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Material and methods 12 

Full methods of the field measurement and estimation of each component of C stocks 13 
and fluxes. 14 
 15 

Quantification of C stocks 16 

Tree_AGC — The dry aboveground biomass for each individual tree with DBH > 17 
3 cm was estimated from DBH and height measurements using allometric equations. 18 
These allometric equations were developed with field data from the same climatic 19 
zone and vegetation type [1, 2]. The calculated biomass included dry mass of stem, 20 
branches and leaves. For the 13 most dominant species, we used species-specific 21 
equations. For the other 80 broadleaved species we used a generic allometric equation 22 
[1, 2]. If a tree had multiple stems, we estimated aboveground biomass values for each 23 
stem separately and summed them up. DBH and height for all trees were measured in 24 
2008 when the plots were established. Tree aboveground biomass was converted to 25 
tree aboveground C by assuming a 46% fraction of C in biomass for all species [3, 4]. 26 

Herb_AGC — Aboveground biomass of the herb layer was determined at the 27 
peak of the growing season between May and July in 2008 [5]. The herb layer was 28 
defined as all plants not exceeding 1 m in height, including herbaceous and woody 29 
vascular species. Due to a large amount of leaf litter, forest-floor bryophytes were 30 
mostly absent and therefore ignored. In each plot, aboveground herb-layer biomass 31 
was harvested in four 1-m2 sized quadrats located at the corners of the 10 x 10 m 32 
central subplot. Fresh biomass was oven-dried at 70 °C for 48 h. To convert dried 33 
biomass into C stock we assumed a C concentration of 46% of the aboveground herb 34 
layer [6]. 35 

Litter_C —To determine the biomass of the litter layer, including “all dead, fresh 36 
or dry, and partially decomposed plant tissues above the organic and mineral soil 37 
surface, including twigs up to 0.6 cm diameter” [7], we took four sample cores with a 38 
PVC tube (19 cm diameter) in undisturbed litter patches and recorded the thickness of 39 
the litter layer in the cores in all 27 plots in spring, summer, autumn and winter from 40 
2009 to 2010. Pooled litter samples per plot were dried at 70 °C to constant weight, 41 
and C concentration was determined with an Elemental Analyzer (PE 2400 II CHN 42 
Elemental Analyzer, Perkin-Elmer, Boston, MA, USA). Litter-layer C stocks were 43 
corrected for spatial variability by using the mean of 12 additional measurements of 44 
leaf-litter thickness distributed equally along the border of each plot. To account for 45 
seasonal variation, we used the mean of litter-layer C stock averaged across seasons. 46 

DW_C — The deadwood C stock was inventoried in all 27 plots in 2009. 47 
Deadwood comprised coarse woody debris (diameter > 10 cm) and fine woody debris 48 
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(3 cm ≤ diameter ≤ 10 cm). Lying as well as standing woody debris was recorded. 49 
Every dead tree with its base inside the plot boundaries was considered, irrespective 50 
of whether its treetop was located outside the plot area. Trees with the base outside the 51 
plot area were not considered irrespective if the top was located inside the plot. Each 52 
deadwood piece was identified to species and assigned into one of three decay classes: 53 
undecayed solid wood with bark or bark starting to fall off (class I), partly decayed 54 
wood into which a knife can be pushed by hand (class II) and strongly decayed wood 55 
that can be easily fragmented by hand (class III). Species-specific wood density was 56 
used to convert frustum volume into biomass for class I deadwood pieces. For the 57 
other decay classes (class II and III) we estimated the reduction in wood density for 58 
broadleaved and conifer species separately by sampling a representative number of 59 
wood samples with a drilling machine. Biomass of entire dead trees was calculated by 60 
allometric equations using decay-class specific wood-density data [8]. A factor of 0.45 61 
was used to convert deadwood biomass to DW_C [4]. 62 

Root_C — Root C was calculated as the sum of C stored in tree coarse roots 63 
(diameter ≥ 2 mm), tree fine roots (diameter < 2 mm) and herb roots. Dry biomass of 64 
coarse roots for each tree was determined by allometric equations from previous 65 
studies conducted at the same field site [1]. Species-specific allometric equations 66 
(based on DBH) were used for four species (Pinus massoniana, Cunninghamia 67 
lanceolata, Castanopsis eyrei and Schima superba). A common equation with DBH 68 
and species-specific wood density was used for all the other broadleaved species [1]. 69 
Species-specific wood density was measured in the plots or taken from previous 70 
studies in the same nature reserve [9]. For species with no record of wood density, we 71 
used genus- or family-level mean values. Ten soil cores with a diameter of 10 cm and 72 
a depth of 45 cm were taken from the central point of each 10 × 10 m subplot in 15 73 
plots in 2009 to determine fine- and herb-root biomass. After sieving and washing 74 
away the soil, live tree fine roots and herb roots were oven-dried to a constant weight. 75 
Root_C content was estimated as 44% of total biomass of coarse, fine and herb roots 76 
[3, 4]. 77 

SOC — In each plot, nine soil cores (3 cm in diameter, one per 10 × 10 m 78 
subplot), were taken to a depth of 50 cm in 2008. Soil cores were bulked to six depth 79 
increments (up to 50 cm), resulting in six soil samples for each plot. Sample 80 
preparation included hand sorting of coarse plant and animal residuals, sieving (< 2 81 
mm) and grinding of air-dried soil samples. Soil total C content was measured by an 82 
Elemental Analyzer (Vario EL III, Elementar, Hanau, Germany). Given the acidic soil 83 
conditions in the study area, inorganic C does not occur. Therefore, measured total 84 
soil C represents the soil organic C content. SOC stocks to a depth of 50 cm were 85 
calculated according to the following equation (see [10]): 86 

𝑆𝑂𝐶  = (𝐷𝑒𝑝𝑡ℎ × 𝑆𝑂𝐶 × 𝐵𝐷 × (1 − (𝐶𝑀 100)))/100⁄  

where Depth is a specific depth increment (m), SOCcont represents the soil organic C 87 
content related to the increment, BD is the bulk density recalculated as weighted mean 88 
based on soil horizon profile data, CM (%) is the fraction of coarse material, 89 
estimated following the German guidelines for soil description [11]. 90 
 91 

Quantification of C fluxes 92 

AGC_F — AGC_F was calculated as the annual mean C increment of the forest 93 
stands estimated for trees with DBH > 3 cm. As for Tree_AGC, the dry biomass for 94 
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year 2008 and 2010 was first determined by allometric equations. The annual biomass 95 
increase was then converted to annual C flux by multiplication with a coefficient of 96 
0.46 [3, 4]. 97 

Litterfall_F — Litter was collected monthly from 2009 to 2014, using five traps 98 
set in and around the central 10 × 10 m subplot in each plot. Each litter trap had an 99 
area of 0.75 × 0.75 m with 1-mm nylon mesh. The top of the trap was 1.5 m above the 100 
ground. All leaves, twigs (diameter < 2.5 cm), flowers, seeds, fruits and other 101 
reproductive parts of plants were collected monthly from traps and oven-dried at 80°C 102 
to a constant weight. Annual mean litterfall biomass was multiplied by 0.44 to 103 
estimate the Litterfall_F [4]. 104 

CWD_F — Deadwood C flux of coarse woody debris was determined as the 105 
difference in CWD C stores between two deadwood inventories in 2009 and 2014. 106 
Labeled CWD pieces in 2009 were re-measured in 2014 with transition in decay class 107 
recorded. CWD that could not be recovered in 2014 due to fragmentation or downhill 108 
movement was included as C efflux from the plot CWD pool. 109 

Rs — Soil respiration was measured in 16 plots with a closed chamber connected 110 
to a portable infrared gas analyzer (LI-8100; Li-Cor Inc., Lincoln, NE, USA). In each 111 
plot, six PVC collars with 20 cm diameter and 8 cm height were evenly installed in 112 
2009. The collars were inserted into the soil to a depth of 3 cm. The Rs measures were 113 
first obtained in April 2009 and remeasured every two months until March 2012. Each 114 
time, the collars were measured twice with a 1-h interval. Besides, in each season one 115 
plot was chosen to record Rs continuously over a 24-h period at 2-h intervals. Rs was 116 
calculated using the exponential equation given by [12], 117 

Rs = R10𝑒
(   )

 = R10𝑒 (
.

  
.

) 118 
Where R10 was Rs at 10 °C, T0 and E0 were used to define the temperature 119 
dependency of soil respiration, T was soil temperature at 5 cm depth when measuring 120 
the Rs. To facilitate the convergence of the non-linear regression procedure that was 121 
used to fit R10, T0 and E0, we first fixed T0 to –46.02 °C (see [62]). The total Rs was a 122 
cumulative value of hourly mean Rs of the replicated collars (n=3–6). 123 
 124 
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Table S1. Percentage (%) variation in dependent variables (rows) explained by the 165 
explanatory variables tree species richness, stand age and environmental variation 166 
(first principal component axis from environmental PCA) in hierarchical partitioning 167 
analysis (see “Material and methods” in main text). 168 
 169 

 
Species 
richness 

Stand age 
Environmental  

PC1 
Residual Total 

C stocks  
    

Tree AGC 26.3 34.1 2.5 37.1 100 

Herb AGC 2.1 10.5 3.2 84.3 100 

Litter_C 11.2 29.5 12.8 46.6 100 

DW_C 26.3 31.3 1.7 40.7 100 

Root_C 26.9 37.8 2.4 32.8 100 

SOC 8.7 5.0 31.6 54.8 100 

AGC total 26.3 34.2 2.5 37.0 100 

GC total 22.6 38.7 1.5 37.2 100 

BGC total 17.4 13.5 26.1 43.0 100 

Total C 28.5 29.4 8.0 34.1 100 

C fluxes  
    

AGC_F 4.7 12.8 11.6 70.9 100 

Litterfall_F 20.2 28.7 3.5 47.7 100 

CWD_F 24.3 24.8 1.4 49.5 100 

Rs 10.0 7.0 2.7 80.3 100 

  170 
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Table S2. Partial regression coefficients from multiple regression analyses including the first two principal component axes from the 171 
environmental PCA analysis (environmental PC1 and PC2), stand age and species richness as explanatory variables and six C stocks and four C 172 
fluxes as dependent variables. Partial coefficients are adjusted for all explanatory variables in the multiple regression model; variation that could 173 
be explained by the joint action of two or more explanatory variables is not captured by these coefficients. Hierarchical partitioning analysis 174 
showed that environmental variation only explained a small amount of total variation in dependent variables and therefore the environmental 175 
PCs were excluded in the models presented in the main text. 176 
 177 

 
Explanatory variables 

 
Environmental PC1 Environmental PC2 Stand age Species richness 

Dependent 
variables 

regression 
coefficient 

s.e. 
 

regression 
coefficient 

s.e. 
 

regression 
coefficient 

s.e. 
 

regression 
coefficient 

s.e. 
 

C stocks: 

Tree_AGC 0.093 0.061 
 

0.060 0.065 
 

0.012 0.004 ** 0.049 0.020 * 

Herb_AGC -0.202 0.164 . -0.576 0.167 ** -0.017 0.010 . 0.002 0.009 
 

Litter_C -0.051 0.027 . 0.013 0.027 
 

0.005 0.002 ** 0.002 0.009 
 

DW_C 0.095 0.184 
 

0.462 0.187 * 0.033 0.011 ** 0.146 0.061 * 

Root_C 0.061 0.067 
 

0.045 0.074 
 

0.008 0.004 * 0.036 0.018 . 

SOC -0.197 0.060 ** 0.058 0.061 
 

0.002 0.004 
 

0.015 0.020 
 

C fluxes: 

AGC_F 0.105 0.058 . 0.013 0.061 
 

-0.007 0.004 . 0.032 0.019 
 

Litterfall_F 0.044 0.023 . -0.052 0.023 * 0.004 0.001 ** 0.016 0.008 * 

CWD_F 0.109 0.209 
 

0.524 0.213 * 0.028 0.012 * 0.155 0.069 * 

Rs 0.068 0.072 
 

-0.032 0.062 
 

-0.003 0.003 
 

0.024 0.015 
 

 178 
*All dependent variables were log-transformed. Significance: **: p<0.01; *: p<0.05; . : p<0.1  179 
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Figure S1. Relationships between stand age and C stocks and fluxes, including for (a) 180 
six components, (b) three layers and total C and (c) four fluxes. Each dot represents a 181 
plot. Significant R2 values from linear regressions are shown (***: p<0.001, **: 182 
p<0.01, *: p<0.05). Partial regression lines for three species richness levels at 6, 11 183 
and 16 species/plot are shown in different colors. These are the mean tree species 184 
richness levels for 10 plots classified as low, 9 plots classified as medium and eight 185 
plots classified as high species richness, respectively. Logarithmic scales are used for 186 
all dependent variables (y axes). 187 
 188 

 189 



Figure S2. Correlation matrix between tree species richness, stand age, environmental 190 
PC1 (“Env”), six C stocks and four C fluxes. The absolute values of correlation 191 
coefficients r are shown in the upper triangle of the matrix. All except the first three 192 
variables were log-transformed. 193 
 194 

 195 
  196 
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Figure S3. Path analyses illustrating hypothesized causal relationships between 197 
variables. a) If considered together, all three explanatory variables, tree species 198 
richness (SR), stand age (Age) and environmental variation (environmental PC1, Env), 199 
affect aboveground C productivity (AGC_F), but the influence of stand age is 200 
negative whereas the influence of tree species richness is positive; b) AGC_F and SR 201 
together increase tree aboveground C stocks (Tree_AGC), while SR increases C 202 
stocks in roots (Root_C), which is in turn correlated with Tree_AGC; c) and d) 203 
indicate that SR effects on litterfall (Litterfall_F and Litter_C) and dead wood 204 
variables (DW_C and CWD_F), respectively, are indirect and work via Tree-AGC. 205 
Solid arrows indicate positive effects, dashed arrows negative effects; double-headed 206 
arrows indicate correlations; values represent standardized coefficients with their 207 
significance indicated by asterisks (***: p<0.001, **: p<0.01, *: p<0.05, ns: p>0.05). 208 
The overall fit of all models (a–d) was good as indicated by 2-tests: a) p=0.160, b) 209 
p=0.445, c) p=0.793, d) p=0.069. 210 
 211 
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