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Samenvatting 

In deze studie wordt de gemeenschap lianen in Paracou Field Station, gelegen in Frans-

Guyana, onderzocht. In september 2015 werd het veldwerk uitgevoerd waarbij alle lianen 

(diameter ≥ 2cm) werden geïnventariseerd in zowel onverstoorde (9 plots met een totaal 

oppervlak van 4.92 ha) als verstoorde (5 plots met een totaal oppervlak van 5 ha) plots. De 

verstoring werd uitgevoerd gedurende de periode van 1986-1988 door CIRAD, en bestond uit 

een exploitatie experiment met drie gradaties in intensiviteit.    

De onverstoorde plots worden gebruikt als referentie, waardoor het mogelijk is om de invloed 

van de verstoring op de huidige lianengemeenschap na te gaan. Een significant (p < 0.01) 

hoger aantal lianen werd waargenomen in de verstoorde plots (256.2 ± 39.4 individuen/ha) in 

vergelijking met de onverstoorde plots (142.2 ± 26.4 individuen/ha). De biomassa daarentegen 

was niet significant verschillend. Bij de verstoorde plots waren voornamelijk significant meer 

lianen aanwezig in de eerste twee diameterklassen (2-3 cm en 3-4 cm), in vergelijking met de 

onverstoorde plots. In de onverstoorde plots maakten lianen voor 22.1 ± 4.2% deel uit van alle 

houtige individuen, vergeleken met 38.2 ± 6.3% in de verstoorde plots. 

Verder werd ook nagegaan of een spatiale relatie bestaat tussen de antropogene verstoring en 

de huidige lianengemeenstap. Finaal werd een analyse doorheen de tijd gemaakt waarbij de 

link tussen de huidige lianenverdeling en de natuurlijke verstoring werd nagegaan, startend in 

1995. 

Er kan geconcludeerd worden dat 30 jaar na de antropogene verstoring de invloed nog steeds 

waar te nemen is in de huidige lianenabundantie, maar niet in de biomassa van de lianen. Een 

spatiale relatie tussen de lianenverdeling en zowel natuurlijke als antropogene verstoring werd 

niet gevonden. Naar de toekomst toe, is het aangeraden om bij gelijkaardig onderzoek een 

voldoende groot oppervlak te selecteren, alsook de lianen te identificeren op soort. Voorts zijn 

er meer onderzoeken op lange termijn nodig om voldoende kennis te vergaren t.a.v. 

lianensuccessie en de respons van lianen op verstoring.   

Op vlak van beleid wordt aangeraden om rekening te houden met de impact van de hogere 

proliferatie van lianen op de dynamiek van bossen na het kappen van bomen. Dit kan gedaan 

worden door het opvolgen van de competitie tussen lianen en bomen die ontstaat in de 

openingen en zo de veranderingen in demografische processen van de bomen te reduceren. 

Deze maatregel kan worden toegevoegd aan de andere ‘reduced impact logging’ technieken, 

waaronder het verwijderen van lianen voordat de houtexploitatie plaatsvindt. 

  



 

Abstract 

In this study, the liana community in Paracou Field Station, French Guiana, is investigated. In 

September 2015 the field campaign was carried out, where all lianas (diameter ≥ 2 cm) were 

inventoried in both undisturbed (9 plots with in total an area 4.92 ha) and disturbed (5 plots 

with in total an area of 5 ha) plots. The disturbance was executed during the years 1986-1988 

under the management of Bruno Hérault, CIRAD, and existed out of a logging experiment with 

three different degrees of intensity.  

The undisturbed plots are used as a reference so it is possible to examine the influence of the 

disturbance on the present liana communities. A significant (p < 0.01) higher amount of lianas 

was found in the disturbed plots (256.2 ± 39.4 individuals/ha) compared to the undisturbed 

plots (142.2 ± 26.4 individuals/ha). The biomass however, was not significant different. For the 

disturbed plots, significant more lianas were present in the first two diameter classes (2-3 cm 

and 3-4 cm) compared to the undisturbed plots. In the undisturbed plots lianas constituted 

22.1 ± 4.2% of the woody individuals, compared to 38.2 ± 6.3% in the disturbed plots.  

Furthermore, a spatial relation of the anthropogenic disturbance with the present liana 

community is investigated. Finally, an analysis, through time, on the link between the present 

liana distribution and the natural disturbance is made, starting in 1995.   

It is concluded that 30 years past anthropogenic disturbance the influence is still noticeable in 

the liana abundance, but not in liana biomass. No spatial correlation was found between liana 

distribution and both natural as anthropogenic disturbance. Towards the future, it is 

recommended to select a large study area and to determine liana species. Furthermore, more 

long term studies on lianas are needed for more knowledge on the succession of lianas as for 

their the response to disturbance. 

Policy wise it is suggested to take this influence of liana proliferation on forest dynamics into 

account when conducting wood exploitations. A way to do this is to perform a follow-up of the 

logging gaps for liana versus tree competition and try to reduce the changes in demographic 

processes of the trees. This can be added to other reduced impact logging techniques (RIL), 

such as pre-logging liana cutting. 
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1. Introduction 

Increasing CO2 is a driver of climate change, among others, with probably an increasing 

temperature, extremer weather situations,… as consequences. This increase in CO2 is induced 

by high consumption of fossil fuels and intensified by forest degradation and deforestation. 

The consequences of global warming will have an influence on the distribution and survival of 

different vegetation types. An overall effect is difficult to predict and different possibilities 

need to be examined. Furthermore, frequently new phenomena are witnessed, which make 

predictions even more challenging. 

A remarkable example of such a recent phenomenon, is an increasing liana abundance that 

has been witnessed the last few decades (Phillips et al., 2002; Wright et al., 2004a; Wright & 

Caldéron, 2006; Ingwell et al., 2010; Campanello et al., 2012). There is still some uncertainty 

why this is happening and different possible causes are proposed. At first, it seems that this 

increased liana abundance is not detrimental for a forest, but unfortunately it has been 

observed that the presence of lianas causes a decrease in biomass, tree growth and 

recruitment and an increase in tree mortality (Putz, 1984a; Wright et al., 2015). Furthermore, 

reduction in forest-level carbon in the presence of lianas was found (van der Heijden et al., 

2015), because lianas themselves do not seem to compensate for the loss in tree biomass that 

they cause. 

Moreover, lianas seem to have an advantage after tree fall or removal. They show comparable 

morphological and physiological plasticity in response to changes in the light environment 

(Bazzaz & Carlson, 1982), as found in pioneer trees (Toledo-Aveces & Swaine, 2008). Following, 

obstructed gaps will originate (Schnitzer et al., 2000). This aspect is of importance for the 

climate, because the tropical forest area is still decreasing by, among others, deforestation, 

which causes a higher liana abundance and thus less carbon sequestration. 

This is the starting point of my research for which fieldwork was performed in French Guiana 

at Paracou Field station, where liana inventories were made in both undisturbed and disturbed 

forest. The main focus in this study is to investigate differences between undisturbed and 

disturbed forests and the following research questions are addressed: (1) is there an impact of 

disturbance on liana abundance? (2) to what extent is the present liana abundance still related 

to a historic disturbance? (3) is there a spatial pattern in the occurring of lianas such as 

clusters? (4) do lianas prefer a type of host tree? (5) how long does natural disturbance have 

an influence on the present liana abundance? In the literature review (chapter 2) I present an 
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overview of the liana life-form, its driving forces, demography and influences on the forest, 

which serves as a background for these research questions. 
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2. Literature review 

2.1. Tropical forests in a changing environment  

Tropical forests present an important terrestrial biome covering 7-10% of global land area 

(Lewis et al., 2009) and accounting for 47% of the total forested area (FAO, Global Forest 

Resources Assessment, 2000). This distribution is based on an ecological zone map from FRA 

2000, where ‘tropical forests’ consist out of tropical rain forest, tropical moist deciduous 

forest, tropical dry forest and tropical mountain forest. With 40-50% of terrestrial carbon 

stored in these forests (Houghton, 2005; Lewis et al., 2006; IPCC, 2007), they contribute 

significantly to the global carbon balance. There are three major regions of rain forests 

separated by oceans, namely southeast Asia, central Africa, and Amazonia, each with different 

species and structure (Elias & Calen, 2011). According to national forest inventories compiled 

by FAO (2000), the division of tropical forest between the different regions is as follows: 28% 

for Africa, 47% for Americas and 18% for Asia. Tropical forests are of great importance for 

ecosystem services (State of the World’s Forests, 2014) which can be divided into four 

categories: Supporting, regulating, provisioning and cultural services. Examples of supporting 

services are nutrient dispersal and cycling, seed dispersal and primary production. Carbon 

sequestration and climate regulation are examples of regulating services. The presence of 

food, water, minerals, biochemicals and/or energy can be categorized as provisioning services 

and recreational experiences can be placed under the cultural services.  Species diversity is 

unevenly distributed between global ecosystems; the highest concentrations are in tropical 

ecosystems, which hold approximately 50% of all described organisms and an even larger 

percentage of undescribed species (Dirzo & Raven, 2003). The Amazon and SE Asia hold the 

highest diversity in tree species (Slik et al., 2015). More specifically, the Amazon region has the 

largest continuous tropical forest in the world and hosts around 20% of the world’s plant and 

animal species (Azevedo-Ramos, 2008).  

Changes in tropical forests are of importance on a global level. Two major drivers for change in 

tropical forests are generally described and studied, namely climate change (Pan et al. 2011) 

and anthropogenic disturbances (Harris et al., 2012). Climate-driven change is mostly related 

to shifts in source or sink behaviour of these forests. More than half of the total atmospheric 

carbon stock is stored in the tropics (Pan et al., 2011), whereby any change on the ecosystem 

can have important consequences on the carbon stock. During the last decades, increases in 

carbon storage have been recorded in tropical forests indicating that they act as a carbon sink 

(Phillips et al., 1998; Baker et al., 2004; Lewis et al., 2009; Pan et al., 2011), with an increase of 

1.3 Pg C yr-1 across all tropical forests (Lewis et al., 2009). Although a more recent study 
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showed a decline of this sink effect in the Amazon (Brienen et al., 2015). On the other hand, 

anthropogenic disturbance, mainly tropical land-use change related to deforestation and 

forest degradation, introduces an important source of emissions (Harris et al., 2012), 

accounting for approximately 12% of total anthropogenic greenhouse gas emissions (van der 

Werf et al., 2009).  

In 1980, the annual deforestation in the tropical and subtropical world was around to 0.6% of 

the total forest area at the time, equivalent to 11.3 Mha (FAO 1980). For 45% of this 

deforestation degree, shifting cultivation was found to be the direct factor. Specifically for the 

Amazon forest, about 17%, or 60 Mha, has been converted to other land uses in the past 30 

years. During the period 1980-2000, 40% of total area change in Latin America was due to the 

direct conversion of forest area to large scale permanent agriculture (FAO, Global Forest 

Resources Assessment 2010). More recently, Keenan et al. (2015) reported that the 

deforestation rate in the tropics between 2010 and 2015 was 58% less than that from the 

1990s. According to Wright (2010), extrapolations from current trends suggest that 64-89% of 

the area of tropical forest in 2000 will remain forested in 2050. This remaining forest will 

probably be concentrated where the soils are poorest, topography is most difficult and rainfall 

is high. 

Within this changing forest environment, recent studies have also identified significant 

changes in lianas, i.e. woody vines. It has namely been shown that lianas have increased in 

both abundance and biomass over the last few decades in Neotropical forest (Phillips et al., 

2002; Wright et al., 2004a; Wright & Caldéron, 2006; Ingwell et al., 2010;  Campanello et al., 

2012). This change could have a very important impact on forest dynamics (Schnitzer & 

Bongers, 2002), specifically because lianas suppress tree regeneration and productivity, 

increase tree mortality, provide a valuable food source for animals and physically link trees 

together (Schnitzer & Bongers, 2002).  

2.2. The ecology of lianas 

Lianas, or woody vines, are a polyphyletic group of woody plants all sharing a common growth 

strategy that centres on ascending to the canopy using the architecture of other plants 

(Schnitzer & Bongers, 2002). Without support, their flexible stems allow them to grow only up 

to about 1.5 meters in height (Putz, 1984a; Caballé, 1998). In other words, they are non-self-

supporting structural parasites, differing from other structural parasites (epiphytes and hemi-

epiphytes) in that they remain rooted to the ground throughout their lives (Schnitzer & 

Bongers, 2002; Letcher & Chazdon, 2012).  
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Liana abundance is higher in gaps and at forest edges than in the forest understory (Putz, 

1984b; Schnitzer & Carson, 2001), therefore they are generally considered gap-dependent 

pioneer species (Schnitzer & Bongers, 2002). Nevertheless, within the group, there is a wide 

range of shade tolerance (Sánches & Valio, 2002). Both spatially and temporally, lianas are 

exposed to a very heterogeneous light environment, so it is expected that they express 

morphological and physiological plasticity in response to changes in the light environment 

(Bazzaz & Carlson, 1982), as high as found in pioneer trees (Toledo-Aveces & Swaine, 2008).   

Furthermore, lianas are not constrained to a single family, but almost 60% of all 

dicotyledonous plant orders have at least one representative climber (Heywood, 1993). The 

liana life-form has thus evolved many times independently in different families, generally 

considered as an evolutionary adaptation driven by competition for light (Putz & Holbrook, 

1991). This also indicates the high biodiversity of lianas. 

 Liana diversity 2.2.1.

Specifically in tropical forests, lianas are a diverse and abundant group of plants (Schnitzer & 

Bongers, 2002). Lianas commonly compose up to 25% of the woody individuals and species in 

tropical forests (Gentry, 1991). In lowland tropical moist and wet forests, the mean diversity 

and taxonomic composition of lianas can show differences among tropical regions. For liana 

diversity, Africa showed 59% greater values than South American ones, and 140% greater 

diversity than Central American and Asian sites. Moreover, liana diversity, varied almost nine 

times among sites according to DeWalt et al. (2015). For example, in Malaysian rain forests 

(Appanah et al., 1993) the diversity of lianas differed among different areas, with the 

abundance of lianas comprising about 30% of the woody plants in Pasoh and approximately 

27% of total species were lianas. In Genting, these numbers are lower, namely an abundance 

of 21% and a diversity of 20% and in Borneo they are even lower, respectively only 14% and 

18%. Moreover, some forests show extreme values of liana density, where lianas compose 

44% out of the woody species, such forests are considered as ‘Liana forests’. These liana 

forests occur on the rim of the Amazon basin and in typhoon-affected forests in North East 

Queensland, Australia (Pérez-Salicrup et al., 2001).  

In Barro Colorado Island (BCI), Panama, there were 171 liana species, climbing shrubs and 

climbing trees (13% of the native flora) inventoried. They were found in the following 17 

families, which contain 82% of all species of BCI lianas (in descending order of importance): 

Bignoniaceae, Fabaceae, Sapindaceae, Malpighiaceae, Apocynaceae, Dilleniaceae, Vitaceae, 

Smilacaceae, Hippocrateaceae, Combretaceae, Connaraceae, Rubiaceae, Aristolochiaceae, 

Menispermaceae, Loganiaceae, Convolvulaceae and Verbenaceae (Croat, 1978). According to 

Heywood (1993) most lianas in neotropical lowland forests belong to the families 
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Bignoniaceae and Fabaceae, which was also the case on BCI. The most common families in the 

study area in Malaysia from Appanah et al. (1993) were Annonaceae, Fabaceae, Loganiaceae, 

Rubiaceae, Dilleniaceae and Connaraceae. In India (tropical forests of North Eastern India), the 

order of the most important families was also different: Convolvulaceae, Fabaceae and 

Asclepiadaceae (Naidu & Kumar, 2014). So it appears that there are differences in dominant 

families between different regions. 

 Functional traits of lianas 2.2.2.

Liana species can differ in many traits, such as their climbing specialization (Ewers et al., 1990; 

Gentry, 1991; Naidu & Kumar, 2014), light response (Schnitzer et al., 2005b) and seed 

dispersal method (Bullock & Harold, 1995). The most important climbing specialization is the 

development of leaf tendrils (Gentry, 1991), which are specialized stems, leaves or petioles 

with a filamentous shape that is used for support and attachment, generally by twining around 

suitable hosts. Other adaptations for climbing could be stem climbers (a.k.a. twiners), whose 

stems twine round trees and branches, and scramblers, which are plants that produce long 

weak shoots wherewith they grow over other plants (Ewers et al., 1990).  

Compared to trees, lianas rely much more on the wind for dispersal of their seeds, in both dry 

and moist/wet forests (Bullock et al., 1995). In dry forests nearly all of the lianas (80%) and a 

third to a quarter of the trees are wind-dispersed (Gentry, 1991). In addition, more recently 

Muller-Landau and Hardesty (2005) stated that primary seed dispersal is by wind for 60% of 

liana species and only for 25% of canopy tree species and is exceedingly rare among species 

that reproduce below the canopy (smaller trees, shrubs, and terrestrial herbs) on BCI. 

As lianas are inherently non-self-supporting, they do not have to invest as much in structural 

tissue as trees, and can allocate more resources to reproduction, canopy development and 

stem and root elongation (Ewers et al., 1990; Fisher & Ewers, 1991). As a result they have a 

very high canopy to stem ratio, which gives them a higher proportion of photosynthetic 

biomass. Gerwing and Farias (2000) showed that lianas have even up to five times more leaf 

area per stem diameter than trees.  

Further research also showed that lianas have photosynthetically strongly active tissue and 

that lianas as such can be categorized as ‘quick-return end’ organisms, whereas trees are at 

the opposite end (Zhu & Cao, 2009). This quick-return end concept has been developed by 

Wright et al. (2004b) and is a part of the “leaf economics spectrum” (LES), which is associated 

with the key traits of leaf functions ranging from quick to slow returns on investment of 

nutrients and dry mass in leaves (Zhu & Cao, 2009). The quick-return end species are those 

species with high leaf nutrient concentrations, high rates of photosynthesis (A) and 

https://en.wikipedia.org/wiki/Plant_stem
https://en.wikipedia.org/wiki/Leaf
https://en.wikipedia.org/wiki/Petiole_%28botany%29
https://simple.wikipedia.org/wiki/Stem
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respiration, a high specific leaf area (SLA, which is the ratio of leaf area to dry mass), and a 

short leaf life span (LLS). The early stages of lianas also show significantly, i.e. 14-21%, higher 

photosynthetic metrics than trees, namely the electron transport rate (ETR), which is the 

overall capacity to provide energy to photosynthetic carboxylation reactions, and 

photochemical quenching (qp), i.e. the proportion of open photosystem II (PSII) reaction 

centres and a proxy of the efficiency of PSII (Pasquini et al., 2014). This extends the findings of 

Zhu and Cao (2009), which was a greater maximal photosynthesis (Amax) by canopy-level lianas.  

The increasing litter to wood production ratio in tropical forests compared to temperate, can 

be mainly explained by the fact that lianas are more abundant in tropical forests compared to 

temperate forests, but also because lianas are categorized as quick-return end organisms and 

that the production of liana leaf litter is especially high in different rainforests. For these 

reasons lianas seem to contribute to a nutrient-rich and easily-decomposed leaf litter. Gentry 

(1991) hypothesized that lianas are key elements in maintaining the productivity in highly 

dynamic rainforests.  

Furthermore, the photosynthetically highly active tissue of lianas, combined with their narrow 

stem, has led to another trait characteristic for many liana species, namely the presence of 

wide and long vessels to supply water and nutrients to their leaves. This affords them high 

hydraulic conductivity and a low sapwood to leaf area ratio, enabling them to compensate for 

their relative small sapwood area (Chen et al., 2014).  

Ewers et al. (1990) carried out a survey of vessel dimensions in stems of lianas, in comparison 

with other growth forms. They stated that there was a statistically significant inter-species 

correlation between maximum vessel length and maximum vessel diameter. A possible 

explanation for this correlation could be that evolutionary increases in vessel length should 

have a simultaneous increase in vessel diameter to have an impact on conductivity, because 

both vessel length and diameter limit conductivity. Additionally, there is another possibility, 

namely that to minimize embolism risk danger, a selective pressure occurs to simultaneously 

reduce both vessel length and diameter (Ewers & Fisher, 1990). Ultimately this study showed 

that in the same liana stems, both long and wide as well as narrow and short vessels can be 

present. The long and wide vessels would probably hydraulically compensate for their narrow 

stem diameters, as will the many narrow and short vessels provide a high resistance auxiliary 

transport. 

In summary, it is clear that the variation of lianas in taxa, species diversity, climbing strategy, 

dispersal mechanisms and way of return on investment of nutrients and dry mass in leaves 

(quick-return-end) provides them many advantages compared to trees (Schnitzer & Bongers, 

2002).  

https://en.wikipedia.org/wiki/Leaf
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Figure 1: Relationship between liana abundance and mean above-ground tree biomass for 33 1-ha 
plots in undisturbed Amazonian forests, in 2012 (Laurence et al., 2014). 

2.3. Lianas in the forest 

 Interactions and competition between lianas and trees 2.3.1.

Lianas compete directly with trees, but they also affect tree species in specific ways and thus 

change how trees compete with each other. Lianas rely mainly on trees to support their 

biomass, therefore they can be harmful for host trees by enhancing their mortality risk (Putz, 

1984a; Phillips et al., 2005) and reducing their fecundity (Stevens, 1987; Kainer et al., 2006). 

Often lianas can grow extensive in the canopy and cover more than one tree. Furthermore, 

lianas have extremely deep and efficient roots and vascular systems and thus may be able to 

tap water and nutrients that many trees and shrubs are unable to access, especially during 

drought conditions (Schnitzer, 2005a). This ability makes them more flexible than trees in 

accessing resources.  

There are five important ways for lianas to influence tree growth and mortality rates, as 

summarized by Putz (1984a). (1) They can compete with trees for light and thereby reduce 

tree growth. (2) Additionally, slowing rates of tree sapling height growth in treefall gaps can be 

a consequence of the presence of lianas, through the combined effects of shading and 

mechanical damage. (3) Furthermore, mortality rates of trees can increase because of lianas 

by weighting down tree crowns and increasing mechanical strain (torque) on the stem and 

roots, but also by increasing the number and size of trees pulled down when liana-laden trees 

fall. (4) Another consequence of binding the trees together, is an increase in stability of the 

individual trees. (5) At last, Laurance et al. (2014) found a significant negative relationship 

between liana abundance and tree biomass in old growth forests (Figure 1). According to Van 

der Heijden and Phillips (2009b) tree diameter growth rate decreased with increasing severity 

of above-ground liana competition, but the reduction in growth is dependent on the wood 

density (WD) of the infested tree. In this study, 50.9% of the inventoried trees were competing 

with lianas, of which 25.8% only above-ground. These facts all lead to a reduced tree 

aboveground biomass (AGB) increment of ~10%.  
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Figure 2: Histogram illustrating significant two-way interaction between liana loads (LL) and 
crown position. The vertical axis refers to the proportion of individual trees ≥30 cm DBH (1.3 m) 
(Wright et al., 2015). 

Furthermore, lianas can possibly behave as determinants of tree species coexistence by 

competing intensely with some tree species, such as shade-tolerant trees, but not or less with 

others, such as pioneer trees (Schnitzer & Bongers, 2011). Shade-tolerant trees have an 

architecture that makes them particularly vulnerable to lianas (Schnitzer & Carson, 2010). 

These trees tend to grow slowly and deploy many branches to maximize light interception. The 

competition for light between lianas and trees can be explained by the abundant presence of 

lianas in tree crown or stem, also called liana infestation, which will be higher in shade-

tolerant trees (Schnitzer & Carson 2010). The influence of lianas on light availability to trees 

can be explained by the fact that lianas form a monolayer of leaves over the tree crown and 

thus create competition for light (Avalos et al., 1999; Putz, 1984a).  

The leaves of lianas replace the leaves of their host trees on a one-to-one mass basis at Pasoh 

(Kira & Ogawa, 1971), which suggests a large potential impact on host trees. In Malaysia, 

Wright et al. (2015) showed that the degree of influence was dependent on the liana load (LL). 

The proportion of trees infested by lianas was only differing for emergent trees, namely less 

trees with a high liana load. For the other crown positions, liana load is more or less 

distributed homogeneously (Figure 2). Furthermore, according to Campanello et al. (2007), 

bark type is also an important characteristic that can determine the average amount of lianas 

per host tree. Their results indicated that liana infestation will be lower for trees with a long 

trunk and a smooth bark. A reason for this can be that a smooth bark does not provide enough 

grasp for the lianas to climb. This can be complemented with the findings of Putz (1984b) and 

Balfour and Bond (1993), namely that tree species with high growth rates, low WD, flexible 

trunks, long branch-free boles, long leaves and smooth bark, succeed in having low numbers 

of LL (Putz, 1984b; Balfour & Bond, 1993). Moreover, all these characteristics are typically 

found for pioneer (early successional) trees (Putz et al., 1984b). A tree with a flexible trunk 

helps avoiding lianas, because they are likely to give less support compared to firm stems. 
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Figure 3: Lianas effect on the (A) 
diameter growth, (B) survival, and (C) 
reproduction of their host trees. Liana 
load (LL) refers to the proportion of the 
foliage of the host tree that was 
overtopped by or intermixed with 
foliage of lianas. LL was recorded in 
2002 for (A and B) growth and survival 
and (C) 2014 for reproduction. All trees 
are ≥ 30 cm DBH (1.3 m). 

 

There are different parameters to examine liana infestation. One of them is LL, which can be 

explained as the percentage of the crown covered by lianas (Kainer et al., 2006). Alvira et al. 

(2004) investigated liana infestation by describing “liana sheds” of individual canopy trees, 

which is the area under the crown and beyond its margins from which lianas colonize trees. 

The mean area of the crown covered by lianas was 35.0% (±29.7 S.E.) but some trees (10%) 

were completely covered by lianas. These ‘‘liana shed areas’’ were a function of crown area  

and varied among tree species. Surveys of liana infestation of trees have estimated that ~78% 

of trees ≥ 20 cm diameter at breast height (DBH) have at least one liana in their crown, 

though, not necessarily overtopping the crown (Ingwell et al., 2010).  

 

The study of Wright et al. (2015) in Malaysia also showed that tree growth and reproduction 

declined with increase in LL (Fig. 3 A & C), which adds up to the statement of Putz (1984a), 

namely that that lianas form a monolayer of leaves over the tree crown and create 

competition for light. The lower degree of reproduction by trees shown by Wright et al. (2015) 

due to the liana infestation is confirmed in the study of Kainer et al. (2006), which focussed on 

the tree species Bertholletia excelsa (Brazil nut) and the influence of LL on its fruit production. 

Trees with lianas produced significantly fewer fruits and less nut weights than trees free of 

lianas. In other words the fecundity of the infested trees decreased, which supports the result 

of Wright et al. (2015).   

Furthermore, mortality (Figure 3 B) was similar for trees with less than 75% of their crowns 

infested with lianas (24% dead in 10 years) but much greater for trees with more than 75% of 

their crowns infested (42% dead) (Wright et al., 2015).  
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A logical consequence of the infestation by lianas and thus increasing tree mortality, is that 

there will be some change in carbon sequestration. Van der Heijden et al. (2015) carried out a 

large-scale liana removal experiment to verify the influence of lianas on forest dynamics after 

three years. A reduction in forest-level carbon in the presence of lianas was found and 

attributed primarily to both a lower tree biomass growth (48.0%) and an increased tree 

mortality (41.7%). Additionally, in the forest with lianas, relatively more carbon was 

sequestered in plant materials with much shorter carbon residence times (<1 year for leaves), 

because of the fact that lianas have relatively slender stems and low wood volume. This results 

in a more rapid return of fixed carbon to the atmosphere, mainly through leaf fall. Therefore, 

lianas themselves do not compensate for the loss in tree biomass that they cause (Van der 

Heijden et al., 2015). Previous studies, such as Chave et al. (2001) and Schnitzer et al. (2006), 

showed similar results, whereby loss in tree AGB was not compensated by the increase of liana 

AGB (Schnitzer & Bongers, 2011). Model simulations of Van der Heijden et al. (2015) on the 

change in biomass stocks over the next 50 years underlines the importance of further 

research. Through these simulations, a ~35% reduction in long-term biomass carbon storage 

was observed. The reduction of ~35% is already high, but the current hypothesis of increasing 

liana abundance is not even included and neither is the potential that lianas induce shifts in 

tree species composition. 

 Influence on nutrient transport 2.3.2.

The presence of lianas in the forest community can potentially influence resource availability. 

Because lianas are generally found on the ‘quick-return end’ of the LES (Zhu & Cao, 2009) and 

have a short leaf lifespan, there will be a regular input of liana leaf litter around the 

rhizosphere of the liana-supporting trees. Moreover, liana leaves show higher concentrations 

of key growth-related attributes, including chlorophylls, carotenoids, nitrogen, and base 

cations, and lower concentrations of defence-related compounds (lignin and phenols) 

compared to trees (Asner & Martin, 2011), creating a higher nutrient input to the soil. 

Additionally, lianas can serve as distributers of nutrients and relocate nutrients within the 

rainforest, due to their ability to grow horizontally for a long distance (Tang et al., 2012) while 

rooting at multiple locations (Putz, 1984a). This vertical and horizontal transport and regular 

input of leaf litter shows that lianas play an important role in the nutrient cycle of forests. This 

influence from lianas on nutrient transport is helpful for trees, but the benefits may not 

compensate for the negative effects once the trees are climbed by excessive lianas over time. 

In addition, lianas may also produce roots close to the host tree, which are more shallow-

rooted, and as such compete with the trees for nutrient take-up (Tang et al., 2012). 
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 Lianas and animals 2.3.3.

Numerous studies have been undertaken to examine the role of lianas for house holding and 

migration of different animals. Lianas provide important resources, especially nutrients such as 

extra floral nectar for canopy ants and for mammals such as tamarins (Garber, 1993; Yanoviak, 

2015). Additionally, lianas provide persistent physical connections between tree crowns, which 

function as efficient pathways to distant resources for ants and other organisms adapted for 

running (Yanoviak, 2015). Following, on the large-scale liana removal experiment from Van der 

Heijden et al. (2015), Yanoviak (2015) did additional research regarding the influence from this 

liana removal on ants. One year after lianas were cut, average ant species richness declined by 

22% relative to controls. Conversely, by introducing artificial connectivity, i.e. ropes, between 

trees, ant species richness increased by ca. 25% in one year. These trends show that the 

presence of connectivity is an important determinant of local ant species richness in the 

tropical forest canopy. Also many species of small arboreal primates, such as Geoffroy’s 

tamarin (Saguinus geoffroyi), use lianas and small lateral branches as corridors through 

rainforest canopies (Madden et al., 2010). There are different reasons for this choice; this 

selection of suitable canopy runways is crucial for safety and avoidance of aerial and terrestrial 

predators (Smith, 2000). Furthermore, lianas and branches interconnect canopies of 

fragmented forests, because they drape over trees and extend into forest gaps (Garber, 1993). 

As such, mobility along runways in various tiers of a rain-forest canopy may be of primary 

importance (Madden et al., 2010).  

Additionally, lianas are also of importance as a source of food. For example, brown howlers 

(Alouatta guariba) and southern muriquis (Brachyteles arachnoides) depend on liana fruits 

which represent 33.9% and 27.3% of their respective food sources (Martins, 2009). 

Lianas are not only influencing the lives of ants, but the effect can also be the other way 

around. An arboreal ant species Crematogaster difformis, can have a liana-regulating effect. 

The results of Tanaka and Itioka (2011) indicate that C. difformis ants not only patrol their own 

host (ferns of the species Lecanopteris sp. and Platycerium sp.) for liana overgrowth, but also 

the emergent trees on which the ferns have settled. The ants do this by pruning any liana that 

grows on their host or on the tree on which their host is growing.  

2.4. Demography of lianas  

Lianas occur in almost all forest types, but are more abundant in tropical forests (DeWalt et al., 

2015; Tang et al., 2012), where they reach their greatest diversity and biomass (Gentry et al., 

1991). Biogeographical differences in abundance and diversity of lianas among continents and 
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Figure 4: Mean density (A) and diversity (B) of lianas ≥ 2.5cm in diameter for the four 
biogeographical regions with mean annual precipitation (MAP) and dry season length (DSL), kept 
at their average values. Bars represent 95% confidence intervals. For density (A) there were 6 sites 
in Central America, 11 in South America, 3 in Africa, and 9 in Asia. For diversity (B), the number of 
sites included were 4 in Central America, 5 in South America, 2 in Africa, and 8 in Asia (DeWalt et 
al., 2015). 

islands exist, with variations along altitudinal, climatic and edaphic gradients (Dewalt et al., 

2015).  

 Pantropical similarities and differences in liana distribution 2.4.1.

Liana density and diversity differ significantly among biogeographical regions (DeWalt et al. 

2015; Figure 4 A & B), which was observed after compiling liana surveys from across the world 

into the Global Liana Database (GLD).  

Liana density did not differ among Africa, Central America, and South America, but was more 

than twice the average of liana density of Asian forests. African sites had 59% greater diversity 

than South American ones, and 140% greater diversity than Central American and Asian sites. 

Unfortunately, with regard to the representativeness of this survey, African forests were only 

represented by two (diversity) and three (density) sites due to data limitation.  

 

Different studies have been carried out to determine patterns of liana communities, structure 

and composition in forests worldwide. The diameter class distribution for stem density in sites 

in Congo, Ghana, India and the Amazon seems to be following the reversed J-curve (Figure 5) 

as it does for trees (Muthuramkumar et al., 2006; Addo-fordjour et al., 2012; Laurance et al., 

2014; Ewango et al., 2015), which suggests continuous regeneration (Read & Tanguy, 2013).  



Literature review 

14 

Figure 5: Mean number of liana stems in different diameter classes recorded within 36 1-ha plots in 
central Amazonia in 1997–1999 (n = 13544) and 2012 (n = 15549) (Laurance et al., 2014). 

 

Figure 6: Abundance of lianas (circles), and trees and shrubs (triangles), with all lianas ≥2.5 cm 
diameter in 66 tropical lowland forests elevation (≤1,000) from Africa (8), Asia (4), Central America 
(9), and South America (45) regressed over mean annual precipitation (data from Phillips and 
Miller 2002). Neotropical sites are represented by solid symbols and paleotropical sites by open 
symbols (Schnitzer, 2005). 

 

 Influence of environment and climatic variables on liana distribution  2.4.2.

According to DeWalt et al. (2015), mean annual precipitation (MAP) and dry season length 

(DSL) appear to be strong predictors of liana community structure. Within each 

biogeographical region (Asia, Africa, Central America and South America), liana density 

declines with increasing MAP and increases with seasonality in precipitation. This supports the 

study of Schnitzer (2005), who used data from 65 tropical forests worldwide, which showed 

that liana abundance is significant negatively associated with MAP and positively associated 

with DSL. In contrast, tree and shrub abundance increased with MAP over the 65 sites, 

demonstrating the contrasting patterns of abundance for lianas versus trees and shrubs 

(Figure 6). 
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Figure 7: Annual height growth rate (scaled to 12 months) of lianas (n=10) and trees (n=12) 
during the wet and dry seasons on Barro Colorado Island (BCI), Panama (Schnitzer, 2005a). 

 

 
Lianas possibly have an advantage during the dry season, because trees shut down in order to 

survive the seasonal drought, while lianas have an extremely deep and efficient root and 

vascular system (Tyree & Ewers, 1996; Restom & Nepstad, 2004), enabling them to tap water 

and nutrients that many trees and shrubs are unable to access during drought conditions 

(Schnitzer, 2005a). This can be seen on Figure 7, which shows the different influence of 

drought stress on lianas and trees. The test was performed in only one forest (old-growth 

seasonal moist forest on BCI, Panama) on 384 individuals in total (10 liana and 12 tree species) 

during a 12-month period. It is true that both growth forms suffered from water stress during 

the dry season, but liana growth rate outpaced that of trees by nearly sevenfold, whereby in 

fact trees grew barely during the dry season.  

There is a hypothesis that soil nutrient and moisture availability, may also explain local and 

pan-tropical liana distribution, particularly in seasonally dry forests. In part, this could be 

attributed to low levels of soil nutrients (Putz & Chai, 1987; Laurance et al., 2001; DeWalt & 

Chave, 2004), because soil nutrient availability tends to vary negatively with MAP in tropical 

forests (Clinebell et al., 1995). Nevertheless, this hypothesis can be doubted (reviewed by 

Schnitzer & Bongers, 2002), because it is not empirically supported and the relationship 

between liana abundance and soil nutrient availability is highly variable (Gentry, 1991; 

Schnitzer & Bongers, 2002; DeWalt & Chave, 2004). 

Furthermore, in BCI, liana species were significantly less frequently associated with soil 

chemical variables (21%) than trees (52%) (Dalling et al., 2012). They compared association 

patterns of liana and tree species with topographic habitat variables (high and low plateau, 

slope, swamp and streamside). For all liana species combined, densities differed among 

topographic habitat types in the plot, with significantly higher densities on the seasonally drier 
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lower plateau habitat (1044 individuals ha-1) than on the moister slope habitat (729 individuals 

ha-1).  

The variance in soil moisture availability with different soil types may provide a better 

explanation for local liana abundance, with lianas competing best in soils that contain just 

enough moisture to enable them to grow but cause substantial water stress in other growth 

forms (Schnitzer, 2005). It is in seasonal dry forests, that lianas have the potential to reach 

relatively high abundance because of their ability to capitalize on light during the dry season in 

comparison with trees and shrubs (Schnitzer, 2005). It is in these forests that local factors, 

such as disturbance, contribute to local liana abundance. If the conditions are extremely dry, 

the lianas will not be able to take advantage over trees, because both will experience 

embolism. 

Along latitudinal and altitudinal gradients, liana abundance and diversity appear to peak in the 

relatively warm, lowland tropics (Schnitzer & Bongers, 2002). Gentry (1991) states that liana 

richness is one of the most important differences between tropical and temperate forests. He 

shows that liana richness increases from 10% of the temperate woody species to 25% of the 

tropical woody species, when examined as the proportion of woody species (trees, lianas and 

shrubs). One of the major causes for this fact, is that in temperate forests freezing 

temperature is a major limiting factor for liana growth, because it can cause freezing-induced 

embolisms, where gas bubbles originate from within the xylem vessel. Followed by cavitation, 

which is breaking of the water column, in lianas’ long vessel systems and leading to 

unrecoverable damage (Jiménez-Castillo et al., 2007; Tang et al., 2012). Additionally, lianas 

have relatively thin stems that lack insulation and makes them extra prone to cold-induced 

cavitation. This happens when the xylem is under increasing tension because of decreasing soil 

moisture, or other drought stress events. Accordingly, the threshold at which liana abundance 

drops sharply is close to the latitude where freezing temperatures occur (Schnitzer & Bongers, 

2002). Also Schnitzer (2005a) documented a significant linear decrease in liana abundance 

with increasing latitude, with high numbers in tropical lowland forests and low numbers in 

Northern Hemisphere lowland forests. Furthermore, it has also been shown that liana diversity 

decreases with increasing altitude in the tropics (Balfour & Bond, 1993) and they seem 

especially scarce in tropical mountain forests (Gentry, 1991). Parthasarathy et al. (2004) found 

a comparable trend in the density and richness of lianas along an altitudinal gradient in India, 

with the mean density of lianas decreasing significantly with increasing site altitude. Next to 

the fact that embolism can occur, also the abundant clouds can be pointed out as a cause. 

They reduce the solar radiation and thus take away the advantage lianas have over trees for 

light, and the year-round precipitation, which works against competitive strengths of lianas in 

seasonal dry forests.  
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However, there are liana species that can survive in these temperate climates because of 

ecological and physiological adaptations. For example, some species adapt to cold winters by 

completely draining their vessels and in that way protecting their vessels against the effects of 

freezing. In spring these species generate an extremely high positive root pressure, which 

allows them to refill their vessels completely before they produce leaves (Sperry et al., 1987). 

Another possibility for lianas is the production of new functional xylem in spring (Tibbets & 

Ewers, 2000). Nevertheless, due to climate change, a trend of increasing winter temperature 

(Walther et al., 2002) is witnessed, which can cause an invasion of more temperate forests and 

mountain forests by lianas. Furthermore, a lower cloud cover and precipitation in high-altitude 

forests exists because of the changing climate (Still et al., 1999), which will also make it 

possible for lowland lianas to invade these mountain forests in the future. 

 Gap dynamics 2.4.3.

Gap formation by treefall is one of the most common and important disturbances in tropical 

forests and saplings in the understory depend on it to capitalize on light or other resources 

(Schnitzer & Carson, 2010). It is in these tree fall gaps, that originate from natural or 

anthropogenic disturbance, that lianas can capitalize most. Ledo and Schnitzer (2014) found 

that this is partly due to the ability of lianas to respond to disturbance with high vegetative 

(clonal) reproduction. This results in a clumped spatial distribution and explains local liana 

spatial distribution and diversity maintenance. 

Accordingly, a positive relationship between liana density and disturbance is found in several 

studies. Van der Heijden and Phillips (2008b) observed that structural characteristics of the 

forest explained more of the variation in liana density and basal area (BA) than the physical 

environment. Namely, more disturbed forests tended to have a higher liana density, while 

liana BA was highest in undisturbed forests. Additionally, Dalling et al. (2012) observed that 

the majority of liana species inventoried on BCI, were significantly associated with areas of the 

plot with low canopy height reflecting an affinity for treefall gaps.  

Several aspects of the liana growth form can explain this positive association between liana 

density and disturbance. First, about 90% of the lianas that are dragged into a gap through the 

falling of trees survive the event (Putz, 1984a). Their anomalous stem anatomy reduces 

breakage and accelerates the repair of damaged vascular tissues (Fisher & Ewers, 1991). 

Moreover, because lianas allocate only a fraction of carbon to support tissue, their growth rate 

far exceeds that of trees (Schnitzer & Bongers, 2011) giving them a growth advantage in these 

gaps. Furthermore, lianas can increase their abundance in a gap by vigorously producing many 

independently rooting stems and thereby increase their chances of survival (Schnitzer & 

Bongers 2002). Finally, not only liana individuals that are already present in the gap present 
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these advantages, but lianas can also invade treefall gaps by growing laterally into gaps from 

neighbouring areas, since they can loop for a long distance near the ground, increasing their 

numbers. Schnitzer and Bongers (2002) concluded that lianas can arrive in high numbers, 

reproduce vegetatively and grow rapidly for long periods.  

Nevertheless, several tree species are not outcompeted by lianas in gaps. In general, pioneer 

tree growth appeared to be invariant to the presence of lianas in gaps (Schnitzer & Carson, 

2010), which was tested by comparing liana-free gaps with control plots. Moreover, in gaps a 

positive correlation between lianas and pioneer trees is found (Putz 1984a; Clark & Clark 1990; 

Schnitzer et al. 2000). Schnitzer and Carson (2010) concluded that this might be caused by the 

ability of both lianas and pioneer trees to capitalize on high resource availability rather than 

the indirect facilitation of pioneers by lianas. Though, there is also a hypothesis that pioneers 

do get infested, but die fast and therefore mostly non-infested pioneers are found (Stefan 

Schnitzer, personal communication).  

On the contrary, the mean relative growth rate of shade-tolerant trees was 56% higher in the 

liana-free gaps than in control gaps (Schnitzer & Carson, 2010). So shade-tolerant trees are 

affected by lianas, which significantly reduces tree growth even in the high resource gap 

environment (Schnitzer et al., 2000). This can be assigned to the fact that shade tolerant 

species with their many branches to maximize light interception, provide bars and grip that 

lianas use to climb and smother trees, which significantly reduces tree growth even in the high 

resource gap environment (Schnitzer et al., 2000). Therefore this leads to a negative 

correlation between lianas and shade-tolerant trees (Schnitzer et al., 2000). Due to this 

suppression of tree regeneration and growth, obstructed liana-dominated gaps will originate 

that remain at low canopy height for decades. Schnitzer et al. (2000) estimated that 7.5% of 

the gaps that form each year, will follow this arrest in gap-phase regeneration in BCI, Panama. 

It can be concluded that more comparable studies as the one of Schnitzer and Carson (2010) 

are needed to be certain about the exact reason why pioneers seem to do it better in gaps 

than shade-tolerant trees.  

 Composition and colonization during succession 2.4.4.

Liana abundance and density can differ among different life stages, which can be explained by 

a course of succession that is driven by the different functional traits of lianas. Most studies on 

forest succession and recovery after disturbance only refer to the presence of lianas, but it is 

also important to know how lianas colonize at different points in the succession. 
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Letcher and Chazdon (2012) examined life history traits of lianas in a forest chronosequence in 

Costa Rica to determine which traits varied consistently over succession. They only included 

small lianas (0.5-1.5 cm diameter) and for each they identified seed size, dispersal mode, 

climbing mode, and whether or not the seedling is self-supporting. They found a significant 

and clear relationship between forest age and seed size, with larger seeded individuals 

increasing in abundance later in succession. Furthermore, there was a steady increase in the 

proportion of individuals with free-standing seedlings in older forests. Finally, there was also a 

strong association between growth form (climbing vs. free-standing) and seed size, because 

climbing seedlings were more prevalent in the small seed size categories and free-standing 

seedlings were strongly associated with larger seed size. They build self-supporting stems and 

persist in the forest understory, often growing to several meters in height before they begin to 

show ascending tendencies (Letcher & Chazdon, 2012). On the other hand, small seeded liana 

species can allocate their carbon reserves immediately into height growth, but they require 

supports to establish themselves and rapidly recruit into the canopy (Letcher & Chazdon, 

2012), so they will be much more prevalent in early succession. 

Madeira et al. (2009) looked at succession stages in a different way, not by age, but based on 

forest structural characteristics, because structure and composition of stands of the same age 

can vary drastically. This study showed that liana density decreases with on-going forest 

succession. However, they showed that the height where lianas were found in the host trees 

increased from intermediate to late successional stages, and that BA and liana density were 

significantly higher in the intermediate stage. A comparable result was found by DeWalt et al. 

(2000), where the decline in liana abundance with stand age was offset by an increased BA per 

individual. This can be explained by the fact that in the intermediate stages, light availability 

decreases, but the canopy is still sufficiently open to allow successful liana establishment, 

because of the presence of adequate support (Sánchez-Azofeifa, unpubl. data in Madeira et 

al., 2009).  

As succession progresses, the canopy increases in height and continuity, reducing the habitat 

suitability for lianas for two reasons: first, energetic costs associated with ascent may reduce 

liana capacity to climb a great distance to the canopy, second, lianas are mostly light-

demanding (Castellanos, 1991; Teramura et al. 1991) and, in closed canopies of late forests, 

they are only able to establish and grow in tree gaps (Putz, 1984a; Schnitzer & Carson, 2001). 

2.5. Liana proliferation and its drivers 

According to Malhi and Wright (2004), climate trends and extremes, independent of their 

causes, of the past 40 years are the ones that will have the most direct effect on the structure 
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and dynamics of the tropical rainforests of today and tomorrow. Fragmented Amazon forests 

are experiencing a concerted increase in the density, BA and mean size of lianas (Phillips et al., 

2002). An example is the result of the long term study (1999-2012) from Laurance et al. (2014) 

in central Amazonia, whereby a significant increase of 40% in the number of small (2-3 cm) 

lianas was observed (Figure 5). Over the last two decades of the twentieth century the 

dominance of large lianas relative to trees has increased by 1.7-4.6% a year in four west 

Amazonian regions (N-Peru, S-Peru, Bolivia and Ecuador) (Phillips et al., 2002). Phillips et al. 

(2002) concluded that the high liana growth rate, that has increased through time, was the 

driving factor for the net increase in liana BA, which occurred in spite of an acceleration in the 

rate of liana mortality. Contrasting, for Africa the increasing liana hypothesis is not supported 

(Caballé & Martin, 2001; Ewango, 2010), although there are not many existing studies for 

Africa. Additional long-term datasets from other African forests are needed to confirm or 

contradict this pattern (Schnitzer & Bongers, 2011).  

Wright (2010) summarizes the different influences on the tropical forests as follows: ‘Five 

anthropogenic drivers - land use change, wood extraction, hunting, atmospheric change, 

climate change - will largely determine the future of tropical forests.’ It is important to know 

whether the influence of lianas on the forest will change because of these five anthropogenic 

drivers. Several characteristics of lianas are beneficial within the prevailing changing climate, 

such as their advantage in seasonal dry forests and their highly photosynthetic active tissue. 

Therefore, there are different causes that can explain the increasing liana abundance from the 

last decades. Schnitzer and Bongers (2002) made a review in which they stated the most 

important possible drivers, namely increased evapotranspirative demand, increasing rates of 

natural and anthropogenic disturbance and elevated atmospheric CO2, discussed below. 

 Increased evapotranspirative demand 2.5.1.

Lianas are better adapted than trees to drought in tropical forests (Schnitzer, 2002; Swaine & 

Grace, 2007; DeWalt et al., 2015). Eventually it can be expected that liana abundance should 

begin to decrease in exceedingly dry forests, which cannot be tolerated by even lianas 

themselves and lead to drought-induced embolism. However, Schnitzer and Bongers (2002) 

stated that the point along the rainfall and seasonality gradient where lianas begin to decrease 

in abundance has not yet been determined. 

Lianas have the ability to access deep ground water via deep roots and efficient vascular 

conducting systems (Tyree & Ewers, 1996; Restom & Nepstad, 2004; Schnitzer, 2005a). Trees 

and shrubs are unable to reach these water sources during drought conditions (Schnitzer, 

2005a). Schnitzer (2005a) also states that during these dry periods the solar radiation is high, 

so lianas can capitalize on it when many trees and shrubs cannot. Moreover, lianas have 
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strong stomatal control, which can help them to limit water loss and enables them to grow 

during seasonal drought (Cai et al., 2009). Cai et al. (2009) calls this phenomenon the dry 

season growth advantage hypothesis. However, this can only explain increasing liana 

abundance in seasonal forests, not in unseasonal wet forests.  

 Increasing rates of natural disturbance 2.5.2.

Natural treefall can occur due to different causes, such as age, extreme weather, strong wind 

and temperature changes. Probably environmental change is making them more intense 

(Phillips & Gentry, 1994). In addition, current changes in deforestation and atmosphere may 

lead to lower precipitation, increased seasonality, and more frequent extreme weather events 

in the tropics (Phillips & Gentry, 1994). Phillips and Gentry (1994) confirmed that there is a 

turnover rate, by measuring this through tree mortality and recruitment rate in 40 forests 

since the 1950s. Additionally, in Western Amazonia, liana infestation of tree biomass was 

associated with a 39.6 ± 31.3% excess risk of tree mortality (Phillips et al., 2002). 

Because of the natural disturbance, gaps originate and lianas will start growing on the trees 

and cause stress (mostly the shade-tolerant trees), because they grow rapidly, colonize easily 

from nearby and cause competition for light with trees. Due to mechanical stress and 

competition for light, liana infested trees are more likely to die than liana-free trees (Phillips et 

al., 2005; Ingwell et al., 2010). So, the increase in lianas may slow tree growth, but also 

increase tree mortality and thus increase gap formation and forest turnover (Schnitzer & 

Bongers, 2011), which results in a positive feedback. 

 Anthropogenic disturbance 2.5.3.

According to Wright (2010), hunting, wood extraction and forest fragmentation are drivers of 

land-use change. The logging and fragmentation creates new gaps in the forest, which 

contributes to increasing liana abundance (Asner et al., 2006).  

Besides an increase in forest gaps, more forest edges are created because of the construction 

of roads and clearings for power lines. Those edges receive more light and are dryer, two 

conditions where lianas profit more than trees (Schnitzer & Bongers, 2011). These authors also 

state that, because of this higher liana abundance in fragmented forests, more liana 

propagules arise and hereby enhance liana regeneration in nearby old-growth forests.  

Addo-Fordjour et al. (2012) investigated liana diversity and structure in three forest types, 

namely a heavily disturbed forest, which has undergone major disturbance in the form of 

logging and farming activities, a moderately disturbed forest where only logging activities have 

taken place and finally a non-disturbed forest. They found that liana diversity was highest in 
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the non-disturbed forest, followed by the moderately disturbed forest and the heavily 

disturbed forest. The study has provided evidence to explain the pattern of decreasing liana 

diversity and structure with disturbance in some tropical forests. 

Hunting as well can contribute to an increase in liana abundance, by eliminating seed 

predators and dispersers. An important consequence is that plant species composition will 

change rapidly where hunters are active (Wright et al., 2007). Due to the harvest of large birds 

and mammals that disperse many seeds, other species whose seeds are dispersed by bats, 

small birds, and mechanical means are favoured. This leads to favouring lianas because the 

seeds of disproportionate numbers of liana species are dispersed by wind as mentioned in 

section 2.2.2 (Muller-Landau & Hardesty, 2005). Wright et al. (2007), showed that this 

hypothesis is true, because seedlings of lianas were indeed more abundant in forests with 

hunting than in forests that lacked hunters. Also large seeded species will be favoured due to 

the reduction of seed predators, because they have a high nutrient content. Nevertheless, this 

counts for both lianas and trees.  

 Elevated atmospheric CO2  2.5.4.

The amount of fossil fuels that has been burned since the industrial period has contributed 

substantially to the amount of atmospheric CO2. Many researchers (Granados & Korner, 2002; 

Belote et al.,2003; Hättenschwiler & Körner, 2003; Mohan et al., 2006; Zotz et al., 2006) 

concluded that lianas grow more rapidly under elevated CO2 concentrations. Belote et al. 

(2003) found in a study of temperate forests that lianas grew faster under elevated CO2 

concentrations than trees.  

Lianas have a relatively high ratio of leaf area to total plant mass (LAR) (Cai et al., 2009; Zhu & 

Cao, 2009 and 2010). For the same amount of light and photosynthetic capacity, lianas will 

grow proportionally faster under elevated CO2 concentrations because of their higher LAR. In 

other words, lianas will fix more carbon per total plant biomass. 

2.6. Reduced impact logging (RIL) 

Tropical forests have a high species density, although for the wood of most species there is a 

lack of markets (Wadsworth, 1997). Logging in tropical forest is therefore mostly selective and 

the damage per unit area is low, but damage per cubic meter of harvested wood can be 

substantial (Dykstra, 2002). To reduce this loss because of the high damage, the reduced-

impact logging (RIL) techniques (Sasaki et al., 2012) have been introduced. West et al. (2014) 

listed the common RIL techniques, namely pre-harvest mapping of crop trees, pre-harvest 
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planning of roads and skidtrails, pre-harvest liana cutting, and the use of appropriate felling 

techniques including directional felling and cutting stumps low to the ground to avoid waste 

(Johns et al., 1996; Putz et al., 2008a). The immediate impacts of logging on residual forest 

structure and biomass vary with logging intensity but also with logging methods. Reportedly, 

collateral damage can be reduced by up to 50% when RIL techniques are applied (Pinard & 

Cropper, 2000).  

More specifically, different studies have been carried out to show the effect of pre-logging 

cutting of lianas. Alvira et al. (2001) checked liana densities in a lowland forest in Bolivia 8 

months post logging after liana cutting. Overall, there was a significant reduction in the 

number of lianas in 22 felling gaps, where lianas were cut before logging compared with 22 

control gaps. In control gaps, the majority of climbing lianas sprouted from the prostrate 

stems of fallen canopy lianas (81%). Liana regeneration in gaps after pre-logging liana cutting 

occurred mainly by stump sprouting (41%) and sprouting from prostrate stems (48%), which 

are both vegetative propagation methods. Pre-felling liana cutting reduced liana cover in 

felling gaps by 9% only but reduced liana BA by 69%. The results of this study suggest that pre-

logging liana cutting reduces post-logging liana proliferation in logging gaps.  

Gerwing and Uhl (2002) did a pre-logging experiment to investigate the regeneration in 

logging gaps and compared with conventional logging (CL) plots after 6 years. Six years 

following logging, there were 40% fewer climbing lianas in RIL gaps than in CL gaps. In both 

logging treatments, multiple tree gaps had more climbing stems than single tree gaps. The BA 

of climbing liana stems was also significantly lower in RIL gaps than in CL. This difference was 

most pronounced for single tree gaps, where RIL gaps had 58% less liana BA of climbing lianas 

than conventional gaps. So compared to the BA results from Alvira et al (2001), after 6 years 

the BA has not recovered that much. 57% of the total gaps in the conventional logging had a 

liana cover > 50% compared to only 9% of the total gaps in the RIL. From a silvicultural 

perspective, this is an important difference because high levels of liana cover are likely to 

impede the regeneration and growth of timber species in logging gaps as already mentioned. 

West et al. (2014) investigated how RIL and CL influenced biomass recovery dynamics 16 years 

post-logging in Amazonian Brazil. They concluded that employment of RIL substantially 

reduced the effect of selective logging on residual forest biomass and enhanced above-ground 

biomass recovery for at least 16 years. In contrast to the RIL plot, above-ground biomass in the 

CL plot was still 23% below the pre-logging value after 16-years of recovery. Their results 

support the efforts to promote the conversion from CL to RIL as a climate change mitigation 

measure under REDD+ (Reduced emissions of atmospheric heat-trapping gases from 

Deforestation and forest Degradation, including the role of conservation, sustainable 
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management of forests and enhancement of forest carbon stocks), which essentially helps 

improving sustainable management and preservation of forests worldwide. 
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3. Materials and methods 

3.1. Study area 

This study was carried out in French Guiana, at the Paracou experimental site (Figure 8) 

(5°18’N, 52°55’W). French Guiana is part of the geological unit called the “Guyana Shield”, 

which spreads from the Amazon River to the Orenoque River (Guehl et al., 2004). It is 

characterized by Pre Cambrian granitic and metamorphic formations, highly eroded, 

associated mostly with gently undulating landscapes and a very dense hydrographic system. 

These formations are also called ‘terra firme’ and cover 94% of French Guiana (Guehl et al., 

2004). The forest of Paracou, 500 ha, is classified as lowland moist forest (± 40m above sea 

level), 50 km northeast from the city Kourou (Rutishayser et al., 2011; Flores et al., 2014). Soils 

are mostly shallow ferralitic and developed on schists and sandstones that form small elliptic 

hills (Flores et al., 2014). This site is located on private land from ‘Centre Spatial Guyanais’ 

(CSG) and rented by the institute Agricultural Research for Development (CIRAD). This is a 

French research centre working with developing countries to tackle international agricultural 

and development issues. CIRAD has been given full permission by the owner to conduct 

studies on the land. The climate of the area is equatorial and records made near and at 

Paracou from 1979 to 2001 give a mean annual rainfall of 3041 mm over this period with a 

minimum in September and a maximum in May (Figure 9). The dry season is defined from 

August until September. The mean annual temperature is 26 °C with an annual range of 1 to 

1.5 °C (Guehl et al., 2004). Overall, the most abundant tree species in Paracou belong to the 

Caesalpiniaceae family (Sabatier & Prévost, 1990) dominated by the genera Eperua, Swartzia, 

Dicorynia, Vouacapoua, Tachigali etc.). Also Lecythidaceae (Eschweilera sagotiana and Lecythis 

persistens) and Chrysobalanaceae (Licania and Couepia) are frequently occurring (Bruno 

Hérault, CIRAD, 2011). 
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Figure 8: Maps of French Guiana (Google Earth) with locations of the disturbed and undisturbed 

plots in Paracou (CIRAD, Bruno Hérault, unpublished; INRA, Damien Bonal, unpublished) 
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Figure 9: Annual climate pattern at Paracou (5°18 ′ N, 52°53 ′ W), French Guiana. Bars are the means 

(SE) of monthly precipitation levels recorded from 1979 to 2001. Dry season months are shaded (Guehl 

et al., 2004). 

At Paracou, extensive forest inventories have been executed in different types of plots. The 

first set of inventories is performed in forest plots for a disturbance study, established by 

CIRAD (Delcamp et al., 2008; Flores et al., 2014; Leclerc et al., 2015). This inventory comprises 

15 nine-hectare permanent sample plots (nr. 1 to 15), of which 6 control plots and 9 logged 

plots, established in 1984 to study the impact of different logging treatments on tropical tree 

population structure. Each 9-ha plot contains a core zone (the actual plot) of 6.25 ha 

surrounded by a 25 m wide buffer zone (Figure 10) (Flores et al., 2014). According to CIRAD, 

these plots are reserved exclusively for studies investigating the impact of the different logging 

treatments on forest populations. Secondly, there is an old-growth forest plot of 25 ha (nr. 16) 

which was established in 1991 for studies of undisturbed forest, also established by CIRAD. 

Furthermore, there is also a clear-cut plot, which is a 6.25 ha plot (nr. 17) established in 1989 

at a nearby reserve to study the effects of clear-cutting on tropical forest dynamics. Both the 

old-growth forest plot and the clear-cut plot are not included in this study. During two years 

(1986-1988), nine of the disturbed plots were subjected to three logging treatments at the 

scale of 9 ha (so both the core and buffer) of increasing intensity (L, M, H) (Table 1), while 6 

remained control plots in natural conditions, as can be seen on Figure 8.  
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Figure 10: Scheme of how a ‘logging plot’ is composed. The plot itself is 6.25 ha and has a buffer of 25m 

(Aurélie Dourdain, presentation) 

Table 1: Table showing the different treatments performed in the disturbed plots by means of number of 

trees per ha and basal area (BA) (m²/ha). The logging for timber comprises commercial trees with a DBH 

≥ 50 or 60 cm, fuel wood comprises non-commercial trees with a DBH between 40 and 50 cm and 

thinning wood exists out of non-commercial trees (DBH ≥ 50) and is removed by poison or girdling. 

Damage indicates all affected trees, namely in logging gaps and due to logging damage and skid trails 

(CIRAD, Bruno Hérault, personal communication; Gourlet-Fleury et al., 2004). 

  Treatment 1 (L) Treatment 2 (M) Treatment 3 (H) 

Logging for timber: DBH ≥ 50 or 60 cm 

     n/ha    10 11 10 
     BA (m2/ha) 3.3 3.8 3.3 

Thinning: non-commercial trees with DBH ≥ 50 cm 

     n/ha    
 

21 11 
     BA (m2/ha)   5.2 3.6 

Logging for fuel wood: DBH between 40 and 50 cm  

     n/ha    
  

19 
     BA (m2/ha)     3 

Total      

     n/ha    10 32 40 
     BA (m2/ha) 3.3 9 9.9 

Damage 

     n/ha    78 85 148 
     BA (m2/ha) 2.3 8.2 4.2 

 
For these plots, information about the trees was received from CIRAD (Bruno Hérault). All 

trees with a DBH ≥ 10 cm are inventoried every year since 1984, but at the start of 1995 only 

every two years (Delcamp et al., 2008). This inventory exists out of the DBH, the coordinates 

and also the botanical identification for each tree in this 6.25 ha core zone. This makes it 

possible to evaluate individual growth, recruitment and mortality. In total, more than 440 

species have been identified, of which 54.3% of all trees belonged to the five following 

families: Chrysobalanaceae, Clusiaceae, Fabaceae, Lecythidaceae and Melastomataceae. 
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For a separate study at Paracou, conducted by INRA (French National Institute for Agricultural 

Research), ten smaller plots in the footprint of a fluxtower were established, which were 

realized in 2003 in the framework of the Guyaflux project (Figure 8). These plots have an area 

of 0.49 ha, except for one which is larger, namely 1 ha. Since 2004 these ten plots are 

inventoried every two years. These inventories also comprise measurements of the DBH and 

coordinates of trees with a DBH ≥ 10cm. Furthermore, these trees have been identified to 

species-level.    

In this study, the focus is on the consequences of disturbance on liana growth and 

proliferation. Therefore, additional liana inventory was performed in these existing plots with 

tree inventories. In the disturbed plots, because of limited time, five plots out of the nine 

treatment plots were selected, and 1 ha of the available 6.25 ha were inventoried for lianas. 

This selection was done in such a way that as much gradient in disturbance as possible was 

included. The gradient occurs in two directions, namely the original biomass before 

disturbance present and the intensity of disturbance, i.e. biomass removed (Figure 11). This 

resulted in the selection of the plots, 2-2, 3-3, 5-3, 12-1 and 7-2, as can be seen on Figure 11. 

Each quarter (subplot) measured 1 ha (100-100m), which is a smaller part of the quarters 

determined by CIRAD (Figure 10), and consequently a total of 5 ha of disturbed forest was 

inventoried.  

 

 

 

Figure 11: Graph that shows the disturbed plots and its subplots (quarters) with their original biomass 

plotted against the intensity of disturbance. Red arrows: Showing the covered gradients, namely for 

original biomass and for intensity of disturbance (Bruno Hérault, unpublished data). 
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For the undisturbed plots (in the footprint of the fluxtower), nine out of ten plots were 

selected. Plot 7 was excluded, because of its rectangular shape (Table 2). Furthermore, Table 2 

shows some specific soil information. Eventually, 4.92 ha in total was inventoried for 

undisturbed forest. INRA shared their inventories of these nine plots, which revealed that 

49.5% of all occurring trees belonged to the five following families: Lecythidaceae, Sapotaceae, 

Chrysobalanaceae, Clusiaceae and Caesalpinaceae.  

Table 2: Table with specific information of the Guyaflux plots (Damien Bonal, personal communication). 

Plot Dimensions Topography Soil characteristics Drainage 

1 70 * 70 m Top hill Sandy Clay Deep vertical 
2 70 * 70 m Down hill Sandy Clay Superficial lateral 

to blocked 

3 70 * 70 m Top hill Sandy Deep vertical 

4 70 * 70 m Top hill Intermediate Sandy / Sandy 

Clay 

Deep vertical 

5 70 * 70 m Top hill Sandy Deep vertical 

6 100 * 100 m Top hill Sandy (almost exclusively 

with white sands) 

Deep vertical 

7 49* 100 m Bottomland Sandy Clay Blocked 

8 70 * 70 m Top hill Intermediate Sandy / Sandy 

Clay 

Deep vertical 

9 70 * 70 m Top hill Sandy Clay Deep vertical 

10 70 * 70 m Top hill Sandy Clay Deep vertical 

 

3.2. Liana inventory 

The liana inventory performed in this study is based on the protocols presented by Gerwing et 

al. (2006) and Schnitzer et al. (2008). All climbing lianas with a diameter ≥ 2 cm are included in 

this study, which generally covers lianas that ascend into the canopy (Kurzel et al. 2006). 

Lianas that are in a self-supporting stage are not included in this study (Gerwing et al, 2006), 

even if they reach the cut-off of 2 cm diameter. Furthermore, plot boundaries are strictly 

taken into account. Namely, only lianas that specifically root within plot boundaries have been 

included, even if they climb trees outside of the plots. Conversely, lianas that grow into the 

plot but root outside have been excluded. All lianas have been tagged, measured for diameter 

(Figure 12) and their first host tree, which is the first tree that is climbed by the liana, was 

identified. Lianas can be multiple-stemmed or rooted clones, therefore it is decided to 

measure and tag all independently rooted stems larger than 2 cm. Point of measurement 

(POM) for diameter was generally 130 cm from last rooting position (i.e. the point where the 
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stem goes into the soil, the last substantial rooting point before the stem ascends). All 

exceptions and alternative POMs for liana inventories are as in Appendix I (conform Schnitzer 

et al, 2008). Anomalies in stem growth were also determined following Schnitzer et al. (2008) 

and Gerwing et al. (2006), such as the diameter of flattened liana stems, which is measured as 

the average of the widest and narrowest diameter. POM was always marked with paint in 

order to ensure repeatability of measurement for possible future recensus. Lianas have not 

been identified to species-level. 

Figure 12: The left image shows how the diameter of a liana with a diameter ≤ 5 cm is measured with a 

caliper. On the right, measured lianas, with orange paint indicating the POM and the red tag indicating 

their number.                        

3.3. Comparison between undisturbed and disturbed plots 

To make comparisons possible between the disturbed and undisturbed plots and to determine 

any effect of disturbance on liana abundance, some basic calculations needed to be 

performed. The undisturbed plots served as a reference to compare different parameters from 

the disturbed plots with.  

 Diameter distributions and biomass estimations 3.3.1.

Firstly, the total amount of lianas and trees per ha was calculated, as well as the basal area 

(BA), and it was verified through a Welch’s t-test if there is a significant difference in mean 

amount of lianas and trees between disturbed and undisturbed plots, as well for BA. This 

statistic test was chosen because the two samples had different variances and were unequal in 

sample size. Furthermore, diameter distributions were examined for both lianas and trees and 

a Welch’s t-test was used to compare mean amount of lianas per diameter class.  
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For both trees and lianas, the AGB was calculated with specific allometric equations. The 

height of trees was not available, therefore height was estimated by a pantropical diameter–

height allometric model (equation 1) (Chave et al., 2014), with DBH diameter at breast height 

(130 cm).  

  ( )                  (   )         [  (   )]                                                  (1)   

With     (                          )       

This model was based on a measure of environmental stress E dependent on TS (temperature 

seasonality), CWD (climatic water deficit) and PS (precipitation seasonality), although in this 

study, E was directly derived from a global gridded layer of E at 2.5 arc sec resolution, which is 

available at http://chave.upstlse.fr/pan-tropical_allometry.htm, based on the coordinates of 

Paracou Field Station.  

Chave et al. (2014) proposed a single allometric equation to estimate tree AGB across 

vegetation types when wood specific gravity (WD), trunk diameter (DBH), and total tree height 

(H) are available (equation 2). AGB is the predicted aboveground oven-dry weight of the tree. 

The destructive harvest dataset assembled for this model was distributed across the tropics 

and vegetation types (Chave et al., 2014). 

                (      
   )                                                                                        (2)  

Wood density (WD) was determined using the Wood Density database (Chave et al., 2009), 

Zanne et al., 2009).  

Liana AGB was estimated using the latest unique allometric biomass equation for lianas 

(equation 3) developed by Schnitzer et al. (2006), which is based on 424 lianas from five 

independent data sets collected in four countries. In this model, D is the diameter at 130 cm 

from the roots, while AGB is the predicted aboveground oven-dry weight of the liana. 

               (               ( ))                                                                                     (3) 

Again it was verified if there is a significant difference in mean biomass per ha between 

undisturbed and disturbed plots through a Welch’s t-test for both trees and lianas.  

 First host tree       3.3.2.

First, the percentage of trees infested with at least 1 liana was calculated, for both 

undisturbed and disturbed plots. Next, it was also verified what kind of relation liana load (LL) 

showed with WD, tree DBH and tree height, to check for preferred first host tree 

http://chave.upstlse.fr/pan-tropical_allometry.htm
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characteristics. During the inventory we only noted the first host tree for each liana, not the 

trees in which the lianas eventually develop their leaves. This was decided, because it is 

difficult and would have been too time consuming considering the limited time for this field 

work. 

These possible relations are verified by determining the amount of lianas for WD, DBH and 

tree height in the undisturbed plots and disturbed plots, and are compared using a Welch’s t-

test. Some trees were not identified to species-level and were therefore excluded in all tests 

relating to  WD. 

3.4. Influence of logging disturbance  

The influence of the logging disturbance, from 30 years ago, on liana abundance and biomass 

is investigated. Due to the fact that there were 3 different types of disturbance and only 5 

disturbed plots in total were inventoried, no statistical relation could be investigated due to 

the limited amount of data. Therefore, only a visual analysis could be conducted. This was 

done by plotting the amount of trees against amount of lianas, as well as biomass of trees 

against biomass of lianas and BA of  trees against that of lianas. 

Additionally, a spatial analysis for each disturbed plot was conducted. Firstly, all LLs were 

plotted by the coordinates of their host tree, to check visually for a clustered pattern. This 

analysis was also done for the undisturbed plots. Furthermore, information about the damage 

impact for each disturbed plot was obtained from Bruno Hérault. There were three different 

classes of damage available by their shapefiles, namely skid trails, logging gaps and logging 

damages. Skid trails comprises the impact on the ecosystem by taking away the wood, by 

machines or manually. Logging gaps are defined as the ground area receiving direct vertical 

sunlight and are nested into logging damages, which are the impacted areas defined by 

damaged trees, soil perturbation, … To check for a correlation between the LL inventoried in 

2015 and the damage of 30 years ago, the polygons of skid trails and logging damage are 

plotted in overlay with the LL for each host tree.  

Ripley’s L (equation 4) was calculated for the location of trees compared to the centroids of 

the damage polygons, as well as for lianas compared to the centroids of the damage polygons. 

Again the position of lianas was identified by its host tree. 

  (   )                                                                                                                                                (4) 

With       (  (  (   ))  ∑  (        )   



Materials and methods 

 

34 

K is K Ripley’s, with A the area of the region containing all data points and r the distance 

between the coordinates of the host tree (i) and the coordinates of the centroids of the 

damage polygons (j). The sum is taken over all ordered pairs of points i and j and dij is the 

distance between two points, where ‘I(dij¨ ≤ r)’ equals 1 if the distance is less than or equal to r. 

Different edge corrections are applied (Ripley’s isotropic correction, translation correction and 

border method), but for a rectangular or polygonal window the best option is Ripley's isotropic 

correction. 

3.5. Link with natural disturbance 

Next to anthropogenic disturbance, also natural disturbance can occur. Inventory data from 

the 5 disturbed plots was available, starting from 1984 to 2013 (CIRAD, Bruno Hérault). This 

inventory comprises, among others, tree status (alive or dead) for every tree in every year. 

Therefore, an analysis to verify a possible link between LL and tree fall during recent years can 

be made, starting from 1995. And if so, this will also give an idea of how long it takes for liana 

abundance in response to natural disturbance to show up. It needs to be reminded that the 

anthropogenic disturbance from 1986 and 1988 can still play a role and disturb this 

correlation. 

For every tree, the height was calculated (see equation 1). This was necessary, because when a 

tree falls it will cause damage in extent of its height. Therefore, if a liana grows within this 

damaged area, than it is possibly linked to the death of that tree. Because no information was 

available on the falling direction of dead trees, a circular buffer was created with tree height as 

its radius. Following, LL was linked to this database. For every tree (j) the distance was 

calculated to the centre of the circle (tree i) by equation 5.  

  √(     )
  (     )

                                                                                                                (5) 

With (Xi, Yi) = coordinates from a certain tree that serves as the centre of the circle, 

                          (Xj, Yj) = coordinates of the tree that is compared to tree i 

With a liana infestation-distance index, called infestation degree (ID) (equation 6), based on 

the basal area-distance competition index of Van der Heijden and Phillips (2009b), the extent 

of infestation for each tree (alive or dead) within its buffer is calculated. If dij > tree height (Hi), 

than ID was set to 0.  

    ∑(       )                                                                                                                                     (6) 

With LLj = liana load for tree j 
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Now it is possible to make a comparison between ID for living and dead trees by making 

boxplots for each plot and comparing between the different years. Furthermore, a one-way 

ANOVA was applied repeatedly for each plot and each year to verify a significant difference 

between the ID of living and dead trees.  

In this way it can be verified if a specific year has a higher ID for dead trees than living trees, 

which would mean that more lianas surround dead trees than living trees in that year and plot.  
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4. Results 

4.1. General analysis of inventory  

 Diameter distributions and biomass estimations 4.1.1.

For each plot, the amount of lianas and trees is calculated, as is the biomass and BA for both 

lianas and trees (Table 3 for undisturbed plots and Table 4 for disturbed plots). To make the 

comparison between undisturbed and disturbed plots possible, everything is calculated per ha. 

Nevertheless, a difference in sample size should be noted, i.e. 4.92 ha in undisturbed forests 

and 5 ha in disturbed forests.  

A significant difference (p < 0.01) is found between the mean amount of lianas in all 

undisturbed and disturbed plots, respectively 142.2 ± 26.4 lianas/ha and 256.2 ± 39.4 

lianas/ha. No significant difference (p > 0.1) is found between the mean biomass of lianas for 

undisturbed (5.1 ± 2.8 Mg/ha) and disturbed (4.9 ± 1.2 Mg/ha) plots, as is the case for the 

amount of trees (711 ± 180 for undisturbed and 671 ± 52 for disturbed) and biomass of trees 

(408.3 ± 112.1 Mg/ha for undisturbed and 365.0 ± 46.5 Mg/ha for disturbed). Furthermore, 

the mean BA of lianas per hectare in undisturbed plots versus disturbed plots was not 

significant different (p > 0.05), which amounts respectively 0.36 ± 0.14 m²/ha and 0.43 ± 0.09 

m²/ha. Likewise the mean BA of trees per ha is not significant different between undisturbed 

and disturbed plots (p > 0.05), respectively 30.1 ± 5.7 m²/ha and 30.5 ± 3.3 m²/ha. 

The ratio of the amount of lianas to the amount of trees is 22.1 ± 4.2% for undisturbed plots 

and 38.2 ± 6.3% for disturbed plots. Total aboveground biomass (TAGB) was calculated as the 

sum of the biomass of trees and lianas and amounted respectively for undisturbed and 

disturbed plots 413.4 ± 114.9 Mg/ha and 369.9 ± 47.7 Mg/ha. This leads to a ratio of biomass 

of lianas to biomass of trees of 1.3 ± 0.8% for undisturbed plots and 1.3 ± 0.5% for disturbed 

plots, which are comparable values.  

In tree inventories in tropical rainforest (e.g. RAINFOR), the cut-off DBH of including lianas is 

generally ≥ 10 cm. In this study, on average, 7.0 ± 3.7 lianas/ha in undisturbed plots and 7.8 ± 

3.1 lianas/ha in disturbed plots have a diameter ≥ 10 cm and the difference was not significant 

according to a t-test (p > 0.05). These averages are 5.0 ± 2.7% of the total amount of lianas in 

undisturbed plots and 3.1 ± 1.1% in disturbed plots. The biomass of lianas ≥ 10 cm accounts for 

an average biomass of 3.3 ± 2.6 Mg/ha in undisturbed plots and 1.5 ± 7.9 Mg/ha in disturbed 

plots (p > 0.05), which is respectively only 0.85 ± 0.62% and 0.40 ± 0.27% of total biomass 

(trees + lianas), but 58.7 ± 19.3% and 32.2 ± 7.8% of the mean biomass of lianas. 
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                Table 3: Amount and biomass of lianas and trees for each undisturbed plot. 

 Plot Amount 

lianas 

[n/ha] 

Amount 

trees 

[n/ha] 

Biomass 

lianas 

[Mg/ha] 

Biomass 

trees 

[Mg/ha] 

Basal area 

lianas 

[m²/ha] 

Basal area 

trees 

[m²/ha] 

 

1 155 673 1.6 391.9 0.17 28.8  
2 159 620 3.3 433.4 0.31 31.9  
3 178 622 7.1 273.9 0.55 23.2  
4 110 584 5.2 336.7 0.33 26.5  
5 112 635 3.0 443.7 0.23 31.4  
6 151 568 4.3 332.0 0.37 26.0  
8 112 592 5.5 339.4 0.31 26.6  
9 171 741 11.3 454.9 0.59 34.4  

10 131 775 4.8 678.6 0.38 

379 

42.0  

 
Table 4: Amount and biomass of lianas and trees for each disturbed plot. Also for each plot, the type of 
treatment is shown. 

 Plot Treat-

ment 

Amount 

lianas 

[n/ha] 

Amount 

trees 

[n/ha] 

Biomass 

lianas 

[Mg/ha] 

Biomass 

trees 

[Mg/ha] 

Basal area 

lianas 

[m²/ha] 

Basal area 

trees 

[m²/ha] 

 

2-2 L 246 630 5.2 541.1 0.42 28.2  
3-3 M 275 618 4.2 469.0 0.39 38.5  
5-3 M 272 665 6.5 322.5 0.55 26.2  
7-2 L 193 697 3.3 706.2 0.31 33.8  

12-1 H 295 747 5.3 435.5 0.49 30.6  

 

Diameter distributions of lianas in disturbed and undisturbed forest reveals a significantly 

higher amount of lianas in the first diameter class (2-3 cm) (p < 0.01) and second class (3-4) (p 

< 0.05) for the disturbed plots than for the undisturbed plots (Figure 13). For all the other 

diameter classes, the mean amount of lianas is not significant different between undisturbed 

and disturbed plots. For trees (Figure 14) there is only a significant higher amount of trees in 

the third diameter class (20-25 cm) for disturbed plots compared to undisturbed plots. 

In Appendix II the diameter distribution of the lianas are shown for each undisturbed plot. For 

almost every plot, the curves follow the reversed J-curve. Plot 3 is visibly different from the 

other plots, but this could be explained by the low sample size (0.49 ha). The same reversed J-

curve can be found for the disturbed plots (Appendix III).  
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Figure 13: Mean amount of lianas per DBH class, both for disturbed as undisturbed plots, with error flags 

to show the presence of significant differences between disturbed and undisturbed plots. Significant 

codes: *** p < 0.001;  ** p < 0.01;  * p < 0.05; n.s. = not significant. 

Figure 14: Mean amount of trees per DBH class, both for disturbed as undisturbed plots, with error flags 

to show the presence of significant differences between disturbed and undisturbed plots. Significant 

codes: *** p < 0.001;  ** p < 0.01;  * p < 0.05; n.s. = not significant. 
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 First host tree 4.1.2.

For all the disturbed plots together, in 35.0 ± 5.8% of the trees at least 1 liana was climbing, 

compared to only 21.8 ± 3.9% in the undisturbed plots.  

To verify a possible link between LL with WD, tree DBH and tree height, all these LLs were 

calculated and plotted for both disturbed and undisturbed plots (Figure 15). For all 

undisturbed plots, an average of 1.5 ± 1.2 lianas/host tree was found, compared to 1.7 ± 1.1 

lianas/host tree in disturbed plots and was significant different between both (p < 0.05). For 

WD, both disturbed and undisturbed plots show a positive linear relationship (Figure 15 A & 

B), respectively equations 7 and 8. 

                                                                                                                                 (7) 
                                                                                                                               (8) 
   
The equation for disturbed plots is steeper and a significant (p < 0.05) difference between 

disturbed and undisturbed plots is found. An exponential equation provides a better fit 

compared to a linear fit (R² exponential fit > R² linear fit) for the relation between LL and tree 

DBH for both disturbed and undisturbed plots (Figure 15 C & D), with respectively equations 9 

and 10. 

             
                                              (9) 

               
                                                                                                                       (10) 

 

This negative exponential relation is significant different (p < 0.001) between disturbed and 

undisturbed plots. Likewise, the relation between LL and tree height (Figure 15 E & F) seems 

negative exponential for both disturbed and undisturbed plots, respectively equations 11 and 

12. 

              
                                                                                                                         (11) 

                
                                                                                                                     (12) 

 
The mean LL for tree height is significant different between both disturbed and undisturbed 

plots (p < 0.001). It can be seen (Figure 15 E & F) that more lianas are found on the smallest 

trees. 
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4.2. Comparison of different treatments for disturbed plots 

Because only 5 disturbed plots were inventoried and there were three different treatments, 

no real thorough analysis could be done on the impact of disturbance intensity. It also needs 

to be mentioned that the original biomass was different for each plot, so possible differences 

between treatments are not completely unexpected. Nevertheless, maybe some hypothesis 

can be made. First it should be verified if there is a possible difference between the amount of 

lianas for each treatment. Figure 16 shows the highest amount of lianas for plot 12, which 

experienced the heaviest treatment (H) 30 years ago. Following, plot 3 and 5, which had 

treatment M, have the second highest amount of lianas. And at last plot 2 and 7 have the 

lowest amount of lianas and experienced the mildest treatment (L). Even though plot 12 

carries the most lianas, it has also the highest amount of trees.  

For the biomass, the difference is less obvious (Figure 17). The biomass of lianas and trees for 

disturbed plots is partly overlapping. Additionally, it should also be noticed that the biomass of 

lianas for the undisturbed plots is obviously scattered, even though the biomass of trees is 

almost the same for 4 plots out of 9.  

BA of lianas does not follow the path of highest disturbance (Figure 18). This means that not 

plot 12,but plot 5 has the highest value of BA. Nevertheless, as was the case for biomass, the 

distribution of undisturbed plots is very scattered.  
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Figure 15:  Liana load  (LL) plotted against wood density (WD) A and B, tree diameter at breast 
height (DBH) C and D and tree height E and F, for both disturbed (A,C,E) and undisturbed (B,D,F) 
plots. Linear equations are shown, with LL = Liana Load. 
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C 
Figure 16: Amount of trees plotted against amount of lianas for each undisturbed and disturbed plot. 

Figure 17: Biomass of trees plotted against biomass of lianas for each undisturbed and disturbed plot. 

Figure 18: Basal area (BA) of trees plotted against BA of lianas for each undisturbed and disturbed plot. 
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4.3. Spatial distribution of lianas and possible link with disturbance 

Figure 19 shows the spatial abundance of the inventoried lianas plotted by their host tree, as 

are also the trees without infestation, for the 5 disturbed plots. The polygons of logging 

damage and skid trails are added to these figures, so it can be visualised if there is a clustered 

pattern of the lianas towards the damage. Visually, no remarkable amount of lianas are lying 

closer to the damage and skid trails polygons. In addition, apart from the damage polygons no 

obvious clustered pattern can be witnessed, as is also the case for the undisturbed plots 

(Appendix IV). 

Furthermore, a statistical Ripley’s L was performed for each plot for both trees and lianas 

compared to the damage (Appendix V-VI). On these figures there’s also no obvious difference 

in the curves, as could also be seen on the spatial plots (Figure 19) .   

4.4. Possible link with natural disturbance 

For every two years since 1995 the ID based on the liana inventory of 2015 was attributed to 

each tree. Following, boxplots were plotted for each disturbed plot and year with the ID of all 

trees against the ID of trees which died during that specific year. The result can be seen in 

Figure 20. For all living trees together there seems to be a standard for the ID of lianas 

surrounding a tree, for example in plot 2 the median is 2.0 ± 1.2 in 1995 and slightly increases 

to 2.3 ± 1.3 in 2013. For plot 7 on the other hand it is lower, namely around 1.6 ± 0.8 in 1995 

and about 1.8 ± 1.0 in 2013. When the median of ID for dead trees is significantly higher than 

this standard median, than this means there are more lianas surrounding dead trees than 

living trees. 

For plot 2 (Figure 20 A), the ID of dead trees is significantly higher in 2003 (p < 0.05). 

Additionally, in 2009 the ID is significantly lower (p < 0.001) for dead trees compared to living 

trees. Plot 3 (Figure 20 B) shows a significant lower ID for dead trees in 2001 (p < 0.001). For 

plot 5 (Figure 20 C) no significant differences are witnessed. For plot 7 (Figure 20 D), 2001 and 

2013 have a significant lower ID for dead trees in comparison with living trees, respectively p < 

0.05 and p < 0.001. At last, in plot 12 (Figure 20 E) no significant higher ID for dead trees can 

be witnessed. Furthermore, 2009 and 2013 both show a higher ID for living trees instead of for 

dead trees (p < 0.05).  
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C 

Figure 19: For each disturbed plot liana load was plotted per tree. Furthermore the polygons of the damage 
and skid trails from the exploitations 30 years ago are plotted. With A,B,C,D,E, respectively plot  2-2,3-3,5-3,7-
2 and 12-1. 
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B 

A 

B 

C 

Figure 20: Boxplots A, B and C show the infestation degree (ID) for tree status alive against dead, for 
each 2 years since 1995 for respectively plot 2, 3 and 5. Significant codes: *** p < 0.001;  ** p < 0.01;  * 
p < 0.05; n.s. = not significant. 
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Figure 20: Boxplots D and E show the infestation degree (ID) for tree status alive against dead, for each 

2 years since 1995 for respectively plot 7 and 12. Significant codes: *** p < 0.001;  ** p < 0.01;  * p < 

0.05; n.s. = not significant. 
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5. Discussion 

The main goal in this study was to verify how liana abundance, biomass and BA differed 

between undisturbed and disturbed plots. This was done by considering the liana inventory of 

the undisturbed plots as a reference to compare with the liana inventory of the historically 

(1986-1988) disturbed plots. In addition, the fitness of the first host tree for liana infestation 

was checked, because studies show a preference for trees with certain characteristics. 

Furthermore, studies that state a clustered liana distribution exist and moreover a link 

between this clustering abundance of lianas and disturbance has been raised (Caballé, 1984; 

Dalling et al., 2012; Schnitzer et al., 2012;  Ledo & Schnitzer 2014). Therefore, both clustering 

and correlation with disturbance was also verified in our study. Finally, the relation between 

natural disturbance through time and the present liana abundance was examined.  

5.1. Differences in characteristics between undisturbed and disturbed plots 

 Liana abundance 5.1.1.

Lianas constitute 22.1 ± 4.2% of the woody individuals in undisturbed plots and 38.2 ± 6.3% in 

the disturbed plots. Generally these values are close to the reported ranges of other studies. 

Nevertheless, it should be noted that these results are dependent on which diameter cut-off is 

used. In our study only lianas with a diameter ≥ 2 cm were taken into account, whereby the 

liana abundance would have been higher when all lianas with a diameter ≥ 1 cm were 

measured. The same applies for the diameter cut-off for trees, which was decided in the past 

to be 10 cm (for both undisturbed as disturbed plots), but if 2 cm would have been chosen, as 

is the case for lianas, than the results also would have been different. Gentry (1991) for 

example, did research in the Neotropics and only measured lianas with a diameter ≥ 2.5 cm 

and reported that 25% of the woody individuals consisted of lianas. Appanah et al. (1993) used 

a same diameter cut-off and obtained a percentage between 14 and 30 % in different 

Malaysian forests. Schnitzer et al. (2012) on the contrary, used 1 cm as a diameter cut-off in 

BCI, which resulted in an abundance of 24.5%. However, liana abundance can be quite variable 

and extreme numbers can be found in ‘liana forests’. Pérez-Salicrup et al. (2001) for example 

found a liana abundance of 44% in Bolivia, even though they only included lianas with a 

diameter ≥ 2 cm. DeWalt et al. (2015) did a biogeographical review on liana density and 

diversity and concluded that significant differences among biogeographical regions exist (see 

literature review, section 2.4.1). The differences with other studies become more striking 

when we look at the amount of individual lianas per ha, namely 142.2 ± 26.4 lianas/ha in 

undisturbed plots and 256.2 ± 39.4 in disturbed plots. When these numbers are compared to 

the Global Liana Database (GLD) for South America of DeWalt et al. (2015) (Table 5), we can 
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conclude that Paracou has a low liana abundance. Moreover, the GLD only used inventories 

that used a diameter cut-off of 2.5 cm, while we used 2 cm. Still, a high variability can be found 

within South America. Different causes for this can be brought forward. DeWalt et al. (2015) 

stated altitudinal, climatic, and edaphic gradients as the main causes for biogeographical 

differences. But differences within a region, such as South America, can be possibly explained 

by the following abiotic factors; dry season length (DSL), mean annual precipitation (MAP) 

(interconnected with DSL), elevation, disturbance degree and soil fertility (Gentry, 1991; 

Balfour & Bond, 1993; Schnitzer & Bongers, 2002). Indeed, in Table 5 the study sites with a DSL 

of 6 months carried much more lianas compared to those with a DSL of 2 months. Our study 

area was about 40 m above sea-level, which is lower than the ones mentioned in Table 5. This 

could also partly explain the lower liana abundance of our study, because Dalling et al. (2012) 

already showed a significant lower abundance in BCI on moister slope habitats, compared to 

the seasonally drier lower plateau habitats.  

DeWalt et al. (2015) also underlined the importance of large study sites, because lianas are 

typically clumped and most liana stems are found in smaller DBH classes, which leads to a 

higher variance in liana density among small plots. In total our disturbed plots may account for 

5 ha, but each separate plot only measured 1 ha. For undisturbed plots in total 4.92 ha was 

inventoried, but each separate plot only had an area of only 0.49 ha. 

 

 

 

Table 5: Density and diversity of lianas ≥ 2.5 cm diameter in sites in South America included 
in the Global Liana Database. Density is mean number of lianas per ha at a site. MAP is 
mean annual precipitation (mm yr

-1
). DSL (Dry season length) is the mean number of months 

per year with ≤ 100 mm/mo. Altitude is mean altitude (m above sea level) of plots within 
each site. Area is the total number of ha sampled across studies at each site (DeWalt et al., 
2015). 
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The influence of disturbance on the liana abundance is confirmed in our study, because a 

significant difference in the mean amount of lianas between undisturbed and disturbed plots 

is observed. However, a high variability is found between the different plots, with 110 to 171 

lianas/ha in undisturbed plots and 193 to 295 lianas/ha in disturbed plots. The significant 

difference between undisturbed and disturbed forests confirms the results of other studies 

(DeWalt et al., 2000; Dalling et al., 2012; Ledo & Schnitzer, 2014; Mohandass et al., 2015). For 

example, the results of Mohandass et al. (2015) show a significantly higher stem density of 

66% in disturbed plots compared to 34% in undisturbed plots. Nevertheless, there are also 

studies that show a reverse effect (Chittibabu & Parthasarathy, 2001; Rahman et al. 2010; 

Addo-Fordjour et al., 2012). Addo-Fordjour et al. (2012) for example, states that more lianas 

were found in the primary forest compared to disturbed secondary forest, although the 

difference was not significant (p = 0.166). Additionally, they also found a significantly higher 

liana diversity in the primary forests. Nevertheless, Schnitzer and Bongers (2011) state that the 

evidence that liana abundance, biomass and diversity increases with disturbance, tree 

mortality and forest turnover is overwhelming. Our results are largely in line with recent 

studies, showing mainly an increasing liana abundance with disturbance.  

An important result in this study is that even 30 years after disturbance, a significant 

difference in amount of lianas can be found between disturbed and undisturbed forests. 

Mascaro et al. (2004) showed that approximately 50 years after selective logging in their study 

area in Costa Rica, no significant differences in liana density, diversity, or mortality between 

primary forest and areas that were selectively logged were observed. Nevertheless, their 

dataset was constrained to 0.78 ha in total with only 0.26 ha for the logged forests. Ledo & 

Schnitzer (2014) on the contrary, calculated a disturbance index. This index was based on the 

proportion of tree mortality of the stems present in the previous census, starting in 1981-1983 

until 2005. A weight factor to weigh more recent disturbances more heavily was added to the 

index. This accounts for approximately 24 years after disturbance. However, they did not make 

a comparison with primary or undisturbed forest. They only concluded that a spatial link 

between liana abundance and disturbance existed, but a comparison through time was not 

made. Eventually it can be said that still more comparable long-term studies are necessary to 

determine how long the effect of disturbance is still visible in the liana abundance.  

 Biomass 5.1.2.

The average biomass of lianas in the undisturbed plots only amounted 5.1 ± 2.8 Mg/ha and 4.9 

± 1.2 Mg/ha in disturbed plots and there was no significant difference between both. 

Furthermore, this is only a fraction of the total aboveground biomass (TAGB), respectively 1.3 

± 0.8% and 1.3 ± 0.5%. These values are within the range of 3.7 to 12.3 Mg/ha found by 
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Laurance et al. (2001), who did a large scale study with an inventory of over 27 500 liana stems 

(diameter ≥ 2 cm) in Central Amazonian rainforests. Different studies reported comparable 

liana fractions of TAGB. Nascimento and Laurance (2002) for example, reported that lianas 

constituted 2% of the TAGB in their study area also located in the Amazon rainforest. Only 

litter, snags (trees that died but remained standing) and stemless palms comprised less of 

TAGB. In a 1.04 ha plot in Southwest China, TAGB consisted only for 0.86% of lianas 

(Shanmughavel et al., 2001). In 2005 in the same area three plots of 1 ha were inventoried, 

which resulted in a percentage of 1.4% biomass of lianas of TAGB (Lü et al., 2009). 

Furthermore, Hegarty and Caballé (1991) state that the contribution of lianas to the total 

biomass rarely surpasses 5% in undisturbed forests, which is in our case not exceeded for both 

undisturbed and disturbed plots. However, sometimes higher values are reported, such as by 

Gerwing et al. (2000). Their results showed a value of 14%, which was based on an allometric 

regression biomass equation they developed to estimate the aboveground biomass of living 

lianas. Also Liddell et al. (2007) reported values ranging from 9-15% in Northern Queensland, 

depending on which allometric equation they used. Nonetheless this result is merely a 

prediction, as their study did not really focus on lianas and they only inventoried an area of 

300 m². Moreover, the allometric equation used in our study is a more recent one (Chave et 

al., 2006) than the one used by Gerwing et al. (2000) and more accurate than Liddell et al. 

(2007). In addition, other studies that report values as high as suggested by Gerwing et al. 

(2000) and Liddell et al. (2007) were not found. A possible explanation for the fact that no 

significant difference in biomass of lianas was found between undisturbed and disturbed 

forests might be found in the succession of forests and the presence of lianas (see literature 

review, section 2.4.4.). For example DeWalt et al. (2000) stated that as forest succession 

proceeds, liana abundance decreases, but is offset by an increased BA per individual. This 

could explain the lacking of a difference in biomass between undisturbed and disturbed 

biomass, because probably in the undisturbed plots more bigger lianas can be found as in the 

disturbed plots. This will then be compensated by more smaller lianas in the disturbed plots, 

due to the presence of gaps. This is true for this study (Figure 13) and discussed in section 

5.1.3. 

Furthermore, lianas ≥ 10 cm compose 58.7 ± 19.3% and 32.2 ± 7.8% of total mean biomass of 

lianas in respectively undisturbed and disturbed plots. Though, they only account for a small 

percentage of total amount of lianas in undisturbed plots (5.0 ± 2.7%) and disturbed plots (3.1 

± 1.1%). Phillips et al. (2005) did comparable calculations for up to 24 years in permanent 

study plots. The percentage of large lianas compared to the total amount of lianas was also 

small, namely 1.7%, but they composed 41.4% of the total biomass of lianas. Moreover they 

included all lianas ≥ 1 cm diameter, whereby the fraction of large lianas would have been 

higher if our diameter cut-off of 2 cm was used. Because it was a long term study, they 
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obtained some interesting information regarding large lianas. Both large lianas and trees were 

of more structural importance in richer soil forests, although large liana success might have 

rather been controlled by the availability of large tree supports. Moreover, they provided 

evidence that large lianas are a much more dynamic component of Amazon forests than are 

canopy trees, because their turnover rate was three times that of trees. Furthermore, large 

lianas were involved in the death of trees that resulted in a 30% lower BA. This knowledge is of 

importance for predictions of stand-level carbon balance, because the biomass of lianas 

themselves is small, but, as described above, they can substantially suppress tree biomass 

(Phillips et al., 2002). Comparable studies as this one of Phillips et al. (2005) were not found. 

Because of the interesting results it can be suggested that, with regard to climate change, 

more similar studies that focus on large lianas should be conducted in the future. 

Nevertheless, also the inclusion of small lianas is of importance because there is still too little 

knowledge of the role of lianas in forest succession as well as the reason for their increasing 

abundance. 

Our results at Paracou suggest that more large lianas are found in undisturbed forests, but not 

to a significant extent. This could be ascribed to a lower presence of large trees in the 

disturbed plots, because generally the abundance and BA of big lianas seems to increase with 

the forest successional stage (Dewalt et al., 2000; Madeira et al., 2009).   

 Diameter distributions and basal area (BA) 5.1.3.

Generally it can be seen (Figure 13) that the diameter distribution for lianas follows a reversed 

J-curve, which is confirmed in other studies and is also the case for trees (Figure 14) (Addo-

fordjour et al., 2012; Ewango et al. 2015; Laurance et al.; 2014 and Muthuramkumar et al., 

2006). This suggests continuous regeneration and thus succession, as it does for trees (Read & 

Tanguy, 2013), which comprises liana growth and mortality. But also disturbance (natural and 

anthropogenic) contributes to this reversed J-curve, by creating gaps where lianas can recruit 

and proliferate best and therefore lead to a higher abundance of small lianas.  

Contrary to the biomass, the amount of lianas is significantly different for undisturbed and 

disturbed plots. Since the AGB of lianas increases exponentially with an increasing diameter, it 

can be assumed that there will be more lianas present in the smallest diameter class for 

undisturbed plots. Figure 13 shows that there are indeed more lianas in the first two diameter 

classes (2-3 cm and 3-4 cm) for both disturbed and undisturbed plots, compared to the other 

classes, with repeatedly a significant higher value for disturbed plots. This was also the case in 

the study from Laurance et al. (2001), in the central Amazon region, where a significantly 

higher proportion of small (2-3 cm diameter) lianas and relatively fewer large (≥ 4 cm 

diameter) lianas were present in forest edges than in forest interiors. Also, for the study area 
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of Ibarra-Manriquez et al. (2009) in Southeast Mexico, 81 % of all measured lianas had a 

diameter between 1 and 4 cm. Forest edges can be compared with forest gaps, there they 

receive both more light and are dryer, two conditions where lianas profit more than trees 

(Putz, 1984b; Schnitzer & Carson, 2001; Schnitzer & Bongers, 2011). From this it can be 

suggested, that in the disturbed plots of Paracou lianas are still taking advantage where 

disturbance has taken place. For trees there was no significant difference in the first two DBH 

classes between undisturbed and disturbed plots, but only for the third (20-25 cm) DBH class 

the amount of trees in disturbed plots was significant higher than for undisturbed plots (Figure 

14).  

There is still some uncertainty about the response of BA of lianas to disturbance. Most studies 

demonstrate a decrease in the BA of lianas with increasing disturbance, but there are also 

studies in which the opposite trend is observed. In our study, no significant difference in the 

mean BA of lianas per hectare in undisturbed plots versus disturbed plots (p > 0.05) was 

observed, namely 0.36 ± 0.14 m²/ha and 0.43 ± 0.09 m²/ha. Addo-Fordjour (2013), Mohandass 

(2015) and Van der Heijden and Phillips (2008b) reported a significantly lower BA with 

increased disturbance. In another reserve in Ghana, Addo-Fordjour et al. (2009) found an 

opposite result, namely increasing BA with increasing disturbance. Furthermore, in this case, 

more lianas were found in the undisturbed forest. They explained this behaviour by the fact 

that liana abundance is not necessarily dependent on disturbance, but rather on the extent to 

which the disturbances affect host species (Addo-Fordjour et al., 2009). Van der Heijden et al. 

(2008b) already underlined this by stating that the success of lianas mainly depends upon 

successful infestation of a host tree. Nevertheless, no real evidence for the hypothesis of 

Addo-Fordjour et al. (2009) has been found and more research is necessary to corroborate this 

hypothesis. Additionally, the succession stage in which the forests are at the moment of 

investigation will also play a role (see literature review, section 2.4.4.), as liana density 

decreases with on-going forest succession (Madeira et al., 2009).  

In this study, there were 3 different logging treatments and thereby the possibility existed to 

trace back the influence of the extent of disturbance. From Figure 16 follows that the plot with 

the highest disturbance (H) carries the highest amount of lianas. Following, the plots with a 

medium disturbance treatment (M) carrying an intermediate amount of lianas and the plots 

with the least intensive treatment (L) carrying the least amount of lianas. So in this specific 

case, no optimal degree of disturbance is met. If an optimal degree of disturbance was the 

case, than the amount of lianas would have started decreasing at a certain degree of 

disturbance. This could indicate that the disturbance would have been too severe and too 

many proper host trees were cut down. For BA of lianas, a different observation can be done 

(Figure 18), because the plot with treatment H does not have the highest value for BA. A plot 

with treatment M (plot 5) carries the highest BA of lianas, followed by the plot with treatment 
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H (plot 12). It seems that the plot with treatment M delivers the better environment for a high 

BA of lianas, compared for the other plots. Nevertheless, a plot with treatment L (plot 2) 

follows after the plot with treatment H, and not the second plot with treatment M (plot 3). A 

possible explanation for this, Figure 11, is that the first plot with treatment M (plot 5) and the 

one with treatment L (plot 2) had the least original biomass. They also have both the lowest 

BA of trees (Figure 18). This can be linked to the results of a study in Ecuador (Nabe-Nielsen, 

2001), where it was shown that trees with a smaller BA suited better as trellises for lianas.  

So for our study it can be concluded that the more severe the disturbance, the higher the 

abundance of lianas. Furthermore, it seems that both the disturbance and the presence of 

sufficient suitable host trees can play role. Nevertheless, this is merely a hypothesis due to the 

limited available amount of data. Moreover, the undisturbed plots show a very scattered 

pattern for BA of both the lianas and the trees.  

5.2. Traits of the first host tree 

In this work, only conclusions about the first host are made, because only this one was 

examined during the inventory. Furthermore, not only the fitness of a tree to serve as a host 

tree will increase the chance of lianas growing on that tree, also the presence of one liana 

close to the tree can increase this probability (Putz, 1984a; Campbell & Newbery, 1993; Nabe-

Nielsen, 2001). In our study 35.0 ± 5.8% and 21.8 ± 3.9% of all trees in respectively disturbed 

and undisturbed plots carried at least 1 liana. These values are lower than in other studies, 

such as 86% found in a study site in Bolivia (Pérez-Salicrup et al., 2001), 88% in a reserve in 

Ghana (Addo-Fordjour et al., 2009) and a value of 63 ± 9.1 %, in Amazonian forest (Van der 

Heijden et al., 2010). The cause of this difference is that in our study only the first host was 

measured, while the other studies looked for every tree if it carried lianas.  

LL was investigated for three host tree traits, namely WD, DBH and height. This choice can be 

justified for the following reasons. Some authors name the possibility of lianas promoting 

palms and pioneer tree species, because of their capability of avoiding lianas (Putz, 1984a; 

Schnitzer et al., 2000). Besides, it is known that overall pioneer trees have a low WD, while 

long-lived climax species tend to have a high WD (Muller-Landau, 2004). Furthermore, lianas 

appear to show most competition for shade-tolerant trees, because they have an architecture 

that makes them particularly vulnerable to lianas and they tend to grow slowly and deploy 

many branches to maximize light interception. These branches provide bars and grips that 

lianas use to climb and smother trees (Schnitzer et al., 2000; Schnitzer & Carson, 2010). 

Therefore it can be expected that lianas will be more abundant on trees with a higher WD. 

Additionally it can also be predicted that lianas will be more prevalent around trees with a 
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lower height, because it is stated that lianas are more abundant in gaps and edge situations 

(see literature review, section 2.4.3.). But the fact that in this study only the first host tree was 

measured, can deceive the prediction. Because the first tree that lianas climb will probably be 

small because it serves better as a trellis than large trees. Nabe-Nielsen (2001) stated that 

lianas that use different climbing mechanisms prefer host trees with different diameters. 

Furthermore, he showed an indication of a positive correlation between LL and host trees with 

a DBH between 1 and 10 cm, probably because of their suitability as trellises. But in general, 

the large lianas of his study area in Ecuador were growing on large-diameter host trees, 

independent of the climbing method they used. This correlation can probably be ascribed to 

the possibility that lianas grow together with their host tree.  

For our study, on Figure 15 A and B, it can be seen that around 0.7-0.9 kg/cm³ an optimum in 

LL for WD can be found for both undisturbed and disturbed plots. This is in line with what Van 

der Heijden et al. (2008 a & b) states, namely that the risk of liana infestation is greater for 

high WD trees. Furthermore, LL is clearly higher for smaller tree DBH (Figure 15 C & D), which 

could have been expected, because we only measured the first host. This first host will mostly 

have a small DBH, because, as Nabe-Nielsen (2001) stated, small trees are more susceptible 

for climbers and serve as trellises. Lastly, as predicted, lianas seemed to be more abundant 

around hosts with a lower height (Figure 15 E & F). Again in this case it does not necessarily 

indicates a high degree of disturbance, because we only took the first host tree into account. 

No univocal conclusion can be made for this study, but it can be suggested that the first host 

for lianas will probably have a WD between 0.7 and 0.9 kg/cm³ and a rather small tree DBH 

and height.  

The literature review in this work, shows that disturbance results in more gaps end edges in 

the forest. Probably there will be more young trees due to regeneration in the gaps after 

disturbance, compared to the undisturbed plots. Therefore, a difference in LL for the first host 

tree characteristics between undisturbed and disturbed plots can be expected. Figures 19 A 

(disturbed) and B (undisturbed) show a significantly different linear relationship, namely a 

higher LL with increasing WD for disturbed plots. We already know that in the disturbed plots 

the total amount of lianas was higher, now it seems that they are mainly found on trees with a 

higher WD (0.7-0.9 kg/cm³). This can be attributed to the fact that in gaps pioneer trees will be 

able to avoid the lianas, due to a comparable morphological and physiological plasticity in 

response to changes in the light environment as found in lianas (Bazzaz & Carlson, 1982; 

Toledo-Aveces & Swaine, 2008). Another possibility is that pioneer trees do get infested but 

they just die, and that is the reason why fewer of them were found in our inventory (Stefan 

Schnitzer, personal communication). Nevertheless, this linear relationship was not a good fit 

for both disturbed and undisturbed plots (R² is respectively equal to 0.057 and 0.041). 
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The relation for LL with the first host tree DBH is also significantly different between disturbed 

(Figure 19 C) and undisturbed (Figure 19 D) plots. Moreover, it is visible that the LL is higher at 

lower DBH for disturbed plots compared to undisturbed plots, which indicates the presence of 

disturbance. But it needs to be mentioned that this could also be caused by the higher 

presence of smaller trees in the disturbed plots. Muller-Landau et al. (2006) stated that gaps in 

the canopy by the deaths of large trees due to disturbances or droughts may quickly be filled 

by smaller trees. Indeed, in this study there were significant more trees with a DBH between 

20-25 cm (Figure 14) in the disturbed plots. Therefore, more suitable first hosts, namely small 

trees, are present in the disturbed plots. In the first two DBH classes (10-15 and 15-20 cm) no 

significant difference was measured, but this can be explained by the succession that probably 

has occurred over the 30 years. Also for the link between LL and the first host tree height, 

significant more lianas are present on lower tree height within the disturbed plots (Figure 19 E 

compared to F). But again this is only true for the first host of the inventoried lianas.  

5.3. Spatial distribution of lianas 

There are different studies that reported a clumped pattern of lianas (Caballé, 1984; Dalling et 

al, 2012; Schnitzer et al., 2012; Ledo & Schnitzer, 2014). The distribution of trees on the 

contrary, responds to habitat specialization and negative density dependence (NDD) (Ledo & 

Schnitzer, 2014). NDD can be explained by an increase in intraspecific competition when the 

population size is high. As a consequence, an individual will have less contribution to the next 

generation. For lianas however, only disturbance explained the distribution of the majority of 

the lianas, as they seem to respond with high vegetative (clonal) reproduction. This clonal 

production results in a clumped spatial distribution, which Ledo and Schnitzer (2014) 

categorized as positive density dependence (PDD).  

Caballé (1984) was one of the forerunners and stated that the distribution of the liana 

communities (lianas with diameter ≥ 5 cm) measured during his fieldwork (North-East of 

Gabon) were all clumped. In BCI (Panama) all lianas with a diameter ≥ 1 cm were measured 

and also a clumped liana pattern could be observed (Dalling et al. 2012; Schnitzer et al., 2012; 

Ledo & Schnitzer, 2014). The link between a clumped liana distribution and disturbance has 

been verified in different way. Dalling et al. (2012) accomplished this by looking for a possible 

relation between liana abundance with lower canopy heights, because this can indicate 

treefall gaps. Their results showed that the density of liana individuals was significantly 

associated with low canopy heights, as was also a large fraction of liana species (63%) 

compared to a random expectation (Dalling et al., 2012). Ledo and Schnitzer (2014) on the 

contrary, superimposed a map of the spatial pattern of disturbance over the spatial map of all 

rooted liana stems. The disturbance map was attained by measuring a disturbance index as a 
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proportion of tree mortality of the stems that were present in the previous census. The same 

was done with a map of habitat types instead of the disturbance map, whereby habitat type is 

defined as a combination of topographic variables. It followed that the majority of liana 

species and diversity could only be explained by the disturbance and not by the habitat types.  

In this study we proceeded on the possible link between liana distribution and disturbance, by 

verifying a spatial correlation between both. In our case, we had specific spatial information 

about the disturbance, namely polygons of the logging damage and skid trails. From Figure 16, 

it cannot be concluded that more lianas are present within the boundaries of the polygons as 

outside. Moreover, the lianas seem to be distributed more or less homogenous over the plots. 

Ripley’s L statistic confirms this visual observation (Appendix V). 

There are three main reasons that can be proposed to explain why a spatial distribution was 

not found in this study. Firstly, for spatial analyses like the one at hand, 1 ha is very limited. 

Because of this the damage seems to cover almost the entire plot area, which becomes clear if 

it is imagined when a tree with a height of 30m and a fully developed crown falls down. On BCI 

(Panama), an area of 50 ha was inventoried (Dalling et al. 2012; Schnitzer et al., 2012; Ledo & 

Schnitzer, 2014), of which our plot area is only a fraction. On the map of the 50 ha plot it can 

be visually derived that there are clearly spatial liana communities present.  

Secondly, a major limitation to our study is that lianas are spatially presented by the 

coordinates of their host tree. The actual x-y coordinates of the lianas where thus not 

recorded. This can lead to a bias, because of two main reasons. Firstly, lianas can grow laterally 

through the forest understory for a long time. Therefore it can occur that they travelled a long 

distance from their main rooting point before climbing their host tree (see literature review, 

section 2.2.2.). Nevertheless, it is also true that lianas grow laterally towards the gaps, so it is 

difficult to estimate the extent of the bias. In addition, lianas do need light, so it can be 

expected that gaps will be present in the vicinity. Furthermore, Alvira et al. (2004) stated that 

during their fieldwork in Bolivia, most lianas on trees were rooted below the crown of their 

host (90%), which would suggest that using the coordinates of the trees is not that bad. The 

number of lianas decreased with increasing distance from the crown edge, although, lianas 

colonized trees from as far as 8m beyond the crown (Alvira et al., 2004). Secondly, an error in 

host registration can be present, because we only looked for the first host tree. The impact of 

this error can be reduced, due to the fact that it is mostly the rooting point that is of 

importance, because this is expected near gaps. But it is also true that in our study, only lianas 

were included when the rooting point could be traced back, so lianas that grew lateral into 

gaps, either from near the ground or from the canopy, were not taken into account. 

Concluding, the extent of this limitation is difficult to determine, but should be taken into 

consideration when drawing conclusions.   
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Thirdly, because we look 30 years after the anthropogenic disturbance, natural disturbance 

can cloud the results. Moreover, Gerwing (2006) mentioned that there are interspecific 

differences in liana responses to different types of logging. So, if the primary mode of the 

reproduction of a species is known, a more accurate response to logging can be predicted.  

The significant difference in amount of lianas between undisturbed and disturbed plots that 

was still present after 30 years, already indicates that the effect of the damage is large. 

Therefore, possibly, the anthropogenic disturbance is too omnipresent to be able to observe a 

clustering effect. It is true that as forest succession proceeds, light availability decreases as 

also will the habitat suitability for lianas (see literature review, section 2.4.4.). Because lianas 

are still significantly more abundant in the disturbed plots than in the undisturbed plots, we 

expect that forest succession is still in an early or intermediate stage for the disturbed plots.  

This is partly confirmed by the diameter distribution of the trees. From Figure 14 it follows that 

significantly more trees in the third DBH (20-25 cm) class were present in the disturbed plots. 

Therefore, there is still a difference observable in the development stage of trees between 

undisturbed and disturbed plots. But the fact that the amount of trees in the first two DBH 

classes is not significant different anymore, the disturbed plots are probably already in an 

intermediate stage and not an early stage. Additionally it needs to be mentioned that during 

this 30 year period also natural disturbance can occur and lead to new gaps in which lianas will 

proliferate.  

5.4. Link with natural disturbance 

The results show that no relationship could be found between natural disturbance and liana 

abundance. The ID was highly variable between the different plots and years and was only 

significant higher for death trees in 2003 for plot 2. So the link with natural disturbance is 

ambiguous. Again, a mixture of different causes can be brought forward.  

First of all, the influence of anthropogenic disturbance can still have an influence. Yet, there is 

not enough known about liana succession and when the obstructing effect of liana 

proliferation on forest succession has ended. Obstructed liana-dominated gaps will originate 

after disturbance, because lianas suppress tree regeneration and growth,  and remain at low 

canopy height for decades (Schnitzer et al., 2000). Figure 14 shows that tree size-density 

distribution is still different between disturbed and undisturbed forest, so it can be expected 

that the anthropogenic disturbance still has an influence on the possibility to verify a link with 

natural disturbance. The only study found on this subject was carried out in BCI and showed 

that 50 years after a selective logging experiment no difference was noticed in liana density, 

among others, compared to the control plots (Mascaro et al., 2004). Therefore, it is not 
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unexpected that the influence of the logging experiment in our study is still present, because it 

has only been 30 years. 

Moreover, different liana species can react differently on disturbance (Gerwing, 2006). 

Therefore, if the liana species in our inventories would have been determined, possibly some 

more information about the differences between plots could have been revealed. For 

instance, if a liana species that responds quickly after treefall is more abundant in one plot 

than another, a deviating succession rate will occur and different abundances could be found 

between different plots.  

Furthermore, the location of lianas in our dataset is determined by the coordinates of their 

host tree, with the consequences explained in the previous section. Also the fact that the plots 

are too small can be mentioned, because an old aged tree that is uprooted causes widely 

extended damage. Additionally, the plots each had a different original biomass, therefore, the 

original abundance of lianas can differ and lead to different results of the disturbance degree. 

Moreover, depending on the succession stage a forest is in, liana density will differ (Madeira at 

al., 2009). BA of lianas and liana density seemed to be significantly higher in the intermediate 

stage, according to Madeira et al. (2009).   

Concluding, too many uncertain factors will play a role in the succession of lianas in a forest. 

Their influence is still not clear, moreover the extent of the influence of the anthropogenic 

disturbance from 30 years ago is also uncertain. 

5.5. Management 

During this study it has been shown that disturbance has an impact on forest dynamics and 

especially on liana abundance. After the removal of wood for commercial use or other uses, 

lianas seem to thrive best in the gaps and obstruct the reaching of a normal demography 

equilibrium, by repressing tree recruitment and growth (Schnitzer et al., 2000). This can have 

bad or unwanted consequences for both economic as environmental reasons, which will be 

clarified below. First of all, if lianas obstruct the recruitment and growth of trees, it will take 

more time for the forest to develop harvestable trees and will delay revenues. Secondly, a 

reduction in forest-level carbon in the presence of lianas will occur (Van der Heijden et al., 

2015). As discussed in the literature review (section 2.3.1.) relatively more carbon was 

sequestered in plant materials with much shorter carbon residence times (<1 year for leaves), 

because of the fact that lianas have relatively slender stems and low wood volume (Van der 

Heijden et al., 2015). Therefore, lianas themselves do not compensate for the loss in tree AGB 

that they cause (Chave et al., 2001; Schnitzer et al., 2006; Schnitzer & Bongers, 2011; Van der 

Heijden et al., 2015). Eventually this reduction in carbon sequestration will contribute to 
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climate change. Moreover, the last decades an increasing liana abundance has been witnessed 

in Neotropical forests (Phillips et al., 2002; Wright et al., 2004a; Wright & Caldéron, 2006; 

Ingwell et al., 2010;  Campanello et al., 2012), which will add extra weight to the impact on 

climate change.  

The methods of RIL are already step in the right direction, where, among others, lianas are cut 

before trees are harvested (Sasaki et al., 2012; West et al., 2014). Different studies showed 

that pre-logging liana cutting reduces post-logging liana proliferation in logging gaps (Alvira et 

al., 2001; Gerwing & Uhl, 2002). In addition, we suggest to follow-up logging gaps for liana 

versus tree competition after an exploitation and intervene where necessary, especially if pre-

logging liana cutting has not been conducted. This should be done with the intention that this 

would reduce the changes in demographic processes of the trees, which normally exists out of 

mutual competition between trees shaping the small-stem phase and exogenous disturbance 

shaping the large-stem phase (Coomes et al., 2003). On the other hand, a complete 

extermination of lianas is not encouraged. Not only because they are of importance for 

animals (literature review, section 2.3.3.), but also because there is still little known about the 

role and succession of lianas in an ecosystem. It can be concluded that more long-term 

research on liana succession is necessary, both in natural ecosystems as in disturbed ones. 
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6. Conclusion 

The first research question in this study was to verify if there is an impact of disturbance on 

liana abundance. It can be concluded there is, because after 30 years, liana abundance is still 

significantly higher in disturbed plots compared to undisturbed plots. Moreover, lianas are 

mainly found in the first two diameter classes (2-3 and 3-4 cm) and it is in these two classes 

the abundance of lianas is significantly higher for disturbed plots compared to undisturbed 

plots. Yet, not enough comparable studies are accomplished. Therefore it is recommended to 

conduct more long term studies on lianas in the future, which take the influence of 

disturbance into account. Moreover we mentioned possible different consequences on the 

basal area of lianas according to the extent of disturbance, but again more research is needed.  

An ideal first host seems to have a small DBH and height, and a WD amounting around 0.7-0.9 

kg/cm³. Furthermore, the search for a spatial pattern in the liana distribution did not deliver 

the expected clustered pattern linked to disturbance. The liana abundance seemed to be 

distributed homogeneously. In addition, neither a link with natural disturbance over the years 

was traced back.  

To receive more accurate results, following issues should be kept in mind: 

 When conducting spatial research on lianas, a large study area should be comprised, 

because lianas seem to occur in clusters and one large uprooted or felled tree can 

cause damage in a wide extent.  

 The coordinates of the main rooting point of lianas themselves need to be recorded 

and not the coordinates of their first host tree. 

 Liana species should be determined, because different species can show different 

responses to disturbance. 

 More information about the succession stage of the study area needs to be acquired. 

Nevertheless, in general, more knowledge on liana succession in forests should be 

obtained in the future.  
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8. Appendix 

8.1. Exceptions and alternative POMs  

 

 

(Schnitzer et al., 2008) 

 

(A) Measure the diameter of all lianas (≥2 cm) 130 cm from the main rooting point at the soil 
surface. 

(B) Measure twining lianas 130 cm from the rooting point, along the stem of the liana. 

(C) If lianas branch below 130 cm (but ≥40 cm from the roots), measure 20 cm below the 
branching point. 

(D) If lianas loop to the ground and root before ascending into the canopy, ignore the loop and 
measure 130 cm from the last substantial (cannot be easily dislodged) rooting point along the 
stem that ascends into the canopy. 

(E) If lianas loop to the ground and root (as in D), but the loops have branches that ascend to 
the canopy, measure each rooted ascending stem of the individual separately and use the 
multiple stem datasheet. 

(F) If lianas have aerial roots>80 cm from the ultimate rooting point of the prostrate stem, 
measure 50 cm above highest rooted aerial root. 

(G) If lianas branch <40 cm from the rooting point, measure each branch of the individual 
separately at 130 cm above the main rooting point and use the multiple stem datasheet. 
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(H) Ignore branches <2 cm diameter and measure the principal stem 130 cm from the roots. 

(I) Exclude lianas that branch below 130 cm from the roots if none of the stems are ≥ 2 cm 
diameter 130 from the roots. 

(J) If a liana branches within 40 cm of the roots, measure each stem (≥ 2 cm) 130 cm from the 
rooting point. Note that they are branches of a single individual and tag them as multiple 
stems (see below). 

(K) Measure each resprout or branch (≥2 cm) 130 cm from the roots of each distinct rooting 
point.  

(L) Exclude “ground-to-ground” lianas, those that do not ascend toward the canopy, but rather 
loop from one rooting spot to another or that are prostrate on the soil without any resprouts 
or branches, even if they are ≥2 cm diameter. 

(M) Include “ground-to-ground” lianas if they have a resprout or branch, even if the branch is 
<2 cm diameter. If the branch is <2 cm, measure the principal stem 130 cm from the roots, 
ignoring the branch. If the branch is ≥2 cm and within 130 cm of the roots, the point of 
measurement  should be on the ascending branch. 

(N) Exclude lianas growing prostrate along the soil if they do not have a stem ≥2 cm ascending 
towards the canopy. 

(O) Exclude multiple branches that originate within 130 from the main roots if they are smaller 
than 2 cm in diameter. 

(P) Measure 50 cm above the last aerial root if that root is >80 cm from the final rooting 
location of the stem before the stem ascends to the canopy. 

(Q) If the stem is anomalous and not uniform below 130 cm from the roots, measure stem 20 
cm above the point where it becomes uniform. If there is no uniform area within reach, 
measure the stem 130 cm from the roots. 

(R) If the stem is flat and wide, include the liana if the mean of its wide and narrow axes is ≥ 2 
cm. 
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8.2. Stem densities undisturbed plots  

 
  



 Appendix II  

 

76 

 
 



 Appendix III  

77 

8.3. Stem densities disturbed plots 
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8.4. Liana and tree abundance per undisturbed plot 

 

For each infested tree the amount of lianas it carries was calculated (i.e. liana load). Following, each 
liana load was plotted by the coordinates of the host tree 
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8.5. Ripley’s L plot 2 

 
 
 
 

 

Ripley’s L was calculated to verify a clustered pattern with ‘damage’ compared to trees (above) and 
lianas (below) for plot 2, with Lpois the expected, random spatial pattern. The tree others (Liso, Ltrans 
and Lbord) show the observed pattern, each with a different edge correction, respectively Ripley’s 
isotropic correction, border method and translation correction. 
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8.6. Ripley’s L plot 3 

 
 
 
 

 

Ripley’s L to verify clustered pattern with ‘damage’ compared to trees (above) and lianas (below) for plot 
3.
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8.7. Ripley’s L plot 5 

 

 

 

Ripley’s L to verify clustered pattern with ‘damage’ compared to trees (above) and lianas (below) for plot 
5. 
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8.8. Ripley’s L plot 7 

 

 

 

Ripley’s L to verify clustered pattern with ‘damage’ compared to trees (above) and lianas (below) for plot 
7. 
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8.9. Ripley’s L plot 12 

 

 

 

Ripley’s L to verify clustered pattern with ‘damage’ compared to trees (above) and lianas (below) for plot 
12. 

 


