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The Atlantic Forest is one of the most endangered rainforests 
on earth, of which remains about 7% of its original extension. 
Misiones Province in Argentina and neighboring areas of Brazil 
and Paraguay contain the “Green Corridor”, the largest rem-
nant of this forest. 
 This area and the rest of Atlantic Forest are rich in na-
tive bamboo species, some of which may colonize disturbed 
sites and become the dominant species (Judziewicz et al., 
1999). Bamboos are woody grasses that have dramatic and 
far-reaching impacts on the diversity and productivity of the 
forests in which they are found (Griscom and Ashton 2003, Saha 
and Howe 2002). 
 In Argentina, woody bamboos of the genus Chusquea 
and Merostachys form impenetrable thickets in gaps and open 
canopy areas (Tabarelli and Mantovani, 2000; Campanello et 
al, in press). Especially the bamboo Chusquea ramosissima can 
be an aggressive colonizer after human disturbance. It is able 
to spread rapidly through leptomorph rhizomes while forming 
dense clumps that could inhibit tree regeneration by changing 
environmental conditions (Campanello et al, 2007a; Montti, 
unpublished data).
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 This project, join with my PhD thesis, tries to elucidate 
how biotic and abiotic factors, including bamboo colonization 
of the understory, affect the regeneration of tree forest species 
by contributing with basic information on the ecology, forest 
dynamics and coexistence of bamboo grasses. Also, this project 
intends to assess important factors that determining the inva-
sive behaviour and success of bamboo. Field work was carried 
out at the Iguazú National Park, where the dominant vegetation 
corresponds to the semideciduous forest, commonly denomi-
nated Upper Paraná Atlantic Forest or Misiones Forest (Figure 
1). The average annual precipitation is 2000 mm, evenly distrib-
uted throughout the year and the average annual temperature 
is 21º C. Soils belong to the order of the Ultisoles (Kandiudultes 
ródicos); developed from a basalt layer, they are deep to very 
deep, and their colour is an intense dark red (between 25YR 
3/4 colour in dry and 25YR 4/6 colour in wet) (Ligier et al., 
1990; Montti, in press). 
 The Iguazú National Park constitutes a distinct and 
unique protected area, not only because of the intrinsic value 
and beauty of its scenarios (the Iguazú falls), but also for being 
one of the biggest and most diverse protected areas in Argenti-
na, that is connected to other protected areas (Urugua-í Provin-
cial Park, located in Misiones Province and Iguaçu National Park 
in Brazil). However most of the native forest in Argentina, even 
in actual protected areas, was subjected to selective timber 
extraction and gaps are commonly covered by bamboo.
 During the fi rst part of this project, we studied forest 
structure and dynamics as affected by bamboo grasses inva-
sion. We measured bamboo and tree seedlings and saplings 
abundance and growth, microclimatic conditions, nutrients, 
light and water availability for plants species. In order to as-
sess factors contributing to the invasive behavior and success 

of bamboo we are also studying bamboo 
population ecology and ecophysiology. 
 We planted two bamboos species 
on 40 already fertilized permanent plots 
in the National Reserve of the Iguazú 
National Park (Figure 2). These plots were 
installed to study nutrient control over 
ecosystem processes and plant ecophysi-
ology. Plots are subjected to 4 nutrient 
treatments (N, P, N+P, and Control) in 
2 contrasting light situations in the for-
est environment (gaps and closed-canopy 
sites). During 2005-2006 we measured and 
harvested plants under treatments and we 
estimated growth rates for both bamboo 
species, as well as physiological and mor-
phological characteristics of bamboo that 
determine their ecological success. 
 The objective of the second part of 
this project, started on October 2005, was 
to apply restoration techniques to a de-Figure 2.



graded primary forest inside the Iguazú National Park. The prac-
tices we proposed for this area were strictly based on scientifi c 
knowledge of ecosystem functioning and processes. Some of 
the activities involved bamboo cutting and removal from gaps, 
promoting sun adapted native tree species, and studying ani-
mals that may help in seed dispersal of forest species. The 
study area was subjected to severe selective extraction before 
the National Park was created 70 years ago. The restoring plots 
cover 4 hectares and other 4 contiguous hectares are used as 
control for monitoring purposes. Plots are being installed ac-
cording to MAB-UNESCO program for permanent plots (Dallmei-
er 1992) (Figure 3).
 During 2007 we will fi nish the restoration experience and 
during 2008, with the help of the National Park Administration, 
we are planning to implement a demonstrative and educative 
area in the plots. Given that this area is very accessible for 
people visiting the National Park (around 1 million visitors a 
year), this project is an excellent opportunity for interacting 
and developing relationships with local community throughout 
the region and showing scientist’s work, and also for helping to 
recognize forest intrinsic value and promote its conservation. 
 The information obtained from this project joints with 
those of other works that we are carrying out in the same area, 
in order to contribute to the understanding of the Atlantic For-
est dynamics and functioning. This knowledge is basic not only 
for the management of protected areas but also for developing 
strategies of sustainable use of Misiones forests.
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Permanent collaborators
Dr. Guillermo Goldstein (research advisor), Dra. 
Paula Campanello, Dra. Susana Bravo, Dra. Genove-
va Gatti and Lic. Ana Sallenave (student of Univer-
sity of Buenos Aires, conducts her PhD thesis in the 
restoration plots).

Other Staff:
Biologists, and students of different Universities 
from Argentina and other countries participated in 
the fi eld activities of this project since 2005-2006. 
This experience contributed to their professional 
development.
Collaborators of the last year: 
Larraburru Diego (forest engineer),
Villagra Mariana (biologist),
De los Santos Carolina (student of University of 
Misiones, she made her degree thesis in this project 
plot),
González Mauricio (local assistant),
Foletto Fernando (park ranger),
Camposano Mónica (pemanent assistant from Centro 
de Investigaciones Ecológicas Subtropicales (CIES), 
Iguazú National Park),
Pereyra Lorena (park ranger assistant),
Christine Scoffoni (biology student of University Paul 
Cezanne, France).

Institutional affiliations and collabo-
rations
All permanent collaborators and I belong to the 
Laboratorio de Ecologia Funcional (Universidad de 
Buenos Aires) and the Argentine National Council of 
Scientifi c and Technological Research (CONICET). I 
am enrolled in the Doctoral program in Biological 
Science of Universidad de Buenos Aires (UBA). Dr. 
Guillermo Goldstein is the director of this research 
team, and he is also professor at the University of 
Miami. Dra Susana Bravo is professor at the Univer-
sidad de Buenos Aires and Ana Sallenave’s advisor. 
Dra. Paula Campanello and Dra Genoveva Gatti are 
postdoctoral fellows of CONICET. Ana Sallenave is ac-
tually enrolled in a doctoral program at the Univesi-
dad de Buenos Aires. Her thesis research attempts to 
understand the role of seed dispersal in maintaining 
tree species diversity using as a model the dispersal 
system of animal-dispersed tree species. Her study 
will provide complementary information to this proj-
ect by contributing data on the spatial patterns of 
seed dispersal by animals, the mechanisms produc-
ing them and their recruitment consequences. She 



has recently started fi eldwork at the restoration project plots, 
where she is using a combination of observational and experi-
mental methods to identify the main mammalian frugivores, 
determine their movement and seed deposition patterns and 
monitor their impact on seed germination and seedling survival 
in restored and control areas. From the very beginning the proj-
ect has been supported by different governmental scholarships, 
free lodging during our work was provided by the APN and by 
funds from Rufford Maurice Laing Foundation. Moreover, some 
researchers from different institutions, as Dra Ximena Londoño 
(Colombian bamboo researcher), Patricio Mac Donagh (Univer-
sidad de Misiones), Dalva Ribeiro (Universidade de Brasilia) and 
Margarita Osterrieth (Universidad de Mar del Plata), collaborat-
ed with valuable suggestions and observations about our work. 

Between the most evident infl uences of the selective tree ex-
traction are the reduction of the arboreal cover, the population 
diminution of timber species and a high proportion of individu-
als in the smaller diametrical classes. Notably, we registered 
big gaps invaded by Chusquea ramosissima and Merostachys 
clausenii. Woody bamboos are an important component of the 
Misiones Forest, with 6 native species: Guadua chacoensis, G. 
trinii, Merostachys clausenii, Colanthelia rhizanta, Chusquea 
ramosissima and Ch. tenella.
In the study site bamboo density was very high in forest gaps 
having 16,000 to 20,000 culms of Ch. ramosissima per hectare. 
These culms formed a dense, 2-3 meters height stratum in the 
understory, and the established saplings (trees more than 30 cm 

Main Results

Figure 4.



height and less than 10 cm of DAP) reached 16,166 indi-
viduals by hectare. 
 Native invasive species such as Ch. ramosissima 
intercept radiation in gaps reducing light availability to 
other plants. Its absence by artifi cial removal signifi cant-
ly increased radiation at 0.7m height above ground level 
(Figure 4).  Also, this change affected growth, mortality, 
ecophysiology and diversity of tree saplings. The high-
est values of tree species richness and abundance were 
observed at 10 to 15% of total radiation and low bamboo 
density. The relation between Ch. ramosissima and tree 
sapling density is shown in Figure 5. Tree saplings were 
scarce at high bamboo densities. At low bamboo densities 
tree sapling abundance could be high or low depending 
on particular site conditions (i.e., tree cover, abundance 
of other invasive species as herbs and ferns). 
 Bamboo removal did not produce any changes in 
water and nutrient availability. Consistently with these 
results, nitrifi cation, amonifi cation and net mineraliza-
tion rates were similar in sites with and without bamboo. 
Chusquea ramosissima aerial biomass has very low de-
composition rates compared to other species abundant in 
the forests of Misiones (Table 1).

  Table 1. Expected time (years) for 50% and 95% loss of 
biomass from different species and plant material.

Figure 5.



We observed that Chusquea spp. showed different morpho-
logical and spatial patterns depending on light availability. In 
open areas this bamboo species grows fast and occurs in big 
and dense clumps of low erected culms, but in shadow condi-
tions it forms little clumps with long and thin culms. Nutrient 
addition did not produce signifi cant differences in any bamboo 
traits. We are still analyzing the ecophysiological results and 
we are performing some complementary studies. Up to now, 
we have determined that Chusquea species, as other bamboos, 
are C3, light demanding and have lepthomorphic rhizomes. Its 
photosynthetic capacity, estimated using PPFD (Photosynthetic 
Photon Flux Density) was remarkably low, even under no re-
straining light and nutrients conditions, with values between 60 
and 80 mol m-2 s-1 PPFD (Montti, unpublished data). Bamboo’s 
physiological studies are scarce (see Cochard et al., 1994; Lei & 
Koike, 1998). Nevertheless, accordingly to theses authors, our 
results support the idea that photosynthetic rates seem to be 
low in relation to the high growth rates and colonizing capacity 
of bamboos.
 During our study we observed that Chusquea spp. photo-
synthetic capacity is similar to shadow tolerant tree and palm 
species (Gatti, 2005; Campanello et al., 2007b). Although, its 
high growth rate and aggressive behavior could be due to its 

structural and physiological traits as determine in this project: 
long life-span perennial leaves, photosynthetic tissue over the 
culms, substances stored in lepthomorphic rhizomes, an good 
water transport system and an effi cient repairing mechanism of 
embolized vessels. Based on personal observations of Chusquea 
spp. leaf gutation during sunset and sunrise, we propose that 
the main repairing mechanism could be the generation of posi-
tive root pressures. We are conducting studies to determine if 
this is the case. 
 We divided each hectare of the restoration area in 
20mx20m plots in order to facilitate measuring. In all plots we 
identifi ed, measured and labeled trees over 10 cm DBH (stem 
diameter at 1.3 m high). We put a dendrometer in each tree to 
measure the annual circumference increment. We established 
smaller plots in order to estimate bamboo and other understory 



species abundance and identify new seedling and 
saplings over 30 cm height. Since 2006 we have 
been measuring solar radiation and other micro-
climatic variables (temperature, water availabil-
ity). All these data are been analyzed. These plots 
are also used by other researchers from CIES-APN 
(National Park Administration) in order to monitory 
different kinds of environments inside the Iguazú 
National Park. 
 The study area belongs to a very disturbed 
forest with a basal area of 14,5-24 m2/ha and 92% 
of trees with DBH less than 40 cm. We registered 
between 45 and 60 different species per hectare. 
The most abundant were Nectandra megapotami-
ca, Balfourodendron riedelianum, Guarea pohlii,
Alchornea iricurana and several Myrtaceae species. 
In table 2 we compare forest structural attributes 
from restored (block1) and control (block2) plots.
 One remarkable consequence of this proj-
ect in terms of conservation of National Protected 
Areas in Argentina is that the National Park Ad-
ministration (APN), through an internal disposition 
(DRNEA Nº187/05, 11/01/06), accepted active 
management indispensable for recovering dis-
turbed areas and declared our project as “of im-
portance for the Iguazú National Park research and 

environmental signifi cance.”.

Table 2. Forest structural attributes from restored (block1) and 
control (block2) plots.
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