating individuals, <0.4 individuals Km

-2

-0.406 b

0.5 traps Km

-2

, non-associating individuals -0.040 d,e non-associating individuals, >=0.4 individuals Km

-2

-0.285 c

1.0 traps Km

-2

, groups within clans -0.033 d,e,f

TA Social Organization x Actual Adult Density

Mean Significance

1.0 traps Km

-2

, fixed clans -0.031 d,e,f

Random

groups within clans, <0.4 individuals Km

-2

-0.117 a

1.0 traps Km

-2

, non-associating individuals -0.004 f,g groups within clans, >=0.4 individuals Km

-2

-0.063 b

1.5 traps Km

-2

, groups within clans -0.018 e,f,g fixed clans, <0.4 individuals Km

-2

-0.088 c

1.5 traps Km

-2

, fixed clans -0.019 e,f,g fixed clans, >=0.4 individuals Km

-2

-0.092 c

1.5 traps Km

-2

, non-associating individuals 0.0038 g non-associating individuals, <0.4 individuals Km

-2

-0.061 b

non-associating individuals, >=0.4 individuals Km

-2

-0.028 d

TA Sampling Scale x Social Organization

Mean Significance

Uniform

16 Blocks, groups within clans -0.420 a

16 Blocks, fixed clans -0.427 a

16 Blocks, non-associating individuals -0.32 b

9 Blocks, groups within clans -0.464 c

9 Blocks, fixed clans -0.492 c

9 Blocks, non-associating individuals -0.345 b,d

4 Blocks, groups within clans -0.551 e

4 Blocks, fixed clans -0.658 f

4 Blocks, non-associating individuals -0.373 d

TA Sampling Scale x Social Organization

Mean Significance

Random

16 Blocks, groups within clans -0.105 a

16 Blocks, fixed clans -0.09 a,b

16 Blocks, non-associating individuals -0.024 c

9 Blocks, groups within clans -0.084 a,b

9 Blocks, fixed clans -0.089 a,b

9 Blocks, non-associating individuals -0.041 c

4 Blocks, groups within clans -0.082 a,b

4 Blocks, fixed clans -0.091 a,b

4 Blocks, non-associating individuals -0.069 b

TA Trap Density x Actual Adult Density

Mean Significance

Uniform

0.1 traps Km

-2

, <0.4 individuals Km

-2

-0.548 a

0.1 traps Km

-2

, >=0.4 individuals Km

-2

-0.396 b

0.5 traps Km

-2

, <0.4 individuals Km

-2

-0.481 c

0.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.416 b,d

1.0 traps Km

-2

, <0.4 individuals Km

-2

-0.454 c,e

1.0 traps Km

-2

, >=0.4 individuals Km

-2

-0.429 b,d,e

1.5 traps Km

-2

, <0.4 individuals Km

-2

-0.449 c,d,e

1.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.426 b,d,e

TA Trap Density x Actual Adult Density

Mean Significance

Random

0.1 traps Km

-2

, <0.4 individuals Km

-2

-0.266 a

0.1 traps Km

-2

, >=0.4 individuals Km

-2

-0.151 b

0.5 traps Km

-2

, <0.4 individuals Km

-2

-0.065 c

0.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.050 c

1.0 traps Km

-2

, <0.4 individuals Km

-2

-0.020 d

1.0 traps Km

-2

, >=0.4 individuals Km

-2

-0.026 d

1.5 traps Km

-2

, <0.4 individuals Km

-2

-0.005 d

1.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.017 d



TABLE C: 
Results of post hoc comparisons of fixed factor levels from the POPAN analysis using initial adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those factors that were significant in the four-way ANOVA. TA: trap arrangement.
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TA Trap Density

Mean Significance

Uniform 0.1 traps Km

-2

-0.470 a

0.5 traps Km

-2

-0.447 b

1.0 traps Km

-2

-0.441 b

1.5 traps Km

-2

-0.438 b

TA Trap Density

Mean Significance

Random 0.1 traps Km

-2

-0.209 a

0.5 traps Km

-2

-0.057 b

1.0 traps Km

-2

-0.022 c

1.5 traps Km

-2

-0.011 c

TA Sampling Scale

Mean Significance

Uniform

16 Blocks -0.388 a

9 Blocks -0.432 b

4 Blocks -0.526 c

TA Social Organization

Mean Significance

Uniform

groups within clans -0.479 a

fixed clans -0.520 b

non-associating individuals -0.347 c

TA Social Organization

Mean Significance

Random

groups within clans -0.091 a

fixed clans -0.087 a

non-associating individuals -0.045 b


TABLE D: Results of post hoc comparisons of interactions from the POPAN analysis using initial adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those interactions that were significant in the four-way ANOVA. TA: trap arrangement
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Mean Significance

TA Trap Density x Social Organization

Mean Significance

Uniform

groups within clans, 0.2 individuals Km

-2

-0.506 a,b,c

Uniform

0.1 traps Km

-2

, groups within clans -0.517 a groups within clans, 0.4 individuals Km

-2

-0.488 a,b,d

0.1 traps Km

-2

, fixed clans -0.514 a,b groups within clans, 0.8 individuals Km

-2

-0.471 b,d,e

0.1 traps Km

-2

, non-associating individuals -0.378 c groups within clans, 1.2 individuals Km

-2

-0.453 d,e

0.5 traps Km

-2

, groups within clans -0.474 b,d fixed clans, 0.2 individuals Km

-2

-0.442 e

0.5 traps Km

-2

, fixed clans -0.520 a fixed clans, 0.4 individuals Km

-2

-0.530 a,c,f

0.5 traps Km

-2

, non-associating individuals -0.346 c,e fixed clans, 0.8 individuals Km

-2

-0.547 c,f

1.0 traps Km

-2

, groups within clans -0.468 d fixed clans, 1.2 individuals Km

-2

-0.563 f

1.0 traps Km

-2

, fixed clans -0.523 a non-associating individuals, 0.2 individuals Km

-2

-0.372 g

1.0 traps Km

-2

, non-associating individuals -0.332 e non-associating individuals, 0.4 individuals Km

-2

-0.354 g,h

1.5 traps Km

-2

, groups within clans -0.459 d non-associating individuals, 0.8 individuals Km

-2

-0.335 g,h

1.5 traps Km

-2

, fixed clans -0.524 a non-associating individuals, 1.2 individuals Km

-2

-0.328 h

1.5 traps Km

-2

, non-associating individuals -0.332 e

TA Social Organization x Initial Adult Density

Mean Significance

TA Trap Density x Social Organization

Mean Significance

Random

groups within clans, 0.2 individuals Km

-2

-0.097 a,b,c

Random

0.1 traps Km

-2

, groups within clans -0.238 a groups within clans, 0.4 individuals Km

-2

-0.105 a

0.1 traps Km

-2

, fixed clans -0.249 a groups within clans, 0.8 individuals Km

-2

-0.084 a,b,c,d

0.1 traps Km

-2

, non-associating individuals -0.14 b groups within clans, 1.2 individuals Km

-2

-0.078 a,b,c,d

0.5 traps Km

-2

, groups within clans -0.075 c fixed clans, 0.2 individuals Km

-2

-0.072 c,d,e,f

0.5 traps Km

-2

, fixed clans -0.054 c,d fixed clans, 0.4 individuals Km

-2

-0.073 c,d,e

0.5 traps Km

-2

, non-associating individuals -0.041 d,e fixed clans, 0.8 individuals Km

-2

-0.096 a,b,c

1.0 traps Km

-2

, groups within clans -0.033 d,e,f fixed clans, 1.2 individuals Km

-2

-0.108 a,b

1.0 traps Km

-2

, fixed clans -0.028 d,e,f non-associating individuals, 0.2 individuals Km

-2

-0.059 d,e,f,g

1.0 traps Km

-2

, non-associating individuals -0.004 f,g non-associating individuals, 0.4 individuals Km

-2

-0.047 e,f,g

1.5 traps Km

-2

, groups within clans -0.019 e,f,g non-associating individuals, 0.8 individuals Km

-2

-0.042 f,g

1.5 traps Km

-2

, fixed clans -0.018 e,f,g non-associating individuals, 1.2 individuals Km

-2

-0.033 g

1.5 traps Km

-2

, non-associating individuals 0.0041 g

TA Sampling Scale x Social Organization

Mean Significance

TA Trap Density x Sampling Scale

Mean Significance

Uniform

16 Blocks, groups within clans -0.423 a

Random

0.1 traps Km

-2

, 16 blocks -0.276 a 16 Blocks, fixed clans -0.416 a

0.1 traps Km

-2

, 9 blocks -0.200 b 16 Blocks, non-associating individuals -0.325 b

0.1 traps Km

-2

, 4 blocks -0.150 c 9 Blocks, groups within clans -0.465 c

0.5 traps Km

-2

, 16 blocks -0.046 d,e 9 Blocks, fixed clans -0.487 c

0.5 traps Km

-2

, 9 blocks -0.052 d,e 9 Blocks, non-associating individuals -0.345 b,d

0.5 traps Km

-2

, 4 blocks -0.072 d 4 Blocks, groups within clans -0.550 e

1.0 traps Km

-2

, 16 blocks 0.009 f 4 Blocks, fixed clans -0.658 f

1.0 traps Km

-2

, 9 blocks -0.023 e,g 4 Blocks, non-associating individuals -0.371 d

1.0 traps Km

-2

, 4 blocks -0.051 d,e

TA Sampling Scale x Social Organization

Mean Significance

1.5 traps Km

-2

, 16 blocks 0.019 f

Random

16 Blocks, groups within clans -0.108 a

1.5 traps Km

-2

, 9 blocks -0.006 f,g 16 Blocks, fixed clans -0.088 a,b

1.5 traps Km

-2

, 4 blocks -0.046 d,e 16 Blocks, non-associating individuals -0.025 c

9 Blocks, groups within clans -0.085 a,b

9 Blocks, fixed clans -0.085 a,b

9 Blocks, non-associating individuals -0.041 c

4 Blocks, groups within clans -0.081 b

4 Blocks, fixed clans -0.089 a,b

4 Blocks, non-associating individuals -0.069 b


TABLE E: Results of post hoc comparisons of fixed factor levels from the Robust Design analysis using actual adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those factors that were significant in the four-way ANOVA. TA: trap arrangement.
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TA Trap Density

Mean Significance

Uniform

0.1 traps Km

-2

-0.924 a

0.5 traps Km

-2

-0.902 b

1.0 traps Km

-2

-0.915 c

1.5 traps Km

-2

-0.925 a

TA Trap Density

Mean Significance

Random

0.1 traps Km

-2

-0.861 a

0.5 traps Km

-2

-0.653 b

1.0 traps Km

-2

-0.646 b

1.5 traps Km

-2

-0.667 c

TA Sampling Scale

Mean Significance

Uniform

16 Blocks -0.905 a

9 Blocks -0.911 b

4 Blocks -0.934 c

TA Sampling Scale

Mean Significance

Random

16 Blocks -0.742 a

9 Blocks -0.706 b

4 Blocks -0.672 c

TA Social Organization

Mean Significance

Uniform

groups within clans -0.927 a

fixed clans -0.918 b

non-associating individuals -0.904 c

TA Social Organization

Mean Significance

Random

groups within clans -0.714 a

fixed clans -0.744 b

non-associating individuals -0.662 c

TA Actual Adult Density

Mean Significance

Uniform

<0.4 Individuals Km

-2

-0.953 a

>=0.4 Individuals Km

-2

-0.880 b

TA Actual Adult Density

Mean Significance

Random

<0.4 Individuals Km

-2

-0.783 a

>=0.4 Individuals Km

-2

-0.630 b



TABLE F: Results of post hoc comparisons of interactions from the Robust Design analysis using actual adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those interactions that were significant in the four-way ANOVA. TA: trap arrangement.
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Mean Significance

TA Trap Density x Sampling Scale

Mean Significance

Uniform

0.1 traps Km

-2

, <0.4 individuals Km

-2

-0.974 a

Uniform

0.1 traps Km

-2

, 16 Blocks -0.915 a,b,c 0.1 traps Km

-2

, >=0.4 individuals Km

-2

-0.873 b

0.1 traps Km

-2

, 9 Blocks -0.914 a,b 0.5 traps Km

-2

, <0.4 individuals Km

-2

-0.948 c

0.1 traps Km

-2

, 4 Blocks -0.942 d 0.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.856 d

0.5 traps Km

-2

, 16 Blocks -0.875 e 1.0 traps Km

-2

, <0.4 individuals Km

-2

-0.943 c

0.5 traps Km

-2

, 9 Blocks -0.898 f 1.0 traps Km

-2

, >=0.4 individuals Km

-2

-0.888 e

0.5 traps Km

-2

, 4 Blocks -0.932 d,g,h 1.5 traps Km

-2

, <0.4 individuals Km

-2

-0.948 c

1.0 traps Km

-2

, 16 Blocks -0.907 a,f 1.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.902 f

1.0 traps Km

-2

, 9 Blocks -0.911 a,b,f

TA Trap Density x Actual Adult Density

Mean Significance

1.0 traps Km

-2

, 4 Blocks -0.928 c,g,h

Random

0.1 traps Km

-2

, <0.4 individuals Km

-2

-0.932 a

1.5 traps Km

-2

, 16 Blocks -0.923 b,c,g,h 0.1 traps Km

-2

, >=0.4 individuals Km

-2

-0.79 b

1.5 traps Km

-2

, 9 Blocks -0.92 a,b,c,g 0.5 traps Km

-2

, <0.4 individuals Km

-2

-0.759 c

1.5 traps Km

-2

, 4 Blocks -0.933 d,h 0.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.547 d

TA Trap Density x Sampling Scale

Mean Significance 1.0 traps Km

-2

, <0.4 individuals Km

-2

-0.721 e

Random

0.1 traps Km

-2

, 16 Blocks -0.923 a 1.0 traps Km

-2

, >=0.4 individuals Km

-2

-0.572 f

0.1 traps Km

-2

, 9 Blocks -0.864 b 1.5 traps Km

-2

, <0.4 individuals Km

-2

-0.721 e

0.1 traps Km

-2

, 4 Blocks -0.797 c 1.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.612 g

0.5 traps Km

-2

, 16 Blocks -0.704 d

0.5 traps Km

-2

, 9 Blocks -0.647 e,f

TA Sampling Scale x Actual Adult Density

Mean Significance

0.5 traps Km

-2

, 4 Blocks -0.609 g

Uniform

16 Blocks, <0.4 individuals Km

-2

-0.955 a

1.0 traps Km

-2

, 16 Blocks -0.665 e,h 16 Blocks, >=0.4 individuals Km

-2

-0.855 b

1.0 traps Km

-2

, 9 Blocks -0.648 e 9 Blocks, <0.4 individuals Km

-2

-0.954 a

1.0 traps Km

-2

, 4 Blocks -0.626 f.g 9 Blocks, >=0.4 individuals Km

-2

-0.868 c

1.5 traps Km

-2

, 16 Blocks -0.677 h 4 Blocks, <0.4 individuals Km

-2

-0.951 a

1.5 traps Km

-2

, 9 Blocks -0.667 e,h 4 Blocks, >=0.4 individuals Km

-2

-0.917 d

1.5 traps Km

-2

, 4 Blocks -0.656 e

TA Sampling Scale x Actual Adult Density

Mean Significance

Random

16 Blocks, <0.4 individuals Km

-2

-0.833 a

TA Trap Density x Social Organization

Mean Significance 16 Blocks, >=0.4 individuals Km

-2

-0.651 b

Uniform

0.1 traps Km

-2

, groups within clans -0.935 a,b 9 Blocks, <0.4 individuals Km

-2

-0.786 c

0.1 traps Km

-2

, fixed clans -0.915 c,d,e 9 Blocks, >=0.4 individuals Km

-2

-0.626 d

0.1 traps Km

-2

, non-associating individuals -0.921 a,c,d 4 Blocks, <0.4 individuals Km

-2

-0.731 e

0.5 traps Km

-2

, groups within clans -0.910 c,e,f 4 Blocks, >=0.4 individuals Km

-2

-0.614 d

0.5 traps Km

-2

, fixed clans -0.902 f,g,h

0.5 traps Km

-2

, non-associating individuals -0.893 g

TA Social Organization x Actual Adult Density

Mean Significance

1.0 traps Km

-2

, groups within clans -0.925 a,d

Uniform

groups within clans, <0.4 individuals Km

-2

-0.959 a

1.0 traps Km

-2

, fixed clans -0.925 a,d groups within clans, >=0.4 individuals Km

-2

-0.896 b

1.0 traps Km

-2

, non-associating individuals -0.897 g,h fixed clans, <0.4 individuals Km

-2

-0.946 c

1.5 traps Km

-2

, groups within clans -0.939 b fixed clans, >=0.4 individuals Km

-2

-0.890 b

1.5 traps Km

-2

, fixed clans -0.93 a,b non-associating individuals, <0.4 individuals Km

-2

-0.955 a

1.5 traps Km

-2

, non-associating individuals -0.906 e,f,h non-associating individuals, >=0.4 individuals Km

-2

-0.853 d

TA Trap Density x Social Organization

Mean Significance

TA Social Organization x Actual Adult Density

Mean Significance

Random

0.1 traps Km

-2

, groups within clans -0.882 a

Random

groups within clans, <0.4 individuals Km

-2

-0.793 a

0.1 traps Km

-2

, fixed clans -0.873 a groups within clans, >=0.4 individuals Km

-2

-0.636 b

0.1 traps Km

-2

, non-associating individuals -0.828 b fixed clans, <0.4 individuals Km

-2

-0.809 c

0.5 traps Km

-2

, groups within clans -0.661 c fixed clans, >=0.4 individuals Km

-2

-0.678 d

0.5 traps Km

-2

, fixed clans -0.712 d non-associating individuals, <0.4 individuals Km

-2

-0.748 e

0.5 traps Km

-2

, non-associating individuals -0.587 e non-associating individuals, >=0.4 individuals Km

-2

-0.577 f

1.0 traps Km

-2

, groups within clans -0.647 c,f

1.0 traps Km

-2

, fixed clans -0.689 g

1.0 traps Km

-2

, non-associating individuals -0.603 e

1.5 traps Km

-2

, groups within clans -0.667 c

1.5 traps Km

-2

, fixed clans -0.702 d,g

1.5 traps Km

-2

, non-associating individuals -0.632 f

TA Sampling Scale x Social Organization

Mean Significance

Random

16 Blocks, groups within clans -0.751 a

16 Blocks, fixed clans -0.76 a

16 Blocks, non-associating individuals -0.715 b

9 Blocks, groups within clans -0.711 b

9 Blocks, fixed clans -0.743 a,c

9 Blocks, non-associating individuals -0.664 d

4 Blocks, groups within clans -0.680 d

4 Blocks, fixed clans -0.728 b,c

4 Blocks, non-associating individuals -0.608 e



TABLE G: Results of post hoc comparisons of fixed factor levels from the Robust Design analysis using initial adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those factors that were significant in the four-way ANOVA. TA: trap arrangement.
[image: image7.emf]Initial Adult Density

TA Trap Density

Mean Significance

Uniform

0.1 traps Km

-2

-0.915 a

0.5 traps Km

-2

-0.896 b

1.0 traps Km

-2

-0.914 a

1.5 traps Km

-2

-0.924 c

TA Trap Density

Mean Significance

Random

0.1 traps Km

-2

-0.859 a

0.5 traps Km

-2

-0.653 b

1.0 traps Km

-2

-0.648 b

1.5 traps Km

-2

-0.668 c

TA Sampling Scale

Mean Significance

Uniform

16 Blocks -0.899 a

9 Blocks -0.905 b

4 Blocks -0.933 c

TA Sampling Scale

Mean Significance

Random

16 Blocks -0.744 a

9 Blocks -0.707 b

4 Blocks -0.671 c

TA Social Organization

Mean Significance

Uniform

groups within clans -0.924 a

fixed clans -0.911 b

non-associating individuals -0.903 c

TA Social Organization

Mean Significance

Random

groups within clans -0.715 a

fixed clans -0.742 b

non-associating individuals -0.664 c

TA Initial Adult Density

Mean Significance

Uniform

0.2 individuals Km

-2

-0.942 a

0.4 individuals Km

-2

-0.922 b

0.8 individuals Km

-2

-0.899 c

1.2 individuals Km

-2

-0.886 d

TA Initial Adult Density

Mean Significance

Random

0.2 individuals Km

-2

-0.784 a

0.4 individuals Km

-2

-0.727 b

0.8 individuals Km

-2

-0.670 c

1.2 individuals Km

-2

-0.646 d



TABLE H: 
Results of post hoc comparisons of interactions from the Robust Design analysis using initial adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those interactions that were significant in the four-way ANOVA. TA: trap arrangement.
[image: image8.emf]Initial Adult Density TA Sampling Scale x Social Organization

Mean Significance

TA Trap Density x Sampling Scale

Mean Significance

Uniform

16 Blocks, groups within clans -0.751 a

Uniform

0.1 traps Km

-2

, 16 Blocks -0.915 a,b,c 16 Blocks, fixed clans -0.76 a

0.1 traps Km

-2

, 9 Blocks -0.914 a,b 16 Blocks, non-associating individuals -0.715 b

0.1 traps Km

-2

, 4 Blocks -0.942 d 9 Blocks, groups within clans -0.711 b

0.5 traps Km

-2

, 16 Blocks -0.875 e 9 Blocks, fixed clans -0.743 a,c

0.5 traps Km

-2

, 9 Blocks -0.898 f 9 Blocks, non-associating individuals -0.664 d

0.5 traps Km

-2

, 4 Blocks -0.932 d,g,h 4 Blocks, groups within clans -0.680 d

1.0 traps Km

-2

, 16 Blocks -0.907 a,f 4 Blocks, fixed clans -0.728 b,c

1.0 traps Km

-2

, 9 Blocks -0.911 a,b,f 4 Blocks, non-associating individuals -0.608 e

1.0 traps Km

-2

, 4 Blocks -0.928 c,g,h

TA Sampling Scale x Social Organization

Mean Significance

1.5 traps Km

-2

, 16 Blocks -0.923 b,c,g,h

Random

16 Blocks, groups within clans -0.753 a,b

1.5 traps Km

-2

, 9 Blocks -0.92 a,b,c,g 16 Blocks, fixed clans -0.758 a

1.5 traps Km

-2

, 4 Blocks -0.933 d,h 16 Blocks, non-associating individuals -0.719 c

TA Trap Density x Sampling Scale

Mean Significance 9 Blocks, groups within clans -0.712 c

Random

0.1 traps Km

-2

, 16 Blocks -0.921 a 9 Blocks, fixed clans -0.741 b,d

0.1 traps Km

-2

, 9 Blocks -0.861 b 9 Blocks, non-associating individuals -0.667 e

0.1 traps Km

-2

, 4 Blocks -0.794 c 4 Blocks, groups within clans -0.678 e

0.5 traps Km

-2

, 16 Blocks -0.704 d 4 Blocks, fixed clans -0.726 c,d

0.5 traps Km

-2

, 9 Blocks -0.649 e 4 Blocks, non-associating individuals -0.607 f

0.5 traps Km

-2

, 4 Blocks -0.607 f

1.0 traps Km

-2

, 16 Blocks -0.668 e,g

TA Trap Density x Initial Adult Density

Mean Significance

1.0 traps Km

-2

, 9 Blocks -0.649 e

Uniform

0.1 traps Km

-2

, 0.2 individuals Km

-2

-0.952 a

1.0 traps Km

-2

, 4 Blocks -0.626 f 0.1 traps Km

-2

, 0.4 individuals Km

-2

-0.929 b,c

1.5 traps Km

-2

, 16 Blocks -0.681 g 0.1 traps Km

-2

, 0.8 individuals Km

-2

-0.894 d,e

1.5 traps Km

-2

, 9 Blocks -0.667 e,g 0.1 traps Km

-2

, 1.2 individuals Km

-2

-0.887 d

1.5 traps Km

-2

, 4 Blocks -0.655 e 0.5 traps Km

-2

, 0.2 individuals Km

-2

-0.928 b,c

0.5 traps Km

-2

, 0.4 individuals Km

-2

-0.905 e,f

TA Trap Density x Social Organization

Mean Significance 0.5 traps Km

-2

, 0.8 individuals Km

-2

-0.882 d,g

Uniform

0.1 traps Km

-2

, groups within clans -0.935 a,b 0.5 traps Km

-2

, 1.2 individuals Km

-2

-0.868 g

0.1 traps Km

-2

, fixed clans -0.915 c,d,e 1.0 traps Km

-2

, 0.2 individuals Km

-2

-0.940 a,b,h

0.1 traps Km

-2

, non-associating individuals -0.921 a,c,d 1.0 traps Km

-2

, 0.4 individuals Km

-2

-0.925 b,c

0.5 traps Km

-2

, groups within clans -0.910 c,e,f 1.0 traps Km

-2

, 0.8 individuals Km

-2

-0.904 e,f

0.5 traps Km

-2

, fixed clans -0.902 f,g,h 1.0 traps Km

-2

, 1.2 individuals Km

-2

-0.886 d

0.5 traps Km

-2

, non-associating individuals -0.893 g 1.5 traps Km

-2

, 0.2 individuals Km

-2

-0.947 a,h

1.0 traps Km

-2

, groups within clans -0.925 a,d 1.5 traps Km

-2

, 0.4 individuals Km

-2

-0.931 b,c,h

1.0 traps Km

-2

, fixed clans -0.925 a,d 1.5 traps Km

-2

, 0.8 individuals Km

-2

-0.915 c,f

1.0 traps Km

-2

, non-associating individuals -0.897 g,h 1.5 traps Km

-2

, 1.2 individuals Km

-2

-0.904 e,f

1.5 traps Km

-2

, groups within clans -0.939 b

TA Trap Density x Initial Adult Density

Mean Significance

1.5 traps Km

-2

, fixed clans -0.93 a,b

Random

0.1 traps Km

-2

, 0.2 individuals Km

-2

-0.931 a

1.5 traps Km

-2

, non-associating individuals -0.906 e,f,h 0.1 traps Km

-2

, 0.4 individuals Km

-2

-0.880 b

TA Trap Density x Social Organization

Mean Significance 0.1 traps Km

-2

, 0.8 individuals Km

-2

-0.824 c

Random

0.1 traps Km

-2

, groups within clans -0.879 a 0.1 traps Km

-2

, 1.2 individuals Km

-2

-0.8 c

0.1 traps Km

-2

, fixed clans -0.869 a 0.5 traps Km

-2

, 0.2 individuals Km

-2

-0.747 d

0.1 traps Km

-2

, non-associating individuals -0.828 b 0.5 traps Km

-2

, 0.4 individuals Km

-2

-0.689 e

0.5 traps Km

-2

, groups within clans -0.663 c 0.5 traps Km

-2

, 0.8 individuals Km

-2

-0.607 f,g

0.5 traps Km

-2

, fixed clans -0.708 d,e 0.5 traps Km

-2

, 1.2 individuals Km

-2

-0.570 h

0.5 traps Km

-2

, non-associating individuals -0.588 f 1.0 traps Km

-2

, 0.2 individuals Km

-2

-0.725 d

1.0 traps Km

-2

, groups within clans -0.649 c,g 1.0 traps Km

-2

, 0.4 individuals Km

-2

-0.661 i,j

1.0 traps Km

-2

, fixed clans -0.688 h 1.0 traps Km

-2

, 0.8 individuals Km

-2

-0.611 f,g

1.0 traps Km

-2

, non-associating individuals -0.606 d,e,f 1.0 traps Km

-2

, 1.2 individuals Km

-2

-0.594 f

1.5 traps Km

-2

, groups within clans -0.668 c 1.5 traps Km

-2

, 0.2 individuals Km

-2

-0.733 d

1.5 traps Km

-2

, fixed clans -0.702 e,h 1.5 traps Km

-2

, 0.4 individuals Km

-2

-0.679 e,i

1.5 traps Km

-2

, non-associating individuals -0.634 g 1.5 traps Km

-2

, 0.8 individuals Km

-2

-0.639 j,k

1.5 traps Km

-2

, 1.2 individuals Km

-2

-0.621 g,k

TA Social Organization x Initial Adult Density

Mean Significance

Uniform

groups within clans, 0.2 individuals Km

-2

-0.95 a

TA Sampling Scale x Initial Adult Density

Mean Significance

groups within clans, 0.4 individuals Km

-2

-0.931 b,c

Uniform

16 Blocks, 0.2 individuals Km

-2

-0.933 a,b

groups within clans, 0.8 individuals Km

-2

-0.911 d,e,f 16 Blocks, 0.4 individuals Km

-2

-0.912 c

groups within clans, 1.2 individuals Km

-2

-0.903 d,e 16 Blocks, 0.8 individuals Km

-2

-0.883 d

fixed clans, 0.2 individuals Km

-2

-0.933 b,c 16 Blocks, 1.2 individuals Km

-2

-0.867 e

fixed clans, 0.4 individuals Km

-2

-0.921 c,f 9 Blocks, 0.2 individuals Km

-2

-0.939 a

fixed clans, 0.8 individuals Km

-2

-0.899 d,g 9 Blocks, 0.4 individuals Km

-2

-0.914 c

fixed clans, 1.2 individuals Km

-2

-0.889 g,h 9 Blocks, 0.8 individuals Km

-2

-0.889 d

non-associating individuals, 0.2 individuals Km

-2

-0.943 a,b 9 Blocks, 1.2 individuals Km

-2

-0.879 d,e

non-associating individuals, 0.4 individuals Km

-2

-0.916 e,f 4 Blocks, 0.2 individuals Km

-2

-0.954 f

non-associating individuals, 0.8 individuals Km

-2

-0.885 h 4 Blocks, 0.4 individuals Km

-2

-0.940 a,f

non-associating individuals, 1.2 individuals Km

-2

-0.866 i 4 Blocks, 0.8 individuals Km

-2

-0.924 b,c

TA Social Organization x Initial Adult Density

Mean Significance 4 Blocks, 1.2 individuals Km

-2

-0.912 c

Random

groups within clans, 0.2 individuals Km

-2

-0.792 a

TA Sampling Scale x Initial Adult Density

Mean Significance

groups within clans, 0.4 individuals Km

-2

-0.731 b

Random

16 Blocks, 0.2 individuals Km

-2

-0.824 a

groups within clans, 0.8 individuals Km

-2

-0.680 c 16 Blocks, 0.4 individuals Km

-2

-0.76 b

groups within clans, 1.2 individuals Km

-2

-0.656 d 16 Blocks, 0.8 individuals Km

-2

-0.711 c

fixed clans, 0.2 individuals Km

-2

-0.804 a 16 Blocks, 1.2 individuals Km

-2

-0.679 d

fixed clans, 0.4 individuals Km

-2

-0.765 e 9 Blocks, 0.2 individuals Km

-2

-0.781 e

fixed clans, 0.8 individuals Km

-2

-0.705 f 9 Blocks, 0.4 individuals Km

-2

-0.735 f

fixed clans, 1.2 individuals Km

-2

-0.693 c,f 9 Blocks, 0.8 individuals Km

-2

-0.671 d

non-associating individuals, 0.2 individuals Km

-2

-0.756 e 9 Blocks, 1.2 individuals Km

-2

-0.639 g

non-associating individuals, 0.4 individuals Km

-2

-0.686 c,f 4 Blocks, 0.2 individuals Km

-2

-0.747 b,f

non-associating individuals, 0.8 individuals Km

-2

-0.625 g 4 Blocks, 0.4 individuals Km

-2

-0.687 d

non-associating individuals, 1.2 individuals Km

-2

-0.590 h 4 Blocks, 0.8 individuals Km

-2

-0.627 g

4 Blocks, 1.2 individuals Km

-2

-0.621 g


TABLE I: Results of post hoc comparisons of fixed factor levels from the Robust Design with Heterogeneity analysis using actual adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those factors that were significant in the four-way ANOVA. TA: trap arrangement.
[image: image9.emf]Actual Adult Density

TA Trap Density

Mean Significance

Uniform

0.1 traps Km

-2

-0.810 a

0.5 traps Km

-2

-0.847 b

1.0 traps Km

-2

-0.891 c

1.5 traps Km

-2

-0.911 d

TA Trap Density

Mean Significance

Random

0.1 traps Km

-2

-0.728 a

0.5 traps Km

-2

-0.588 b

1.0 traps Km

-2

-0.614 c

1.5 traps Km

-2

-0.640 d

TA Sampling Scale

Mean Significance

Uniform

16 Blocks -0.841 a

9 Blocks -0.860 b

4 Blocks -0.894 c

TA Social Organization

Mean Significance

Uniform

groups within clans -0.881 a

fixed clans -0.878 a

non-associating individuals -0.836 b

TA Social Organization

Mean Significance

Random

groups within clans -0.662 a

fixed clans -0.680 b

non-associating individuals -0.586 c

TA Actual Adult Density

Mean Significance

Uniform

<0.4 Individuals Km

-2

-0.879 a

>=0.4 Individuals Km

-2

-0.851 b

TA Actual Adult Density

Mean Significance

Random

<0.4 Individuals Km

-2

-0.664 a

>=0.4 Individuals Km

-2

-0.621 b


TABLE J: Results of post hoc comparisons of interactions from the Robust Design with Heterogeneity analysis using actual adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those interactions that were significant in the four-way ANOVA. TA: trap arrangement.
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Mean Significance

TA Trap Density x Sampling Scale

Mean Significance

Uniform

0.1 traps Km

-2

, <0.4 individuals Km

-2

-0.853 a

Uniform

0.1 traps Km

-2

, 16 Blocks -0.765 a 0.1 traps Km

-2

, >=0.4 individuals Km

-2

-0.768 b

0.1 traps Km

-2

, 9 Blocks -0.798 b 0.5 traps Km

-2

, <0.4 individuals Km

-2

-0.86 a

0.1 traps Km

-2

, 4 Blocks -0.869 c 0.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.835 c

0.5 traps Km

-2

, 16 Blocks -0.808 b 1.0 traps Km

-2

, <0.4 individuals Km

-2

-0.893 d

0.5 traps Km

-2

, 9 Blocks -0.851 d 1.0 traps Km

-2

, >=0.4 individuals Km

-2

-0.889 d

0.5 traps Km

-2

, 4 Blocks -0.884 c 1.5 traps Km

-2

, <0.4 individuals Km

-2

-0.910 e

1.0 traps Km

-2

, 16 Blocks -0.881 c 1.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.912 e

1.0 traps Km

-2

, 9 Blocks -0.885 c

TA Trap Density x Actual Adult Density

Mean Significance

1.0 traps Km

-2

, 4 Blocks -0.907 e

Random

0.1 traps Km

-2

, <0.4 individuals Km

-2

-0.757 a

1.5 traps Km

-2

, 16 Blocks -0.91 e 0.1 traps Km

-2

, >=0.4 individuals Km

-2

-0.699 b

1.5 traps Km

-2

, 9 Blocks -0.906 e 0.5 traps Km

-2

, <0.4 individuals Km

-2

-0.617 c

1.5 traps Km

-2

, 4 Blocks -0.916 e 0.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.559 d

TA Trap Density x Sampling Scale

Mean Significance 1.0 traps Km

-2

, <0.4 individuals Km

-2

-0.632 e

Random

0.1 traps Km

-2

, 16 Blocks -0.764 a 1.0 traps Km

-2

, >=0.4 individuals Km

-2

-0.596 f

0.1 traps Km

-2

, 9 Blocks -0.721 b 1.5 traps Km

-2

, <0.4 individuals Km

-2

-0.650 g

0.1 traps Km

-2

, 4 Blocks -0.699 c 1.5 traps Km

-2

, >=0.4 individuals Km

-2

-0.631 c,e

0.5 traps Km

-2

, 16 Blocks -0.585 d

0.5 traps Km

-2

, 9 Blocks -0.592 d

TA Sampling Scale x Actual Adult Density

Mean Significance

0.5 traps Km

-2

, 4 Blocks -0.587 d

Uniform

16 Blocks, <0.4 individuals Km

-2

-0.869 a

1.0 traps Km

-2

, 16 Blocks -0.596 d 16 Blocks, >=0.4 individuals Km

-2

-0.812 b

1.0 traps Km

-2

, 9 Blocks -0.618 e 9 Blocks, <0.4 individuals Km

-2

-0.878 a

1.0 traps Km

-2

, 4 Blocks -0.629 e 9 Blocks, >=0.4 individuals Km

-2

-0.841 c

1.5 traps Km

-2

, 16 Blocks -0.626 e 4 Blocks, <0.4 individuals Km

-2

-0.889 d

1.5 traps Km

-2

, 9 Blocks -0.638 e 4 Blocks, >=0.4 individuals Km

-2

-0.899 d

1.5 traps Km

-2

, 4 Blocks -0.658 f

TA Social Organization x Actual Adult Density

Mean Significance

TA Trap Density x Social Organization

Mean Significance

Uniform

groups within clans, <0.4 individuals Km

-2

-0.888 a

Uniform

0.1 traps Km

-2

, groups within clans -0.836 a groups within clans, >=0.4 individuals Km

-2

-0.874 b

0.1 traps Km

-2

, fixed clans -0.839 a,b fixed clans, <0.4 individuals Km

-2

-0.894 a

0.1 traps Km

-2

, non-associating individuals -0.757 c fixed clans, >=0.4 individuals Km

-2

-0.863 c

0.5 traps Km

-2

, groups within clans -0.857 d non-associating individuals, <0.4 individuals Km

-2

-0.855 c

0.5 traps Km

-2

, fixed clans -0.855 b,d non-associating individuals, >=0.4 individuals Km

-2

-0.816 d

0.5 traps Km

-2

, non-associating individuals -0.829 a

1.0 traps Km

-2

, groups within clans -0.903 e,f

1.0 traps Km

-2

, fixed clans -0.901 e,f

1.0 traps Km

-2

, non-associating individuals -0.869 d

1.5 traps Km

-2

, groups within clans -0.927 g

1.5 traps Km

-2

, fixed clans -0.917 e,g

1.5 traps Km

-2

, non-associating individuals -0.888 f

TA Trap Density x Social Organization

Mean Significance

Random

0.1 traps Km

-2

, groups within clans -0.777 a

0.1 traps Km

-2

, fixed clans -0.78 a

0.1 traps Km

-2

, non-associating individuals -0.627 b,c

0.5 traps Km

-2

, groups within clans -0.603 d

0.5 traps Km

-2

, fixed clans -0.647 e

0.5 traps Km

-2

, non-associating individuals -0.514 f

1.0 traps Km

-2

, groups within clans -0.622 b,d

1.0 traps Km

-2

, fixed clans -0.639 b,c,e

1.0 traps Km

-2

, non-associating individuals -0.581 g

1.5 traps Km

-2

, groups within clans -0.646 c,e

1.5 traps Km

-2

, fixed clans -0.655 e

1.5 traps Km

-2

, non-associating individuals -0.62 b,d

TA Sampling Scale x Social Organization

Mean Significance

Random

16 Blocks, groups within clans -0.666 a,b

16 Blocks, fixed clans -0.665 a,b

16 Blocks, non-associating individuals -0.597 c

9 Blocks, groups within clans -0.658 a

9 Blocks, fixed clans -0.680 b

9 Blocks, non-associating individuals -0.588 c

4 Blocks, groups within clans -0.662 a

4 Blocks, fixed clans -0.696 d

4 Blocks, non-associating individuals -0.571 e


TABLE K: Results of post hoc comparisons of fixed factor levels from the Robust Design with Heterogeneity analysis using initial adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those factors that were significant in the four-way ANOVA. TA: trap arrangement.
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TA Trap Density

Mean Significance

Uniform

0.1 traps Km

-2

-0.802 a

0.5 traps Km

-2

-0.845 b

1.0 traps Km

-2

-0.891 c

1.5 traps Km

-2

-0.912 d

TA Trap Density

Mean Significance

Random

0.1 traps Km

-2

-0.726 a

0.5 traps Km

-2

-0.588 b

1.0 traps Km

-2

-0.614 c

1.5 traps Km

-2

-0.641 d

TA Sampling Scale

Mean Significance

Uniform

16 Blocks -0.836 a

9 Blocks -0.857 b

4 Blocks -0.894 c

TA Social Organization

Mean Significance

Uniform

groups within clans -0.879 a

fixed clans -0.874 a

non-associating individuals -0.834 b

TA Social Organization

Mean Significance

Random

groups within clans -0.662 a

fixed clans -0.680 b

non-associating individuals -0.585 c

TA Initial Adult Density

Mean Significance

Uniform

0.2 individuals Km

-2

-0.875 a

0.4 individuals Km

-2

-0.865 b

0.8 individuals Km

-2

-0.856 c

1.2 individuals Km

-2

-0.854 c

TA Initial Adult Density

Mean Significance

Random

0.2 individuals Km

-2

-0.674 a

0.4 individuals Km

-2

-0.646 b

0.8 individuals Km

-2

-0.628 c

1.2 individuals Km

-2

-0.622 c



TABLE L: Results of post hoc comparisons of interactions from the Robust Design with Heterogeneity analysis using initial adult density, showing relative bias means and patterns of significance. Post hoc comparisons were naturally carried out only for those interactions that were significant in the four-way ANOVA. TA: trap arrangement.

[image: image12.emf]Initial Adult Density TA Sampling Scale x Social Organization

Mean Significance

TA Trap Density x Sampling Scale

Mean Significance

Uniform

16 Blocks, groups within clans -0.852 a,b

Uniform 0.1 traps Km

-2

, 16 Blocks

-0.753 a 16 Blocks, fixed clans -0.846 a

0.1 traps Km

-2

, 9 Blocks

-0.786 b 16 Blocks, non-associating individuals -0.811 c

0.1 traps Km

-2

, 4 Blocks

-0.867 c 9 Blocks, groups within clans -0.878 d

0.5 traps Km

-2

, 16 Blocks

-0.803 d 9 Blocks, fixed clans -0.863 b

0.5 traps Km

-2

, 9 Blocks

-0.848 e 9 Blocks, non-associating individuals -0.829 e

0.5 traps Km

-2

, 4 Blocks

-0.884 f 4 Blocks, groups within clans -0.908 f

1.0 traps Km

-2

, 16 Blocks

-0.880 c,f 4 Blocks, fixed clans -0.913 f

1.0 traps Km

-2

, 9 Blocks

-0.886 f 4 Blocks, non-associating individuals -0.862 b

1.0 traps Km

-2

, 4 Blocks

-0.908 g

TA Sampling Scale x Social Organization

Mean Significance

1.5 traps Km

-2

, 16 Blocks

-0.909 g

Random

16 Blocks, groups within clans -0.666 a,b

1.5 traps Km

-2

, 9 Blocks

-0.908 g 16 Blocks, fixed clans -0.667 a,b

1.5 traps Km

-2

, 4 Blocks

-0.918 g 16 Blocks, non-associating individuals -0.596 c

TA Trap Density x Sampling Scale

Mean Significance 9 Blocks, groups within clans -0.659 a

Random 0.1 traps Km

-2

, 16 Blocks

-0.763 a 9 Blocks, fixed clans -0.678 b

0.1 traps Km

-2

, 9 Blocks

-0.718 b 9 Blocks, non-associating individuals -0.589 c

0.1 traps Km

-2

, 4 Blocks

-0.697 c 4 Blocks, groups within clans -0.661 a

0.5 traps Km

-2

, 16 Blocks

-0.585 d 4 Blocks, fixed clans -0.695 d

0.5 traps Km

-2

, 9 Blocks

-0.593 d 4 Blocks, non-associating individuals -0.571 e

0.5 traps Km

-2

, 4 Blocks

-0.587 d

1.0 traps Km

-2

, 16 Blocks

-0.597 d

TA Trap Density x Initial Adult Density

Mean Significance

1.0 traps Km

-2

, 9 Blocks

-0.618 e

Uniform 0.1 traps Km

-2

, 0.2 individuals Km

-2

-0.825 a,b

1.0 traps Km

-2

, 4 Blocks

-0.628 e,f

0.1 traps Km

-2

, 0.4 individuals Km

-2

-0.807 a,c

1.5 traps Km

-2

, 16 Blocks

-0.628 e,f

0.1 traps Km

-2

, 0.8 individuals Km

-2

-0.789 c,d

1.5 traps Km

-2

, 9 Blocks

-0.638 f

0.1 traps Km

-2

, 1.2 individuals Km

-2

-0.787 d

1.5 traps Km

-2

, 4 Blocks

-0.658 g

0.5 traps Km

-2

, 0.2 individuals Km

-2

-0.853 e

0.5 traps Km

-2

, 0.4 individuals Km

-2

-0.843 b,e

TA Trap Density x Social Organization

Mean Significance

0.5 traps Km

-2

, 0.8 individuals Km

-2

-0.841 b,e

Uniform 0.1 traps Km

-2

, groups within clans

-0.829 a

0.5 traps Km

-2

, 1.2 individuals Km

-2

-0.842 b,e

0.1 traps Km

-2

, fixed clans

-0.824 a

1.0 traps Km

-2

, 0.2 individuals Km

-2

-0.904 f,g

0.1 traps Km

-2

, non-associating individuals

-0.752 b

1.0 traps Km

-2

, 0.4 individuals Km

-2

-0.895 f,h

0.5 traps Km

-2

, groups within clans

-0.856 c,d

1.0 traps Km

-2

, 0.8 individuals Km

-2

-0.888 f,h

0.5 traps Km

-2

, fixed clans

-0.851 c

1.0 traps Km

-2

, 1.2 individuals Km

-2

-0.878 h

0.5 traps Km

-2

, non-associating individuals

-0.828 a

1.5 traps Km

-2

, 0.2 individuals Km

-2

-0.917 g

1.0 traps Km

-2

, groups within clans

-0.905 e,f

1.5 traps Km

-2

, 0.4 individuals Km

-2

-0.915 g

1.0 traps Km

-2

, fixed clans

-0.901 e,g

1.5 traps Km

-2

, 0.8 individuals Km

-2

-0.907 f,g

1.0 traps Km

-2

, non-associating individuals

-0.869 d

1.5 traps Km

-2

, 1.2 individuals Km

-2

-0.907 f,g

1.5 traps Km

-2

, groups within clans

-0.927 h

1.5 traps Km

-2

, fixed clans

-0.92 f,h

TA Sampling Scale x Initial Adult Density

Mean Significance

1.5 traps Km

-2

, non-associating individuals

-0.888 g

Uniform 16 Blocks, 0.2 individuals Km

-2

-0.854 a,b

TA Trap Density x Social Organization

Mean Significance

16 Blocks, 0.4 individuals Km

-2

-0.841 a,c

Random 0.1 traps Km

-2

, groups within clans

-0.776 a

16 Blocks, 0.8 individuals Km

-2

-0.828 c,d

0.1 traps Km

-2

, fixed clans

-0.779 a

16 Blocks, 1.2 individuals Km

-2

-0.822 d

0.1 traps Km

-2

, non-associating individuals

-0.624 b,c

9 Blocks, 0.2 individuals Km

-2

-0.874 e

0.5 traps Km

-2

, groups within clans

-0.604 d

9 Blocks, 0.4 individuals Km

-2

-0.862 b,e

0.5 traps Km

-2

, fixed clans

-0.646 e

9 Blocks, 0.8 individuals Km

-2

-0.844 a,c

0.5 traps Km

-2

, non-associating individuals

-0.515 f

9 Blocks, 1.2 individuals Km

-2

-0.849 a,b

1.0 traps Km

-2

, groups within clans

-0.622 b,c

4 Blocks, 0.2 individuals Km

-2

-0.898 f

1.0 traps Km

-2

, fixed clans

-0.639 b,e

4 Blocks, 0.4 individuals Km

-2

-0.892 f

1.0 traps Km

-2

, non-associating individuals

-0.582 g

4 Blocks, 0.8 individuals Km

-2

-0.897 f

1.5 traps Km

-2

, groups within clans

-0.647 e

4 Blocks, 1.2 individuals Km

-2

-0.891 f

1.5 traps Km

-2

, fixed clans

-0.657 e

TA Sampling Scale x Initial Adult Density

Mean Significance

1.5 traps Km

-2

, non-associating individuals

-0.62 c,d

Random 16 Blocks, 0.2 individuals Km

-2

-0.682 a

16 Blocks, 0.4 individuals Km

-2

-0.641 b,c

TA Social Organization x Initial Adult Density

Mean Significance

16 Blocks, 0.8 individuals Km

-2

-0.632 b,c,d

Uniform groups within clans, 0.2 individuals Km

-2

-0.887 a

16 Blocks, 1.2 individuals Km

-2

-0.619 d

groups within clans, 0.4 individuals Km

-2

-0.874 a,b,c

9 Blocks, 0.2 individuals Km

-2

-0.674 a

groups within clans, 0.8 individuals Km

-2

-0.878 a,b

9 Blocks, 0.4 individuals Km

-2

-0.649 b,e

groups within clans, 1.2 individuals Km

-2

-0.878 a,b,c

9 Blocks, 0.8 individuals Km

-2

-0.625 c,d

fixed clans, 0.2 individuals Km

-2

-0.889 a

9 Blocks, 1.2 individuals Km

-2

-0.619 d

fixed clans, 0.4 individuals Km

-2

-0.879 a,b

4 Blocks, 0.2 individuals Km

-2

-0.666 a,e

fixed clans, 0.8 individuals Km

-2

-0.866 b,c

4 Blocks, 0.4 individuals Km

-2

-0.649 b,e

fixed clans, 1.2 individuals Km

-2

-0.862 c,d

4 Blocks, 0.8 individuals Km

-2

-0.628 c,d

non-associating individuals, 0.2 individuals Km

-2

-0.849 d,e

4 Blocks, 1.2 individuals Km

-2

-0.627 c,d

non-associating individuals, 0.4 individuals Km

-2

-0.842 e,f

non-associating individuals, 0.8 individuals Km

-2

-0.825 f,g

non-associating individuals, 1.2 individuals Km

-2

-0.822 g

TA Social Organization x Initial Adult Density

Mean Significance

Random groups within clans, 0.2 individuals Km

-2

-0.690 a

groups within clans, 0.4 individuals Km

-2

-0.667 b,c

groups within clans, 0.8 individuals Km

-2

-0.650 b,d

groups within clans, 1.2 individuals Km

-2

-0.641 d

fixed clans, 0.2 individuals Km

-2

-0.722 e

fixed clans, 0.4 individuals Km

-2

-0.685 a,c

fixed clans, 0.8 individuals Km

-2

-0.659 b,d

fixed clans, 1.2 individuals Km

-2

-0.655 b,d

non-associating individuals, 0.2 individuals Km

-2

-0.609 f

non-associating individuals, 0.4 individuals Km

-2

-0.586 g

non-associating individuals, 0.8 individuals Km

-2

-0.576 g

non-associating individuals, 1.2 individuals Km

-2

-0.570 g


TABLE M: Five-way ANOVA table for the POPAN analysis with actual adult density as a factor.
[image: image13.emf]df Effect MS Effect df Error MS Error F p-level

Trap Arrangement (1)

1 50.623 1296 0.004 11330.496 < 0.001

Trap Density (2)

3 1.023 1296 0.004 229.012 < 0.001

Sampling Scale (3)

2 0.678 1296 0.004 151.787 < 0.001

Social Organization (4)

2 1.695 1296 0.004 379.399 < 0.001

Actual Adult Density (5)

1 0.803 1296 0.004 179.646 < 0.001

1 x 2

3 0.513 1296 0.004 114.754 < 0.001

1 x 3

2 0.522 1296 0.004 116.738 < 0.001

2 x 3

6 0.069 1296 0.004 15.459 < 0.001

1 x 4

2 0.561 1296 0.004 125.482 < 0.001

2 x 4

6 0.014 1296 0.004 3.097 0.005

3 x 4

4 0.063 1296 0.004 14.053 < 0.001

1 x 5

1 0.133 1296 0.004 29.867 < 0.001

2 x 5

3 0.317 1296 0.004 71.032 < 0.001

3 x 5

2 0.104 1296 0.004 23.293 < 0.001

4 x 5

2 0.353 1296 0.004 78.896 < 0.001

1 x 2 x 3

6 0.047 1296 0.004 10.442 < 0.001

1 x 2 x 4

6 0.032 1296 0.004 7.150 < 0.001

1 x 3 x 4

4 0.138 1296 0.004 30.889 < 0.001

2 x 3 x 4

12 0.008 1296 0.004 1.758 0.050

1 x 2 x 5

3 0.001 1296 0.004 0.331 0.803

1 x 3 x 5

2 0.204 1296 0.004 45.680 < 0.001

2 x 3 x 5

6 0.010 1296 0.004 2.170 0.043

1 x 4 x 5

2 0.096 1296 0.004 21.543 0.000

2 x 4 x 5

6 0.002 1296 0.004 0.467 0.833

3 x 4 x 5

4 0.008 1296 0.004 1.816 0.123

1 x 2 x 3 x 4

12 0.005 1296 0.004 1.127 0.334

1 x 2 x 3 x 5

6 0.006 1296 0.004 1.446 0.193

1 x 2 x 4 x 5

6 0.003 1296 0.004 0.604 0.727

1 x 3 x 4 x 5

4 0.013 1296 0.004 2.902 0.021

2 x 3 x 4 x 5

12 0.006 1296 0.004 1.340 0.189

1 x 2 x 3 x 4 x 5

12 0.007 1296 0.004 1.559 0.098


TABLE N: Five-way ANOVA table for the POPAN analysis with initial adult density as a factor. 
[image: image14.emf]df Effect MS Effect df Error MS Error F p-level

Trap Arrangement (1)

1 100.925 2592 0.008 13341.677 < 0.001

Trap Density (2)

3 2.018 2592 0.008 266.830 < 0.001

Sampling Scale (3)

2 1.330 2592 0.008 175.840 < 0.001

Social Organization (4)

2 3.181 2592 0.008 420.546 < 0.001

Initial Adult Density (5)

3 0.008 2592 0.008 1.095 0.350

1 x 2

3 1.076 2592 0.008 142.204 < 0.001

1 x 3

2 1.074 2592 0.008 142.024 < 0.001

2 x 3

6 0.145 2592 0.008 19.178 < 0.001

1 x 4

2 1.064 2592 0.008 140.612 < 0.001

2 x 4

6 0.028 2592 0.008 3.700 0.001

3 x 4

4 0.161 2592 0.008 21.346 < 0.001

1 x 5

3 0.011 2592 0.008 1.467 0.221

2 x 5

9 0.016 2592 0.008 2.086 0.028

3 x 5

6 0.003 2592 0.008 0.361 0.904

4 x 5

6 0.199 2592 0.008 26.278 < 0.001

1 x 2 x 3

6 0.105 2592 0.008 13.877 < 0.001

1 x 2 x 4

6 0.072 2592 0.008 9.547 < 0.001

1 x 3 x 4

4 0.313 2592 0.008 41.407 < 0.001

2 x 3 x 4

12 0.017 2592 0.008 2.261 0.008

1 x 2 x 5

9 0.007 2592 0.008 0.982 0.453

1 x 3 x 5

6 0.020 2592 0.008 2.582 0.017

2 x 3 x 5

18 0.005 2592 0.008 0.652 0.860

1 x 4 x 5

6 0.058 2592 0.008 7.613 < 0.001

2 x 4 x 5

18 0.005 2592 0.008 0.636 0.874

3 x 4 x 5

12 0.008 2592 0.008 1.078 0.374

1 x 2 x 3 x 4

12 0.009 2592 0.008 1.140 0.322

1 x 2 x 3 x 5

18 0.007 2592 0.008 0.982 0.477

1 x 2 x 4 x 5

18 0.005 2592 0.008 0.680 0.834

1 x 3 x 4 x 5

12 0.009 2592 0.008 1.183 0.289

2 x 3 x 4 x 5

36 0.013 2592 0.008 1.724 0.005

1 x 2 x 3 x 4 x 5

36 0.006 2592 0.008 0.852 0.718


TABLE O: Five-way ANOVA table for the Robust Design analysis with actual adult density as a factor. 
[image: image15.emf]df Effect MS Effect df Error MS Error F p-level

Trap Arrangement (1)

1 15.836 1296 0.001 18404.430 < 0.001

Trap Density (2)

3 1.066 1296 0.001 1238.890 < 0.001

Sampling Scale (3)

2 0.054 1296 0.001 62.686 < 0.001

Social Organization (4)

2 0.299 1296 0.001 348.065 < 0.001

Actual Adult Density (5)

1 4.623 1296 0.001 5372.409 < 0.001

1 x 2

3 0.871 1296 0.001 1012.701 < 0.001

1 x 3

2 0.296 1296 0.001 344.564 < 0.001

2 x 3

6 0.012 1296 0.001 14.370 < 0.001

1 x 4

2 0.138 1296 0.001 160.057 < 0.001

2 x 4

6 0.015 1296 0.001 17.140 < 0.001

3 x 4

4 0.018 1296 0.001 20.763 < 0.001

1 x 5

1 0.568 1296 0.001 660.058 < 0.001

2 x 5

3 0.089 1296 0.001 103.725 < 0.001

3 x 5

2 0.136 1296 0.001 157.962 < 0.001

4 x 5

2 0.055 1296 0.001 64.390 < 0.001

1 x 2 x 3

6 0.030 1296 0.001 35.116 < 0.001

1 x 2 x 4

6 0.010 1296 0.001 11.794 < 0.001

1 x 3 x 4

4 0.011 1296 0.001 12.639 < 0.001

2 x 3 x 4

12 0.002 1296 0.001 2.732 0.001

1 x 2 x 5

3 0.027 1296 0.001 31.132 < 0.001

1 x 3 x 5

2 0.001 1296 0.001 0.737 0.479

2 x 3 x 5

6 0.023 1296 0.001 26.543 < 0.001

1 x 4 x 5

2 0.005 1296 0.001 6.248 0.002

2 x 4 x 5

6 0.003 1296 0.001 3.650 0.001

3 x 4 x 5

4 0.009 1296 0.001 9.900 < 0.001

1 x 2 x 3 x 4

12 0.003 1296 0.001 3.183 < 0.001

1 x 2 x 3 x 5

6 0.030 1296 0.001 34.361 < 0.001

1 x 2 x 4 x 5

6 0.003 1296 0.001 3.848 0.001

1 x 3 x 4 x 5

4 0.006 1296 0.001 7.009 < 0.001

2 x 3 x 4 x 5

12 0.002 1296 0.001 2.022 0.020

1 x 2 x 3 x 4 x 5

12 0.000 1296 0.001 0.422 0.956


TABLE P: Five-way ANOVA table for the Robust Design analysis with initial adult density as a factor. 
[image: image16.emf]df Effect MS Effect df Error MS Error F p-level

Trap Arrangement (1)

1 30.364 2592 0.002 18251.945 < 0.001

Trap Density (2)

3 1.982 2592 0.002 1191.650 < 0.001

Sampling Scale (3)

2 0.102 2592 0.002 61.178 < 0.001

Social Organization (4)

2 0.508 2592 0.002 305.472 < 0.001

Initial Adult Density (5)

3 1.347 2592 0.002 809.557 < 0.001

1 x 2

3 1.787 2592 0.002 1074.050 < 0.001

1 x 3

2 0.691 2592 0.002 415.446 < 0.001

2 x 3

6 0.021 2592 0.002 12.814 < 0.001

1 x 4

2 0.295 2592 0.002 177.120 < 0.001

2 x 4

6 0.035 2592 0.002 21.252 < 0.001

3 x 4

4 0.048 2592 0.002 28.963 < 0.001

1 x 5

3 0.246 2592 0.002 147.715 < 0.001

2 x 5

9 0.013 2592 0.002 7.515 < 0.001

3 x 5

6 0.007 2592 0.002 4.127 < 0.001

4 x 5

6 0.021 2592 0.002 12.685 < 0.001

1 x 2 x 3

6 0.062 2592 0.002 37.173 < 0.001

1 x 2 x 4

6 0.020 2592 0.002 11.943 < 0.001

1 x 3 x 4

4 0.020 2592 0.002 12.294 < 0.001

2 x 3 x 4

12 0.005 2592 0.002 3.166 < 0.001

1 x 2 x 5

9 0.008 2592 0.002 4.742 < 0.001

1 x 3 x 5

6 0.005 2592 0.002 3.305 0.003

2 x 3 x 5

18 0.003 2592 0.002 1.887 0.013

1 x 4 x 5

6 0.002 2592 0.002 1.264 0.271

2 x 4 x 5

18 0.003 2592 0.002 1.818 0.019

3 x 4 x 5

12 0.003 2592 0.002 1.518 0.110

1 x 2 x 3 x 4

12 0.006 2592 0.002 3.321 < 0.001

1 x 2 x 3 x 5

18 0.009 2592 0.002 5.404 < 0.001

1 x 2 x 4 x 5

18 0.002 2592 0.002 1.180 0.269

1 x 3 x 4 x 5

12 0.004 2592 0.002 2.429 0.004

2 x 3 x 4 x 5

36 0.002 2592 0.002 1.241 0.155

1 x 2 x 3 x 4 x 5

36 0.002 2592 0.002 1.424 0.049


TABLE Q: Five-way ANOVA table for the Robust Design with Heterogeneity analysis with actual adult density as a factor.
[image: image17.emf]df Effect MS Effect df Error MS Error F p-level

Trap Arrangement (1)

1 17.777 1296 0.001 18810.537 < 0.001

Trap Density (2)

3 0.241 1296 0.001 255.116 < 0.001

Sampling Scale (3)

2 0.088 1296 0.001 93.638 < 0.001

Social Organization (4)

2 0.678 1296 0.001 717.254 < 0.001

Actual Adult Density (5)

1 0.452 1296 0.001 478.422 < 0.001

1 x 2

3 0.788 1296 0.001 833.982 < 0.001

1 x 3

2 0.084 1296 0.001 88.920 < 0.001

2 x 3

6 0.006 1296 0.001 5.958 < 0.001

1 x 4

2 0.084 1296 0.001 88.807 < 0.001

2 x 4

6 0.059 1296 0.001 62.059 < 0.001

3 x 4

4 0.011 1296 0.001 11.476 < 0.001

1 x 5

1 0.019 1296 0.001 20.504 < 0.001

2 x 5

3 0.069 1296 0.001 72.693 < 0.001

3 x 5

2 0.042 1296 0.001 44.896 < 0.001

4 x 5

2 0.005 1296 0.001 5.404 0.005

1 x 2 x 3

6 0.060 1296 0.001 63.447 < 0.001

1 x 2 x 4

6 0.021 1296 0.001 21.894 < 0.001

1 x 3 x 4

4 0.008 1296 0.001 8.108 < 0.001

2 x 3 x 4

12 0.001 1296 0.001 0.695 0.758

1 x 2 x 5

3 0.018 1296 0.001 18.755 < 0.001

1 x 3 x 5

2 0.028 1296 0.001 30.085 < 0.001

2 x 3 x 5

6 0.003 1296 0.001 3.664 0.001

1 x 4 x 5

2 0.005 1296 0.001 5.786 0.003

2 x 4 x 5

6 0.004 1296 0.001 4.627 < 0.001

3 x 4 x 5

4 0.008 1296 0.001 8.838 < 0.001

1 x 2 x 3 x 4

12 0.005 1296 0.001 5.344 < 0.001

1 x 2 x 3 x 5

6 0.004 1296 0.001 4.136 < 0.001

1 x 2 x 4 x 5

6 0.003 1296 0.001 3.101 0.005

1 x 3 x 4 x 5

4 0.006 1296 0.001 6.477 < 0.001

2 x 3 x 4 x 5

12 0.002 1296 0.001 1.654 0.071

1 x 2 x 3 x 4 x 5

12 0.002 1296 0.001 1.833 0.039


TABLE R: Five-way ANOVA table for the Robust Design with Heterogeneity analysis with initial adult density as a factor.
[image: image18.emf]df Effect MS Effect df Error MS Error F p-level

Trap Arrangement (1)

1 34.837 2592 0.002 20678.863 < 0.001

Trap Density (2)

3 0.481 2592 0.002 285.340 < 0.001

Sampling Scale (3)

2 0.204 2592 0.002 121.126 < 0.001

Social Organization (4)

2 1.325 2592 0.002 786.294 < 0.001

Initial Adult Density (5)

3 0.194 2592 0.002 115.411 < 0.001

1 x 2

3 1.678 2592 0.002 995.840 < 0.001

1 x 3

2 0.211 2592 0.002 125.028 < 0.001

2 x 3

6 0.013 2592 0.002 7.685 < 0.001

1 x 4

2 0.184 2592 0.002 109.459 < 0.001

2 x 4

6 0.110 2592 0.002 65.444 < 0.001

3 x 4

4 0.026 2592 0.002 15.385 < 0.001

1 x 5

3 0.033 2592 0.002 19.885 < 0.001

2 x 5

9 0.003 2592 0.002 1.975 0.038

3 x 5

6 0.009 2592 0.002 5.108 < 0.001

4 x 5

6 0.006 2592 0.002 3.664 0.001

1 x 2 x 3

6 0.128 2592 0.002 75.929 < 0.001

1 x 2 x 4

6 0.045 2592 0.002 26.527 < 0.001

1 x 3 x 4

4 0.010 2592 0.002 5.856 < 0.001

2 x 3 x 4

12 0.002 2592 0.002 1.326 0.196

1 x 2 x 5

9 0.004 2592 0.002 2.273 0.016

1 x 3 x 5

6 0.003 2592 0.002 1.548 0.158

2 x 3 x 5

18 0.002 2592 0.002 1.125 0.320

1 x 4 x 5

6 0.005 2592 0.002 3.106 0.005

2 x 4 x 5

18 0.002 2592 0.002 1.018 0.435

3 x 4 x 5

12 0.003 2592 0.002 1.521 0.109

1 x 2 x 3 x 4

12 0.008 2592 0.002 4.832 < 0.001

1 x 2 x 3 x 5

18 0.002 2592 0.002 1.387 0.127

1 x 2 x 4 x 5

18 0.002 2592 0.002 1.067 0.380

1 x 3 x 4 x 5

12 0.003 2592 0.002 1.599 0.085

2 x 3 x 4 x 5

36 0.001 2592 0.002 0.766 0.841

1 x 2 x 3 x 4 x 5

36 0.002 2592 0.002 1.193 0.200


TABLE S: Four-way ANOVA table for the POPAN analysis within the uniform trap arrangement case with actual adult density as a factor.
[image: image19.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 0.044 648 0.006 7.261 < 0.001

Sampling Scale (2)

2 1.193 648 0.006 197.169 < 0.001

Social Organization (3)

2 2.090 648 0.006 345.371 < 0.001

Actual Adult Density (4)

1 0.795 648 0.006 131.421 < 0.001

1 x 2

6 0.006 648 0.006 0.920 0.480

1 x 3

6 0.011 648 0.006 1.763 0.104

2 x 3

4 0.177 648 0.006 29.189 < 0.001

1 x 4

3 0.163 648 0.006 26.887 < 0.001

2 x 4

2 0.296 648 0.006 48.903 < 0.001

3 x 4

2 0.398 648 0.006 65.712 < 0.001

1 x 2 x 3

12 0.009 648 0.006 1.490 0.123

1 x 2 x 4

6 0.005 648 0.006 0.883 0.507

1 x 3 x 4

6 0.000 648 0.006 0.055 0.999

2 x 3 x 4

4 0.002 648 0.006 0.395 0.813

1 x 2 x 3 x 4

12 0.010 648 0.006 1.688 0.065


TABLE T: Four-way ANOVA table for the POPAN analysis within the random trap arrangement case with actual adult density as a factor.
[image: image20.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 1.492 648 0.003 517.290 < 0.001

Sampling Scale (2)

2 0.007 648 0.003 2.274 0.104

Social Organization (3)

2 0.166 648 0.003 57.455 < 0.001

Actual Adult Density (4)

1 0.141 648 0.003 48.808 < 0.001

1 x 2

6 0.110 648 0.003 38.194 < 0.001

1 x 3

6 0.035 648 0.003 12.175 < 0.001

2 x 3

4 0.024 648 0.003 8.375 < 0.001

1 x 4

3 0.156 648 0.003 54.134 < 0.001

2 x 4

2 0.012 648 0.003 4.237 0.015

3 x 4

2 0.051 648 0.003 17.713 < 0.001

1 x 2 x 3

12 0.004 648 0.003 1.343 0.189

1 x 2 x 4

6 0.011 648 0.003 3.751 0.001

1 x 3 x 4

6 0.004 648 0.003 1.543 0.161

2 x 3 x 4

4 0.019 648 0.003 6.481 < 0.001

1 x 2 x 3 x 4

12 0.003 648 0.003 0.948 0.498


TABLE U: Four-way ANOVA table for the POPAN analysis within the uniform trap arrangement case with initial adult density as a factor.
[image: image21.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 0.074 1296 0.010 7.453 < 0.001

Sampling Scale (2)

2 2.394 1296 0.010 241.852 < 0.001

Social Organization (3)

2 3.932 1296 0.010 397.233 < 0.001

Initial Adult Density (4)

3 0.019 1296 0.010 1.900 0.128

1 x 2

6 0.009 1296 0.010 0.953 0.456

1 x 3

6 0.032 1296 0.010 3.229 0.004

2 x 3

4 0.423 1296 0.010 42.688 < 0.001

1 x 4

9 0.018 1296 0.010 1.796 0.065

2 x 4

6 0.012 1296 0.010 1.175 0.317

3 x 4

6 0.222 1296 0.010 22.398 < 0.001

1 x 2 x 3

12 0.017 1296 0.010 1.686 0.064

1 x 2 x 4

18 0.009 1296 0.010 0.878 0.606

1 x 3 x 4

18 0.005 1296 0.010 0.485 0.965

2 x 3 x 4

12 0.009 1296 0.010 0.926 0.520

1 x 2 x 3 x 4

36 0.011 1296 0.010 1.092 0.327


TABLE V: Four-way ANOVA table for the POPAN analysis within the random trap arrangement case with initial adult density as a factor.
[image: image22.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 3.020 1296 0.005 577.414 < 0.001

Sampling Scale (2)

2 0.011 1296 0.005 2.025 0.132

Social Organization (3)

2 0.313 1296 0.005 59.838 < 0.001

Initial Adult Density (4)

3 0.001 1296 0.005 0.110 0.955

1 x 2

6 0.241 1296 0.005 45.999 < 0.001

1 x 3

6 0.068 1296 0.005 13.048 < 0.001

2 x 3

4 0.052 1296 0.005 9.971 < 0.001

1 x 4

9 0.005 1296 0.005 1.038 0.407

2 x 4

6 0.011 1296 0.005 2.032 0.059

3 x 4

6 0.035 1296 0.005 6.628 < 0.001

1 x 2 x 3

12 0.009 1296 0.005 1.728 0.056

1 x 2 x 4

18 0.004 1296 0.005 0.702 0.812

1 x 3 x 4

18 0.005 1296 0.005 0.987 0.472

2 x 3 x 4

12 0.008 1296 0.005 1.518 0.111

1 x 2 x 3 x 4

36 0.009 1296 0.005 1.660 0.009


TABLE W: Four-way ANOVA table for the Robust Design analysis within the uniform trap arrangement case with actual adult density as a factor.
[image: image23.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 0.021 648 0.000 43.147 < 0.001

Sampling Scale (2)

2 0.057 648 0.000 115.774 < 0.001

Social Organization (3)

2 0.032 648 0.000 65.531 < 0.001

Actual Adult Density (4)

1 0.975 648 0.000 1993.031 < 0.001

1 x 2

6 0.006 648 0.000 12.946 < 0.001

1 x 3

6 0.004 648 0.000 7.848 < 0.001

2 x 3

4 0.001 648 0.000 1.849 0.118

1 x 4

3 0.033 648 0.000 66.625 < 0.001

2 x 4

2 0.072 648 0.000 147.333 < 0.001

3 x 4

2 0.037 648 0.000 75.100 < 0.001

1 x 2 x 3

12 0.001 648 0.000 1.384 0.168

1 x 2 x 4

6 0.003 648 0.000 6.042 < 0.001

1 x 3 x 4

6 0.001 648 0.000 1.075 0.376

2 x 3 x 4

4 0.001 648 0.000 2.429 0.047

1 x 2 x 3 x 4

12 0.001 648 0.000 2.125 0.014


TABLE X: Four-way ANOVA table for the Robust Design analysis within the random trap arrangement case with actual adult density as a factor.
[image: image24.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 1.916 648 0.001 1555.798 < 0.001

Sampling Scale (2)

2 0.294 648 0.001 238.518 < 0.001

Social Organization (3)

2 0.405 648 0.001 328.941 < 0.001

Actual Adult Density (4)

1 4.216 648 0.001 3422.627 < 0.001

1 x 2

6 0.036 648 0.001 29.429 < 0.001

1 x 3

6 0.021 648 0.001 17.096 < 0.001

2 x 3

4 0.028 648 0.001 22.600 < 0.001

1 x 4

3 0.083 648 0.001 67.748 < 0.001

2 x 4

2 0.064 648 0.001 52.348 < 0.001

3 x 4

2 0.024 648 0.001 19.519 < 0.001

1 x 2 x 3

12 0.004 648 0.001 3.582 < 0.001

1 x 2 x 4

6 0.049 648 0.001 40.147 < 0.001

1 x 3 x 4

6 0.006 648 0.001 4.811 < 0.001

2 x 3 x 4

4 0.013 648 0.001 10.848 < 0.001

1 x 2 x 3 x 4

12 0.001 648 0.001 0.863 0.585


TABLE Y: Four-way ANOVA table for the Robust Design analysis within the uniform trap arrangement case with initial adult density as a factor.
[image: image25.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 0.051 1296 0.001 45.896 < 0.001

Sampling Scale (2)

2 0.154 1296 0.001 137.096 < 0.001

Social Organization (3)

2 0.055 1296 0.001 49.178 < 0.001

Initial Adult Density (4)

3 0.222 1296 0.001 198.507 < 0.001

1 x 2

6 0.017 1296 0.001 15.039 < 0.001

1 x 3

6 0.015 1296 0.001 13.558 < 0.001

2 x 3

4 0.004 1296 0.001 3.687 0.005

1 x 4

9 0.003 1296 0.001 2.597 0.006

2 x 4

6 0.005 1296 0.001 4.178 < 0.001

3 x 4

6 0.007 1296 0.001 6.392 < 0.001

1 x 2 x 3

12 0.002 1296 0.001 2.035 0.019

1 x 2 x 4

18 0.002 1296 0.001 1.745 0.027

1 x 3 x 4

18 0.001 1296 0.001 0.778 0.728

2 x 3 x 4

12 0.002 1296 0.001 1.761 0.050

1 x 2 x 3 x 4

36 0.001 1296 0.001 1.182 0.214



TABLE Z: Four-way ANOVA table for the Robust Design analysis within the random trap arrangement case with initial adult density as a factor.
[image: image26.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 3.718 1296 0.002 1684.988 < 0.001

Sampling Scale (2)

2 0.639 1296 0.002 289.727 < 0.001

Social Organization (3)

2 0.748 1296 0.002 338.886 < 0.001

Initial Adult Density (4)

3 1.370 1296 0.002 620.932 < 0.001

1 x 2

6 0.066 1296 0.002 30.050 < 0.001

1 x 3

6 0.040 1296 0.002 18.141 < 0.001

2 x 3

4 0.065 1296 0.002 29.235 < 0.001

1 x 4

9 0.017 1296 0.002 7.922 < 0.001

2 x 4

6 0.008 1296 0.002 3.481 0.002

3 x 4

6 0.016 1296 0.002 7.270 < 0.001

1 x 2 x 3

12 0.009 1296 0.002 3.858 < 0.001

1 x 2 x 4

18 0.010 1296 0.002 4.611 < 0.001

1 x 3 x 4

18 0.004 1296 0.002 1.865 0.015

2 x 3 x 4

12 0.005 1296 0.002 2.081 0.016

1 x 2 x 3 x 4

36 0.003 1296 0.002 1.409 0.056


TABLE AA: Four-way ANOVA table for the Robust Design with Heterogeneity analysis within the uniform trap arrangement case with actual adult density as a factor.
[image: image27.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 0.364 648 0.001 443.629 < 0.001

Sampling Scale (2)

2 0.172 648 0.001 210.345 < 0.001

Social Organization (3)

2 0.153 648 0.001 187.058 < 0.001

Actual Adult Density (4)

1 0.142 648 0.001 173.370 < 0.001

1 x 2

6 0.032 648 0.001 39.240 < 0.001

1 x 3

6 0.012 648 0.001 15.185 < 0.001

2 x 3

4 0.001 648 0.001 1.743 0.139

1 x 4

3 0.070 648 0.001 85.587 < 0.001

2 x 4

2 0.070 648 0.001 85.519 < 0.001

3 x 4

2 0.009 648 0.001 11.082 < 0.001

1 x 2 x 3

12 0.002 648 0.001 2.297 0.007

1 x 2 x 4

6 0.006 648 0.001 7.232 < 0.001

1 x 3 x 4

6 0.002 648 0.001 2.114 0.050

2 x 3 x 4

4 0.001 648 0.001 1.273 0.279

1 x 2 x 3 x 4

12 0.001 648 0.001 1.593 0.089


TABLE AB: Four-way ANOVA table for the Robust Design with Heterogeneity analysis within the random trap arrangement case with actual adult density as a factor.
[image: image28.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 0.666 648 0.001 621.873 < 0.001

Sampling Scale (2)

2 0.000 648 0.001 0.052 0.949

Social Organization (3)

2 0.608 648 0.001 568.506 < 0.001

Actual Adult Density (4)

1 0.329 648 0.001 307.765 < 0.001

1 x 2

6 0.033 648 0.001 31.226 < 0.001

1 x 3

6 0.067 648 0.001 62.504 < 0.001

2 x 3

4 0.017 648 0.001 15.960 < 0.001

1 x 4

3 0.016 648 0.001 15.181 < 0.001

2 x 4

2 0.001 648 0.001 0.692 0.501

3 x 4

2 0.001 648 0.001 1.391 0.250

1 x 2 x 3

12 0.004 648 0.001 3.573 < 0.001

1 x 2 x 4

6 0.001 648 0.001 1.347 0.234

1 x 3 x 4

6 0.006 648 0.001 5.204 < 0.001

2 x 3 x 4

4 0.013 648 0.001 12.549 < 0.001

1 x 2 x 3 x 4

12 0.002 648 0.001 1.859 0.036


TABLE AC: Four-way ANOVA table for the Robust Design with Heterogeneity analysis within the uniform trap arrangement case with initial adult density as a factor.
[image: image29.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 0.870 1296 0.001 594.404 < 0.001

Sampling Scale (2)

2 0.414 1296 0.001 283.046 < 0.001

Social Organization (3)

2 0.290 1296 0.001 198.150 < 0.001

Initial Adult Density (4)

3 0.034 1296 0.001 22.895 < 0.001

1 x 2

6 0.076 1296 0.001 51.621 < 0.001

1 x 3

6 0.019 1296 0.001 13.042 < 0.001

2 x 3

4 0.005 1296 0.001 3.636 0.006

1 x 4

9 0.004 1296 0.001 2.737 0.004

2 x 4

6 0.007 1296 0.001 4.640 < 0.001

3 x 4

6 0.005 1296 0.001 3.218 0.004

1 x 2 x 3

12 0.004 1296 0.001 2.988 < 0.001

1 x 2 x 4

18 0.002 1296 0.001 1.679 0.037

1 x 3 x 4

18 0.001 1296 0.001 0.988 0.471

2 x 3 x 4

12 0.002 1296 0.001 1.244 0.247

1 x 2 x 3 x 4

36 0.001 1296 0.001 0.944 0.566


TABLE AD: Four-way ANOVA table for the Robust Design with Heterogeneity analysis within the random trap arrangement case with initial adult density as a factor.
[image: image30.emf]df Effect MS Effect df Error MS Error F p-level

Trap Density (1)

3 1.288 1296 0.002 676.075 < 0.001

Sampling Scale (2)

2 0.000 1296 0.002 0.171 0.843

Social Organization (3)

2 1.219 1296 0.002 639.746 < 0.001

Initial Adult Density (4)

3 0.194 1296 0.002 102.033 < 0.001

1 x 2

6 0.065 1296 0.002 34.266 < 0.001

1 x 3

6 0.136 1296 0.002 71.296 < 0.001

2 x 3

4 0.030 1296 0.002 15.987 < 0.001

1 x 4

9 0.003 1296 0.002 1.653 0.096

2 x 4

6 0.004 1296 0.002 2.320 0.031

3 x 4

6 0.007 1296 0.002 3.514 0.002

1 x 2 x 3

12 0.006 1296 0.002 3.149 < 0.001

1 x 2 x 4

18 0.002 1296 0.002 0.932 0.540

1 x 3 x 4

18 0.002 1296 0.002 1.084 0.362

2 x 3 x 4

12 0.003 1296 0.002 1.803 0.043

1 x 2 x 3 x 4

36 0.002 1296 0.002 1.007 0.459


TABLE AE: The pattern of significance in the four-way fully-factorial ANOVAs done on relative bias in population size estimates using the three mark-recapture models using initial density as a factor (***=P<0.001, **=P<0.01, *=P<0.05, Blank cell=Not significant). Effect sizes (η2 = SSFactor or Interaction/SSTotal) are shown as colour shading. TA:trap arrangement.
	
	POPAN
	Robust Design
	Robust Design with Heterogeneity

	
	Uniform TA
	Random TA
	Uniform TA
	Random TA
	Uniform TA
	Random TA

	Trap Density (1)
	***
	***
	***
	***
	***
	***

	Spatial Scale (2)
	***
	
	***
	***
	***
	

	Social organi-zation (3)
	***
	***
	***
	***
	***
	***

	Adult Density (4)
	
	
	***
	***
	***
	***

	1x2
	
	***
	***
	***
	***
	***

	1x3
	**
	***
	***
	***
	***
	***

	2x3
	***
	***
	**
	***
	**
	***

	1x4
	
	
	**
	***
	**
	

	2x4
	
	
	***
	**
	***
	*

	3x4
	***
	***
	***
	***
	**
	**

	1x2x3
	
	
	*
	***
	***
	***

	1x2x4
	
	
	*
	***
	*
	

	1x3x4
	
	
	
	*
	
	

	2x3x4
	
	
	*
	*
	
	*

	1x2x3x4
	
	**
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FIGURE A: The effect of trap density, sampling scale, social organization, and adult density on mean relative bias in population size estimation using POPAN. Data shown are for uniform (grey lines) and random (black lines) trap arrangements, using initial adult densities. Error bars represent standard errors. Social organization: Indiv: non-associating individuals; GWC: groups within clans; Clans: fixed clans.
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FIGURE B: The effect of trap density, sampling scale, social organization and adult density on mean relative bias in population size estimation using Robust Design. Data shown are for a uniform (grey lines) and random (black lines) trap arrangements, using initial adult densities. Error bars represent standard errors. Social organization: Indiv: non-associating individuals; GWC: groups within clans; Clans: fixed clans.
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FIGURE C: The effect of trap density, sampling scale, social organization and adult density on mean relative bias in population size estimation using Robust Design with Heterogeneity. Data shown are for a uniform (grey lines) and random (black lines) trap arrangements, using initial adult densities. Error bars represent standard errors. Social organization: Indiv: non-associating individuals; GWC: groups within clans; Clans: fixed clans.
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FIGURE D: Snapshots of the positions of individuals during an instantiation of the simulation for the three cases of social organization: A) Non-associating individuals, B) Groups within clans, C) Fixed groups. Each circle in the three figures represents an individual and the colour of the circles indicates clan identity.
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