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The effects of selective logging on the functional diversity and composition of 
tropical tree communities  
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Abstract 
There is an urgent need to evaluate the potential of conservation of tropical logged forest. Here, we aim to provide a synthesis on the 
functional responses of tropical tree communities to selective logging in terms of functional diversity and composition. Selective log-
ging didn’t modify functional richness but lead to higher functional evenness. The functional composition is modified from conservative 
to fast acquisitive traits, which implies a shift from shade-tolerant species to pioneer-species. Those changes differ depending of the 
time considered after logging and are led by the recruitment more than survival or mortality. They result mainly from biotic factor (e.g. 
light) but also biotic factor (e.g. lianas). Spatial and temporal scales have to be taken into account to interpret and compare results. 
For a better conservation of functional diversity, single large gaps should be preferred to fewer smaller gaps when exploiting forests. 
More research is needed on root trait in response to soil compaction. 
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Introduction 

Because the limits of protected areas are beginning to 

be seen, degraded zones like logged tropical forests are be-

coming more and more strategic for of biodiversity conser-

vation (Chazdon et al. 2009; Berry et al., 2010; Edwards et 

al., 2011; Gibson et al., 2011). Moreover, several authors 

have argued that the lack of decrease in tree species diver-

sity in selectively logged forests implies that logging activ-

ities are compatible with biodiversity conservation (Plump-

tre 1996; Cannon, Peart & Leighton 1998; Kariuki et al., 

2006; Berry et al., 2008). Superior species richness can 

even be observed in logged areas (Berry et al., 2010). 

However, taxonomic approaches alone such as spe-

cies richness do not satisfactorily describe the impacts of 

selective logging and need to be reinforced by complemen-

tary approaches (Baraloto et al., 2012). Functional ap-

proaches consider the function ensured by a species in a 

community. This concept relies on functional traits, which 

refer to “morphological, biochemical, physiological, struc-

tural, phenological, or behavioral characteristics that are 

expressed in phenotypes of individual organisms (Violle et 

al., 2007). Functional diversity and composition of traits 

are widely used in ecology studies because functional traits 

are crucial determinants of both effects and responses of an 

organism to its environment (Lavorel et al., 2002; Diaz et 

al., 2007). As ecosystems often host different species but 

similar functional groups, the functional approach enables 

an easier comparison between different ecosystems, inde-

pendently of species richness or geographical area (Diaz et 

al., 1999, Lavorel et al., 2008). In addition, changes in the 

functional structure can be detected even without observing 

species loss (Mouillot et al., 2013). 

Multiple studies have suggested that decreasing func-

tional diversity following disturbance poses significant 

risks to the maintenance of ecosystem processes (Diaz et 

al., 2001, Diaz et al., 2007). In this way, functional ap-

proaches afford a better comprehension to current planetary 

scale problems like climate and land-use changes (Lavorel 

et al, 2007) or supply of ecosystems services (Millennium 

Ecosystem Assessment, 2005).  

          In this context, this paper aims to provide a syn-

thesis of the impacts of selective logging on the functional 
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diversity and the functional composition of tropical tree 

communities.  

1 Abiotic factors: the 
environmental filters approach 

Selective logging is likely to modify the functional 

diversity and composition of tree communities by modify-

ing the community assemblage rules, such as environmen-

tal filtering or biotic interactions (Aiba et al., 2016; May-

field et al., 2010).  

Environmental filter refers to abiotic conditions and 

resources that exclude species with unviable physiological 

limits, as defined by functional traits, from persisting in a 

community (Mayfield et al., 2010). Degraded habitats are 

very prone to alter environmental filters and thus, can re-

duce trait diversity by filtering species with similar traits. 

Understory light is an important environmental filter that is 

strongly influenced by forest canopy structure. As a result, 

light intensity typically differs between old-growth and dis-

turbed forests because of differences in the opening of their 

canopies (Nicotra et al., 1999). These differences in light 

conditions can then favour different combinations of func-

tional traits and lead disturbed forests to be dominated by 

species with resource-acquisitive or disturbance-adapted 

strategies (Osazuwa-Peters et al., 2015; Michalski et al., 

2007). 

1.1 Low differences in functional diver-
sity but shifts in functional composi-
tion 

 

The consequences of selective logging appear to be 

greater for functional composition than functional diver-

sity. This pattern was highlighted in the Neotropics by both 

Carreño-Rocabado et al., 2012 and Baraloto et al., 2012 

who worked on numerous leaf and wood functional traits 

and found no significant differences in functional richness 

between logged and unlogged tropical forests. However, 

while their results are similar, it should be noted that the 

scale of the study was very different (a 8 years post-logging 

permanent study in the first case, and a punctual study 20 

years after logging in the second). Kusomoto et al. (2015) 

found the same pattern while working on several indices 

(CWM of traits values, functional richness and divergence) 

calculated from trait data of leaf, stem, flower and fruit. In 

contrast to more northern forests in the Japanese archipel-

ago, subtropical forests showed no significant differences 

in functional diversity between unlogged and logged for-

ests. This general pattern across studies suggests a potential 

high conservation of functional diversity in tropical forests 

experiencing selective logging. Nevertheless, functional 

richness isn’t the only measure of functional diversity, 

which should systematically be complemented by func-

tional evenness. By analogy with species evenness, func-

tional evenness can be seen as the similarity in the relative 

abundance of functional traits in a community (Zhang et al., 

2012). Using Villéger’s index, Baraloto et al. (2012) found 

higher values of functional evenness in logged forests. This 

result can be explained by the fact that the traits are con-

strained by the environmental filter of light. Combined 

with lower species evenness in logged forests, this finding 

demonstrates that unlogged forests differ both in their rela-

tive abundance of species presenting functional strategies 

and in the regularity of spacing those species in functional 

trait space (Villéger, Mason & Mouillot, 2008).  

 

In contrast to functional diversity, changes in the 

functional composition due to selective logging are more 

pronounced, especially during the first years following per-

turbation. These changes have already been highlighted in 

multiple studies, for both wood and leaf economic spectra. 

Wood density is a functional trait widely used in studies as 

it appears to be central in many aspects of plant form, func-

tion, and diversity (Swenson et al., 2007). In degraded trop-

ical tree communities, wood density invariably decreases in 

the early stages and sometimes 20 years after exploitation 

(Baraloto et al., 2012; Carreño-Rocabado et al., 2012; 

Brown et al., 1990), implying that softwood species flour-

ish with the perturbation, to the disadvantage of hardwood 

species (Verburg et al., 2013). However, this pattern may 

decrease in the long-term. Studying the effects of selective 

logging over 20 years in Borneo, (Verburg et al., 2013) 

found that logging decreases strongly the softwood emer-

gent stems of largest diameter classes (> 50 cm DBH). 

These authors also noticed a significant increase in soft-

wood stems in the small diameter classes (15-30 cm DBH), 

in comparison to non-logged forests where softwood abun-

dance remains modest (10%) and constant over time. This 

increase lasts from 10 to 12 years after logging, until the 

fraction of softwood begins to decrease. Brown et al. (1990) 

observed the same pattern 20 years after perturbation. This 

may explain why some studies did not find changes in 

wood density over longer periods of time. For instance, 

Osazuwa-Peters et al.  (2015) found similar wood density 

between logged and unlogged habitats 45 years after log-

ging in a East African forest.  

 

In parallel to wood density shifts, changes in the leaf 

economic spectrum can be detected in trees recruited (i.e. 

trees reaching 10 cm of diameter at 130 cm height) after 

logging. Findings include lower leaf dry matter content, de-

creased leaf toughness, increased leaf mineral nutrient con-

centrations (e.g. nitrogen), increased specific leaf area (de-

fined as the ratio of leaf area to dry mass) and a shorter leaf 

lifespan (Baraloto et al., 2012, Carreño-Rocabado et al., 

2012). All these functional traits reflect the acquisitive 

strategy adopted by the new recruits. Leaf construction cost 

is cheaper, notably because leaves are less defended against 

herbivory (i.e. low leaf toughness). The high nutrient con-

centrations and higher specific leaf area lead to a faster 

growth compared to the conservative strategy of shade-tol-

erant species, which favour opposite traits (Poorter & 

Bongers 2006; Loehle et al., 1987). Surprisingly, some ac-

quisitive traits that might be expected to similarly increase 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2012.02015.x/full?wol1URL=/doi/10.1111/j.1365-2745.2012.02015.x/full&regionCode=FR&identityKey=4c44e953-af16-41ee-980a-63463ba31aab#jec2015-bib-0059
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2012.02015.x/full?wol1URL=/doi/10.1111/j.1365-2745.2012.02015.x/full&regionCode=FR&identityKey=4c44e953-af16-41ee-980a-63463ba31aab#jec2015-bib-0042
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did not differ significantly after logging. For instance, leaf 

thickness or leaf chlorophyll content did not change signif-

icantly between logged and unlogged forests (Baraloto et 

al., 2012, Carreño-Rocabado et al., 2012). The fact that Ba-

raloto et al., 2012 conducted their study 20 years after per-

turbation demonstrates that shifts in functional composition 

in logging gaps can be significant in the long-term. 

 

These results show that by modifying the light factor, 

which is one of the main environmental filter in forest com-

munities, selective logging changes the functional compo-

sition of the recruitment. The post-exploitation conditions 

favour light-demanding species with acquisitive traits 

which allow them to grow faster than shade-tolerant spe-

cies. Acquisitive species are mainly pioneer species than 

can quickly (e.g. 5-10 years) join the recruitment after log-

ging.   

1.2 The role of recruitment in the shift of 
functional composition 

 

To assess if changes in the functional composition of 

tree communities after logging were due to the mortality of 

the remaining individuals or to recruitment, Carreno et al. 

(2012) weighted their analyses using either basal area or 

abundance. Surviving trees respond slow to disturbance 

and contribute mainly to community biomass (Chazdon et 

al., 2007), whereas smaller recruits respond quickly to dis-

turbance and contribute more to abundance (Van Breugel 

et al., 2007). They found that at high disturbance intensity, 

abundance-weighted traits were more strongly affected 

than basal area-weighted traits. In other words, in a high 

disturbance context, the observed shift in functional com-

position is mainly the consequence of the recruitment pro-

cess.   

Taking in consideration the disturbance intensity is 

important because this parameter will promote opposite 

strategies in trees and thus, opposite functional traits. Low 

logging intensity tends to favour conservative traits, better 

suited to survive in a low-light situations, whereas high log-

ging intensity will promote a shift towards an acquisitive 

strategy, better suited to rapid grow before the light de-

creases due to  closing of the canopy (Poorter et al., 2006).  

2 Biotic factors 

2.1 The role of biotic interaction on 
functional diversity 

 

In a general way, biotic interactions can lead to a di-

vergent functional trait distribution as a result of competi-

tive interactions, niche differentiation or facilitation among 

species (MacArthur et al., 1996; Keddy et al., 1992). If bi-

otic interactions weaken after a disturbance, the post-dis-

turbance community can become functionally more 

convergent, whereas stronger interactions can result in 

functional divergence (Aiba et al., 2016). 

2.2 The lianas’ case 
 

Liana interact with other functional groups, in this 

way they play a role in functional composition. There is a 

negative correlation between lianas and shade-tolerant trees 

(Schnitzer et al., 2000). Indeed, the mean relative growth 

rate of shade-tolerant trees was 56% higher in the liana-free 

gaps than in control gaps (Schnitzer et al., 2010).  This can 

be explained by the fact that shade tolerant species, by es-

tablishing numerous branches to maximize light intercep-

tion, provide support that lianas use to climb and smother 

trees (Schnitzer et al., 2000). This negative effect is not 

found on pioneer trees (Schnitzer et al., 2010). Further-

more, the presence of lianas in tree gaps is positively cor-

related with pioneer trees (Putz et al., 1984; Clark & Clark 

1990; Schnitzer et al., 2000).  

This correlation can be easily explained by the fact 

that lianas and pioneer trees have the same type of func-

tional response to the light. However, the presence of lianas 

themselves can favour pioneer trees. Indeed, by bringing 

down trees, lianas widen gaps or create new ones in which 

the light can enter, thus favouring pioneer trees (Laurance 

et al., 2001). As lianas are expected to be more abundant 

with climate change (Phillips et al, 2002), we think that this 

phenomenon must be taken into account in the dynamic of 

functional diversity of logged forests. In this context, we 

expect that gaps in logged forests will reinforce the occur-

rence of pioneers functional traits compared to what was 

previously observed before perturbation. This may lead to 

an increase of functional evenness. 

Lianas have a traits assemblage that make them very 

efficient to water supply, even more in dry condition. Thus, 

it confers to them a competitive advantage during the dry 

season (Cai et al., 2009). In these conditions we can expect 

lianas to act like a biotic-environmental filter by selecting 

species with traits that have a high water-use efficiency or 

a high dryness resistance. By considering it, we can expect 

a convergence of functional traits, and thus a decrease of 

functional diversity. At least for the Amazon, we think that 

this phenomenon is not to disregard, because climate 

change models predict an increase in the dry season dura-

tion in this region.  

3 The importance of considering 
spatial and temporal scales 

 

Temporal scale must be taken in account when inter-

preting any post-degradation responses of tree communities 

as changes in functional structure are often no significant a 

long time after logging. For example, ten years after log-

ging, Molino & Sabatier (2001) found more pronounced 

contrast in diversity and a greater abundance of short-lived 

http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2012.02015.x/full?wol1URL=/doi/10.1111/j.1365-2745.2012.02015.x/full&regionCode=FR&identityKey=4c44e953-af16-41ee-980a-63463ba31aab#jec2015-bib-0011
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2012.02015.x/full?wol1URL=/doi/10.1111/j.1365-2745.2012.02015.x/full&regionCode=FR&identityKey=4c44e953-af16-41ee-980a-63463ba31aab#jec2015-bib-0004
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2745.2012.02015.x/full?wol1URL=/doi/10.1111/j.1365-2745.2012.02015.x/full&regionCode=FR&identityKey=4c44e953-af16-41ee-980a-63463ba31aab#jec2015-bib-0059
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pioneers than observed in Baraloto et al., 2012, twenty 

years after logging for the same study site. 

Long-term monitoring data are still scarce for most 

areas (Burslem et al., 1999; Sheil, 2001) and make difficult 

the comparison with short-term studies. In this context, 

simulation models could offer a valuable assistance to get 

more insight in the longer-term effects of logging on func-

tional composition and diversity of tree communities 

(E.J.M.M. Arets, 2005).  

 

The spatial scale chosen for studying the effects of 

logging on the functional diversity and composition can 

change the interpretation of biodiversity. Berry et al. (2008) 

warned about the importance of sampling at a sufficiently 

large scale to correctly represent patterns of biodiversity in 

tropical logged forests. Indeed, the observed alpha func-

tional diversity is often lower at the local scale of disturb-

ance than in surrounding unlogged zones. In contrast, the 

observed beta diversity is often increased at larger scale be-

cause logging generates a matrix of sites favouring species 

with complementary ecological requirements (Cadotte, 

2007; Berry et al., 2008). The functional structure may also 

differ at a finer spatial scale than the tree gap (i.e. gap edge 

and gap centres), even if such patterns have not yet been 

highlighted (Baraloto et al., 2012). However, scientific lit-

erature about the spatial distribution of functional traits is 

still scarce (Baraloto et al., 2014). 

     

4 Can tropical selective logging 
still manage to conserve 

functional biodiversity and 
resultant ecosystem processes 

while providing forest 
resources ? 

Because selective logging is responsible for the con-

version of at least 15 000 km2 of primary tropical forest to 

exploited forest in the Amazon each year (Asner et al., 

2005; Asner et al., 2010), it is a matter of urgency to quan-

tify the extent of functional degradation driven by this pro-

cess. Some studies have reported the loss of functional 

groups. In their study in East Kalimantan rainforests, Ver-

burg et al. (2003) have shown that softwood emergents 

were not found in the smallest diameter class, leaving their 

the softwood regeneration entirely dependant on the avail-

able stock of small stems. Baraloto et al (2012) noticed the 

absence of some shade-tolerant species and canopy taxa in 

the recruitment into logged sites, even after 20 years. How-

ever, as previously seen, moderate levels of logging don’t 

seem to impact the functional richness of tropical tree com-

munities.  

Another issue, closely linked to changes in the func-

tional community composition, is whether or not selective 

logging can impact ecosystem processes. Shifts towards 

fast growing species with acquisitive traits could poten-

tially fuel primary productivity, and nutrient and carbon cy-

cling (Carreno et al., 2012),  but may lead to reduced ca-

pacities for carbon storage, drought tolerance, and in-

creased palatability to predators (Hurokawa et al., 2010; 

Onoda et al., 2011).  

5 Global discussion, 
recommendation and 

perspectives 

We noticed that scientific literature is more abundant 

using taxonomic than functional approaches, certainly be-

cause the use of functional traits is a more recent approach 

(almost none studies are before 1990, most are after 2000).  

Even if the previous results are generally convergent, 

it is required to be careful when comparing studies. For ex-

ample, thresholds of logging intensity, which corresponds 

to the average volume of wood that leaves the forest per 

hectare, are not always clearly defined between “low”, 

“medium” and “high” levels of intensity. Even if thresholds 

of logging intensity would be standardized, this index 

doesn’t indicate the spatial distribution of the logging (e.g. 

gap sizes, proximity between gaps). Yet, those spatial in-

formations are determinant factors of forest structure and 

functional composition and should be taken into account 

while managing tropical forests. Baraloto et al. (2012) ad-

vise to create fewer but bigger gaps (“single large strategy”) 

rather than more smaller gaps (“several small strategy”) to 

preserve functional composition. This suggestion relies on 

their observation of similar functional composition be-

tween large and small gaps, coupled with the fact that larger 

gaps need a lower proportion of skid trails for a given har-

vest intensity (Putz et al., 2008) 

Moreover, the effects on the skid trail by bulldozer 

are rarely considered in studies on selective logging im-

pacts. It may be a mistake because the compaction they 

cause affect significantly the soil by changing its physical 

and chemical properties, including loss of soil fertility 

(Congdon et al., 1993). This suggests that soil compaction 

is one of the major consequences of logging. Those changes 

in soil properties can inhibit plant growth, germination, 

seedling emergence, and mycorrhiza (Greacen et al., 1980). 

As a consequence, soil compaction can act like an environ-

mental filter and thus, select species with traits adapted to 

these constraints. Although the functional traits involved 

are likely to concern roots, roots traits are totally absent 

from the studies. We consider that an effort has to be done 

on the investigation of those trait to quantify correctly the 

impact of skid trails on functional diversity and composi-

tion.  
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Conclusion 

By creating canopy gaps, selective logging modifies 

light conditions and affects the functional composition of 

tropical trees communities. Light, as an environmental fil-

ter, favours acquisitive traits in the recruits to the disad-

vantage of more conservative traits. Similar patterns can be 

found as a result of modified biotic interactions in logged 

forests. The case of lianas is a good illustration of such 

trend. These changes in functional composition are ob-

served directly after perturbation but can last more than 20 

years. The consequences of selective logging appear to be 

lower for functional diversity, which presents increased 

functional evenness in logged forests and no differences in 

functional richness. These findings suggest that selective 

logging may be compatible with conservation of functional 

biodiversity and resulting ecosystem processes. However, 

more investigation is needed to confirm this assumption. 

Some researchers suggest that the lower tree diversity of 

African forests can be partially explain by their longer 

logged history compared to other continents. Considering 

that, we can wonder if there is still a print of this long-term 

logging on both functional diversity and composition. Ob-

serving long-time effects of selective logging will permit to 

take into account the frequency of logging, in addition to 

logging intensity.  
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