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Appendix S3. Exploration of the influence of different sex combinations on cohesion 

Section S1: Sex combinations. We explored potential variation in wolf and coyote cohesion 

across different sex combinations with exploratory models to investigate the role of sex in 

cohesion. Although sex was not central to our hypotheses and predictions, we wanted to make 

sure we were not ignoring potentially important variation in our dataset. It was important to 

account for breeding status in these models to ensure that any apparent differences relative to sex 

combinations were in addition to the effect of male-female breeding pairs. Specifically, for 

wolves, we included the following variables in models that also accounted for breeding status: a) 

female-female pairs (compared to male-male and male-female pairs), b) male-male pairs 

(compared to female-female and female-male pairs), c) same sex pairs (compared to male-female 

pairs). Results from models including these variables did not suggest strong differences in 

cohesion by sex and these variables were not retained in our best models (Table S1). In our 

smaller coyote dataset we had very few female-female pairs (2 in pup-rearing, 4 in winter), so we 

limited this exploration to same sex pairs compared to male-female pairs (beyond the effect of 

breeding pairs) and found there was no difference in cohesion between these groups (Table S2).  



Table S1. Results from best overall generalized additive mixed models investigating wolf 

cohesion including same sex pairs (compared to pairs of different sexes; Model A1), male-male 

pairs (compared to male-female and female-female pairs; Model A2), and female-female pairs 

(compared to male-female and male-male pairs: Model A3), as well as other intrinsic and 

extrinsic factors from the most parsimonious model with breeding pairs 2003-2019. We show β 

coefficients and confidence intervals for parametric effects and estimated degrees of freedom 

(edf) and P values for smooth terms. 

Model A1 

Parametric terms β 95% CI 

Breeding pair 0.32 (0.19, 0.46) 

Winter 0.41 (0.35, 0.50) 

Beavers present -0.26 (-0.51, 0.00) 

Same sex pair -0.04 (-0.14, 0.06) 

Smooth terms edf P 

Human landscape alteration (pup-rearing) 1.0 0.452 

Human landscape alteration (winter) 2.9 0.003 

Variation in precipitation 2.0 0.066 

Latitude × longitude 2.0 0.057 

Model A2 

Parametric terms β 95% CI 

Breeding pair 0.35 (0.21, 0.48) 

Winter 0.40 (0.35, 0.47) 

Beavers present -0.26 (-0.52, 0.00) 

Male-male pairs 0.01 (-0.10, 0.13) 

Smooth terms edf P 

Human landscape alteration (pup-rearing) 1.0 0.465 

Human landscape alteration (winter) 2.9 0.002 

Variation in precipitation 2.0 0.053 

Latitude × longitude 2.0 0.062 

Model A3 

Parametric terms β 95% CI 

Breeding pair 0.32 (0.19, 0.46) 

Winter 0.41 (0.35, 0.50) 

Beavers present -0.26 (-0.51, 0.00) 

Same sex pair -0.04 (-0.14, 0.06) 



Smooth terms edf P 

Human landscape alteration (pup-rearing) 1.0 0.452 

Human landscape alteration (winter) 2.9 0.003 

Variation in precipitation 2.0 0.066 

Latitude × longitude 2.0 0.057 



Table S2. Results from best overall generalized additive mixed models investigating coyote 

cohesion including same sex pairs (compared to pairs of different sexes; Model A1) as well as 

other intrinsic and extrinsic factors from the most parsimonious model with breeding pairs 2003-

2019. We show β coefficients and confidence intervals for parametric effects and estimated 

degrees of freedom (edf) and P values for smooth terms. 

Model A4 

Parametric terms β 95% CI 

Breeding pair 0.54 (0.33, 0.75) 

Winter 0.20 (0.11, 0.28) 

Same sex pair 0.06 (-0.11, 0.24) 

Smooth terms edf P 

Human landscape alteration 2.1 0.077 

Latitude × longitude 2.0 0.068 




