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Abstract 

Tropical forests have been widely logged and it keeps expanding. Numerous studies only 
focused on effects of this logging on taxonomic diversity, or they analysed functional 
diversity several years after logging. Our objective was to determine the functional diversity 
and community structure changes in selectively logged plots immediately after disturbance, 
in a French Guiana tropical forest. We chose eight functional traits related to leaf and wood 
economic spectra, and life history. The analyses were performed with the three independent 
and complementary indices, FRic, FEve and FDiv, and the CWM index. We found significant 
decrease of functional richness and increase of functional evenness, presumably resulting 
from the recruitment of heliophilous species. Logging did not affect the community structure 
on short-term, which was based on the “limiting similarity” assembly rule. 
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INTRODUCTION 

Land-use changes in tropical forests are a 
major driver of ecosystem degradation and 
local and global biodiversity loss (Edwards 
et al., 2014; Gibson et al., 2011). Conversion 
of tropical forests to timber production 
and other uses is rapidly expanding. In 
2011, 403 million hectares of tropical 
forests were designated for logging 
(Edwards et al., 2014; Putz et al., 2012) 
without accounting for clandestine 
logging. Studying logging impacts on 

biodiversity is of major importance in 
order to preserve the multiple 
environmental, economic, and social 
forest services, which depend on the 
variety of species, their assemblage and 
their dynamics (Sist et al., 2015). 
     Logging is known to have immediate 
impacts on taxonomic and functional 
diversities. Nevertheless, studies usually 
focus more on changes in taxonomic 
diversity (Berry et al., 2008) which only 
provides the relative abundance loss or 
gain of a given species in a disturbed forest. 
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This approach integrates the species-level 
richness and evenness components of 
biodiversity, and considers that species 
have the same effects on ecosystem 
functioning. Yet, species are responsible 
for many ecological goods and services 
which greatly differ among species (Diaz et 
al., 2007). Consequently, the assumption of 
taxonomic diversity is not valid and this 
approach does not allow complete 
assessment of biodiversity.  
     In addition to the concepts of richness 
and evenness, functional diversity 
involves the third component of 
biodiversity, namely divergence, which 
accounts for distances between species 
(Mouillot et al., 2005). In the context of 
functional diversity, these distances are 
estimated according to the functional 
traits of species. These traits define the 
dimensions of functional space of the 
community. The species assemblage of a 
community occupies this space and 
delimits its volume. The three components 
of functional diversity thus describe the 
distribution of species and of their 
abundances within this functional space 
(Mason et al., 2005). Functional richness 
quantifies the volume of functional space 
that a set of species occupies. Functional 
evenness describes how species 
abundances are distributed throughout 
the occupied functional space. Functional 
divergence summarizes the variation in 
species abundances with respect to the 
centre of functional space (Edwards et al., 
2014; Villéger et al., 2008).  
     Functional traits (i.e. morphological, 
biochemical, physiological, structural, 
phenological or behavioural traits) are 
expressed in the phenotype of individual 
organisms. They reflect allocation 
strategies. Thus, some co-variate 
functional traits can be clustered 
according to the leaf (Wright et al. 2004) 
and wood economics spectra (Chave et al. 

2009), which represent feasible leaf and 
wood investment strategies. Traits of the 
leaf economic spectrum relate to light 
capture, carbon assimilation and plant 
growth (Carreño-Rocabado et al. 2012). 
This spectrum contrasts species with 
inexpensive short-lived leaves with quick 
returns of carbon and nutrient 
investments and species with thick and 
tough leaves with slow returns on 
investments (Baraloto et al., 2010). The 
wood economic spectrum consists of water 
transport and storage, and mechanical and 
defence properties. As with the leaf 
economic spectrum, it runs from fast-
growing, light-demanding species to slow-
growing, shade tolerant species (Baraloto 
et al., 2010; Carreño-Rocabado et al. 2012). 
Functional traits analysis in the context of 
functional diversity also allows the 
identification of community assembly 
rules. To date, three rules have been 
identified. “Niche filtering” selects species 
with similar functions, because of the 
exclusion of poorly adapted species. 
“Limiting similarity” favours species with 
distinct functions due to high competition 
processes. Finally, “random” rule 
corresponds to communities constructed 
with neutral processes (Mouchet et al., 
2010). Thus, functional traits provide 
insight into the potential resilience of 
communities regarding environmental 
changes and how these communities affect 
ecosystem processes (Carreño-Rocabado et 
al., 2012).  
     The long-term impacts of selective 
logging on functional diversity have been 
studied (Carreño-Rocabado et al. 2012, 
Baraloto et al., 2012a). In contrast to these 
studies, we have examined short-term 
impacts of selective logging in a French 
Guiana tropical forest. We used the 
datasets from control and logged plot 
monitoring immediately after 
disturbances (timber harvesting and 
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silvicultural treatments). To capture 
differences in functional diversity between 
species in logged and unlogged plots we 
focused on 8 functional traits. We 
addressed the following questions: How do 
logging disturbances significantly affect 
tropical tree communities in terms of 
functional diversity? Does logging 
significantly affect assembly processes? 
     Due to the fact that we analyse plots at 
an early stage of succession, we predict less 
total basal area in logged plots, which 
results in a more open canopy with higher 
amounts of light. We expect logged plots to 
be dominated by species with fast 
resource-acquisitive strategies, whereas 
unlogged forests would be dominated by 
species with resource conservative 
strategies. Therefore, functional diversity 
is expected to be different in control and 
logged plots, such as the assembly rule, 
which would be “limiting similarity” in the 
logged plots because of the recruitment of 
heliophilous species. 

 

MATERIAL AND METHODS 

Research location 

The study site is the Paracou research 
station (5°18’N, 52°5’W) in French Guiana. 
This experimental site consists of 37.5 
hectares of moist tropical lowland 
rainforest with a dominance of Fabaceae, 
Chrysobalanaceae, Lecythidaceae and 
Sapotaceae. The Paracou station receives a 
mean annual precipitation of 3041 mm 
with the maximum in May and minimum 
in September. The mean annual 
temperature is 25.5°C  0.2 (Baraloto et al., 
2012b). Constant weak winds of 2-3 m.s-1 on 
average are mainly oriented East-
Northern East. 
 

Experimental design 

The study was conducted on six randomly 
located 6.25-ha plots (Appendix 1). On 
three plots, a disturbance treatment was 
carried out in 1987. It simulated high 
logging intensity on 56 species, of which 
the individuals were systematically cut 
down. The most frequently logged species 
were Licania alba (Chrysobalanaceae), Eperua 
falcata (Fabaceae), Eschweilera sagotiana 
(Lecythidaceae) and species from the 
Vochysiaceae family (the logged species list 
is available in Appendix 2). The logged 
species are commonly used as lumber and 
fuelwoods in French Guiana. The 
disturbance treatment also involved a 
silvicultural treatment: Timber Stand 
Improvement (TSI). In this method, the 
biggest trees with no economic value are 
mechanically and chemically devitalized. 
This promotes the growth of economically 
valuable tree species. The treatment was 
responsible for total basal area loss of 16% 
inside the three logged plots. The three 
remaining plots were controls with no 
human intervention.  
     For each plot, all trees with DBH 10 cm 
were tagged and located with precise 
coordinates on the plot map in 1984. The 
trees were identified by their vernacular 
names, and their botanical names when 
possible. Their exact diameters were 
measured. Every year from 1984 to 1994, 
and every two years after 1995, the 
diameters of those trees still alive were 
measured, and recruited trees were 
monitored once their diameter reached 10 
cm. Thus, 22 annual inventories per plot 
were available for data analysis, of which 
three inventories were before the 
application of the disturbance treatment 
in 1987.  
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Functional traits 

The selection of appropriate specific 
functional traits depends on two principles 
defined by Petchey and Gaston (2006): the 
ecological question of the study and the 
functional importance of the traits.  
     Our ecological question is focused on 
functional diversity of logged tree 
communities in a tropical rainforest. This 
question allows us to make a first selection 
of functional traits exclusive to tree 
species, and to exclude traits of other plant 
types, such as liana, herbaceous and shrub 
species.  
     The functional importance of the traits 
can be justified by their association to the 
leaf or stem economic spectra. 
     We chose three traits from the leaf 
economic spectrum: Foliar nitrogen 
concentration or Ncon (cg.g-1), Specific Leaf 
Area or SLA (m²/kg) and leaf toughness 
(Newton). They describe strategies of leaf 
resource capture and also strategies of 
defense for the two last traits (Baraloto et 
al., 2012b). Plants with high Ncon have 
productive leaves (Baraloto et al., 2012b), as 
nitrogen is paramount for forming 
proteins for photosynthesis (Wright et al., 
2004). SLA is the light-capturing area 
deployed per dry mass allocated to 
photosynthesis; high values of SLA allow 
high returns on carbon and nutrient 
investment (Westoby, 1998). Leaf 
toughness prolongs leaf lifespan and 
prevents herbivory, however it is costly 
(Kitajima and Poorter, 2010). Plants with 
tough leaves will compensate for 
production costs with lower 
photosynthetic rates and lower returns on 
investment. Thus, leaf toughness is 
negatively correlated to Ncon and SLA along 
the axis of the leaf economic spectrum.  
     Two traits from the wood economic 
spectrum were selected: branch xylem 
density (g.cm-3) and twig sapwood density 
(g.cm-3). They describe strategies of stem 

structure and water transport (Baraloto et 
al., 2012b). Sapwood is the central part of 
young wood stems. High branch xylem 
density and high twig sapwood density 
maximize the functions of woody tissues, 
but involves high wood construction costs. 
As for the leaf economic spectrum, 
ecological strategies at the wood level are 
therefore delimited between: species with 
dense sapwood and xylem and slow 
returns on investment of carbon and 
nutrients, and species with opposite 
characteristics (Baraloto et al., 2012b).  
     Leaf area (cm²) is a functional trait that 
belongs both to the leaf and wood 
economic spectra (Baraloto et al., 2010).  It 
is related to leaf resource capture, because 
an increase of leaf area is likely related to 
higher surfaces dedicated to 
photosynthesis. Leaf area is negatively 
correlated to wood density (Baraloto et al., 
2010). It supports the hypothesis that 
plants with high wood density compensate 
the wood production costs by favoring 
investment in smaller leaves (Wright et al., 
2004). 
     Two traits relative to the life-history 
spectrum (Allié et al., 2016) were also 
chosen: canopy height at maturity or 
Hmax (m) and the 95th percentile of 
Diameter at Breast Height or DBH95 (cm). 
These traits describe plant ecological 
strategies at the plant level. Hmax reflects 
the abilities of plants to catch light and 
tolerate different conditions of light 
income, heat, wind speeds and moisture 
(Westoby, 2007). High DBH is related to 
high longevity, enhancing among others 
capacities to resist disturbances. These two 
complementary traits allows us to identify 
communities with pioneer species, which 
are light-demanding, highly productive, 
with low longevity, and are characteristics 
of disturbed forests (Carreño-Rocabado et 
al., 2012). 
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     Data of the 8 traits come from the TRY 
database which covers 5 million trait 
records for 1,100 traits since 2007. This 
database also includes records of SLA, Ncon, 
leaf toughness, twig sapwood density, and  
leaf area from the BRIDGE database 
measured at the Paracou station between 
2008 and 2010 (Paine et al., 2015).  
     The accuracy levels of the measures 
above are acceptable (Paine et al., 2015). 
Moreover, the 8 functional traits selected 
have interspecific variations which are 
more important than intraspecific 
variations (Baraloto et al., 2010; Chave et al., 
2009; Westoby, 2007; Carreño-Rocabado et 
al., 2012). Hence, they did not mainly 
depend on the micro-environment (Petchey 

and Gaston, 2006) and can consequently be 
generalized to the species. 
     Several species from the analysed 
inventories had not been sampled for the 
eight functional traits. As their 
abundances were not unimportant, we 
conserved these species in our analyses 
and attributed the functional traits values 
of one of the species belonging to the next 
highest taxonomic level. The attribution is 
a random process with equal probability 
for every species of the taxonomic 
correspondence. This technique assumes 
that the closer species are 
phylogenetically, the smaller their 
ecological niche differences. This 
assumption is here approved because 
analyses on Paracou communities showed 
that 6 of the functional traits we have used 
were closer among phylogenetically linked 
species (Baraloto et al., 2012b).  
 

Data analysis 

Selection of the year for analysis  

Differences of functional diversity were 
calculated between plot inventories of the 
same year. In order to increase the chance 

of observing these differences, we selected 
a year following the logging disturbance.  
The treated plots in this year should 
theoretically be most different from their 
initial state and so from the control plots.  
     However, disturbance effects did not 
only apply in 1987, the year of the logging. 
Trees were frequently damaged by 
humans or machines during logging inside 
the treated plot; these injuries can lead to 
the deaths of these trees several years 
later. Consequently, to identify the 
relevant year to analyse, we needed to 
know for each plot when late mortality had 
finished. Total basal area is a proxy of tree 
mortality inside the plot after disturbance. 
Thus, total basal area generally abruptly 
decreases after logging, and then keeps 
decreasing years after the logging because 
of late mortality. The moment when basal 
area starts to increase corresponds to the 
end of mortality due to logging, and so the 
end of the disturbance.  
 

Handling taxonomic uncertainties 

Some individuals were identified with 
vernacular names in the inventories and 
are problematic for attributing functional 
trait values. Each vernacular name 
corresponds to several scientific names, 
and so species. This clustering does not 
necessarily reflect close functional trait 
values.  
      We used a Bayesian process to handle 
this taxonomic uncertainty. The 
attribution of scientific names depends on 
the probability of each scientific name to 
be associated with the vernacular one. 
Thus, each vernacular name can be viewed 
as a Dirichlet function, of which the 
frequencies corresponds to the association 
probabilities between the vernacular name 
and its scientific names. The association 
frequencies are used as prior information. 
With a Bayesian process, we obtained the 
maximum likelihood for every 
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probabilities (= parameters). We used these 
updated probabilities to randomly replace 
each vernacular name with one of its 
scientific names. Thus, the previously 
undetermined individual would inherit 
the functional trait values of the attributed 
species. As a result, we obtained an 
entirely determined community from the 
plot community with undetermined 
individuals. We repeated the process 10 
times. Thus, each of the six plot 
communities corresponded to 10 fully 
determined communities. We then 
calculated the functional diversity indices 
of each reconstructed community, and 
could draw the plot community functional 
diversity profile through the mean of the 
indices of its reconstructed communities.  

Functional diversity indices 

As with functional traits, selection of 
functional diversity indices is critical for 
functional diversity studies (Petchey and 
Gaston, 2006). Their selection mostly 
depend on the study aims (Mouchet et al., 
2010), in our case the complete 
quantification of functional diversity and 
the identification of assembly rules. 
      For the complete quantification, it is 
recommended that the three components 
of functional diversity have to be 
separately investigated with one 
appropriate index (Mouchet et al., 2010; 
Loiseau and Gaertner, 2015). As these three 
components are independent (Mason et al., 
2005), indices only related to one 
component have to be favored (Mouchet et 
al., 2010; Loiseau and Gaertner, 2015). 
Heterogeneous indices do not allow 
precise analyses because they describe 
several facets of diversity (Loiseau and 
Gaertner, 2015). According to Mouchet et 
al. (2010), the three indices FRic, FEve and 
FDiv (Villéger et al., 2008), which cover 
functional richness, evenness and 
divergence respectively, are best able to 

measure their respective components. 
Consequently, we retained these three 
complementary and independent indices. 
For each index, values were compared 
between control and logged plots using a 
student t-test.   
      FRic is an algorithm quantifying the 
volume of the multidimensional functional 
space filled by the community, including 
species with the most extreme functional 
trait values (Villéger et al., 2008). FRic is the 
only direct measure of the volume of 
functional space occupied by species, 
namely functional richness (Mouchet et al., 
2010). 
     FEve measures the regularity of the 
species distribution in the 
multidimensional functional space. It can 
be seen as the extent to which the 
community uses all the resources offered 
by the habitat (Villéger et al., 2008). FEve is 
the only index to measure this component 
of functional diversity (Mouchet et al., 
2010). Its formula involves a Minimum 
Spanning Tree or MST (Villéger et al., 
2008), which transforms species 
distribution in the multidimensional 
functional space to a distribution on a 
single axis with Euclidian distances. The 
Weighted Evenness (EW) is the distance 
between two successive species i and j on 
the MST, weighted by their abundances w. 

Each of the values of EWl is divided by the 
total of the EWl values of the MST, which 
gives the Partial Weighted Evenness 
(PEW). If species distribution is even in the 
MST, all EWl values are equal and each 
PEWl equals 1/(S-1) with S the number of 
species of the community. FEve index 
compares 𝑃𝐸𝑊𝑙  to the value that the 
community would have if its abundance 
distribution was even in the functional 
space. 

𝐹𝐸𝑣𝑒 =  
∑ min(𝑃𝐸𝑊𝑙 ,

1
𝑆 − 1) −  

1
𝑆 − 1

𝑆−1
𝑙=1

1 −  
1

𝑆 − 1
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Consequently, FEve index values are 
between 0 and 1 (Villéger et al, 2008). It is 
equal to 1 for even distribution of both 
species and abundances in the functional 
space. It is close to 0 for functional space 
with both empty and densely populated 
parts (Mouchet et al., 2010).  
     Finally, FDiv calculates the divergence 
of species distribution in the functional 
space (Villéger et al., 2008). It is 
representative of the degree of niche 
differentiation among species of 
community. Its formula is: 

𝐹𝐷𝑖𝑣 =  
∆𝑑 +   𝑑𝐺̅̅ ̅̅

∆|𝑑| +   𝑑𝐺̅̅ ̅̅
 

Δd is the sum of the abundance-weighted 
deviances of the species. The species 
deviances are calculated between 𝑑𝐺𝑖  and 
𝑑𝐺̅̅̅̅ . 𝑑𝐺𝑖  is the Euclidian distance between 
the centers of gravity of each trait and the 
coordinates of each species i on this trait. 
𝑑𝐺̅̅̅̅  is the mean of the values of dGi. Δ|d| is 
the sum of the absolute abundance-
weighted deviances of the S species.  
FDiv values are also between 0 and 1. It is 
close to 1 when highly abundant species 
are very distant from the center of gravity 
relative to rare species, and it is close to 0 
in the opposite conditions (Villéger et al, 
2008). The other index that can describe 
functional divergence component is Rao’s 
quadratic entropic Q. However, this index 
also describes functional richness 
(Mouchet et al., 2010). Because of its 
heterogeneity, this index is consequently 
excluded.  
     In order to precisely understand which 
functional traits are different and cause 
variations of functional diversity between 
control and logged plots, we also 
calculated the Community Weighted Mean 
(CWM) index for the 8 functional traits and 
for the 6 plots. For each trait, values of the 
CWM were compared between control and 
logged plots, using a student t-test.  

CWM index corresponds to the average 
trait value of plants in the community for 
each trait (Carreño-Rocabado et al., 2012). 
Furthermore, it is a good indicator of 
species’ response to environmental 
disturbances (Vandewalle et al., 2010). Its 
formula is: 

𝐶𝑊𝑀𝑘 =  
1

𝑆
 ×  ∑ 𝜃𝑖

𝑆

𝑖=1

 

with  𝐶𝑊𝑀𝑘 the CWM for the trait k, S the 
number of species of the community plot 
and ∑ 𝜃𝑖

𝑆
𝑖=1  the sum of the trait values of 

the S species.  
     For the second aim of the study, we have 
to choose a set of functional diversity 
indices that can efficiently detect assembly 
rules. Because Mouchet et al. (2010) 
demonstrated that the FDiv index 
performs best to detect them, we retained 
this index.  

 

RESULTS 

Total basal area 

After a significant decrease from 1987 
(t=9.39, d.f= 3.15, P=0.0021), total basal area 
started increasing in the logged plots from 
1990 (Figure 1). Thus, late mortality due to 
1987-logging had finished in 1990 in the 
three plots, and so the direct disturbance 
effects. The annual inventory of 1991 was 
therefore used for analyses of functional 
diversity in the six plots, because 
disturbance effects were no more 
effective.   

Functional diversity 

Functional richness and evenness differed 
between the treated plots (Table 1, Figure 
2). FRic decreased significantly [Linear 
Model: 4042.3 ± 235.7 (value +/- SE), P<0.05; 
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overall model 𝐹1,58 = 27.4, P <0.05] and FEve 
increased in the overall logged plots 
[Linear Model: 0.58 ± 0.0046 (value +/- SE), 
P<0.05; overall model 𝐹1,58 =144.2, P <0.05]. 
In contrast, FDiv was not affected by the 
treatment [Linear Model: 0.78 ± 0.003 
(value +/- SE), P<0.05; overall model 𝐹1,58 
=1.12, P =0.29]. However, there was a 
difference within treatments for FRic, FEve 
and FDiv (Table 2; FRic, 𝐹5,58 =110.6, P 
<0.05; FEve, 𝐹5,54 =22.01, P <0.05; FDiv, 𝐹5,54 
=63.23, P <0.05). 

 

Functional traits 

Control and logged plots differed 
significantly in their functional 
compositions (Table 3. SLA, 𝐹1,58 =11.647, P 
=0.0012**; N, 𝐹1,58 =10.11, P =0.0024**; Sap 
wood density, 𝐹1,58 =10.82, P =0.00171**; 
Twig density, 𝐹1,58  = 6.74, 𝑃 = 0.0119*; 
Leaf area,  𝐹1,58 =4.59, P =0.036*; DBH95, 
𝐹1,58 =6.89, P =0.011*); Hmax, 𝐹1,58 =10.40, P 
=0.0021**; Leaf toughness, 𝐹1,58 =12.02, P 
=0.001***). Sap wood density, N leaf 
concentration and leaf area increased 
significantly in the logged plots (Appendix 
3). In contrast, Twig density, specific leaf 
area, leaf toughness, DBH95 and Hmax 
decreased significantly in logged plots 
(Appendix 3). To check the robustness of 
our results we decided to remove P4 for 
SLA traits and P8 for the sap wood density 
(SLA, t=1.914, P=0.062; Sap wood density, 
t=0.60, P=0.55). SLA and sap wood density 
did not differ between treatments. 
However, there was a significant 
difference within plots for each trait (Table 
4. SLA, 𝐹5,54 =111.01, P <0.05***; N leaf 
concentration, 𝐹1,58 =10.113, P=0.0024**; 
Sap wood density, 𝐹5,54 =75.55, P<0.05 ***; 
Twig density, 𝐹5,54 =394.22, P<0.05 ***; Leaf 
area, 𝐹5,54 =43.07, P<0.05 ***; DBH95, 𝐹5,54 
=226.26, P<0.05 ***; Hmax, 𝐹5,54 =126.6, 
P<0.05 ***; Leaf toughness, 𝐹5,54 =16.07, 
P<0.05 ***).

Figure 1. Total basal area according to the year of annual 

inventory. 

Figure 2. Effects of logging disturbance 

on functional diversity across six 

samples in each of three postlogging 

habitats.  

(A) Functional richness estimated as 

FRic  

(B) Functional evenness estimated as 

FDiv.  

(C) Functional divergence estimated as  

FEve. 
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Table 1 Functional diversity indices in control and in logged forest and results from a Student’s t-test, including 
test statistic (t) and degrees of freedom (d.f). FEve and FDiv are between 0 and 1. 

Functional index Mean ± SE for control plots Mean ± SE for logged plots t d.f 

FRic 5276.3 ±  166,7 𝑎 4042 ±  235.7 𝑏 5.23*** 58 

FEve 0.52 ±  0,0032 𝑎 0,58 ±  0.0046 𝑏 12.01*** 58 

FDiv 0.78 ±  0,003 𝑎 0.78 ±  0.0043 𝑎 1.057 58 

Significant results are indicated as follows: *P < 0.05, **P < 0.01 and ***P < 0.001. Superscripts (a, b) represent pairwise differences tested at 
P ≤ 0.05 and have to be read by rows. 

 

Table 2 Functional diversity indices in control and logged forest within each plots (Control: 1, 6 and 11; Logged: 
4, 8 and 12). 

Functional 
index 

Mean ± SE for control plots Mean ± SE for logged plots 

 Plot 1 Plot 6 Plot 11 Plot 4 Plot 8 Plot 12 

FRic 6754.1 ± 108.3ª 4909 ± 108.3𝑑 4165 ± 108.3𝑐 4487.4 ± 108.3𝑒 3401.9 ± 108.3𝑏 4239.61±108.3𝑏,𝑐 

FEve 0.54 ± 0.0023ª 0.53  ±  0.0023𝑏 0.51  ± 0.0023𝑐 0.56 ± 0.0023𝑑 0.60  ± 0.0023𝑒 0.58  ±  0.0023𝑓 

FDiv 0.75 ± 0.0021ª 0.78 ±0.0021𝑏 0.79 ± 0.0021𝑏 0.77 ± 0.0021𝑐 0.80 ± 0.0021𝑑 0.77 ± 0.0021𝑐 

Abbreviations: Superscripts (a, b, c, d, e, f) represent pairwise differences tested at P ≤ 0.05 and have to be read by rows. 

 

Table 3 Functional composition for each trait for control and logged plots and results from a Student’s t-test, 
including test statistic (t) and degrees of freedom (d.f). 

 Functional composition Mean ± SE for control plots Mean ± SE for logged plots t d.f 

Wood economics spectrum         

CWM Sap wood density  0.306 ±  0.00056𝑎  0.6332 ±  0.00056 𝑏 3.29** 58 

CWM Xylem density  0.619 ±  0.0013 𝑎 0.614 ±  0.0013𝑏 2.6* 58 

Leaf economics spectrum     

CWM Ncon  0.0204 ±  5.68 − 05 𝑎 0.021 ±   5.68e − 05 𝑏  3.18** 58 

CWM Specific Leaf area 11.04 ±  0.025 𝑎 10.92 ±   0.025 𝑏 3.41** 58 

CWM Toughness  1.98 ±  0.01 𝑎 1.94 ±  0.01 𝑏 3.47*** 58 

Life history traits     

CWM DBH95 39.51 ±  0.16 𝑎 38.92 ±  0.16 𝑏 2.63* 58 

CWM Hmax 33.74 ±  0.072 𝑎 33.41 ±  0.072 𝑏  3.23** 58 

Wood and leaf economics 
spectra     

CWM Leaf area 73.7 ±  0.63 𝑎 75.62 ±  0.63 𝑏 2.14* 58 

Abbreviations: CWM, community weighted mean; Ncon, Nitrogen leaves concentration; DBH95, 95th percentile diameter; 
Hmax, maximum height. Significant results are indicated as follows: *P < 0.05, **P < 0.01 and ***P < 0.001. Superscripts (a, b) 
represent pairwise differences tested at P ≤ 0.05 and have to be read by rows.
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DISCUSSION 

This study assessed how logging 
treatments affect functional diversity and 
assembly rule in the French Guiana 
tropical forests once the disturbance had 
finished (i.e. four years after logging). For 
this purpose, we hypothesised that control 
plots of the year 1991 were similar to the 
logged plots in 1986. 
     We found a significant decrease of about 
one-fifth of the functional richness in the 
logged plots (Table 1). Our findings for FRic 
were different from those of other studies 
(no effect of logging on the functional 
richness: of juvenile trees, Baraloto et al., 
2012a; of birds, Edwards et al., 2014). This 
difference could be explained by the focal 
species, species age, logging intensity and 
the time after disturbance investigated. 
However, our result matches our 
prediction: because of the high-intensity 
logging, functional richness was expected 
to decline abruptly. The high variability of 
functional richness between controls 
(4000-7000, Fig 1) suggested that a 
decrease of functional richness within 
logged forests may not only be due to 
selective logging. First, it could be 
explained by small scale environmental 
heterogeneity leading to species with 
similar traits. Previously Allié et al., (2015) 
did find species-habitat associations with 
respect to relative elevation in the Paracou 
station with different species between the 
plateaus and bottomlands. Second, it could 
be explained by random effects, because 
species can stochastically disappear 
(Hubbell, 2001).  
     We found a significant increase of the 
evenness in the logged plots, and no-
overlapping between control and logged 
plots (Table 1). This suggests that species 
abundances are more regularly distributed 
in the functional space, due to logging. 
Presumably, the abundances of harvested 
trees with high economic values were 

densely distributed in parts of functional 
space. Their harvesting decreased the 
abundance density of these parts. In 
contrast, recruited species after logging 
could have colonized the parts which were 
empty (corresponding to vacant niches) 
before the logging, because they have 
dissimilar traits than the harvested ones. 
These two processes could explain the 
significant increase of functional evenness 
in the logged plots. Our finding is in 
accordance with other studies (e.g. 
Baraloto et al., 2012a) which found an 
increase in the evenness in logged forest. 
Consequently, there could be change of 
species composition with a decrease of 
slow growing shade-tolerant species that 
correspond to harvested trees, and an 
increase of fast growing heliophilous 
species that correspond to recruited trees. 
These heliophilous species are pioneer 
trees and they usually SLA, higher Ncon, and 
softer wood and leaves (Pooter and 
Bongers, 2006). This is concordant with the 
mean values of CWM in logged plots (Table 
3): significantly higher values of Ncon and 
leaf area are found and significantly lower 
values of twig xylem density, toughness, 
DBH95 and Hmax. Only SLA and sapwood 
density did not match the assumption: SLA 
significantly decreased and sapwood 
density significantly increased. This could 
be explained by abundant recruited 
species with traits both belonging to fast-
growing species and to slow-growing 
species (i.e. low SLA and high sapwood 
density). However, different mean results 
concerning SLA and sapwood density were 
found when we randomly removed plot 
during analysis. Thus, the results should be 
carefully taken.  
     This change in species composition is in 
accordance with the results of Carreño-
Rocabado et al. (2012) on long-term. 
     For the question of assembly rule, we 
focused on the values of FDiv. In the 
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control and logged plots, FDiv is 0.78  
0.003 and 0.78  0.0043 (Table 1). This 
means that the assembly rule of the plots 
is “limiting similarity”. When FDiv is close 
to 1, this attests to a high degree of niche 
differentiation among community species, 
and consequently to assemblages of 
functional distinct species (Mouchet et al., 
2010). This type of assemblage results from 
high competition processes, where species 
with overlapping niches are excluded. 
Because of the high niche differentiation 
in this assemblage, competition between 
species remains low (Mouchet et al., 2010). 
Because FDiv is not significantly different 
between control and logged plots, the 
logging disturbance seems to have had no 
impact on the assembly rule of the local 
communities. This suggests competition 
processes dominate the local communities 
of both control and logged lots.  
     Plot 8 has the highest FDiv (0.800.0021, 
Table 2), significantly different from the 
other plots. This means that plot 8 has the 
highest level of competition processes. 
Thus, species of this plot would be more 
functionally dissimilar. The niche 
differentiation in this plot would then be 
higher. Thus, species with dissimilar 
functional traits that are rare or absent in 
the other plots would be more represented 
in plot 8. This is concordant with its CWM 
values. The leaf area value of plot 8 is 
significantly higher (80.410.53) than the 
mean value of 73.50.53 of the 5 other plots 
(Appendix 3). It also presents the lowest 
values of Hmax (33.120.039), DBH 
(38.160.064) and twig xylem density 
(0.601340.00042). These trait values are 
characteristics of heliophilous species 
(Carreño-Rocabado et al. 2012) which have 
inexpensive leaves and wood with fast 
returns on carbon and nutrient 
investments (Wright et al., 2004). This is in 
accordance with the main consequence of 

logging which is the increase of light, and 
so the increase of vacant niches favorable 
to heliophilous species. However, these 
results did not totally match our 
predictions. We expected all logged plots 
to have significantly higher competition 
processes because of the recruitment of 
heliophilous species, which is only true for 
plot 8. This suggests that plot 8 was more 
affected by logging than the other logged 
plots, with higher canopy gaps resulting 
from timber harvesting. Consequently, it 
would have been favourable to 
heliophilous species, of which the 
abundance would have increased in plot 8. 
For example, the heliophilous genus 
Cecropia has 207 individuals in plot 8, 
against 77 and 57 in logged plots 4 and 12 
respectively (2 individuals in control plots 
1 and 6, and 3 individuals in plot 11). These 
species would be responsible for the 
higher niche differentiation in plot 8. In 
order to check this hypothesis, the use of 
canopy cover database as in Baraloto et al. 
(2012a) is required to quantify canopy gaps 
in logged plots.  
     Overabundances of heliophilous species 
can prevent or slow down regeneration of 
slow-growing wood dense species (Bazzaz 
and Pickett, 1980). It could be relevant for 
forest management to test this statement 
on plot 8, by measuring its functional 
diversity and composition on long term, 
especially after testing the hypothesis on 
the link between density of canopy gaps 
and heliophilous species.  
    While the values of FDiv could result 
from the interaction of several assembly 
rules, giving a complex pattern or even a 
random one (Helmus et al. 2007), 
investigating this would involve a different 
method. Some studies suggest adding 
analyses of taxonomic (Anderson et al., 
2004) and phylogenetic diversities 
(Cavender-Bares et al., 2004) to aid 
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interpretation of assembly rule and 
community structure.  
 
CONCLUSION 

Different results were found for the three 
components of functional diversity. We 
found a significant decrease of the 
functional richness, a significant increase 
of the evenness but no change of the 
divergence in the logged plots. On short 
term, the recruited trees did not 
compensate the functional richness loss 
due to harvesting. Yet they contributed to 
a more efficient use of the resources 
because they improved the functional 
evenness in the logged plots. These 
recruited trees mainly corresponded to 
heliophilous species, which are specialised 
in canopy gap habitats and are favored by 
logging. Consequently, logging changed on 
short term the species composition from 
dominant slow growing shade-tolerant 
species to fast growing heliophilous 
species. However, we used the assumption 
that the control plots in 1991 were similar 
to the logged plots in 1986; functional 
diversity studies on short term involving 
analysis before logging could reinforce our 
results.  
     Immediately after disturbance, control 
and logged plots had the same assembly 
rule, which is the “limiting similarity” 
involving high competition processes. 
Consequently, logging did not affect the 
community structure on short-term. 
However, it could conduct to higher niche 
differentiation with the recruitment of 
heliophilous species, depending on the 
level of light brought by the logging. It 
would reinforce the dissimilarity of species 
and so the competition processes. 
However, studies involving 
simultaneously taxonomic, phylogenetic 
and functional diversities are required for 
better understanding of community 
structure by decomposing the possible 

interactions between processes of 
assembly rules.    
     For further studies, it would be relevant 
for forest management to investigate the 
effects of logging on regeneration of slow-
growing wood dense species in logged 
plots showing overabundances of 
heliophilous species, as plot 8 in our study.  
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APPENDICES 

 

 

 

Appendix 1. Paracou station map. Analysed plots are the plots 1, 11 and 6 (controls) and 4, 8 

and 12 (logged plots). 



 

Family Species Abundance  

Apocynaceae Aspidosperma Indet. 4 

Apocynaceae Lacmellea aculeata 3 

Apocynaceae Macoubea guianensis 1 

Bignoniaceae Jacaranda copaia 3 

Burseraceae Protium opacum 3 

Burseraceae Trattinnickia rhoifolia 2 

Caryocaraceae Caryocar glabrum 1 

Chrysobalanaceae Licania alba 57 

Clusiaceae Moronobea coccinea 11 

Clusiaceae Symphonia undetermined 7 

Dichapetalaceae Tapura capitulifera 1 

Euphorbiaceae Chaetocarpus schomburgkianus 6 

Euphorbiaceae Glycydendron amazonicum 2 

Euphorbiaceae Hevea guianensis 3 

Fabaceae Abarema jupunba 3 

Fabaceae Albizia pedicellaris 3 

Fabaceae Andira coriacea 4 

Fabaceae Bocoa prouacensis 9 

Fabaceae Dicorynia guianensis 24 

Fabaceae Diplotropis purpurea 3 

Fabaceae Enterolobium schomburgkii 2 

Fabaceae Eperua falcata 43 

Fabaceae Inga stipularis 1 

Fabaceae Recordoxylon speciosum 4 

Fabaceae Tachigali melinonii 5 

Fabaceae Vouacapoua americana 1 

Goupiaceae Goupia glabra 1 

Indetermined Indetermined 19 

Lauraceae Ocotea argyrophylla 2 

Lauraceae Sextonia rubra 10 

Lecythidaceae Couratari multiflora 3 

Lecythidaceae Eschweilera sagotiana 64 

Lecythidaceae Lecythis corrugata 2 

Lecythidaceae Lecythis poiteaui 3 

Malvaceae Apeiba glabra 1 

Malvaceae Catostemma fragrans 1 

Malvaceae Pachira dolichocalyx 1 

Appendix 2. Logged tree species in the three logged plots and the abundances of the cut 

down individuals. 



Malvaceae Sterculia undetermined 4 

Melastomataceae Mouriri crassifolia 1 

Meliaceae Carapa surinamensis 1 

Meliaceae Trichilia schomburgkii 1 

Moraceae Brosimum utile 2 

Myristicaceae Iryanthera hostmannii 1 

Myristicaceae Virola surinamensis 10 

Olacaceae Chaunochiton kappleri 1 

Sapindaceae Talisia hexaphylla 2 

Sapotaceae Chrysophyllum argenteum 2 

Sapotaceae Chrysophyllum sanguinolentum 20 

Sapotaceae Chrysophyllum venezuelanense 2 

Sapotaceae Manilkara bidentata 4 

Sapotaceae Pouteria guianensis 8 

Sapotaceae Pradosia cochlearia 29 

Simaroubaceae Simaba morettii 1 

Urticaceae Cecropia obtusa 1 

Vochysiaceae Vochysiaceae undetermined 46 

Vochysiaceae Vochysia tomentosa 1 

 

 

 

 

 

 

 

 

 

 



Appendix 3. Community weighted means for each trait and each treatment (Control plots: 1, 6 and 11; Logged plots: 4, 8 and 122). There were 10 replications 

for each plot. Abbreviations: CWM, community weighted mean; SLA, specific leaf area; Ncon, Nitrogen leaves concentration; DBH95, 95th percentile of DBH; Hmax, 

maximum height. Superscripts (a, b, c, d, e) represent pairwise differences tested at P ≤ 0.05 and have to be read by rows. 

 
Mean ± SE for control plots Mean ± SE for logged plots 

 P1 P6 P11 P4 P8 P12 

Wood economics spectrum             

Sapwood density 
0,627  

±  0,00039𝑑 

0,6317 

±  0,00039𝑎,𝑏 

0,6327 

±  0,00039𝑏 

0,6312 

±  0,00039 𝑎 

0,6376 

±  0,00039 𝑐 
0,63 

± 0,00039

𝑎

 

Twig Xylem density 0,6176  

±  0,00042 𝑎 

0,6149  

±  0,00042 𝑏 

0,6247  

±  0,00042 𝑐 

0,6224 

±  0,00042 𝑑 

0,60134 

±  0,00042𝑒 

0,6187  

±  0,00042 𝑎 

Leaf economics spectrum 
     

SLA 11,08
 ± 0,014 

𝑎

 
11,22 

± 0,014 

𝑏

 
10,82 

± 0,014 

𝑐

 
10,84 

± 0,0144

𝑐

 
11 

± 0,014 

𝑑

 
10,93 

± 0,014

𝑒

 

Ncon 
0,021 

±  1,69. 10−5𝑎
 

0,02 

±  1,69. 10−5 𝑏 

0,02 

±  1,69. 10−5𝑐
 

0,023 

±  1,69. 10−5 𝑑 

0,02 

±  1,69. 10−5𝑒
 

0,02 

± 1,69. 10−5

𝑏

 

Toughness 2 ±  0,013 𝑑 1,916 ±  0,013 𝑎 2,04 ±  0,013 𝑐 1,954 ±  0,013 𝑏 1,919 ±  0,013𝑎 1,932 ±  0,013 𝑎,𝑏 

Leaf and wood economics 

spectra  

    

Leaf area 73,40 ±  0,53𝑎 75 ±  0,53 𝑏 72,7 ±  0,53𝑎 76,17 ±  0,53𝑏 80,41 ±  0,53𝑐 70,27 ±  0,53 𝑑 

Life history traits 
     

DBH95 38,26 ±  0,064𝑎 39,58 ±  0,064𝑏 40,69 ±  0,064𝑐 39,65 ±  0,064𝑏 38,16 ±  0,064 𝑎 38,96 ±  0,064 𝑑 

Hmax 33,19 ±  0,039𝑏 34,26 ±  0,039 𝑐 33,77 ±  0,039 𝑎 33,32 ±  0,039 𝑑 33,12 ±  0,039 𝑏 33,80 ±  0,039𝑎 


