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Appendix 1 
Description of dataset 
Table A1. Sample size and range of elevation and temperature for each functional group. 

 Evergreen 

gymnosperms 

Deciduous 

gymnosperms 

Deciduous 

angiosperms 

N-fixing 

angiosperms 

     

Number of plots 2158 524 1579 125 

Elevation (m a.s.l.) 281-2218 373-2235 195-2170 195-1575 

Temperature (°C) 0.6-11.5 0.6-10.4 0.7-12.2 4.3-12.2 

 

 

Table A2. Sample size and average basal area (m2 ha-1, in parentheses) for each of four temperature 

ranges. 

 Evergreen 

gymnosperms 

Deciduous 

gymnosperms 

Deciduous 

angiosperms 

N-fixing 

angiosperms 

     

< 4.5°C 643 (25.3) 329 (12.9) 38 (2.7) 3 (2.9) 

4.5-6.5°C 693 (24.0) 123 (11.5) 375 (11.2) 41 (7.3) 

6.5-8.5°C 571 (19.1) 49 (9.8) 578 (16.1) 37 (16.1) 

 > 8.5°C 251 (16.9) 23 (5.9) 300 (19.1) 82 (7.1) 
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Appendix 2 

Quantifying the relative intensity of intra- and inter-specific competition 
It is important to recognize that mixing two functional groups may increase productivity for the 

same reason that mixing two species from the same functional group increases productivity: 

interspecific competition is less intense than intraspecific competition (Kunstler et al. 2016). Thus, 

our model also allows us to assess the extent to which overyielding is the result of alleviating 

intraspecific competition. We do this by quantifying the intensity of both intra- and inter-specific 

competition (as functions of the basal area of con- and hetero-specific neighbors belonging to the 

same functional group, respectively), while simultaneously estimating the dissimilarity effects 

mentioned above. The difference in intensity (intraspecific > interspecific) is due to unknown niche 

differences between species, so the overyielding associated with alleviating intraspecific 

competition should not be attributed to trait differences between functional groups (Kunstler et al. 

2016). In contrast, most pairwise replacement studies conducted in forests do not explicitly quantify 

the intensity of competition and how it varies with the species identity or traits of neighbors. As a 

result, they cannot rule out the possibility that overyielding simply reflects unknown niche 

differences between species that happen to belong to different functional groups. 
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Appendix 3 

Alternative models and AIC comparisons 

It is important to reiterate that our pairwise dissimilarity effects only apply to interactions between 

functional groups, not to interactions between species sharing the same trait. Likewise, the 

dissimilarity effects estimated by Kunstler et al. (2016) only applied to interactions between species 

that did not share the same value of a continuous trait. However, Kunstler et al. (2016) also 

estimated a set of ‘blanket’ effects that apply to all species pairs, whether or not they share the same 

trait values. Thus, we compared our model (Eq. 5, 7) to alternative models that included a set of 

blanket effects similar to those of Kunstler et al. (2016). In particular, we considered alternative 

models that included additional terms to test whether traits affect: 1) the maximum growth rate, 2) 

sensitivity to interspecific competition, and 3) competitiveness, by virtue of possessing traits that 

suppress the growth of all neighbors, regardless of whether or not they possess the same traits.  

To allow for differences in maximum growth rate, we included two additional terms at the end of 

equation 5: 

 

logG%&' = α + 	βT + 	γS + δA +	ε3	 + ε4 	+ (θ7 + φ7T)   (5a) 

where θ and φ are trait-specific parameters that allow the maximum growth rate to vary among 

species possessing different traits (t), including any differential response to temperature. We also 

included terms to test whether growth varies with precipitation or the drought index (not shown). 

To test whether traits render a species more sensitive to interspecific competition (including that 

exerted by species belonging to the same functional group), we included a ‘blanket effect’ at the 

end of equation 7: 

logG = 	logBA; + 	logG%&' 		− 	µBA −> π7BA;
@

7AB
+> (ρ7D;BA7D; + λ7D;(BA7D; × T))

@

7AB

−> ω7BA
@

7AB
																																																																																(7a) 

To test whether traits confer an extra competitive effect that is exerted on all neighbors (including 

species belonging to the same functional group), we included a different ‘blanket effect’ at the end 

of equation 7: 

logG = 	logBA; + 	logG%&' 	− 	µBA −> π7BA;
@

7AB
+> (ρ7D;BA7D; + λ7D;(BA7D; × T))

@

7AB

−> ψ7BA7
K

7AB
																																																																																																			(7b) 
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where BA7 is the basal area of species possessing a particular trait, regardless of whether or not the 

focal species possesses it as well.  

 

Table A3. AIC comparisons of alternatives to the model described in Table 1 (∆AIC = 0). 

Trait-dependent variation in: Equations ∆AIC 

Maximum growth rate 5a, 7 8.03 

Sensitivity to interspecific competition  5, 7a 4.90 

Competitiveness 5, 7b 4.69 

None of the above  5, 7 0 

 

As summarized in Table A3, we found that the model described in Table 1 (Eq. 5, 7) had the lowest 

AIC, indicating that it is the most parsimonious model, and that the additional terms did not 

significantly improve model fit. In contrast, Kunstler et al. (2016) observed significant ‘blanket’ 

effects that applied to all species pairs, whether or not they share the same trait values. For example, 

they observed that species with high specific leaf area (broadleaf angiosperms) exert a stronger 

competitive effect than species with low specific leaf area (needleleaf gymnosperms), and that this 

competitiveness effect is exerted on all neighbors, including other broadleaf species that have the 

same specific leaf area. Such blanket effects should also be observed in the interactions between 

functional groups, but our results indicate that dissimilarity effects drive most of the trait-related 

variation in suppression observed in our dataset. As noted in the methods section, this discrepancy 

may reflect the fact that their model did not allow for asymmetry, because they only estimated one 

parameter that applies to both of the interacting species, ameliorating the suppression of both in 

proportion to the absolute value of the difference in continuous trait values.  

In addition to testing for ‘blanket’ effects, we also used AIC comparisons to assess terms 

for individual traits, such as	ρMNMO;P'PMQ. We dropped these individual terms from the full model 

(Table 1) if including them did not significantly improve model fit. Conversely, we retained terms 

such as	ρRO;P'ST if excluding them did not significantly improve the fit of the reduced model (Table 

A4). 
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Table A4. AIC comparisons of the full model described in Table 1 (∆AIC = 0) to reduced models 

that exclude one of the terms included in the full model. 

  Excluded   

 Equation Term Trait ∆AIC 

     

Maximum growth rate 5    

Temperature  β - 4.97 

Slope  γ - 57.79 

Aspect  δ - 2.44 

     

Competition (Fig. 1) 7    

Interspecific (black line)  µ - 282.5 

     

Intraspecific  π   

(dark gray line)   needleleaf 81.59 

(light gray line)   broadleaf 81.59 

     

Dissimilarity effects (Fig. 
3, 5) 

7 ρ   

   broadleaf 11.13 

   N-fixer 5.16 

     

  λ   

   needleleaf 17.15 

   broadleaf 4.97 
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Appendix 4 

Predicted versus observed growth 

 

 

Figure A1. Scatter plot of predicted and observed values of log(Gs), with a 1:1 line. 
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Appendix 5 

Accounting for the effects of phenology and leaf morphology 

It is important to emphasize that leaf phenology and leaf morphology are not confounded with one 

another, since larch has needle leaves that are deciduous. Thus, the magnitude of ρUSVPUWNW4 and 

ρXTN&UYS&;	can be estimated independently of one another, as can ρSZSTQTSSM and ρMSSUYSYS&;. On the 

other hand, leaf morphology may be confounded with other more continuous traits that belong to 

the trait syndromes that differentiate angiosperms and gymnosperms. For example, gymnosperms 

tend to have conical crowns that taper towards the top of the canopy, whereas angiosperms have 

bouquet-shaped crowns that tend to taper towards the bottom of the canopy (Pretzsch 2014, 

Sapijanskas et al. 2014, Jucker et al. 2015). Vertical stratification of these complementary crown 

shapes may allow mixed stands to fill canopy space more effectively than stands comprised of a 

single crown shape, particularly if crowns exhibit greater plasticity in mixed stands (Pretzsch and 

Schütze 2009, Pretzsch 2014, Jucker et al. 2015, Williams et al. 2017). Thus, overyielding cannot 

be definitively attributed to a single mechanism when a set of traits jointly differentiates two 

functional groups. 

 


