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Appendix 1 
Study site, tree species composition, biomass increment sampling and data analyses 

 

  



Table A1. List of the species used for dendrochronological analysis with information about number of 
individuals, average, minimum and maximum age (in years), and Gleichläufigkeit (GL), and values of 
Student’s t-test (for details see: Schweingruber, 1988; English Heritage, 2014). Cross-dating was 
precisely done for all species, however, insufficient dating (according the Gleichläufigkeit and t-test) 
was recorded for two species (Betula ermanii, Sorbus alnifolia). However, both species were 
represented by a low number of individuals and some of them were quite young, which complicated the 
process of cross-dating process (in this case getting of sufficient statistic numbers) (Grissino-Mayer, 
2001). Both species were included in the analysis despite unsatisfactory dating, because even if some 
missing rings occur, it will not affect the results as the periods cover a few decades. Missing rings, 
which can complicate the cross-dating process and subsequent results of disturbance and establishment 
reconstruction, were rare (Lorimer et al. 1999). 

Species 
Number of 

individuals 

Age 
GL t-test 

Average Minimum Maximum  

Acer japonicum 21 66 46 141 58.2 3.36 

Acer mono 76 123 57 239 59.7 3.15 

Acer pictum 1 65 65 65 - - 

Abies sachalinensis 66 82 33 178 65 3.96 

Acanthopanax 

sciadophylloides 
33 62 29 156 66.6 3.82 

Betula ermanii 13 108 26 192 59.2 2.66 

Fraxinus mandshurica 1 78 78 78 - - 

Kalopanax pictus 9 94 52 204 61.3 3.98 

Magnolia obovata 18 56 20 141 62 3.43 

Phellodendron amurense 1 32 32 32 - - 

Prunus sargentii 1 73 73 73 - - 

Quercus mongolica 123 186 22 338 66.7 6.68 

Sorbus alnifolia 6 112 47 174 55.8 2.2 

Sorbus commixta 14 69 44 194 60.7 4.42 

Tilia japonica 2 86 24 147 - - 

Total 385 121 20 338 
  

  



Table A2. Pairwise correlations among stability of productivity, species asynchrony, plant species 

richness, tree density, species diversity, phylogenetic diversity, tree height and age, and trait means and 

diversities for the 10 × 10 m subplot scale. FD – functional trait diversity, CWM – community-weighted 

trait means, RGR – relative growth rate. Significant correlations are in bold. 

 

  

S A SR Di E PD D BA P H HD L LD AG AD B BD RGR
Stability (S)
Asynchrony (A) 0.60

Sp. richness (SR) 0.15 -0.01

Sp. diversity (Di) 0.04 -0.04 0.91

Evennes (E) -0.16 0.01 -0.19 0.14

Phylogenetic div. (PD) 0.28 0.09 0.84 0.75 -0.12

Tree density (D) 0.39 0.25 0.63 0.43 -0.38 0.63

Stand basal area (BA) 0.58 0.38 0.30 0.24 -0.07 0.30 0.37
Mean productivity (P) 0.43 0.28 0.37 0.33 -0.03 0.33 0.31 0.69
Mean height (H) 0.11 0.10 -0.45 -0.33 0.35 -0.38 -0.50 0.39 0.28
FD height (HD) 0.27 0.05 0.70 0.58 -0.45 0.61 0.67 0.41 0.38 -0.48
CWM leaf economics (L) -0.03 0.17 -0.02 0.02 0.01 -0.13 -0.06 0.13 0.03 0.05 0.01
FD leaf economics (LD) 0.00 -0.02 0.51 0.49 -0.06 0.39 0.34 0.14 0.33 -0.21 0.39 0.00
Mean age (AG) 0.13 0.06 -0.47 -0.37 0.38 -0.40 -0.50 0.28 0.17 0.86 -0.59 0.11 -0.35
FD age (AD) 0.28 0.02 0.69 0.52 -0.40 0.60 0.71 0.35 0.36 -0.43 0.93 -0.21 0.36 -0.47
Monopodial branching (B) 0.18 0.06 -0.33 -0.28 0.16 -0.18 -0.16 0.27 0.13 0.53 -0.19 0.00 -0.24 0.56 -0.21
FD branching (BD) -0.23 -0.08 0.45 0.45 -0.07 0.33 0.21 -0.17 -0.10 -0.48 0.30 0.00 0.33 -0.54 0.30 -0.83
Mean rel. growth rate (RGR) -0.25 -0.20 0.01 0.02 0.00 0.07 -0.02 -0.43 -0.38 -0.43 0.00 -0.15 0.00 -0.51 0.00 -0.23 0.26
FD RGR (GD) 0.32 0.14 0.63 0.53 -0.29 0.59 0.62 0.52 0.49 -0.24 0.84 0.05 0.36 -0.29 0.66 0.00 0.15 0.01



Table A3. Fixed effects and model fit information for generalized least-squares models of stability of 

productivity (tree basal area increments) for the 10 × 10 m subplot scale. The model 1 does not include 

spatial autocorrelation (SA), while the model 2 include spatial autocorrelation. AIC is Akaike’s 

information criterion; R2 represent model variation explained by fixed effects; Model comparison 

show significance values for ANOVA based comparison of the two models with and without 

correction for spatial autocorrelation. Asterisks indicate statistically significant relationships 

between stability and individual predictors (*p < 0.05. **p < 0.01. ***p < 0.001). 

 Model1: without SA Model 2: with SA Model 
comparison 

Fixed effects R2 AIC R2 AIC p-value 
Asynchrony (A) 0.357*** 51.04 0.358*** 54.88 0.924 
Sp. richness (SR) 0.023 86.66 0.03 89.84 0.663 
Sp. diversity (Di) 0.001 85.32 0.004 88.69 0.728 
Evennes (E) 0.022 80.89 0.019 84.82 0.964 
Phylogenetic div. (PD) 0.058* 82.83 0.061* 86.36 0.791 
Tree density (D) 0.138*** 80.09 0.138*** 84.09 0.999 
Stand basal area (BA) 0.334*** 54.23 0.341*** 57.75 0.787 
Mean productivity (P) 0.184*** 71.27 0.205*** 72.69 0.275 
Mean height (H) 0.022 88.36 0.028 91.5 0.647 
FD height (HD) 0.056* 78.81 0.055* 82.52 0.866 
CWM leaf economics 
(L) 

0.001 85.89 0.008 89.47 0.808 

FD leaf economics 
(LD) 

0.001 84.1 0.001 87.63 0.793 

Mean age (AG) 0.016 93.58 0.022 96.75 0.658 
FD age (AD) 0.065* 81.42 0.069* 83.57 0.765 
Monopodial branching 
(B) 

0.031 82.3 0.028 86.21 0.956 

FD branching (BD) 0.055* 78.53 0.055* 82.17 0.834 
Mean RGR 0.061* 80.07 0.065* 83.24 0.661 
FD RGR (GD) 0.103** 75.11 0.103** 78.87 0.891 
 

  



 

Figure A1. The study was conducted in a natural, conifer–hardwood mixed forest in the Uryu 

Experimental Forest of Hokkaido University in northern Japan, composed of Quercus mongolica 

(having 24% of total stand basal area), Acer mono (19%), Abies sachalinensis (17%), Acer japonicum 

(9%), Betula ermanii (7%), Acanthopanax sciadophylloides (6%), Magnolia obovata (4%), Kalopanax 

pictus (3%) and Tilia japonica (1%). The understory is dominated by a dense cover of Sasa senanensis 

dwarf bamboo.  

  



 

Figure A2. The molecular phylogenetic tree built from nucleotide sequences obtained from genBank 

(<www.ncbi.nlm.nih.gov/nuccore/>), using a combined multigene approach with the maximum data 

density achieved with four loci: internal transcribed spacer (ITS), trnT-trnL intergenic spacer, matK + 

trnK region, and the gene for rubisco large subunit (rbcL). 



 

Figure A3. Bi-plot of principal components analysis (PCA) of specific leaf area (SLA; mm2 mg-1), leaf 

dry matter content (LDMC; g g-1), foliar N (%), and foliar P (%) measured for tree species in a diverse 

temperate forest in the northern Japan. 

  



 

Figure A4. Hypothetical causal model for structural equation model (SEM) exploring the effects of 
plant species richness, tree density, phylogenetic diversity, stand basal area, functional trait diversity 
(FD) and  community-weighted mean of traits (CWM) on species asynchrony (Asynchrony) and 
stability of wood biomass production (Stability) in a diverse temperate forest in the northern Japan. 
Black lines are hypothesized paths. CWM and FD were calculated for tree height, leaf economics 
spectrum (fast–slow), tree age, RGR and brandching pattern.  

 

Figure A5. Relationships among temporal stability of productivity, variability in tree age, branching 
pattern, mean relative growth rate and oak basal area in a diverse temperate forest in the northern Japan 
at three spatial scales. Lines are generalized least-squares model fits for each scale with 95% confidence 
intervals. Significant R2 are shown.  



 

Figure A6. Relationships among temporal stability of productivity and FD and CWM of fast–slow leave 
traits, and CWM of branching pattern in a diverse temperate forest in the northern Japan at three spatial 
scales.  

 

Figure A7. Relationships among temporal stability of productivity, species diversity, evenness, and 
mean tree age and height in a diverse temperate forest in the northern Japan at three spatial scales.   



 

Figure A8. Structural equation models (SEM) exploring the direct and indirect effects of plant species 

richness, species asynchrony, tree density, stand basal area, phylogenetic and functional diversity on 

species asynchrony and stability of community productivity in a diverse temperate forest in the northern 

Japan using different combinations of FD and CWM traits for three spatial scales. The SEM models for  

CWM of fast-slow leaf economics and RGR are presented as these mean traits retained significant 

contribution in our structural equation models. For (a) (Fisher’s C = 1.577, DF = 4, p = 0.813; n = 400), 

the model fit the data well for, as was the case for (b) (Fisher’s C = 2.096, DF = 4, p = 0.718; n = 100) 

and (c) (Fisher’s C = 2.704, DF = 4, p = 0.698; n = 25). Boxes represent measured variables and arrows 

represent relationships among variables. Solid blue and red arrows represent significant (p ≤ 0.05) 

positive and negative standardized path coefficients, respectively, and thin arrows represent non-

significant standardized path coefficients. Standardized path coefficients are given next to each 

(significant) path.  

 


