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Appendix S1. Study area map. Points are shaded by stand age (years since fire) and symbols 

represent the dominant species, Pinus attenuata (PIAT) or Pinus muricata (PIMU). Each point 

represents a single stand age by species combination and represents 2 – 10 plots. Bottom inset 

shows the southernmost part of the study area at a finer resolution. Top right inset shows the 

study area in the context of the continental United States. 

Appendix S2. Results of mixed effects models for tree-level probability of reproductive maturity 

and tree-level cone production as a function of tree- and stand-level covariates.  

Appendix S3. Change in stand age and tree-level probability of reproductive maturity across 

gradients of all tree-level and stand-level covariates included in the model. Solid lines represent 

median estimates and shaded areas represent 95% confidence intervals. Predictions consider the 

effect of diameter and each covariate individually, holding all other covariates at their means. 

Appendix S4. Change in stand age and tree-level cone production across gradients of all tree-

level and stand-level covariates considered in the model. Solid lines represent median estimates 

and shaded areas represent 95% confidence intervals. Predictions consider the effect of diameter 

and each covariate individually, holding all other covariates at their means. 

Appendix S5. Results of mixed effects models for stand-level proportion mature, closed cone 

density, and tree mortality as a function of stand-scale covariates.  

Appendix S6. Change in stand age and stand-level proportion mature across gradients of all 

stand-level covariates considered in the model. Solid lines represent median estimates and 

shaded areas represent 95% confidence intervals. Predictions consider the effect of stand age and 

each covariate individually, holding all other covariates at their means. 

Appendix S7. Change in stand age and stand-level closed cone density across gradients of all 

stand-level covariates considered in the model. Solid lines represent median estimates and 

shaded areas represent 95% confidence intervals. Predictions consider the effect of stand age and 

each covariate individually, holding all other covariates at their means. 



Appendix S8. Stand-level tree mortality by density versus stand-level proportion dead trees for 

stand ages ≥10 (n = 47). Spearman’s rank correlation ρ = 0.956. 

Appendix S9. Change in stand age and stand-level tree mortality across gradients of all stand-

level covariates considered in the model. Solid lines represent median estimates and shaded areas 

represent 95% confidence intervals. Predictions consider the effect of stand age and each 

covariate individually, holding all other covariates at their means. 

 

 

 

  



Appendix S1. Study area map. Points are shaded by stand age (years since fire) and symbols 

represent the dominant species, Pinus attenuata (PIAT) or Pinus muricata (PIMU). Each point 

represents a single stand age by species combination and represents 2 – 10 plots. Bottom inset 

shows the southernmost part of the study area at a finer resolution. Top right inset shows the 

study area in the context of the continental United States. 

 



Appendix S2. Results of mixed effects models for tree-level probability of reproductive maturity 

and tree-level cone production as a function of tree- and stand-level covariates.  

Tree-level probability of reproductive maturity 

Predictor β1 

95% CI 

p lower upper 

Intercept 1.641 0.611 2.671 0.002 

Stand age 1.130 0.028 2.232 0.044 

DBH2 12.296 11.139 13.452 <0.001 

Species (PIMU3) -0.699 -2.515 1.117 0.451 

Disease presence 0.005 -0.577 0.586 0.987 

Heat load index 0.044 -0.730 0.818 0.911 

Stand density4 1.316 0.485 2.148 0.002 

Mean growing season precipitation -1.279 -3.105 0.547 0.170 

DBH:Stand density4 4.078 1.991 6.165 <0.001 

DBH:Stand age -3.877 -6.033 -1.720 <0.001 

     

     

Tree-level cone production 

Predictor β1 

95% CI 

p lower upper 

Intercept 2.535 2.239 2.831 <0.001 

Stand age 0.915 0.545 1.286 <0.001 

DBH2 1.955 1.801 2.110 <0.001 

Species (PIMU3) 0.702 0.060 1.343 0.032 

Heat load index 0.060 -0.405 0.524 0.802 

Stand density4 -0.164 -0.409 0.080 0.188 

Soil clay 0.541 0.119 0.963 0.012 

Mean growing season CMD 0.073 -1.167 1.314 0.908 

Disease presence -0.087 -0.197 0.023 0.122 

Shrub cover -0.168 -0.471 0.135 0.277 

DBH:Stand age -0.523 -0.756 -0.289 <0.001 

DBH:Stand density4 0.592 0.372 0.813 <0.001 

     
1Effect sizes are for standardized coefficients (mean-centered per two standard deviations) 

2 Diameter at breast height 

3 Pinus muricata (bishop pine) 

4Stand density was log-transformed prior to standardizing coefficients  

  



Appendix S3. Change in stand age and tree-level probability of reproductive maturity across 

gradients of all tree-level and stand-level covariates included in the model. Solid lines represent 

median estimates and shaded areas represent 95% confidence intervals. Predictions consider the 

effect of diameter and each covariate individually, holding all other covariates at their means. 
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Appendix S4. Change in stand age and tree-level cone production across gradients of all tree-

level and stand-level covariates considered in the model. Solid lines represent median estimates 

and shaded areas represent 95% confidence intervals. Predictions consider the effect of diameter 

and each covariate individually, holding all other covariates at their means. 
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Appendix S5. Results of mixed effects models for stand-level proportion mature, closed cone 

density, and tree mortality as a function of stand-scale covariates.  

Stand-level proportion mature 

  95% CI  
Predictor β1 lower upper p 

Intercept -0.275 -0.973 0.423 0.440 

Stand age 1.519 0.623 2.416 <0.001 

Species (PIMU2) 0.837 -0.584 2.259 0.248 

Stand density3 -1.507 -2.007 -1.008 <0.001 

Mean growing season precipitation 1.995 0.537 3.452 0.007 

Soil clay 0.634 0.150 1.119 0.010 

Stand age:Stand density3 -1.513 -2.573 -0.454 0.005 

     

     

Stand-level closed cone density (cones ha-1) 

 
β1 

95% CI 

p Predictor lower upper 

Intercept 8.830 7.662 9.998 <0.001 

Stand age 3.692 1.908 5.475 <0.001 

Species (PIMU2) -0.397 -2.409 1.615 0.699 

Stand density3 1.209 0.708 1.709 <0.001 

Soil clay 0.848 0.280 1.417 0.003 

Mean growing season CMD4 -0.834 -2.570 0.902 0.346 

Stand age:Stand density3 -1.511 -2.541 -0.481 0.004 

     

     

Stand-level tree mortality (standing dead trees ha-1) 

  95% CI  
Predictor β1 lower upper p 

Intercept 3.502 2.796 4.208 <0.001 

Stand age 3.428 2.467 4.389 <0.001 

Species (PIMU2) 4.032 2.915 5.149 <0.001 

Stand density3 4.013 3.054 4.972 <0.001 

Heat load index 0.664 -0.136 1.465 0.104 

Mean growing season CMD4 1.397 0.538 2.257 0.001 
1Effect sizes are for standardized coefficients (mean-centered per two standard deviations) 

2Pinus muricata (bishop pine) 

3Stand density was log-transformed prior to standardizing coefficients 

4Cumulative moisture deficit 

 



Appendix S6. Change in stand age and stand-level proportion mature across gradients of all 

stand-level covariates considered in the model. Solid lines represent median estimates and 

shaded areas represent 95% confidence intervals. Predictions consider the effect of stand age and 

each covariate individually, holding all other covariates at their means. 
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Appendix S7. Change in stand age and stand-level closed cone density across gradients of all 

stand-level covariates considered in the model. Solid lines represent median estimates and 

shaded areas represent 95% confidence intervals. Predictions consider the effect of stand age and 

each covariate individually, holding all other covariates at their means. 
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Appendix S8. Stand-level tree mortality by density versus stand-level proportion dead trees for 

stand ages ≥10 (n = 47). Spearman’s rank correlation ρ = 0.956. 

  



Appendix S9. Change in stand age and stand-level tree mortality across gradients of all stand-

level covariates considered in the model. Solid lines represent median estimates and shaded areas 

represent 95% confidence intervals. Predictions consider the effect of stand age and each 

covariate individually, holding all other covariates at their means. 
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