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Abstract Climbing plants form a substantial compo-

nent of tropical forest diversity. Climbers are a diverse

group comprising various ecological strategies depen-

dent on tree support and are affected by biotic and

abiotic forest conditions. In a lowland primary tropical

rainforest in Papua New Guinea, we studied the distri-

bution of root climbers from genus Piper in relation to

topography (slope, convexity, altitude) and properties

of vegetation and of individual host trees (basal area

of trees, and host tree size, abundance and species

identity). In total, 1,058 Piper climber individuals be-

longing to 8 species occupied 13.7% of tree trunks with

a diameter at breast height (DBH) > 1 cm. All Piper

species generally avoided similar habitat conditions –

higher altitude, steeper slopes, more closed canopy layer

and bigger total basal area of host vegetation. The pref-

erences of Piper climbers for some tree species are

primarily determined by properties of host trees, mainly

their DBH. Therefore, the probability of Piper presence

on a tree increased with individual host tree DBH. Piper

species were more frequently found on rare than com-

mon tree species. However, this relationship might be

also explained by their affinity for higher tree DBH. Our

findings point to non-random association between

climbers and their host trees, in a complicated interplay

with local environmental conditions. These interactions

have very probably consequences for forest vegetation

dynamics and maintenance of diversity.

Keywords Climber abundance . Host trees . Spatial

distribution . Tropical forest . Vines

Introduction

Climbing plants (vines, lianas) play a significant

role in the structure and functioning of forest eco-

systems. They evolved numerous times and are gen-

erally more diverse than their non-climbing sister

groups (Gianoli 2004). Although climbers contribute
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significantly to forest diversity, often exceeding 25%

of the total diversity (Schnitzer and Carson 2001),

their ecological importance has often been

overlooked (Phillips et al. 2005) because they are

rarely included in the protocols for plant plot sur-

veys, including the CTFS network of the 50-ha

forest dynamics plots (Anderson-Teixeira et al.

2015). Moreover, many studies have not been

distinguishing between ecologically different groups

of climbing plants (Balfour and Bond 1993; Malizia

2003; Burns and Dawson 2005; Nesheim and

Økland 2007), which can consequently mitigate pos-

sible differences, or shift results to correspond only

with a behaviour of the most abundant ecological

group (Gianoli et al. 2010). Hence it is important to

distinguish between different functional groups or

focus study on a single functional group of climbers.

Climbing plants generally use host trees as a

physical support, but the climbing strategy and suit-

able support differs substantially between climber

functional groups. Four climbing strategies are usu-

ally distinguished. Tendril climbers use vegetative

organs derived from leaves or stems and can climb

only a slender support (Putz 1984b). Twiners require

relatively high-energy investment into their growth

given by the spiralling around host tree trunk. The

maximum diameter which they can utilize is bigger

than tendril climbers can (maximum around 10 cm)

(Putz 1984b). Scramblers and hook climbers lean on

support trees and use hooks and thorns to stay at-

tached to a tree. Understorey root-climbers, our

study group, use adventitious roots to attach a host

trunk. They can ascend the whole range of supports

because of no limitation by the diameter at breast

height (DBH) of host trees as have other climber

types (tendril climbers, twiners – Putz 1984b; Putz

and Mooney 1991; Leicht-Young et al. 2010; Mori

et al. 2016). However, they are restricted to a par-

ticular tree trunk because they lack grasping organs

(Putz and Mooney 1991). Therefore, not taking into

account other trunk characteristics, root-climbers

should be able to grow on stems with a wide range

of DBH values (Putz 1984b). However, there is

strong evidence that root-climber prefer trees with

wider trunks (Putz and Mooney 1991; Burns and

Dawson 2005; Carrasco-Urra and Gianoli 2009;

Leicht-Young et al. 2010; Jayakumar and Nair

2013). This pattern is counterintuitive if we take

into account that root-climber abundance is

positively associated with sapling availability

(Balfour and Bond 1993; Jayakumar and Nair

2013), which can also play an important role in

allowing climbers to reach the canopy (Putz 1984b;

Garbin et al. 2012).

Distribution and abundance of climbers generally can

be influenced by various abiotic factors. There is a

general trend of increasing climber diversity with de-

creasing latitude, and this increase tends to be faster than

in trees or herbs (Schnitzer and Bongers 2002). Climber

diversity generally peaks in lowland tropics (Schnitzer

and Bongers 2002) and declines with increasing altitude

(Balfour and Bond 1993), although in some mountain

ranges it may reach a maximum at higher altitudes

(Muoghalu and Okeesan 2005). The density and basal

area of root-climbers increase with increasing rainfall

(Durigon et al. 2013), which is the opposite trend ex-

hibited by canopy woody lianas (DeWalt et al. 2010;

Schnitzer and Bongers 2011). In some cases, topogra-

phy may also play an important role in their distribution

(Yang et al. 2018). For example, Kusumoto et al. (2008)

observed climbers on steep slopes and concave terrains

more often than on flat or convex sites. Conversely, only

a weak effect of topography on climber distribution was

found by Ledo and Schnitzer (2014). Even though it

seems that light conditions play a substantial role in

promoting and maintaining diversity and high abun-

dances of canopy climbers, especially in tree gaps

(Putz 1984b; Schnitzer and Carson 2001; Schnitzer

and Bongers 2002; Garbin et al. 2014), understorey

climbers are mostly shade-tolerant species (Valladares

et al. 2011) with higher abundances in closed primary

forests (Yuan et al. 2009).

Host tree characteristics, such as bark roughness or

DBH, tree abundance or generally tree identity, seems to

play an important role in shaping the distribution and

abundance of understorey climbers (Talley et al. 1996;

Nesheim and Økland 2007; Leicht-Young et al. 2010;

Mori et al. 2016). This pattern might be particularly

strong in the relatively homogeneous environment of

some lowland tropical rainforest. The relationship be-

tween climbers and their host trees is generally negative

because climbers tend to decrease the growth and sur-

vival rate of host trees (Putz 1984b; Hegarty 1991;

Schnitzer and Carson 2010) and consequently may af-

fect the composition of host trees (Llorens and

Leishman 2008). Trees have evolved various avoidance

strategies to control the rate of climber infestation. These

anti-climber adaptations include the height of the tree
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(Muoghalu and Okeesan 2005; Sfair et al. 2016), bark

roughness and the ability to exfoliate bark (Putz 1984b;

Campanello et al. 2007; Sfair et al. 2016), fast trunk

thickening (Putz 1984a), high growth rate (Campanello

et al. 2007; Sfair et al. 2016) and spines or ant body-

guards (Putz and Mooney 1991).

In the present study, we examined climbing peppers

(Piper spp.) in a lowland rainforest in Papua New Guin-

ea. They represent a substantial part of understorey

climbing species in the forest under study. Piper species

are a pantropical group with peak diversity in South

America (Jaramillo and Manos 2001). In Papua New

Guinea, there are 16 species in the functional group of

root-climbing species. Three of them are endemic. They

grow from lowland altitudes up to 3,500 m a.s.l., with

their centre of diversity in the lowlands (Gardner 2013).

The majority of Piper species has self-incompatible

flowers pollinated by generalized bees and flies. Dis-

persal of seeds is mediated by highly specialized frugiv-

orous bats (Fleming 2004), which highlights the impor-

tance of their role in ecosystem functioning. The Piper

species are also of considerable economic and medical

importance (Parmar et al. 1997); nonetheless, little in-

formation is known about their ecology and associations

with host trees. As a species-rich genus, climbing Piper

species provide an ideal object for studying host and

ecological preferences.

We asked three specific questions about the ecology

of Piper climbers (i) What is the species composition,

abundance and size structure of Piper climbers in the

study forest? (ii) How do environmental characteristics

affect the distribution and size of Piper climbers? and

(iii) How do host tree characteristics and identity affect

the abundance and size of Piper climbers? Answering

these questions can help us understand the ecology and

associations between understudied group of understorey

climbers and their host trees.

Material and methods

Study area

The study area was located in a lowland primary tropical

rainforest in northern Papua New Guinea near Wanang

village (5°14′ S, 145°11′ E, 100 m a.s.l., Madang Prov-

ince, Fig. 1). This area is characterized by a humid

climate (mean annual rainfall 3,600 mm), a mild dry

season from July to September and a mean annual

temperature of 26°C (McAlpine et al. 1983).

Data collection

The data collection was conducted in August 2015 in the

50-ha plot, which is a part of the global network of forest

research plots coordinated by the Smithsonian Institution

(Anderson-Teixeira et al. 2015). The 50-ha plot is divided

into 1¸250 quadrats 20 × 20m each, organized in 25 rows

and 50 columns. Data were collected from 25 of these

quadrats (together covering 1-ha) located in the eastern

half of the 50-ha plot. The quadrats were placed in a

regular grid, and the distance between quadrat centroids

was 100 m in both row and column directions, with three

exceptions due to their inaccessibility or location in a

riverbed. Altitude ranged from 98 to 178 m a.s.l. In all

quadrats, all Piper climbers on all trees with DBH ≥ 1 cm

were recorded and identified. Vouchers of all species

were collected and their identification was subsequently

confirmed by comparing with vouchers in the National

herbarium in Lae (LAE) and available literature. A laser

range finder was used to measure the height of individual

climbers. In cases where a large number of climbers

belonging to one species occupied a tree, only the max-

imum height of all climbers was measured. The canopy

cover was visually estimated in the centre of each quadrat

by three observers as a percentage and then averaged to

diminish the systematic error of one observer (Sykes et al.

1983). The information on species identity, location and

DBH for all trees with DBH ≥ 1 cm was available from

the previous census (2010–2012, if a trunk thickening is

not highly disproportionate for individual tree species we

cannot expect changes in observed patterns within a few

years) of the 50-ha plot (containing information on all the

288,000 trees with DBH ≥ 1 cm in the whole 50-ha plot

– http://ctfs.si.edu/Public/plotdataaccess/SiteDescription.

php?plotname=wanang&typedata=tree). Data on

geomorphological characteristics: mean altitude, slope

and convexity (either concave i.e. a ‘curving in’ shape

represented by negative values or convex i.e. ‘curving

out’ shape represented by positive values; calculated as

the mean altitude of the focal quadrat minus the average

altitude of all directly adjacent quadrats) were also

obtained from the database for each quadrat. Soil

nutrient content had little influence on the tree

community composition in the 50-ha plot, as shown by

Vincent et al. (2015).
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Data on some trees were missing in the 50-ha plot

database, and these trees were removed from subsequent

analyses. Trees with partially missing data, on DBH

(0.9% missing) or tree identity (6.6% missing), were

used for those analyses where the missing data were

not needed. Overall, missing data accounted for 7.3% of

all trees occupied by climbers. Trees were divided into

five DBH categories (1–2.5 cm, ≥ 2.5–5 cm, ≥ 5–10 cm,

≥ 10 –20 cm, ≥ 20 cm) for the analysis of the size –

abundance relationship.

Quadrat-based analyses

To analyse the possible influence of environmental char-

acteristics (mean altitude, convexity, slope) and of the

host tree community (canopy cover and basal area

summed for all trees in the quadrat) on the characteris-

tics of Piper climbers and their communities (average

height, percentage of occupied trees, number of Piper

individuals and species in a quadrat), we used redun-

dancy analysis (RDA) with centring and standardization

to a zero mean and a unit variance of response data

(i.e. characteristics of Piper communities). Basal area

was logarithmically transformed to improve normality

and avoid the high leverage of positive outliers. Subse-

quently, all possible correlations between all character-

istics were calculated (using Pearson correlation coeffi-

cient) to see the effect of environmental characteristics

on characteristics of Piper climbers. Because the RDA

demonstrated significant relationship (i.e. the global null

hypothesis of no relation between environment and

Piper characteristics can be rejected), we have just

searched for the most important correlations. Thus, we

have not implemented any correction for the multiple

comparison problem, because it leads to very weak tests

(Nakagawa 2004) and thus we report the P values for

each correlation separately (i.e. we report comparisonwise

Type I error probabilities). Further, the response of Piper

species composition to the same explanatory variables

(environmental variables and host tree log basal area

and canopy) was tested using RDA with centring and

logarithmic transformation of the response data (i.e. the

number of individuals for each Piper species in the

230 A. Lisner et al.
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quadrats). The goodness of fit in both the RDA analyses

was characterized by the amount of explained variability.

Note, however, that this value includes also the reduction

of dimensionality (Šmilauer and Lepš 2014); thus, these

values are usually lower than the values of coefficient of

determination for general linear models, where the re-

sponse is univariate. Consequently, the efficiency of the

first two axes is also included, which compares the amount

of explained variability in the constrained ordination, with

the axes corresponding with unconstrained ordination – in

this case PCA (ter ter Braak and Šmilauer 2012).

Individual-based analyses

To analyse climber preference for tree species, we used

partial-RDA analysis, where 190 (out of 329) tree spe-

cies with an abundance of ≥ 5 individuals per sampled

area were used as explanatory variables and Piper

climber abundances on these 190 tree species as re-

sponse data. In other words, the presence of Piper

climbers on host trees was explained by tree species

identity. The quadrat identity and tree DBH were used

as covariates to filter out the effect of different environ-

mental conditions, respectively of the tree diameter.

The effect of Piper climber identity and host tree

DBH on the height of Piper climbers was explored

using linear mixed-effect models with quadrat identity

used as a random factor. Further, the Piper height (log)

vs tree DBH (log) association was tested separately for

each Piper species by linear regression models. The

probability ofPiper climber presence on trees in relation

to their diameter (log) was quantified by generalized

linear models with a binomial distribution with the

testing of significance by the χ2 criterion. The occupan-

cy rate of host trees by Piper climbers was related to the

relative abundance of host tree species (i.e. relative

proportion of the particular species from all stems with

DBH ≥ 1 cm, estimated for species with a total abun-

dance of ≥ 5 individuals in the 25 sampled quadrats) and

their average DBH (log) by generalized linear models

with a binomial distribution with the testing of signifi-

cance by the χ2 criterion. The relative abundance of host

trees (log) was correlated with the average tree DBH

(log) to test whether the occupancy rate was not caused

by an uneven distribution of tree abundance in relation

to DBH.

All multivariate analyses were conducted using

Canoco 5 software (ter ter Braak and Šmilauer 2012),

while the others were processed using R software (R

Core Team 2017; Bates et al. 2015; Wickham 2016).

Results

We identified 8 Piper climber species in our study

constituted by 1,058 individuals. There were 2 to 7

species (mean ± SD 5.20 ± 1.32), represented by 2 to

138 individuals (42.32 ± 31.85) per quadrat. The two

most common species, P. macropiper and P.

decumanum, formed approximately half of the total

number of individuals whereas P. lessertianum was the

rarest species with only 18 individuals in the study area.

Overall, 13.7% of tree trunks (792 from 5,783) with

DBH ≥ 1 cm were occupied by a Piper climber. The

proportions of occupied trees in individual quadrats

ranged from less than 1 to 38%, based on information

on 329 species represented by 5,783 individuals. The

number of tree species ranged from 53 to 111 (86 ±

11.25) per quadrat, represented by 160 to 372 stems

(231.32 ± 49.20) per quadrat. The most common tree

species (Ficus hahliana) had 254 individuals, while the

rarest ones accounted for one individual in all quadrats.

Average tree DBH ranged from 3.30 to 7.05 cm (4.65 ±

0.78) per quadrat withmaximum of individual tree DBH

being 57.13 cm. The average total basal area and canopy

cover per quadrat ranged from 5,278 to 58,975 cm2

(15,201 ± 11,363) and from 30 to 95 % (69.92 ±

16.85) respectively.

Quadrat-based analyses

Characteristics of Piper climbers were significantly in-

fluenced (RDA, F = 2.3, P = 0.031; Fig. S1) by plot

characteristics. More specifically, there was a significant

negative relationship between the mean altitude and the

number of species (NSP), number of individuals (NOI)

and percentage of occupied trees (Table 1). Canopy

cover exhibited very similar correlations with the excep-

tion of a non-significant relationship with NSP. Addi-

tionally, NSP may be negatively influenced by a steeper

slope. Nonetheless, mean altitude and canopy cover

were significantly correlated and, so these correlations

have to be interpreted with caution. NOI and percentage

of occupied trees were strongly correlated (r = 0.95, P <

0.001). In contrast, the average height of climbers in the

plot was not significantly affected by any of the
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environmental variables. None of the climber character-

istics can be explained by terrain convexity or tree basal

area. Counterintuitively, basal area was not correlated

with canopy cover (r = 0.09, P = 0.669).

The majority of climber species generally avoided

similar conditions (RDA, F = 2.2, P = 0.006; Fig. 2),

which included a steeper slope, more closed canopy

layer, higher mean altitude and bigger basal area. The

overall adjusted explained variability by the model was

19.51% and the efficiency of the first and second axis of

constrained ordination was 49.32% and 50.88%, respec-

tively, when compared to the unconstrained ordination.

Individual-based analyses

Individual Piper climber species did not exhibit prefer-

ences for certain host plant species (partial RDA, with

quadrat identity and DBH used as covariates, F = 1.1, P

= 0.072, Fig. S2), the overall explained variability was

very low (adjusted R2 = 0.32 %). If the DBH is not

included as a covariate, the model becomes significant

(F = 1.1, P = 0.016), pointing at tree DBH as the most

important tree characteristics for Piper climbers.

Individual Piper species differed in height (χ2 =

66.55, d.f. = 1, P < 0.001) and their height was posi-

tively related to host tree diameter (χ2 = 16.40, d.f. = 4,

P = 0.022, Fig. 3). The height ranged from 1.43 m

for P. lessertianum to 5.09 m for P. mestonii. Three

Piper species (P. decumanum, P. interruptum and

P. macropiper) exhibited a significant positive relation-

ship between height and host tree DBH, while for the

remaining species (P. abbreviatum, P. arfakianum,

P. betle, P. mestonii, P. lessertianum), the relationship

was not significant. The overall correlation between

Piper height and DBH remained positive even when

Table 1 Pair-wise correlations of environmental factors (mean altitude, convexity, slope, canopy cover) and basal area with characteristics of

Piper climbers (number of species, number of individuals, percentage of occupied trees and average height;N = 25). Significant results are in bold

Mean altitude

[m a.s.l.]

Convexity Slope

[degrees]

Basal area

[cm2]

Canopy cover

[%]

Number of species Correlation coefficient −0.58 −0.30 −0.50 −0.32 −0.37

P value 0.023 0.1435 0.012 0.123 0.066

Number of individuals Correlation coefficient −0.52 −0.28 −0.39 −0.25 −0.43

P value 0.007 0.178 0.055 0.230 0.034

Percentage of occupied trees Correlation coefficient −0.46 −0.33 −0.33 −0.28 −0.40

P value 0.019 0.111 0.105 0.175 0.046

Average height Correlation coefficient −0.22 −0.31 0.23 0.25 0.04

P value 0.292 0.129 0.277 0.225 0.851
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ordination diagram showing

individual climber species in

relation to environmental

variables in the 25 quadrats

(RDA, F = 2.2, P = 0.006).

Relative importance is indicated

by the length of arrows. Abb –

Piper abbreviatum, arf –

P. arfakianum, bet – P. betle, dec –

P. decumanum, int –

P. interruptum, les –

P. lessertianum. Mac –

P. macropiper, mes – P. mestonii
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we excluded all host trees with DBH < 5 cm in order to

remove the effect of small trees which can potentially

determine the upper limit of climber height by

restricting climber height to its own size (χ2 = 6.25,

d.f. = 1, P = 0.012).

The Piper climbers also exhibited a strong preference

for larger trees as they were more common on trees with

higher DBH. The size distribution of unoccupied trees is

typical for the size distribution of trees in tropical for-

ests, whilst the size distribution of occupied trees has a

modus in the DBH category > 2.5–5 cm, since the

occupancy rate increases with increasing tree DBH

(Fig. 4). Piper climbers were significantly more likely

to be present on trees with higher DBH (χ2 = 295.7, d.f.

= 1, P < 0.001, Fig. S3). The DBH geometric mean and

median of trees unoccupied by climbers was 2.54 cm, and

2.10 cm, respectively, while the occupied trees had a

DBH geometric mean of 4.87 cm andmedian of 4.20 cm.

Rarer tree species hosted a higher number of climbers

than more frequently occurring species (Fig. 5; χ2 =

4.52, d.f. = 1, P = 0.033). In other words, the probability

that a tree will host a climber was greater in rare than in

dominant tree species. This association could be influ-

enced by the uneven distribution of trunk size among

individual trees species. Nevertheless, there was no

significant correlation between the number of individ-

uals of a particular species (i.e. rarity) and average DBH

of the tree species (r = −0.13, P = 0.077). However, if

we include average DBH of the tree species into the

model, rarity of tree species becomes not significant,

unlike tree DBH.

Discussion

This study has described compositional patterns in the

group of understorey climbers and their associations to

environmental characteristics and their host trees. Piper

species diversity and abundance were rather consistently

influenced by environmental characteristics – mostly

negatively by altitude and canopy cover, while no effect

of canopy openness was found with respect to the height

of Piper species. By contrast, Piper height was positive-

ly associated with DBH of host trees. DBH was also

strong determinant of Piper presence on host trees that

had an average diameter almost 5 cm greater than trees

without Piper climbers. This study also points out to a

lower prediction strength of host tree species identity

when tree DBH is taken into account.

General characteristics of Piper climber communities

In our study, Piper climbers occupied 13.7% of the

available trees. This occupancy rate was relatively high,

especially considering that it applies to a single genus,

but not truly exceptional. Talley et al. (1996) observed a

18% infestation rate just by Piper canina out of a total
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Fig. 4 Relationship between the

relative abundance of trees and

DBH category. Red columns

indicate trees without Piper

climbers (N = 4991), blue

columns indicate trees occupied

by Piper climbers (N = 686)



infestation rate of 54% by root climbers in a north

Queensland tropical rain forest. The reported numbers

of trees occupied by woody climbers differ substantially

between studies. This variability can be caused, at least

in part, by differences in tree diameter from which

climber species are recorded. On average, proportion

of occupied species reaches values around 25%

(Schnitzer and Bongers 2002; Leicht-Young et al.

2010), but could be significantly higher (Putz 1984b).

The abundance of understorey root climbers is lower

than the abundance of other climbers, but still forms a

significant proportion (46% – Carrasco-Urra and

Gianoli 2009, 13% – Magrach et al. 2014), usually in

closed forests with lower light availability (Baars et al.

1998, Yuan et al. 2009).

Environmental determinants of Piper climber

community composition

Altitude appeared to be the most important environmen-

tal factor showing negative correlation with climber

species diversity and abundance even on small spatial

scale and within a low altitudinal range. This relation-

ship is generally well supported (Schnitzer and Bongers

2002), and the pattern might be the result of a general

Piper preference for low altitudes (Gardner 2013). How-

ever, Balfour and Bond (1993) and Muoghalu and

Okeesan (2005) found the reverse trend, i.e. a positive

correlation with altitude, ranging from 40 to 635m a.s.l.,

respectively, from 213 to 457 m a.s.l. This altitudinal

association is likely to be caused by a temperature

gradient, which would not affect climbers along our

short altitudinal gradient. In our narrow altitudinal

range, the low altitude indicates quadrat located in the

valley and high altitudes quadrats located on the ridge,

which is the important ecological determinant of tree

composition in the whole plot.

Our results show the promotion of the abundance and

occupancy rate of Piper climbers with lower canopy

cover, which corresponds more with pattern usually ob-

served for canopy climbers (Putz 1984b; Schnitzer and

Carson 2001; Schnitzer and Bongers 2002). Understorey

climbers are generally considered less light demanding

(Yuan et al. 2009), with wide light niche enabling them to

persist under a closed canopy as well as in more open

sites (Gianoli et al. 2010). Moreover, other study

(Carrasco-Urra and Gianoli 2009) have found no associ-

ation of climber habitus in general with open sites.

By contrast, canopy openness did not affect the

height of Piper climbers. This finding may mean that

they are simply not affected, or that the availability of
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Fig. 5 Occupancy rate of tree

species by Piper climbers as a

function of the dominance of tree

species in the sampled quadrats

(N = 190 species). Dashed lines

indicate 95 % confidence interval



light directly influences germination (Teketay and

Granstrom 1997) and survival of seedlings, but not the

subsequent growth of plants able to tolerate shade. The

height of Piper species was partly species-specific but

may respond also to the characteristics of host trees such

as bark type or DBH. We have indeed observed a

positive association between tree DBH and height of

Piper individuals.

Host tree characteristics determining occupancy

by Piper climbers

Although climbing species exhibit a strong association

with host trees in many studies (e.g. Burns and Dawson

2005; Buron 1998; Muoghalu and Okeesan 2005), we

have not found any significant preference for particular

tree species (Balfour and Bond 1993; Carrasco-Urra and

Gianoli 2009) that cannot be explained by tree DBH (It

should be, however, noted that the power of the test with

so many host species is low.). If DBH was not used as a

covariate, the model would become significant, suggest-

ing that DBH is a tree property, which determines spe-

cies suitability for Piper climbers. A preference for more

general tree characteristics such as DBH, and/or certain

habitats, may be confounded with tree species prefer-

ence in smaller datasets where such general conditions

could point to a single of a few host tree species. There

are also more tree characteristics (bark roughness, speed

of trunk thickening, spines, etc.) which we were not able

to take into account and which may be responsible for

further substantial differentiation between climber pref-

erence for tree species. Especially bark properties seems

to play dominant role for the infestation success of root

climbers (Talley et al. 1996).

The Piper climbers exhibited a strong preference

towards trees with larger trunks, which corresponds with

pattern usually observed for root-climbers (Talley et al.

1996; Carrasco-Urra and Gianoli 2009; Leicht-Young

et al. 2010). Our results show that the average DBH of

host trees occupied by climbers was nearly 5 cm greater

than for trees without climbers. This association may

mean that, at least for Piper root climbers, sapling

availability is not a crucial factor for establishment. In

previous studies, the sapling availability positively af-

fected the growth and establishment of climbers (Putz

1984b; Balfour and Bond 1993), but the positive asso-

ciations may be caused by another factor, namely light

(Whigham 1984). The preference for trees with larger

DBH may be also caused by accumulation of climbers

with time due to their higher age (Clark and Clark 1990;

Campbell et al. 2014).

Different functional groups of climbers show prefer-

ences for either dominant (Muoghalu and Okeesan

2005; Garbin et al. 2014) or rare tree species (Garbin

et al. 2014), or, alternatively, lack any such preference

(Garbin et al. 2012). We have found an association

between Piper climbers and trees with lower abun-

dances. However, if we take into account host tree

DBH, the Piper affinity to less common tree species

becomes unimportant.

The observed pattern of weak preference for rare tree

species may be the product of tree species defence

against climber infestation. Trees possess anti-climber

adaptations, such as the height of a tree, bark roughness,

trunk thickening and growth rate, spines or ant body-

guards (Putz 1984a, 1984b; Putz and Mooney 1991;

Muoghalu and Okeesan 2005; Sfair et al. 2016), which

decrease infestation by climbers and, in consequence,

can provide a competitive advantage for trees which

may consequently become dominants. For example,

Putz (1984b), Ingwell et al. (2010) and Schnitzer and

Carson (2010) found that trees with woody climbers

suffer a higher mortality rate than unoccupied trees.

However, because of the small stature of understorey

climbers, as is the case for Piper climbers, their effect on

the fitness of high canopy trees is probably weak com-

pared to their effect on saplings. A strong negative

impact of understorey climbers on the ability of tree

saplings to compete for both above-ground resources

(Llorens and Leishman 2008; Zhang et al. 2011), and to

a larger extent for below-ground resources (Schnitzer

et al. 2005) in case of lianas was also reported. However,

there are also cases when tree survival increased due to

climber infestation, suggesting a possible reduction of

folivory resulting from climbers physically protecting

the host tree foliage or providing an alternative resource

for herbivores (Piiroinen et al. 2014).

Our study is based on a taxonomically limited section

of single functional group of climbers. However, even

these results show that climbers respond to abiotic het-

erogeneity, properties of the surrounding vegetation,

and properties of individual potential host trees. Because

climbers affect the fitness of their hosts, we can expect

that climbers will affect the forest structure and dynam-

ics, and because their effect is not indiscriminate, they

will affect the mechanisms of species diversity mainte-

nance. The importance of Piper species for forest
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systems is also highlighted by the fact they are major

food source for some specialized frugivorous bats

(Fleming 2004), which consequently serve as seed dis-

persers able to carry seeds up to the distance of hundreds

of metres (Fleming 1981), providing opportunities for

new establishment. In conclusion, our findings suggest

that all Piper climbers under study avoid similar habitat

conditions as closed canopy, higher altitude, plots with

higher basal area of trees, or steeper slopes. Further-

more, we observed strong preference for trees with

larger DBH. DBH also positively affected height of

Piper climbers. It seems that the positive relationship

between climber presence and tree DBH is also behind

the preference of climbers for individual tree species.
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