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Does spatial distribution of tree size account for spatial variation
in soil respiration in a tropical forest?

Laétitia Bréchet, Stéphane Ponton, Tancréde Alméras, Damien Bonal, Daniel Epron

Abstract We explored the relationship between soil
processes, estimated through soil respiration (R,,;),
and the spatial variation in forest structure, assessed
through the distribution of tree size, in order to
understand the determinism of spatial variations in
Ry,;; in a tropical forest. The influence of tree size was
examined using an index (/.) calculated for each tree
as a function of (1) the trunk cross section area and
(2) the distance from the measurement point. We
investigated the relationships between /. and litterfall,
root mass and Ry,; respectively. Strong significant
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relationships were found between /. and both litterfall
and root mass. R,,; showed a large range of variations
over the 1-ha experimental plot, from 1.5 to 12.6 g¢
m 2 d”'. The best relationship between I, and R,
only explained 17% of the spatial variation in R,;.
These results support the assumption that local
spatial patterns in litter production and root mass
depend on tree distribution in tropical forests. Our
study also emphasizes the modest contribution of
tree size distribution—which is mainly influenced by
the presence of the biggest trees (among the large
range size of the inventoried trees greater than
10 cm diameter at 1.30 m above ground level or at
0.5 m above the buttresses)—in explaining spatial
variations in R,,;.

Keywords Forest structure - Soil respiration - Root
mass - Litterfall - Spatial variation - Tropical forest

Introduction

Since soil respiration (R,,;) in forest ecosystems
accounts for approximately 25% of the global carbon
dioxide exchange (Raich and Potter 1995; Raich and
Schlesinger 1992), even more than fossil fuel emis-
sions and deforestation (van der Werf et al. 2009),
R,.i; 1s a key component in the global carbon cycle.
Obtaining accurate estimates of Ry,; is thus crucial to
understanding the global carbon budget, particularly
in tropical forests which represent a quarter of the



carbon stocks in terrestrial ecosystems (Dixon et al.
1994). Furthermore, from a global climate change
perspective, reliable carbon balance predictions using
mechanistic models will only become possible if the
processes leading to soil carbon emissions are fully
understood.

Soil respiration is the result of a large set of
biological processes, predominantly root-derived
respiration and decomposition of soil organic matter,
aboveground litter and belowground litter by the
microbial community. As a consequence, the deter-
minants of the variation in soil respiration are
numerous and diverse and may involve several
processes or interactions. Spatial variations in Ry,
especially those occurring over short distances, have
tended to be neglected in comparison with temporal
variations (Metcalfe et al. 2007; Sotta et al. 2004).
The main factors influencing spatial variation already
identified are: soil moisture (Adachi et al. 2005;
Martin and Bolstad 2009; Schwendenmann et al.
2003); physical soil properties that control gas
diffusivity and nutrient availability (Epron et al.
2006; Kosugi et al. 2007; Silver et al. 2005); and soil
topography, which strongly impacts both soil water
content and physical soil properties (Epron et al.
2006; Chambers et al. 2004). Furthermore, it has been
suggested that small-scale spatial variations in Ry,
(from a few centimetres to around 10 m) could be
influenced by biotic factors. Indeed, the spatial
distribution of organic detritus (which fuels microbial
respiration), decomposers or respiring organisms is
not necessarily uniform, either in quantity or in
quality (Epron et al. 2004; Ohashi et al. 2007). It
has been shown that spatial differences in plant
productivity and litter supply influence soil biota
and, consequently, decomposition processes (Negrete-
Yankelevich et al. 2006). At the ecosystem level,
positive relationships between root biomass and R,
have been observed in tropical forests (Epron et al.
2006; Fang et al. 1998; Janssens et al. 1998; Metcalfe
et al. 2007). Microbial respiration also makes an
important contribution to total R,;. For instance, it
accounted for between 65 and 76% in Brazilian
lowlands (Silver et al. 2005). As microbes feed on
aboveground litter and other material, the quantity and
quality of litter production (e.g. P and N contents)
could also be a key factor in determining spatial
variations in R,,; (Bréchet et al. 2009; Epron et al.
2004). Trees are involved, either directly (i.e. root

respiration) or indirectly (i.e. root-derived rhizosphere
respiration, production of carbon substrates for micro-
bial respiration), in most of the processes contributing
to Rsoil'

Because large surveys of root biomass and litter are
virtually impossible to conduct at the regional scale, a
proxy for litterfall and root biomass which would
explain spatial variations in Ry, is required. The
spatial distribution of tree diameter is a good
candidate. A theoretical framework was successfully
developed to describe the spatial influence of trees on
ecosystem characteristics such as canopy coverage
in a boreal Scots pine forest (Kuuluvainen and
Linkosalo 1998). In tropical wet forests, the very
high tree species diversity might favour patchiness of
soil conditions. Alternatively, the high level of
competition for soil nutrients among plants might
induce a relatively regular distribution of roots over
the entire available volume of soil. Regarding litter
variation, Guehl et al. (1998) found that the lateral
dispersal and mixing of leaves after fall result in a
homogeneous composite of litterfall properties on the
soil surface (this would, in turn, likely favour a
uniform distribution of roots). Therefore, the exis-
tence of a relationship between tree distribution and
the two main inputs of carbon in the soil, namely
litterfall and root biomass, is not straightforward in
this particular context and needs to be tested.

Besides the effect of the quantity of aboveground
litter and root-derived inputs to the soil, the specific
qualitative characteristics of trees are also likely to
influence soil respiration. However, testing for a
species-specific effect can be exceedingly challenging
in tropical forests where most of the tree species occur
only once per hectare. We hypothesized that the
spatial distribution of tree size in itself might explain
a significant part of the spatial heterogeneity of soil
respiration. Indeed, several recent studies have
emphasized the relationships between tree dimension
parameters (i.e. tree diameter or basal area) and R,,;
in temperate (Soe and Buchmann 2005; Vincent et al.
2006) and tropical forests (Katayama et al. 2009) or
tropical plantations (Bréchet et al. 2009).

The main objective of this study was to analyse the
influence of forest structure (size and spatial distribu-
tion of the trees) on spatial variations in Ry,; in a
tropical rainforest in French Guiana. We hypothesized
that the spatial distribution of tree size would account
for the spatial variability in root mass and litterfall.



Therefore, we examined the relationships between
tree size distribution and both litterfall and root mass,
then explored the relationship between tree size
distribution and soil respiration. To tackle these
questions, we first described the spatial variation in
Ry, within a plot of approximately 9,800 m?. The
plot was undisturbed forest characterised by homoge-
neous soil texture. The position and circumference of
all trees were measured. Ancillary litterfall and root
mass data were also gathered from the same plot.
Sampling was designed to allow Rg,; to be charac-
terised at two different spatial levels by distributing
325 measurement points over 25 subplots.

Materials and methods
Study site

Our investigations were carried out in the Paracou
forest in French Guiana (5°16'54"N, 52°54'44"W;
Gourlet-Fleury et al. 2004) on an experimental plot
(9,800 m? with an extension around the measurement
points) located within the footprint of an eddyflux
tower (Guyaflux site; Bonal et al. 2008). The soil is
mainly a nutrient-poor acrisol (FAO-ISRIC-ISSS
1998) developed over the Precambrian schists in the
Bonidoro-series. The coarse sandy texture of the soil
decreases slightly with depth (55.3 to 50.4% from 2 to
20 cm below the surface) while the clay content
increases (21.8 to 26.4%). The forest floor and the
soil are homogeneous throughout the plot (Freycon,
pers. comm.).

The wet tropical climate is strongly influenced by the
north/south movements of the Inter-Tropical Conver-
gence Zone (ITCZ). The seasonal movements of the
ITCZ induce two contrasting periods: a long dry season,
occurring from mid-August to mid-November, and a
rainy season the rest of the year interrupted by a short
dry season in February/March. The mean annual
precipitation recorded at the site over the 1979-2001
period was 3,041 mm (Gourlet-Fleury et al. 2004). The
mean annual air temperature is 25.7°C with little
seasonal variation (1.5°C; Bonal et al. 2008).

Plot characterisation

In the experimental plot, the circumferences of all
trees were measured at 1.30 m above ground level or

at 0.5 m above the buttresses. Circumferences were
converted to diameter assuming a circular section
(hereafter referred to as diameter at breast height,
dbh). Trees with a dbh <10 cm were not considered in
our analyses. The geographic coordinates of each tree
were recorded (Fig. 1). The spatial distribution of dbh
was then assessed from directional semivariograms
calculated for four directions: 0°, 45°, 90° and 135°
(from North). As none of the four semivariograms
showed a clear pattern (i.e. an increase from the point
of origin to a distinct threshold) it was concluded that
the distribution of tree size was not spatially struc-
tured inside the plot. More than half of the 809
inventoried trees belonged to three dominant botanical
families: Sapotaceae (23%), Lecythidaceae (20%) and
Caesalpiniaceae (11%).

Litter production (including leaves, small branches,
fruits and flowers) was estimated from eight 0.45-m>
litter traps installed 1.50 m above the soil (Fig. 1).
Over 4 years (December 2003—January 2008), litter
was collected twice a month, dried at 60°C until
constant mass was achieved (around 72 h) and
weighed.

Root samples were collected in five locations in
one-half of the plot (Fig. 1) in early May 2006,
following a two-step sampling procedure. First, a
7-cm-diameter core was taken to precisely estimate
fine root mass in the 0—15 cm and the 15-30 cm soil
layers. The roots were separated from the soil by
flotation and sieved through a 0.5-mm screen.
Second, a larger volume of soil was extracted with a
metallic cubic box of 30 cm to a side to estimate total
root mass. The soil samples were sieved through a
6.3-mm screen. The roots were sorted into three
diameter classes: (1) coarse roots (diameter >10 mm),
(2) small roots (10> diameter >2 mm) and (3) fine
roots (diameter <2 mm). They were washed and oven-
dried (until reaching constant mass) at 55°C for fine
roots and 105°C for small and coarse roots.

Soil respiration

Twenty-five circular subplots were set up to characterise
the spatial variation in soil respiration, R,,; (Fig. 1). The
surface area of each subplot was 78.5 m? (ie. 5 m
radius). The 25 subplots were positioned so that they
exhibited a continuous gradient in the cumulated trunk
cross section area of the encompassed trees. Among
the 25 subplots, the trunk cross section area varied
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from 0.00 to 1.57 dm> m ? and averaged 0.43 dm’
m 2. In 2006, about 1 month before taking the Ry,
measurements, 13 polyvinyl chloride (PVC) collars
(284 cm? each), spaced 2.5 m apart, were inserted into
the soil at a depth of 2-3 c¢m in each subplot.

Soil respiration was measured as described in
Bréchet et al. (2009). Briefly, the system consisted
of an EGM-4 infra-red gas analyzer (PP-Systems,
Hitchin, UK) connected to a laboratory-made
chamber (a 5.0 dm® PVC cylinder 20 cm in diameter
and 16 cm in height). Air was circulated between
the analyzer and the chamber at a flow rate of
0.3 L min"'. The total chamber volume, including
the collar space, was calculated for each measure-
ment and averaged 6.3 dm’. Measurements were
recorded for 240 s and fluxes were calculated
automatically by the EGM program, with the
quadratic fit option. Measurements were taken
between July 28th and August 4th, which corresponds
to the wet-to-dry season transition characterised by high
Ry,i; values (Bonal et al. 2008). Measurements were
conducted between 9:00 a.m. and 4:30 p.m. A single
rain event occurred during this period (10.4 mm) on
July 30th at 3:00 p.m.: measurements were interrupted
and resumed the next day.

10 20 30 40 50 60 70 80 90
meters

Data analysis

Differences in soil respiration among subplots were
tested with a mixed model where subplot was
considered as a random effect. Spatial variation in
R,;; within subplots was assessed with a coefficient
of variation (CV) calculated as the square root of the
residual variance estimate (i.e. 1.40) divided by the
mean, while for between-subplot spatial variation in
Ry, we calculated CV as the square root of the
variance estimate (i.e. 0.59) divided by the mean. To
test the influence of individual trees (via their above/
belowground and alive/dead masses) on soil process-
es, an index of local contribution (/.) was calculated
for each tree, as a function of its trunk cross section
area and the distance from the measurement collars,
following the approach that was developed by
Kuuluvainen and Linkosalo (1998) in a natural Scots
pine forest in Finland. Five models describing the
change in /. with measurement point distance from
the tree were tested (namely uniform, linear, parabol-
ic, power and exponential; Table 1). The implicit
assumptions in this calculation were as follows: 1) the
tree influence is isotropic, 2) the trees contribute
independently from each other, and 3) the contribu-



the trunk cross section area and an extinction coefficient (b). Summary of the

relationships between tree local contribution index (/.) and mean litterfall over 4 years

(2004-2008), root mass in the 0-30 cm soil layer, or soil respiration (R,,;/)

Table 1 Different approaches to modelling local contribution of trees using the trunk

cross section area (S, in cm?), the distance between the trees and the measurement point

(d, in m), a coefficient of form (a) and a fitted radius of influence (r, in m). In model 6

(M6), the radius of influence depends on a fitted maximum radius of influence (7,,4,),

Rsoi[

Root mass

Litterfall

Parameters

< R? Radius Parameters  R? Radius Parameters  R? Radius

c

Calculation of /. when d < r
0 otherwise)

Model type

(L.

0.14
0.10
0.12
0.10
0.12

4
7
7
8
7

0.91%*

7

0.61%
0.47
0.47
0.45
. 0.47
" th)] ) 046 11 (rpw) a=1.5

Uniform
M2 Linear

M1

11
11

0.94%*
0.92%%*
0.93%*

M3 Parabolic

_d_

r—d

15
11

I.=SXxe

M4  Exponential
M5  Power

1.8

12 (F)  a=1.8

1.2

a=

0.93%%*

a=12

9

0.17*

1.2
b=0.000265

1 4 (rmux) a

0.93**

d
max X (1=

3

f

(
(1

I. =8 x

M6 Power with a size dependant radius

b=0.00026

b=0.000255

*p<0.05; **p<0.01 and p>0.05 otherwise

tion of a given tree is proportional to its trunk cross
section area. Ontogenic and species-specific effects
were not considered. For these models, we also
assumed that all trees had the same radius of
influence, r (i.e. the distance above which their
contribution could be neglected). A sixth model was
also tested, based on the power formula but where the
radius of influence depended on the diameter of the
tree (Table 1). The calculation of this radius (7,,.y)
includes an asymptotic function, restricting the radius
of influence to a threshold value, and a constant
coefficient “b”, which described the strength of the
increase in influence with tree size.

The relationships between litterfall, root mass or
soil respiration and the sum of the /. (noted ) /. and
representing the influence of the surrounding trees,
according to the tested model) were assessed by using
the coefficient of determination as a criterion to select
the best model. When the number of parameters was
different between two models, we used the F-test
developed by Brown and Rothery (1994) to perform
the comparison and to select the most appropriate
models (Epron et al. 2004). Relationships with soil
respiration were analysed at both collar and subplot
levels. In the latter case, the average soil respiration
(n=13) was related to Y /. calculated from the centre
of the subplot.

Results

The annual litterfall averaged 1,097+243 gpyym 2y !
and ranged from 648 to 1,378 gpy m 2y ' across the
study plot (n=8 litter traps). A significant relationship
was observed between the 4-year average annual
litterfall (calculated for each of the eight litter traps)
and the sum of local contribution indices of surround-
ing trees within the fitted radius of influence (3/.)
according to a uniform model. The fitted radius of
influence () was 7 m (Table 1; R*=0.61, p<0.05 for
M1, n=8; Fig. 2a and b).

Total root mass in the 0—30 cm soil layer varied
from 1,282 to 3,150 gpm m 2 with an average of
2,027+796 gpm m 2 (n=5). The linear model with
r set at 7 m provided the best correlation between root
mass and Y/, (Table 1; R?=0.94, p<0.01 for M2,
n=5; Fig. 2c and d).

Over the whole study plot, the average rate of soil
respiration was 4.7£1.5 gc m > d ' (n=319), with an
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Fig. 2 Relationships between the sum of local contribution
indices of surrounding trees within the fitted radius of influence
(31.) and a) litterfall or ¢) root mass. The best relationships
obtained with M1 (p<0.05, n=8) for litterfall and M2 for root
mass (p<0.01, n=5) are shown here. Variations in the strength
of the relationship between ) /. and b) litterfall (n=28) or d) root
mass (n=5), according to the radius of influence of the trees
used in the calculation of the index. The strength of the
relationship was assessed through the coefficient of determina-

8-fold variation, from 1.5 to 12.6 gc m > d”'. The
frequency distribution of the soil respiration rate was
slightly skewed towards lower values at collar level
(n=320) and at the subplot level (n=25; Fig. 3). The
within-subplot variation (calculated as the residual
variance of a mixed model with subplot considered as a
random effect) was 30% relative to average Ry,;, and
about twice the between-subplot variation (c.a. 13%,
calculated as the variance attributed to the random
effect ‘subplot’).

There was no correlation between mean R,,; and
trunk cross section area of the subplots. When
considering soil respiration at the collar level, R,,;
only correlated weakly with ) /., whatever the model,
with a maximum R> of 0.05 obtained with M6
(p<0.0001 for a=1.4, »=0.00026 and r,,,=16 m,
n=319, Fig. 4a and b). At the subplot scale, only one
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tion (R% * p<0.05 and ** p<0.01) of the linear regression
between the tree local contribution index and the litterfall or
root mass. Six different models for local contribution were
tested, namely uniform (open triangle, M1), linear (open
diamond, M2), parabolic (open circle, M3), power (black cross,
M4), exponential (black star, M5) and power with r,,, limit
(maximum radius of influence depending on the size of tree;
black circle, M6)

model (M6) out of six used to calculate /. showed
significant correlation between Y /. and R,,; (Table 1;
Fig. 4c and d). The best correlation (R*=0.17, p<0.05,
n=25) was obtained with the following adjustment:
a=1.8, b=0.00026 and r,,,,=12 m, which corresponds
to #=0.2 m for a small tree (dbh=10 cm) and »=10.2 m
for the biggest trees in the subplot (dbh=97 cm).

Discussion

Spatial variation in soil respiration

The mean soil respiration measured in this study
(4.7+1.5 gc m > d~") was similar to the one estimated

by Epron et al. (2006) in the same forest and on the
same soil (4.7£2.1 gc m 2 d ") and was of the same
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Fig. 3 Frequency distribution of soil respiration at a) collar
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order of magnitude as other tropical forest measure-
ments (Buchmann et al. 1997; Chambers et al. 2004;
Davidson et al. 2000; Sotta et al. 2004). A compar-
ison of the spatial variation in soil respiration between
studies is difficult because of different sampling
designs (i.e. subplot size, measurement grid) and
periods of measurement (i.e. season, duration). In this
study, we measured soil respiration over nearly 1 ha
during the transition period between the wet and dry
seasons. We shortened the measurement period as
much as possible (i.e. 8 days) and limited measure-
ments to daytime only (i.e. 9:00 a.m. to 4:30 p.m.).
Furthermore, data from a continuous measurement
system of soil respiration located in a nearby plot (see
Bonal et al. 2008 for a detailed description) at the

same site in Paracou, allowed us to characterise both
within-day and between-day variations during this
8-day period. On this nearby plot, soil respiration was
measured every half hour in three automated
chambers and varied only slightly between 9:00 a.
m. and 4:30 p.m. with an average daily range of
0.5£0.1 gc m > d'. Between-day variations were
only slightly larger (i.e. 0.9+0.2 gc m > d ' range
over the same 8-day period), and these variations
were mainly caused by a single rain event occur-
ring on July 30th. Both within-day and between-
day variations appeared small compared to the
11.1 gc m 2 d' range observed across our study
plot. As a consequence, we considered that the
proportion of temporal variations inevitably included
in our data set is negligible as compared to spatial
variations. The observed spatial variation in Ry,
(30%), estimated through CV for measurements
within the 10 m-diameter subplots (i.e. 78.5 m?),
was consistent with values obtained for other
tropical forests in Malaysia (Katayama et al. 2009)
and Indonesia (Ishizuka et al. 2005) where CVs of
33% and 36% were reported over 1,600 m* (10x10
grid) and 567 m* (8x 10 grid), respectively.

In another Malaysian forest, Kosugi et al. (2007)
observed that the CVof R,,; measurements increased
with subplot size i.e. from 29% to 39% for plot size
ranging from 25 to 2,500 m?, respectively. In our
study, in contrast, the CVs calculated both at the
whole plot level (32%) and at the subplot level
(30%) were very similar. Our experimental plot was
free of gaps and characterised by uniform soil
conditions. This may explain the low variation we
observed among subplots (13%).

Forest structure contributes to explaining spatial
variation in litterfall and root mass

In order to describe the influence of the forest
structure on R,,;, we calculated an individual tree
local contribution index (/.) based on its trunk cross
section area. The sum of the tree local contribution
indices (3/.), though simplistic (i.e. tree influence
was considered isotropic and proportional to its size,
no competition or interspecific difference was
accounted for), was significantly and positively
correlated with litterfall (R?=0.61) and root mass
(R?=0.94). This confirms the assumption that local
spatial patterns in litter production and root mass do
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Fig. 4 Relationships between the sum of local contribution
indices of surrounding trees within the fitted radius of influence
(31.) and a) soil respiration (R,,;) at the collar scale or ¢) soil
respiration (R,,;;) at the subplot scale. The best relationship
obtained with M6 and the following adjustment: a=1.4,
b=0.00026 and r,,,=16 m; p<0.001, n=319 for R,,; at the
collar scale and with M6 and the following adjustment: a=1.8,

depend on tree distribution. Ferrari and Sugita (1996)
found in hemlock-hardwood forests that leaf litterfall
dispersal around the trunk declined exponentially with
distance, the radius of influence ranging from 7.9 to
29.3 m depending on the tree species. Several factors
might affect the pattern of litterfall distribution on the
forest floor: exogenous factors such as rain and wind
(Staclens et al. 2003), and endogenous factors.
Among the latter, tree phenology and architecture
differ greatly among species (127 species were
identified in our experimental plot) and individuals
(e.g. trunk diameter from 10 to 97 c¢cm in our plot).
Despite the numerous sources of variation in natural
forests and despite crown heterogeneity (i.e. anisot-
ropy), we observed a significant relationship between
leaf litterfall and 7. (R?=0.61) with a radius of
influence of 7 m when /. was calculated with a
uniform model (M1). Similarly, the most significant
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b=0.00026 and r,,,,=12 m; p<0.05, n=25 for R,; at the
subplot scale are shown here. Variations in the strength of the
relationship between Y /. and b) R,,; at the collar scale (n=319)
or d) R,,;; at the subplot scale (n=25), according to the distance
of influence of the trees used in the calculation of the index.
See legend for Fig. 2

relationship between root mass and Y /. was found for
1. modelled with a linear equation (M2). An interpre-
tation of this result is difficult because the spatial
variation in root mass, the root colonisation front,
competition among roots and root lifespan are
unknown. Nevertheless, our estimation of the radius
of influence of tree roots (»=7 m) was in the same
range as values from the few reliable measurements of
tree root lengths reported in tropical forests. For
instance, for three abundant tree species in the
Guianan tropical forest, it has been found that root
systems extend horizontally 4.0-15.0 m away from
the trunk (Atger and Edelin 1994). In a tropical forest
in Borneo, the roots of Dipterocarpaceae trees (with
dbh >60 cm) spread 4.0-11.4 m (n=8) from the trunk
(Katayama et al. 2009). Similarly, the average lateral
extension of buttress roots from the trunk of Microbe-
rlinia bisulcata (Caesalpiniaceae) in a central African



rain forest (dbh 102-252 cm) is 7.4 m, but can exceed
20 m (Newbery et al. 2009).

Forest structure accounts poorly for local variations
in soil respiration

The influence of forest structure on the spatial
variation of R,; has been assessed in other tropical
forests through the relationship observed between
basal area and R,,; measurements. Patterns differed
according to location. Katayama et al. (2009) showed
a significant relationship between Ry,; and forest
structural parameters such as mean diameter at breast
height, total basal area, and maximum diameter at
breast height within 6 m from the measurement
points. These results did not corroborate the findings
of Sotta et al. (2004), who reported that Ry,; was not
correlated with the basal area in an Amazonian site. In
accordance with this latter result, mean R,,; estimated
in our plot was not correlated with the basal area
calculated for the subplot area.

When considering spatial variation in soil respira-
tion at collar level, we found no relationship between
R,,;; and the influence of trees (estimated as a
function of tree cross section area and distance from
the trunk). In contrast, at the subplot level, a
significant relationship was found: the best model,
explaining 17% of the spatial variation in Ry,;, has a
power form with a radius of local tree influence equal
to 12 m. This result clearly indicates that, among trees
greater than 10 cm dbh, the biggest trees have a
stronger and wider impact on soil respiration than
smaller trees. This observation is consistent with
results from a Finnish Scots pine forest where smaller
trees were less important than big trees in inducing
spatial heterogeneity and in structuring properties of
the humus layer (Kuuluvainen and Linkosalo 1998).

Due to the difficulty in measuring the spatial
variations of root mass and litterfall, our sample sizes
were small for these variables (n=5 and n=8§,
respectively). Although this could be considered a
limiting factor in our study, correlations between tree
local contribution (/) and both litterfall and root mass
were strong. This is an important finding for future
studies at regional scales where large datasets will be
easier to gather for dbh than for root mass and
litterfall. Aside from these limitations, the remaining
unexplained variance in spatial heterogeneity of R,
remains large (83%). Several other processes could

explain spatial variation in Ry,;. Firstly, differences in
tree species composition and local assemblages may
contribute to spatial patterns of soil properties (Kamei
et al. 2009), including nitrification (Aubert et al.
2005), C and N mineralisation (Dijkstra et al. 2009),
and soil respiration (Berger et al. 2010). Secondly,
microbial respiration depends on litter quality (i.e. C/N
ratio, N content) which governs its decomposability,
and large spatial variation in litter quality were
observed in the same experimental forest plots
(Hattenschwiler et al. 2008). Finally, root respiration
depends on root quality: fine or coarse root N
concentrations promote root growth and maintenance
activities, respectively (Vose and Bolstad 2006; Vose
and Ryan 2002).

Conclusion

Our study showed that the spatial variation in soil
respiration was poorly explained by forest structure
(tree size and spatial arrangement), despite the fact
that spatial heterogeneity of leaf litterfall and root
mass was well-predicted by forest structure. This
result suggests that the contribution of trees to soil
functioning depends not only on their quantitative
characteristics, but also on their qualitative traits.
Spatial variation in leaf and root composition and
phenology, fine root turnover, root exudates and
rhizosphere organisms, which are closely linked to
tree species, could influence the spatial heterogeneity
of soil respiration at the subplot level.
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