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ABSTRACT 

The transmission and interception of light through the canopy is an important indicator of forest 
productivity in tropical forest ecosystems, and the amount of light that eventually reaches the forest floor 
is influenced by its interactions with leaves, branches, fruits, and flowers among many different canopy 
elements. While most studies of forest canopy light interception focus on leaf area index (LAI), very few 
studies have examined wood area index (WAI), which may account for a substantial component of light 
interception in tropical forests. The influence of lianas on the interception of light and their overall 
contribution to WAI is a potentially important factor, but it is generally overlooked because of its 
difficulty to assess. In this paper we evaluate the relative contribution that lianas have to the overall WAI 
and canopy openness as function of successional stage via a latitudinal comparison of sites across the 
Americas (Mexico, Costa Rica and Brazil). Our results suggest that lianas significantly increase WAI and 
decreases canopy openness. However, lianas were absent at all of our study sites where canopy openness 
exceeded 60%. Our data are the first to explicitly document the role of lianas in the estimation of WAI and, 
overall, they will contribute to better estimations of ecosystem level LAI in tropical environments, where 
there is a lack of data on WAI. 

© 2008 Elsevier B.V. All rights reserved. 

1. Introduction 

The transmission of incoming light through the tropical forest 
canopy, and eventually the amount of light that reaches the ground 
is influenced by a complex interaction between branches, flowers, 
other non-photosynthetic components as well as the angle and 
distribution of the leaves across a vertical profile (Kucharik et al„ 
1998; Montgomery and Chazdon, 2001; Palomakietal., 2006). Leaf 
area index (LAI) in tropical environments is used as an indirect 
measurement of such complexity. LAI is defined as one-half of the 
total leaf area per unit ground surface area (Leblanc and Chen, 
2001; Morisette et al., 2006). From a biophysical point of view, LAI 
plays an important role in our understanding of primary 
production, water balance, carbon absorption and gas exchange 
of the canopy with the atmosphere (Clark et al., 2008). From an 
ecological point of view, LAI serves as a proxy for characterizing a 
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tropical ecosystem's successional stage (i.e., differentiation 
between early, intermediate and late succession) (Oberbauer 
et al., 1993; Bonan et al., 2002; Kalacska et al., 2004, 2005a, 2005b; 
Hoffmann et al., 2005). 

Measuring LAI in tropical environments is a complex and 
difficult task (Clark et al., 2008). LAI measurements are in general 
obtained via the use of optical techniques such as digital 
hemispherical cameras and instruments such as the LICOR-2000 
Plant Canopy Analyzer (Welles, 1990; Welles and Cohen, 1996; 
Fournier et al., 2003). Actual LAI is derived from factoring total 
plant area index (Lt) by the amount of total woody material (wood 
area index (WAI)) that forms part of the canopy architecture (Chen 
et al., 1997). Based on Leblanc and Chen (2001) LAI is defined as: 

Le(l -WAI) 
LAI = Lt(l - WAI) = - 

£2 

where WAI is the wood area index representing the woody 
material contribution to the total plant area index (Lt) while Q is 
defined as the clumping factor. Q is particularly significant for 
canopies that show non-random branch elements such as conifers. 
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It can be estimated via destructive sampling or gap fraction 
analysis, both of which exceed the scope of most studies in tropical 
environments (but see Clark et al., 2008). Thus, due to practical 
reasons Q is considered to be equal to 1 in many tropical 
environments. 

The relative contributions of plant area index (Lt), WAI and LAI 
across different types of tropical ecosystems is poorly understood. 
LAI varies across the succession stages in many tropical moist and 
rainforest environments (Saldarriaga and Luxmoore, 1991; Szott 
et al., 1994; Ferment et al., 2001; Duarte et al., 2002; Lucas et al., 
2002; Kalacska et al., 2004; Liao et al., 2006). Leaf area index data 
for tropical dry forests (Maass et al., 1995; Kalacska et al., 2005a, 
2005b) or tropical savannas (such as the Brazilian Cerrado) is more 
limited (Hoffmann et al., 2005). There is a particular dearth of 
information on WAI due to the difficulties in its quantification. In 
general, accurate estimations of WAI are expensive and time 
consuming, and destructive sampling is often the only option 
available for the quantification of WAI in tropical evergreen forests 
(Clark et al., 2008). 

Work on the quantification of WAI in tropical dry forests has 
been conducted indirectly by Maass et al. (1995) at the Chamela 
Biological Station in Mexico, and Kalacska et al. (2005a, 2005b) at 
the Santa Rosa and Palo Verde National Parks in Costa Rica and the 
Chamela Biological Station in Mexico. However, for both studies, 
the contribution of lianas to WAI was not documented. Maass et al. 
(1995) quantified total WAI without making a differentiation 
between the presence or absence of liana communities, while 
Kalacska et al. (2005a) indicated the relative contribution of liana 
leaves to the LAI but did not quantify the contribution of this 
structural group to the total Lt. 

Lianas are climbing plants that suppress the growth and 
fecundity, as well as increase the mortality rates of their host trees 
(Putz, 1983; Hegarty and Caballe, 1992; Laurance et al., 2001; 
Perez-Salicrup, 2001; Perez-Salicrup et al., 2001; Schnitzer and 
Bongers, 2002; Perez-Salicrup and de Meijere, 2005). Further- 
more, lianas tend to form mat-like layers on top of the canopy, 
with branches entangled in the forest canopy (Kalacska et al., 
2007), reducing the amount of light that reaches the ground. This 
life form represents <10% of the total tropical biomass and is 
usually ignored in many forest inventories, though lianas can 
account for up to 40% of leaf productivity (Hegarty and Caballe, 
1992; Phillips et al., 2002). The significance of lianas as a 
fingerprint of climate change in tropical environments has been 
highlighted by Phillips et al. (2002), Wright et al. (2004), and 
Mohan et al. (2006), since lianas appear to respond positively to 
global climate change. 

Tropical dry forests, due to their marked seasonally, present a 
unique opportunity to document changes in WAI as a function of 
successional stage and density of liana coverage given the higher 
occurrence of lianas when compared with other tropical ecosys- 
tems (Schnitzer, 2005). Therefore, in the context of the limited 
information available from Kalacska et al. (2005a, 2005b), this 
paper examines, for the first time, changes in WAI and canopy 
openness between liana infested and non-liana infested sites 
across a latitudinal cross-section from Mexico to Brazil at two 
levels: liana vs. no liana presence and as a function of successional 
stage. 

2. Materials and methods 

2.J. Study sites 

We conducted our work in four sites with different successions 
of tropical dry forests located in Mexico, Costa Rica and Brazil 
spanning a climatic gradient of very dry forest (Chamela-Cuixmala, 
Mexico; 752 mm average yearly precipitation, 383-1393 mm 
yearly precipitation range) to transitional dry forest (Santa Rosa, 
Costa Rica; 1500 mm average yearly precipitation, 915-2258 mm 
yearly precipitation range). Tropical dry forest successions were 
defined following Kalacska et al. (2005a). 

The most northerly site, and also the driest, is located in the 
Chamela-Cuixmala Biosphere reserve (3300 ha) on the west coast 
of Mexico (19°22'N-19°39'N, 104°56'W-105°0'W) (heretofore 
named CH). High endemism and species richness are characteristic 
of this site (Lott, 1985), and forest types span from early secondary 
growth to largely undisturbed forest (Maass and Martinez-Yrizar, 
2001; Kalacska et al., 2005b). In this study, we refer to four 
physiognomically different forest types based on successional 
stage (Arroyo-Mora et al., 2005). The early successional stage (E) in 
Chamela-Cuixmala is populated entirely by Acacia sp. bushes with 
a DBH below 5 cm. The intermediate successional stage (I) is a 
secondary forest comprising a canopy with several gaps, a thick 
herbaceous understory and several vines and liana species. For the 
mature forest, we refer to two sub-types: upper ridge-top and 
Riparian. The upper ridge-top forest is largely undisturbed with a 
very high tree and liana stem densities and presence of lianas (U) 
(Table 1). The Riparian forest (R) is also considered to be relatively 
undisturbed and many of the trees and lianas are evergreen 
throughout the dry season (Rzedowski, 1978) (Table 1). In general, 
the forest in Chamela-Cuixmala is dry season deciduous, although 
differences in phenology exist between the deciduous and Riparian 
vegetation (Lott et al., 1987; Balvanera et al., 2002). 

Table 1 
Summary of canopy structure and number of sites (0.1 ha) at each geographical location. CH = Chamela-Cuixmala Biosphere Reserve - Mexico, SR = Santa Rosa National Park 
- Costa Rica, PV = Palo Verde National Park - Costa Rica. MS = Mata Seca State Park - Brazil. Regarding successional stages, E = early. I = intermediate, L = late, U = upper ridge- 
top. R = riparian. Values represent the mean ± one standard deviation. Data represents woody vegetation with stems with a DBH >5 cm. 

Location - stage Canopy height (m) No. of stems No. of species Basal area (m2/ha) No. of sites No. of sites 
CO and WAI structure - composition 

CH-MX - E N/A N/A N/A N/A 2 2 
SR-CR - E 7.5 ± 2.2 112±64 17±7 11.7 ±5.4 7 10 
PV-CR - E 7.2 ± 0.8 79 ±25 7±4 28.2 ± 18.5 6 6 
MS-BR - E 3.4 49 10 3.1 6 6 
CH-MX - I 11.0 ±2.4 146 ±104 8±6 35.7 ±11.8 4 4 
SR-CR - 1 10.3 ±3.4 130 ±35 29 ±5 21.4 ±6.8 6 10 
PV-CR - I 15.0 ±2.2 78 ±28 14±3 35.7 ±11.8 6 6 
MS-BR - 1 8.0 76 17 15.2 6 6 
CH-MX - L (U) 9.0 ± 2.2 181 ±5 31 ±12 13.2 ±2.5 4 4 
CH-MX - L (R) 20.0 ± 2.0 124±10 32 ±5 32.9 ± 3.2 3 3 
SR-CR - L 15.0 ±2.2 107 ±42 29 ±7 30.1 ± 6.5 3 6 
PV-CR - L 18.3 ±1.5 64 ±12 19±7 29.2 ± 8.1 3 3 
MS-BR - L 11.8 99 18 22.0 8 8 

Total 64 (6.4 ha) 74 (7.4 ha) 
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The second study site, and the one which receives the most 
precipitation, is the Santa Rosa National Park in the Area de 
Conservacion Guanacaste, located in northwestern Costa Rica 
(10°48'N, 85°36'W) (heretofore named SR). This area is considered 
transitional between a dry and moist forest. The uplands of the park 
are a mosaic of secondary forest in various stages of succession and 
with different land use histories and anthropogenic fires (Janzen, 
1988a, 1988b, 1988c, 2000; Kalacska et al., 2004; Arroyo-Mora et al., 
2005). We refer to three stages of succession in this study site: early, 
which constitutes a forest with a very open and patchy canopy and a 
thick herbaceous understory; intermediate, a forest with a range of 
canopy openness and high abundance of lianas; and late, which 
constitutes a canopy with two layers of vegetation: dominant 
canopy trees and shade tolerant species (Table 1). 

The third study site is located in the Palo Verde National Park, 
Costa Rica (10°21'N, 85°21'W) in the Area de Conservacion 
Tempisque, along the Tempisque River, in the NW part of the 
country (heretofore named PV). Deciduous forest is present in 
seasonally flooded lowlands and along limestone outcrops. Savan- 
nah, mesic forest, mangroves and a fresh water wetland are also 
present (Frankie et al., 1974). The average yearly precipitation is 
1353 mm with a range from 713 to 2130 mm. Cattle ranching was a 
common land use in the area from the 1920s until the 1970s when 
4800 ha were declared a wildlife refuge (Stern et al., 2002). Officially, 
Palo Verde National Park (10,000 ha) was created in 1981. As with 
the two previously described sites, we refer to different stages of 
forest succession. The early stage has a very thick seasonal 
herbaceous understory and a largely open canopy with sparse 
trees, all of which are deciduous (Table 1). The intermediate stage 
presents a heterogeneous canopy with areas comprising up to two 
layers of vegetation, a variable density of lianas, and a thick 
understory. In both the early and intermediate stages there is a high 
abundance of bromeliads, and in the intermediate stage there are 
many short-stature palms. The late stage is characterized by two 
layers of vegetation (dominant canopy vegetation and shade 
tolerant trees) with a relatively high presence of lianas and few 
canopy gaps (Kalacska et al., 2005b; Table 1). 

The most southerly site, Parque Estadual da Mata Seca 
(10,281 ha), is located in the State of Minas Gerais, Brazil, in the 
valley of the Sao Francisco River (14°48'36"S-14°56'59"S and 
43°55'12"W-44°04'12"W) (heretofore named MS). The forest is 
dry season deciduous (May-October) (Institute Estadual de 
Florestas, 2000) and receives an average of 871 mm of precipita- 
tion per year (Antunes, 1994). The park, classified as a conservation 
unit of integral protection, was created in 2000 by the expropria- 
tion of four farms and is currently managed by the Minas Gerais' 
Institute Estadual de Florestas (Institute Estadual de Florestas, 
2000). A portion (1525 ha) of the park consists of abandoned 
pasture and agricultural fields in various stages of natural 
regeneration, while the remainder of the area is secondary and 
old growth forest (Institute Estadual de Florestas, 2000). As for the 
previously described sites, we refer to three stages of forest 
succession in Parque Estadual da Mata Seca: early, intermediate 
and late (Table 1). The early stage is composed of a heterogeneous 
canopy with a herbaceous and shrubby understory, and no lianas 
have been recorded so far. The intermediate stage comprises up to 
two layers in some areas with canopy gaps in others. Lianas are 
predominant in this stage. The late stage represents mature forest 
with increased number of stems, species and a higher basal area 
than the other stages (Table 1). 

2.2. Field sampling, canopy openness and wood area index 

In all sites, living woody stems with a DBH equal to or greater 
than  5 cm  were  identified  in  plots  of 20 m x 50 m  (0.1 ha) 

(Table 1). In addition, the height of the six tallest trees was 
recorded in each plot. During the dry season, ten hemispherical 
photographs were taken inside each plot using a Pentax SR digital 
camera with a standard hemispherical lens (polar projection) to 
assess canopy openness and WAI. The photographs were taken 
based on an offset row sampling scheme (Kalacska et al., 2005a) 
and were subsequently processed with Gap Light Analyzer v.2.0 
(SFU-IES, 1999). The polar projection of the sphere was projected in 
the plot prior to any measurement to avoid overlaps and thus 
autocorrelation between the data observed via hemispherical lens. 
The presence or absence of lianas was assessed visually from each 
photograph and from field observations (Chamela-Cuixmala: 46 
lianas and 96 no-lianas photos in March 2006; Santa Rosa: 72 
lianas and 39 no-lianas photos in March 2005; Palo Verde: 21 
lianas and 84 no-lianas photos in March 2006; and Mata Seca: 66 
lianas and 60 no-lianas photos in July 2006). 

2.3. Analyses 

In each sampled location (each region), differences in mean 
canopy openness (CO) and WAI between sample points with and 
without lianas were assessed by means of an ANOVA for Santa 
Rosa, where the data met assumptions of normality and a non- 
parametric Kruskal-Wallis was used for the others (Zar, 1996). 
Overall differences in mean CO or WAI between plots with and 
without lianas regardless of location were also assessed in the 
same manner and using probability density functions. Within each 
location (i.e., CH, SR, PV, MS) we examined differences in mean 
canopy openness and WAI for across the three successional stages 
in each site, by means a t-test (with unequal variance) when the CO 
or WAI met the assumption of normality, while the Wilcoxon rank 
sum test was used for the others. At all sites (CH, SR, PV, and MS), 
there were only two successional stages in the comparison 
(intermediate and late for CH, PV, MS) because there were no 
lianas observed in the early stage. For SR, no lianas were observed 
in the late stage; therefore the comparison was only with the early 
and intermediate stages. Significance was assessed at the P <0.05 
level. The relationship between WAI and CO was examined by 
means of least squares linear regression. All statistical analyses 
were performed withJMP* v. 5.1 (Statistical Discovery from SAS). 

3. Results 

3.1. Overall latitudinal changes 

Results from the latitudinal cross-sequence of tropical dry 
forests in the Americas (Table 1) indicate that in general, sites with 
lianas have a higher WAI than sites without lianas. Wood area 
index ranged from 0.19 (MS) to 1.82 (PV) in sites with lianas and 
0.0 (MS) to 1.82 (PV) in sites without lianas. The average for WAI 
across all sites with lianas is 0.70 ± 0.31 S.D., in comparison to sites 
without lianas at 0.51 ±0.34 S.D. (x2 = 55.10, P< 0.001, Fig. 1). In 
both cases the probability density function for sites with lianas and 
without lianas are different (Fig. 1). These results presented in Fig. 1 
support the hypothesis that sites with lianas will present higher WAI 
values. 

Canopy openness was found to be a strong predictor of WAI in 
all locations (Fig. 2), with different relationships existing for sites 
with and without lianas. The average canopy openness across (CO) 
all sites with lianas was 46.9% ±10.5% in comparison to 
57.6% ± 15.9% in sites without lianas (x2 = 62.53, P < 0.001). Canopy 
openness ranged from 20.1% (PV) to 73.6% (CH) in sites with lianas in 
comparison to 20.0% (PV) to 98.0% (PV) in sites without lianas. Lianas 
were not observed above a canopy openness of 60-75% in any of the 
sites studied. 
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Fig. 1. Standard probability functions for wood area index for sites with and without 
liana coverage. Probability density functions are for data from all sites measured in 
Mexico, Costa Rica and Brazil. Solid lines represent liana infested plots and dash 
lines represent non-liana infested plots. 
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Fig. 2. Standard probability functions for canopy openness for sites with and 
without liana coverage. Probability density functions are for data from all sites 
measured in Mexico, Costa Rica and Brazil. Solid lines represent liana infested plots 
and dash lines represent non-liana infested plots. 

3.2. Regional differences 

For Chamela-Cuixmala, when all data are considered (Figs. 3a, 
4a and 5), sites with lianas have a significantly higher WA1 
(X2 = 18.52, P < 0.001) and less canopy openness (CO) (x2 = 20.67, 
P < 0.001). At the successional stage level, the same trend is seen in 

the late (CO: Z = -3.43, P < 0.001, WAI: Z = 3.34, P < 0.001) stage, 
but not in the intermediate (CO: Z= 1.44, P = 0.15, WAI: Z= 1.27, 
P= 0.21). Lianas were not present in the early stage. 

For Santa Rosa, when all data are considered (Figs. 3b, 4b and 6), 
similar to Chamela-Cuixmala, sites with lianas have a significantly 
higher WAI  (F= 52.59, P< 0.001) and  less  canopy openness 
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Verde National Park, Costa Rica (c); and Parque Stadual de Mata Seca, Minas Gerais, Brazil (d). Solid lines represent liana infested plots and dash lines represent non-liana 
infested plots. 
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(F = 36.21, P< 0.001). At the succession stage level, the same trend 
was seen for both the early (CO: Z = -3.65, P = 0.03; WAI: Z = 3.76, 
P< 0.001) and intermediate succession stages (CO: 2 = 221, 
P= 0.02 WAI: Z= -2.79, P= 0.01). Lianas were not present in the 
photographs from the late succession stage. 

For Palo Verde, when all data are considered (Figs. 3c, 4c and 7), 
WAI is greater (x2 = 6.33, P = 0.012) and canopy openness is lower 
(X2 = 6.21, P= 0.013) for sites with lianas. At the succession stage 
level, canopy openness is also lower for sites with lianas in the 
intermediate stage (Z= -2.0l,P= 0.04) while there is no difference 
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Fig. 5. Relationship between canopy openness (%) and WAI for Chamela-Cuixmala, 
Mexico (b). Open circles and solid line represent data points with lianas. + and 
dotted line represent data points without lianas. Ellipses represent 95%. Inset: Mean 
and one standard deviation for canopy openness (%) and WAI. 
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Rica (b). Open circles and solid line represent data points with lianas, + and dotted 
line represent data points without lianas. Ellipses represent 95%. Inset: Mean and 
one standard deviation for canopy openness (%) and WAI. 
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line represent data points without lianas. Ellipses represent 95%. Inset: Mean and 
one standard deviation for canopy openness (%) and WAI. 
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Fig. 8. Relationship between canopy openness (%) and WAI for Mata Seca, Brazil (b). 
Open circles and solid line represent data points with lianas, + and dotted line 
represent data points without lianas. Ellipses represent 95%. Inset: Mean and one 
standard deviation for canopy openness (%) and WAI. 

in WAI (P> 0.05), nor in either canopy characteristic in the late 
stage (P>0.05). No lianas were present in the early succession 
stage. 

In Mata Seca, differences are observed in WAI and canopy 
openness between sites with and without lianas when all data are 
considered (CO: /2 = 41.45, P < 0.001; WAI: x2 = 45.87, P < 0.001) 
(Figs. 3d, 4d and 8). Differences are also observed at the succession 
stage level: intermediate (CO: Z= 5.29, P< 0.001; WAI: Z= 5.54, 
P < 0.001) and late succession stages (CO: Z = 3.28, P = 0.001; WAI: 
Z= -3.26, P = 0.01). No lianas were observed in the early 
succession stage. 

4. Discussion 

Tropical dry forests are ideal study sites for examining the 
contribution of lianas to wood area index and provide a unique 
opportunity to gain important insights on how WAI changes as 
function of successional stage in tropical forests because canopy 

deciduousness and the high density of lianas (Schnitzer, 2005). As 
forest disturbance and land abandonment result in more land- 
scapes dominated by secondary, liana-dense dry forests, a better 
understanding of how changes in WAI affect forest structure is 
necessary to quantify diverse ecological processes (e.g., regenera- 
tion and ecosystem composition), as well as a tool to better 
characterize parameters needed by terrestrial biosphere models 
applied to quantify carbon sequestration under different climate 
change scenarios. 

Wood area index represents an important component of 
accurate estimations of LAI in tropical environments. Our study 
has documented that, in general, lianas increased WAI with 
succession in tropical dry forest sites and that canopy openness can 
be used as a good indictor of their presence for tropical dry forests 
environments. Figs. 4-7 indicate that, for the majority of sites 
studied, lianas are present in sites with a canopy openness of 75% 
or higher, which are mostly early and intermediate successional 
stages. This represents an interesting finding which needs to be 
validated in other sites and ecosystems. 

We hypothesize that lianas are more dominant in the 
intermediate succession stage as a result of the smaller stature 
of the canopy and that the species composition observed in this 
stage is a mix of the fast growing pioneers, dominant canopy trees 
and shade tolerant trees (Kalacska et al., 2004), creating therefore, 
an excellent environment for liana growth and development due to 
the amount of large canopy gaps not present in the Late stage. The 
majority of the sites considered "intermediate" based on their 
structure have also been either completely or nearly completely 
cleared in the past for other land uses or have been extensively 
disturbed by events such as anthropogenic fires (Kalacska et al., 
2004, 2005b), in addition none of the sites are used for human 
activities such as the extraction of liana or tree wood for fuel or 
charcoal production. 

The canopy of all the intermediate succession stage examined 
in this study is patchy in comparison to the late stage, which tends 
to have fewer lianas across all sites in the Americas. Lower liana 
abundance in late sites may result from low light availability that 
may constrain liana establishment and growth as the canopy 
closes due to tree growth (Dewalt et al., 2000). The canopy in the 
late stage is more homogeneous with fewer canopy gaps; lianas 
preferentially inhabit canopy gaps and disturbed areas (Schnitzer 
and Bongers, 2002). In the later succession stages however, there 
are taller dominant canopy trees in the upper stratum and more 
shade tolerant species in a second stratum below (Kalacska et al., 
2004), which may increase energy costs for liana growth as tree 
height increases (Baars et al., 1998). In addition, the late stage; 
while having been disturbed by activities such as selective logging, 
cattle or anthropogenic fires, it had not been completely cleared 
(Kalacska et al., 2004,2005b). The one exception is the upper ridge- 
top forest in Chamela-Cuixmala (undisturbed forest) which has a 
higher abundance of lianas when compared with all other sites. 
The canopy of this forest however is only 9 ± 2.2 mtall; shorter than 
trees in the intermediate stages at other sites in the Americas 
(Table 1). The study area in Chamela-Cuixmala is also the driest. We 
believe that both factors (tree height and climate) contribute to this 
unique characteristic of the late stage (upper ridge-top) in Chamela- 
Cuixmala, although it follows observations presented by Schnitzer 
(2005) which indicates that across the tropics drier sites will have a 
higher density of lianas. 

Our findings using WAI and CO as proxies, also confirm the 
assertions of Dewalt et al. (2000), who suggested that liana 
presence will be more dominant in earlier successional stages than 
in old growth as a result of greater canopy openness (see above). 
This result is supported by the finding that lianas are not present in 
plots with a canopy openness higher than 60-75%, which is typical 
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of early successional dry forests and many later secondary dry 
forests as well (Figs. 6-8). 

Our results suggest general ecological trends in terms of how 
WA1 changes as a function of successional stage (Table 1). Overall, 
the earliest stage of regeneration is not greatly affected by lianas 
and the majority of WAl is from trees. In the intermediate stage 
however, lianas are an important element, contributing to a 
canopy that is more closed than would be the case if lianas were 
not present. In fact, WAI in liana-dominated plots of the 
intermediate stage can be as high as 1.82 while areas without 
lianas have more moderate values (i.e., below 1.3). 

Finally in a broader context, our results present new and 
important information that can be used to better calibrate 
terrestrial ecosystems models that depend on LAI as an input 
parameter (Abuelgasim et al., 2006). Current LAI datasets produced 
by NASA's Moderate Resolution Imaging Spectroradiometer 
(MODIS Version's 4 and 5) that are widely used in the literature 
for model validation, lack corrections for WAI (Knyazikhin et al., 
1998). Since worldwide WAI information is still limited, the 
information and ranges of variability provided in this study open 
the door for the possibility of further corrections on LAI 
estimations, which, in turn, will enhance the accuracy of terrestrial 
ecosystem models of climate change. 
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