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Summary
GOTTSBERGER G. & DÖRING J. 1995. 'COPAS', an innovative technology
for long-term studies of tropical rain forest canopies. - Phyton (Horn, Austria) 35 (1): 165-173, 5 figures.- English with German summary.
A new three-dimensional technique for investigating the tropical rain
forest canopy is introduced. Its advantages comprise, but are not limited
to, coverage of a large area, non-intrusive observation, safe and comfortable access as well as minimal topographical requirements. It is intended to realize the project as soon as possible.

Zusammenfassung
GOTTSBERGER G. & DÖRING J. 1995. ,COPAS', eine neue technische Möglichkeit für Langzeitstudien der Baumkronen tropischer Regenwälder. Phyton (Horn, Austria) 35 (1): 165-173, 5 Abbildungen. - Englisch mit
deutscher Zusammenfassung.
Ein neues dreidimensionales Gondelsystem zur Erforschung der
Baumkronen tropischer Wälder wird vorgestellt. Damit sollen sichere,
möglichst wenig in die Waldstruktur eingreifende Langzeituntersuchungen im Kronenbereich möglich werden. Schwierige oder steile Geländeverhältnisse können durch unterschiedliche Mastlängen ausgeglichen werden. Es bestehen Bestrebungen, das Projekt möglichst rasch umzusetzen.

*) Prof. Dr. Gerhard GOTTSBERGER, Abteilung Spezielle Botanik (Biologie V),
Universität Ulm, Albert-Einstein-Allee 11, D-89081 Ulm, Germany
**) Joachim DÖRING, Botanisches Institut I, Justus-Liebig-Universität,
Senckenbergstraße 17-25, D-35390 Giessen, Germany

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at

Why R a i n f o r e s t C a n o p y R e s e a r c h ?
Tropical forests cover only 3% of the total earth's surface, yet they
contain more than half, or, if we agree with the newest estimations, even
up to 80% of all recent plant and animal species. Tropical forests also
contribute one third of global primary production, i.e., the incorporation of
carbon dioxide from the atmosphere into organic, carbon-containing compounds (STORK 1988, WILSON 1988, REICHHOLF 1991). In spite of their enormous importance, the destruction of rain forests by man seems to be an
inevitable process. More than 40% of the world's original rain forests already have been destroyed by deforestation (JANZEN 1988, MYERS 1991).
Burning of tropical rain forests causes enormous amounts of carbon dioxide to be released into the atmosphere (DETWILER & al. 1985, ROTHMANS &
SWART 1991, SETZER & PEREIRA 1991). This has negative effects on the
world's climate and contributes to the so-called 'global change' (PETERS
1988, Enquete Commission 'Protecting the Earth's Atmosphere' 1992,
TANS & al. 1990, ESSER 1992).

The understanding of ecological relationships in the tropics is closely
associated with the investigation of tropical tree crowns. The forest canopy
houses an extremely high biodiversity (ERWIN 1988, RIEDE 1990, BENZING
1990). The structure of trees and their crowns in space and time forms the
matrix for diversity and dynamics of the whole system. Only a thorough
knowledge of this matrix enables an understanding of the factors and
processes necessary for sustainable use of primary and secondary forests.
As interface between biosphere and atmosphere, the canopy occupies a
central function for buffering 'global change'. On the other hand, scientific
knowledge of tropical tree crowns, their biology and their importance for
atmospheric changes and for life on earth is poor. This gap is recognized at
present and there are strong efforts to improve our knowledge of this 'last
unknown continent', as documented by the 1st International Canopy
Conference in Sarrasota, Florida, USA 1994.
The success of tropical rain forest canopy studies, and thus, the indispensable improvement of our knowledge about their importance for biological processes and global change, will depend largely on the accessibility
of tree crowns and possibilities to perform intensive long-term studies.
Methods of Access to the Canopy
The general inaccessibility of tree crowns of tropical forests strongly
limits the possibilities of broad investigations (MITCHELL 1982, DIETERLEN
& NILL 1993). Simple methods consist in making observations from a distance using binoculars, picking up plant pieces or animals fallen from the
crowns, investigating cut or fallen trees, obtaining samples by shooting off
branches of trees, or, in case of insects, by 'fogging' (ERWIN 1983, ADIS & al.
1995). Although considerable knowledge about the diversity of tropical

©Verlag Ferdinand Berger & Söhne Ges.m.b.H., Horn, Austria, download unter www.biologiezentrum.at

167
rain forests has been obtained by these methods, they are largely unsuitable for long-term ecological investigations.
Quite successful are alpine climbing methods, so-called single rope
techniques, supplemented by platforms established within tree crowns
(PERRY 1978, PERRY & WILLIAMS 1981, DIETERLEN & NILL 1993). These
methods were popularized by PERRY 1986 and subsequently used and improved by several researchers (NADKARNI 1988, WOLF 1993 a-c, FREIBERG
1989, 1994). Such methods at least need well-trained sportsmen and
-women which feel safe climbing in the canopy, limiting their applicability
to a small group of persons. Moreover, because of reasons of stability, only
certain tree species can be climbed and the periphery of the crowns is
principally inaccessible even for this pioneer technique.
Better and safer access for a larger group of persons is offered by
suspension-bridges (compare DIETERLEN & NILL 1993) which are fastened
between individual trees. The possibilities of movements on such 'canopy
walkways', however, are only one-dimensional and the positioning of the
walkway depends on the structure of the trees and the forest. Besides, canopy walkways persistently influence the ecosystem by creating secondary
and artificial connections between tree individuals, which are then used by
animals, e.g. ants, and which therefore influence the dynamics of populations. Good possibilities for long-term observations are offered by permanent towers (compare DIETERLEN & NILL 1993), however, investigation is
limited to small areas and few trees only.
A spectacular method is the use of a dirigible hot air balloon carrying
a working platform which is put down onto the canopy (HALLE & GAILLARDE 1990, HALLE & PASCAL 1992). Certainly, this technique will be indispensable for fast investigation of species diversity in larger areas. Longterm ecological studies in one place, however, are difficult or impossible,
because, in putting down the platform, the periphery of tree crowns is altered by breaking branches and twigs. Animal life is also permanently
disturbed. Furthermore, access to sites underneath the platform needs additional single rope techniques and allows only punctual observations. For
the reconnaissance of the canopy by air photography also ultralight airplains have been used (VOOREN & OFFERMANS 1985), which, however, need
experienced pilots and corresponding starting and landing places.
Lately (since ca. 1990 in Panama by the Smithsonian Institution),
construction cranes are used, which are either firmly installed in one place
or are moving along rails, carrying a working gondola on the beam. Although this is a promising possibility, its disadvantages lie in a relatively
high energy requirement and in the necessity to cut a strip of forest in the
central part of the investigation area. Furthermore, a moving crane on rails
(MORAWETZ, pers. comm.), requires a completely flat area, a rare condition
in tropical forests even in the Amazon region.
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T h r e e - d i m e n s i o n a l Access to the Canopy by COPAS (Canopy
O p e r a t i o n P e r m a n e n t Access System)
Based on the experience with the above mentioned methods, a new
Canopy Operation Permanent Access System (COPAS) featuring gondolas
moveable in a threedimensional way has been developed (Fig. 1). The topography of a region is not a limiting factor as the system can be installed
in flat areas as well as on steep slopes.
The COPAS technique was conceptualized at the University of Giessen
about 5 years ago in the working group of G. GOTTSBERGER by his collaborator J. DÖRING. After the move of G. GOTTSBERGER to the University of
Ulm it is now continued as joint project of the universities of Ulm and
Giessen.

Fig. 1. At the moment the Canopy Operation Permanent Access System (COPAS) is
still a vision - but we are working hard creating the technical base for tropical canopy research (collage by H. GRAMBIHLER).
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Fig. 2. The COPAS gondola system carried by three masts drawn in perspective. The
arrows indicate the possibilities of movements in all three dimensions.

Basic Module

First Amplification

Fig. 3. The basic triangular module and possible further modules, amplifying the
study area.
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The planned COPAS gondola system (Fig. 2) is carried by three masts
and installed within a forest. Its height will always exceed the canopy. Between two masts there is a stationary supporting-rope. A second, movable
supporting-rope carries the working gondola. This rope moves with a roll
and is pushed by a tow-rope along the fixed rope, its other end being held
and stretched at the third mast. With the gondola it is possible to make
movements in all spatial dimensions, front and back, up and down, and, by
the moveable supporting rope, also to the right and left. Inside the triangle
formed by the three masts the gondola reaches every point in a three-dimensional way. Access limitations caused by the density of tree crowns
will be largely compensated for by the utilization of different sizes and
shapes of gondolas and seats and by supplementary systems such as expositors or small platforms at the masts and in the trees.
The scheduled area spanned by the triangle of the three masts and
thus, the working area of the gondola, is about 6,000 m2 (0.6 hectares). For
tropical rain forest of medium height this means access to about 200 to 400
trees with dbh (diameter at breast height) > 10 cm, inaccessible for men
from the ground. The gondola system can be amplified whenever there is
necessity and demand. With a forth mast, the area is doubled (Fig. 3), the
second half being accessible with a further gondola (Fig. 4). From the beginning the installation of two modules with a total number of four masts
is planned, also improving the distribution of static forces.
Irregular topography or even steep slopes will not limit the establishment of the COPAS system. In this case masts of different lengths give
the necessary height adjustment (Fig. 5) allowing for perfect working
conditions even in mountainous rain forest regions.
The realization of the COPAS system was taken over by an association
of German companies and the technical problems have been solved. Transport and construction of the system in a tropical place still to be determined will be realized by the construction company. A specific detailed
tender including estimation of the costs of the system was already ordered
and obtained on behalf of the Department of Special Botany at the University of Ulm. For the establishment of the system at its definite place, the
collaboration of local companies is envisaged, for example, laying the
fundaments for the masts.
To summarize, the 'Canopy Operation Permanent Access System'
(COPAS) is a system that can be established in any region at any time, and
is independent of forest height or structure. Moreover, it is integrated into
the forest without using supporting trees. It will provide scientists with the
basic prerequisites for safe and effective research, and promote long-term
studies in the canopies of tropical lowland and upland forests.
The COPAS system is unique in its flexibility and its possibilities for
crown access. It will be first installed within undisturbed forest. The as-
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Fig. 4. Two modules with a total number of four masts and two operating gondulas
installed in a forest.

sociated broad interdisciplinary research program (GOTTSBEEGER & al.
1995), will hopefully contribute to the much-needed knowledge of biodiversity and function of tropical forests, and thus create a more solid base
for sustainable forest management.

Fig. 5. Masts of different lengths providing the necessary height adjustment on a
slope.
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