
CENTRUM VOOR LANDBOUWKUNDIG ONDERZOEK IN SURINAME 

The International Symposium on Amazonia 

Report on a Study Tour to Belem, Brazil 

W.B.J. Jonkers and P. Schmidt 

CELOS 

August 1982 



1. I t ine ra ry - / 

7+r July 1983 - Paramaribo - Be lem 
15 July 1983 - Belem - Paramaribo 

2 . Introduction 

The SBPC (Sociedade B ra s i l e i r a para o Progresso da Ciencia) has a 
long t r ad i t ion of organizing annual meetings in which the progress in 
v i r tua l ly a l l f ie lds of science i s discussed. The central theme in the 
35th meeting, which was held in Belem from 7 t i l l 13 July 1983, was the 
future of Amazonia. 

In conjunction with t h i s annual meeting, an in te rna t iona l symposium 
was organized by SBPC, the In te rc ienc ia Association and FADESP (Fundaeao 
de Ampara e Desenvolvimento do Pesquisa da Universidade Federal do Para) . 

This symposium was the f i r s t i n te rna t iona l s c i en t i f i c meeting held 
in Brazi l t ha t could address, in a mul t idiscipl inary approach, the major 
basic issues regarding the Amazon Basin. 

The symposium was meant t o allow examination of the importance of 
the region in s c i en t i f i c inquiry and as stimulus for research and new 
discoveries; an evaluation of benef i ts already obtained; the impact of 
science in the regional development of t h i s Basin, patrimony of the 
nat ional and in te rna t iona l s c i en t i f i c community. : 

The objectives of the symposium were: 
1) Tc- discuss and evaluate proposals and r e s t r i c t i ons on the r a t iona l 

u t i l i z a t i on of the na tura l resources of the Amazon Basin, so as to 
provide means of l ivel ihood t o populations of the region, analysing 
at the same t ime, the conversion ra te of v i rgin areas and the l i ke ly 
impact on the ecology of the area; 

2) To present per t inent data and gather the most qual i f ied researchers 
who act ively pa r t i c ipa te in t h i s area, together with counterparts 
from pa r t i c ipa t ing regions in the Treaty of Amazonian Cooperation; 

3) To encourage dialoque among agronomists, ecology exper t s , forest 
s pec i a l i s t s and r e la ted d isc ipl ines by means of discussion and 
analysis of issues as they appear; 

k) To contribute to the objective of the Amazon Basin development, in 
consonance with i t s p reservat ion, indicat ing methodologies to look 
for new technologies capable of solving problems of t h i s immense and 
important region; 

5) To take in to account r e su l t s from previous nat ional and in te rna t iona l 
meeting regarding Amazon matters; 

6) Through rapporteurs , provide summaries of conclusions on each subject , 
drawing s im i l a r i t i e s and in te r re la t ionships among the subjects 
submitted; 

7) To publish and d i s t r ibu te materials r e su l t ing from the Symposium. 

Sc ien t i s t s from a l l countries in the Amazone region and elsewhere, 
among them the authors of t h i s r epor t , were invi ted t o p a r t i c ipa t e in 
the symposium and to present a paper. The pa r t i c ipa t ion of dr . P. Schmidt 
was sponsored by MAB-UNESCO. The authors would l ike to express t h e i r 
grat i tude for t h i s f inancial support. 
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3. Sc ien t i f ic Programme 

This s c i en t i f i c programme included a wide range of subjects r e la ted 
to land use in Amazonia. The symposium a t t rac ted much public a t t en t ion . 
In order t o enable the Brazil ian public to follow the d iscussions, 
v i r t ua l ly a l l papers were presented e i t he r in Portuguese or in Spanish. 
These languages were understood by a large majority of the pa r t i c ipan ts 
but not by the authors of t h i s repor t . Therefore, we are not able to 
discuss the content of the papers in d e t a i l . 

The symposium was subdivided in to seven sess ions , i . e . , an inaugura 
sess ion, a session on ag r i cu l tu re , s o i l s and land use , a session on 
ecology, a session on fo res t ry , a session on mineral resources, a sessioi 
on hydrology and a session with amazonian perspectives as cen t ra l theme. 

The low frequency of the f l igh ts between Paramaribo and Belem force' 
the authors t o a r r ive a f ter the inaugural session and the session on 
agr icu l ture . During the ecological sess ion , the ecology of the rainfores-
as well as regeneration techniques and the use of s a t e l i t e photographs 
were discussed. In the session on hydrology the construction of hydro
e l e c t r i c dams in the Amazone Basin was an important i s sue . The session 
on mineral resources made i t c lear t o us t ha t l a rge-scale mining 
operations are being planned and implemented in Amazonia. 

During the symposium, the authors presented two papers , one on 
forestry and one about the lake Brokopondo. These papers w i l l be 
discussed in the next sec t ion. 

h. Papers Presented 

The papers presented by the authors of t h i s report are included as 
appendices I and I I . The most important of the two was the paper on 
forestry in which the CELOS na tura l regeneration system was discussed. 
This paper was d i s t r ibuted to the par t ic ipants by the authors before the 
presentat ion. The authors have the impression tha t the paper was wel l -
received. 

In the other paper, ecological and forestry aspects of the creation 
of a r t i f i c i a l lakes in Suriname were discussed. Although these subjects 
are not h i s f ie ld of research, the organizers had requested dr. Schmidt 
to present t h i s paper because there i s an obvious lack of knowledge in 
the countries of the Amazone Basin about t h i s subject . Both papers were 
discussed by the Brazil ian press (see Appendix I I I ) . 

5. Other Act iv i t ies 

On 9 Ju ly , the authors v i s i t ed a reception a t the l oca l Goeldi 
Museum, held by the Brazilian nat ional research counsel to introduce 
four new books. One of those books was 'Amazonia, desenvolvimento 
integracao ecologia" by E. S a l a t i , H.O.R. Schübart, W. Junk and A.E. de 
Ol iveira . ., 

On Sunday, the 10 Ju ly , the organizers of the symposium had 
organized a one-day t r i p to a large aluminium plant under construction. 
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This complex includes an alimina p lant with a capacity of 800.000 tons 
per year (Alubras) and an aluminium plant with a capacity of 320.000 tons 
per year (Alunorte). The e l e c t r i c i t y required w i l l by hydroelectr ic power 
s t a t ion 300 km upriver . The bauxite comes from a mine 1000 km west of the 
complex. In the planning of the complex, some a t tent ion i s given to the 
protection of the environment. 

On the 11*h Ju ly , the authors paid a short v i s i t t o dr. J . Dubois 
of IICA-Tropicos and CPATU/EMBRAPA. Dr. Dubois was so kind t o organize a 
f i e ld t r i p for the authors for July l ^ b , the day a f ter the symposium. 

This excursion was to one of the e s ta tes of Santa Izabel Agro 
F lores ta l Ltda. (SIAF). This company i s special ized in a f fores ta t ion . In 
B raz i l , t imber companies are obliged t o p lant h seedlings for every cubic 
meter harvested. Many logging firms delegate t h e i r refores ta t ion 
obligations to special ized firms l i ke SIAF. 

The SIAF has a couple of f i e ld s t a t ions in Amazonia. A timber 
company, which has to a f fo re s t a t e , only has to pay. I t has to pay to 
SIAF for the land and for the establishment and maintainance of the 
p lan ta t ions . The revenues of the thinnings and f ina l harvest are for the 
timber company. 

The f i e ld s t a t ion near Vila de Americano was v i s i t ed . Most of the 
area was planted with Pinus caribaea (spacing 2 x 2 m, ro ta t ion 30 y ea r s , 
production goal pulp and sawn t imber) . The performance of t h i s species 
was ra ther poor. Virola spp. and Carapa spp. , which were planted in l ines 
in secundary fo res t , showed a more promising growth. 

The major advantage of the Brazil ian reafforestat ion l eg i s la t ion i s 
t ha t i t i s implemented, although the authors do not know to which ex tent . 
I t does, however, not r e su l t necessar i ly in good management p rac t ices in 
the forest p l an ta t ions . Timber companies tend to be more i n te res ted in 
short-term p rof i t s than in long-term benef i t s . These firms w i l l t he re 
fore t ry to reduce the costs of t h e i r p l an ta t ions . For ins tance , the 
fact tha t the obligations of the logging firm i s to p lant a cer ta in 
number of seedlings and not a cer ta in a rea , w i l l encourage t h i s firm to 
apply a too narrow spacing in order to reduce the number of hectares to 
be purchased. 

6. List of Contacts 

One of the most important aspects of s c i en t i f i c meetings i s t ha t one 
i s able t o meet collègues and s c i en t i s t s in r e la ted f i e ld s . The authors 
met the following s c i en t i s t s during the symposium. 

Dr. Marc Bordas 
I n s t i t u t o de Pesquisas Hidraulicas 
Uhiversidade Federal do Rio Grande do Sul 
Porto Alegre 
Brazi l 

Dr. Phi l ip Fearnside 
I n s t i t u t o Nacional de Pesquisas da Amazonia (INPA) 
C.P. 1+78 
Man aus 
Brazil 
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Dr. Gordon Hallsworth 
Science Policy Research Unit 
University of Sussex 
Palmer 
Br igh ton , Sussex BNI 9RF 
United Kingdom 

Dr. Paul Hel tne 
D i r ec to r 
Chicago Acadexry o f Sc iences 
2001 N. Clark 
Chicago, 111 . 606^ 
U.S.A. 

Dr. Rafael He r re ra 
I n s t . Venezolano de I n v e s t . C iencias (IVTC) 
Apartado 1827 
Caracas , Venezuela 

Dr. B r au l i o Orejas 
S p e c i a l i s t i n Eco log ica l Sc iences 
ROSTLAC - UNESCO 
Blvd. Ar t igas 1320-2h 
C a s i l l a de Correo 859 
Montevideo, Uruguay 

Dr. Eneas S a l a t i 
Centro de Energ ia Nuclear 
Apl icada a Ag r i cu l t u r a (CENA) 
P i r a c i c a b a , SP, B r a z i l 

Dr. Herber t Otto R. Schubart 
I n s t . Nacional de Pesquisa da Amazonia (INPA) 
C.P. 1+78 
69.OOO Manaus, AM, B r a z i l 

Dr. Judy Rankin 
INPA 
Manaus, B r a z i l 

Dr. P e t e r Vose 
CENA 
C.P. 96 
P i r a c i c a b a , B r a z i l 

Dr. Arturo Gi l 
I n s t i t u t o de Asuntos Nucleares 
Apartado Areo 8595 
Bogota, Columbia 
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Dr. Ph i l ip H. Äbelson 
Edi tor , SCIENCE 
American Association for the Advancement of Science 
1515 Massachusetts Ave., N.W. 
Washington, D.C. 20005 
U.S.A. 

Dr. Michel Bergeron 
Vice President , INTERCIENCIA 
Chairman, Dept. of Physiology 
Université de Montreal 
Montreal, Quebec H3C 3T8 
Canada 

Dr. Charles Briscoe 
Centro Agronomico Tropical de Investigacion y Ensenanza (CATIE) 
Turr ia lba, Costa Rica 

Dr. Grace Brush 
Professor 
Dept. of Geography and Engineering 
Johns Hopkins University 
Baltimore, MD 21218 
U.S.A. 

Dr. Renata Rennie 
The Timber Foundation Inc . 
6U5 Madison Avenue 
New York 
U.S.A. 

Mr. James Rowe 
Executive Director 
Interciencia Association 
AAAS 
IT76 Massachusetts Ave., N.W. 
Washington, D.C. 20036 
U.S.A. 

Dr. J.M. Sarrailh 
Soils Expert and Coordinator 
Operation ECEREX 
Centre Technique Fores t ier Tropical 
B.P. 116 
Kourou, Guyane 97310 

Dr. Robert Ski l l ings 
Chief 
Division of West Africa Programs 
World Bank 
1818 H S t r ee t , N.W. 
Washington, D.C. 20^33 
U.S.A. 
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Dr. Antonio Gomes d ' O l i v i e r a 
FADESP 
Universidade Federa l do Pa ra 
Belem, B r a z i l 

Dr. Roger Stone 
Vice P r e s i d en t 
World Wi ld l i f e Fund-U.S. 
100 Park Avenue 
New York 10017 
U.S.A. 

Dr. Carlos Valverde 
I n t e r n a t i o n a l Se rv ice fo r Na t iona l Ag r i cu l tu r e Research (ISNAR) 
P.O. Box 933-T5 
2509 AJ The Haque, Nether lands 

Dr. Rolf S t e rnbe rg 
Dept. of Environment, Urban and Geographic S tud ie s 
Montc la i r S t a t e College 
Upper Mon tc l a i r , N . J . 070U3 
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Dr. P i e r r e Dansereau 
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1. INTRODUCTION 

On various places in Amazonia man has tried to convert tropical 

rainforest into raonocultural plantations. In Suriname there are 

now about 7000 ha of plantations of Pinue and about 2000 ha of 

plantations of other species. 

The ecological and economical results of these plantations are 

not as good as expected. In Suriname the pine plantation were 

established for pulp and paper production. Some years after the 

first planting, the paper company involved backed out and the 

possibility to produce paper got lost. Row it is planned to make 

telephone poles out of these plantations, but the economical 

and ecological balances will probably be negative. A positive 

secondary aspect is that many small Wacapou ( Vouaoapoua ameriacma) 

trees, which are used now for this purpose, will be saved. Not 

only in Suriname but in Brazil too the growth of the plantations 

did not meet the expectations. The discussions on Yari indicate 

this. 

Based upon these experiences we question the feasability of the 

conversion of neotropical rainforests into plantation forests. 

Plantation forestry, which is surely well adapted to European 

or North American conditions, should be only put into use in 

places, where the original rainforest was destroyed for other 

reasons, say for mining operations or for farming. If tropical 

rainforests have to be used siIviculturally and economically', 

other yield systems more adapted to the ecological conditions 

have to be developed and used. Such a system, called the CEL0S-

silvicultural system, is the subject of this paper. 



2. THE ECOLOGICAL CONDITIONS OF THE FOREST 

If one wants to develop a silvicultural system adapted to the 

ecological conditions of a site, the best thing to do is to 

look first at the natural vegetation and to decide which 

characteristics are essential for the productivity. These 

characteristics should be incorporated in the silvicultural 

system. 

The research was carried out on two locations in Suriname both 

about 100 km from Paramaribo (Fig. 1). The Mapane station was 

established in 1967, the Kabo one in 1978. The soil of both 

locations is very poor (Table 1), with a high percentage of 

aluminium at the adsorption complex. 

According to Koppen, Suriname has a wet tropical climate (Af) 

with an annual rainfall of 2000-2500 mm per year. Dry periods 

are from February till March and from August till November. 

Even in the dryest periods the rainfall will normally amount 

to 60 mm or more per month. 

The forests in question are evergreen seasonal forests (cf. Beard) 

with a very high number of species (see also SCHULZ, i960). 

Counting only the trees above 5 cm d.b.h. on one hectare in Kabo 

108 species out of 38 families were found (SCHMIDT, 1982a). This 

is very well demonstrated too in Fig. 2, were a small transect 

of the Mapane forest is given. In this transect of 30 x 10 m 5U 

trees above 5 cm d.b.h. are found, belonging to 31 species out 

of 17'families. When small trees, lianas, palms, herbs and 

epiphytes are included, the number of species is at least 200 per 

ha. 

In the tropical rainforest of Suriname, trees of all sizes occur 

intensively mixed. The number of trees decreases gradually with 

increasing diameter. 

*) 
d.b.h. = diameter a t b reast height (1.30 m) 
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Table 1. Soils in the research areas (0-120 cm deep) 

Location 

Genesis 

pH/H20 

Org. matter 

CEC at pH7 

total bases 

Al 

Drainage 

USDA-

classification 

— 

-

% 

•me/100 gr 

me/100 gr 

me/100 gr 

-

-

Mapàne 

residual 

3.8 - k.6 

2.03 - 0.28 

7.92 - 2.61 

0.73 - 0.12 

1.99 - 0.87 

moderate/well 

orthoxic tropodult 

typic paludult 

Kabo?' 

sedimentary 

U.2 - U.8 

2.09 - 0.29 

3.36 - 1.26 

0.28 - 0.07 

1,02 - 0.U8 

well 

ultic haplorthox 

1) 

2) 

3) 

one soil pit (de FRETES and P0ELS, typoscript) 

mean of 118 samples (0-UO cm) or 28 samples (UO-120 cm) (BOXMAN, 

in preparation) 

K + Ca + Mm 
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Fig . 2 . Fores t pro ri To of n. small ( 10 x 30 m) t r a n s e c t of t he 

Mapane f o r e s t . Trees above 5 cm d . b . h . on ly . 
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This is also demonstrated clearly in Fig. 2, where a Scleroldbium 

of 1 m diameter and ha m height is surrounded in the canopy by a 

few equally big trees, but on the forest floor by numerous small 

and very small trees. Although there is little known about the 

distribution of the roots, one can savely assume that there is a 

similar configuration below the ground. 

The ecological consequences of these two characteristics are 

evident. Nearly all niches are occupied and the input of energy 

and nutrients is almost fully used. The gross primary production 

is very high, but due to the high amount of phytomass the ratio 

between the nett primary production and the gross primary 

production is very low. There are many possibilities for mutual 

aid and the chances for the development of pests are minimal. 

The amount of the living phytomass in the Kabo forest is about 

^80 t/ha: 16 t/ha of leaves, 118 t/ha of branches, 280 t/ha of 

stems and 65 t/ha of roots (see Fig. 3; OHLKR, 1980-, SCHMIDT, 

1982). On the floor lies about 3*» t/ha coarae and fine litter. 

An analysis of the nutrients in this system (Fig. 3) shows, that 

there is an abundant amount of nitrogen, that calcium and 

potassium are present in fair quantities anâ phosphorus and 

magnésium are scarce. The distribution of these nutrients over 

the various compartments of the ecosystem (Fig. k) stresses the 

importance of the living phytomass: Between 70 and 90? of the 

amount of phosphorus, potassium, calcium and magnesium present 

m the ecosystem is incorporated in the living phytomass. Nitrogen 

is the notable exception (see OHLSR, 1980; SCHMIDT, 198?). 

Tn the Mapane forest, the average size of the trees is somewhat 

smaller and the total amount of phytomass is somewhat less too. 

The distribution of the nutrients, however, is not essential 

different (SCHMIDT, 1983). The ecological consequence is that the 

"fertility" of these forests is located in the living phytomass, 

not in the soil. In a silvicultural system this has to be the 

same. Because the nutrient capital is stored in the living phyto

mass, the amount of this living phytomass should always be kept 

at a high level. 
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noil analysis by standard methods for agricultural 

purposes). 



The nutrient cycle in these systems is probably nearly closed. 

The research of our team into this aspect is not yet in a stage 

where results can be published. However, it is almost certain, 

that the input of minerals by rain or by the weathering of rocks 

is limited and that the leaching of minerals is very low as well. 

This means that the minerals released by the breakdown and 

decomposition of the litter are recycled, i.e. directly captured 

again and stored in the living phytomass. The compartment of the 

ecosystem responsible for this mechanism is the very complicated 

litter-soil-mycorrhiza-root symbiose (see e.g. JORDAN and HERRERA, 

1981). In a silvicultural system this quality of the ecosystem 

should be kept intact. It is probably more efficient and surely 

cheaper than artificial fertilizing. 

These characteristics work together in the silvigenetical processes 

of these forests. These processes are centered around the individual 

tree. As storms or other natural disasters are very uncommon in 

Suriname, wholesale mortality of a group of trees is a rare 

phenomenon in the virgin forest. Usually just one tree dies and 

falls down, thus creating a gap, a chablis. When this happens, 

light, water and nutrients become available for other trees and 

seedlings. Tn the virgin forest the created space is so small as 

a rule that secondary species and lianas do not get the chance to 

dominate. Primary species are favoured. Arter the space is totally 

used, many of these trees can fall back into a state of very slow 

growth and wait again for a new opportunity. Tn the CKLOo 

silvicultural system, these natural s Li vi genetical processes are 

acce Larated. 

?. LOGGTNG AND rTI.VTG'Jl̂ 'URK 

3.1- Logging 

When it is decided to use the forest for sustained timber production 

the forest is logged firsl. 
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A license to harvest the timber above a certain diameter limit 

(in Suriname 35 cm) is issued to a concessionaire. The licensee 

has to pay royalty over the logs extracted and is, in practise, 

free to take whatever he wants and to leave the rest. 

The operation starts with the felling. Although the tree feller 

has. to follow the instructions of his employer, he is the one 

who decides which trees to fell and which to leave. Usually, 

many good quality timber trees are left standing in the forest, 

either because the concessionary is not interested in the species 

at the moment, or because the feller suspects defects in the stem 

or finds the tree to difficult to fell or as result of mere over

sight. 

The extraction of the logs should be carried out as soon as 

possible after felling in order to avoid decay of the timber. 

In practise the wheeled skidder often arrives long after the 

first log has been felled. As the skidder operator does not know 

the location of the logs, he drives around in the forest looking 

for them. As soon as he spots one, he turns his machine, pushes 

the log in the right position for extraction if necessary and 

returns, often with just one log, to the landing on the road 

side. After unhooking the log, he starts searching for the next 

one. Usually some good quality felled timber is overlooked by 

the skidder driver and left to rot in the forest. 

In our opinion, such an operation is not efficient. The 

concessionaire tries to save on management, planning and super

vision. The result is that skidding costs are higher than 

necessary. These extra costs are likely to exceed the savings 

on management etc. Furthermore, part of the potential production 

is wasted. 

The most likely impression of a visitor, walking on a skid trail 

shortly after logging, is one of almost complete destruction. 
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This impression may be j u s t i f i ed in some (hut ce r ta in ly not a l l ) 

Dipterocarp forests i n S.E. Asia, where UO-100 m /ha i s extracted 

(see e .g . FOX, 1968, MATTSON MARN and JONKERS, 1981). In Suriname, 
o 

however, where the average yield seldom exceeds 20 m /ha, the 

damage is considerable, but the forest is not destroyed. 

Table 2. Diameter class distribution of commercial species (tape 

measurements) and all species (caliper measurements) in 

a selectively logged 2.25 ha plot. Basal areas in m /ha 

and numbers of trees per hectare 

Diameter 

C lass (cm) 

10 - 20 cm 

20 - 30 cm 

30 - UO cm 

UO - 50 cm 

50 - 60 cm 

60 - TO cm 

70 cm and above 

To ta l 

Number of Trees 

Commercial s pp . 

U5 .1 

28 .0 

19.1 

12.0 

8.0 

1.8 

3.1 

117.1 

p e r ha 

A l l s pp . 

296. k 

83.1 

52.5 

26.2 

8.9 

3.1 

6 .7 

1*76.9 

0 

Basal Area (m /ha ) 

Commercial 

O.81 

1.28 

1.76 

1.71 

1.79 

O.56 

2 .20 

10.11 

SPP- Al l s pp . 

It.69 

3.88 

fc.93 

U.26 

2.0l» 

1.05 

U.36 

25.21 

This is illustrated by the following example (Table 2 and Figures 

5 and 6). Table 2 is a stand table of an experimental plot in 
•3 

Suriname after a harvest of U2 m /ha. In spite of the high logging 

intensity, the stand still contains almost 500 trees per hectare 

of 10 cm diameter and above. Figures 5 and 6 are maps of the 

central part of the same plot. Figure 5 shows the skid trails, 

cut stumps and the area under fallen trees. Figure 6 shows the 

crown projections after logging. It i3 obvious that the damage is 

concentrated around skid trails, and cut stumps and that the canopy 

is intact over approximately 70$ of the area. It should be noted 

however, that the locations of the trees to be felled were mapped 

prior to logging and that this map was used by the skidder operator 

to locate the logs. 
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Fig. 5. Cut stumps, skid t r a i l s , and the area where the undergrowth 

has been destroyed by fa l l ing trees in an exploited 80 x 80 m 

p lo t . 
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A logging technique, which aims at increasing the efficiency 

of the operation .as well as reducing the logging damage is 

currently being tried on experimental scale in Suriname 

(HENDRISON, 1982). Although many authors have emphasized the 

importance of logging damage, such an attempt to reduce it is 

almost unique (other examples: FOX, 1968, MATTSON M A M and 

JONKERS, 1981). Hendrison's experiment focusses on the extraction. 

It is considered easier to reduce skidder damage than damage 

caused by falling trees. Furthermore, skidding is by far the most 

costly part of the exploitation. The method includes among others 

mapping of terrain characteristics and trees to be felled, planning 

of skid trails and directional felling to facilate skidding. 

Results from this experiments are not yet ready for publication. 

3.2. Silviculture 

The rain forest is a renewable natural resource. After logging, 

the residual stand which still includes many individuals of 

commercial species (see e.g. Table 2), keeps growing. Unfortunately, 

this self-renewing proces is a very slow one. 

Since the 1950's, attempts are made in Suriname to increase the 

growth rate of the commercial species in logged forest by 

eliminating competing vegetation. The methods tried originally 

were based on the Malayan Uniform System, i.e. virtually all trees 

were poison-girdled in order to stimulate the increment of 

seedlings and saplings of commercial species. These species showed 

a positive response, but secondary species and lianas benefitted 

even more. It proved necessary to treat the stand frequently in 

order to keep the growth of the commercial species at an acceptable 

level (see SCHULZ, 1967). Although these early experiments did not 

result, in an operational system, results were positive enough to 

justify a continuation of the research. 

commercial species: species, which are suitable for sawn timber 

or veneer. A list is given in JONKERS, 1982. 
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The basis for the present s i l v i cu l t u r a l technique waa es tabl ished 

in 1967. The p r inc ipa l aim of the treatment i s to induce a f as te r 

growth of the t r ees of commercial species in the remaining s tand, 

r a ther than to s t imulate the increment of seedlings and sapl ings . 

This i s achieved by el iminating competition from medium-sized 

and large t rees without commercial po ten t ia l and l i ana s . Further

more, the treatment has a f e r t i l i z i ng effect as the nut r ients 

s tored in the k i l l e d t rees and l ianas become available for the 

remaining vegetation. 

The f i r s t t reatment, which i s cal led refinement, i s scheduled one 

t o two years a f t e r logging. The ins t ruc t ions are purposely kept 

simple and can be eas i ly understood by unskil led labourers . The 

treatment i s carr ied out in four stejjs (see Fig. 7 ) . F i r s t , the 

t r ee i s ident i f ied by a t r ee spo t t e r . Trees without commercial 

po ten t i a l above a cer ta in diameter l imi t (usually 20 cm) are 

marked t o be e l iminated. The t r ee spot te r i s accompanied by a 

labourer who cuts a l l l ianas with a machete (s tep 2). 

These two men are followed by the poison-girdling gang. Marked 

t rees are f r i l l - g i r d l ed with a small axe (step 3 ) . This means, 

t ha t overlapping cuts are made over the whole circumference of 

the t r e e , forming a kind of channel. The cuts should extend j u s t 

i n to the sapwood and should make an angle with the v e r t i c a l of 

about U5 degrees (see Fig. 8 ) . 

After completion of the f r i l l - g i r d l e , arboricide i s administered 

to the t ree (step h). The f r i l l - g i r d l e i s f i l l ed with arboricide 

f i r s t and then the bark jus t above the f r i l l i s covered with a 

film of the solution over a height of 10 cm. Up to now a 5% 

solution of 2 , '», 5-T in d iesel o i l was used. However, a recent 

experiment showed tha t the concentration can be reduced t o 2\% . 

The effect of the poison-girdling i s slow and l a s t s long. 
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*'*P 1 : The trees to be poison 

girdled are marked 

Step 2 .'Lianas are cut 

v 

St*P 3 : The frill-girdle is mod» Step 4 : The arboricide is 
administered 
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Although the f i r s t bare t r e e s are recorded already a f t e r a few 

weeks, i t takes a year before 60-J0% of the poisoned t r ees have 

l o s t t h e i r leaves and several years before t h i s percentage i s 

close to 100#. The branches of such t r ees f a l l usually within 

a few years a f te r i t has died. The trunk remains standing as a 

ru le u n t i l i t i s almost completely decayed. This may take a very 

long t ime. Even 16 years a f te r the t reatment, remnants of many 

poisoned t rees are s t i l l standing upright in the regenerated 

fores t . Obviously, the f e r t i l i z i ng effect i s long l a s t i ng . Further

more, the number of (commercial) t r ees k i l l e d by f a l l ing wood i s 

email. 

After t reatment, the t o t a l basal area should be reduced t o 
2 

approximately 15 m /ha , i . e . about hal f of the p re - fe l l ing value. 
In the example presented in the previous section (Table 2 and 

Pig. 6) more than •'00 t r ees per hectare are t o be poison-girdled 

in order t o achieve t h i s . A comparison of Figures 6 and 9 provides 

a v isual impression of the changes i n the stand as r e su l t of the 

t reatment. 

Although the treatment worked out well in a l l experiments, a 

modification i s considered a t p resent . According to the current ' 

p r esc r ip t ions , v i r t ua l ly a l l t r ees above 20 cm diameter are to 

be poison girdled in very poorly stocked par ts of the fo res t . 

The experiments carr ied oxrt ir. the 1950's show tha t such a 

destruction of the canotjy r e su l t s in a secondary vegetation r a ther 

than in a good regeneration of commercial species . 

The present p rescr ipt ion often have a s imilar effect in large 

gaps created by logging. For ins tance , two medium sized t r ees in 

the large gap in the SE corner of Fig. 6 survived explo i ta t ion . 

According to the p resc r ip t ion , they should be poison-girdled (see 

Fig. 9 ) . However, e l iminating them does not serve a purpose as 

they do not compete with other t r e e s and provide some shade 

necessary t o suppress secondary species . Obviously, poison-

gi rd l ing should be r e s t r i c t ed to the v i c in i ty of the commercial 

species t o be l i be ra ted . 
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O commercial species 
Çj non commercial species 

Flg. 9- Grown projections of a l l t r ees of 15 cm d.D.h. end above 

in an exploited 80 x 80 m plot a f ter logging and a refinenrent 

with diameter l irait 20 cm. 
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After treatment, the diameter increment Is greatly increased 

(see section 5). Approximately 8 to 10 years later however, the 

growth rate starts to decline. According to DE GRAAF (1982) 

follow-up treatments are necessary after 8 and 16 years in order 

to keep the diameter increment at a high level. A second harvest 

should be possible after 20 years (DE GKAAF, 19Ö2). 

The nature of these follow-up treatments is still a subject of 

research. DE GRAAF (1982) suggests poison-girdling treatments 

down to a basal area of 10 m /ha (second treatment) and 15 m /ha 

(third treatment). Recent results suggest that the second treatment 

can be delayed by at least two years. This means that the third 

treatment may not be required at all. 

!». ECOLOGICAL ASPECTS 

The CELOS silvicultural system interferes in the ecosystem in 

many wayr.. Only the ecological effects which are considered the 

most important for sustained timber production are discussed in 

this paper. 

During the harvest some trees of commercial species are removed, 

during the subsequent refinement many trees of non commercial, 

species above a certain diameter level are killed. As a result 

of these measures but mainly due to the refinement non-commercial 

species why do not complete their life cycle below the diameter 

limit of 20 cm are likely to be eliminated completely. As nearly 

all species which do not produce fruits below this limit are 

considered commercial, the reduction in number of species is not 

disturbing. Only a few species run this risk (in Suriname e.g. 

Parkia pendula and Sclevolohivm spp.). 

The diameter distribution of the forest changes too. The number 

of stems decreases more rapidly with increasing diameter than in 

a virgin forest and not as gradually. Above the refinement limit 

all the non-commercial trees are killed and above the felling 
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l imit a part of the commercial t rees i s removed. The remaining 

fores ts s tand, however, i s s t i l l an intensive mixture of big and 

small t r ees (see Fig. 9 , for t r ees above 15 cm d . b . h . ) . 

These changes in species number and in d iameter-distr ibution do 

not seem to damage the forest in such a way, that the ultimate 

production level w i l l be reduced to an inacceptable height . 

By harvesting t r e e s , the l iv ing pbytomass of e forest i s reduced. 

A calculat ion for the Kabo forest (Table 3 ; SCHMIDT, 1983) shows 

t ha t with the harvested wood 3.1% of the l iv ing phytomass and 2.655 

of the nut r ient capi ta l i s removed from the fores t . I t i s expected 

tha t the forest can cope with t h i s s l igh t reduction. But a harvest 

causes more damage. The non-usable par ts of the fe l led t rees and 

the t rees damaged and k i l l e d by the f e l l ing and extract ion of the 

usable t rees amount to 1.5% of the l iv ing phytomass and t o 10.9? 

of the nu t r ien t c ap i t a l . 

Table 3 . Estimated effect of a l igh t exploi ta t ion on the phyto

mass ana the nut r ient capi ta l of the v irgin forest a t 

Kabo, given in kg/ha and as percentage of the l iv ing 

phytomass (leaves + branches + stene + roots) 

Phytomass 

N 

P 

K 

Ca 

Mg 

Nut r i e n t s 

V i r g i n F o r e s t 

l i v i n g 

phy tomass 

k g / h a 

It 80 ,000 

2 , 039 

139 

1,516 

2 , 922 

291 

6 , 9 07 

Damage by E x p l o i t a t i o n 

w i l l i n g l y 

and remove 

h a r v e s t 

k g / h a 

15 ,000 

1*3 

3 

38 

92 

T 

183 

k i l l e d 

>d i . e . 

% 

3 .1 

2 . 1 

1.9 

2 . 5 

3 . 1 

2 . 5 

2 . 6 

u n w i l l i n g l y 

n o t removed 

k g / h a 

36 ,000 

213 

1U 

158 

3h^ 

30 

756 

k i l l e d 

% 

7 . 5 

10-U 

9 . 9 

10 . k 

10 .8 

10 . u 

10 .9 
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This i s about twice the amount of nutr ients in the annual l i t t e r 

f a l l ( leaves, branches, flowers and f r u i t s ) . I t should be noted 

tha t these t rees and parts of t rees are k i l l e d , hut not removed 

out of the fores t . No nu t r ien ts are taken away d i r ec t ly . The 

nutr ient cycle, however, i s accelerated. A part of these untimely 

released nu t r ien ts i s used as f e r t i l i z e r by the remaining t r e e s , 

but i t i s possible tha t not a l l the nut r ients in these ex t ra 

amounts of l i t t e r can be captured again and recycled in the 

l iv ing phytomass. POELS (1983) found a very s l i gh t increase of 

the nutr ient contents of a creek a f t e r a l i gh t exploi ta t ion . 

A refinement w i l l enhance the f e r t i l i z i ng effect and the danger 

for leaching. I>ue t o the arboricide treatment 1*0-50* of the phyto

mass i s k i l l e d . In the f i r s t few years a f te r treatment leaves of 

the poisoned t rees w i l l f a l l on the forest f loor , followed in 

the next years by twigs and branches. The steins can remain a 

decade and more. After a s t a r t i ng g i f t by the l eaves , the 

f e r t i l i z i ng effect w i l l be spread out over several yea r s , 

dwindling gradually. The danger of leaching w i l l be greates t in 

the f i r s t one or two years a f te r t reatment, when the l a rges t 

amount of nutr ient r ich and quickly decomposing phytomass 

coincides with a recently damaged and not yet res tored mycorrhiza-

root-complex. The f i r s t impressions based upon one year of 

experiments in a catchment area under a refined forest are t ha t 

the refinement increases the nu t r ien t concentrations in creek 

water s l i gh t ly (POELS, 1983). 

The r e su l t s of the research t i l l now in to t h i s important aspect 

of the CELOS s i l v i cu l t u r a l system can be summarized as follows. 

No serious indicat ions were found tha t due to exploi ta t ion and 

refinement s ignif icant amounts of nu t r ients w i l l disappear out 

of the system. However, the way to the posi t ive statement tha t 

the productivity i s not endangered, i s s t i l l a long one. 

Research in to these aspects should be continued, as k i l l i n g too 

many t rees leads to a reduction in nu t r ien ts and product iv i ty . 

This l imi t the s i l v i c u l t u r i s t in the prescr ipt ion of the t reatment. 
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As a matter of course the silvigenetical processes of the forest 

are altered by a refinement. A refinement is nothing else than 

playing with these processes, i.e. killing undesirable trees to 

promote desirable trees. The natural processes are accelerated. 

But here nature poses a second limitation to the prescriptions 

of the treatment, as killing too many trees will result in a not 

very attractive secondary or liana forest. 

5. ECONOMICAL ASPECTS 

Two important aspects will be discussed now, viz. costs and 

benefits. Two management options are compared. The first option 

is doing no treatment after logging. The second one is applying 

the CELOS silvicultural system described in section 3.2. 

No costs are involved when the forest is not treated after logging. 

Unfortunately, the benefits are almost negligable too. The 

development of selectively logged forest has been followed since 

1967 in various experiments. The annual diameter increment of 

commercial species (20 cm diameter and more) is about h mm/yr 

and the annual mortality is close to 1.5$. This results in a very 

slow increase of the harvestable volume. •-"" 

For example, in the stand presented in Table 2, about 37.5% of the 

commercial trees of harvestable size (50 cm diameter and above) 

is likely to die within 25 years, i.e. about U.8 trees per hectare. 

In the 1*0-50 cm diameter class about 7.5 trees per hectare survive. 

These trees are expected to grow into the harvestable size class. 

So, the nett gain of harvestable trees is about 7.5 - U.8 = 2.7 

trees per hectare within 25 years. 

When the CELOS silvicultural system is applied, both costs and 

benefits are higher. The first treatment is probably the most 

expensive one. Expenditures in two recent experiments, with a 

treated area of more than 200 hectares were 2.5 raandays/ha of 
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•unskilled labour, 0.3 mandays/ha of sk i l l ed labour ( the t r ee 

s po t t e r ) , 17 l i t r e s / h a of 2 , U, 5-T solut ion plus overhead 

costs and some minor expenses. 

A second treatment has been applied over j us t two hectares 

u n t i l now. Due t o inexperience of the labourers, costs were 

r e l a t ive ly high. DE GRAAF (1982) mentions 3.3 mandays/ha and 

10-15 l i t r e s / h a of a rbor ic ide . In a routine t reatment, 2 mandays 

per hectare are l ike ly to be su f f ic ien t . 

A t h i r d treatment has not been applied ye t . I t i s expected to 

cost about 1 manday per hectare plus a few l i t r e s of a rbor ic ide . 

•nie CELOS s i l v i cu l t u r a l system r e su l t s in a mean annual diameter 

increment of 9-10 mm/yr and an annual mortal i ty of 2%. DE GRAAF 

(1982) estimates the volume of t r ees which grows in to the 

exploitable s ize c lass at Uo m /ha in twenty years . 

Application of the CELOS system in the stand presented in Table 2 

i s expected to have the following r e s u l t s . About Uo% of the 

commercial species of diameters of 50 cm or more are ljJiely to 

die within 20 yea r s , i . e . about 5.2 t rees per hec ta re . In the 

30-Uo cm and U0-50 cm diameter classes about 18.7 t r ees per 

hectare are l ike ly to survive and reach a diameter of 50 cm or 

more. So, the ne t t increase in number of harvestable t r ees i s 

about 13.5 t rees per hectare within 20 yea r s , as compared with . 

2 .7 t rees per hectare in 25 years when no treatment i s applied. 

6 . SYNTHESIS 

The described silvicultural system for sustained timber production 

in tropical rainforests consists of two independent parts, an 

improved harvest technique which aims at a minimally damaged 

stand after exploitation and silvicultural treatments, which 
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aim at reducing the competition among the trees of the remaining 

stand in order to concentrate the productivity of the ecosystem 

on the commercial trees. Many aspects of this system were not 

yet included in the research program (e.g. fauna, microclimate, 

out ecology). Other aspects are being studied now, but the 

results are not discussed here (e.g. hydrology, erosion). 

However, results up to now of the research into the most critical 

aspects (e.g. productivity, nutrient capital and nutrient cycling, 

leaching, species composition and some economical studies) indicate, 

that the CELOS silvicultural system is economically feasible and 

ecologically acceptable. 
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INTRODUCTION 

When the organizers of t h i s symposium invi ted me to report here on the 
lake Brokopondo in Suriname, I asked myself what can a fo res ter t e l l 
about t h i s l ake . Reading and thinking about the lake, I found many aspects 
of the l ake , where forestry i s touched. I w i l l comment here on some of 
them, but f i r s t I w i l l out l ine the h is tory of the l ake . 

In 1958 the Government of Suriname and Suralco (Suriname Aluminium 
Company, a subsidiary of Alcoa) reached an agreement to bu i ld a dam in 
the Suriname r ive r somewhere near Brokopondo. In february A9&k the dam 
was closed. One year l a t e r , the generators were t e s ted . Since October 
1965 power i s generated continually. In 1971 the spillways were used for 
the f i r s t t ime, in 1975 foi* the second t ime. 

2 The lake has an area of about 1500 km , a maximum depth of about 50 m and 
a volume of 2U km3. The Lake Brokopondo i s one of the f i r s t man-made 
l akes , of which the impoudment area o r ig ina l ly was covered with a dense 
t r op ica l high ra in fores t . The catchment area i s about 12,000 km2 with an 
annual r a i n f a l l between 2000 and 3000 mm. For a great p a r t , t h i s catch
ment area i s covered also with t r op ica l ra inforest growing on very poor, 
deeply weathered s o i l s . The Suriname r ive r upstreams of the lake i s 
o l igotrophic and sa turated with oxygen. I t has very l i t t l e organic 
mater ia l . 

The c i rca 5000 people l i v ing in the area before inundation were t r a n s 
migrated t o new v i l lages around the lake. Nearly 10,000 animals were 
saved. 

Waterlevel in the lake 

Only in the very wet per iods , the lake i s r ea l ly f i l l ed up. Since the 
closure of the dam, the spillways had t o be used only twice. Nowadays 
only four out of the s ix generators can be used, because the lake does 
not contain enough water. This creates problems for the economical 
f inancial and energet ical balances. The planning aimed in another 
d i rec t ion . 

What went wrong ? I s ee ' th ree probable causes: F i r s t , the lake disturbed 
the pat tern of r a i n f a l l on the lake area. People who fish frequently on 
the l a ke , claim tha t t he weather on the lake i s much b e t t e r than in the 
surroundings. Even when i t i s ra ining cats and dogs in areas around the 
l ake , the f ishers s i t in the sun. This would mean t ha t on 10$ of the 
catchment area l ess rain would f a l l and more evaporation would occur. 
This claim, however, i s not confirmed by the Meteorological Service of 
Suriname. They have no rain measurement on the impoudment area before 
inundation and comparable measurements on a small i s land in the lake 
and around the lake are too young to base statements upon. 

A second cause could be leakage. I did not find anything before of 
against i t , so I w i l l not discuss t h i s . 




