TREE
ARCHITECTURE
AND SECONDARY
FORESTS IN
ARARACUARA.
THE USE OF A
NEW
METHODOLOGY

Introduction

An important issve in the Tropenbos-
Colombia programme is manage-
ment of nutu:::ﬂ resources in areas
with an indigenous population. One
of the projects in this context is fitled
‘Tree architeclure ond seconda
forests in Araracuara, Colombia’, ?
nanced by the Dutch Canopy
Foundation (Stichting Het Kronen-
dok] and Tropenbos. The project
generates knowledge on forest re-
generation after agricultural land use
by indigenous people along the
Caquetd river in the Amazonian low-
land rain forest. In this article the
rather unknown methodology is de-
scribed and its potential is shown
through the presentation of some re-
sults.

Architectural studies

Most vegelation or forestry re-
searchers study a set of vegetation
characteristics such as stem diame-
ter, species composition or biomass.
Usually, these characteristics are
measured and the values are calcu-
lated, averaged and compared over
hectares or square meters. In this
way, certain overall features of the
studied wvegetation can be under-
stood, such as biclogical diversity or

plant mass. In these non-architectural
studies, the distribution of the mea-
sured objects in the ecosystem is av-
eraged away and artificial compart-
ments are made. Much spatial infor-
mation and the relations between or-
ganisms is lost because it is impossi-
ble to retrace the steps. Therefore,
this kind of abstraction is a one-way
process. This process is illustrated in
the figure below, showing that it is
impossible to reconstruct the real
spatial distribution of trees from the
abstract bar diagram. The vegeta-
tion (left hand side of drawing) is
translated into pixels (middle of
drawing) which are numerically as
sessed and averaged in calegories
[right hand side of drawing).

the landscape scale, a method was
developed in the 1930's by the
French-Swiss  school of Broun
Blanquet. This method describes and
names similar parts of the land-
mc:fe. Available species, climate
and soil determine the character of
the vegetation units. The spatial or-
ganization of the units or landscape
pattern is drawn on a map inferpret-
ing colour, texture and structure from

satellite  images or aerial pho-
tographs.
About the same time, German

botanists wrote about patterns in the
branching of trees. Several decades
later, 24 different branching patterns
were described and named (Hallé

and Oldeman, 1270; Bell, 1921). It

[ustration of the ane way precess in non-orchitectural studies

Architectural analysis looks at the
vegetation in another way. From the
outset, it focuses on the spatial rela-
tionships in a tree, between individ-
val frees and between Irees and oth-
er organisms. Within a tree for in-
stance, the real branching pattern is
mapped as clearly as possible by
making drawings fo scale in the
field. Between Irees, architectural
analysis focuses on characteristics
like the position a species occupies
during its lifecycle in relation to other
frees.

The scale of observalion depends on
the different research questions. For

was found that these ‘tree models’
were related to both genetics and
environment. Also the spatial organi-
zation of a paich of F';resf can be
drawn to scale, inferpreting structure
and recognizable tree models in the
field. From these drawings it can be
seen that also spatial organization is
adaptive to the environment.

Architectural methods do not re-
place, but complement other meth-
ods used in vegetation studies. The
methods are particularly useful for
management, because Ir:a;.r allow a
manager to make decisions on spe-
cific, ‘'mapped’ situations that con-
serve ecological complexity.




Tree architecture and the
environment of trees

Like all organisms, plants are adapt-
ed to a certain environment. The di-
rect environment of a tree is the for-
est paich.

Any forest in a well-defined environ-
ment and at a welldefined moment
in its development is @ mosaic of for-
est palches in different development
phases. Any patch in its turn is struc-
tured by trees of different species.
Many other organisms are related to
the same palch, but it is the trees that
give it ifs structure. Some Iree
species complete their life cycle in
on early stage of palch develop-
ment. Other species persist over sev-
eral successive phases, or appear
later. A patch is characterized by
the presence or absence, and phase
of development of the species that
shape the patch.

Tree species with a short life cycle in
potch development usually form
large but shortlived patches. Such
species are commonly called pio-
neer species. The term pioneer refers
to the lemperament of these trees.
Tree temperament is an old Euro-
pean forester’s term indicating ‘the
set of growth-and-development reac-
tions shown by o tree towards its en-
viranment  during its  life-cycle’
[Oldeman and van Dijk, 1991). For
example, it a Cecropia species
grows fast in @ sunny, open spot its
growth rate is an aspect of its tem-
perament. Other species would dry
out and die in such places. Archi-
tecture and development of Irees are
directly related to this temperament.

The set of architectural characteris-
tics expressed by one single free
species during its life cycle can be
described in a sequence of drawings
showing the branching pattern in dif-
ferent phases of ils development.
This sequence of drawings is called
an architectural diagram.

The notion that temperaments can be
described by architectural and de-
velopmental characteristics is impor-
tant, It implies that two species with
the same set of characteristics can
reploce each other in their structur-
ing role in the forest. If the sets of
characteristics differ per tree species
it can be expected that mixed forests
only develop harmoniously when the
sets match perfectly. Two different
species match for instance when one
of the species produces a low crown
that can stand the shade of the other
which forms a high crown.

In the secondary tropical rain forest
in Araracuara we disfinguish two
groups of pioneer species. The first
group is formed by species occupy-
ing the highest positions in the grow-
ing canopy. This group is dominated
by several Cecropia species with
similar temperaments. Their only dif-
ference is the fime they survive in the
uvpward growing canopy. Some
species disappear early, others sur-
vive longer. Meanwhile, the canopy
they form grows higher. Another pio-
neer species in the upper canopy is
Jacaranda copaia ssp. spectabilis.
This group is characterised by big
leaves, and rapid unbranched
growth over the first 4-10 meters,

The first group of pioneer species
does not form a closed canopy. In
the canopy openings o second
group appears. Initially, this group
seems rather homogeneous, with an-
ly two branching models. One
branching model, shared by Vismia
macrophylla  and  several Inga
species, shows a bent trunk and
branches with leaves on both sides
spreading like a fan or feather. The
other model is represented by
species like Vismia glaziovii, V.
fapurensis, Miconia poeppigii and
M. minutiflora. Their trunk grows up-
right with many branches, easily
shed. During the first 10-15 melers
of height growth the first mortality

occurs. It concerns individual trees in
a slightly disadvantaged position. It
appears that all species of this grou
have the same probability of decﬂE
in this development phase. Their
death does not depend on the
species characteristics, but on their
position in the forest. Miconia poep-
pigii for example, can live much
longer and grow much larger than
Vismia glaziovii. We should say that
species in this group are temporarily
interchangeable.

Above the level of 10-15 meters, dif-
ferentiation takes place, most sirik-
ingly in the group of Vismio
glaziovii, V. japurensis and Miconia
poeppigii. Vismia gloziovii disap-
pears.

From then on Vismia jopurensis and
Miconia poeppigii differ in branch-
ing characteristics. As a result, they
differ in their position in the forest
patch. Miconia poeppigii grows on
to form a canopy at about 2025
meters. Vismia japurensis never
reaches the height of Miconia poep-
pigii, and only takes part in canopy
formation if there is encugh space.
This is seen in the figure below,
which illustrates the modelled devel-
opment of secondary forest after

Secandory vegetation with one yeor old
Cecropia fieilolio [Moraceas)




slash and burn on the low terrace of
the river Coquetd. The model is
based on development sequences of
some important species and transect
drawings in the succession. Species
densities and undergrewth (indicat-
ed with a broken line] are hypotheti-
cal. Some interactions between
species are included, e.g. Vismia
japurensis without open space (on
the right hand side) and with open
space [on the left hand side).

At @ landscape scale the extension,
Ft}rrn und - GHE‘FI O‘I’EFIWkEd — rBICb
tion between different vegetation
units should be taken into account in
the selection of nature reserves.
Vegetation units do not stand alone.
They are mutually related by
processes and dynamics. In the
Middle Caquetd, for instance,
Duivenvoorden and Lips (1993) and
Urrego (1994] showed that land-
scape units are related to past and
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Practical implications

How can architectural analysis con-
tribute to the practice of forest man-
agement and conservation? It con-
tributes knowledge on the organizo-
tion of a forested ecosystem and the
inferactions between its parts, which
can be used in the selection of con-
servation areas or in the design of
silvicultural systems,

present influences of the river
Caquetd. The river has changed,
and thus keeps changing the size,
form and position of landscope
units,

Al the scale of forest patches, devel-
opmental dynamics of a single tree
can never be regarded without con-
sidering its direct environment
(Oldeman, 1920; van Hees and van
Meel, 1993). The architectural dia-

gram shows the inherited potential
of a tree for branching, but the envi-
ronment selects one version of that
branching pattern. Therefare, the ar-
chilectural diagram is a useful instru-
ment for the analysis of trees in their
envirenment. Frem a forest transect
drawn lo scale, including branching
patterns,  the  mutval  influences
among frees are easily read, By just
depicting crown sizes or volumes,
this is net possible.

Many forms of management directly
influence trees in their environment.
A planted tree is influenced by other
trees, planted or spontanecusly ger-
minating around it. The level at
which dynamics and processes
should be understood is the tree and
its direct environment.

Architectural analysis  should be
used in forest management, which is
illustroted by the development of the
secondary forest near Araracuara.
We observed how an open space in
the canopy permits Irees af Vismia
japurensis to survive longer under
dominaling Miconia poeppigii than
without the open space. This seems
evident. However, os a conse
guence, these two species can only
co-exist up to a cerlain moment in
the dwelopment of the pr;:rr;l'l withaut
the constraint of openness. On the
other hand Miconia poeppigii and
M. minutiflora can easily co-exist
throughout their existence in one
and the same patch. They can be in-
terchanged in the pateh. Obser-
vations of this type and their explo-
nation are crucial for ratienal man-
agemen! of the forest, because the

design of mixed forests becomes fea-
sibla.

An example is a former agricultural
field which is destined lo preduce
hardwood of Brosimum rubescens.
The red hardwood of this species is
extracted in large quantities from the
primary forest around Araracuara.
From a viewpoint of forest and
species development, it is not advis-




able to plant young frees of this
species in an open field. The species
shows a very flexible branching tem-
ﬁerurnenf l:ll'ld Wﬂuld dE‘\"Btﬂ‘P a
ushlike habit in the open field. To
develop a valuable trunk it needs to
be surrounded continucusly by other
trees. However, these should not ob-
struct its growth in height and its up-
take of energy and nulrients.
Traditionally this was achieved by
planting many Irees of the same
species close together and by regu-
lar thinning ~ cutting down part of
the trees at regular intervals - to give
lhE CIH']ETE gmduu"}l’ more .'&FI‘UCE.
In tropical rain forest monocullures
lead to many ecological problems,
and maintenance of species diversity
is preferred. But, how lo arrange dif-
ferent species in such o pattern that
the desired resulls can be obtained?
For many species around Arara-
cuara we developed architectural di-
agrams that show the bmnching pal-
tern of those species as it develops
in space and time. The flexibility of
the species in inleraction with others
can be read from the fores! fransects
drawn to scale. Together with the ar-
chitectural diagram they form the
tools to arrange and select species
for plantation design serving the
specified objective. No estimates of
trunk diameter or biamass are made,
but the oplimum development situa-
tion is created to favour biomass de-
velopment as wanted by the manag-
er,

The knowledge of forest develop-
ment in space and fime is a condi-
tion for the quality of silvicultural de-
sign. In practice, it should be com-
bined with knowledge of sail, water,
type of planting material and other
important facters in forest manage-
ment. Architectural simulation thus
can be a fool in designing, imple-
menting and monitoring the process
of forest development. m

Hans F.M. Vaster
Rowlal A4, Oideman
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Boko [Pygmy] women with mango seeds collected
fram the: farest

NEWS FROM THE
TROPENBOS SITES

Cameroon

Inventory of non timber products in
the Bipindi-Akom area, south
Cameroon

Han van Dijk, researcher in the
Tropenbos-Cameroon  programme
(TCP), compiled an overview of
names and functions of commenly
used nontimber forest products
(NTFP) in the TCP-study area. It is the
first interim report in a oneyear
study that aims to provide insight in
the possibilities to integrate the ex-
ploitation of NTFP in a multiple use
system. Also the ecological and eco-
nomic features of a selected number
of NTFP species will be studied in or-
der to determine the opportunities to
increase the benefits of extraction
and the degree to which logging af-
fects the availability of the NTFP.

The list contains the vernacular and
scientific nomes and the uses of
some 300 plant species and 100 an-
imal species. As far as plant species
are concerned, it is also specified
what type and part of the plant is
used.

To gather the data, Han van Dijk in-
terviewed 29 households in three
Bantu villages and a Bakola (Pygmy)
seftlement. Gender and age differ-
ences in skills and knowledge were
taken into account.

To identify products with commercial
value, she carried out a market sur-
vey in Kribi and Ebolowa and inter-
viewed retail sellers o obtain infor-
mation on prices, uses and prove-
nance of the producls.
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