Appendix S4 Separate models for each species vs. alternative modelling strategies

Here, we compare a series of ordinary least-squares regression models to show that our approach using species groups is not only statistically equivalent to individual models for each species but also provides more information. 

Table S1 gives the results of multiple regression models predicting crown area based on stem diameter (both ln transformed), stem type, and environment for each species. Each model explained more than 80% of the variability observed in crown area. The estimated coefficients for stem diameter ranged from 1.41 to 1.93 and were highly significant (P < 0.001) for all species (see Fig. S3). Stem type was a significant predictor of mean crown area in all but four species. In seven species, environment did not explain variation in crown area once the other two explanatory variables were included in the model. However, special statistical methods would be needed to determine whether or not any of these slopes were statistically different from the rest (Kleinbaum et al. 2007). Moreover, with this approach, it would be impossible to test the effect of stem Young’s modulus and leaf size on crown area variation. 

Table S2 gives the results of a more efficient procedure that consisted of fitting a single multiple regression to the whole dataset using dummy variables for species. Species groups emerged from this model: the estimated regression coefficients for Ficus trigonata and Lonchocarpus schiedeanus were nearly zero and had a P near one. This meant that these two species had mean crown areas similar to that of Cupania glabra, the species used as the reference category. Cordia alliodora, C. stenoclada, F. obtusifolia, and F. tecolutensis had positive estimated regression coefficients with P < 0.20, implying that these species had significantly greater crown areas than Cupania glabra. Finally, Coccoloba hondurensis, Pouteria squamosa, Spondias radlkoferi, and Trichilia havanensis had negative estimated coefficients with P < 0.25, implying that these species had mean foliage areas less than that of Cupania glabra. Thus, the results in Table S2 indicated three groups, each made up of species that were statistically indistinguishable in their mean crown area. In addition, the model in Table S2 explains 90% of the variability observed in crown area. An estimate of 1.66 was obtained for the scaling parameter that describes the relationship between crown area and stem diameter. On average, the mean crown areas of trunks were significantly greater than those of branches, and salt-pruned trees had significantly smaller crown area than sheltered trees. In the next step, we compare this model including a dummy variable for each species with a model using only the three species groups. 

The model with species categorized into groups (Table S3) produced a multiple correlation coefficient identical to that for the model with species dummy variables (Table S2; R2 = 0.90). Therefore, both models explained the same amount of variability observed in crown area, with eight fewer parameters in the model in Table S3, and, as the partial-F test indicated, these two models fit the data equally well (F8,564 = 1.33, P = 0.23). Moreover, the estimated regression coefficients for stem diameter, stem type, and environment were almost identical to the ones obtained in the model in Table S2. We therefore used the simpler model in accordance with standard statistical procedure favoring more parsimonious models. Crucially, the effect of stem Young’s modulus and leaf size could only be examined using the model with species categories. We could now show that neither of these variables was significantly associated with crown area (Young’s modulus P = 0.33; leaf size P = 0.68) and that the models with and without these variables had equivalent fits (F2,570 = 0.65, P = 0.52). 

Empirical comparison of the models
We now make an empirical comparison between the three models just described and the final model presented in the main text, using as an example a trunk (stem type = 1) from a sheltered location (environment = 0) of Coccoloba hondurensis (species group = A). As can be seen, the differences are minimal:

Separate species model (Table S1): 


[image: image1.wmf] = -2.78 + 1.93 stem diameter
Model with species dummies (Table S2): 

[image: image2.wmf] = -2.20 + 1.66 stem diameter
Model with species categories (Table S3):

[image: image3.wmf] = -2.16 + 1.67 stem diameter
Final model (Table 2 of main text): 


[image: image4.wmf] = -2.38 + 1.77 stem diameter
These expressions, along with Fig. S2, show that the model using species dummy variables and the model with species categories are quite similar, but the final model is the one that most closely reproduces the separate species models. Figure S3 compares the model fitted to each species with their values from the final model for trunks of sheltered trees. The two models are virtually identical, but in the case of Ficus trigonata, a small discrepancy is caused by an atypical observation that has a greater influence on the species model than on the final model. The models fitted to the whole dataset were more robust to outliers than the models fitted to each species separately, in addition to allowing us to test hypotheses regarding scaling parameters. 

Table S1 Separate multiple regression models fitted for each species. R2 = adjusted multiple correlation coefficient. SE = standard error.
Species

R2
Variable

Coefficient (SE)
       P     
Cupania glabra
0.94
Intercept

-2.48
(0.22)

< 0.001

ln stem diameter
 1.73
(0.06)

< 0.001

Stem type (trunk)
 0.33
(0.16)

   0.039

Environment (salt)
 0.09
(0.15)

   0.539

Coccoloba

0.92
Intercept

-3.61
(0.28)

< 0.001

hondurensis 


ln stem diameter
 1.93
(0.08)

< 0.001

Stem type (trunk)
 0.83
(0.15)

< 0.001

Environment (salt)
-0.50
(0.15)

   0.002

Cordia alliodora
0.91
Intercept

-1.52
(0.25)

< 0.001

ln stem diameter
1.60
(0.07)

< 0.001

Stem type (trunk)
-0.01
(0.18)

   0.938

Environment (salt)
-0.02
(0.19)

   0.918

Cordia stenoclada
0.94
Intercept

-1.86
(0.27)

< 0.001

ln stem diameter
 1.61
(0.07)

< 0.001

Stem type (trunk)
 0.23
(0.21)

   0.272

Environment (salt)
 0.01
(0.17)

   0.971

Ficus obtusifolia
0.85
Intercept

-1.80
(0.35)

< 0.001

ln stem diameter
 1.55
(0.11)

< 0.001

Stem type (trunk)
 0.58
(0.17)

   0.002

Environment (salt)
 0.06
(0.17)

   0.737

Ficus tecolutensis
0.85
Intercept

-1.77
(0.34)

< 0.001

ln stem diameter
 1.70
(0.09)

< 0.001

Stem type (trunk)
 0.13
(0.18)

   0.479

Environment (salt)
-0.31
(0.18)

   0.083

Ficus trigonata
0.80
Intercept

-1.27
(0.31)

< 0.001

ln stem diameter
 1.41
(0.08)

< 0.001

Stem type (trunk)
 0.42
(0.13)

   0.001

Environment (salt)
-0.52
(0.13)

   0.001

Lonchocarpus

0.88
Intercept

-2.16
(0.33)

< 0.001

schiedeanus 


ln stem diameter
 1.51
(0.10)

< 0.001

Stem type (trunk)
 0.83
(0.22)

   0.001

Environment (salt)
 0.22
(0.20)

   0.287

Pouteria squamosa
0.97
Intercept

-2.08
(0.24)

< 0.001

ln stem diameter
 1.62
(0.05)

< 0.001

Stem type (trunk)
 0.01
(0.19)

   0.936

Environment (salt)
-0.03
(0.15)

   0.838

Spondias radlkoferi
0.90
Intercept

-2.49
(0.39)

< 0.001

ln stem diameter
 1.59
(0.10)

< 0.001

Stem type (trunk)
 0.90
(0.17)

< 0.001

Environment (salt)
-0.51
(0.17)
 
   0.006

Trichilia havanensis
0.89
Intercept

-3.12
(0.31)

< 0.001

ln stem diameter
 1.76
(0.10)

< 0.001

Stem type (trunk)
 0.96
(0.21)

< 0.001

Environment (salt)
-0.50
(0.22)

   0.025

Table S2 Single multiple regression model fitted to the whole dataset using dummy variables for species. The species used as the reference category was Cupania glabra. The R2 for this model was 0.90.

Variable


Coefficient (SE)
        P
Intercept


-2.28
(0.11)

< 0.001

ln stem diameter

 1.66
(0.03)

< 0.001

Stem type (trunk)

 0.45
(0.05)

< 0.001

Environment (salt)

-0.20
(0.05)

   0.001

Coccoloba hondurensis
-0.37
(0.11)

   0.001

Cordia alliodora

 0.32
(0.11)

   0.006

Cordia stenoclada

 0.18
(0.12)

   0.151

Ficus obtusifolia

 0.30
(0.12)

   0.013

Ficus tecolutensis

 0.44
(0.11)

< 0.001

Ficus trigonata

 0.03
(0.10)

   0.753

Lonchocarpus schiedeanus
 0.06
(0.12)

   0.624

Pouteria squamosa

-0.19
(0.13)

   0.145

Spondias radlkoferi

-0.14
(0.13)

   0.249

Trichilia havanensis

-0.38
(0.12)

   0.001

Table S3 Single multiple regression model fitted to the whole dataset grouping species into three categories. Group A comprises species with the smallest mean foliage area, B intermediate ones and C the largest. The reference group for species is A. The R2 for this model was 0.90.

Variable


Coefficient (SE)
        P
Intercept


-2.30
(0.09)

< 0.001

ln stem diameter
 
 1.67
(0.02)

< 0.001

Stem type (trunk)

 0.45
(0.05)

< 0.001

Environment (salt)

-0.18
(0.05)

< 0.001

Species group A

-0.31
(0.06)

< 0.001

Species group C

 0.31
(0.06)

< 0.001
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Figure S2 Crown area-stem diameter plot of data from trunks from sheltered locales for Coccoloba hondurensis showing that the slopes of the models are very similar, though the model for single species is influenced by extreme observations. The line with dashes and dots represents the model fitted only to data from Coccoloba. The dashed line derives from the model with an indicator variable assigned to each species (the model in Table S2). The solid line comes from the model that used species groups, from Table S3. The line made up of dots derives from the final model from the main text. 
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Figure S3 Crown area-stem diameter plots for the 11 species studied. For clarity, we show only data from trunks from sheltered trees. The dashed lines are the fits for each species separately while the solid lines are the models resulting from our global analysis. While the fits are generally identical, it is clear that the single species fits are highly sensitive to outliers (cf. Ficus trigonata).
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