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Modeling approach.  Our general conceptual model of the hypothesized relationships between 

covariates of interest, and between covariates and head size for 1-, 2- and 3-yr old muskoxen is 

given in Fig. 3a in the main text (also see Fig. 2 in text for an understanding of the chronological 

timing of covariates).  

 We fit the initial graphical model (Fig 3a) to covariate and head size data from each age 

class (Table S1) using Bayesian methods based on Markov chain Monte Carlo (MCMC) 

simulations. For all models we used non-informative normal priors to estimate regression 

coefficients (mean = 0, s.d. = 100) and uniform priors when estimating variance (range between 

0, and 100). We ran an initial burn in of 200,000 iterations with three chains, and generated 

posterior distributions from a sample of an additional 200,000 iterations. We evaluated 

convergence using Gelman’s diagnostic (  )
S1

. All simulations were carried out using JAGS
S2

, 

called by rjags
S3

 in the R environment
S4

. R code for calling and running models and JAGS code 

for our initial, full path analysis models for 1-, 2- and 3-yr old muskoxen can be found in the 

additional Supplementary Materials (Supplementary Files S1 –S4).  

 We evaluated the fit of our models using a graphical model-fitting approach
S5

.  Briefly, 

the steps of this approach are: 

1) Run initial model, examine posterior distributions and credible intervals for all estimated 

parameters.  

2) Drop any “non-significant” covariates or linkages from the model. We defined non-significant 

covariates or linkages as those for which the 90% credible intervals of estimated regression 

coefficient included 0. We used methods outlined by Clough (2012)
S6

 to estimate the proportion 

of posterior distributions that did not include 0. 
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3) Run the pruned model (with all non-significant covariate relationships edited out), and 

examine relationships between model residuals and all previously dropped covariates to identify 

potential missing linkages. Re-include back into the model any covariate or linkage that is 

significantly correlated with model residuals.   

4) Run the updated model (with newly found linkages included), re-examine posterior 

distributions, and repeat steps 2-4 until no further variables, or links between variables, are 

dropped or added to the graphical model.  

 All model selection was carried out using un-standardized covariates (results in Table 

S2). We then re-ran best fit models with standardized covariate values to allow for comparisons 

of the relative effect size of each covariate on muskoxen head size (results in Fig. 3 in main text).  

 To assess the goodness-of-fit of final models, we calculated the squared correlation 

coefficient between observed and predicted values. Because relationships between head size and 

our chosen covariates appeared to be driven largely by data from the Cape Thompson site (Fig. 4 

in text), we also fit our final models to data from each site separately to assess site-specific 

performance of each model.  
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Table S1. A list of all covariates, and the timing during an individual muskox’s life when 

measured, included in the full models for each age class (see Fig. 2 in text for details).   

  

Age class Timing of covariates Covariates included in full model 

1-yr olds 
Winter when in utero 

# ROS events, mean monthly winter precipitation, 

number of days < 23C 

1
st
 growing season mean time integrated NDVI per site 

2-yr olds 

Winter when in utero # ROS events 

1
st
 growing season mean time integrated NDVI per site 

Previous winter 
# ROS events, mean monthly winter precipitation, 

number of days < 23C 

Previous growing season mean time integrated NDVI per site 

3-yr olds 

Winter when in utero # ROS events 

1
st
 growing season mean time integrated NDVI per site 

Previous winter 
# ROS events, mean monthly winter precipitation, 

number of days < 23C 

Previous growing season mean time integrated NDVI per site 
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Table S2. Parameter estimates for best models fit with un-standardized covariates for 1-yr old, 2- 

yr old and 3-yr old muskoxen. Covariate codes: mean monthly precipitation during winter when 

individual is in utero (“mWp”), number of ROS events during winter when individual is in utero 

(“mROS”), mean site-level iNDVI during the animals first growing season (“NBndvi”), mean 

monthly precipitation in the previous winter (“Wp”), mean site-level iNDVI during the previous 

growing season (“ndvi”), number of days during the previous winter when temperature fell 

below -23
o
C  (“B23c”).  Note that for 1-yr olds, the previous winter and the winter when an 

individual is in utero are the same. 

Model Coefficient Mean SD 
95% Credible 

intervals 

1-yr olds Head size intercept 192.57 6.71 179.42, 205.77 

 mWp -> Head size 7.84 4.38 -0.75, 16.44 

 NBndvi -> Head size 4.91 2.73 -0.45, 10.26 

2-yr olds Head size intercept 264.41 6.24 252.16, 276.60 

 Wp -> Head size 11.49 4.16 3.32, 19.67 

 ndvi-> Head size 9.61 2.37 4.94, 14.27 

 ndvi intercept 1.05 0.68 -0.30, 2.40 

 B23c -> ndvi -0.05 0.03 -0.10, 0.01 

3-yr olds Head size intercept 341.44 4.14 333.30, 349.55 

 mROS -> Head size -4.58 1.41 -7.35, -1.80 

 

 

 


