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Abstract:  Species diversity and density of all woody climbers (lianas) ² 5 cm gbh were i n-
ventoried i n three one -hectare plots (at 650 m, 200 m and 100 m elevations) in the tropical lo w-
land evergreen forest of Agumbe, in central Western Ghats, India.  In all a total of 1,138 lianas 
belonging to 40 species were r ecorded.  Mean liana density was 379 stems h a-1.  Plots 1, 2 and 3 
contained 211, 668 and 259 lianas ha -1 respectively.  Their corresponding species ric hness was 
15, 24 and 24.  The number of lianas twining over individual trees ranged from 1 to 3, but m a-
jority of the hosts supported only a single l iana.  Rut aceae and Papilionaceae were the most 
species-rich plant families of lianas followed by Annonaceae, Arecaceae, Caesalpiniaceae, Co n-
naraceae, and Piperaceae.  Twiners formed the bulk (>70%) of liana types followed by ra t tans 
and root climbers, whi le tendril and hook climbers were rare.  Greater proportion of ind ividuals 
was represented in the lower girth classes in all the plots.  There was aggregated di stribution 
of lianas on host trees in all the plots.  Very few liana species showed any kind of association 
with host trees in the three plots indicating that the selection of hosts was largely ra ndom. 

 
Resumen: Se realizaron inventarios de la diversidad de especies y la densidad de t odas las 

trepadoras leñosas (lianas) > 5 cm pap en tres parcelas de  una hectárea (a altitudes de 650, 200 
y 100 m) en el bosque tropical perennifolio de tierras bajas de Agumbe, porción central de los 
Gaths  Occidentales, India.  Se regi straron en total 1,138 lianas pertenecientes a 40 especies.  
La densidad promedio de l as lianas fue de 379 tallos ha -1.  Las parcelas 1, 2 y 3 tuvieron 211, 
668 y 259 lianas ha -1, respectivamente.  Sus correspondientes riquezas específicas fueron 15, 24 
y 24.  El número de lianas trepadas sobre cada árbol varió entre 1 y 3, aunque la ma yoría de los 
hospederos soportaban una única liana.  Rutaceae y Papilionaceae fueron las especies de pla n-
tas más ricas en especies de lianas, seguidas por Annonaceae, Arecaceae, Caesalpinaceae, Co n-
naraceae y Piperaceae.  Las enredaderas conformaron la mayoría (70%) de los tipos de l iana, 
seguidas de los ratanes y las trepadoras con raíces, mientras que las trepadoras con zarci l los y 
ganchos fueron raras.  Una gran proporción de los individuos estuvo representada en las clases 
perimétricas bajas en todas las par celas.  En todas las parcelas hubo una distribución agregada 
de las lianas sobre sus hospederos.  Muy pocas especies de lianas mostraron algún tipo de as o-
ciación con los árboles hospederos en las tres parcelas, indicando que la selección de hospe deros 
es en gran medida aleatoria.  

 
Resumo:  A diversidade específica e a densidade de todas as trepadeiras lenhosas (l ianas) 

com um PAP> 5 cm foram inventariadas em três parcelas de 1 ha (650 m, 200 m e 100 m de 
elevação) na floresta sempre verde das zonas baixas de  Agumbe na zona central dos Gates Oc i-
dentais na Índia.  No seu conjunto foram registadas 1138 lianas pertencendo a 40 espécies.  A 
densidade media de lianas foi de 379 caules.ha -1.  As parcelas 1,2 e 3 continham 211, 688 e 259 
lianas.ha -1, respectivamente.   A riqueza específica correspondente foi de 15, 24 e 24.  O número 
de lianas entrelaçando -se em árvores  individuais oscilou  entre 1 a 3 se bem que a maioria  das 
árvores só suportassem uma simples liana. As espécies mais representadas pertenciam à 
famíl ia das Rutacea e Papi l ionaceae seguindo-se as Annonaceae, Arecaceae, Caesalpinaceae, 
Connaraceae e Piperaceae.  As enterlaçadoras formam a maior parte (>70%) dos tipos de liana, 
seguindo-se as rotins e trepadores radiculares, enquanto as lianas com gavinha s e as trepadei-
ras enganchadoras eram raras.  A maior proporção de indivíduos estava re presentada na classe 
de perímetro mais baixa em todas as parcelas. Em todas as parcelas havia uma di stribuição  
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Introduction  

Lianas are woody climbing plants that rely on 
other plants for mechanical support.  Their axes 
have reduced amounts of supporting tissue and 
they are highly light demanding.  Lianas are a 
conspicuous and characteristic life -form in tropical 
rain forests and their high abundance is an impo r-
tant physiognomic feature differentia t ing tropical 
from temperate fo rests (Gentry 1991).  There is an 
average ten -fold difference in liana density b e-
tween tempe rate and lowland tropical forests, with 
a three -fold difference b etween the most liana -rich 
temperate forests and the most liana -poor lowland 
tropical ones (Ge ntry 1982).  Forest locality and 
type appear to influence the distribution of clim b-
ers (Balfour & Bo nd 1993; Grubb 1987).  Vari a-
tions in reproduction, dispersal, climbing methods 
or phenology strategies help in sharing gaps and 
permit eff icient resource partitioning between the 
liana species (Old eman 1990).  

A few quantitative ecological studies on l ianas 
are available from the forests of Sarawak (Proctor 
et al.  1983; Putz & Chai 1987), Sabah, East M a-
laysia (Campbell & Newbery 1993), Queensland, 
Australia (Hegarty 1989, 1990), Hunter Valley, 
New South Wales (Chalmers & Turner 1994), 
Knysna, South Africa (B alfour & Bond 1993), It u-
ri, Congo (Makana et al.  1998), Costa Rica (Li e-
berman et al.  1996), Barro Col orado island, P a-
nama (Putz 1984) and in the su btropical humid 
forest of Bolivia (Pinard et al.  1999).  Such stu dies 
are lacking from Indian fo rests, except for the two 
recent works in the forest of An amalais, Western 
Ghats (Muthuramkumar & Parthasar athy 2000; 
Srinivas & Parthasarathy 2000) and from the K a-
lrayan hills, Eastern Ghats (Kadavul & Pa r th a-

sarathy 1999).  C aballe (1998) analysed growth 
strategies of  lianas with information gat hered 
from over 400 liana species growing in 40 tropical 
forest sites in America, Africa and Mayotte, f o-
cussing on their growth strategies, anatomy and 
habitat features.  

The main objectives of the present study were 
to compare t he diversity, density and di stribution 
of lianas as well as host trees in three di fferent 
plots and to check for possible associations b e-
tween lianas and host trees.  

Study area  

The study was carried out in the tropical lo w-
land evergreen forest of Agumbe (1 3o31¡ N & 
75o06¡ E) in Dakshina Kannada district of Karn a-
taka state, I ndia (Fig. 1a).  These forests are cla s-
sified as tropical wet evergreen forests of the Di p-
terocarpus i ndicus - Humboldtia brunonis - Poeci-
loneuron ind icum type (Pascal 1988).  Champion &  
S eth  (1968) h ave classified th ese as ôw est coastal 
trop ical evergreen fo restõ. 

Three 1 ha plots, situated at different alt i-
tudes, were inventoried (Fig. 1b).  Plot 1, which 
was at an a ltitude of 650 m was the highest point 
near Agumbe town.  The plot was relatively undi s-
turbed with no signs of recent anthropogenic a cti v-
ities such as fel l ing or burning.  Plot 2 located at 
200 m, was subjected to certain degree of distu r-
bance due to illegal logging.  The pro ximity of this 
plot and plot 3 to the nearby town, Someshvara 
may have been a determining factor for such e x-
ploitation.  Plot 3 was l ocated in the valley region 
at an altitude of 100 m and there were evidences of 
litter removal, gra zing and logging.  Each year, 
forest litter is removed period ically prior t o the 

árvores só suportassem uma simples liana. As  espécies mais representadas pertenciam à 
família das Rutacea e Papilionaceae seguindo -se as Annonaceae, Arecaceae, Caesalpinaceae, 
Connaraceae e Piperaceae.  As enterl açadoras formam a maior parte (>70%) dos tipos de liana, 
seguindo-se as rotins e trepado res radiculares, enquanto as lianas com gavinhas e as trepade i-
ras enganchadoras eram raras.  A maior proporção de indivíduos estava re presentada na classe 
de perímetro mais baixa em todas as parcelas. Em todas as parcelas havia uma distribuição 
agregada de lianas nas árvores hospedeiras.  Muito poucas lianas mostraram qualquer tipo de 
associação com árvores hospedeiras nas três parcelas de estudo indicando que a selecção de 
hospedeiros era, na sua maioria, casual.  

 
Key words:  Association, climbing mechanism , diversity, forest ecology, lianas, popul ation structure.  
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onset of monsoon rains and used as organic m a-
nure for lands.  

Climate  
The climate of peninsular India is largely co n-

trolled by the monsoons.  The southwest  monsoon 

begins at Agumbe in the first week of June.  Pr eci-
pitation is much greater in the lat i tude of Agumbe.  
The mean annual rainfall in the Agumbe region is 
between 7000-7500 mm.  The rains last up to N o-
vember.  During the wet season, there is almost 
continuous cloud cover and high humidity.  The 
dry period lasts for d uration of nearly five months. 

 

Fig. 1.  (a) Locality map of Agumbe in south I ndia; (b) Distribution of the three study plots.  
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The mean annual temperature at Agumbe is 22 oC.  
During the dry season, the dom inant winds are 
from the north -east corresponding to dry trade 
winds which blow  over India.  The winds are never 
violent in these regions and the average wind v e-
locity is b etween 3.8 km h -1 and 8.8 km h -1. 

Methods  

The study was conducted within three 1 ha 
plots of lowland evergreen forest.  Each one ha plot 
was subdivided into one hu ndred 10 m x 10 m co n-
tiguous grids.  Liana stems ²5 cm gbh were ex-
amined on every tree ²10 cm gbh within the grids.  
Girth measurements of lianas were made at 1.3 m 
from their base.  Rattans were omi t ted for girth 
measurement due to practical difficulties induced 
by their spiny nature.  Voucher specimens were 
collected, identified using r egional and local floras 
(Cooke 1967; Gamble & Fischer 1915 -35; Hooker 
1872-1897; Pascal & Ramesh 1987) and lodged in 
the herbarium of Salim Ali School of Ecology, Po n-
dicherry University.  Climbers that were e ncoun-
tered were categ orized as follows:  

(a) Twiners : these include stem as well as 
branch twiners where, either the tip of the young 
stem is able to revolve so that the plant becomes 
securely wound round its supports or  the leaf bea r-
ing branches twine around the supports.  

(b) Hook climbers and stragglers : these possess 
hooks that passively assist them in climbing or 
lean on the hosts without attachment.  

(c) Rooting climbers : attachment is by means of 
aerial roots and the y cling to the su r face over 
which the plant grows.  

(d) Tendril climbers : possess organs of var ied 
morphology, sensitive to contact with a su pport to 
which they fix themselves actively, usually by cur l-
ing round it.  

(e) Rattans (climbing palms) : possess recurved 
spines, which help in attachment to su pports.  

Liana stems were recorded as individuals only 
if they rooted within the sampling grid and not 
otherwise.  All trees ²10 cm gbh, which pr ovided 
any means of support (such as the trunk or 
branches) to liana stems, were considered as hosts. 

Diversity was estimated using the Shannon 
index (H ¡) as in Krebs (1989):  

H¡ = ð ä
=

s

1i
(pi) (log2pi)  

where, s = No. of species, pi = Proportion of total 
sample belonging to i th  species 

Evenness was calculated as in Krebs (1989) :  

Evenness = 
S
Ni

 

where, Ni = eH ¡ = No. of equally common sp ecies,  
S = No. of species observed in sample 

The Jackknife estimate (Heltshe & Forrester 
1983) was used to determine the total species ric h-
ness in each of the t hree plots.  Spatial pa t terns of 
liana species with >15 individuals were a r rived at 
using the variance -mean method as per Krebs 
(1989).  The degree of inter -specific association b e-
tween lianas and hosts was also determined (Lu d-
wig & Reynolds 1988).  The ba rk texture of host 
tree species was determined and classified as (1) 
smooth and (2) rough, the su r face being scaly or 
with fissures, along with occasional flaking.  Ass o-
ciations between the diffe rent climbing types of 
lianas and rough or smooth barked natu re of host 
trees were esta blished.  

Results  

Lianas  
Density and basal area  

A total of 1138 lianas ²5 cm gbh were enum e-
rated in the three plots.  The mean liana de nsity 
was 379 stems ha -1 on trees ²10 cm gbh.  Plot 2 
had greater abundance of l ianas than the o ther 
two plots (Table 1).  The basal area of lianas in 
plot 1 was least (0.109 m 2 ha-1) whereas in plot 2 
and plot 3 they were more or less equal (0.417 
m2ha-1).  This is three -fold more than that of plot 1.  

Diversity  

Species-area curves were plotted by se quential 
summing of 100 x 10 m (0.1 ha) subplots by se r-
penting between one side to the other (as in A nna-
selvam & Parthasarathy 1999; Pa r thasarathy 
1999).  The curves va r ied for the three plots (Fig. 
2).  Only in plot 1, the curve reached an asym ptote 
at th e 1 ha scale, while it did not stab i lize in plot 2 
and plot 3.  

A total of 40 species of lianas were enum e-
rated (Appendix 1) of which three remained u n-
identified.  The Shannon diversity index was 
greatest for plot 1, intermediate for plot 3 and 
least for pl ot 2 (Table 1).  The evenness mea sures 
followed a similar trend, with plot 1 having hig h-
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er evenness.  The Jackknife e stimate of the range 
of species richness for plot 1 is 16 to 24 (var = 4.7) 
for plot 2 it is 15 to 25 (var = 4.7) for plot 2 it is 15 
to 25 (var = 6.4) and 14 to 26 (var = 9) for plot 3.  

Table 1.  Floristic comparison of lianas and host 
trees in the three study plots of trop i-
cal lowland evergreen forest in 
Agumbe, central Western Ghats, I ndia.  

 Plot 1  
650 m 

Plot 2  
200 m 

Plot 3  
100 m 

Lianas     
 Density (stems ha -1) 211 668 259 
 Number of species  15 24 24 
 Number of families  11 20 23 
 Basal area (m 2 ha-1) 0.142 0.417 0.417 
 Shannon diversity index  0.764 0.686 0.759 
 Evenness 0.650 0.497 0.550 
Host trees     
 Number of individuals  205 164 132 
 Number of species  15 25 28 
 Number of families  12 19 18 
 Percentage trees as hosts 13.0 26.2 13.2 

Similarity  

Of the 40 species encountered in the three 
plots only 10% were common to all plots. The 
number of species common to plot 2 and plot 3 
(41%) was greater than that of plot 1 and plot 2 
(22%), and plot 1 and plot 3 (19%). The number of 
unique species (occurring in only one plot) in plot 
1, plot 2 and plot 3 was 6, 7 and 8 respe ctively.  
The species composition with respect to evergreen 
and deciduous species differed in the three plots.  
There was a predominance of eve rgreen species in 
each of the plots. Deciduous species were absent in 

plot 1 and low numbers were found in plot 2 and 
plot 3.  

Spatial patterns and frequency distribution of   
l ianas 

In plot 2 the variance mean ratios were high 
for the three species irrespective of the area u nder 
consideration, suggesting clumped distrib utions.  
The spatial pat terns of species in plot 1 and plot 3 
varied at differing scales (Table 2).  

Table 2.  Spatial patterns of lianas in the three 
plots reflected by variance/mean va lues. 

 Variance/mean value and  
dispersion pattern  

Area (ha)  0.16 0.64 1.0 
Plot 1     
Kunstleri a keralense 0.50(r)  1.33(c) 1.33(c) 
Ventilago madraspatana  1.44(c) 1.14(c) 1.06(r)  
Calamus gamblei  3.32(c) 1.84(c) 1.71(c) 
Rourea santaloides 0.95(r)  1.20(c) 1.14(c) 
Plot 2     
Calamus thwaitesii  var.  
canarana  1.39(c) 1.64(c) 2.07(c) 

Ancistrocladus he yneanus 1.39(c) 1.65(c) 1.72(c) 
Smilax  sp. 1.58(c) 2.58(c) 2.56(c) 
Piper nigrum  1.52(c) 1.19(c) 1.34(c) 
Plot 3     
Canthium angustifolium  1.1(r)  1.9(c) 2.0(c) 
Alangium salvifolium  subsp. 
hexapetalum  0.9(r)  1.3(c) 1.0(r)  

Piper nigrum  0.9(r)  1.1(r)  1.0(r)  
Strychnos dalzellii  1.4(c) 1.2(c) 1.0(r)  
c = clumped, r = random  

 
 
Fig. 2.  Species-area curves for the three plots in 
Agumbe, central Western Ghats, India.  

 
 
Fig. 3.  Frequency distribution of lianas on trees ²10 cm 
gbh for the three plots in Agumbe, Western Ghats,    
I ndia.  
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The frequency distribution of lianas on trees 
²10 cm gbh (Fig. 3) shows that the number of l ia-
nas per tree ranged from 1 to 3 with most of the 
trees supporting only a single liana.  The mean 
number of l ianas per tree was 1.16 in plot 1, 1.86 
in plot 2 and 2.2 in plot 3.  When the fr equency 
distribution of lianas on host trees was compared 
with that of the Poisson distrib ution using the chi -
square goodness of fit test, there found to be 
marked de partures from ra ndomness in all the 
three plots (Plot 1, c2 = 2.58; df = 2; P <0.05; Plot 2, 
c2 = 4.8; df = 2; P <0.05 and Plot 3, c2 = 2.71; df = 
2; P <0.05).  The measures of departure from the 
Poisson distribution suggested possible clum ping 
or aggregat ion and this was corroborated by the 
parameter k of the negative binomial distrib ution 
which indicated high degrees of liana aggreg ation 
on host trees in all three plots (Table 3).  

Table 3.  Degree of liana aggregation on trees 
²10 cm gbh in the three plots  as de-
termined by the parameter k of the 
negative binomial distrib ution and the 
c2 test.  

 Plot 1  Plot 2  Plot 3  
n 1576 625 1001 
x  0.112 0.262 0.121 

s2 133.1 96.9 110.1 
k 2.52 4.94 3.96 
c2 0.96 2.23 4.43 

Girth -class distribution  

Greater proportions of individuals in the stand 
were represented in the lower girth classes in all 
the plots (Fig. 4a, b & c).  The girth -class distrib u-
tion of individual species did not vary much from 
that of the whole forest stand.  Most of the species 
had lower girth class represent ation of individuals 
and in some the higher girth classes were not 
represented at all (Fig. 5a, b, c, d, e & f).  

Climbing nature of lianas  

There was a significant variation in the nu m-
ber and types of climbers in the three plots  (Table 
4).  All the five climbing types were repr esented in 
plot 2 and plot 3 and three in plot 1.  Twiners, 
root ing clim bers and rattans occurred in all three 
plots and hook climbers t ogether with tendril 
climbers were present only in plot 2 and plot 3.  
There was a greater pr oportion of twiners in plot 1 

(88%) and plot 3 (85%) where as in plot 2, rattans 
contributed the most (61%). Among the twiners, 
Alangium salv i folium, Moullava spicata, Mimosa 
intsia, Canthium angustifolium, Paramignya m o-
nophylla  and Luvunga sarmentosa  possess spines, 
which aid in climbing.  There were only few species 
which fr equently attained canopy height and these 
included Bauhinia phoenicea, Gnetum ula, Opilia 
amentacea and Smi lax sp. 

 
 
Fig. 4 (a -c).  Girth -class distribution of liana ind ividuals 
in plots 1, 2 and 3 r espectively in Agumbe, Western 
Ghats, I ndia.  
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Fig. 5 (a -f).  Girth -class distribution of l iana species in plots 1, 2 and 3 in Agumbe, Western Ghats, India.  


